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FOREWORD

Our natural resources are decreasing day by day due to increase of the world
population and change of consumption habits. For this reason, it is necessary to use
natural resources efficiently by reducing material consumption and increase
recycling evaluable wastes. One of the valuable wastes is also textile waste. After
textile products put on the market become waste, they are sorted according to their
types and sent to the recycling industry. As a result, recycled materials are used as
secondary raw materials in the production phase of various products. Thus,
eliminating the cost of recreating the product from zero point and providing added
value to both the economy and the environment are provided.

With a similar approach in this thesis study, the waste textile fibers were evaluated in
cement-based composite mortars. This thesis has an innovative characteristics due to
introducing a new type of fiber reinforcing material to the literature as well as
researching structural strength properties of mortars and investigating its thermal
performance.
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TECHNICAL INVESTGATION FOR THE USE OF TEXTILE WASTE
FIBER TYPES IN NEW GENERATION COMPOSITE PLASTERS

SUMMARY

Garment and textile production industry is one of the main sectors of our country.
This sector is a major driving force in our developing economy. According to 2014
data, Turkey is the third country on textile export among the European countries.
Besides, Turkey is the world's sixth largest garment exporter. With such a huge
production power, in Turkey’s textile sector, waste and/or residual textile materials
are composed depends on the large scale production, as in most of the other
production sectors. Such waste materials in textile industry are the left materials from
production stages and/or textile materials that thrown away after use. These waste
and/or residual materials could be seen as a recycling material in the internal
components of the textile sector. However, also it can be seen that the accumulation
of waste textile fiber amount left over from recycling process cannot be
underestimated. These textile wastes accumulation also brings up a potential material
that may also be regarded as an industrial material. However, today, sufficient level
of research on waste materials that shows accumulation characteristics cannot be
seen to create added value in the industry.

A comprehensive experimental investigation was carried out to develop especially
fiber reinforced composite plaster products for construction sector by using
appropriately sized and configured textile waste or residues. In this context, this
experimental research includes the assessment of the use of four different types of
textile wastes in the building plaster material.

Especially in construction sector, the potential of evaluation of using textile fibers as
fiber additive in production of lightweight construction material and production of
mortar is being developed in recent years. Technical advantages of fiber additives on
building materials are detailed examination subject. But also, it is not found any
sufficient level of technical findings on the mechanical and the physical advantages
of textile waste fibers. In this context, technical relationship between different types
of fibers and mortar combination has been a special examination area by
experimental analysis.

In addition, textile wastes are accumulating every day in the factories of textile firms
that constitute the mainstay for the Turkish economy. Companies usually under extra
financial obligations in order to use, recycle or dispose those textile wastes. This
thesis will have a unique value in the context of shed light on companies this
seeking, besides contributing the national economy.

Keywords: Plaster, insulation, textile waste fiber, new generation composite mortar,
cotton, synthetic, polyester, acrylic
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YENi NESiL KOMPOZIT SIVA HARCLARINDA TEKSTIL ATIGI
TURLERI KULLANIMININ TEKNIiK INCELENMESI

OZET

Hazir giyim ve tekstil iiretim sektorii iilkemizdeki ana endiistri dallarindan bir
tanesidir. Tekstil sektorii lilkemizin gelisen ekonomisinin ana itici gii¢lerinden
birisidir. 2014 yilimin verilerine gore Tiirkiye, Avrupa iilkeleri arasinda tekstil
ithracati bakimindan {igiincii sirada yer almistir. Bunun yaninda, Tiirkiye diinyada
altinct en biiylik hazir giyim ihracatgis1 konumunda olmustur. Bu denli biiyilik bir
iretim giicti ile diger sektorlerde oldugu gibi, Tirkiye’nin tekstil sektdriinde de atik
ve/veya artik malzemeler genis Ol¢ekli liretime bagli olarak birikmektedir. Tekstil
endiistrisinde bu atik malzemeler iiretim asamalarindan geriye kalan malzemeler
ve/veya kullanildiktan sonra atilan tekstil {irlinlerdir. Bu atik malzemelerin kisith da
olsa tekstil sektdriiniin i¢ bilesenlerinde geri doniisiim malzemesi olarak kullanildig:
goriilebilmektedir. Ancak, geri donilisiim asamasindan gecen tekstil atiklarinin da
olusturdugu atik tekstil liflerinin birikimi kiigclimsenemeyecek kadar azdir. Bu
birikim bir endiistriyel malzeme olarak da nitelendirilebilecek bir potansiyel
malzemeyi de beraberinde getirmektedir. Ancak, birikim 06zelligi sergileyen atik
malzemelerle ilgili endiistriyel katma deger saglama bakimindan literatiirde dnemli
sayida arastirma bulunmamaktadir.

Uygun olarak boyutlandirilmis tekstil atik veya artiklarimin 6zellikle insaat
sektoriinde kompozit siva harglarinda lif giliclendirme olarak kullanilmasi {izerine
deneysel bir arastirma yliriitiilmiistiir. Bu baglamda, bu deneysel aragtirma, dort
farkl1 tipte tekstil atik liflerin binalarda siva harglarinda degerlendirilmesini
kapsamaktadir.

Ozellikle insaat sektoriinde, tekstil liflerinin lif katkilar olarak hafif yapi malzemeleri
ve har¢ iretiminde degerlendirilme potansiyeli son yillarda gelismektedir. Lif
katkilarinin teknik avantajlari detayli olarak incelenmektedir. Ama ayni zamanda,
tekstil atik liflerinin yeterli diizeyde mekanik ve fiziksel avantajlarinin teknik
incelenmesini bulunmamaktadir. Bu baglamda, farkli 1if tiirevleri ile harg
kombinasyonlar1 arasindaki iliski 6zel bir aragtirma konusunu giindeme gelmektedir.

Bunlara ek olarak, tekstil atiklar1 Tiirk ekonomisi i¢in dayanak teskil eden tekstil
firmalarmin fabrikalarinda birikerek her giin ¢ogalmaktadir. Firmalar bu atiklar
kullanmak, geri doniistirmek veya imha etmek icin genellikle fazladan mali
yiikiimliiliikler altinda kalmaktadir. Bu tezin, firmalarin bu arayigina farkli bir 151k
tutmasinin yaninda, atiklarin degerlendirilmesi ile ¢evre kirliliginin 6nlenmesinde ve
iilke ekonomisine katkida bulunmasi adina degerli bir ¢aligma degeri olmaktadir.

Anahtar Kelimeler: Siva, yalitim, tekstil atik lif, yeni nesil kompozit harg, pamuk,
sentetik, polyester, akrilik
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1. INTRODUCTION

The use of waste materials in the construction industry is gaining increasing
importance in recent years. These wastes are used in cementitious materials due to
their various advantages such as thermal conductivity, sound insulation, structural
reinforcement, to lighten composite, etc. One of these waste raw materials is the
textile waste fiber. Nowadays, the use of these materials could be investigated more

in the cementitious composites, in the economical and sustainable points of views.

One of the most basic human needs is covering and protection of human body.
Textile products meet this need of the people for centuries. Raw material of textile,
which is produced for covering and protection, is yarn. Techniques such as yarn
production, weaving and sewing have been applied since 5000 BC (Giilerytiz, 2011;
Uggiil and Turak, 2015). Garment, household goods and technical textiles are
produced by these techniques (Kozak, 2010).

In recent years, it is seen that fashion sense of the people can be quickly chance and
consequently, excessive amount of textile production is done. Textile production in
the worldwide scale is reached more than 88.5 million tons per year. A large amount
of textile wastes are deposited every day with the great production scale. The
production waste cuttings and waste clothes after used occur these wastes. According
to EASME (2015), textile industry produces around 12 million tons of waste in a
year only in the Europa. In fact, this large amount of textile waste fiber accumulation
creates an opportunity for the use of textile wastes in construction materials. Some of
the wastes are turned into yarn at the recycling factory. These factories shreds the
textile waste cuttings and waste clothes, then turn them into 2 to 5 cm textile fiber.
These fibers have a potential to use them in cementitious composites as

reinforcement material.

In Usak Region, Turkey's the most important textile center, textile, fiber and yarn is
produced without the use of any chemical substance. Garment waste brought to Usak
after being collected from various parts of the world and Turkey and the firms in the

city first classify the waste according to their color and fiber types, then shred the



wastes. Then, the cut wastes are gathered into fibers by using rag pulling machine.
These fibers are used as what they are or they are taken into yarn production stage. In

this thesis work, these fiber types were used.

In this thesis study, different types of textile waste fibers were supplied from textile
recycling industrial area in Usak Region. A series of experimental investigations
have been made for these different types of fibers on the use in new generation
composite plasters. In this study, the effect of textile waste fibers to technical aspects
of the composite materials were examined according to the principals foreseen in the

TS EN 998-1 standard.

1.1. Topic

Construction sector is one of the most widely resource of material user industry.
Therefore, more effective raw materials should be investigated and used in producing
construction materials. The use of recycling materials and/or reusable materials as
raw material is an effective way to produce sustainable construction products. One of

these raw materials is textile waste fiber.

This experimental investigation was conducted as a master thesis work at [zmir Katip
Celebi University Graduate School of Natural and Applied Sciences and it has the
subject of the examination of different types of textile waste fiber for the use in

composite plaster.

1.2. Aim

This study aims to investigate the utilization of textile waste fiber (TWF) as fiber
reinforcement in cementitious composite plasters and the effect of TWF on the

plasters’ mechanical and physical properties.

Because increasing the use of waste materials in the construction industry, it was
foreseen that their advanced engineering properties should be examined deeply. In
this thesis, effect of textile waste fiber was carefully examined. In this study, the use
of 2-5 cm sized textile waste fibers as an additive in cementitious plasters have been

investigated.



1.3. Scope

The work presented in this thesis is an investigation on the behavior of new
generation composite plaster produced from blending EN 197-1 CEM I 52.5R white
cement with TWF having various ratios. Mechanical properties of the produced
samples, such as compressive strength values of samples were obtained from
compressive strength tests on cubic samples, splitting tensile strength values of the
samples were obtained from Brazilian Test on cylindrical samples, flexural strength
values of the samples were obtained from three point bending test. Also, thermal

conductivity characteristics of samples were analyzed by a hot box apparatus.

In this study, a total 25 mortar mixtures and 455 samples were casted. For the
compressive strength test 50x50x50 mm cubic samples were used. ¢$50x100 mm
cylindrical samples were used for the splitting tensile test. 40x40x160 mm prismatic
samples were casted for the flexural strength test. 50x200x400 mm plate samples
were casted to make hot box test in order to find thermal conductivity of the samples.
Besides, it was aimed to have the structural strength parameters, (normal strength,
shear strength, cohesion, failure angle and internal friction angle) of the materials
produced by combining these two parameters, compressive strength and splitting

tensile strength, through the Mohr circles.

Effect of textile fibers on new generation composite plasters is a new research area
and there is very limited information about this subject exists in the literature.
Furthermore, this investigation can be interesting from technical point of view
because any study of the structural strength properties of cement mortar cannot be

found in the literature.



2. PREVIOUS STUDIES

A comprehensive review of the literature on the use of textile waste as construction
material is made. It has been seen in the few studies, about the assessment of textile
wastes in construction industry as a construction material, were studied by the
researchers. However, it was observed that there is not enough sufficient work done
in the assessment of textile waste as a component of composite plaster mortars.
Studies by the researchers on the use of textile wastes in civil engineering application

will be given in this section.

2.1. Classification of Composites

The beginning of modern composites industry was in 1937 with the including of
fiberglass to the world economy. Development and expansion of composite materials
gained momentum with the military operation during the Second World War. In
1970s, with the starting of the use of high-performance fibers, such as, Kevlar and
high molecular weight polyethylene, composite materials is provided to reach the
peak in the material industry (Aral, N., 2009). New composite materials everyday

takes its place in the market. One of these is new generation composite plaster.

Formation options of composite materials are much that can be called infinite.
Therefore classification is difficult. However, we shall concentrate on common
classifications. Composite materials can be divided into four groups according to the
matrix material type, which are metal matrix composite (MMC), ceramic matrix
composite (CMK), cement matrix composite and polymer matrix composite (PMK).
Composite also can be divided into four groups by its reinforcement element’s shape
and placement. Table 2.1 shows the types of matrix and reinforcing elements and the
type of the resulting composite structure. These are fiber-reinforced composites,
particle-reinforced composites, laminar composites and hybrid composites (Callister,

W., 2007). Figure 2.1 shows the classification of composites.



Table 2.1 : Matrix, reinforcement element and composite structures types (Ulcay,

Y., etal., 2002).

Matrix Material Reinforcement Type of Composite
Element
Polymers Fibers Laminates
Metals Whiskers Film
Ceramics Powder Honey-Combs
Chip Filament Wound Structures
Granule Coverings
Composites
I
I | I
Particle Fiber Structural
Reinforced Reinforced fuctura
) Continuous Discontinuous )
- Large particle ) Laminates
(aligned) (short)
. Dispersion | . Sandwich
Strengthened Alianed Panels
Randomly
Oriented

Figure 2.1 : Classification of composites.

2.1.1. Metal matrix composite (MMC)

These materials are formed by the metal matrix as main body and ceramic
reinforcement phase as reinforcing element. MMC also can be seen as a combination
of aluminum, magnesium or titanium as a metal matrix and fibers, such as carbon
and silicon carbide. This material has almost no limit on the choice. Metal matrix
composites are the great alternative to traditional materials. In MMC, high abrasion
resistance, fracture toughness and high compressive strength are obtained by
combining high elasticity modulus of ceramics and plastic deformation capability of
metals. Advantageous of MMCs are higher elastic properties, unaffected by
5



humidity, high thermal/electrical conductivity and fatigue and crack resistance.

MMCs often used in automobile engines.

2.1.2. Ceramic matrix composite (CMC)

Ceramic materials are very hard and brittle. Furthermore, they have a relatively low
density and high temperature strength properties. Ceramic materials have low
thermal shock resistance and toughness. These are Al,Os3, SiC, SizNy4, B4C, cBN,
TiC, TiB, TiN and AIN. One or several of these are used according to a purpose and
ceramic matrix is created. The advantageous of CMCs can be considered as low
density, high strength and high service temperature limits. It can be used in high
temperatures that polymer matrix composites and metal matrix composites cannot be

used.

2.1.3. Polymer matrix composite (PMC)

PMCs are the most widely used composite materials. The reason of this can be
considered as low production cost, high strength and easy production principles. The
polymer matrix is widely used as continuous fiber-reinforced and they are divided
into two groups as thermosets and thermoplastics. These composites reinforced with
continuous fibers of polyester and epoxy resin matrix, which are the most important.
The main use of the reinforcing materials are glass fiber, kevlar fiber, boron fiber and
carbon fiber. CMCs have wide usage areas, such as airplan industry, wind turbine

blades, bicycles and medical tools.

2.1.4. Cement matrix composite

Cement matrix composites are concrete, which is containing coarse and fine
aggregates, mortar that is containing fine aggregate but no coarse aggregate, and
cement paste, which is containing no aggregate, whether coarse or fine. It also
includes steel reinforced concrete, i.e. concrete containing reinforcing steel bars.
Other fillers or reinforcements are added to the mix to improve the properties of the
cement matrix composite. They can be particles, such as different types of aggregates
like limestone, pumice, perlite, vermiculate, diatomite, etc. They can be either short
fibers or long fibers, such as polymer, steel, glass, carbon fibers or textile fibers.
They can be liquids such as methylcellulose aqueous solution, water ducinagent,

defer, etc. (Chung, D.D.L., 2001).



2.1.5. Carbon carbon composite (CCC)

These are composites that carbon fibers or carbon particulates used in carbon matrix.
All of the material consists of carbon. They can be used at temperatures up to
3000°C. Some advantageous of carbon carbon composites are resistance to high
temperatures, low creep at high temperatures, low density, good tensile and
compressive strength and high fatigue strength. Carbon carbon composites generally

used in rocket nose cone and plane break systems.

2.1.6. Particle-reinforced composites

In particle-reinforced composites, particles are located in the matrix (Figure 2.2).
Particle-reinforced composites are generally isotropic because, particles are
randomly distributed. The strength of the structure is generally dependent on the
hardness of the particles. They have such advantages as, improved strength,
increased operating temperature, oxidation resistance, etc. Particle-reinforced
composites can be analyzed as two separate groups. First one is the large particle-
reinforced composites. The use of gravel, sand and cement in reinforced concrete
construction is an example of large particle-reinforced composites. Second one is the
dispersion-strengthened composites. In dispersion-strengthened composites, particles
are generally much smaller, with a diameter range between 10 nm and 100 nm.
Particle-matrix interactions that lead to strengthening occur on the atomic or

molecular level (Callister, W., 2007).

Figure 2.2 : Particle-reinforced composite (Url-1).
2.1.7. Laminar composites

The layered composite structure is a type having the one of the oldest and most
widely used composite type. Laminar composite layers are obtained by matrix and

fiber. Then with the combination of these multiple layer, laminar composites are

7



obtained (Figure 2.3). In laminar composites, very high strength values can be
obtained by a combination of different fiber orientated layers. They have heat and

moisture resistant structures.

A sandwich panel consists of two outer sheets, or faces, that are separated by and
adhesively bonded to a thicker core. The outer sheets are made of a relatively stiff
and strong material. The core material is lightweight, and normally has a low

modulus of elasticity.

“‘W
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Figure 2.3 : Laminar composite (Url-2).

2.1.8. Hybrid composites

It is possible that the same composite structure of two or more fiber types and/or two
or more matrix type. Such composites are called hybrid composites. This area is an
area suitable for the development of new types of composite. For example, Kevlar
fiber is a cheap and tough, but its compressive strength is low. The graphite has a
low toughness and expensive but it is has a good compressive strength. They are

sometimes produced together due to these features.



2.1.9. Fiber-reinforced composites

In the technical point of view, the most important composites are those in which the
dispersed phase is in the form of a fiber (Callister, W., 2007). Today, most widely
used reinforcement materials used in composites are fibers. The mechanical behavior
of a fiber-reinforced composite depends on the properties of the fiber, fiber
orientation, fiber length and the degree to which an applied load is transmitted to the
fibers by the matrix phase. Two type of fiber can be used in composites as
reinforcement element. The first one is continuous fibers and the second one is

discontinuous (short) fibers.

Continuous fiber reinforcement materials are produced as rope and used (Figure 2.4).
Continuous fibers improve the mechanical properties of composites through their
longitudinal direction. In transverse direction, there is not reinforcement so that this

direction is weaker than the longitudinal direction.

Figure 2.4 : Continuous fiber-reinforced composite (Url-3)

Normally, short and discontinuous fibers are used for randomly oriented fiber

reinforced composites (Figure 2.5).
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Figure 2.5 : Randomly distributed short fiber-reinforced composite (Url-4)



2.2. Textile Fibers

History of fibers is as old as human civilization. Fiber is a natural or synthetic
substance that is significantly longer than it’s wide. Fibers are the smallest
component of the textile product. Fibers are often used in the manufacture of other
materials. The strongest engineering materials often incorporate fibers. Textile
wastes are produced by textile fibers as normal textile products. Textile fibers are
classified as natural fibers and chemical fibers. Figure 2.6 shows the classification of

fibers.

In recent years, 61% of the fibers used for various purposes is vegetable origin, 5% is
animal origin and 34% is chemical origin in the world. Cotton, which is contained in
vegetable fibers, has a prominent place in the textile industry, since it covers 54% of
the fiber production (MEGEP, 2007). Having the required properties for human

health of natural fibers increases the need for these fibers rather than synthetic fibers.

10



Seed

_ Fibers

Figure 2.6 : Classification of textile fibers.

11

Fibers | 1 cotton, etc.
Stalk | flax, hemp,
Cellulose Fibers jute, etc.
Base Fibers Leaf sisal, abaca,
Fibers etc.
Fruit  Coconat,
Fibers etc.
Natural ool, mohair
Fibers i L Woo. ’
Protein Base SkinBased cashmere, etc.
Fibers Secretion silk, wild silk,
Based spider silk,
Mineral
Base Fibers asbestos, etc.
Nitrate, Copper,
Viscose Fibers
Cellulose Cellulose Ester
~ Based Fibers
Lyocell Fibers
Fibers Regenerated Casein, Collagen
Fibers Protein Fibers
N — Based Peanut, Soybean
Fibers
Natural Alginate
Polymer Elastomeric Fibers
Nylon, Perlon,
Polyamide < Nylon 11
Fib
ooTREE Kevlar, Nomex
Polyester
Fibers PET, PCDT, PBT
Chemical Acrylic,
s Synthetic Polyvinyl Modacrylic
Fibers _derivatives ™\ polyvinylAlcohol
Teflon Fibers RIVERC
Polyurethane =~ Polyethylene
Fibers polypropylene
Others Polyurea Fibers
Glass
~ Fibers
Inorganic Ceramic
Fibers __Fibers
Carbon



2.3. Textile Wastes

Wastes and/or residues are sometimes unwanted or unusable materials. Waste is any
substance which is discarded after primary, residual material, or it is worthless,
defective and of no use. Wastes are required to be removed by the manufacturer due
to lack of direct benefit. Also, wastes are lead to environmental and visual pollution

in areas where they are.

A textile is a flexible material consisting of a network of natural or artificial fibers
(yarn or thread). Yarn is produced by spinning raw fibers of wool, flax, cotton, or
other material to produce long strands. Textiles are formed by weaving, knitting,

crocheting, knotting, or felting.

Textile waste is a material that is deemed unusable for its original purpose by the
owner. Textile waste can include fashion and textile industry waste, created during
fiber, textile and clothing production, and consumer waste, created during consumer

use and disposal.

Textile wastes could be examined under two types of production stage which are pre-

consumer textile wastes and post-consumer textile wastes (Wang, Y., 20006).

2.3.1. Pre-consumer textile wastes

Textile waste can be grouped under two main headings. First one is production
wastes or pre-consumer wastes. Textile pre-consumer waste can be expressed as
industrial textile waste in general. The classification of production wastes (Aral, N.,

2009) is given in Figure 2.7.

Pre-consumer textile waste is waste generated in the fashion supply chain before the

textile reached the consumer (EcoChic, 2013).

These types of materials are re-manufactured for the automotive, aeronautic, home
building, furniture, mattress, coarse yarn, home furnishing, paper, apparel and other

industries (Wang, Y., 20006).

12
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Figure 2.7 : Classification of pre-consumer textile waste.
2.3.2. Post-consumer textile wastes

Second textile waste group is textile wastes which are discarded by consumers after
used. There may be several reasons for the formation of post-consumer textile waste.
The main reasons are not to require more use of low-quality products, to pass the
fashion of used products and completion of service time of textile products, etc. Post-
consumer textile waste, ensuring recycling, should participate again in different areas
of production. The classification of post-consumer textile waste (Aral, N., 2009) is

shown in Figure 2.8.

Post-consumer textile wastes are sometimes given to charities and textile recycling
companies, but generally they are disposed into trash and end up in the municipal

landfills (Wang, Y., 2006).
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Figure 2.8 : Classification of post-consumer textile waste.

Industrial and post-consumer textile waste products are solid waste generated in
various forms and ratios of different processing steps (Aral, N., 2009). Some

examples of textile wastes are given in between Figure 2.9 and Figure 2.14.

Figure 2.9 :

Figure 2.10 : Cut-and-sew textile waste is textile scraps generated during garment
manufacturing (EcoChic, 2013).

14



Figure 2.11 : End-of-roll textile waste is factory surplus textile waste leftover on the
textile rolls from garment manufacturing (EcoChic, 2013).

Figure 2.12 : Sampling yardage waste is factory surplus sample textiles that have
been leftover from textile sample manufacturing (EcoChic, 2013).

Figure 2.13 : Damaged textile waste is unfinished textiles that have been damaged,
for example color or print defects (EcoChic, 2013).

15



Figure 2.14 : Textile waste at a recycling station (EcoChic, 2013).
2.3.3. Recycling process of textile wastes

The most important factor of waste management is recycling. Recycling is giving
worthless materials back as a new and valuable material to the industry. In many
applications, such as metals, glasses, polymers, sometimes mineral based materials
textile material and synthetic textile wastes can mostly be involved to the recycling

process.

Ninety-nine percent of used textiles are recyclable (Gadkari, R., and Burji, M. C.
2015). Thus, the textile recycling industry is one of the oldest and most established
recycling industries in the world. However, it is composed of newly awareness about

textile recycling in Turkey.

Textile waste recycling can be assessed by four different methods (Figure 2.15).
These are mechanical recycling, chemical recycling, thermal recycling and mixed
technologies. Thermal recycling generally includes the producing of thermal or
electrical energy through incineration of textile wastes. Chemical recycling recovers
monomers from waste fibers by polymer decomposition. Mechanical recycling
includes transformation of textile wastes to the new textile products or yarns at the

mean time combination of these recycled textile waste and PET wastes.

16



Textile Waste

Recycling
I
I [ I I
Mechanical Chemical Thermal Mixed
Recycling Recycling Recycling Technologies
Energy
1 Cutting - Raw Materials — Ethanol 1 Carpet
Bioglass
- Shredding - Composite

- Remelting

Figure 2.15 : Recycling processes of textile wastes.

Mechanical textile recycling is a process which aims to produce a near fibrous
product form from textile wastes. First step of this process is collection of pre-
consumer and post-consumer textile wastes. Then the textile wastes are usually
sorted before recycling. All collected textile wastes are sorted according to their fiber
type and color by skilled labor, which are able to easily recognize the raw material of
the textile. Last step of the mechanical recycling is shredding. Shredding process is
the shape changing of the piece of textile waste (Gordon, S. and Hsieh, Y., 2007). In
this stage, textile wastes are reformed as very small fibers about 2 to 5 cm length.
Figure 2.16 shows an example of the shredded textile wastes with a length range of 2

to 5 cm.
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Figure 2.16 : Shredded textile wastes.
2.4. Use of Textile Wastes in Construction Sector

Waste material is defined as any material occurring as a result of human activity and
does not serve the producer any longer. After the formation of wastes, control is
required not to cause environmental problems. For this purpose, one of the most
frequently used methods is the reuse of waste materials and evaluation of them in
several areas. In this way, waste materials that considered as worthless could be used
as a raw material or by-products in another material production. Thus, it provides
major environmental and economic benefits. In order to evaluate the waste materials
as a raw material or by-product, there is a need for new product ideas and designs. In
this stage, developing various composite materials is could be evaluated as one of the

most beneficial methods.

As in Turkey, the textile industry is one of the world's leading manufacturing sectors.
Because of large production scale of textile sector, it generates a large scale of solid
wastes. These solid wastes can be seen as both piece of textile and as fiber. Limited
number of studies that have tried to evaluate textile pieces and fibers in construction

sector and composite material production are listed:

Aspiras and Manalo (1995) have produced a composite lightweight masonry block
formed from a combination of water, cement and textile waste fibers. They have
tested their samples in accordance with standard ASTM procedures for testing

concrete products. They have found high energy-absorbing capacity in their samples.
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The result of their study indicate a sturdy lighter-than-concrete building material
with various potential uses such as for ceilings, walls, wooden board substitute, or as

an economical alternative concrete block.

Hejazi et al. (2012) have investigated the use of natural and synthetic fibers on soil
reinforcement applications. They have discussed that why, how, when; and which
fibers have been used in soil reinforcement projects, in their study. They have made a
comprehensive literature review and results shows that using natural and/or synthetic
fibers in geotechnical engineering is feasible in six fields including pavement layers,
retaining walls, railway embankments, protection of slopes, earthquake and soil-

foundation engineering.

Binici et al. (2014) have developed thermal insulation material from sunflower stalk,
textile waste and stubble fibers. Their purpose is to produce board blocks on wall
covering applications. They have composed sunflower stalk, textile waste and
stubble fibers epoxy binder under different pressures. The results obtained satisfied
the Turkish Standard TS 805 EN 601. Thus, their method proposed solves two
industrial problems at the same time; on of them is developing thermal insulation

material and the other one is using waste materials causing environmental problems.

Aghaee and Foroughi (2012) have produced lightweight concrete using textile waste
and perlite. They used textile waste as a core material in their concrete. They have
tested their lightweight concrete blocks as bending test. They found that textile
wastes as a core fiber in central part of lightweight panels has proven to be beneficial
not only for saving a raw materials and obvious environmental benefit, but also due

to experiments a light-weighing insulated panel is achieved.

Algin and Turgut (2007) have aimed to produce cotton wastes and limestone powder
wastes combination for producing new low cost and lightweight composite as a
building masonry material. They have tested compressive strength, flexural strength,
ultrasonic pulse velocity, unit weight and water absorption values and they found that

these values satisfy the relevant international standards.

Raut et al. (2011) worked on producing waste-create bricks. Various waste materials
in different compositions that were added to the raw material at different levels to

develop waste-create bricks in their work. One of these additives to raw material is
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cotton waste. They have studied on Water absorption, compressive strength, flexural

strength, UPV test for this new material.

Binici et al. (2012) have examined the usage of cotton waste, fly ash and epoxy resin
on production of chip- boards. They have tested thermal conductivities, sound
insulations and bending strengths of chip-boards with different thickness. They have
investigated radioactive properties of samples containing barite. They have found
that usage of cotton waste and fly ash had a positive effect on the engineering
properties of chipboards and lightweight construction materials produced with cotton
waste, fly ash and epoxy resin could be used for getting better thermal and sound

insulation results.

Anurag et al. (2009) have investigated tensile strength of hot mix asphalt with
polyester waste additive. Their results of the experiments states that, in general, the
addition of the polyester fiber was beneficial in improving the wet tensile strength
and tensile strength ratio of the modified mixture, increasing the toughness value in
both dry and wet conditions, and increasing the void content, the asphalt content, the

unit weight.

Oliveira and Castro-Gomes (2011) have investigated the utilization of polyethylene
terephthalate (PET) bottle fiber recycled as fiber reinforced renders mortar. Their
investigation was carried out on cement-lime mortar samples. Their results indicate
that the incorporation of PET fibers significantly improve the flexural strength of

mortars with a major improvement in mortar toughness.

Rajput et al. (2012) have produced mixture of recycle paper mills waste and cotton
waste to make waste crete bricks. They used Portland cement as a binder material.
They have investigated engineering properties of this new material. They found that
their waste crete bricks can be potentially used in the production of lighter and

economical brick material which can be used as internal partition wall.

Kozak (2010) has been investigated the areas of textile waste as construction
material. He studied materials such as, cotton, jute waste and short asbestos fibers,
cotton linter, etc. where and for what purpose can be used in the construction

industry.

Ucggiil ve Turak (2015) studied the recycling of textile waste as construction material.

They produced block member by mixing cement and textile waste. They produced
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thermal insulation block. They evaluated thermal performance, fire resistance and

sound insulation parameters of the manufactured block.

Briga-Sa et al. (2013) have studies on thermal insulation with filling walls with
textile wastes for building external walls. They have done their experimental work by
using an external double wall, with the air-box filled with textile waste, to determine
their thermal characteristics. The thermal conductivity values of their experiments

are similar to expanded polystyrene (EPS), extruded polystyrene (XPS).

Hadded et al. (2016) have investigated thermal properties of textile wastes in their
study. They divide textile waste as waste linter and tablecloth. They found their
thermal conductivity, density and Thermal diffusivity values and compare them with

traditional thermal insulation materials.

Murathan et al. (2014) have examined the availability of production of high-density
polypropylene textile waste in composite materials. They considered this application,
which they used cement, lime and vinyl acrylic binder, to be useful in the practice of

commercial repair and bonding applications.

2.5. New Generation Composite Plasters

In ancient buildings, mortars and plasters were used to hold the building materials,
such as stone, brick and wood together. Also, they were used to protect the building
materials against external influences. Today, plasters are often used for similar

purposes.

Generally, mortars include Portland cement, sand and sometimes hydrated lime.
These types of mortars are chiefly used in masonry works. As another definition,
mortars are generally consisting of binder (cement, lime, and gypsum), aggregates

(sand), additives and water.

The composite materials are chiefly made from a matrix and one or more filling
materials. In general, reinforcing material takes over bearing task and the matrix
phase serves to support and hold it together. Today, one of the most commonly used
composite is concrete. The matrix material consisting of cement and sand is

supported by steel rods. Composite components do not affect chemically each other.
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Composite material is a new, physically different and with better properties material
than its original state that obtained by mixing two or more materials having different
characteristics. The purpose of composite production is to gathering advance
properties to main material, which are not exist originally, such as, lightweight,
strength, flexibility, etc. The properties and volumetric ratios of the phases that create

composite material determine the properties of the composite material (Karci, 2011).

Composite plasters or composite masonry mortars are construction material which
are produced by the mixing of binder materials, aggregates and sufficient amount of
water and if necessary, polymer additive that to change the properties of the main

material (Glindiiz et al., 2007).

The production of the composite material aims to improve one or a few of the

following features:
* High strength
* Fatigue strength
* Abrasion resistance
* Corrosion resistance
* Fracture toughness
* Thermal insulation
* Sound insulation
* Electrical conductivity or insulation
» Stiffness
* Lightweight
* Economy
* Aesthetic

Plastering mortar is a type of mortar used to protect and to smooth the masonry and
ceiling surfaces. In another definition, plaster is called as a continuous coating
material that is applied to internal and external wall surfaces and ceilings with a

certain thicknesses (Babadag, Y., 2009). A plaster mainly consists of binder,
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aggregate and water. There are six types of plasters according to TS EN 998-1

standard. The schematic view of plaster types is given in Figure 2.17.

General Purpose (GP)

Lightweight (LW)

Colored (CR)

Plasters

One Coat for External
Use (OC)

Renovaion (R)

Thermal Insulating (T)

Figure 2.17 : Classification of plasters.

New generation composite plastering mortars are generally produced at plants and
sold in bags. These composite plasters are used to give superior abilities to the

building walls or to the complete building. Some of these abilities are:
* Thermal insulation
* Sound insulation
* Fire resistance
* Lightweight
* Bulletproof
* Radiation resistance
* High compressive strength
* High flexural strength
* High tensile strength
* Flexibility
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e Water resistance
e Aecsthetic etc.

The influence of site practice and procedures on the final properties of mortar is
profound. All of these properties, the appearance, mechanical properties and
durability are all affected by site operations and labor actions. Thus, correct practice
is needed through all construction stages (Ahmed, A. and Sturges, J., 2015) in order

to achieve these properties of new generation composite plasters.

2.6. New Generation Fiber-Reinforced Cementitious Composite Mortars

In many years, fibers have been used to reinforce the cement matrix composites. The
physical and the mechanical performance of the cement based composite is mainly
depended on the amount of fibers, the physical and the chemical properties of the
fibers and the matrix, and the bond between the fiber and the cement matrix. In order
to evaluate the physical and the mechanical behavior of fiber reinforced cementitious
composites, many different types of fibers are used in the cementitious compound.
Some of those are, steel fibers, plastic fibers, glass fibers, mineral based fibers and

natural fibers.

The use of fiber in concrete in developed countries began in the early 1960s and the
use of fiber-reinforced concrete applications has been increased (Aghaee K. and
Foroughi M., 2012). It can be seen that in the literature, various types of fibers are
used as reinforcement element in cementitious composites. Various studies about
fiber reinforcement in concretes according to different advantages of the fibers as

follows:

Yin, S. et al. (2016) investigated the alkali resistance and performance of recycled
polypropylene (PP) fibers in the 25 MPa and 40 MPa concretes for footpaths and
precast panels. They found that PP fibers had very good alkali resistance in the

concrete. Excellent post-cracking performance of PP fibers was found by them.

Grabois, T. M., et al., (2016) investigated the characterization on the fresh and
hardened state of self-compacting lightweight concrete (SCLC) reinforced with steel
fibers. They found the mechanical behavior of test samples by means of

compression, tensile and flexural strengths. They made specific heat, thermal
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diffusivity and conductivity tests. They found that fiber reinforcement has increased

the mechanical properties under direct tensile and bending tests.

Pogorelov, S.N., and Semenyak, G.S., (2016) studied the frost resistance of steel
fiber reinforced concrete with the use of active mineral additives. They picked the
steel fiber reinforced concrete because of its high durability in road construction.
They found that the dispersed reinforcement improves the pore structure of the
concrete matrix and the combination of fiber reinforcement with the cement matrix
having enhanced crack resistance allows improving the performance of the

composite material.

Wang, Y., et al., (1994) studied the evaluation of recycled fibers from carpet
industrial waste for reinforcement of concrete at 1 and 2 vol. % fractions. They
performed some mechanical and physical tests on the test samples, such as
compressive, flexural, splitting tensile and shrinkage tests. They found that recycled

carpet wastes improved shatter resistance, energy absorption and ductility.

Shah S.P., et al. (1988) tested long-term weathering of glass fiber reinforced panels
(GFRC). They experienced the long term flexural strength and flexural toughness of
GFRC. In spite of the improved alkali resistance, long term tensile strength and

ductility reduced with aging.

Asbestos is a naturally occurring mineral that once was lauded for its versatility,
recognized for its heat resistance, tensile strength and insulating properties, and used
for everything from fire-proof vests to home and commercial construction. It was
woven into fabric, and mixed with cement. Asbestos cement has used during the past
100 years because of its very low cost and excellent durability. The reason of its long
term use is the great durability of asbestos fibers. However, once it is determined to
be carcinogenic, its use has been decreased since 1980 (Illston, J. and Domone, P.,

2001).

Glass fiber reinforced cement matrix composites are normally made with alkali-
resistant glass fiber bundles combined with a Portland cement matrix and if
necessary inorganic fillers. Fiber length, fiber amount and fiber orientation in the
composite are the parameters that affect the performance of the composite. Cladding

panels are a general application for glass-reinforced cement (Illston, J. and Domone,
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P.,2001). Various studies about glass fiber reinforcement in cementitious composites

according to different advantages of the fibers as follows:

Marikunte, S. et al., (1997) studied the durability characteristics of glass fiber
reinforced cementitious composites with the effect of silica fume and metakaolin.
They compared the flexural, tensile and hot-water durability performance of AR-
glass fiber reinforced composites in blended cement matrix. They investigated three
different matrices as only cement, cement and metakaolin, and cement and silica
fume. They found from hot-water durability tests that cement and metakaolin matrix

was more durable than the others.

Another fiber type used in the composites is wood cellulose fibers produced from
trees. Wood fibers are produced by pulping the wood to separate fibers. Wood fibers
could be used in conjunction with polyvinyl alcohol fibers in a matrix of Portland
cement, and if fillers are used, the composite can provide tough and durable fiber
cement. This type of composite is applicable for the production of corrugated
sheeting and pressed tiles on traditional slurry dewatered systems (Illston, J. and

Domone, P., 2001).

In recent years, the use of vegetable fibers produced from seed, stalk, leaf and fruit of
some plants are generally aimed to produce cheap but labour-intensive, locally
constructed cement-based composites. Long fibers which are indigenous to the
locality are used, such as akwara, banana, bamboo, coir, elephant grass, flax,
henequen, jute, malva, musamba, palm, plantan, pineapple leaf, sisal, sugar cane and
water reed (Illston, J. and Domone, P., 2001). Several studies carried out about

vegitable fiber reinforcement in cementitious composites as follows:

Savastano, H. and Agopyan, V. (1999) compared composites with vegetable fibers
(malva, sisal and coir), chrysotile asbestos and polypropylene fibers. They tested the
tensile strength and ductility of the composites. They tried to investigate the
transition zone of short filament fibers randomly dispersed in a paste of ordinary
Portland cement. They found that mainly for vegetable fiber composites the
transition zone of composites porous, cracked and rich in calcium hydroxide

macrocrystals.

Silva, F.A. et al. (2010) tried to characterize the physical and mechanical behavior of

the cement composites reinforced with long and unidirectional aligned sisal fibers.
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They produced flat and corrugated sheets. They carried out direct tensile and bending
tests to determine the first crack, post-peak strength and toughness of the composites.
Also, they tested the drying shrinkage, capillary water absorption and water tightness

of the samples.

Savastano, H. et al. (1999) studied about reinforcement cement based composites
with plant fibers, such as eucalyptus pulp, coir fibers and with a mixture of sisal fiber
and eucalyptus pulp. They produced cement based and vegitable reinforced roof tiles.
They tested the compressive strength and modulus of rupture of the composites.
They found the performance of tiles made with these composites was in accordance

with international requirements.

It is seen in the literature that the synthetic fibers commonly used in cementitious
composite mortars. Synthetic fibers are used very commonly because of the general
acceptance of low cost and to improve the mechanical properties of the composite
mortars. Various studies about synthetic fiber reinforcement in cementitious

composites according to different advantages of the fibers as follows:

Zhang, H., et al., (2016) investigated the dynamic characteristics and the constitutive
relationship of polypropylene fiber reinforced mortar (PFRM) materials under
compressive impact loading. They carried out the impact tests by using improved
Split Hopkinson Pressure Bar (SHPB) equipment installed with confining pressure
device. They analyzed the compressive strength, the dynamic elastic modulus, the
toughness and the ductility parameters. They found that the dynamic performance of
PFRM materials is significantly affected by strain rates. Also, they have found that

polypropylene fibers are able to improve the impact toughness.

Bezerra, E.M., et al. (2006) investigated the different amounts of synthetic fiber on
physical and mechanical performance of asbestos free fiber cement. They test
Polyvinyl alcohol (PVA) fiber as reinforcement in their research. They found that
synthetic fiber contents higher than 2% by mass (from 4% to 5% by volume of the
composite) were unable to promote any further improvement in the mechanical

performance of the composites at the age of 28 days.

Habib, A., et al., (2013) carried out an investigation about the effect of different
types of synthetic fibers, such as, glass, nylon, and polypropylene fibers on the

mechanical properties of cementitious composite mortar. They found that addition of
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fibers in to the mortars increased the compressive strength of mortar composites

except glass fiber, tensile and flexural strength had little influence with the addition

of fibers.

Pakravan, H.R., et al. (2012) compared he adhesion strength between three
polymeric fibers (polypropylene (PP), nylon66 (N66) and polyacrylonitrile (PAN))
embedded in a cement paste in their research. They used scanning electron
micrographs in order to characterize the fibers’ surface before and after the Pullout
tests. They found that pull-out behavior of all tested fibers was almost the same for 7
and 14 days cured specimens. An increase was found in pull-out load for all tested

fibers for 28 days cured specimens by the researchers.

Cristel et al. (2010) examined the thermal properties of cement composites
reinforced with vegetable bagasse fibers. They found that the vegetable fibers
produced a slight decrease in the thermal conductivity. Contrarily, the mechanical
strength of the composites increased. Also, they pointed out that the use of more

fiber composites might reduce the unit volume weight and the thermal conductivity.

Textile waste fiber reinforced cement matrix composites is a new research area,
because not much work done on this topic. A very limited number of studies are
found in the literature about the textile waste fiber reinforced cementitious

composites. Some of which are given below:

Ucar, M. and Wang, Y. (2011) carried out an experimental investigation about
utilization of recycled carpet waste fibers as reinforcement in lightweight
cementitious composites. In their study, lightweight cementitious composites were
fabricated that were reinforced with recycled carpet fibers at up to 20 per cent fiber
to cement weight ratios. They tested flexural, toughness, and impact properties of the
lightweight cementitious composites. They found that the density of the composites
decreases with the increase of fiber content. In the three-point bending test,

lightweight cementitious composites exhibited a ductile behavior.

Pinto, J., et al., (2013) investigated the reinforcement of the render with textile threat.
They used 30% wool and 70% acrylic composition thread textile waste considered as
a reinforcement fiber in their paper. Also, they compared two different sizes (2 cm
and 4 cm) of threats. They mainly studied the applicability, the durability and the

mechanical behavior of the proposed reinforced render. They found that the
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mechanical behavior of the render may increase according to the increase of the short
size fiber content. In contrast, this tendency does not seem to occur when the fiber
length increases. Also, they found that high fiber lengths may reduce the workability

of the mortar.

2.7. Mohr-Coulomb Failure Criterion

Mohr Coulomb Failure Criterion is generally used in rock mechanics to understand
the relationships between stress, failure, and frictional faulting and to use this
relationship to predict rock behavior. Also, The Mohr-Coulomb criterion is the most
common failure criterion encountered in geotechnical engineering. Many
geotechnical analysis methods and programs require use of this strength model. The
Mohr-Coulomb criterion describes a linear relationship between normal and shear
stresses (or maximum and minimum principal stresses) at failure. The Mohr
Coulomb Failure Criterion is rarely encountered in some investigations based on

concrete researches:

Oztekin, et al. (2016) were investigated experimentally the parameters which define
Drucker-Prager yield criterion for both normal strength concrete (NSC) and high
strength concrete (HSC) by triaxial compression tests. They found the values of
cohesion between 5 MPa and 13 MPa for NSC and 13 MPa and 19 MPa for HSC and
the values of internal friction angle between 27° and 34° for NSC, 34° and 39° for
HSC through drawing the Mohr circles.

Mahboubi, A. and Ajorloo, A. (2005) investigated the extensive experimental
parametric study of the mechanical responses of various types of plastic concrete in
unconfined and triaxial compression tests. They used Mohr Circle in their study.
According to Mohr circle parameters, they investigated the effect of specimen age,
cement factor, bentonite content and confining pressure on shear strength and

permeability of plastic concrete.

In this thesis, Mohr Coulomb Failure Criterion was tried to use to determine the
structural strength properties of the samples. Mohr Coulomb Failure Criterion could
be estimated by some mechanical properties of cement matrix composites based on
the tension and compression strengths. Although a few Mohr Coulomb failure

criterion practices related with concrete can be seen in the literature (Mahboubi and
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Ajorloo, 2005; Oztekin et al., 2016). There are no such studies related to

cementitious mortars.

2.8. Literature Evaluation

In this study, a comprehensive literature research was conducted. Majority of
existing literature shows that fibers have been used in the cement matrix composites
for a long time. Recently, with the concern of sustainability and environmental
protection, the use of waste fibers and natural fibers has gained an importance in the
composites. The literature review shows that the use of natural and/or vegetable
fibers rapidly increasing besides the traditional fibers. However, there is a very
limited research work at the point of evaluation for textile waste fibers as a
reinforcement element in the cementitious composites in construction sector. The
evaluation of textile wastes in composite materials is mostly focused on carpet
wastes. But in this study, any type of textile material is included in the research, as
the textile fibers was supplied from textile recycling plants and this plants could

process any type of textile wastes.

In this thesis, the use of textile waste fibers as a reinforcement element in cement
matrix composites was examined deeply. In this context, mechanical, physical and

structural behavior of textile waste fibers on the composites were analyzed in detail.

Also, no work was encountered about the internal strength characteristics of fiber-
reinforced mortars. Internal strength characteristic was meant as structural strength
parameters (internal friction angle, failure angle, normal strength, shear strength and
cohesion) of the mortars. Structural strength analysis of a material provides more
comprehensive information about the material. Also, it can be obtained from
structural strength parameters better understanding about what happens inside the

material before it reaches failure.

In this thesis, the use of textile waste fiber materials as reinforcement in cementitious
composite mortars was investigated. The effect of textile waste fibers on cement
matrix composite mortar is a new research topic and there is a very limited
information about this subject in the literature. Furthermore, this thesis can be
interesting from technical point of view, because any study of the structural strength

properties of cement based composite mortar cannot be found in the literature.
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3. MATERIALS AND METHODS

3.1. Materials

In this thesis, white ordinary Portland cement (WOPC) was used as a main binder
material. Hydrated powder lime (HPL) was used in the batches as the aim of pH
stabilizing additive. Pumice was used as a main aggregate and expanded perlite
aggregate was also used in order to reduce the weight of the composite samples. The
calcite material was as a powder calcite filler (PCF) material in mixture
combinations. Cellulose ethers were added to control the large extend the rheology of
the mortar. Also, a commercial water repellent additive material was used in powder
form (white color) throughout the research. In this experimental investigation, four
different types of textile waste fibers were used as fiber-reinforcement element in the

cement-matrix composites.

3.1.1. Cement

In this thesis, white ordinary Portland cement (WOPC) conforming to EN 197-
1:2011 CEM I 52.5 R (52.5 N/mm®) was used as a binder material. WOPC is a
cement type produced with the combination of such raw materials as white clay,
limestone and marble dust. Due to the small amount of iron oxide (Fe,O3) (generally
less than 0.3%) and manganese, this type of cement appears as white colored. WOPC
is chiefly used in projects where architectural and aesthetics visibility is important
(Figure 3.1). The chemical composition and Bogue composition of the white
ordinary Portland cement is shown in Table 3.1. The mechanical and the physical
properties of WOPC is given in Table 3.2.The WOPC was analyzed for its mineral
composition and the loss on ignition by using the X-ray Fluorescence (XRF)
analysis. The average particle size distribution was detected by laser particle
analyzer. The specific gravity of the white cement was determined as foreseen in
British Standard (BS 1377:Part 2) by using the small pycnometer method. The
fineness of the cement was determined by conducting the Blaine surface area test

according to ASTM C 204-94a and shown in Table 3.2.
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Figure 3.1 : A view of the WOPC.

Table 3.1 : Chemical composition of the WOPC.

Major Element %
SiO, 21.60
AlLOs 4.05
F6203 0.26
CaO 65.70
MgO 1.30
SO3 3.30
Na,O 0.30
K,O 0.35
Bogue composition
CsS 66.31
C,S 11.90
CiA 10.29
C4AF 0.79

Table 3.2 : Mechanical and physical properties of WOPC.

Major Element %o

Specific gravity (g/cm’) 3.06
Blaine specific surface (cm?/g) 4600
Initial setting time (min) 100
Final setting time (min) 130

Volume expansion (mm/m) 1

Compressive strength (MPa)

7 days 37.0
14 days 50.0
28 days 60.0
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3.1.2. Hydrated powder lime

Lime is known as one of the oldest binders. Lime has been an important component
of mortars for over 2000 years. Limestone or calcium carbonate (CaCOs) is the raw
material of lime. To produce commercial lime, firstly the limestone is burned and
CaO occurs. Then, CaO is reacted with water, this process is called as hydration, and
Ca(OH); occurs. This new material is called as Hydrated Lime. The characteristics of
hydrated lime could provide unique benefits to mortars, such as flexural bond

strength, water leakage, durability, compressive strength, uniformity, etc.

Hydrated Powder Lime (HPL) used in this work was a commercial product in
Turkey. The hydrated lime in powder form belongs to the class of CL80 according to
EN 459-1. HPL additive (Figure 3.2) was used in the mixture combinations in order
to stabilize pH balance. Hydrated lime is a soft, white, crystalline, very slightly
water-soluble powder as Ca(OH),, obtained by the action of water on lime. It is
generally used in mortars, plasters, and cements. The chemical composition of HPL

is given in Table 3.3.

Figure 3.2 : A view of the HPL.

Table 3.3 : Chemical composition of the HPL.

Major Element %
SiO, <13
AlLO; 0.4-0.8
Fe, O3 <03
CaO 80.0
MgO <2.0
SO;3 <2.0
Na,O <0.8
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3.1.3. Pumice

Pumice was evaluated as the main aggregate in this thesis. Also, due to low unit
volume weight of pumice, it was used as lightweight aggregate in this experimental
investigation. Pumice is a natural and volcanic material and it has spongy and porous
structure. Pumice contains numerous pores, because during the formation, gases in
the structure in the pumice rapidly leave the body and then sudden cooling takes
place. Thus, the porous structure occurs. Disconnected hollows generally form these
pores. Therefore, pumice has low permeability and it has very high thermal and
sound insulation. Because of these characteristics, pumice is widely used as a
lightweight aggregate in lightweight concrete designs. Besides, pumice is used in
production of lightweight building elements such as bricks, masonry blocks, panels
and boards, etc. (Giindiiz, L. 2005).

Pumice aggregate used in this experimental study was supplied from the location of a
pumice mining quarry in Nevsehir Region, Centre of Turkey (Figure 3.3). The
specific gravity of the pumice used in the experimental work is 2.35 g/cm’ and its
bulk dry density value was 435 kg/m® for coarse NPA and 530 kg/m® for fine NPA.
Nevsehir pumice aggregate (NPA) obtained from the quarry was crushed by a primer
crusher and then screened into 63-250 pm and 1-2 mm as fine and coarse aggregate
form in this thesis. Then, pumice aggregates were visually analyzed by a microscope
and the pumice particulates were observed as mostly rounded shape in an acceptable

scale. This situation could help to mortar strength.

Figure 3.3 : A view of the fine and coarse NPA.
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In order to determine organic material content in the NPA, NaOH solution at a
concentration of 3% was prepared. As a result of this experiment, no organic material
was found in the pumice. Analysis of sulfur compounds in lightweight aggregates is
done in terms of SO;. It is foreseen that the SO3; composition is maximum 1% by
weight in lightweight aggregates. SO; content of NPA was determined as 0.23% by
weight. In this respect, Nevsehir pumice aggregates could be used for cement based
mortars in terms of sulphate content. Pumice aggregates are also very resistant to the
effects of freezing and thawing (Glindiiz, L. 2005). Chemical composition of the
NPA is shown in Table 3.4.

Table 3.4 : Chemical composition of the NPA.

Major Element %
SiO, 70.50
AlLO; 13.00
Fe203 1.20
Na,O 3.75
MgO 0.20
K,0 4.55
CaO 1.35
Ti0, 0.09

3.1.4. Expanded perlite

Perlite is a glassy and volcanic originated rock type. When perlite granules are
heated in the temperature range between 900°C and 1100°C, its volume increases
about 20 times and it becomes a porous structure. Resulting new material after heat-
treating is called Expanded Perlite (EP). This formal transformation or expansion
makes expanded perlite a very light material and very efficient insulator. Expanded
perlite aggregate is often used for these features when thermal insulation and
lightness required cases are needed. The chemical composition of the EPA is given

in Table 3.5.

Table 3.5 : Chemical composition of the EPA.

Major Element %
Si0, 70.50
Al O; 13.00
FezO3 1.20
Na,O 3.75
MgO 0.20
K,0 4.55
CaO 1.35
Ti0O, 0.09
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Expanded perlite aggregate (EPA) was used in this experimental work as a
lightweight aggregate. Expanded perlite aggregate (Figure 3.4) as a commercial
product used in this study was supplied from Izmir Region in a size of 0-2 mm. Any
procedure was not applied to the material and was directly used in the cement matrix

composite mortar combinations.

Figure 3.4 : A view of the EPA.

EP is usually white colored. pH of EP is between 6.6 and 8. Water absorption of EPA
is between 40 and 60% (Giindiiz, L. et al., 2006). The specific gravity of the
expanded perlite used in the experimental work is 2.30 g/cm3 and its bulk dry
density value was also 80 kg/m’. SOs content of EPA was determined as 0.34% by
weight.

3.1.5. Calcite

Calcite is a carbonate mineral and it is known as the most stable polymorph of
calcium carbonate (CaCOs). Calcite is very common and can be found throughout
the world in sedimentary, metamorphic and igneous types of rocks. The calcite used
in the composition of mortars was also a commercial product in Turkey. The calcite
used in this experimental program was a white powder form obtained by grinding
from calcite minerals. The calcite material was as a powder calcite filler (PCF)

material in mixture combinations. Its maximum particle size was 500 pm and its bulk
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dry density value was also 900 kg/m’. The chemical composition of PCF (Figure 3.5)

is given in Table 3.6.

Figure 3.5 : A view of the CPF.

Table 3.6 : Chemical composition of the PCF.

Major Element %
Si0, 0.05
AlLO; 0.10
F6203 0.04
Na,O 0.03
MgO 0.55
K,0O 0.02
CaO 55.20

3.1.6. Cellulose

Cellulose ethers are additives which control to a large extend the rheology of a
cement mortar. In a complex matrix of this multiphase blend they have an impact on
the yield point and the shear thinning behavior (Baumann, R. et al., 2009). Cellulose
ether is an indispensible component of a cement mortar formulation. This highly
functional additive helps to adjust the performance profile of the mortar at various
levels. The solubilized cellulose ether in the mortar matrix determines to a large
extend its rheological properties and subsequently the workability of the mortar. The
cellulose ethers preferred in dry-mix mortar application are hydroxypropyl methyl
cellulose (HPMC) or hydroxyethyl methyl cellulose (HEMC). In this research
program, a commercially available HEMC (Figure 3.6) in Turkey was used for all

mixtures to provide sufficient water retention to the mortar so that the cement can set
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and develop strength before it dries out. It was a non-ionic cellulose ether that
provides many of the same benefits as other methylcellulose derivatives, such as the
ability to efficiently thicken and provide water retention. It was a white powder form
as a very fine size; its etherification property was very high. Its level of viscosity was
150000 mPa.s according to Hoppler. The water solution appears strong pseudoplastic
and provides excellent shear viscosity. It is mainly used for binders, protective
colloid, thickeners, stabilizers, and emulsifier. It is also dissolved readily in cold

water, not the hot.

Figure 3.6 : A view of the cellulose ether.

3.1.7. Wetting agent

A polymer powder was also additionally used as a wetting agent in this research
work. The wetting agent used in the composition of cement based composite mortars
was also a commercial product. It is actually a copolymer of propylene oxide and
ethylene oxide, containing 80% by weight of ethylene oxide. It is generally used as a
wetting agent for solid admixtures in the construction industry and is applied for
plasters and mortars based on cement, gypsum or lime. In this research work, this
wetting agent additive (Figure 3.7) was actually used to improve the wetting of fine
particles of dry mortar. Workability and plasticity characteristics of the mortar

mixtures were tried to improve by using the polymer wetting agent powder additive.
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Figure 3.7 : A view of the wetting agent additive.

3.1.8. Textile waste fiber

Recycled textile fiber as a new type of reinforcement element is proposed in this
study. Recycled textile fibers used in cement matrix composite mortar combinations
were collected from textile recycling factories in Usak Region, textile recycling
center of Turkey. In these factories, the fabrics are shredded and separated into 2 to 5
cm length fibers. Generally, these fibers are then used for yarn production. In this
thesis, cement based composite mortars were produced by using four different types

of these fibers as fiber reinforcement.

Four types of recycling waste fibers were supplied from Usak Region. First one is
cotton waste fibers from recycling of cotton based textile products. Cotton fiber is
the most important vegetable textile fiber. Cotton is almost pure cellulose. The main
component of cotton fiber is cellulose with a ratio of 94%. The remaining of cotton
fibers consists of hemicellulose, pectin and inorganic substances. Cotton is one of the
dense fibers and its specific gravity is 1.54 g/cm’. Water absorption capacity of
cotton is varies between 25-30%. Cotton is very resistant to alkalies. Concentrated
alkali solutions swell cotton, but the fiber is not damaged. While diluted bases
minimal effect on cotton fiber, cotton fiber shows degradation with concentrated and
strong acids. Cotton has excellent heat resistance and cotton fibers do not exhibit
degradation up to 150°C (MEB, 2011; Sagak, M., 1994; Needles, H. 1986).

Microscopic view of cotton fibers is given in Figure 3.8.
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Figure 3.8 : A view of the cotton fibers (Needles, H. 1986).

The second type of recycled textile waste fiber consists of polyester fibers. Polyester
fibers are chemical fibers with synthetic raw materials. In this thesis, polyester fibers
obtained by recycling of PET (Polyethylene terephthalate) bottles were used in
mortar mixtures. PET has usage areas such as soft drink, food and beverage
containers, and polyester fibers. Polyethylene terephthalate polyester is the most
commonly used man-made fiber and owes its popularity to its versatility alone or as
a blended fiber in textile structures (Needles, H. 1986). The polyester fiber has a
specific gravity of 1.38 g/cm’. PET fibers are quite hydrophobic with a water
absorption capacity of between 0.2-0.8% by weight. Polyester fibers are resistant to
weak acids even at the boiling point. They have good resistance to strong acids at
room temperature while poor resistance to strong bases. Melting point of polyester
fibers is 250 °C (MEB, 2011; Sacak, M., 1994; Needles, H. 1986). Microscopic view

of cotton fibers is given in Figure 3.9.
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Figure 3.9 : A view of the polyester fibers (Needles, H. 1986).

The third type of textile waste used in this study is the mixture of cotton fibers and
polyester fibers. These fibers are fibers obtained by recycling products sewn from

cotton and polyester yarns together.

The last type of recycling textile waste fiber is the mixture of cotton waste fiber,
polyester waste fiber and acrylic waste fiber, which is the remaining waste from the
recycling stage of the acrylic products were made from synthetic fibers. Acrylic
fibers are obtained by mixing ratio of 85% acrylonitrile polymers and more than one
monomers with a ratio of 15%. The acrylic fibers have low specific gravities of

between 1.16-1.18 g/em’

. Acrylic fibers are quite hydrophobic with a water
absorption capacity of between 0.3-1.3% by weight. Acrylic fibers are resistant to
other acids except nitric acid. Especially dense and hot state alkali damages the
fibers. There is not a certain melting point of the acrylic fibers. Melting point of them
ranges from 215 to 255 © C (MEB, 2011; Sagak, M., 1994; Needles, H. 1986).

Microscopic view of cotton fibers is given in Figure 3.10.
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Figure 3.10 : A view of the acrylic fibers (Needles, H. 1986).

Four different types of recycled textile waste fiber were used in this study to
understand the effects of them on mortar’s physical and mechanical properties. Any

pretreatment was not applied to the textile waste fibers used.

3.1.9. Water

Water used in mortar production has two important functions. The first of which is to
make the dry matter mortar into a workable mass and the second is to make the
plastic mass harden by chemical reaction with cement (Karci, M., 2011). Water
should be used in the production of mortar in a clean and non-negative impact
manner. Drinking water can be used in the production of cement based mortars

(Emekyapar and Oriing, 1993).

To provide the hydration of cement based composite mortars prepared in this thesis,
tap water in Izmir Katip Celebi University Construction Materials Laboratory was

used.
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3.2. Mix Design

Recycling has become a sector of considerable importance to developed countries.
With developing technology, new materials and/or raw material can be obtained as a
result of recycling of many materials. Textile wastes are also one of these materials.
Textile waste fabrics are shredded and turned into fiber in the recycling plants. The
scope of this study is to evaluate these shredded different types of textile fibers in
cement based composite mortars. For this purpose, the methods described below

were followed.

* First of all, fibers of different types but similar lengths were obtained from
Usak Region, the center of textile recycling industry in Turkey. No further
treatment was made to these fibers and they were used directly in the mortar

mixture.

* After the fibers were supplied, suitable aggregates and filler materials were

selected.
e Various cement ratios were tried and the most suitable ratio was found.

e The most ideal batch formulas had been established for the use of textile

waste fibers.

* The lowest and highest ratios of the amount of fiber in the mortar were

determined.

* In the last stage, a series of experimental studies have been carried out in
accordance with the TS EN, ASTM and TS standards for the investigation of
the evaluation of different fiber types in the new generation cementitious
composite mortars. The results of these experimental works will be examined

in detail in the test results section.

Every stage of this thesis study was experimentally performed in the laboratory
environment. Pictures of the mixture of the raw materials before the addition of
water, the plastic phase of mixture of the raw materials after the addition of water,
molding of the plastic mixture and demolding and hardened state of the plasters are

given in between Figure 3.11 and Figure 3.14.
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Figure 3.12 : Mixture after the addition of water.
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Figure 3.13 : Molding of the plastic mixture.

Figure 3.14 : Hardened state of the plasters.

Mixture design of the lightweight cement matrix composite mortar combinations for
this experimental study is given in Table 3.7. Mixture proportioning was carried out
according to the mix design methodology currently prescribed in TS EN 998-1 and
the relevant standards. Twenty-five different cementitious composite mortar

combinations were prepared and analyzed in order to evaluate the potential interest
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of using 2 to 5 cm sized textile waste fibers on cement based lightweight composite

mortars.
Table 3.7 : Mixture constituents and designation for testing mortar.
Mix WOPC  Fine and EPA Calcite HPL Fiber
(Wt%) Coarse (Wt%) (Wt%) (Wt%) (Wt%)
NPA
(Wt%)

CM 29.0 45.0 8.5 10.9 5.5 0.0
075C 29.0 45.0 8.5 10.15 5.5 0.75
15C 29.0 45.0 8.5 9.4 5.5 1.5

2C 29.0 45.0 8.5 8.9 5.5 2.0
3C 29.0 45.0 8.5 7.9 5.5 3.0
4C 29.0 45.0 8.5 6.9 5.5 4.0
5C 29.0 45.0 8.5 5.9 5.5 5.0
075CP 29.0 45.0 8.5 10.15 5.5 0.75
15CP 29.0 45.0 8.5 9.4 5.5 1.5
2CP 29.0 45.0 8.5 8.9 5.5 2.0
3CP 29.0 45.0 8.5 7.9 5.5 3.0
4CP 29.0 45.0 8.5 6.9 5.5 4.0
5CP 29.0 45.0 8.5 59 5.5 5.0
075P 29.0 45.0 8.5 10.15 5.5 0.75
15P 29.0 45.0 8.5 9.4 5.5 1.5
2P 29.0 45.0 8.5 8.9 5.5 2.0
3P 29.0 45.0 8.5 7.9 5.5 3.0
4P 29.0 45.0 8.5 6.9 5.5 4.0
5P 29.0 45.0 8.5 5.9 5.5 5.0
075CPA 29.0 45.0 8.5 10.15 5.5 0.75
15CPA 29.0 45.0 8.5 9.4 5.5 1.5
2CPA 29.0 45.0 8.5 8.9 5.5 2.0
3CPA 29.0 45.0 8.5 7.9 5.5 3.0
4CPA 29.0 45.0 8.5 6.9 5.5 4.0
SCPA 29.0 45.0 8.5 5.9 5.5 5.0

According to the Table 3.7, the amount of cement ratio was kept constant as 29% by
weight throughout the study for all mixtures. Again, the amounts of the NPA, EPA
and HPL in the mixtures were also kept constant as 45%, 8.5% and 5.5%,
respectively by weight throughout the experimental research. As can be seen in the

table, the increase in fiber ratio is achieved by reducing the ratio of calcite filler.

First mortar mixture, which is named as CM (Control Mix), was analyzed as a
reference mortar and this mixture does not contain any textile recycling fiber
additive. This batch actually was undertaken to understand impact of textile
recycling fiber to the mortar’s properties by comparing this batch with the other

samples and to determine mean compressive strength, flexural strength, splitting
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tensile strength, thermal conductivity value and unit weight values of mortar

mixtures by the effect without fiber additive.

In order to examine the physical and mechanical properties of cement based
composite mortars reinforced with various types of fibers, four different types of
textile waste fiber were studied in this research. First six mixtures after control
sample (075C, 15C, 2C, 3C, 4C, 5C) were mixed with cotton fibers and this group
was named as Type 1 textile waste fiber, second six mixtures (075CP, 15CP, 2CP,
3CP, 4CP, 5CP) were mixed with a combination of cotton and polyester fibers and
this group was named as Type 2 textile waste fiber, the third six mixtures (075P,
15P, 2P, 3P, 4P, 5P) were mixed with only polyester fibers and this group was named
as Type 3 textile waste fiber and the last six mixtures group (075CPA, 15CPA,
2CPA, 3CPA, 4CPA, 5CPA) were mixed with a combination of cotton, polyester and
acrylic fibers and this group was named as Type 4 textile waste fiber in this study. In
mixture coding, the numbers at the beginning of the codes are represents the percent
fiber content by weight in the mixture and the letters came after numbers represent

the first letters of fiber types.

Mixing was carried out by a mortar mixer then the plastic state samples were casted
and left for 24 hours. After that, samples were removed from the molds and placed in
wet surface curing condition up to first 3 days and then left drying in a normal room

condition until the testing times.

In this work, the influence of four different types of textile waste fiber was
investigated in the usage of 0.75, 1.5, 2, 3, 4 and 5%, respectively. The properties of
fresh mortar samples, i.e. fresh and plastic set density were studied; then, the
compressive strength and flexural strength at the age of 7 and 28 days were
investigated, too. Also, splitting tensile strength of hardened mortars was tested on
14 and 28 days curing time. In order to evaluate the mechanical properties of the
mortar samples, compressive strength test was carried out on cubic specimens,
flexural strength test was carried out on prismatic samples and splitting tensile
strength test was carried out on cylindrical specimens. Samples after preparation
molded and left in the casting room for 24 hours then they were remolded and moved
into the wet surface curing condition up to first 3 days in a guarded moisture cup.
Then all specimens were moved into an open and dry cup for curing in normal room

conditions until the testing time. Compressive, flexural and splitting tensile strength
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tests were conducted on 50x50x50 mm cubic test samples, 40x40x160 mm prismatic
test samples and @¥50x100 mm cylindrical test samples, respectively. Compressive,
flexural and splitting tensile strength of all samples were determined as the average
value taken from 3 specimens as per the relevant standards. Structural strength values
of the cement matrix composite mortars have been achieved through splitting tensile

and compressive strength tests by using Mohr Circles.

3.3. Methods

In this section, the experimental studies performed within the scope of the thesis and
the devices used in these studies are going to be explained. Experimental methods
used for study on the evaluation of textile waste fibers in cement based composite

mortars and related standards used for these methods are given in the Table 3.8.

Table 3.8 : Methods used in experimental works and related standards.

Name of Analysis Experimental Method

Drv bulk density analvsi TS EN 1015-10 : Determination of
Ty bulk denstty ysIs dry bulk density of hardened mortar
Dry unit volume weight of hardened TS EN 1015-10 : Determination of
mortar analysis dry bulk density of hardened mortar

TS EN 1015-11 : Determination of

Compressive strength analysis of hardened flexural and compressive strength of

mortar hardened mortar
. TS EN 1015-11 : Determination of
Flexural strength analysis of hardened flexural and compressive strength of
mortar hardened mortar
o ' . ASTM C496 : Standard Test Method
Splitting tensile strength anaysis for for Splitting Tensile Strength of
hardened mortar Cylindrical Concrete Specimens

TS EN 1745 : Methods for
determining thermal properties
TS EN ISO 8990 : Determination of
steady-State thermal transmission
properties-Calibrated and guarded
hot box
TS EN ISO 6946 : Thermal
resistance and thermal transmittance
- Calculation method

Thermal conductivity analysisi for
hardened mortar
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3.3.1. Compressive strength test

Compressive strength is the ability of the material to resist the break under axial load
impact. The compressive strength tests were conducted according to EN 1015-11
standard. In the compressive strength tests, cubic samples were used for each batch.
The samples, after removal from the molds and cured at 3 days and then dried at
room temperature until the testing time, were taken directly on the compressive
strength test without any further action. The compressive strength tests were done at
7 and 28 days curing times for all batches. For the compressive strength test,

50x50x50 mm cubic samples were used.

According to TS EN 998-1 standard, the mortars must have a certain compressive
strength characteristic. This characteristic is determined by calculating the amount of
load per unit area via the compressive strength device. The 303 kN capacity
compressive strength test device used in the study is shown in Figure 3.15. The left

part of the device shown in the figure is used for compressive strength.

~

Figure 3.15 : Automatic test press for compression and flexure (Url-5).

Compressive strength values of cement based mortar samples are divided by 4
different groups in TS EN 998-1 standard at 28 days curing time. Table 3.9 shows

the compressive strength ranges according to the relevant standard.
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Table 3.9 : Classification of compressive strength values according to the TS EN
998-1 standard.

Curing Time Classes Values
CS1 0.4 — 2.5 N/mm”
CSII 1.5 - 5.0 N/mm®
28 days CS I 3.5—7.5 N/mm’
CS 1V > 6 N/mm*

As an image of the samples used in the compressive strength test is given in Figure

3.16.

Figure 3.16 : 50x50x50 mm cubic samples for compressive strength test.
3.3.2. Flexural strength test

Flexural strength is a measure of cement based materials to resist failure in bending.
The flexural strength of hardened composite mortars is determined by three point
loading of the prism specimens. Size of prismatic samples was 40x40x160 mm. For
flexural strength, prismatic samples were tested by a 30 kN capacity flexural strength
test device shown in Figure 3.17. The right part of the device shown in the figure is
used for flexural strength. The automatic test device is not sufficient alone for the

bending test. Bending Test Apparatus is required to perform bending test. The testing

50



apparatus has two supporting rollers; there is 100 mm span between two supports,
and a third roller, which is the loading roller, located above the test specimen and
midway between the supporting rollers. Figure 3.18 shows the three-point flexural

strength apparatus.

The flexural strength is calculated from the equation below:

3PL

O, = bd’ 3.1

In the formula 3.1, P is the axial load at the fracture point, L is the span between two

support, b is the width of the sample, d is the depth of the material.

Figure 3.17 : Automatic test press for compression and flexure (Url-6).
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Figure 3.18 : Three point flexural testing apparatus (Url-7).

As an image of the samples used in the flexural strength test is given in Figure 3.19.

.
3 L

Figure 3.19 : 40x40x160 mm prismatic samples for flexural strength test.
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3.3.3. Splitting tensile test

Within the scope of this study, splitting tensile strength test was performed. The
simplest and most frequently applied method used to determine the tensile strength
of concrete is splitting tensile test also known as the Brazillian Test. This test
provides a lower coefficient of variation. In splitting tensile test, same materials and
equipment are used with compression test. This test is performed by applying a
diametric compressive force along the length of a cylindrical specimen between two

plates (Arioglu, N., et al. 2006; Hannant, D., et al., 1973; Kadlecek, V., et al. 2002).

Cylindrical specimens were used in the splitting tensile strength test. The dimensions
of all the samples used in this experiment were ¥50x100 mm. The samples, after
removal from the molds, they cured at 3 days in a wet surface condition and then
dried at room temperature until the testing time. They were taken directly on the test
without any further action after 28 days curing time. The system applied to break the
sample is given in the Figure 3.20. As an image of the samples used in the

compressive strength test is given in Figure 3.21.

The flexural strength is calculated from the equation below:

2P
Osp = m (3.2)

In the formula 3.2, P is the axial load at the fracture point, L is the length of the

sample and D is diameter of the sample.
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Figure 3.20 : Splitting tensile test.

Figure 3.21 : ¥50x100 mm cylindrical samples for splitting tensile strength test.
3.3.4. Thermal conductivity test

The thermal conductivity values of the samples produced in plate form were found

by hot box experiment. This experiment was performed according to the prescribed
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rules in the “TS EN ISO 8990 - Determination of steady-state thermal transmission

properties-calibrated and guarded hot box” standard.

Figure 3.22 shows the hot box device. The hot box used for this experiment is a well-
insulated device and it consists of three parts. Left part of the device is hot room,
middle part is sample room and the right part is cold room. The sample is divided the
device into two parts when it is placed the middle part. Between hot room and the
sample room remains open, but the samples close the front of the cold room. A
heater and a ventilator are in continuous operation in the hot room. Thus, the air
efficiency in this section is maintained. The sample in the middle part cuts the
expected heat flow from the hot room to the cold. So that the cold room is expected
to be remain colder than the hot room. During the test, the temperatures of the hot
room and the cold room are measured with thermocouples. Also, the temperature of
hot face and cold face of the sample is measured during the experiment. The

temperatures are measured in degrees centigrade and sensitivity of the thermocouples

is 0.1°C.

Figure 3.22 : Hot Box device.
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4. TEST RESULTS AND DISCUSSIONS

Some analyses were carried out on samples produced, such as, dry unit volume
weight analysis, compressive, flexural and splitting tensile strength analysis, within
the scope of this thesis study. Four types of fibers, cotton, polyester, cotton-polyester
mix and cotton-polyester-acrylic mix fibers, were used in the composite mortars. For
each fiber type, 0.75, 1.5, 2.0, 3.0, 4.0 and 5.0% textile waste fiber consumption by
weight is achieved. The analysis of the materials mentioned above indexed to the
amount of fiber used has been examined in detail in this section. General

characteristics of the samples are given in Table 4.1 and Table 4.2.

Table 4.1 : General mechanical characteristics of samples.

Mix Water/Solid Compressive Flexural Splitting Tensile
Ratio Strength at 28 days  Strength at 28  Strength at 28 days
(N/mmz) days (N/mmz)
(N/mmz)

CM 0.73 2.19 1.88 0.46
075C 0.78 2.59 1.71 0.44
15C 0.82 2.26 1.61 0.39
2C 0.93 1.59 1.57 0.35
3C 1.02 1.54 1.29 0.31
4C 1.10 1.46 1.22 0.29
5C 1.25 1.23 0.96 0.26
075CP 0.70 3.53 2.25 0.60
15CP 0.74 3.37 2.12 0.52
2CP 0.78 2.80 2.06 0.48
3CP 0.86 2.33 1.57 0.43
4CP 0.93 1.98 1.36 0.33
5CP 1.03 1.38 1.17 0.30
075P 0.75 2.54 1.78 0.55
15P 0.87 2.25 1.48 0.45
2P 0.88 1.99 1.41 0.43
3p 0.93 1.77 1.24 0.38
4P 1.01 1.29 1.06 0.35
5P 1.04 1.22 0.96 0.32
075CPA 0.74 3.37 2.23 0.62
15CPA 0.84 2.60 1.85 0.44
2CPA 091 2.14 1.59 0.38
3CPA 0.96 2.07 1.55 0.35
4CPA 1.04 1.72 1.29 0.31
5CPA 1.21 1.23 1.01 0.25
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Table 4.2 : General physical characteristics of the samples and their relation.

Mix Dry Unit  Compressive Flexural  Splitting Thermal
Volume Strength at  Strength Tensile  Conductivity
Weight 28 days at 28 Strength at )
(kg/m?) (N/mm?) days 28 days
(N/mm?)  (N/mm?)
CM 654 2.19 1.88 0.46 0.121
075C 666 2.59 1.71 0.44 0.126
15C 664 2.26 1.61 0.39 0.126
2C 622 1.59 1.57 0.35 0.108
3C 607 1.54 1.29 0.31 0.102
4C 600 1.46 1.22 0.29 0.100
5C 556 1.23 0.96 0.26 0.085
075CP 730 3.53 2.25 0.60 0.157
15CP 728 3.37 2.12 0.52 0.156
2CP 725 2.80 2.06 0.48 0.155
3CP 700 2.33 1.57 0.43 0.142
4CP 678 1.98 1.36 0.33 0.132
5CP 606 1.38 1.17 0.30 0.102
075P 662 2.54 1.78 0.55 0.125
15P 632 2.25 1.48 0.45 0.112
2P 629 1.99 1.41 0.43 0.111
3P 619 1.77 1.24 0.38 0.107
4P 590 1.29 1.06 0.35 0.096
5P 576 1.22 0.96 0.32 0.091
075CPA 712 3.37 2.23 0.62 0.148
15CPA 656 2.60 1.85 0.44 0.122
2CPA 623 2.14 1.59 0.38 0.109
3CPA 620 2.07 1.55 0.35 0.107
4CPA 614 1.72 1.29 0.31 0.105
5CPA 563 1.23 1.01 0.25 0.087

4.1. Analysis of Dry Unit Volume Weight of Hardened Composite Plasters

Dry unit volume weight of hardened new generation composite plasters were
analyzed according to the “TS EN 1015-10 Methods of test for mortar for masonry-
Part 10: Determination of dry bulk density of hardened mortar” standard. This

experiment was carried out on 6 samples for each mixture.

Usually heat insulation characteristic is directly proportional to the dry unit volume
weight of materials. The material's thermal insulation value develops as the unit
volume weight drops. In this respect, the low unit volume weight value is very

important in terms of heat insulation.
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The tested specimens were dried in oven. The unit volume weights of each series
were examined comparatively. Dry unit volume weights of the samples are given in

Table 4.3.

Table 4.3 : Unit volume weight of plasters.

Mix Water/Solid ~ Wet Unit Dry Unit Water Loss
Ratio Volume  Volume Weight Rate (%)
Weight (kg/m3)
(kg/m)

CM 0.73 927 654 29
075C 0.78 969 666 31
15C 0.82 995 664 33
2C 0.93 984 622 37
3C 1.02 998 607 40
4C 1.10 1030 600 42
5C 1.25 1019 556 45
075CP 0.70 1022 720 30
15CP 0.74 1052 728 31
2CP 0.78 1071 725 32
3CP 0.86 1074 700 35
4CP 0.93 1073 678 37
5CP 1.03 1024 606 41
075P 0.75 958 662 31
15P 0.87 954 622 35
2P 0.88 944 629 33
3P 0.93 978 619 37
4P 1.01 967 590 39
5P 1.04 963 576 40
075CPA 0.74 1028 712 31
15CPA 0.84 989 656 34
2CPA 0.91 962 613 36
3CPA 0.96 1008 630 38
4CPA 1.04 1026 614 40
5CPA 1.21 1003 563 44

According to Table 4.3, samples loose water between 30% and 45% by weight
during drying. As the amount of fiber in the mixture increases, the water requirement
also increases to obtain a workable sample. The increase in the amount of water also
increased the wet unit volume weights. Generally, unit volume weights were found
higher than the control samples up to 1.5% fiber use in almost all batches. This
means that up to this usage rate, the fiber addition settles the wet material.
Conversely, the samples gain volume over 1.5% fiber usages in the mixtures. So that

the weight of fiber-based materials over this ratio was found to be lower than the
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control sample. Hardened unit volume weight of plasters was found between 728 —
556 kg/m’.

Unit volume weights (UVW) of composite plasters are analyzed in this section.
Graphs showing the drying characteristics of the samples are given in Figure 4.1 —

Figure 4.25, respectively.
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Figure 4.1 : UVW vs curing time for control mix.

According to the Figure 4.1, the UVW of CM sample, prepared with 0.73
Water/Solid (W/S) ratio, was not change after 19" day of curing. CM sample lose the
water in the body at 19" day.
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Figure 4.2 : UVW vs curing time for plaster containing 0.75% cotton fiber.
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According to the Figure 4.2, the UVW of 075C sample, prepared with 0.78 W/S

ratio, was not change after 16" day of curing. 075C sample lose the water in the body

at 16™ day.
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Figure 4.3 : UVW vs curing time for plaster containing 1.5% cotton fiber.

According to the Figure 4.3, the UVW of 15C sample, prepared with 0.82 W/S ratio,

was not change after 16™ day of curing. 15C sample lose the water in the body at 16"

day.
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Figure 4.4 : UVW vs curing time for plaster containing 2.0% cotton fiber.
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According to the Figure 4.4, the UVW of 2C sample, prepared with 0.93 W/S ratio,

was not change after 16™ day of curing. 2C sample lose the water in the body at 16"

day.
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Figure 4.5 : UVW vs curing time for plaster containing 3.0% cotton fiber.

According to the Figure 4.5, the UVW of 3C sample, prepared with 1.02 W/S ratio,

was not change after 24™ day of curing. 3C sample lose the water in the body at 24™

day.
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Figure 4.6 : UVW vs curing time for plaster containing 4.0% cotton fiber.
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According to the Figure 4.6, the UVW of 4C sample, prepared with 1.10 W/S ratio,
was not change after 19" day of curing. 4C sample lose the water in the body at 19"

day.
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Figure 4.7 : UVW vs curing time for plaster containing 5.0% cotton fiber.

According to the Figure 4.7, the UVW of 5C sample, prepared with 1.25 W/S ratio,
was not change after 19" day of curing. 5C sample lose the water in the body at 19"
day.

It was analyzed that the composite plasters containing cotton waste fiber dried on

average in 19-20 days. That corresponds to the time which the any treatment can be

carried out on the applied plaster surface after such periods.
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Figure 4.8 : UVW vs curing time for plaster containing 0.75%
cotton+polyester+acrylic fiber.
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According to the Figure 4.8, the UVW of 075CPA sample, prepared with 0.74 W/S
ratio, was not change after 20" day of curing. 075CPA sample lose the water in the

body at 20" day.
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Figure 4.9 : UVW vs curing time for plaster containing 1.5%
cotton+polyester+acrylic fiber.

According to the Figure 4.9, the UVW of 15CPA sample, prepared with 0.84 W/S
ratio, was not change after 16" day of curing. 15CPA sample lose the water in the

body at 16" day.
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Figure 4.10 : UVW vs curing time for plaster containing 2.0%
cotton+polyester+acrylic fiber.
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According to the Figure 4.10, the UVW of 2CPA sample, prepared with 0.91 W/S
ratio, was not change after 16™ day of curing. 2CPA sample lose the water in the

body at 16™ day.
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Figure 4.11 : UVW vs curing time for plaster containing 3.0%
cotton+polyester+acrylic fiber.

According to the Figure 4.11, the UVW of 3CPA sample, prepared with 0.96 W/S
ratio, was not change after 20" day of curing. 3CPA sample lose the water in the

body at 20" day.
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Figure 4.12 : UVW vs curing time for plaster containing 4.0%
cotton+polyester+acrylic fiber.
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According to the Figure 4.12, the UVW of 4CPA sample, prepared with 1.04 W/S
ratio, was not change after 20" day of curing. 4CPA sample lose the water in the

body at 20™ day.
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Figure 4.13 : UVW vs curing time for plaster containing 5.0%
cotton+polyester+acrylic fiber.

According to the Figure 4.13, the UVW of 5CPA sample, prepared with 1.21 W/S
ratio, was not change after 20" day of curing. SCPA sample lose the water in the

body at 20™ day.

It seems that at the 15-16 days drying is slowing down. It was analyzed that the
composite plasters containing mixture of cotton+polyester+acrylic waste fiber dried
on average in 19-20 days. That corresponds to the time which the any treatment can

be carried out on the applied plaster surface after such periods.
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Figure 4.14 : UVW vs curing time for plaster containing 0.75% polyester fiber.

According to the Figure 4.14, the UVW of 075P sample, prepared with 0.75 W/S
ratio, was not change after 19" day of curing. 075P sample lose the water in the body

at 19" day.
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Figure 4.15 : UVW vs curing time for plaster containing 1.5% polyester fiber.

According to the Figure 4.15, the UVW of 15P sample, prepared with 0.87 W/S
ratio, was not change after 16" day of curing. 15P sample lose the water in the body

at 16™ day.
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Figure 4.16 : UVW vs curing time for plaster containing 2.0% polyester fiber.

According to the Figure 4.16, the UVW of 2P sample, prepared with 0.88 W/S ratio,

was not change after 20™ day of curing. 2P sample lose the water in the body at 20"

day.
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Figure 4.17 : UVW vs curing time for plaster containing 3.0% polyester fiber.

According to the Figure 4.17, the UVW of 3P sample, prepared with 0.93 W/S ratio,

was not change after 21™ day of curing. 3P sample lose the water in the body at 2

day.
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Figure 4.18 : UVW vs curing time for plaster containing 4.0% polyester fiber.

According to the Figure 4.18, the UVW of 4P sample, prepared with 1.01 W/S ratio,

was not change after 21™ day of curing. 4P sample lose the water in the body at 21"

day.
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Figure 4.19 : UVW vs curing time for plaster containing 5.0% polyester fiber.

According to the Figure 4.19, the UVW of 5P sample, prepared with 1.04 W/S ratio,
was not change after 20" day of curing. 5P sample lose the water in the body at 20"

day.

It seems that drying is slowing down at the 15-16 days. It was analyzed that the

composite plasters containing polyester waste fiber dried on average in 20-21 days.

68



That corresponds to the time which the any treatment can be carried out on the

applied plaster surface after such periods.
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Figure 4.20 : UVW vs curing time for plaster containing 0.75% cotton+polyester

fiber.

According to the Figure 4.20, the UVW of 075CP sample, prepared with 0.7 W/S

ratio, was not change after 21" day of curing. 075CP sample lose the water in the

body at 21™ day.
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Figure 4.21 : UVW vs curing time for plaster containing 1.5% cotton+polyester

fiber.
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According to the Figure 4.21, the UVW of 15CP sample, prepared with 0.74 W/S

ratio, was not change after 24™ day of curing. 15CP sample lose the water in the

body at 24™ day.
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Figure 4.22 : UVW vs curing time for plaster containing 2.0% cotton+polyester

fiber.

According to the Figure 4.22, the UVW of 2CP sample, prepared with 0.78 W/S

ratio, was not change after 20" day of curing. 2CP sample lose the water in the body

at 20" day.
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Figure 4.23 : UVW vs curing time for plaster containing 3.0% cotton+polyester

fiber.
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According to the Figure 4.23, the UVW of 3CP sample, prepared with 0.86 W/S

ratio, was not change after 22" day of curing. 3CP sample lose the water in the body

at 22" day.
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Figure 4.24 : UVW vs curing time for plaster containing 4.0% cotton+polyester

fiber.

According to the Figure 4.24, the UVW of 4CP sample, prepared with 0.93 W/S

ratio, was not change after 20" day of curing. 4CP sample lose the water in the body

at 20" day.
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Figure 4.25 : UVW vs curing time for plaster containing 5.0% cotton+polyester

fiber.
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According to the Figure 4.25, the UVW of 5CP sample, prepared with 1.03 W/S
ratio, was not change after 19" day of curing. 5CP sample lose the water in the body

at 19" day.

It seems that at the 15-16 days drying is slowing down. It was analyzed that the
composite plasters containing mixture of cottontpolyester waste fiber dried on

average in 20-21 days.

This analysis was carried out to understand the completely drying duration after in
case of application on site. After the material becomes dry, it can easily carry the
load. This period tells when the material can carry a load safely. That corresponds to
the time which the any treatment can be carried out on the applied plaster surface
after such periods. It can be observed that in general, samples containing all types of

fibers were dried in 19-20 days.

To analyze the effect of fiber using ratio on the unit volume weight of all samples,
the research findings were plotted in Figure 4.26 to Figure 4.29 based on UVWs of 7

and 28 day of curing versus four types of textile waste fibers.
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Figure 4.26 : UVW vs cotton fiber ratio.

As Figure 4.26 is examined, the regression between fiber ratio and UVW is not

meaningful in 7 days curing condition due to the samples still in the drying phase.
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On the other hand, the samples dried in 28 days of curing give a meaningful result.
The relation between UVW and cotton fiber ratio could be found by the linear

equation found by regression analysis.

UVWs of cotton fiber additive plasters are in a decreasing trend depending on
increase in cotton fiber addition in the plasters. UVW of plaster with 0.75% cotton
waste fiber utilization is 666 kg/m’ and it drops about 17% to 556 kg/m’, when
cotton waste fiber utilization is 5%. According to the trend line in 28 days curing
condition, up to about 1.25% fiber utilization unit volume weight is going higher
than the control sample. Under these conditions, if it is desired to get benefit from

unit volume weight, cotton fibers should be used more than 1.25% by weight.

1000 A
950 o ¢ .
~ 900 - ¢ )
5 * y=1.4683x+913.75 ¢
~— J 2 —
&D 850 R2=0.00618
N’
= 300 A
'%D Control 7 Davs of
B 750 4 oy
@ uring
g 700 - ¢ ¢ 28 Days of
E Control Curin
4 ] e &
7 650
=
=)

600 A

y =-28.625x +709.07

550 - R2=0.84708
500 T LI Ll T 1
0 1 2 3 4 5
Fiber Ratio (%)

Figure 4.27 : UVW vs mixture of cotton+polyester+acrylic fiber ratio.

On the other hand, as analyzing the Figure 4.27, the regression between fiber ratio
and UVW is not meaningful in 7 days of curing condition due to the samples still in
the drying phase. On 7 days of curing, the weights are still much higher than the
control sample, because there is still a lot of water in the structure of the samples. On
the other hand, the samples dried in 28 days of curing give a meaningful result. The
relation between UVW and mixture of cotton+polyester+acrylic fiber ratio could be

found by the linear equation found by regression analysis.
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UVWs of mixture of cottontpolyester+acrylic fiber additive plasters are in a
decreasing trend depending on increase in mixture of cotton+polyester+acrylic fiber
addition in the plasters. UVW of plaster with 0.75% waste fiber utilization is 712
kg/m’ and it drops about 21% to 563 kg/m’, when mixture of
cotton+polyester+acrylic waste fiber utilization is 5%. According to the trend line in
28 days curing condition, up to about 1.8% fiber utilization, unit volume weight is
going higher than the control sample. Under these conditions, if it is desired to get
benefit from low unit volume weight, mixture of cotton+polyester+acrylic fibers

should be used more than 1.8% by weight.
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Figure 4.28 : UVW vs polyester fiber ratio.

As Figure 4.28 is examined, there is a similarity with the above figures related to 7
days of curing that the regression between fiber ratio and UVW is not meaningful
due to the samples still in the drying phase, too. During the mixing, more water is
supplied to ensure the workability of plastic mixture. Which means that there is more
water in the material after final setting. On 7 days of curing, the weights are still
much higher than the control sample, because there is still a lot of water in the
structure of the samples. On the other hand, the samples dried in 28 days of curing
give a meaningful result. The relation between UVW and polyester fiber ratio could

be found by the linear equation found by regression analysis.
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UVWs of polyester fiber additive plasters are in a decreasing trend depending on
increase in mixture of polyester fiber addition in the plasters. UVW of plaster with
0.75% waste fiber utilization is 662 kg/m’ and it drops about 13% to 576 kg/m’,
when polyester waste fiber utilization is 5%. This series is determined as a lower
drying rate. Because polyester does not absorb water, the initial W/S ratio is
relatively lower than the other series. According to the trend line in 28 days curing
condition, up to about 0.75% fiber utilization, unit volume weight is going higher
than the control sample. Under these conditions, if it is desired to get benefit from

low unit volume weight, polyester fibers should be used more than 0.75% by weight.
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Figure 4.29 : UVW vs mixture of cotton+polyester fiber ratio.

Furthermore as evaluating the Figure 4.29, the research findings showed that the
regression between fiber ratio and UVW is not meaningful at 7 days of curing
condition in similar drying phase. During the mixing, more water is supplied to
ensure the workability of plastic mixture. Which means that there is more water in
the material after final setting. On 7 days of curing, the weights are still much higher
than the control sample, because there is still a lot of water in the structure of the
samples. On the other hand, the samples dried in 28 days of curing give a meaningful
result. The relation between UVW and mixture of cotton+polyester fiber ratio could

be found by the linear equation found by regression analysis.
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UVWs of mixture of cotton+polyester fiber additive plasters are in a decreasing trend
depending on increase in mixture of cotton+polyester fiber addition in the plasters.
UVW of plaster with 0.75% waste fiber utilization is 720 kg/m’ and it drops about
16% to 606 kg/m’, when mixture of cotton+polyester waste fiber utilization is 5%.
According to the trend line in 28 days curing condition, up to about 4.1% fiber
utilization, unit volume weight is going higher than the control sample. Under these
conditions, if it is desired to get benefit from low unit volume weight, mixture of
cotton+polyester fibers should be used more than 4.1% by weight. Mixture of
cotton+polyester fiber use has transformed the plasters into a more dense structure.
This phenomenon will worsen the thermal performance while improving the
mechanical performance of the mixture of cotton+polyester fiber additive plaster

comparing with the control samples.

Findings obtained from unit volume weight analysis showed that as the fiber ratio
increases in general, the unit volume weight values of the plaster samples in the
composite structure show a decreasing tendency after a slight increase first. In other
words, the fiber amount plays a role of unit weight reduction in the mixtures. When
the numerical value obtained from the unit volume weight analysis is taken into
consideration, it was seen that the unit volume weight values of hardened samples
did not exceed 730 kg/m’. When the mortar samples with a unit volume weight of
900 kg/m’ in terms of heat insulation are considered as acceptable density values, it
is understood that mixtures with max. 730 kg/m’ can be evaluated in heat insulated

plaster category.

Additionally, there is a condition about lightweight plasters that they should have
maximum unit volume weight of 1300 kg/m’. If a comparison is made between this
requirement and the samples produced in this thesis study, it can be easily seen that
unit volume weights of produced samples are between half of and one third of 1300
kg/m’. This phenomenon is indicating that the produced plasters are sufficiently

lightweight materials.

In Figure 4.30, a comparison for all types of fibers in terms of UVW is given.
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Figure 4.30 : Comparison for all types of fibers in terms of UVW.

According to the Figure 4.30, the unit volume weights of the composites having the
cotton fiber were found to be relatively low although the variation in the unit volume
weight was observed. Except cotton and polyester mix fibers all fiber types exhibits

lower unit volume weight characteristics than the control sample.

4.2. Analysis of Compressive Strength of Hardened Composite Mortars

Compressive strength test was carried out in accordance with TS EN 1015-11
standard. Six cubic samples were produced for each mixture series to perform the
compressive strength analysis. The samples, after removal from the molds and cured
at 3 days and then dried at room temperature until the testing time, were taken
directly on the compressive strength test without any further action. The tested
compressive strength values of all mortar batches at 7 days to 28 days curing time are
presented in Figure 4.31 to Figure 4.39 based on the percentage of waste fiber usage

ratio by weight.

Compressive strength values of tested plasters were all analyzed in accordance of TS
EN 998-1 standard. Compressive strength values of cement based mortar samples are

divided by 4 different groups in TS EN 998-1 standard at 28 days curing time. These
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are; CS I class (0.4 — 2.5 N/mm?), CS I class (1.5 — 5.0 N/mm?), CS III class (3.5 —
7.5 N/mm?) and CS IV class (>6 N/mm?).
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Figure 4.31 : Compressive strength vs cotton fiber ratio.

When Figure 4.31 is examined, compressive strength of mixture combinations were
decreased with the increase of fiber content in both 7 days and 28 days curing time.
Compressive strength values of samples with 28 days curing time were found higher
than 7 days cured samples, as it should be. There is a fluctuation in the 7 day
strengths because, the samples hold water in fibers, which creates inconsistencies in
the results of the experiment conducted on wet samples. Whereas the compressive
strength value of the control sample was 2.19 MPa, the compressive strength values
of the cotton fiber additive samples varied between 2.59 MPa and 1.23 MPa. While
the use of cotton fibers at rate of 0.75% and 1.5% improved the compressive strength
values of the material, more uses than these values reduced the compressive strength
in 28 days of curing. A decrease of 53% in compressive strength was observed when
the cotton waste fiber utilization ratio increased from 0.75% to 5%. As mentioned
before, a decrease in the unit volume weight values of the samples was observed as
the fiber utilization ratio in the mixture increased. Since the strength characteristics

of the samples are directly proportional to the unit volume weight values, the
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decrease in the compressive strength of the samples could be explained by the

decrease in the unit volume weights.
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Figure 4.32 : The relation between compressive strength and cotton fiber ratio.

In Figure 4.32, an exponential approach is given to make a prediction between
compressive strength and cotton fiber usage. This approach is given for the
compressive strength and fiber utilization rates of the 28 day cured samples. Again in
this figure, it can be easily seen that even on the 7th day of curing period, the
samples provide the minimum value required, which is CS I class and 0.40 MPa, for
the compressive strength in TS EN 998-1 standard. Besides, almost all mixtures are
in CS 1II class in terms of compressive strength according to the requirements
declared in TS EN 998-1 standard. Actually that means that all the mixture types
containing cotton fibers are applicable on site in terms of compressive strength.
However, only up to 1.5% cotton fiber utilization gave better compressive strength
performance than the control sample. This basically represents that up to 1.5% usage,
the cotton fiber additive provides added value to the compressive strength in a
positive way. Nevertheless, as mentioned earlier, the compressive strength values of
the produced specimens comply with the criteria of the relevant standard, so there is

no obstacle in their use.
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Figure 4.33 : Compressive strength vs mixture of cotton+polyester+acrylic fiber
ratio.

As Figure 4.33 is evaluated, it was observed that compressive strength of mixture
combinations were decreased with increase in mixture of cotton+polyester+acrylic
fiber content in both 7 days and 28 days of curing period. Almost all compressive
strength values of samples with 28 days curing time were found higher than 7 days
cured samples, as it should be. However, the compressive strength value, which
should be improved due to the curing time, of 5% fiber addition was not observed as
improved, which indicates that above 5% mixture of cotton+polyester+acrylic fiber
usage is useless. There is again a fluctuation in the 7 days strengths because, the
samples hold water in fibers, which creates inconsistencies in the results of the
experiment conducted on wet samples. Whereas the compressive strength value of
the control sample was 2.19 MPa, the compressive strength values of the mixture of
cotton+polyester+acrylic fiber additive samples varied between 3.37 MPa and 1.23
MPa. While the use of mixture of cotton+polyester+acrylic fibers at rate of 0.75%
and 1.5% improved the compressive strength values of the material, more using ratio
of this type of fiber than 1.5% reduced the compressive strength in 28 days of curing.
A decrease of 64% in compressive strength was observed when the mixture of

cotton+polyester+acrylic waste fiber utilization ratio increased from 0.75% to 5%.
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As mentioned above, a decrease in the unit volume weight values of the samples was
observed as the fiber utilization ratio in the mixture increased. Since the strength
characteristics of the samples are directly proportional to the unit volume weight
values, the decrease in the compressive strength of the samples could be explained

by the decrease in the unit volume weights.
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Figure 4.34 : The relation between compressive strength and mixture of
cotton+polyester+acrylic fiber ratio.

In Figure 4.34, an exponential approach is given to make a prediction between
compressive strength and mixture of cotton+polyester+acrylic fiber usage. This
approach could be given given for the compressive strength and fiber utilization rates
of the 28 day cured samples. Again in this figure, it can be easily seen that even on
the 7th day of curing period, the samples provide the minimum value required, which
is CS I class and 0.40 MPa, for the compressive strength in TS EN 998-1 standard.
Besides, almost all mixtures are in CS II class in terms of compressive strength
according to the TS EN 998-1 standard. This technically refers that all mixture types
containing mixture of cotton+polyester+acrylic fibers are applicable on site in terms
of compressive strength. However, only up to 2.0% mixture of
cottont+polyester+acrylic fiber utilization gave better compressive strength

performance than the control sample. As up to 2.0% mixture of
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cotton+polyester+acrylic fiber usage, the mixture of cottontpolyester+acrylic fiber
additive provides added value to the compressive strength in a positive way.
Nevertheless, as mentioned earlier, the compressive strength values of the produced

specimens comply with the criteria of the relevant standard, so there is no obstacle in

their use.
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Figure 4.35 : Compressive strength vs polyester fiber ratio.

When Figure 4.35 is examined, compressive strength of mixture combinations were
decreased with increase in polyester fiber content in both 7 days and 28 days of
curing period. Almost all compressive strength values of samples with 28 days
curing time were found higher than 7 days cured samples, as it should be. However,
the compressive strength value, which should be improved due to the curing time, of
5% fiber addition was not observed as improved, which indicates that above 5%
polyester fiber usage is useless. There is again a fluctuation in the 7 day strengths
because, the samples hold water in fibers, which creates inconsistencies in the results
of the experiment conducted on wet samples. Whereas the compressive strength
value of the control sample was 2.19 MPa, the compressive strength values of the
polyester fiber additive samples varied between 2.54 MPa and 1.22 MPa. While the
use of polyester fibers at rate of 0.75% and 1.5% improved the compressive strength

values of the material, more using ratio of this type of fiber than 1.5% reduced the
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compressive strength in 28 days of curing. A decrease of 52% in compressive
strength was observed when the polyester waste fiber utilization ratio increased from
0.75% to 5%. As mentioned before, a decrease in the unit volume weight values of
the samples was observed as the fiber utilization ratio in the mixture increased. Since
the strength characteristics of the samples are directly proportional to the unit volume
weight values, the decrease in the compressive strength of the samples could be

explained by the decrease in the unit volume weights.
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Figure 4.36 : The relation between compressive strength and polyester fiber ratio.

In Figure 4.36, an exponential approach could be derived to make a prediction
between compressive strength and polyester fiber usage. This prediction is given for
the compressive strength and fiber utilization rates of the 28 day cured samples.
Again in this figure, it can be easily seen that even on the 7th day of curing period,
the samples provide the minimum value required, which is CS I class and 0.40 MPa,
for the compressive strength in TS EN 998-1 standard. Besides, almost all mixtures
are in CS II class in terms of compressive strength according to the TS EN 998-1
standard. The research showed that all mixture types containing polyester fibers are
applicable on site in terms of compressive strength. However, only up to 1.5%
polyester fiber utilization gave better compressive strength performance than the

control sample. The polyester fiber additive provides added value to the compressive
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strength in a positive way up to 1.5% polyester fiber usage. Nevertheless, as
mentioned earlier, the compressive strength values of the produced specimens

comply with the criteria of the relevant standard, so there is no obstacle in their use.
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Figure 4.37 : Compressive strength vs mixture of cotton+polyester fiber ratio.

When Figure 4.37 is examined, compressive strength of mixture combinations were
decreased with increase in mixture of cotton+polyester fiber content in both 7 days
and 28 days of curing period. All compressive strength values of samples with 28
days curing time were found higher than 7 days cured samples, as it should be. There
is again a fluctuation in the 7 day strengths because, the samples hold water in fibers,
which creates inconsistencies in the results of the experiment conducted on wet
samples. Whereas the compressive strength value of the control sample was 2.19
MPa, the compressive strength values of the mixture of cotton+polyester fiber
additive samples varied between 3.53 MPa and 1.38 MPa. While the use of mixture
of cotton+polyester fibers at rate of up to 4.0% improved the compressive strength
values of the material, more using ratio of this type of fiber than 4.0% reduced the
compressive strength in 28 days of curing. A decrease of 61% in compressive
strength was observed when the mixture of cotton+polyester waste fiber utilization
ratio increased from 0.75% to 5%. As evaluated above, a decrease in the unit volume

weight values of the samples was observed as the fiber utilization ratio in the mixture
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increased. Since the strength characteristics of the samples are directly proportional
to the unit volume weight values, the decrease in the compressive strength of the

samples could be explained by the decrease in the unit volume weights.
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Figure 4.38 : The relation between compressive strength and mixture of
cotton+polyester fiber ratio.

As shown in Figure 4.38, an exponential approach could also be derived to make a
prediction between compressive strength and mixture of only cotton+polyester fiber
usage, too. This approach is furthermore given for the compressive strength and fiber
utilization rates of the 28 day cured samples. Again in this figure, it can be easily
seen that even on the 7th day of curing period, the samples provide the minimum
value required, which is CS I class and 0.40 MPa, for the compressive strength in TS
EN 998-1 standard. Besides, almost all mixtures are in CS II class in terms of
compressive strength according to the TS EN 998-1 standard. In other words, all
mixture types containing mixture of cotton+polyester fibers are applicable on site in
terms of compressive strength. However, only up to 3.2% polyester fiber utilization
gave better compressive strength performance than the control sample. The mixture
of cotton+polyester fiber additive provides added value to the compressive strength
in a positive way specially up to 3.2% mixture of cotton+polyester fiber usage.

Nevertheless, as mentioned earlier, the compressive strength values of the produced
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specimens comply with the criteria of the relevant standard, so there is no obstacle in

their use.
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Figure 4.39 : Comparison for all types of fibers in terms of compressive strength.

When Figure 4.39 is examined, it can be easily seen that the plaster samples with
mixture of cotton+polyester fiber have the highest compressive strength values,
between 3.53 MPa and 1.38 MPa, than the other types. Compressive strength values
of mixture of cotton+polyester+acrylic fiber additive plasters follow the mixture of
cotton+polyester fiber with 3.37 MPa to 1.23 MPa. It was seen that when cotton and
polyester fibers used in plaster combinations alone, their effects on compressive

strength values were found as less than those used as a mixture fiber.

As evaluating together with Table 4.2 and Figure 4.39, CP and CPA coded samples
have higher compressive strengths and unit volume weights than the other samples.
This phenomenon also shows the relationship between strength and unit volume
weight. Figure 4.40 shows the relationship between compressive strength and unit

volume weight.
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Figure 4.40 : Unit volume weight vs compressive strength

In Figure 4.40, the unit volume weight and compressive strength data obtained from
the 25 different plaster mixture series were matched. As can be seen in the graph, the

compressive strength tends to increase as the unit volume weight increases.

If it is desired to make selection by taking into consideration the compressive
strength criterion alone, plaster mixtures containing cotton + polyester fibers (075CP,
15CP, 2CP, 3CP, 4CP and 5CP) should be preferred. Because the highest
compressive strength values are determined in these mixture combinations among all
tested mixtures. However, these mixtures have also higher unit volume weight
characteristic. This situation could be considered as a disadvantage in terms of
lightweight criterion. High unit volume weights affect the economy and thermal

conductivity of the materials in the negative direction.

The compressive strength values of all the samples produced and cured for 28 days
are included in the compressive strength classes according to TS EN 998-1 standard.
In fact, even with 7 day cured compressive strengths are in these classes for all

samples.
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4.3. Analysis of Flexural Strength of Hardened Composite Plasters

The flexural strength analysis of hardened plasters was carried out in accordance
with the test method prescribed in TS EN 1015-11 standard. Three point flexural
strength test was applied to the samples. In TS EN 998-1 standard, there are no
restrictions on the bending strength of hardened mortars. The waste fiber utilization
ratio played an important role in the flexural strength values of the produced

composite mortar samples.

Six cubic samples were produced for each mixture series to perform the flexural
strength analysis. The samples, after removal from the molds and cured at 3 days and
then dried at room temperature until the testing time, were taken directly on the
flexural strength test without any further action. The tested flexural strength values of
all mortar batches at 7 days to 28 days curing time are presented in Figure 4.41 to

Figure 4.50 based on percentage of waste fiber usage ratio by weight.
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Figure 4.41 : Flexural strength vs cotton fiber ratio.

As Figure 4.41 is examined, flexural strength of mixture combinations were seen in a
decreasing trend with the increase of cotton fiber content in both 7 days and 28 days
of curing period. All flexural strength values of samples with 28 days curing time

were found higher than 7 days cured samples, as it should be. There is a fluctuation
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in the 7 days strengths because, the samples hold water in fibers, which creates
inconsistencies in the results of the experiment conducted on wet samples. Whereas
the flexural strength value of the control sample was 1.88 MPa, the flexural strength
values of the cotton fiber additive samples varied between 1.71 MPa and 0.96 MPa.
In all fiber usage rates used in mortar combinations, a decrease in the flexural
strength of the mortars was observed. A decrease of 60% in flexural strength was

observed when the cotton waste fiber utilization ratio increased from 0.75% to 5%.

As mentioned before, a decrease in the unit volume weight values of the samples was
observed as the fiber utilization ratio in the mixture increased. Since the strength
characteristics of the samples are directly proportional to the unit volume weight
values, the decrease in the flexural strength of the samples could be explained by the
decrease in the unit volume weights. Because the flexural strengths of the mortar
samples containing cotton fiber were lower than the flexural strength of the control
sample, it was understood that the cotton fiber affects the flexural strength in

negative direction.
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Figure 4.42 : The relation between flexural strength and cotton fiber ratio.
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In Figure 4.42, an exponential approach is given to make a prediction between
flexural strength and cotton fiber usage. This approach is given for the flexural

strength and fiber utilization rates of the 28 days cured samples.

It has been found that the cotton fiber does not provide resistance to bending.
Because, the flexural strengths of the mortars containing cotton fiber are lower than
the flexural strength of the control mixture. Since there is no limit value for flexural
strength for mortars in TS EN 998-1 standard, flexural strength analysis of the
plasters was only compared to graphically with each other. The shredded cotton
fibers did not provide the necessary resistance to the flexural load. So that the

bending strength is even lower than the control sample.
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Figure 4.43 : Flexural strength vs mixture of cotton+polyester+acrylic fiber ratio.
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Figure 4.44 : The relation between flexural strength and mixture of
cotton+polyester+acrylic fiber ratio.

When Figure 4.43 and Figure 4.44 are examined, it was observed that flexural
strength of mixture combinations were decreased with increase in mixture of
cotton+polyester+acrylic fiber content in both 7 days and 28 days of curing period.
All flexural strength values of samples with 28 days curing time were found higher
than 7 days cured samples, as it should be. There is again a fluctuation in the 7 days
strengths because, the samples hold water in fibers, which creates inconsistencies in

the results of the experiment conducted on wet samples.

Whereas the flexural strength value of the control sample was 1.88 MPa, the flexural
strength values of the mixture of cotton+polyester+acrylic fiber additive samples
varied between 2.23 MPa and 1.01 MPa. While the use of mixture of
cotton+polyester+acrylic fibers at rate of up to 1.4% improved the flexural strength
values of the material, more using ratio of this type of fiber than 1.4% reduced the
flexural strength in 28 days of curing. A decrease of 55% in flexural strength was
observed when the mixture of cotton+polyester+acrylic waste fiber utilization ratio

increased from 0.75% to 5%.

As mentioned above, a decrease in the unit volume weight values of the samples was

observed as the fiber utilization ratio in the mixture increased. Since the strength
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characteristics of the samples are directly proportional to the unit volume weight
values, the decrease in the flexural strength of the samples could be explained by
decreasing the unit volume weights. Since synthetic fibers are resistant to tensile

loads, they have increased the flexural strength of the samples to a certain usage rate.

In Figure 4.44, an exponential approach is given to make a prediction between
flexural strength and mixture of cotton+polyester+acrylic fiber usage. This approach
is basically given for the flexural strength and fiber utilization rates of the 28 days

cured samples.
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Figure 4.45 : Flexural strength vs polyester fiber ratio.
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Figure 4.46 : The relation between flexural strength and polyester fiber ratio.

As shown in Figure 4.45 and Figure 4.46, the flexural strength of mixture
combinations were seen in a decreasing trend with increase in polyester fiber content
in both 7 days and 28 days of curing period. All flexural strength values of samples
with 28 days curing time were found higher than 7 days cured samples, as it should

be.

While the flexural strength value of the control sample was 1.88 MPa, the flexural
strength values for the polyester fiber additive samples varied between 1.78 MPa and
0.96 MPa. In all fiber usage rates used in mortar combinations, a decrease in the
flexural strength of the mortars was observed. A decrease of 46% in flexural strength
was observed when the cotton waste fiber utilization ratio increased from 0.75% to

5%.

In similar to above mentioned fact, a decrease in the unit volume weight values of
the samples was observed as the fiber utilization ratio in the mixture increased. Since
the strength characteristics of the samples are directly proportional to the unit volume
weight values, the decrease in the flexural strength of the samples could be explained
by decreasing the unit volume weights. Because the flexural strengths of the mortar

samples containing polyester fiber were lower than the flexural strength of the
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control sample, it was understood that the polyester fiber affects the flexural strength
in negative direction. The smoothness on the surface of randomly distributed
polyester fibers may have prevented the fibers from sticking to the cement matrix.

Thus, the use of polyester fiber alone has not improved the flexural strength.
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Figure 4.47 : Flexural strength vs mixture of cotton+polyester fiber ratio.
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Figure 4.48 : The relation between flexural strength and mixture of cotton+polyester
fiber ratio.
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According to Figure 4.47 and Figure 4.48, it can be observed that the flexural
strength of mixture combinations were decreased with increase in mixture of
cottont+polyester fiber content in both 7 days and 28 days of curing period. All
flexural strength values of samples with 28 days curing time were found higher than

7 days cured samples, as it should be.

Whereas the flexural strength value of the control sample was 1.88 MPa, the flexural
strength values of the mixture of cotton+polyester fiber additive samples varied
between 2.25 MPa and 1.17 MPa. While the use of mixture of cottontpolyester
fibers at rate of up to 2.5% improved the flexural strength values of the material,
more using ratio of this type of fiber than 2.5% reduced the flexural strength in 28
days of curing. A decrease of 48% in flexural strength was observed when the

mixture of cotton+polyester waste fiber utilization ratio increased from 0.75% to 5%.

In similar fact, a decrease in the unit volume weight values of the samples was
observed as the fiber utilization ratio in the mixture increased. Since the strength
characteristics of the samples are directly proportional to the unit volume weight
values, the decrease in the flexural strength of the samples could be explained by the
decrease in the unit volume weights. Since synthetic fibers are resistant to tensile
loads, they have increased flexural strength of the samples to a certain usage rate.
The unit volume weights were higher in mixtures in which this fiber type was used.
Since the unit volume is proportional to the strength characteristic, the flexural

strength of this series is higher than the others.

In Figure 4.48, an exponential approach is given to make a prediction between
flexural strength and mixture of cotton+polyester fiber usage. This approach is given

for the flexural strength and fiber utilization rates of the 28 days cured samples.
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Figure 4.49 : Comparison for all types of fibers in terms of fexural strength.

When Figure 4.49 is examined, it can be easily understood that the plaster samples
with mixture of cottont+polyester fiber have the highest flexural strength values,
between 2.25 MPa and 1.17 MPa, than the other types. Flexural strength values of
the mixture of cotton+polyester+acrylic fiber additive plasters follow the mixture of
cotton+polyester fiber additive plasters with 2.23 MPa to 1.01 MPa. It was observed
that when cotton and polyester fibers used in plaster combinations are alone, their
effects on flexural strength values were found as less than those used as a mixture

fiber.

When table 4.2 and figure 4.49 are examined together, CP and CPA coded samples
have higher flexural strengths and unit volume weights than the other samples. This

also considers the relationship between strength and unit volume weight.

Figure 4.50 shows the relationship between flexural strength and unit volume weight.
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Figure 4.50 : Unit volume weight vs flexural strength.

In Figure 4.50, the unit volume weight and flexural strength data obtained from the
25 different plaster mixture series were matched. As can be seen in the graph, the

flexural strength tends to increase as the unit volume weight increases.

A general evaluation for flexural strength; if it is desired to make selection by taking
into consideration the flexural strength criterion alone, plaster mixtures containing
cotton + polyester fibers (075CP, 15CP, 2CP, 3CP, 4CP and 5CP) should be
preferred. It is possible that the highest flexural strength values are determined in
these mixture combinations among all tested mixtures. However, these mixtures have
also higher unit volume weight characteristic. This situation could be considered as a
disadvantage in terms of lightweight criterion. High unit volume weights affect the

economic aspects and thermal conductivity of the materials in the negative direction.

4.4. Splitting Tensile Strength of Hardened Composite Plasters

This test method covers the determination of the splitting tensile strength of
?¥50x100 mm cylindrical mortar specimens. This test method consists of applying a
diametral compressive force along the length of a cylindrical mortar specimen at a

rate that is within a prescribed range until failure occurs. This loading induces tensile
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stresses on the plane containing the applied load and relatively high compressive
stresses in the area immediately around the applied load. Tensile failure occurs rather
than compressive failure because the areas of load application are in a state of triaxial
compression, thereby allowing them to withstand much higher compressive stresses
than would be indicated by a uniaxial compressive strength test result. Splitting
tensile strength is generally greater than direct tensile strength and lower than

flexural strength (ASTM, 2004).

Six cubic samples were prepared for each mixture series to perform the splitting
tensile strength analysis. The samples, after removal from the molds and cured at 3
days and then dried at room temperature until the testing time, were taken directly on
the splitting tensile strength test without any further action. The tested splitting
tensile strength values of all mortar batches at 14 days to 28 days curing time are
presented in Figure 4.51 to Figure 4.60 based on percentage of waste fiber usage

ratio by weight.

The splitting tensile strength values of fiber reinforced samples were not consistent at
7 days curing time. For this, splitting tensile strengths on the 14th and 28th days were

measured.
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Figure 4.51 : The relation between splitting tensile strength and cotton fiber ratio.
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Figure 4.52 : The relation between splitting tensile strength and cotton fiber ratio.

When Figure 4.51 and Figure 4.52 are examined, splitting tensile strength of mixture
combinations exhibited a decreasing trend with the increase of cotton fiber content in
both 14 days and 28 days of curing period. All splitting tensile strength values of
samples with 28 days curing time were found higher than 14 days cured samples, as
it was expected to be. While the splitting tensile strength value of the control sample
was 0.46 MPa, the splitting tensile strength values of the cotton fiber additive
samples varied between 0.44 MPa and 0.26 MPa. In all fiber usage rates used in
mortar combinations, a decrease in the splitting tensile strength of the mortars was
observed. A decrease of 41% in splitting tensile strength was also observed when the

cotton waste fiber utilization ratio increased from 0.75% to 5%.

As briefly discussed above, a decrease in the unit volume weight values of the
samples was observed, when the fiber utilization ratio increased in the mixture. Since
the strength characteristics of the samples are directly proportional to the unit volume
weight values, the decrease in the splitting tensile strength of the samples could be
explained by the decrease in the unit volume weights. Because the splitting tensile
strength of the mortar samples containing cotton fiber were lower than the splitting
tensile strength of the control sample, it was understood that the cotton fiber affects

the splitting tensile strength in negative direction.
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In Figure 4.52, an exponential approach is given to make a prediction between
splitting tensile strength and cotton fiber usage. This approach is given for the

splitting tensile strength and fiber utilization rates of the 28 days cured samples.

It has been found that the cotton fiber does not provide resistance to tensile strength.
Because, the splitting tensile strengths of the mortars containing cotton fiber are
lower than the splitting tensile strength of the control mixture. Since there is no limit
value for splitting tensile strength of mortars in TS EN 998-1 standard, splitting
tensile strength analysis of the mortar samples was only compared graphically with
each other. The shredded cotton fibers did not provide the necessary resistance to the
tensile stress. So that the splitting tensile strength is even lower than the control

sample.
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Figure 4.53 : The relation between splitting tensile strength and mixture of
cotton+polyester+acrylic fiber ratio.
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Figure 4.54 : The relation between splitting tensile strength and mixture of
cotton+polyester+acrylic fiber ratio.

When Figure 4.53 and Figure 4.54 are examined, it can be seen that splitting tensile
strength of mixture combinations were decreased with increase in mixture of
cotton+polyester+acrylic fiber content in both 14 days and 28 days of curing period.
All splitting tensile strength values of samples with 28 days curing time were found

higher than 14 days cured samples, as expected, too.

Whereas the splitting tensile strength value of the control sample was 0.46 MPa, the
splitting tensile strength values of the mixture of cotton+polyester+acrylic fiber
additive samples varied between 0.62 MPa and 0.25 MPa. While the use of mixture
of cotton+polyester+acrylic fibers at rate of up to 1.4% improved the splitting tensile
strength values of the material, more using ratio of this type of fiber than 1.4%
reduced the splitting tensile strength in 28 days of curing. A decrease of 60% in
splitting tensile strength was observed when the mixture of cotton+polyester+acrylic

waste fiber utilization ratio increased from 0.75% to 5%.

On the other hand, a decrease in the unit volume weight values of the samples was
further observed as the fiber utilization ratio in the mixture increased. Since the
strength characteristics of the samples are directly proportional to the unit volume
weight values, the decrease in the splitting tensile strength of the samples could be

explained by the decrease in the unit volume weights. Since synthetic fibers are
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resistant to tensile loads, they have increased splitting tensile strength of the samples
to a certain usage rate. Besides, in Figure 4.54, an exponential approach is given to
make a prediction between splitting tensile strength and mixture of
cotton+polyester+acrylic fiber usage. This approach is given for the splitting tensile

strength and fiber utilization rates of the 28 days cured samples.
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Figure 4.55 : The relation between splitting tensile strength and polyester fiber ratio.
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Figure 4.56 : The relation between splitting tensile strength and polyester fiber ratio.
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As Figure 4.55 and Figure 4.56 are examined, it can be seen that splitting tensile
strength of mixture combinations were decreased with increase in polyester fiber
content in both 14 days and 28 days of curing period. All splitting tensile strength
values of samples with 28 days curing time were found higher than 14 days cured

samples.

While the splitting tensile strength value of the control sample was 0.46 MPa, the
splitting tensile strength values of the polyester fiber additive samples varied
between 0.55 MPa and 0.32 MPa. While the use of polyester fibers at rate of up to
1.4% improved the splitting tensile strength values of the material, more using ratio
of this type of fiber than 1.4% reduced the splitting tensile strength in 28 days of
curing. A decrease of 42% in splitting tensile strength was observed when the

polyester waste fiber utilization ratio increased from 0.75% to 5%.

Furthermore, a decrease in the unit volume weight values of the samples was
observed as the fiber utilization ratio in the mixture increased. Since the strength
characteristics of the samples are directly proportional to the unit volume weight
values, the decrease in the splitting tensile strength of the samples could be explained
by the decrease in the unit volume weights. Since synthetic fibers are resistant to
tensile loads, they have increased splitting tensile strength of the samples to a certain

usage rate.

In Figure 4.56, an exponential approach is given to make a prediction between
splitting tensile strength and polyester fiber usage. This approach is given for the

splitting tensile strength and fiber utilization rates of the 28 days cured samples.
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Figure 4.57 : The relation between splitting tensile strength and mixture of
cotton+polyester fiber ratio.
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Figure 4.58 : The relation between splitting tensile strength and mixture of
cotton+polyester fiber ratio.

Figure 4.57 and Figure 4.58 states that splitting tensile strength of mixture
combinations decrease with increase in mixture of cottont+polyester fiber content in
both 14 days and 28 days of curing period. All flexural strength values of samples

with 28 days curing time were found higher than 14 days cured samples.
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Whereas the splitting tensile strength value of the control sample was 0.46 MPa, the
splitting tensile strength values of the mixture of cotton+polyester fiber additive
samples varied between 0.60 MPa and 0.30 MPa. While the use of mixture of
cottont+polyester fibers at rate of up to 2.5% improved the splitting tensile strength
values of the material, more using ratio of this type of fiber than 2.5% reduced the
flexural strength in 28 days of curing. A decrease of 50% in splitting tensile strength
was observed when the waste fiber ratio increased from 0.75% to 5%. Similar
another research finding observe in the research is a decrease in the unit volume
weight values of the samples as the fiber utilization ratio in the mixture increased.
Since the strength characteristics of the samples are directly proportional to the unit
volume weight values, the decrease in the splitting tensile strength of the samples
could be explained by the decrease in the unit volume weights. Since synthetic fibers
are resistant to tensile loads, they have increased splitting tensile strength of the
samples to a certain usage rate. The unit volume weights were higher in mixtures in
which this fiber type was used. Since the unit volume is proportional to the strength
characteristic, the splitting tensile strength of this series is higher than the others. In
addition, in Figure 4.58, an exponential approach is given to make a prediction
between splitting tensile strength and mixture of cotton+polyester fiber usage. This

approach is given for the 28 days cured samples.
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Figure 4.59 : Comparison for all types of fibers in terms of splitting tensile strength.
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As examining Figure 4.59, it is found that the plaster samples with mixture of
cotton+polyester fiber have better splitting tensile strength values, between 0.60 MPa
and 0.30 MPa, than the other types. Splitting tensile strength values of polyester fiber
additive plasters follow the mixture of cottontpolyester fiber additive plasters with
0.55 MPa to 0.32 MPa. The research findings showed that when cotton fibers used in
plaster combinations alone, their effects on splitting tensile strength values were
found as less than those used as a mixture fiber. Splitting tensile strength of 0.75%
mixture of cottont+polyester+acrylic fiber additive mortar was found as the highest
value (0.62 Mpa), although splitting tensile strength of 5.0% usage of same fiber
additive in the plaster combinations was found as the lowest value with 0.25 MPa.
This actually represents that lower utilization ratio of mixture of
cottontpolyester+acrylic fiber additive provides the added value to the mortars

splitting tensile characteristics.

When Table 4.2 and Figure 4.59 are examined together, CP and CPA coded samples
have higher splitting tensile strengths and unit volume weights than the other
samples. Therefore, a relationship between strength and unit volume weight could be

considered.

Figure 4.60 shows the relationship between splitting tensile strength and unit volume

weight.
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Figure 4.60 : Unit volume weight vs splitting tensile strength.
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In Figure 4.60, the unit volume weight and splitting tensile strength data obtained
from the 25 different plaster mixture series were matched. As can be seen in the
graph, the splitting tensile strength tends to increase as the unit volume weight

increases.

A general evaluation for splitting tensile strength; if it is desired to make selection by
taking into consideration the splitting tensile strength criterion alone, the test samples
containing cotton + polyester fibers (075CP, 15CP, 2CP, 3CP, 4CP and 5CP) should
be preferred. This investigation showed that the highest splitting tensile strength
values could be determined in these mixture combinations among all tested samples.
These samples have higher unit volume weight characteristic. This situation could be
considered as a disadvantage in terms of lightweight criterion. High unit volume
weights affect the economic aspects and thermal conductivity of the materials in the

negative direction.

4.5. Analysis of Structural Strength Parameters of Hardened Composite

Plasters

Structural mechanical properties, such as internal friction angle, failure angle, normal
strength, shear strength and cohesion parameters, of the samples were carried out in
this thesis study. Structural strength analysis of materials provides more

comprehensive information about internal actions of the material.

Mohr Coulomb Failure Criterion was used to determine the structural strength
properties of samples. This criterion could be used to estimate some mechanical
properties of cement matrix composites based on the tension and compression

stresses.

Structural strength parameters are chiefly used in rock mechanics and soil
mechanics. Internal friction angle, failure angle and cohesion parameters are the
main parameters in rock and in soil classification and load bearing calculations.
Mohr coulomb criterion is used to obtain these parameters. With a similar approach,
in order to find these parameters and to understand the inner structure of
cementitious mortars, Mohr Coulomb criterion was tried to be used in this research.

Structural strength properties of composite mortars are given in Table 4.4.
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Table 4.4 : Structural strength properties of the composite plasters.

Mix a(®) ¢ (°) o, (MPa) C (Mpa) os (MPa)
CM 64.5 41.0 0.40 0.51 0.85
075C 0.39 0.54 0.92
15C 0.34 0.48 0.82
2C 0.29 0.38 0.62
3C 66.9 44.6 0.26 0.35 0.58
4C 0.25 0.34 0.56
5C 0.22 0.29 0.48
075CP 0.52 0.73 1.25
15CP 0.46 0.67 1.14
2CP 0.42 0.59 1.01
3CP 68.4 46.7 0.37 051 0.85
4CP 0.28 0.41 0.69
5CP 0.24 0.33 0.54
075P 0.46 0.61 0.98
15P 0.38 0.51 0.85
2P 0.35 0.47 0.76
3P 65.7 4.6 0.32 0.41 0.68
4P 0.28 0.34 0.54
5P 0.25 0.31 0.50
075CPA 0.52 0.73 1.20
15CPA 0.39 0.54 0.93
2CPA 0.32 0.47 0.77
3CPA 67.5 455 030 0.43 0.74
4CPA 0.26 0.38 0.62
5CPA 0.21 0.29 0.46
o : Failure Angle
() : Internal Friction Angle
On : Normal Strength
C : Cohesion
Os : Shear Strength

4.5.1. Mohr circle

Mohr Coulomb Failure Criterion was used to determine the structural strength
properties of samples. It can be estimated some mechanical properties of concrete

based on the tension and compression stresses.

Mohr envelopes were drawn by the use of the compressive and splitting tensile stress
data. Some examples of drawn Mohr envelopes are given in Figure 4.61 and Figure
4.75. These drawings have been done separately for each mixture combination and
structural mechanical properties of the materials have been found through the

drawings.
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Firstly, a coordinate system, which x plane represents normal strength and y plane
represents shear strength, is drawn. Mohr circles were generated by plotting a half
circle to the left of the x-axis of the coordinate system representing splitting tensile
strength and another half circle to the right of the x-axis of the coordinate system
representing compressive strength. Then, a tangent line is drawn to the two half
circles. The slope of this line gives the internal friction angle of the material. The
point where the tangent line cut the y plane gives cohesion. Center of the
compressive strength and tangent line are joint by a straight line. Value of this point
at x-axis gives normal strength and at y-axis shear strength. In this study, these

values are discussed as structural strength values.
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Figure 4.61 : Mohr Circles of CM.
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Figure 4.62 : Mohr Circles of 075C.
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Figure 4.63 : Mohr Circles of 15C.
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Figure 4.64 : Mohr Circles of 2C.
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Figure 4.65 : Mohr Circles of 3C.
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Figure 4.66 : Mohr Circles of 4C.
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Figure 4.67 : Mohr Circles of 5C.
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Figure 4.68 : Mohr Circles of 075CP.
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Figure 4.69 : Mohr Circles of 15CP.
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Figure 4.70 : Mohr Circles of 2CP.
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Figure 4.71 : Mohr Circles of 3CP.
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Figure 4.72 : Mohr Circles of 4CP.
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Figure 4.73 : Mohr Circles of 075P.
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Figure 4.74 : Mohr Circles of 5P.

113




Os

y

-1,00 -0,50 0,00 0,50 1,00 1,50 2,00 2,50 3,00 3,50 4,00
On

Figure 4.75 : Mohr Circles of 075CPA.

4.5.2. Failure angle

In rock mechanics, the value of failure angle mostly depends on formation type of
the rock. Whereas failure angle is steeper in hard and brittle rock, it is less inclined in
other words; value of failure angle is smaller, in the soft and ductile rock types. In
particular, the value of the failure angle is very small in the formations that can be
easily slide, such as sand. The same approach may be valid for cementitious
composite mortars. The failure angles of the produced specimens were standardized
separately for each group. Standardized failure angles of the composite mortars are

given in Figure 4.76.
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Figure 4.76 : Failure angle of the fiber reinforced composite plasters.

When examining Figure 4.76, failure angle of composite mortars containing
polyester waste fibers was obtained lower than the others. In this case, it could be
concluded that composite mortars containing polyester fibers are more ductile and
soft materials than the other mortar samples. Therefore, it could be understood that
the use of polyester waste fiber in the mixtures makes the mortar more ductile and it
becomes more flexible. Mixture of cotton+polyester reinforced mortars having a
failure angle of almost 3 degrees greater than the polyester waste fiber reinforced
mortar could be evaluated as the most brittle mixture type in all combinations. The
greatest value among the failure angles in terms of 68.4 degree failure angle belongs

to mixture of cotton+polyester reinforced mortar mixture group.

4.5.3. Internal friction angle

Internal friction angle for a given material is the angle on the Mohr's Circle graph of
the shear stress and normal stresses at which shear failure occurs. In literature,
researchers have generally used the internal friction angle in rock and soil
classification. In soil classification, soils with less than 30° internal friction angle are
considered as very loose and as the internal friction angle increases the classification

continues as loose, compact, dense and very dense soil. Similar phenomenon can be
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seen in rock classification; rocks with internal friction angle less than 15° are called
as very poor and as the internal friction angle increases the classification continues as
poor, fair, good and very good rock. As with this perspective, cementitious
composite mortars with higher value of internal friction angle could be evaluated as
better-compacted materials. The internal friction angles of the test samples were
standardized separately for each group. Standardized internal friction angles of the

composite mortars are given in Figure 4.77.
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Figure 4.77 : Internal friction angle of the fiber reinforced composite plasters.

According to Figure 4.77, the internal friction angle of mixture of cotton+polyester
fiber reinforced specimens was found to be 46.7°. This value is higher than the
internal friction angle values of the other mixture types. This actually shows that the
mixture of cotton+polyester fiber reinforced composite mortars are denser and more
compacted than the other types. The internal friction angle of polyester fiber
composite with 41.6° was found to be the lowest among all four types of composite
mixtures. In this respect, it could be concluded that polyester reinforced plasters have

poor and loose structure.
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4.5.4. Normal strength

The normal strength is found by using the angle of slope of the plane of failure on
Mohr Circle. Normal strength is the normal load to be carried by the material.
Normal strength is the load that material could carry without permanent deforming.
Higher loading than normal strength of material causes the permanent deformation in
the material. Up to normal strength that found by Mohr’s Circle, any permanent
deformation does not occur in the material. However, the material is permanently
damaged in a value of between normal strength and compressive strength values. In
this case, it could be said that normal strength is the moment that material take the
first permanent damage. The space between normal strength and compressive
strength could be related to the load bearing capacity of the material. Load bearing
capacity per unit area was found by the ratio of normal strength and compressive

strength (c,/0.) (Table 4.5).

Table 4.5 : Load bearing capacity of the composite mortar samples.

Mix on (MPa) o.(MPa) 0./Cp
CM 0.40 2.19 5.48
075C 0.39 2.59 6.64
15C 0.34 2.26 6.65
2C 0.29 1.59 5.48
3C 0.26 1.54 5.92
4C 0.25 1.46 5.84
5C 0.22 1.23 5.59
075CP 0.52 3.53 6.79
15CP 0.46 3.37 7.33
2CP 0.42 2.80 6.67
3CP 0.37 2.33 6.30
4CP 0.28 1.98 7.07
5CP 0.24 1.38 5.75
075P 0.46 2.54 5.52
15P 0.38 2.25 5.92
2P 0.35 1.99 5.69
3P 0.32 1.77 5.53
4P 0.28 1.29 4.61
5P 0.25 1.22 4.88
075CPA 0.52 3.37 6.48
15CPA 0.39 2.60 6.67
2CPA 0.32 2.14 6.69
3CPA 0.30 2.07 6.90
4CPA 0.26 1.72 6.62
5CPA 0.21 1.23 5.86
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Graphical views of load bearing capacity versus fiber ratios are given in between

Figure 4.78 and Figure 4.81.
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Figure 4.78 : Load bearing capacity of cotton fiber reinforced composite mortar
samples.

As evaluating Figure 4.78, it can be seen that cotton fiber reinforced mortatrs have
better load bearing capacity than the control test mortar samples. Up to 1.5%wt fiber
utilization, load bearing capacity of the samples way better than the control sample.
At the rate of fiber usage after 1.5% usage rate, load bearing capacity ratio falls to

similar values as the control sample.

It can be concluded from the figure that after reaching the first deformation (o,), the
control sample has a resistance of 5.48 times that of its normal strength. However, in
0.75% and 1.5% cotton waste fiber reinforced plasters, after the first deformation, the
sample must be exposed to a force of 6.64 and 6.65 times its normal strength to break

the sample.
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Figure 4.79 : Load bearing capacity of mixture of cotton+polyester fiber reinforced
composite mortar samples.

When Figure 4.79 is examined, it is observed that cotton+polyester fiber reinforced
plaster samples have better load bearing capacity than the control test mortar
samples. In almost all fiber utilization ratios, load bearing capacity of the samples
way better than the control sample. At the rate of 5%wt fiber usage load bearing

capacity ratio falls to similar value as the control sample.

According to the figure after reaching the first deformation (o,), the control sample
has a resistance of 5.48 times that of its normal strength. However, in 1.5%wt
cottontpolyester waste fiber reinforced plasters, after the first deformation, the
sample must be exposed to a force of 7.33 times its normal strength to break the

sample.
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Figure 4.80 : Load carrying capacity of polyester fiber reinforced composite
plasters.

It could be evaluated from Figure 4.80 that polyester fiber reinforced plasters have
relatively low load bearing capacity than the other produced plasters. Up to 3.0%wt
fiber utilization, load bearing capacity of the samples are similar values as the control
sample. After 3.0% usage, load bearing capacity ratio even lower than the control

sample. This is indicating that it achieves faster failure strength at lower loads.

According to the figure, after reaching the first deformation (o,), the control sample
has a resistance of 5.48 times that of its normal strength. At 1.5% polyester fiber

usage, composite plaster improved its load bearing capacity ratio as 0.44 to 5.92.
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Figure 4.81 : Load bearing capacity of mixture of cotton+polyester+acrylic fiber
reinforced composite plasters.
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When Figure 4.81 is evaluated, it is observed that cotton+polyester+acrylic fiber
reinforced plasters have better load bearing capacity than the control sample. In
almost all fiber utilization ratios, load carrying capacity of the samples way better
than the control sample. At the rate of 5%wt fiber usage load bearing capacity ratio

falls to similar value as the control sample.

According to the figure after reaching the first deformation (o,), the control sample
has a resistance of 5.48 times that of its normal strength. However, in 3.0%wt
cotton+polyester+acrylic waste fiber reinforced plasters, after the first deformation,
the sample must be exposed to a force of 6.90 times its normal strength to break the

sample.

After receiving the first deformation, the rate of load, which can be carried by the
composite plasters reinforced with different fiber derivatives, was found greater than
the control sample. Especially at the rate of 1.5% fiber usage, load bearing capacity
ratio of the samples had better values. The lowest values were found when the fiber

usage was %35.0.

In order to compare the strength values of the samples between the control and each

other with their first deformation, Figure 4.82-86 are given.
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Figure 4.82 : Normal strength vs fiber content for cotton fiber reinforced composite
plasters.
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When figure 4.82 is examined, although regression analysis yields to meaningful
result, the normal strength values of the cotton fiber reinforced plots are below the
normal strength value of the control sample. This indicates that the addition of cotton

fiber worsens the value of the first deformation of the material in all usage ratios.

0.70 1

0.60 1

0.50
_ Control
& 040
z
= 030

020 - y =0.5123x70403

' R?=0.89267
0.10 1
OOO T T T T 1
0 1 2 3 4 5
Fiber Content (%)

Figure 4.83 : Normal strength vs fiber content for cotton+polyester fiber reinforced
composite plasters.

Figure 4.83 shows that the addition of cotton+polyester fiber increases the strength
that the material can carry without any deformation until the usage rate is 2.0%. It
was observed that the normal strength value of the material decreased at higher usage

rates than 2.0%wt.
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Figure 4.84 : Normal strength vs fiber content for polyester fiber reinforced
composite plasters.

Figure 4.84 also shows that when the linear line is intersected by the curvilinear
function, the addition of polyester fiber increases the strength that the material can
carry without any deformation until the usage rate is 1.25%. It was observed that the
normal strength value of the material decreased at higher usage rates than 1.25%wt.
In other words, polyester fibers improved the normal strength up to 1.25%wt usage

rate and made worse the normal strength above 1.25%wt usage rate.
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Figure 4.85 : Normal strength vs fiber content for mixture of
cotton+polyester+acrylic fiber reinforced composite plasters.

As evaluating the Figure 4.85 it could be easily seen that the addition of mixture of
cottontpolyester+acrylic fiber increases the strength that the material can carry
without any deformation until the usage rate of 1.5%. It was observed that the normal

strength value of the material decreased at higher usage rates than 1.5%wt.
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Figure 4.86 : Normal strength values of all batches.

As discussed above sections, according to TS EN 998-1 standard, minimum
compressive strength of cementitious mortars must be at least 0.4 MPa (lower limit
of CSI class for compressive strength). It can be easily seen in Figure 4.86 that
normal strength values of 075CP, 15CP, 2CP, 075P and 075CPA are greater than the
value (0.4 MPa) specified in TS EN 998-1 standard. In other words, these mixtures
prepared in this study can provide the compressive strength condition prescribed in

the standard even without any deformation inside the material.

As a general conclusion for normal strength analysis, it could be declared that normal
strengths of composite plasters have a decreasing trend depending on the reduction in
splitting tensile and compressive strength and an increase in fiber content in each
type of mixtures. As it can be seen from the Figure 4.86, normal strength parameter
of cotton+polyester reinforced plasters with highest value of 0.52 MPa (075CP) and
lowest value of 0.24 MPa (5CP) are greater than the others. This refers that
cottontpolyester reinforced mixtures could resist more load before the first

deformation inside.

125



4.5.5. Cohesion

Cohesion is the force that holds the particles of concrete or mortar together.
Cohesion indicates that what extent materials that forming the concrete or mortar are
connected to each other. Additionally, the strength of the mortar or cement paste is
dependent on the cohesion of the cement paste and adhesion of cement paste with
aggregate particles (Neville, A.M., 1999). Cohesion values of all the tested samples
were calculated by using Mohr Circle approaches and the specific values are given in

Figure 4.87 to 4.90.
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Figure 4.87 : Cohesion vs fiber content for cotton fiber reinforced composite
plasters.

It is observed from Figure 4.87 that as the cotton waste fiber ratio used in the mortar
is increased, the cohesion value of the mortars decreases. However, an increase in
cohesion value was observed even at a low fiber utilization rate of 0.75%. Cohesion
value decreased up to 46.3%, when the use of fiber ratio increased from 0.75% to 5%

by weight.
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Figure 4.88 : Cohesion vs fiber content for mixture of cotton+polyester fiber
reinforced composite plasters.

When Figure 4.88 is analyzed, it can be easily seen that as the mixture of
cotton+polyester waste fiber ratio used in the mortar is increased, the cohesion value
of the mortars decreases, too. Cohesion value decreased up to 54.8%, when the use
of fiber ratio increased from 0.75% to 5% by weight. However, the cohesion values
of the composite plaster samples were found to be higher than the cohesion value of
the control sample up to 3% by weight of the mixture for cotton+polyester fiber
usage. Mixture of cottont+polyester fiber has greatly increased the value of bonding

in the samples.
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Figure 4.89 : Cohesion vs fiber content for polyester fiber reinforced composite
plasters.

When Figure 4.89 is examined, it can be observed that as the polyester waste fiber
ratio used in the mortar is increased, the cohesion value of the mortars decreases.
However, as in cohesion of composite plaster samples reinforced with polyester
fiber, an increase in cohesion value was observed at a low polyester fiber utilization
rate of 0.75%. Cohesion values of the samples were below the cohesive value of the
control sample after 0.75% fiber usage. Therefore, more than 0.75% of fiber usage
negatively affects the degree of bonding in the internal structure of the composite
plaster samples. Also, cohesion value of polyester fiber reinforced composite plasters
decreased by 49.2%, when the use of fiber ratio increased from 0.75% to 5% by
weight.
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Figure 4.90 : Cohesion vs fiber content for mixture of cotton+polyester+acrylic fiber
reinforced composite plasters.

Figure 4.90 indicates that as the mixture of cotton+polyester+acrylic waste fiber ratio
used in the mortar is increased, the cohesion value of the mortars decreases.
However, cohesion value showed a sudden increase at the rate of 0.75% fiber usage.
When the fiber utilization rate reaches 1.5%, a sudden decrease in the value of
cohesion is observed at this time. When 5.0% by weight fiber utilization rate is
reached, this mixture type exhibits the lowest cohesion value again. Thus, a small
amount of mixture of cotton+polyester+acrylic fiber utilization rate has an improving
effect on cohesion. Also, cohesion value of polyester fiber reinforced composite
plasters decreased by 59.5%, when the use of fiber ratio increased from 0.75% to 5%

by weight.

4.5.6. Shear strength

According to Mohr-Coloumb Criterion, factors affecting the shear strength are
normal strength, cohesion and internal friction angle, respectively. Besides, shear
strength can be obtained by the Mohr’s Circle. Decrease in normal strength and
cohesion leads a reduction on shear strength parameter according to Mohr-Coloumb

Criterion. This situation can be easily seen in Table 4.4. Analyses of the shear
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strengths corresponding to fiber utilization rates are further investigated in between

Figure 4.91 and Figure 4.94.
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Figure 4.91 : Shear strength vs fiber content for cotton fiber reinforced composite
plasters.

It is observed from Figure 4.91 that as the cotton waste fiber ratio used in the mortar
is increased, the shear strength value of the mortars decreases. Since the shear
strength value is directly related to the cohesion value, the shear strength graph
corresponding to the fiber use has a similar trend to the cohesion versus cotton fiber
content graph. Again, an increase in shear strength value was observed at a low fiber
utilization rate of 0.75%. In case of using more cotton waste fiber than 0.75% by
weight, the shear strength of the fiber containing samples was found to be lower than
the control sample. It is indicating that the use of excess fiber affects the shear
strength of the material in the negative direction. Shear strength value decreased by

47.8%, when the use of fiber ratio increased from 0.75% to 5% by weight.
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Figure 4.92 : Shear strength vs fiber content for mixture of cotton+polyester fiber
reinforced composite plasters.

It can be concluded from Figure 4.92 that as the cotton+polyester waste fiber ratio
used in the mortar is increased, the shear strength value of the mortars decreases.
Shear strength value decreased by 56.8%, when the use of fiber ratio increased from
0.75% to 5% by weight. However, the shear strength values of the composite plaster
samples were found to be higher than the shear strength value of the control sample
up to 3%wt mixture of cotton+polyester fiber usage. Since the shear strength value is
directly related to the cohesion value, the shear strength graph corresponding to the
fiber use has a similar trend to the cohesion versus cotton+polyester fiber content
graph. Although the shear strength is reduced at rates higher than 3%wt
cottont+polyester fiber utilization, mixture of cottont+polyester fiber reinforced
composite plasters have highest shear strength at 5% fiber utilization compared to all

fiber types.
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Figure 4.93 : Shear strength vs fiber content for polyester fiber reinforced composite
plasters.

When Figure 4.93 is examined, it can be observed that as the polyester waste fiber
ratio used in the mortar is increased, the shear strength value of the mortars
decreases. However, as in shear strength of composite plaster samples reinforced
with cotton fiber, an increase in shear strength value was observed at a low polyester
fiber utilization rate of 0.75%. Shear strength values of the samples were found lower
than the shear strength value of the control sample on the usage of higher than 0.75%
fiber by weight. It could be concluded that more than 0.75% of fiber usage
negatively affects strength to lateral loads of the composite plaster samples. Also,
shear strength value of polyester fiber reinforced composite plasters decreased by

49.0%, when the use of fiber ratio increased from 0.75% to 5% by weight.
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Figure 4.94 : Shear strength vs fiber content for mixture of cotton+polyester+acrylic
fiber reinforced composite plasters.

Figure 4.94 indicates that as the mixture of cotton+polyester+acrylic waste fiber ratio
used in the mortar is increased, the shear strength value of the mortars decreases.
Since the shear strength value is directly related to the cohesion value, the shear
strength graph corresponding to the fiber use has a similar trend to the cohesion
versus cotton fiber content graph. Shear strength value showed a sudden increase at
the rate of 0.75% fiber usage. While shear strength of control sample was found as
0.85 MPa, shear strength value of 0.75% cotton+polyester+acrylic fiber content
sample was found as 1.20 MPa. When the fiber utilization rate reaches 1.5%, a
sudden decrease in the value of shear strength is observed at this time. When 5.0%
by weight fiber utilization rate is reached, this mixture type exhibits the lowest shear
strength value again. Thus, a small amount of mixture of cotton+polyester+acrylic
fiber utilization rate has a improving effect on shear strength. Also, shear strength
value of cotton+polyester+acrylic fiber reinforced composite mortar samples
decreased by 59.5%, when the use of fiber ratio increased from 0.75% to 5% by
weight.
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4.6. Analysis of Thermal Conductivity of the Composite Plasters

Reducing the heat transfer between the two different environments, i.e. heat
insulation is taking necessary precautions on warming in the winter, reducing the
energy spend in summer and reducing the heat transfer in the exterior walls, glass
and fixtures, roofs, floors and insulation of buildings in order to live in more
comfortable environments. Materials providing this phenomenon are called thermal

insulation materials.

The most basic property that distinguishes heat insulation materials from each other
is their thermal conductivity values (A). According to TS EN 998-1, materials those
have thermal conductivity values less than 0,200 W/mK are considered as a thermal

insulation material.

Thermal insulation generally includes the following basic materials and mixtures;
non-organic materials such as, glass, rock and slag wool, fibrous and cellular &
porous materials i.e. calcium silicate, perlite, vermiculite and ceramic products etc.
Besides these traditional materials, many new generation of material derivations are
developing. Fibrous organic or synthetic fibers such as cotton, polyester, animal
feathers and sheath, wood, paper, reed, cellular organic materials such as fungi,
sponges, polymers and metallic or metallized organic reflective surfaces are mostly

used some examples.

The most important and up-to-date application of composite building materials are
the integrated products in which the heat transfer coefficient is low and the economic
additive materials are present. In such integrated products, it is generally preferred to
use waste materials (scrap tire, waste paper product, pet bottle, waste fibers etc.) as

an additive (Kalkan, 2008).

Thermal conductivity values of cement based mortar samples are divided by 2
different groups in TS EN 998-1 standard. Table 4.6 shows the thermal conductivity

value ranges according to the relevant standard.

Table 4.6 : Classification of thermal conductivity values for plasters according to the
TS EN 998-1 standard.

Classes Values
-~ T1 <0.10 W/mK
Thermal conductivity T2 <0.20 W/mK
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Detailed examination of the thermal conductivity values of the tested samples in this
research work according to the comparison with control sample and the related

standard are given in between Figure 4.95 and Figure 4.98.
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Figure 4.95 : Thermal conductivity vs fiber content for cotton fiber reinforced
composite plasters.

Figure 4.95 explains that all the samples produced with cotton fiber reinforcement
material meet the thermal conductivity requirement of TS EN 998-1 standard.
Because the thermal conductivity values of all samples were found to be less than
0.200 W/mK. So that all samples containing cotton waste fiber can be included in the
thermal insulation mortar category. When compared to control sample, the thermal
conductivity values of the cotton fiber reinforced samples increased up to 1.5% fiber
usage. While the thermal conductivity value of the control sample was 0.112 W/mK,
it increased to 0.126 W/mK as 1.5% cotton fiber usage rate. Then the thermal
conductivity value showed a decreasing trend from 1.5% to 4% fiber use. As a limit
value of 4% fiber utilization ratio, it is in T1 class thermal insulation plaster
category. At the 5% fiber utilization rate, the samples had a very low conductivity
value of 0.085 W/mK as the thermal conductivity value, and they easily included in

the T1 class according to the TS EN 998-1 standard. Also, a decrease of 32.5% in
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thermal conductivity value was recorded when the fiber utilization rate was increased

from 0.75% to 5% fiber usage.
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Figure 4.96 : Thermal conductivity vs fiber content for mixture of cotton+polyester
fiber reinforced composite plasters.

It is clearly understood in Figure 4.96 that when mixture of cotton+polyester waste
fibers are used, the thermal performance of the plaster samples worsens compared to
the control mixture. In 0.75% mixture of cottont+polyester fiber use, thermal
conductivity value increased by 0.036 W/mK and reached to 0.157 W/mK, when
compared to the heat insulation value of the control sample. The thermal
conductivity value continued at the same level up to the fiber utilization rate of 2%.
While fiber use at a lower rate than 2% of the fiber utilization reduced the thermal
conductivity value, none of the samples have a thermal conductivity value of T1
class according to the TS EN 998-1 standard. But even in this condition the produced
mortars fall into the T2 thermal insulation mortar class according to the relevant
standard. So, all the samples produced with mixture of cottont+polyester fiber
reinforcement material meet the thermal conductivity requirement of TS EN 998-1
standard. It was shown that the thermal conductivity values of all samples were

found to be less than 0.200 W/mK.
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Figure 4.97 : Thermal conductivity vs fiber content for polyester fiber reinforced
composite plasters.

When Figure 4.97 is examined, it can be concluded from the figure that all the
samples produced with polyester fiber reinforcement material meet the thermal
conductivity requirement of TS EN 998-1 standard. The thermal conductivity values
of all samples were found to be less than 0.200 W/mK. So that all samples containing
polyester waste fiber can be included in the thermal insulation mortar category.
When compared to control sample, the thermal conductivity values of the polyester
fiber reinforced samples increased only in 0.75% fiber usage. While the thermal
conductivity value of the control sample was 0.112 W/mK, it increased to 0.125
W/mK in the 0.75% polyester fiber usage rate. Then the thermal conductivity value
showed a decreasing trend from 0.75% to 3% fiber use. In other words, since the
thermal conductivity values of the produced composite plaster samples, up to 3%
polyester fiber usage ratio, was found between 0.200 W/mK and 0.100 W/mK, these
samples fell into the category of T2 class thermal insulation plaster mortar. The
thermal conductivity values of 4% and 5% fiber used samples were determined as
0.096 W/mK and 0.091 W/mK, respectively. Thus, these 2 groups were included in

the T1 class of thermal insulation plaster. Also, a decrease of 27.2% in thermal
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conductivity value was recorded when the fiber utilization rate was increased from

0.75% to 5% fiber usage.
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Figure 4.98 : Thermal conductivity vs fiber content for mixture of
cotton+polyester+acrylic fiber reinforced composite plasters.

Figure 4.98 explains that all the samples produced with mixture of
cotton+polyester+acrylic fiber reinforcement material meet the thermal conductivity
requirement of TS EN 998-1 standard. The thermal conductivity values of all the
samples were found to be less than 0.200 W/mK. So that all samples containing
mixture of cotton+polyester+acrylic waste fiber can be included in the thermal
insulation mortar category. When compared to control sample, the thermal
conductivity values of the mixture of cottont+polyester+acrylic fiber reinforced
samples increased only in 0.75% fiber usage. While the thermal conductivity value
of the control sample was 0.112 W/mK, it increased to 0.148 W/mK in 0.75%
mixture of cotton+polyester+acrylic fiber usage rate. The thermal conductivity value
of 1.5% fiber usage rate was found to be slightly less than 0.75% fiber usage rate.
Then the thermal conductivity value showed a stable trend from 1.5% to 4% fiber
use. At the 5% fiber utilization rate, the samples had a low conductivity value of
0.087 W/mK as the thermal conductivity value, and 5% mixture of

cotton+polyester+acrylic fiber reinforced plasters easily included in the T1 class
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according to the TS EN 998-1 standard. On the other hand, the rest of the mixtures
was located at T2 class thermal insulation plaster. Also, a decrease of 41.2% in

thermal conductivity value was recorded when the fiber utilization rate was increased

from 0.75% to 5% fiber usage.

To make a general evaluation of the thermal conductivity performances of the
produced composite plaster, it can be noted that all produced composite mortar
combinations including control sample can be evaluated within the scope of thermal
insulation plaster according to the TS EN 998-1 standard. The samples 4C, 5C, 4P,
5P and 5CPA remaining below the thermal insulation value of 0.100 W/mK and they
have the T1 thermal insulation class. All the remaining plaster combinations are

included in the T2 class as stipulated by the standard.
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S. CONCLUSION

This study was carried out in order to evaluate the textile waste fibers obtained from
Usak region, Turkey in cement matrix composite plasters. The physical and
mechanical properties of the produced composite mortars have been examined in

detail. The outputs and comments obtained from this thesis study are listed below.

1. According to 2014 data, Turkey is the third country on textile export
among the European countries. Besides, Turkey is the world's sixth largest garment
exporter. With such a huge production power, in Turkey’s textile sector, waste and/or
residual textile materials are composed depends on the large scale production.
According to EASME (2015), textile industry produces around 12 million tons of
waste in a year only in the Europa. When these wastes are evaluated, it provides
saving energy from one side, protecting the ecological balance and contributing to

the prevention of environmental pollution from the other side.

2. The samples were found to be completely dry in 19-20 days. This
analysis was carried out to understand the completely drying duration after in case of
application on site. After the material is dry, it can easily carry loads. This period
tells when the material can carry a load safely. That corresponds to the time which
the any treatment can be carried out on the applied plaster surface after such periods.
Findings obtained from unit volume weight analysis showed that as the fiber ratio
increases in general, the unit volume weight values of the plaster samples in the
composite structure show a decreasing tendency after a slight increase first. In other
words, the fiber amount plays a role of unit weight reduction in the mixtures. When
the numerical value obtained from the unit volume weight analysis is taken into
consideration, it was seen that the unit volume weight values of hardened samples
did not exceed 730 kg/m’ (075CP). The lowest unit volume weight value, which is
556 kg/m3, was obtained from the mixture containing 5% cotton waste fiber (5C).
Additionally, there is a condition about lightweight plasters that they should have
maximum unit volume weight of 1300 kg/m’ in the TS EN 998-1 standard. If a

comparison is made between this requirement and the samples produced in this thesis
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study, it can be easily seen that unit volume weights of produced samples are
between half of and one third of 1300 kg/m’. This phenomenon is indicating that the

produced plasters are sufficiently lightweight materials.

3. While, the use of low amounts of waste fiber in the composite plasters
increased the compressive strength of the material compared to the control sample,
the use of waste fiber at high rates reduced the compressive strength. Whereas the
compressive strength value of the control sample was 2.19 MPa, the compressive
strength values of the cotton fiber additive samples varied between 2.59 MPa and
1.23  MPa, the compressive strength values of the mixture of
cotton+polyester+acrylic fiber additive samples varied between 3.37 MPa and 1.23
MPa, the compressive strength values of the polyester fiber additive samples varied
between 2.54 MPa and 1.22 MPa, the compressive strength values of the mixture of
cotton+polyester fiber additive samples varied between 3.53 MPa and 1.38 MPa. If it
is desired to make selection by taking into consideration the compressive strength
criterion alone, plaster mixtures containing cotton + polyester fibers (075CP, 15CP,
2CP, 3CP, 4CP and 5CP) should be preferred. Because the highest compressive
strength values are determined in these mixture combinations among all tested
mixtures. The mixture with the highest compressive strength was determined as
075CP with 3.53 MPa and the mixture with the lowest compressive strength as 5P
with 1.22 MPa. The compressive strength values of all the samples produced and
cured for 28 days are included in the compressive strength classes according to TS
EN 998-1 standard. In fact, even with 7 day cured compressive strengths are in these

classes for all samples.

4. The plaster samples with mixture of cotton+polyester fiber have the
highest flexural strength values, between 2.25 MPa and 1.17 MPa, than the other
types. Flexural strength values of mixture of cotton+polyester+acrylic fiber additive
plasters follow the mixture of cotton+polyester fiber additive plasters with 2.23 MPa
to 1.01 MPa. The mixture with the highest flexural strength was determined as
075CP with 2.25 MPa and the mixture with the lowest flexural strength as 5C and 5P
with 0.96 MPa. It was seen that when cotton and polyester fibers used in plaster
combinations alone, their effects on flexural strength values were found as less than
those used as a mixture fiber. If it is desired to make selection by taking into

consideration the flexural strength criterion alone, plaster mixtures containing
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cotton+polyester fibers (075CP, 15CP, 2CP, 3CP, 4CP and 5CP) should be preferred.
Because the highest flexural strength values are determined in these mixture
combinations among all tested mixtures. However, these mixtures have also higher
unit volume weight characteristic. This situation could be considered as a
disadvantage in terms of lightweight criterion. High unit volume weights affect the

economic aspects and thermal conductivity of the materials in the negative direction.

5. The plaster samples with mixture of cotton+polyester fiber have better
splitting tensile strength values, between 0.60 MPa and 0.30 MPa, than the other
types. Splitting tensile strength values of polyester fiber additive plasters follow the
mixture of cotton+polyester fiber additive plasters with 0.55 MPa to 0.32 MPa.
Splitting tensile strength of 0.75% mixture of cotton+polyester+acrylic fiber additive
mortar was found as the highest value (0.62 Mpa), although splitting tensile strength
of 5.0% usage of same fiber additive in the plaster combinations was found as the
lowest value with 0.25 MPa. Which means that lower utilization ratio of mixture of
cotton+polyester+acrylic fiber additive provides added value to the mortars splitting
tensile characteristics. A general evaluation for splitting tensile strength; if it is
desired to make selection by taking into consideration the splitting tensile strength
criterion alone, plaster mixtures containing cotton + polyester fibers (075CP, 15CP,
2CP, 3CP, 4CP and 5CP) should be preferred. Because the highest splitting tensile
strength values were determined in these mixture combinations among all tested

mixtures.

6. Structural mechanical properties, which are internal friction angle,
failure angle, normal strength, shear strength and cohesion parameters, of the
samples were carried out in this thesis study. Structural strength analysis of materials

provides more comprehensive information about internal actions of the material.

Mohr Coulomb Failure Criterion was used to determine the structural strength
properties of samples. Mohr Coulomb Failure Criterion can be estimated some
mechanical properties of concrete based on the tension and compression stresses.
Mohr envelopes were drawn by the use of the compressive and splitting tensile stress

data.

The greatest value among the failure angles in terms of 68.4 degree failure angle
belongs to mixture of cotton+polyester reinforced mortar mixture group. It could be
evaluated as the most brittle and the hardest mixture type in all combinations. Use of
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polyester waste fiber in mixtures makes the mortar more ductile and it becomes more

flexible, because of smaller failure angle (65.7°).

The internal friction angle of mixture of cotton+polyester fiber reinforced specimens
was found to be 46.7°.This value is higher than the internal friction angle values of
the other mixture types. Which means that mixture of cotton+polyester fiber
reinforced composite plasters are denser and more compacted than the other types.
The internal friction angle of polyester fiber composite with 41.6° was found to be
the lowest among all four types of composite mixtures. This means that polyester

reinforced plasters have poor and loose structure.

Normal strength analysis was carried out to understand the situation that first crack
occurs in the sample’s structure. Normal strengths of composite plasters had a
decreasing trend depending on the reduction in splitting tensile and compressive
strength and increase in fiber content in each type of mixtures. Normal strength
parameter of cottont+polyester reinforced plasters with highest value of 0.52 MPa
(075CP) and lowest value of 0.24 MPa (5CP) are greater than the others. Which
means that cottont+polyester reinforced mixtures could resist more load before first

deformation inside.

Cohesion analysis was carried out to determine the strength that holds the particles of
the mortar together. According to this analysis, as it can be seen between Figure 4.87
and Figure 4.90, composite plasters reinforced with the mixture of cotton+polyester
fiber have exhibited a more cohesive structure. Cohesion values of this group were
found as higher than the others with a cohesion value range from 0.73 MPa to 0.33
MPa.

Since the shear strength value is directly related to the cohesion value, the shear
strength corresponding to the fiber use has a similar trend to the cohesion versus
cotton fiber content. Shear strength values of mixture of cotton+polyester fiber
reinforced plaster group was found as higher than the others with a shear strength

value range from 1.25 MPa to 0.54 MPa.

7. To make a general evaluation of the thermal conductivity
performances of the produced composite plaster, it can be noted that all produced
composite mortar combinations including control sample can be evaluated within the

scope of thermal insulation plaster according to the TS EN 998-1 standard. The
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samples 4C, 5C, 4P, 5P and 5CPA remaining below the thermal insulation value of
0.100 W/mK and they have the T1 thermal insulation class. All the remaining plaster

combinations are included in the T2 class as stipulated by the standard.
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