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ABSTRACT

EFFECT OF POLYPROPYLENE FIBER ON THE STRENGTH PROPERTIES
OF STRUCTURAL LIGHTWEIGHT CONCRETE WITH DIFFERENT UNIT
WEIGHTS

MAHMOD, Faraydon Hama Rash.W
M.Sc. Thesis, Civil Engineering
Supervisor: Assoc. Prof. Dr. Mucip TAPAN
September 2019, 62 pages

Structural Lightweight Concrete (SLWC) is a commonly used type of concrete
in the civil engineering field due to its significant properties such as: better thermal fire
resistance and lower unit weight compared with conventional concrete. In this study,
pumice stone as a type of lightweight aggregate is used in different sizes from 0.5 to 2
mm to produce three different unit weights of lightweight concrete (G1, G2, and G3)
with various percentages of polypropylene fiber volume (0.0 %, 0.25%,0.50%). This
study investigated the effect of unit weight and polypropylene fiber on the fresh
properties of lightweight concrete such as workability. The effects on the mechanical
properties of lightweight concrete were also studied such as compressive strengths,
flexural strengths, split tensile strength, thermal conductivity and evaluated
temperatures (200, 400, 600 and 800°C). With the reduction of the unit weight of
lightweight concrete an increase in workability is observed while the higher the volume
of pp fiber the workability increases. With an increase in the volume of polypropylene
fiber from 0% to 0.5% and a decrease in the unit weight of lightweight concrete the
compressive strength and the split tensile strength decreases. However, the flexural
strength, thermal conductivity and evaluated temperatures (200, 400, 600 and 8000C)
are all improved. When the percentage of polypropylene fiber is increased from 0.0% to
0.50% the optimum vale of flexural strength is obtained and found to be 2.5 MPa.
Without the addition of pp fiber, the maximum values of compressive strength and split
tensile strength are obtained to be 30 MPa and 2.11 MPa respectively.

Keywords: Fire resistance, Mechanical property, Polypropylene fiber, Pumice

aggregate, SLWC, Thermal conductivity, Unit weight.






OZET

POLIPROPILEN LiFiN FARKLI BiRiM HACIiM AGIRLIGINA SAHIiP
TASIYICI HAFIiF BETONLARIN DAYANIM OZELLIKLERI UZERINDEKI
ETKIiLERI

MAHMOD, Faraydpn Hama Rash. W
Yiiksek Lisans Tezi, Insaat Miihendisligi
Tez Danigmani: Assoc. Prof. Dr. Mucip Tapan
September 2019, 62 sayfa

Tasiyici hafif agirlikli beton (THAB) genellikle normal betona gore daha diisiik
1s1l iletkenlige, daha iyi yangin dayanimina ve daha diisiik birim hacim agirliga sahip
oldugundan dolayr insaat miihendisligi uygulamalarinda kullanilmaktadir. Bu
caligmada, tane biiyiikligli 0.5-2 mm olan pomza agregasi ile farkli oranlarda (0.0%,
0.25%, 0.50%) polipropilen lif katkili farkli birim hacim agirliga sahip tasiyici hafif
beton {iretilerek, beton birim hacim agirliginin tasiyict hafif betonlarin basing, egilme
ve yarmada ¢cekme dayanimlari, ile termal iletkenlik ve yangin dayanimlar tizerindeki
etkileri belirlenmistir. Uretilen numunelerin ultrasonik hiz (UPV) dl¢iimleri ile basing
dayanimlan arasindaki iligski ayrica incelenmistir. Calisma sonucunda, tasiyici hafif
betonlarin islenebilirlik o6zellikleri birim hacim agirligr ile ters orantili oldugu
polipropilen lif miktarinin artmasiyla da azaldigi gortilmustiir. Lif katkili tagiyict hafif
betonlarin optimum egilme dayanimlar1 %0.5 lif katkis1 ile 2.5 MPa olarak elde
edilmistir. Sonu¢ olarak, birim hacim agirhg 1585 kg/m3 ve silindirik basing ve
yarmada ¢ekme dayanimlari sirasiyla 30 ve 2.11 MPa olan tasiyict hafif beton

iretilmistir.

Anahtar Kelimeler: Brim hacim agirlik, Tastyic1 hafif beton, Isil iletkenlik, Basing

Dayanimi, Egilme Dayanimi, Pomza, Polipropilen lif.
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1. INTRODUCTION

1.1. Background

Structural Lightweight Aggregate Concrete (SLWAC) has been known for
centuries. It is not a new finding in the history of concrete technology and engineering.
It is easy to reach a great number of references related to SLWAC. Centuries back,
natural aggregates such as volcanic origin, scoria and pumice were used to manufacture
lightweight concrete. In the 3" millennium B.C, the Sumerians made use of lightweight
materials in the construction of Babylon buildings (Fig. 1.1) (Chandra, Satish and Leif
Berntsson, 2008). The history of producing lightweight aggregate from natural
resources goes back to pre-Roman periods, and its production continues in present-day
with volcanic porous rocks. As a matter of fact, the materials from regions of volcanic
activities are limited. In the 19™ century, while reinforced concrete developed, and due
to non-existence of natural porous aggregate in the developed countries, researches

started to manufacture artificial aggregate (Clarke, 1993).

Figure 1.1 Babylon, Iraq, built by Sumerians in the 3rd millennium B.C. (Chandra,
Satish and Leif Berntsson, 2008).



Structural lightweight concrete can be defined by a minimum compressive strength of
17 MPa and a unit weight between 1350 and 1900 kg/m*® (ACI-213R-87, 1998).
Structural lightweight aggregate concrete (SLWAC) can be used to reduce the weight of
structures. (B. Devi Pravallikal, 2015). Structural lightweight aggregate concrete
(SLWAC) has been inspected and successfully utilized in the civil engineering field for
many years, especially in long-span bridges, marine platforms, and high rise buildings
(Li Jing jun et al., 2016) due to its higher strength to weight ratio (Nahhas, 2013).
Lightweight concrete has a great number of advantages as compared to normal weight
concrete such as higher strength/weight ratio, low density, improved fire resistance,
better durability property, low thermal conductivity coefficient (Libre et al., 2010),
better tensile strain capacity and superheat and sound insulation characteristic due to
present air voids in lightweight aggregate. In spite of the various advantages,
lightweight concrete has disadvantages such as higher brittleness and lower mechanical
properties, after peak loads due to the previous failure of lightweight concrete structures
(Li Jing junet al.,2016). Using lightweight concrete reduces the dead load of structures
which results in smaller cross-section in beams, walls, foundations, and columns. Also
reduces the danger of earthquake damages to structures by decreasing the total unit
weight of the structure. Usually, natural or artificial lightweight aggregate (LWA) is
utilized for replacing parts or fully replacement with conventional aggregate in order to
produce structural lightweight aggregate concrete (SLWAC). These aggregates,
artificial or natural are available in different places of the world (Libre et al.,2010).
Pumice is mostly found in natural lightweight coarse aggregate which is utilized in the
production of concrete. Lightweight pumice aggregate (LPA) is a natural aggregate of
volcanic origin. It has a low specific gravity (Muralitharan, and Ramasamy, 2017). It is
formed by omitting gases in the process of lava solidification. The pumice has a cellular
structure produced by the formation of air voids or bubbles when the trapped gases in
the molten lava flowing through volcanoes are cooled. The cells are parallel and
elongated to each other sometimes interlink. Several countries of the world used
volcanic pumice aggregate to produce of lightweight concrete, to date; the use of
pumice has been dependent on limited and availability to countries where it can be

easily imported or locally available. The lightweight concrete produced by pumice



aggregate is measured to be two to three times lighter than conventional concrete
(Khandaker and Anwar, 2003). Figure 1.2 shows three methods of manufacture
lightweight concrete. The lightweight concrete can be classified according to the
production methods:
1. Utilizing a low-density lightweight aggregate by replacing the conventional
aggregate.
2. Aerated concrete this type of concrete can be obtained by injecting gas or air
bubbles into the concrete and mortar; this is also known as foamed concrete.
3. No-fine aggregate, it is a kind of lightweight concrete, in which the fine
aggregates of conventional concrete are omitted. This concrete contains only

cement, coarse aggregates, and water. (Neville, 2010), (Mohammed et al., 2014).

No-fines concrete ' Aerated concrete Lightweight aggregate concrete

Figure 1.2. Basic shapes of lightweight concrete (Mohammed & Hamad, 2014).

The Purpose of using lightweight concrete can be categorized into three types according
to the purpose of using:

1. Structural lightweight concrete with an approximate density range of 1400-
1800 kg / m® and cylinder compression strength for 28 days or more should be
around 17 MPa.

2. Masonry concrete has a density range of (500-800) kg / m® and a compressive
strength between 7-14 MPa.

3. The heat-insulating concrete has a unit weight of less than 800 kg/m® and
compressive strength of 0.7-7 kg / m®, but a thermal coefficient of about 0.3 J /
m? sec ° C / m. (Mohammed et al., 2014) (Neville, 2010).



One of the techniques to increase the properties of concrete is by dispersing fiber
into the concrete. These fibers are synthetic fibers which can be obtained from textile
manufacturing and they are obtainable in various shapes and at a cheap price.
Polypropylene fibers (PP Fibers) have low specific gravity and low cost. The usage of
fibers directly affects the tensile and flexural strengths and it is an important addition to
the concrete to decrease plastic shrinkage and thermal cracking (Dharan, Divya S and
Aswathy Lal, 2016). Around 3 to 4 decades ago, fibers were used in various researches;
however, they were not popular or widely used. As it is very well known concrete has
high compressive strength and tensile strength. For this reason, steel reinforcement can
be provided to improve the tensile strength but it does not increase durability control
cracks. So, polypropylene fiber is the best solution to be used in reinforced concrete to
increases the flexural strength and decreases the post cracking behavior (Kumar, Pawan
and Dr. A.K. Mishra, 2016). The structures utilizing Fiber Reinforced Concretes has
increased. The advantage of using reinforced fibers in the concrete include: increasing
the flexural strength, impact strength, toughness, tensile strength also the failure mode
of the concrete. The PP fibers added to concrete has no effect or very insignificant effect
on the modulus of elasticity and compressive strength. The usage of fiber in a concrete
mixture depends on several parameters such as fiber volume, fiber geometry, fiber type,
fiber aspect ratio and maximum aggregate size. Addition of fiber to concrete decreases
the workability of concrete (Mazaheripour, H et al. 2011). Polypropylene fiber and
silica fume affect the mechanical properties of lightweight concrete and resist higher
temperatures. The flexural and compressive strengths of reinforced lightweight concrete
with pp fiber drop when the temperature increases. While the compressive strength
decreases and then increases a little (Shihada and Samir, 2017). The most common way
to increase the ductility and strength of concrete is by adding different types of fibers in
the concrete mixture. Fiber volume, elastic modulus, aspect ratio and tensile strength of
fibers are the most significant properties of fibers that have effects on ductility and
concrete strength (Guler, 2018). In this study, polypropylene fiber (12 mm) type is used;
it is utilized in proportions of (0.25%, 0.5 % and 0.75%) in volume. The effects of
different amounts of polypropylene fiber on the compressive, flexural strength, splitting
tensile and workability, as well as compressive and flexural toughness of structural light

concretes have been investigated.



1.2. Objective

The main objective of this study is to investigate the effects of fiber content, unit
weight and high temperature parameters on the compressive strength of fiber-
reinforced structural lightweight concrete. In order to achieve these objectives, firstly,
the effect of different volume of polypropylene fiber on the stress-strain curve and the
compressive and flexural strength of fiber-reinforced structural lightweight concrete
will be determined. Then ultrasonic pulse velocity measurements will be conducted on
structural lightweight concrete samples, before and after being exposed to high
temperature. This will be done in an attempt to determine the correlation between
compressive strength and UPV values of structural lightweight concrete that are
exposed to fire. The effect of polypropylene fiber on the residual compressive strength
of structural lightweight concrete while exposed to fire will also be obtained. On the
other hand, the thermal conductivity properties of each mix will be evaluated. The effect
of different amounts of polypropylene fiber and pumice on the compressive strength,
splitting tensile strength, flexural strength and workability, as well as compressive and
flexural toughness and unit weight of structural lightweight concrete, will be discussed
in detail.

1.3. Significance

For structural applications of lightweight concrete, having desired strength with
less unit weight will reduce the self-weight of the structural elements, foundation size,
and construction costs (Rossignolo, Marcos V. and Jerusa A.2003). Lightweight pumice
aggregate is available around the city of Van in Turkey, so it is significant to make use
of the lightweight aggregate to produce structural lightweight concrete. In this study,
fine-grained pumice aggregate will be used to produce normal strength lightweight
concrete. Polypropylene synthetic fibers with low volume ratios (0.25% to 0.5%) will
be utilized to increase the strength and toughness capacities of structural lightweight
concrete. The change in compressive, splitting tensile and flexural strength of structural
lightweight concretes with the use of PP fibers will be studied. The thermal conductivity
properties of structural lightweight concrete will also be studied in order to determine


http://0210y2t4g.y.https.www.sciencedirect.com.proxy.yyu.deep-knowledge.net/topics/materials-science/synthetic-fiber

the insulation properties and energy saving in case of using structural lightweight
concrete in buildings. Finally, the residual compressive strength of structural
lightweight concrete samples after exposure to 200, 400, 600 and 800 OC will be

determined in order to find the fire performance of structural lightweight concrete.

1.4. Thesis Outlines

Chapter 1: Introduction, Background, Object, Significant and Outline.
Chapter 2: Literature review.

Chapter 3: Materials and Method.

Chapter 4: Results.

Chapter 5: Conclusion.



2. LITERATURE REVIEW

In this chapter a brief review of available studies on lightweight concrete tests
will be presented. To examine the properties of lightweight concrete, the properties of
strength, temperature and durability must be studied both expermentally and anatylicaly.
To do this some of the best already done expermental investgations will be studied and
understood. The following literature reviews are analysed.

The interest in using fibers for the reinforcement of composites has improved
during the last several years. kolli,Ramujee (2013) studied the strength properties of
polypropylene fiber reinforced concrete. In this paper, compressive strength, splitting
tensile strength of concrete samples made with various amount of fibers (0%,
1%,1.5%,2%) were determined. The maximum compressive strength (45.25 Map)
obtained by 1.5% of polypropylene fiber content.

Guler.S (2018) studied the effects of fiber on the strength and toughness of
structural lightweight concrete. In this study, two different sizes (12 and 14 mm)
polyamide fiber was used. It was concluded that by using 0.75 hybrids (micro and
macro) polyamide fibers, the workability was reduced whereas the compressive
strength, toughness, splitting tensile strength and flexural strength of structural
lightweight concrete were increased (Gluer, 2018).

Dharan and Aswathy (2016) conducted an experimental study in order to
determine the effects of various amounts of (0.5%,1%,1.5%,2%) polypropylene fibers
on the strength of structural concrete. It was concluded that, by using an optimum 1.5%
of fiber, the compressive, flexural strength and modulus of elasticity of the concrete
were improved.

Shihada (2017) investigated the impact of polypropylene fibers on fire resistance
in concrete. In order to obtain this, concrete mixtures were prepared by utilizing various
percentages of polypropylene: 0%, 0.5%, and 1%, by volume. The samples were heated
to 200, 400 and 600 °C temperatures for exposures up to 6 hours and tested for
compressive strength. It was concluded that after fire exposure, the relative compressive

strength of the samples with PP fibers were higher than those without the addition of PP



fibers. After fire exposure, the highest residual compressive strength was obtained by
using an optimum 0.5% of PP fiber.

This research paper provides an empirical study on polypropylene fiber
reinforced concrete Mohod (2015). Milind (2015) studied the effects of adding different
percentages of polypropylene fibers to high strength concrete properties (mixtures M30
and M40). A pilot program wasin work to explore its effects on compressive, tensile and
flexural strength under various curing conditions. The main aim of the investigation
program is to study the influence of polypropylene fiber mix by changing the content
such as 0%, 0.5%, 1%, 1.5% and 2% and finding the optimum content of polypropylene
fibers. A significant improvment in compressive, tensile and flexural strength was
observed. However, further investigations have been recommended and should be
carried out to gain a deeper understanding of the mechanical properties of fiber-
reinforced concrete.

Lakshmi, S.,Gasper , M.Dinesh, and V.Balaji (2017) This study aims at
comparing normal weight concrete and lightweight concrete, using mix M30 with
polyethylene carboxyl ether admixture and the production the lightweight concrete
using the partial replacement of coarse aggregate with different percentage ratios of
pumice from ( 20%, 50%, 80%, and 100%) . Pumice stone is used in different
proportions and different tests have been performed and compared with normal-weight
concrete. The utilization percentage ratio 50% obtained low unit weight (1500kg/m3)
and the high result compared to other ratios.

Minapu et al., 2014 (2014) In this project the mechanical properties of a
structural grad lightweight concrete has been studied, utilizing the M30 mix, and using
lightweight aggregate pumice stone as a partial replacement to normal weight coarse
aggregate, fly ash and filica fume as mineral admixture. Fly ash and silica fume offer
good strength, however, when pumice stone is replaced by 20% the strength reduced
more than this percentage

Fibre Reinforced Light Weight Aggregate (Natural Pumice Stone) Concrete
have been studied by Rao Kumari,et al., 2013 (2013). In this study, the used mix design
was M20 and the best results were obatined at 20% of the lightweight aggregate pumice
stone as a partial replacement to normal weight coarse aggregate and with 1.5% fiber.



Also, the average target with an average strength is obtained with M20 cocnerete mix
and using 40% pumice and 05% fibers.

In this paper, the compressive and splitting tensile strength of lightweight
concrete were affected by silica fume after high temperatures, this was proven
theoretically and experimentally Harun Tanyildizi (2007). In the mixture, silica fume is
used in different percentages of 0%, 10%, 20% and 30% to replace Portland cement.
After the specimens are heated in an electric furnace up to 200, 400 and 800 C, they are
then tested for splitting tensile and compressive strength. In the paper, the optimum
compressive and splitting tensile strength were obtained when 20% silica fume was
utilized for all temperatures. The the compressive and splitting tensile strength of
lightweight concrete decreased with temperature starting from 200 C.

In this study, the experimental investigation on the properties of pumice
lightweight aggregates concrete has been presented Parhizkar, M., and A.R (2011). Two
groups of lightweight concrete are used such as lightweight fine with coarse aggregate
concrete and natural fine with lightweight coarse aggregate concrete. The durability,
mechanical and physical aspects of them are studied. The compressive and tensile
strength of LCNF is 20% to 40 % lower than control concrete, but the unit weight of
LCNF concrete 30 % lighter than control concrete. The compressive and tensile strength
of LCF is 50 % lower than control concrete, but the unit weight of LCF is about 40 %
lighter than control concrete.

Saini, Anil , Anurag , and Ashish (2018) this is an expermental paper which
focuses on the strength parameters of the newly designed type of concrete. In this study,
lightweight concrete has been produced by partially replacing normal coarse aggregate
with different percentages of pumice aggregate from 8%, 16%, and 24% and using the
M30 mix. The compressive strength improves when 16% of pumice lightweight
aggregate is used to replace normal coarse aggregate and the increasing replacement
percentage of normal weight coarse aggregate with pumice aggregate the unit weight is
obsereved to decrease.

An experimental study was performed by Rajeswari S. (2015) to investigate the
influence of replacing normal weight aggregate by different percentages of pumice
lightweight aggregate . The study uses mix M25 and utilizes different percentages of
pumice (20mm) from 50%, 60% and 70% to produce lightweight concrete to then
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compare to normal weight concrete . The maximum value of compressive strength is
obtained when using 60% replacement of Pumice with coarse aggregate and
comparable with normal concrete.

Alduaij, Khalid , M. Naseer , and Khalid (1999) in this research paper
lightweight concrete has been produced by using various unit weight aggregates without
using natural fine aggregate (no-fines concrete). The compressive strength in
lightweight concrete was obtained 22 MPa in 28 days and 1520 kg/m? dry unit weight.

An experimental investigation was undertaken by Subasi (2009), the study found
the effect of utilizing fly ash in lightweight concrete created with expanded clay
aggregate. The impacts on mechanical and physical properties of the concrete are
studied. The lightweight concrete with 450 kg/m3 cement content and 10% flay ash
replacement had the best strength value of 45.97 MPa.

A study was made by Kumar K. G. and C (2016) the research consists of two
parts. In the first part, the mixes produced normal weight concrete M20, M25 and M30.
In the second part the conventional concrete replaced by various percentages of pumice
stone from 10%, 20% and 30%. In the study when Ma30 grade of concrete used with
replacement percentage of 10%, can be effectively used for structural purpose.

An experimental study was performed by (Venkatesh, B. and B. Vamsi Krishna,
2015) to investigate the influence of the replacement of fly ash on the compressive
strength in lightweight concrete. In the study, the M25 mix was used in the concrete,
and pumice lightweight aggregate was used at various percentages from 25%, and
33.33% to replace normal weight aggregate and the replacement of cement by fly ash in
various percentages of 15%,20%, 25%, and 30%. The usage of 25% pumice and 20%
fly ash replacement obtained the best value for mechanical property of concrete .

Rai and Dr. Y.P joshi (2014) conducted an empirical study on fiber reinforced
concrete. The different types of fibers and their applications are studied. The concrete
properties are improved by the addition of polypropylene fibers, the compressive
strength is increased by about 16% and the flexural strength increased by about 30%
with the addition of polypropylene fibers. The ductility of concrete is improved by
additional fibers, and slump test were carried out to find out the consistency and
workability of the fresh concrete. The capacity of all-fiber reinforcement is dependent

on the performance of a uniform division of the fibers in the concrete.
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Karthik, M.,et al (2015) conducted experimental studies on the unit weight of
normal weight aggregate concrete and lightweight aggregate concrete. In this study,
concrete is produced by natural coarse aggregate which is then replaced by different
percentages of pumice lightweight aggregate from 20% to 40% and with 0.5%, 1% &
1.5% of glass fiber and polypropylene fiber. At 0.5% polypropylene fiber and 20%
pumice aggregate, the mechanical properties of lightweight concrete were obtained.

Sancak, Y. Dursun , and Osman (2008) have investigated structural lightweight
concrete produced by both Pumice and normal weight concrete. In this research, the
portaland cement in the concrete mixture was replaced by various percentages of silica
fume from 0%, 5% and 10% in weight and adding superplasticizers (SP) by a ratio of
2% of weight. The density of lightweight concrete was 23% less than that of normal
weight concrete. After being exposed to high temperatures the compressive strength and
weight loss of the concrete were determined. The conventional weight of concrete saw a
higher deterioration when compared to lightweight concrete.

Alsadey and Muhsen (2016) studied the effects of Polypropylene Fiber on the
strength of concrete and the maximum quantity of polypropylene fibers required to
obtain the maximum compressive strength, with the usage of M25 grade concrete. In
this paper fibers and other admixtures are added in certain proportions into the concrete
in an attempt to develop performance concrete. The utilization is done in various
percentages of polypropylene fiber of 1%, 1.5% and 2%, the compressive strengths
obtained were 26 N/mm? , 26.40 N/mm? and 28 N/mm? respectively. The best
compressive strength of control mix without polypropylene fiber was determined to be
25 N/mm?.






3. MATERIALS AND METHODS

In this section, the material choice, mix design and the procedure adopted in
this project will be reported in detail. The mechanical and physical properties of the

materials are illustrated in the tables and figures.

3.1. Selection of Materials

3.1.1. Cement

In this research, in all the concrete mixes ASTM Normal Portland Cement
(NPC) CEM 1 52.5R was used. This type of cement gave a compressive strength of
52.5 N/mm? (MPa) in 28 days. The specific gravity of the cement was found to be
3.156 g/cm®. It is manufactured as TS EN 197-1-CEM Adana in Turkey. The cement
must be new and of uniform consistency, if there is any proof of foreign matters or
lumps in the cement, it must not be used. The cement must be stockpiled for an as short
duration as possible and under dry conditions. Chemical and Physical properties of

cement are given in Table 3.1and 3.2.

Table 3.1. Chemical compositions of Normal Portland Cement

Composition Content(%) standard
SiO, 20.09 -
Fe,O3 3.87 -
Al,O3 4.84 -
Ca0O 64.02 -
MgO 1.15 Max 5.0
SO3 2.83 Max 4.0
Loss On Ignition 2.36 Max 5.0
Insoluble Residue 0.34 Max 5.0
Free Lime 0.80 -
Alkali Equivalent(Na,O 0.65 -

type)
Total Additive 3.85 -
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Table 3.2. Physical properties of Normal Portland Cement

Physical Properties Content(%) standard
Setting Time (Initial) 165 Min 45
Setting Time (Final) 275 -
Specific Gravity 3,156 3.156 -
Expansion 1 Max 10
Strength for 2 days 21.1 Min 30
Strength for 28 days 56.4 Min 52.5

3.1.2. Silica Fume

Silica fume is a material that is mostly used as a mineral admixture, it is
composed of submicron particles (100 to 150 times smaller than a grain of cement), of
amorphous (non-crystalline) silicon dioxide (SiO;). It is considered a significant
admixture in concrete due to its physical and chemical properties, for example it is a
very reactive pozzolan. Concrete containing silica fume can be very durable and have
high strength. Silicon metal and alloys are manufactured in electric furnaces. Silica
fumes powder is used in this study in order to increase the fresh and hardened

mechanical properties of structural lightweight concrete. Physical and chemical

properties of silica fume are given in Table 3.3

Table 3.3. Chemical composition and physical properties of silica fume

Chemical and physical properties contents
Specific gravity (g/cm®) 2.2
Specific surface area (cm /g) 20
Loss on ignition (%) 1.89
SiO, content (%) 93.1
SO; content (%) 0.27
Fe,Os content (%) 0.9
CaO content (%) 0.35
C content (%) 1.22
Total alkali 0.9
Moisture content (%) 0.3
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3.1.3. Pumice Aggregate

Pumice is an extrusive igneous volcanic rock shaped through the rapid cooling
of air-pocketed lava, which produces a rock which has a low-density and high-porosity.
Fine-grained pumice with particle size of 0-3 mm is used as a lightweight aggregate in
this study. Raw pumice material is collected from a quarry in Ercis (Van) which is then
dried in an oven for 48 hours and then crushed using laboratory type dodge jaw crusher
in order to reduce the size of the particles 0-3 mm. In Figure 3.1, pumice size of 0-3mm

is depicted.

Figure 3.1. Pumice size aggregate between (0.5-3) mm.

3.1.3.1. Chemical Properties

Pumice is a pozzolanic material due to its response with lime (calcium
hydroxide) released during the hydration of cement. Amorphous silica in the
pozzolanic materials reacts with lime to form cementitious materials. Chemical
analysis shows that volcanic pumice is fundamentally composed of around 61% silica.
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Volcanic pumice has a cementitious combination such as alumina, iron oxide and
calcium oxide a total of about 30%. Volcanic pumice contains higher oxide quantities
(7.67%) of potassium and sodium which are known as alkalis. Higher alkali presence
in the volcanic pumice may have certain effects leading to disintegration of concrete
due to the reaction with some aggregate this will influence the strength of the cement.

Table 3.4, depicts the chemical properties of pumice.

Table 3.4. Pumice chemical properties (Jackson, 1983)

Chemical compound Chemical composition, %
Calcium oxide (CaO) 4.44
Silica (SiOy) 60.82
Alumina(AL,03) 16.71
Iron oxide (Fe;03) 7.04
SiO; + AlLO3 + Fe; O 84.5
Sulphur trioxide (SO3) 0.14
Magnesia (MgO) 1.94
Sodium oxide (Na, O) 5.42
Potassium oxide (K, O) 2.25
Loss on ignition 1.52

3.1.3.2. Size of aggregate particles

The pumice aggregate size has a direct effect on mechanical property of
concrete. In this study, after having determined the average gradation of pumice, %35
of (0.5-1) mm size of pumice and %65 of (1-2) mm size of pumice are used by volume.

3.1.3.3. Density of aggregates

The bulk density of pumice lightweight aggregate can be defined by the relation
between the mass of aggregate and the volume. It must be calculated without
compaction. In this project, it is found by drying the pumice aggregate in the oven at
100 °C. Table 3.5 gives the results of unit weight of pumice aggregate by ASTM.
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Table 3.5. The density of pumice aggregate(Kg/m®)

Density Pumice Aggregate Size
(0.5-1) mm (1-2) mm
Oven dry density 398 445

3.1.4. Filler and Aggregate Stone

Porphyritic is a type of natural stone which will be collected from a quarry in
Van and will be used as a filler and normal-weight aggregate in structural lightweight
concrete. The raw material will be crushed using laboratory type dodge jaw crusher, in
order to reduce the size of the particles to 0-2 mm after being transferred to the
laboratory. The crushed materials will then be sieved and sorted according to their
particle size (0.5-1 mm and 1-2 mm as fine aggregate and <500 microns as filler) and

used in the structural lightweight concrete mixture.

3.1.5. Polypropylene Fiber

Polypropylene is the first stereo regular polymer to have achieved industrial
importance. The fibers from Polypropylene are widely used in the construction industry
and have become an important member of the fiber-reinforced concrete. Commercially

available Polypropylene fibers with fibrillated shape will be used in this study.

3.1.6. Water

The water utilized in the mixing of the concrete is to be fresh and free from any
organic and harmful solutions which might lead to deterioration in the properties of the
mortar. Potable water is fit for utilize for both the mixing part as well as for curing of

beams. However, saltwater is not to be utilized.
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3.1.7. Superplasticizer

For achieving better workability for fiber-reinforced structural lightweight concrete, the
use of a superplasticizer is required. Therefore, a commercially available

superplasticizer with the brand name of Gallium ACE-30 will be used in this study.

3.1.8. Air-Entraining Agents

Air-entrained concrete includes billions of microscopic air cells per cubic
meter. These air pockets decrease the weight of the concrete and improve its
workability and durability. Air-entrained concrete is produced by utilizing air-
entraining admixtures. A commercially available air-entraining admixture with the
brand name of MasterAir-200 will be used in order to reduce the weight and improve

the workability of structural lightweight concrete that will be produced in this study.

3.2. Proportion Guideline Adopted

3.2.1. Variables

The main objective of this research is to know the structural properties of
SLWAC with the addition of pumice aggregate. The compressive strength between 14-
36 Mpa which could be utilized in the reinforced concrete structure, in spite of
polypropylene fiber used in the mixture to improve the flexural strength of concrete.

Several different mixes have been produced and studied.

3.2.2. Proportions Used

In this research, the proportions of materials used in the concrete mixes are all
stabilized except for pumice aggregate and polypropylene fibers. The compound of
pumice has a direct influence on both the unit weight and the compressive strength.
Two different sizes of pumice aggregate are used in different amounts, 35% size 0.5-1

mm and 65% size 1-3 mm in all the mixes. Also, 25% and 50% of polypropylene fibers
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have been used. With the use of polypropylene fiber in the concrete mixture the

workability of concrete decreased, so 5.5 % of Superplasticizer has been utilized to

achieve the desired workability. 0.2% Air entraining is utilized in SLWAC to increase

its durability and enhance its workability. However, the entrained air bubble influenced

both the compressive strength and unit weight. All the proportions used in this research

can be seen in Table 3.6.

Table 3.6. Concrete mix proportions

Mix Ceme Silica Filler Water W/B Air SP Fine Aggregate

Name nt fume , , \ , Ent. \ \ pumice Stone P_P
Kgim Kg/m Kg/m L/m Kg/m Kg/m Kg/m i?or{g r(nc2 E) 6i:/31 ((t )3) Kg3/m Frilbe
3 Ka/

m

Mix 1 692 173 207 385 445 1.39 38 622.5 1245 894.8

Mix 2 692 173 207 385 445 1.392 38 622.5 1245 8948 30

Mix 3 692 173 207 385 445 1.392 38 622.5 1245 8948 60

Mix 4 692 173 207 385 445 1.392 38 466.8 933.6 894.8

Mix 5 692 173 207 385 445 1.392 38 466.8 933.6 8948 30

Mix 6 692 173 207 385 445 1.392 38 466.8 933.6 8948 60

Mix 7 692 173 207 385 445 1.392 38 311 578 894.8

Mix 8 692 173 207 385 445 1.392 38 311 578 8948 30

Mix 9 692 173 207 385 445 1.392 38 311 578 8948 60

* SF: Silica fume 0.25 % cement

* SP: Superplasticizer 5.5% cement.

* PP Fiber: polypropylene fiber (0.25 % and 0.5%) by volume

* Filler: 0.30% cement

* Air Ent: air entrance 0.20% cement

3.2.3. Production Workability

*L: Liter

Slump test measures the workability of pumice lightweight concrete at the same

time with assessing visually (Figure 3.2). This study attempts to keep a good workable

concrete mixture while enhancing the required properties. The same water to cement

ratio is used in all the mixtures. When polypropylene fiber is added to the concrete

mixtures these mixes experienced a decrease in workability (Mix2, Mix3, Mix5, Mix6,

Mix8, Mix9). To obtain good workability, Superplasticizers were utilized.
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Figure 3.2. Slump Test.
3.3. Concrete Mixing and Casting

The concrete mixtures are prepared in the laboratory by using a pan-type mixer
(B120) with a capacity of 250 Lt showed in figure 3.3. All the used material
proportions to prepare the mixtures are explained in Table 3.6. Three types of structural
lightweight concrete with a compressive strength of 14-36 Mpa and a unit weight of
1400-1800 kg/m3 are prepared by using 0%, 0.25% and 0.5 % of polypropylene fiber
by volume. The effects of the different amounts of polypropylene fiber on the
compressive, splitting tensile and flexural strength, workability, as well as compressive
and flexural toughness of structural lightweight concrete are investigated. The mixtures
are casted into plastic and steel molds and compacted on a vibration table. After 24 h,
they will be demolded and stored in a control room maintained at 95% of relative
humidity (RH) and 23°C, until the day of the test. Immediately before testing, the water
on the surface is removed using a towel. For compressive strength of the specimens
150x300-mm cylinders are used while for the split tensile strength 150x150 mm cubes
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are used. For flexural strength tests 100x100x400-mm prisms are used and for fire
resistance tests 100x100 mm cubes are used. The modulus of elasticity and poison’s
ratio of structural lightweight concrete are obtained from testing 150x300 mm
cylinders at a constant loading rate of 5kN/s. The modulus of elasticity is calculated
based on the stress corresponding to 30% of the ultimate load and the longitudinal
strain created by this stress. The thermal conductivity tests of the samples are
conducted on a machine which works with the principle of the hot and cold plate by
using 50x300x300 mm prisms. The fire resistance tests will be conducted using
100x100 mm cubes. The effect of different amount of polypropylene fibers on the
residual compressive strength of structural lightweight concrete after exposure to 200,
400, 600 and 800 °C, for one hour; in a heating rate of 6 °C per minute is analyzed.

Figure 3.3. Mixer.
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3.4. Tests for Mechanical Properties

3.4.1. Compressive strength test

Concrete compressive strength is tested by taking standard cylinder samples
with a diameter of 150 mm and a height of 300 mm from concrete for 28 days. During
the 28 days of the curing, the concrete compressive strength is continuously increased
and after 28 days this gain is slowed down. Therefore, since the strength of the
concrete is 99% at 28 days, it is almost close to its final strength. Therefore, we depend
on the results of the compressive strength test after 28 days and we use this strength as
the base of our design and evaluation. In this paper, the compressive strength of the
specimens is taken using 150x300-mm cylinders and three cylinders are tested for
compressive strength at a period of 7, 14 and 28 days after casting. As per ASTM C39
a UTEST hydraulic compression machine with an optimum capacity of 3000 KN is

used, as shown in Figure 3.4
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Figure 3.4. Compressive strength equipment.
3.4.2. Splitting tensile strength test

The tensile test is one of the most common test methods to test the properties of
concrete. It is used to determine the maximum load (tensile strength) and study the
behavior of the sample when an axial tensile load is applied. In this
test,150mm*150mm cubes are used and tested at 28 days after casting. As per ASTM
C39 a UTEST hydraulic compression machine with an optimum capacity of 3000 KN
IS used, as shown in Figure 3.4

3.4.3. Flexural strength test

The tensile strength of concrete can be measured by flexural strength; un-
reinforced beams or slabs specimens are utilized to determine the flexural strength. It
can be obtained either by two mid-point loading method as in ASTM C293 or by three-
point loading method as in ASTM C78. In this research, the concrete beam specimens
are sized 100x100x400 mm using the three-point loading method as in ASTM C78 to
determine the flexural strength. UTEST bending apparatus is used, shown in Figure
3.5.
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Figure 3.5. Flexural strength equipment.

3.4.4. Thermal conductivity test

Thermal conductivity is one of the most important thermophysical properties
used to determine the heat transfer properties of materials. The test is carried out at the
age of 28 days, in accordance to BS EN 12664. In this study, the specimens were dried
in an oven for 24 hours at a temperature of 105 = 5 °C to remove any present of
moisture. The samples are tested on a machine which works with the principle of hot

and cold plate by using 50x300x300 mm prisms.

3.4.5. Fire resistance test

Fire resistance tests place the element or specimen under the specified pressure
and heat conditions that is almost the same condition as a fully developed fire. In this
study, the fire tests are conducted using 100x100mm cubes. The effect of various
amounts of polypropylene fibers on the residual compressive strength of structural
lightweight concrete after exposure to 200, 400, 600 and 800 °C, at a heating rate of

6 °C per minute for one hour, will be analyzed. This is given in figure 3.6.
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Figure 3.6. Fire resistance.
3.4.6. UPV test

Ultrasonic Pulse Velocity is a testing method used to check for any damage in
structural components and it is a non-destructive test for the quality of the concrete
materials. It is a widely accepted test for concrete and it is an effective method to
assess, and estimate the crack depth. The test uses the standard procedure as (ASTM-
597-09, 2016). The travel time of acoustic waves in a medium are being measured is
the concept behind the technology and connecting them to the density and elastic
properties of the material. The inside condition of the test area is reflected in the Travel
time of ultrasonic waves. Low quality concrete correlates higher travel time and high-
quality concrete connects to low travel time. In this study, Ultrasonic Pulse Velocity
(UPV) is tested by taking standard cylinder samples with a diameter of 150 mm and a
height of 300 mm from concrete after 28 days. The test measures the P-Wave and S-
Wave by the using Proceq Pundit lab having 54kHz, 125kHz respectively, this can be
seen in Figure 3.7.
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Figure 3.7. UPV Equipment.
3.4.7. Slump test

Generally, concrete slump value is used to find the workability, which indicates
water-cement ratio, but there are different factors containing properties of materials,
mixing methods, dosage, admixtures, etc. One of the most important factors affecting
the quality of concrete is concrete consistency. Concrete should be poured at the
appropriate consistency according to the ambient conditions. In this paper, the ASTM
C143 procedure is used to prepare the slump cone (Figure 3.8). A sample is taken from
fresh concrete and poured into the slump cone in three equal layers. The rod is used for
compaction; each layer is tamped 25 times. After the cone is filled, the surface of the
mold is smoothed by the rod. Then the mold is removed vertically. Afterwards, the
slump is taken from the vertical distance between the top of the sample and the top of
the mold. The results for the slump test is given in Table 3.7.



Table 3.7. Slump value
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Mixes Slump (cm)
Mix1 23
Mix22 13.5
Mix3 1
Mix4 27
Mix5 235
Mix6 15
Mix7 28.5
Mix8 25
Mix9 21
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Figure 3.8. Slump core test.






4. RESULTS

4.1. Workability

In this study, the slump value and unit weights (density) were measured for all

concrete mixes as shown in Table 4.1. Three groups of lightweight concrete with
different unit weights have been investigated, in each group of lightweight concrete pp
fiber has been added in 0%, 0.25% and 0.5%. The maximum slump values for the
control mixes M1, M4 and M7are determined to be 230, 270 and 285 mm respectively.
The workability of the controlled mixes was increased with an increase in the unit
weight of lightweight concrete since less pumice is used for higher unit weight. Pumice
aggregate is a porous material therefore when used in concrete it absorbs the water
which decreases the workability.
In each group, the workability of lightweight concrete is seen to decreases with an
increase in the volume of pp fiber. In G1 the slump value is decreased from 230 to 10
mm when the pp fiber increases from 0 to 0.5% respectively. The slump value is
decreased from 270 to 150 mm in G2 when the pp fiber increases from 0 to 0.5%
respectively. In G3 the slump value is decreased from 285 to 210 mm when the pp fiber
increases from 0 to 0.5% respectively. The main reason PP fiber highly absorbs water
is due to its high specific surface area, therefore, the required water in the concrete mix
is significantly lower and make the free flow of fresh concrete difficult (Alsadey et al.
2016).

Table 4.1. Slump value and density

Group Mixes Slump (mm) Density (Kg/m®)
Mix1 230 1585
Gl Mix2 135 1580

Mix3 10 1490
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Table 4.1. Slump value and density

Group Mixes Slump (mm) Density (Kg/m°)
Mix4 270 1489
G2 Mixb 235 1482
Mix6 150 1544
Mix7 285 1726
G3 Mix8 250 1690
Mix9 210 1614

4.2. Compressive Strength

Uniaxial compression tests were carried out using (300*150) mm cylinder test
samples at 28 days in accordance with TS EN 12390-3. This study seeks to find the
relationship between stress and strain. The PP fiber volume and the unit weight of
concrete have a significant effect on stress and strain of concrete.

Figure 4.1 shows the stress-strain curves of G1, and the maximum compressive
strength 29 MPa is obtained for the control mix (M1) which is free of PP fiber. With
increasing the volume of PP fiber from 0.25% to 0.5% the compressive strength
decreases from 26 to 23 MPa respectively. Increasing the volume of PP fiber decreases
the workability of concrete therefore the concrete is not well compacted and also the pp
fiber effectively hold the micro-cracks in concrete mass this results in the decrease of
the compressive strength (Alsadey et al., 2016). Additionally, when the volume of PP
fiber increases the displacement increases.

With increasing the volume of PP fiber from 0 to 0.25% the unit weight of lightweight
concrete decreases from 1585 to 1490 kg/m3 respectively, the reduction of unit weight
is almost 6% because PP fiber is a lightweight material. The effect of the PP fiber on
the compressive strength of G2 is shown in Figure 4.2, the compressive strength
decreases by 10% when the volume of PP fiber increases by 0.5%. By adding 0.5%
volume of polypropylene fiber in G3, the compressive strength decreases by 40%

compared to the control mix (M6) in G3 is shown in Figure 4.3.
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Figure 4.1. The effect of polypropylene fiber on the compressive strength of SLWC
specimen’s (M1, M2, M3).
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Figure 4.2. The effect of polypropylene fiber on the compressive strength of SLWC
specimen’s (M4, M5, M6).
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Figure 4.3. The effect of polypropylene fiber on the compressive strength of SLWC
specimen’s (M7, M8, M9).

Figure 4.4 shows the effect of unit weight on the compressive strength of lightweight
concrete for M1, M4 an M7 which are free of PP fiber. The compressive strength of
concrete without PP fiber increases from 14 to 30 MPa while the unit weight of
lightweight concrete increases from 1489 to 1726 respectively. The higher amount of
lightweight aggregate requires lower unit weight. The strength of lightweight aggregate
is insignificant, therefore the compressive strength decreases when the unit weight
decreases. When unit weight is reduced by 14% the reduction of compressive strength
is 53% for lightweight concretes without PP fiber. Figure 4.5 illustrates the effect of
unit weight on the compressive strength when the volume of PP fiber is 0.25%
constant. The compressive strength is reduced by 56% when the reduction of unit
weight is 12% with 0.25% PP fiber. The relationship between compressive strength and
unit weight of SLWC specimens (M3, M6, M9) with of 0.5% polypropylene fiber in
figure 4.6 shows that increasing the unit weight from 1490 to 1614 kg/m? decreases the
compressive strength from 23 to 18 MPa respectively. According to the results obtained
in this study, lightweight concrete in G3 with different volumes of PP fiber can be used

as structural members such as columns, beams, shear walls, and slabs. However, the
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concrete which is obtained in G2 has a low unit weight that can be used for lightweight

elements such as concrete blocks and some pre-cast elements.
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Figure 4.4. The relationship between compressive strength and unit weight of fiber-
reinforced SLWC specimens (M1, M4, M7) without polypropylene fiber.

30 Mix2-U.W=1580(kg/m3)
Mix5-U W=1482(kg/m3)
25 Mix8-U.W=1690(Kg/m3)

N
o

=
o

Compressive strength(MPa)
H
(6]

(€]

0 1 2 3 4 5
Displacement(mm)

Figure 4.5. The relationship between compressive strength and unit weight of fiber
reinforced SLWC specimens (M2, M5, M8) with of 0.25% polypropylene
fiber.
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Figure 4.6. The relationship between compressive strength and unit weight of fiber-
reinforced SLWC specimens (M3, M6, M9) with of 0.5% polypropylene
fiber.

4.3. Flexural Strength

Flexural tensile tests were carried out in the (400*100*100) mm beam test
samples at 28 days in accordance with EN 12390-5. This study seeks to find the
relationship between compressive stress-strain. The PP fiber volume and the unit
weight of concrete have an important effect on the flexural strength of lightweight
concrete.

Figure 4.7 shows the effect of PP fiber on the flexural strength of G1 (M1, M2, M3),
the maximum flexural strength is found to be 1.82 MPa obtained in M3 which has the
highest volume of PP fiber. With the increase of the volume of PP fiber from 0 to 0.5%
the flexural strength increases from 1.39 to 1.82 MPa respectively due to improvement
in the mechanical bond between the cement paste and fiber (Dharan Divya and
Aswathy Lal, 2016). Additionally, when the volume of PP fiber increases the
displacement increases because PP fiber works as reinforcement in concrete. Also, with
increasing the volume of PP fiber the ductility of concrete is improved. The effect of
PP fiber on the flexural strength of G2 is shown in Figure 4.8, with increasing the

volume of PP fiber from 0 to 0.25% the flexural strength of lightweight concrete



35

increases by 18%. The effect of PP fiber on the flexural strength of G3 is shown in
Figure 4.9. the maximum flexural strength is found to be 2.52 MPa obtained in M8
which has the 0.25% volume of PP fiber.
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Figure 4.7. The effect of polypropylene fiber on the flexural strength of SLWC
specimens (M1, M2, M3).
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Figure 4.8. The effect of polypropylene fiber on the flexural strength of SLWC
specimens (M4, M5).
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Figure 4.9. The effect of polypropylene fiber on the flexural strength of SLWC
specimens (M7, M8, M9).
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Figure 4.10 shows the effect of unit weight on the flexural strength of lightweight
concrete for M1, M4 and M7 which are free of PP fiber. The flexural strength of
concrete without PP fiber increases from 1 to 1.62 MPa while the unit weight of
lightweight concrete increases from 1489 to 1726 kg/m® respectively. The strength of
lightweight aggregate is low, the ratio of the flexural and compressive strength is not
constant but is porosity dependent, and therefore the flexural strength increases when
the unit weight increases. When unit weight increases by 14% the flexural strength
increases by 62% without PP fiber. Figure 4.11 illustrates the effect of unit weight on
the flexural strength when the volume of PP fiber is 0.25% constant, the flexural
strength increases by 38% when the unit weight increases by 14%. The relationship
between flexural strength and unit weight of fiber-reinforced SLWC specimens (M3,
M6, M9) with of 0.5% polypropylene fiber in figure 4.12 shows that increasing unit
weight from 1490 to 1614 kg/m? increases the flexural strength from 1.82 to 1.94 MPa
respectively.
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0 0,2 0,4 0,6 0,8 1 1,2 1,4 1,6
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Figure 4.10. The relationship between flexural strength and unit weight of fiber-
reinforced SLWC specimens (M1, M4, M7) without polypropylene fiber.
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Figure 4.11. The relationship between flexural strength and unit weight of fiber-
reinforced SLWC specimens (M2, M5, M8) with0.25% polypropylene
fiber.
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Figure 4.12. The relationship between flexural strength and unit weight of fiber-
reinforced SLWC specimens (M3, M9) with 0.50% polypropylene fiber.

4.4. Splitting Tensile Strength

Splitting tensile strength tests were carried out on 150mm*150 mm cube test
specimens at 28 days in accordance with EN 12390-6. The split tensile strength
decreases with increasing the volume of PP fiber. The split tensile strength
systematically decreases in G1 (M1, M2, and M3) by 8% as shown in Figure 4.13 when
the volume of PP fiber increases by 0.5%. The reason for this is the weak bonding
between pp fiber and cement matrix (Libre et al.,2010). Figure 4.14 shows that the split
tensile strength decreases from 1.68 to 1.2 MPa when the volume of PP fiber increases
from 0 to 0.5%. The maximum Split tensile strength 2.11 MPa is obtained in M8 when
the volume of PP fiber is 0.25% as shown in Figure 4.15.
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Figure 2.13. The effect of polypropylene fiber on the splitting tensile strength of SLWC
specimen’s (M1, M2, M3).
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Figure 4.14. The effect of polypropylene fiber on the splitting tensile strength of SLWC
specimen’s (M4, M5, M6).
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Figure 4.15. The effect of polypropylene fiber on the splitting tensile strength of SLWC
specimen’s (MS).

Figure 4.16 shows the influence of unit weight on the split tensile strength of
lightweight concrete for M1 and M4 which are free of PP fiber. The split tensile
strength of concrete without PP fiber increases from 1.68 to 2 MPa when the unit
weight of lightweight concrete increases from 1489 to 1585 kg/m® respectively. The
higher amount of lightweight aggregate requires lower unit weight. The porosity of
lightweight aggregate is higher, therefore the split tensile strength decreases when the
unit weight decreases. Figure 4.17 illustrates the effect of unit weight on the split
tensile strength when the volume of PP fiber is 0.25% constant, the split tensile strength
increases by 48 % when the unit weight increases by 14%. The relationship between
split tensile strength and unit weight of SLWC specimens (M3 and M6) with 0.5% of

polypropylene fiber is shown in figure 4.18. The figure shows that increasing unit
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weight from 1490 to 1544 kg/m® the split tensile strength decrease from 1.84 to 1.2

Mpa respectively.
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Figure 4.16. The relationship between splitting tensile strength and unit weight of fiber-
reinforced SLWC specimens (M1, M4,) without polypropylene fiber.
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Figure 4.17. The relationship between splitting tensile strength and unit weight of fiber-
reinforced SLWC specimens (M2, M5, M8) with0.25% polypropylene

fiber.
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Figure 4.18. The relationship between Splitting tensile strength and unit weight of
fiber-reinforced SLWC specimens (M3, M6) with0.50% polypropylene
fiber.
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Figure 4-19 shows the correlation between split tensile and the compressive strength
without polypropylene fiber. When the compressive strength increases the split tensile
strength increase with R2 = 0.8907 and 0.4024e*%**| the exponential equation is for

different unit weights of lightweight concrete.

y = 0,4024¢21193
R?=0,8907

= = N N w
o [¢;] o (6, ] o

Compressive strength (MPa)

(63}

0
1,7 1,75 1,8 1,85 1,9 1,95 2 2,05 2,1
Split tensile strength (Mpa)

Figure 4.19. Relationship between Splitting tensile strength and the compressive
strength without polypropylene fiber.

Figure 4-20 shows the correlation between split tensile strength and the compressive
strength with polypropylene fiber. When the compressive strength increases the split
tensile strength increases with R? = 0.9154 and y = 3.8765¢™%*, the exponential

equation is for different unit weights of lightweight concrete.
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Figure 4.20. Relationship between Splitting tensile strength and the compressive
strength with polypropylene fiber.
4.5. Fire Resistance

In general, the strength of concrete increases with increasing the temperature,
further increases in temperature significantly decreases the strength of concrete. Figure
4.21 shows the influence of elevated temperature on compressive strength with
different volume content of PP fiber. Figure 4.21 a, b and Figure 4.22 c indicates that
when the temperature increases up to 150°C the compressive strength develops a little.
However, further increase in the temperature (more than 150°C) the compressive
strength sharply decreases. Increasing the volume of PP fiber reduces the fire resistance
of concrete, because the PP fiber already decreases the compressive strength of

concrete.
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Figure 4.21. The effect of elevated temperature and PP fiber on compressive strength of
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Figure 4.22. The effect of elevated temperature and PP fiber on compressive strength of
B (M4, M5, M6), C (M7, M8, M9).

Compared to conventional concrete the fire resistance of Lightweight concrete is higher
because more internal holes exist inside (Go Cheer-Germ et al.,2012). Figure 4.23
shows the influence of evaluated temperature and unit weight on compressive strength
with different volume contents of PP fiber. Figure 4.23 a, b, and Figure 4.24 c depict
that the percentage of compressive strength loss decreases when the unit weight of

concrete reduces.
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Figure 4.23. The effect of elevated temperature and PP fiber on compressive strength of
A (M1, M4, M7) and B (M2, M5, M8).
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Figure 4.24. The effect of elevated temperature and PP fiber on compressive strength of
C (M3, M6, M9).

Figure 4.25 and 4.26 shows that the percentage of compressive strength of lightweight
concrete decreases with increasing the volume of PP. When the volume of PP fiber
increases more heat is absorbed by fiber particles, therefore, the compressive strength

loss is less compared with a concrete mix without PP fiber.
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Figure 4.25. The effect of elevated temperature and PP fiber on decrease percentage
compressive strength of A (M1, M2, M3), B (M4, M5, M6).



51

100
Mix7 Mix8 Mix9
90
g 80
2
S 70
®)
L
o 60
©
=
8 50
j -
(6]
o
@ 40
©
e
8 30
a
20
10
0
0 200 400 600 800 1000

Tempreture °C

C (M7, M8, M9)

Figure 4.26. The effect of elevated temperature and PP fiber on decrease percentage
compressive strength of C. (M7, M8, M9).

Figure 4.27 B. shows that the percentage of compressive strength loss of lightweight
concrete with 1482 kg/m® is 82% when the temperature increases up to 800°C.
However, the percentage of compressive strength loss of lightweight concrete with

1690 kg/m® is 86% in the same conditions.
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Figure 4.27. The effect of elevated temperature and PP fiber on decrease percentage
compressive strength of A (M1, M4, M7) and B (M2, M5, M8).
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Figure 4.28. The effect of elevated temperature and PP fiber on decrease percentage
compressive strength of C. (M3, M6, M9).

Figure 4.29 A, B, 4.30 C, D 4.31 E shows the relationship between compressive
strength and ultrasonic pulse velocity (UPV) for lightweight concrete with pp fiber at
temperatures of 100°C, 200°C, 400°C, 600°C and 800°C. The correlating between
compressive strength and UPV can be shown by the following Eq 4.1:

Fc LY
(4.1)

Where

Fc: is the compressive strength of concrete (MPa)

A and b: constant number

v: the value of ultrasonic pulse velocity (km/s)
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Figure 4.29. The relationship between compressive strength and Ultrasonic Pulse
Velocity values SLWC of A and B.
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Figure 4.31. The relationship between compressive strength and Ultrasonic Pulse
Velocity values SLWC of E.

4.5. Thermal Conductivity

The thermal conductivity of lightweight concrete is essentially influenced by
their mineralogical and porosity in the lightweight aggregate to produce lightweight
concrete. Generally, the unit weight of lightweight concrete directly affects the thermal
conductivity, when the unit weight decreases the thermal conductivity also decreases.
This is because of the porosity in the lightweight aggregate caused by decreasing the
thermal conductivity. Table 4.1 shows the thermal conductivity and unit weight in each
group. The lowest thermal conductivity can be observed in G2 due to the minimum unit
weight. Figure 4.26 shows the effect volume of PP fiber on the thermal conductivity.
Generally, with increasing the volume of PP fiber the thermal conductivity decreases,
because of the pp fiber in the lightweight concrete absorbs the heat during the thermal
process.



Table 4.2. Thermal conductivity and Unit Weight Kg/m®
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Group Mixes Unit Weight Thermal Conductivity
M1 1585 0.3998
Gl M2 1580 0.3269
M3 1490 0.3495
M4 1489 0.262
G2 M5 1482 0.2843
M6 1544 0.2637
M7 1726 0.4048
G3 M8 1690 0.3589
M9 1614 0.3422
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Figure 4.32. The effect volume of PP fiber on the thermal conductivity.






5. CONCLUSION

This study focused on the effect of unit weight and volume of PP fiber on fresh

and hardened properties of SLWC and following points were deduced:

1)

2)

3)

4)

5)

6)

The volume of PP fiber essentially influences the workability of lightweight
concrete, with increasing the fiber content the workability decreases. In G3 the
slump value is decreased from 285 to 210 mm when the PP fiber increases from
0 to 0.5% respectively.

The optimum compressive strength was found to be 29 MPa in the control mix
(M1) which is free of PP fiber. Decreasing the unit weight of lightweight
concrete reduces the compressive strength of lightweight concrete and also
increases the volume of PP fiber and causes a reduction in the strength of
concrete. The compressive strength of concrete without PP fiber increases from
14 to 30 MPa while the unit weight of lightweight concrete increases from 1489
to 1726 Kg/m® respectively.

The optimum flexural strength was measured to be 1.82 MPa obtained in M3
which has the highest volume of PP fiber. With increasing the volume of PP
fiber from 0 to 0.5% the flexural strength increased from 1.39 to 1.82 MPa
respectively.

The splitting tensile strength decreases from 1.68 to 1.2MPa when the volume
of PP fiber increases from 0 to 0.5%. The maximum split tensile strength of
2.11 MPa is achieved in M8 when the volume of PP fiber was 0.25%.

In this investigation when the temperature increases in up to 150°C the
compressive strength developed a little. However, a further increase, the
temperature from 150 to 800°C the compressive strength rapidly decreases.

In this study when the unit weight decreases the thermal conductivity also
decreases. Because of the porosity in the lightweight aggregate caused by
decreasing the thermal conductivity. With increasing the volume of PP fiber the
thermal conductivity decreases, because of the pp fiber in the lightweight

concrete absorbs the heat during the thermal process.
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7) In addition, according to the results obtained in this study, lightweight concrete
in G3 with different volume of PP fiber can be used in structural members such
as columns, beams, shear walls, and slabs. However, the concrete obtained in
G2 which has a low unit weight can be used for lightweight elements such as

concrete blocks and some pre-cast elements.



REFERENCE

ACI-213R-87. 1998. Building code requirements for reinforced concrete (ACI 318-
95), American Concrete Institute, Farmington Hills, MI.

Alduaij, Jamal; Khalid Alshaleh; M. Naseer Haque; Khalid Ellaithy. 1999. Lightweight
concrete in hot coastal areas. Cement & Concrete Composites, 21: 453-458.

Alsadey, Salahaldein; ,Muhsen Salem. 2016. Influence of polypropylene fiber on
strength of concrete. American Journal of Engineering Research (AJER), (7):
223-226.

ASTM C566-97.1997. Standard test method for total evaporable moisture content of
aggregate by drying.

ASTM-597-09. 2016. Standard test method for pulse velocity through concrete.West
conshohocken (pa): astm international.

Chandra, Satish; Leif Berntsson . 2008. Historical background of lightweight aggregate
concrete. Lightweight Aggregate Concrete, 82: 5-19.

Clarke, J. L. 1993. Structural lightweight aggregate concrete. CRC Press.

Dharan, Divya S; Aswathy Lal. 2016. Study the effect of polypropylene fiber in
concrete. International Research Journal of Engineering and Technology,
3(6): 616-619.

Go, Cheer-Germ; Jun-Ren Tang ; Jen-Hao Chi; Cheng-Tung Chen; Yue-Lin Huang.
2012. Fire-resistance property of reinforced lightweight aggregate concrete wall.
Construction and Building Materials, 30: 725-733.

Guler, S. 2018. The effect of polyamide fibers on the strength and toughness properties
of structural lightweight aggregate concrete. Construction and Building
Materials, 173: 394-402.

Hassiba, Belaribi; Mellas Mekki; Rahmani Farid. 2018. The relationship between the
compressive strength and ultrasonic pulse velocity concrete with fibers exposed
to high temperatures. International Journal of Energetica, 3(1): 31-36.

K.Murahari; Rama mohan Rao. 2013. Effects of polypropylene fibres on the strength
properties of fly ash based concrete. International Journal of Engineering
Science Invention, 5(2): 13-19.

Karthik, A.; M. Shanmugam; S. Maniselventhiran; B. C. Jeya Dinesh; Francis, A.
Abraham. 2015. Fibre reinforced lightweight concrete using pumice stone.
International Journal of Engineering Research & Technology, 3(11): 1-6.

Khandaker, M. & A. Hussain. 2003. Properties of volcanic pumice based cement and
lightweight concrete. Cement and Concrete Research, 34: 283-291.

Kolli.Ramujee. 2013. Strength properties of polypropylene fiber reinforced concrete.
International Journal of Innovative Research in Science, Engineering and
Technology, 2(8): 3409-3413.

Kolli.Ramujee. 2013. Strength properties of polypropylene fiber reinforced high
strength concrete. International Journal of Innovative Research in Science,
Engineering and Technology, 2(8): 3409-3413.

Kumar, K. Guru Kesav; C. Krishnaveni. 2016. Study on partial replacement of
aggregate by pumice stone in cement concrete.The International Journal Of
Science & Technoledge, 4(3): 113-1109.



60

Kumar, Pawan; Dr. A.K. Mishra. 2016.Comparative study of polypropylene fiber
reinforced concrete with conventional concrete pavement design. International
Journal for Research in Applied Science & Engineering Technology, 4(1V):
662-666.

lakshmi, A.Suba; S. Karthick; Gasper Helden; M.Dinesh Boopathi; V.Balaji Pandian.
2017. Experimental investigation on light weight concrete using pumice
aggregate. International Journal of Innovative and Emerging Research in
Engineering, 4(3): 176-183.

Li, Jing jun; Niu, Jian gang ; Wan, Chao jun ; Biao Jin; Yin, Ya liu. 2016. Investigation
on mechanical properties and microstructure of high performance polypropylene
fiber reinforced lightweight aggregate concrete. Construction and Building
Materials journal, 118: 27-35.

Libre, Nicolas Ali; Mohammad Shekarchi; Mehrdad Mahoutian; Parviz Soroushian.
2010. Mechanical properties of hybrid fiber reinforced lightweight aggregate
concrete made with natural pumice. Construction and Building Materials,
25(5): 2458-2464.

Mazaheripour, H.; S. Ghanbarpour; Mirmoradi a, S. H. 2011. The effect of
polypropylene fibers on the properties of fresh and hardened lightweight self-
compacting concrete. Construction and Building Materials journal, 25(1): 351-
358.

Minapu, Lakshmi Kumar; M K M V Ratnam; Dr. U Rangaraju. 2014. Experimental
study on light weight aggregate concrete with pumice stone, silica fume and fly
ash as a partial replacement of coarse aggregate. International Journal of
Innovative Research in Science, Engineering and Technology, 3297(12):
18130-18138.

Mohammed, Jihad Hamad; Hamad , Ali Jihad. 2014. Materials, properties and
application review of lightweight concrete. International Journal of Advanced
Engineering Applications, 37(2): 10-15.

Mohod, M. V. 2015. Performance of Polypropylene Fibre Reinforced Concrete.
Journal of Mechanical and Civil Engineering, 12(1): 28-36.

muralitharan, R.S.; V. ramasamy.2017. Development of Lightweight concrete for
structural applications. Journal of Structural Engineering, 44(4): 336-344.

Nahhas, T. M. 2013. Flexural behavior and ductility of reinforced lightweight concrete
beams with polypropylene fiber. Journal of Construction Engineering and
Management, 1: 4-10.

Neville, A. &. 2010. Concrete Technology (Vol. ): Harlow.

Nili, Mahmoud; V. Afroughsabet. 2010. The effects of silica fume and polypropylene
fibers on the impact resistance and mechanical properties of concrete.
Construction and Building Materials, 24(6): 927-933.

Parhizkar, T.; M. Najimi ; A.R. Pourkhorshidi. 2011. Application of pumice aggregate
in structural lightweight concrete. Asian Journal Of Civil Engineering
(Building And Housing), 13(01): 43-54

Pravallika, B. Devi; K. Venkateswara Rao. 2016. The study on strength properties of
light weight concrete using light weight aggregate. International Journal of
Science and Research, 5(6): 1735-1739.

Rai, Amit; Dr. Y.P Joshi. 2014. Applications and properties of fibre reinforced concrete
amit. Int. Journal of Engineering Research and Applications, 4(5): 123-131.



61

Rajeswari S, Dr. Sunilaa George. 2015. Experimental study of light weight concrete by
partial replacement of coarse aggregate using pumice aggregate.International
Journal of Scientific Engineering and Research (IJSER), 5: 50-53.

Rao, N. Sivalinga; Kumari, Y.Radha Ratna; V. Bhaskar Desai; B.L.P. Swami. 2013.
Fibre reinforced light weight aggregate (natural pumice stone) concrete.
International Journal of Scientific & Engineering Research, 4(5): 158-161.

Rossignolo, Jo~aao A.; Marcos V. C. Agnesini; , Jerusa A. Morais b. 200. Properties of
high-performance LWAC for precast structures with Brazilian lightweight
aggregates. Cement & Concrete Composites, 25 (1): 77-82.

S.Rajeswari; , Dr. Sunilaa George. 2016. Experimental study of light weight concrete by
partial replacement of coarse aggregate using pumice aggregate. International
Journal of Scientific Engineering and Research, 4(5): 50-53.

S.Mohamed R.A.2006. Effect of polypropylene fibers on the mechanical properties of
normal concrete. Journal of Engineering Sciences, 4: 1049-1059.

Saini, Rakesh Kumar; Anil Godara; Anurag Maheswari; Ashish Kumar Meena. 2018.
Experimental study on light weight concrete with pumice stone as a partial
replacement of coarse aggregate. Cement & Concrete Composites, 7(5): 48-55.

Sancak, Emre; Y. Dursun Sari ; Osman Simsek. 2008. Effects of elevated temperature
on compressive strength and weight loss of the light-weight concrete with silica
fume and superplasticizer. Cement & Concrete Composites, 30: 715-721.

Shihada, Samir. 2017. Effect of polypropylene fibers on concrete fire resistance samir.
Journal of Civil Engineering and Management, 17(2): 259-264.

Subasi, Serkan. 2009. The effects of using fly ash on high strength lightweight concrete
produced with expanded clay aggregate. Scientific Research, 4(4): 275-288.

Tanyildizi, H. & Coskun, A. 2007. Performance of lightweight concrete with silica
fume after high temperature. Construction and Building Materials, 22(10):
2124-2129.

Tanyildizi, Harun. 2009. Statistical analysis for mechanical properties of polypropylene
fiber reinforced lightweight concrete containing silica fume exposed to high.
Materials and Design, 30(8): 3252-3258.

TS EN 12390-3. 2003. Testing hardened concrete — part 3: compressive strength of
test specimens, turkish standard, turkey.

TS EN 12390-5. 2002. Testing hardened concrete-part 5: flexural strength of tests
specimens, turkish standard, turkey .

TS EN 12390-6. 2002. Testing hardened concrete — part 6: tensile splitting strengthfor
test specimens, turkish standard, turkey.

V.Mohana; Dr. D.Suj; E. Niranjani. 2016. Influence of fibre reinforcement on strength
and toughness of light weight concrete. Construction and Building Materials,
4(1): 126-133.

Venkatesh, B.; B. Vamsi Krishna. 2015. A study on the mechanical properties of light
weight concrete by replacing course aggregate with (pumice) and cement with
(fly ash). international Journal of Engineering Research & Technology, 4(8):
331-336.






APPENDIX. EXTENDED TURKISH SUMMARY (GENISLETILMIS TOURKCE
OZET).

1. GIRIS

1.1. Arka fon

Yapisal hafif beton, minimum 17 MPa'lik bir basing dayanimi ve 1350 ila 1900 kg/m3
arasinda bir birim agirlik ile tanimlanabilir (ACI-213R-87, 1998). (B. Devi Pravallikal,
2015). Tastyict hafif beton insaat mithendisligi alaninda uzun yillardir, 6zellikle uzun
aciklikli kopriilerde, deniz platformlarinda ve yiiksek binalarda basariyla kullanilmistir
(Li Jing jun ve dig., 2016). Disiik birim hacim agirlik, iyilestirilmis yangin dayanimi,
daha iyi dayaniklilik 6zelligi, diisiik 1s1 iletkenlik katsayist (Libre vd., 2010), daha iyi
gerilme kapasitesi ve asir1 1sinma ve ses yalitimi 6zelligi gibi normal agirliktaki betona
kiyasla ¢ok sayida avantaja sahip tastyict hafif beton kullanilmasi, binanin 6lii yiikiini
azalttigindan, kirislerde, duvarlarda, temellerde ve kolonlarda daha kiigiik kesitlerin
kullanimin1 miimkiin kilmaktadir. Ayrica, yapmin toplam birim agirligini azaltarak,
deprem hasar1 tehlikesini azaltir. Genellikle, tasiyici hafif betonu iiretmek i¢in dogal
veya yapay hafif agrega kullanilmaktadir. Bu amagla, volkanik kékenli dogal bir agrega
olan pomza ¢ogunlukla hafif beton tiretiminde kullanilmaktadir (Muralitharan, R.S.ve
V. ramasamy, 2017).

Betonda, diisiik 6zgiil agirliga ve diisiikk maliyete sahip olan polipropilen lif kullanimi
ler betonun dayanim ozelliklerini iyilestirebilmektedir. Liflerin kullanimi, betonun
cekme ve egilme mukavemetlerini dogrudan etkiler ve plastik biiziilmeyi ve termal
catlamay1 azaltmak i¢in betona 6nemli bir katki saglar (Dharan Divya ve Aswathy Lal,
2016). Bu calismanin temel amaci, lif igerigi, birim agirlik ve yiiksek sicaklik
parametrelerinin lif takviyeli yapisal hafif betonun basing ve egilme dayanimlari
tizerindeki etkilerini arastirmaktir. Bu hedeflere ulasmak i¢in Oncelikle farkl
polipropilen lif hacminin farkli birim hacim agirliklara sahip tasiyici hafif betonlarin
basing ve egilme dayanimlari tizerindeki etkisi belirlenmistir. Daha sonra, farkli birim

hacim agirliga sahip tasiyict hafif betonlarin yiiksek sicaklik etkisindeki dayanim
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ozelliklerini belirlemek tizere tez kapsaminda fiiretilen tasiyici hafif betonlar bir saat
boyunca 200, 400, 600 ve 800 OC sicakliklara tabi tutulmustur. Yangina maruz kalan
yapisal hafif betonun basing dayanimi ve UPV degerleri arasindaki korelasyonu

belirleyebilmek i¢in ultrasonik hiz 6l¢iimleri gergeklestirilmistir.

2. MATERYAL VE YONTEM

2.1. Materyal

Bu arastirmadaki tiim beton karigimlarinda silis dumani, 0.5 — 2 mm ¢apinda
pomza agregasi, 0.5-1 mm ve 1-2 mm ince porfirik agrega, hiperakigkanlastirici, hava
stiriikleyici ve ASTM Normal Portland Cimento (NPC) CEM I 52.5R kullanilmstir.

Katki oranina gore ayrica polipropilen lif kullanilmistir.

2.2. Yontem

2.2.1. Beton Karistirma ve Dokiim

Beton karigimlari, 250 Lt. kapasiteli bir mikser kullanilarak laboratuarda
hazirlanmistir. Karigimlar1 hazirlamak i¢in kullanilan tiim malzeme oranlar1 Tablo 1°de
aciklanmaktadir. Hacimce % 0, % 0,25 ve % 0,5 polipropilen lif kullanilarak, birim
hacim agirligi 1400 - 1800 kg/m?® olan ii¢ tip yapisal hafif beton hazirlanmistir. Farkl
miktarlardaki polipropilen lifinin ve tasiyict hafif betonun birim hacim agirliginin,
yapisal hafif betonun basing, egilme, ¢ekme dayanimi ve islenebilirligi ve yangin
dayanimi iizerindeki etkileri incelenmistir. Hazirlanan karisimlar plastik ve c¢elik
kaliplara dokiildiikten sonra titresim tablasinda sikistirilmis, 24 saat sonra, test giliniine
kadar %95 bagil nemde (RH) ve 23C%de kiir havuzunda bekletilmistir. Testten hemen
once, ylizeydeki su bir havlu kullanilarak kurutulmustur. Numunelerin basing dayanimi
icin 150x300 mm'lik silindirler ve yarmada ¢ekme dayanimi i¢in 150x150 mm kiipler
egilme dayanimi i¢in 100x100x400 mm prizmalar ve yangin dayanimi i¢in de 100x100
mm kiipler, 1s1l iletkenlik i¢in de 300x300x50 mm’lik prizmalar kullanilmistir. Basing

testleri 5kN/s sabit yiikleme altinda yapilmistir. Farkli miktarda polipropilen lif iceren
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tastyict hafif betonlarin yangin dayanimlari, dakikada 6 C°'lik bir 1sitma hiz1 ile bir saat

boyunca 200, 400, 600 ve 800 °C'ye maruz kaldiktan sonra elde edilmistir.

Tablo 1. Beton karisimi oranlari

Karist  Cime  Silis Filler Su S/B Hava Hipera Ince Agrega
mAdi nto Dumani Stirtikl kiskanl Porfir PP
< Kg/m?® Kg/m* LUm®  Kg/m? f(yi;:riﬁ astiriel 3504 (0 5. 65% (1-3) KLk . Ilzif/
39 g Kgim? 1) mm(L) mm(L) QY mg
Kg/m
3
Mix 1 692 173 207 385 44.5 1.39 38 622.5 1245 894.8 -
Mix 2 692 173 207 385 44.5 1.392 38 622.5 1245 894.8 30
Mix 3 692 173 207 385 445 1.392 38 622.5 1245 8948 60
Mix 4 692 173 207 385 445 1.392 38 466.8 933.6 894.8 -
Mix 5 692 173 207 385 445 1.392 38 466.8 933.6 8948 30
Mix 6 692 173 207 385 445 1.392 38 466.8 933.6 8948 60
Mix 7 692 173 207 385 445 1.392 38 311 578 894.8 -
Mix 8 692 173 207 385 445 1.392 38 311 578 8948 30
Mix 9 692 173 207 385 445 1.392 38 311 578 8948 60

SF: Silika dumani% 0.25 ¢imento * SP: Siiper akiskanlastirici% 5.5 ¢imento.

* PP Lif: polipropilen lif (% 0.25 ve% 0.5) hacimce * L: Litre

* Hava Girisi: Hava girisi% 0,20 ¢imento * Dolgu: % 0,30 ¢imento

3. BULGULAR VE TARTISMA

3.1. Islenebilirlik

Bu calismada, tim beton karisimlart igin ilk olarak ¢okme degeri ve birim

agirliklar ol¢iilmistiir. Farklt birim agirliklart olan ii¢ hafif beton grubu incelenmistir,

her hafif beton grubuna farkli miktarlarda PP lif % 0, % 0,25 ve% 0,5 eklenmistir.

Kontrol karisimlart i¢in maksimum ¢okme degerleri M1, M4 ve M7'nin sirasiyla 230,

270 ve 285 mm oldugu belirlenmistir. Kontrollii karisimlarin islenebilirligi, hafif

betonun birim agirligindaki artigla artmistir.
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3.2. Basing dayanimi

Birinci grup numunelerin  gerilme-gerinim egrileri incelendiginde M1
numunesinin en yiiksek basing dayanimina, 29 MPa, sahip oldugu gériilmektedir. PP lif
miktarinin hacimce % 0.25'ten % 0.5'e ylikseltilmesi ile basing dayanimi sirasiyla 26 ve

23 MPa'ya diismiistiir.

3.3.Egilme dayanimi

Maksimum egilme dayanimi, en yiiksek PP lif hacmine sahip olan M3'te 1.82
MPa olarak elde edilmistir. PP lif hacminin % 0'dan % 0,5'e ¢ikarilmasiyla birlikte,
egilme mukavemeti, ¢cimento hamuru ile elyaf arasindaki mekanik bagdaki iyilesmeye

bagli olarak sirasiyla 1.39'dan 1.82 MPa'ya yiikselmektedir.

3.4.Yarmada ¢ekme dayanimi

Yapilan ¢alismada yarmada ¢ekme dayaniminin PP lif hacminin artmasiyla
azaldig1 goriilmiistiir. Yarmada ¢ekme dayanimi, PP lifinin hacmi % 0,5’e arttirildiginda
Gl'de (M1, M2 ve M3) % 8 oraninda sistematik olarak azalmistir. PP lif hacmi % 0,5
oraninda lif kullanilan betonlarda yarmada ¢ekme dayanimi 1,68 MPa’dan 1,2 MPa'ya

diismiistiir.

3.5.Yangin dayanimi

Yiiksek sicakligin, farkli miktarlarda lif iceren farkli birim hacim agirliklarina
sahip tastyict hafif betonlarm basing dayanimi iizerindeki etkisi incelenmis 150C*'ye
kadar basing dayaniminda Onemsenmeyecek bir artis gozlenmistir. Sicakligin

arttirtlmasiyla birlikte basing dayanimi keskin bir sekilde azalmistir.

3.6.Is1l Tletkenlik
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Hafif betonun birim hacim agirlig1 dogrudan 1s1 iletkenligini etkiler, birim agirlik
azaldiginda 1s1 iletkenligi de diiser. Bunun nedeni, hafif betondaki gézenekliliktir. En

diisiik 1s1 iletkenligi, minimum birim agirhig1 nedeniyle G2'de gézlenmistir.
4. SONUCLAR

Yapilan bu ¢alismada tasiyici hafif betonalarda kullanilan lif katkisinin hafif
betonun islenebilirligini olumsuz yonde etkiledigi belirlenmistir.
En yiiksek basing dayanimi, PP lif icermeyen kontrol karisiminda (M1) 29 MPa olarak
bulunmustur. Hafif betonun birim agirligi azaldik¢a, hafif betonun basing dayanimi
azalmustir. Birim hacim agirliklar 1489 ile 1726 Kg/m® arasinda degisen lif katkisiz
hafif betonlarin silindirik basing dayanimlar1 14 ila 30 MPa arasinda elde edilmistir.
En yiiksek lif hacmine sahip olan M3'te en yiiksek ¢ekme mukavemeti (1,82 MPa) elde
edilmistir. Lif hacminin %0'dan %0.5'e yiikseltilmesiyle, egilme dayanimi sirasiyla
1.39'dan 1.82 MPa'ya yiikselmistir. Yangin dayanimlari incelenen numunelerde
sicakhigin 150C°'ye kadar arttirilmasiyla basing dayaniminda énemsenmeyecek bir artis
gozlenmis daha yiiksek sicakliklarda basing dayanimlarinda ciddi azalmalar elde

edilmistir.
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