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ABSTRACT 

Owing to the shortage of space for land reclamation in Gaza Strip, it is difficult to 

dispose tons of construction and demolition waste generated daily from construction 

activities and destroying of building during Israeli campaigns in addition to the huge 

amount of ex-settlements destroyed buildings. Adoption of recycled aggregate from 

concrete waste thus becomes a burning issue.  

The main goal of this research is to obtain concrete mixes with optimum replacement 

of natural aggregate with recycled aggregate considering Forta Ferro Fibers to ensure 

the actual ductility of concrete.  

Different trial mixes were used to obtain the acceptable hardened properties of fiber 

reinforced concrete with recycled aggregate by using a recognized manufacturer 

mineral cement, Aggregates (Recycled, Natural), Forta Ferro Fibers (FF Fiber), 

Quartz sand, water in addition to superplastisizers.  

To determine those properties, experimental work has been carried out. Three 

batches of concrete have been cast: one with no fibers and the remaining with two 

different volume fibers fractions of 0.5% and 1.0% with different percentage of 

recycled aggregates 0.0% ,50% and 100%. Concrete specimens (cubes, cylinders and 

beams) have been cast to determine the mechanical behavior such as compressive, 

tensile, flexural strength and load - deflection relationships.  

Test results have showed that fibers cause decrease in the compressive strength 

insignificantly, while the replacement of natural aggregate by recycled aggregate 

(RA) causes the decrease in the compressive strength but it is still above the target 

strength. However, Splitting tensile strength due to fiber addition increased about 

10% to 30% of the original. Split tensile strength at 28‟days is 48% higher than 7 

day‟s strength using 1.0% FF Fiber. It is clear that the indirect tensile test indicates 

that it decreases  when the percentage of recycled aggregate (RA) increases. On the 

other hand, it is observed that a general gradually increases trend in the flexural 

strength when using 0.5% to 1.0% FF Fiber.  However, the concrete reinforced with 

Forta Ferro Fibers (FF Fiber) has showed more ductile behavior compared to the 

plain concrete. 
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 الملخص

 ٌطشح اٌلاصِخ الأِبوٓ ٚض١ك,  اٌّسبحخ طغش ِٓ ٠عبٔٝ غضح لطبع ْفب ِعشٚف ٘ٛ وّب

 ,اٌظ١ٟٙٛٔ الاحزلاي ج١ش ٘ذِٙب اٌزٟ ٚاٌّجبٟٔ, اٌجٕبء ع١ٍّبد عٓ إٌبرج اٌّجبٟٔ حطبَ

 رذ٠ٚشٖ اٌّعبد اٌشوبَ اسزغلاي ِٛضٛع جعً ٚثبٌزبٌٟ؛ اٌّحشساد فٟ ٘ذِذ اٌزٟ ٚاٌّجبٟٔ

 .عب١ٌخ أ١ّ٘خ را ِٛضٛعب

 ِضًالأ سزجذايالا ِع اٌخشسب١ٔخ اٌخٍطبد عٍٝ اٌحظٛي ٘ٛ٘زا اٌجحش  اْ اٌٙذف اٌشئ١سٟ ِٓ

 ١ٌٛٔخ ٌضّبْ اف١شٚ فٛسرب أ١ٌبف ِع الاخز ثع١ٓ الاعزجبس ,اٌطج١عٟ ثشوبَ ِعبد رذ٠ٚشٌٍٖشوبَ 

 .ٌٍخشسبٔخ فع١ٍخ

ٚلذ اسزخذِذ خٍطبد رجش٠ج١خ ِزٕٛعخ ٌٍحظٛي عٍٟ خظبئض ِمجٌٛخ ِٓ اٌخشسبٔخ اٌّسٍحخ 

ِعبد  -ٚسوبَ ) طج١عٟ ,اسّٕذعٍٟ سوبَ ِعبد رذ٠ٚشٖ ٚرزىْٛ ِٓ:  ٚاٌزٟ رحزٛٞ ,راد الا١ٌبف

ٌٚزحذ٠ذ ٘زٖ اٌخظبئض رُ  ,ٚاضبفبد, ِٚبء ,ٚسًِ طج١عٟ ,١ٌبف اٌفٛسرب ف١شٚاٚأ ,رذ٠ٚشٖ(

 ) :ٚاٌجبلٟ ثٕست ِخزٍفخ ِٓ الا١ٌبف ٟٚ٘ ,ثذْٚ أ١ٌبف الأٌٚٝعًّ صلاس خٍطبد ِٓ اٌخشسبٔخ 

%(. 055% 05-% 5: )زٍفخ ِٓ اٌشوبَ اٌّعبد رذ٠ٚشٖاٌٟ ٔست ِخ ثبلإضبفخ (5,0%-% 5,0

١ىب١ٔى١خ ٌزحذ٠ذ اٌخٛاص اٌّاحضِخ(؛  - اسطٛأبد –فمذ رُ طت ع١ٕبد خشسب١ٔخ )ِىعجبد 

 ٚاٌعلالخ ث١ٓ اٌمٛح ٚالأحٕبء. ,ٚلٛح الأحٕبء, ٚلٛح اٌشذٌٍخشسبٔخ ِضً لٛح اٌضغظ , 

ٔمض فٟ لٛح اٌضغظ ٌٍخشسبٔخ ١ٌبف ٠سجت ْ اسزخذاَ الأأٚلذ اظٙشد ٔزبئج اٌفحٛطبد 

 فٛق دائّب وبٔذ ٌٚىٓ ,اٌضغظ لٛح٠مًٍ  ٖرذ٠ٚش اٌّعبد اٌشوبَ اسزجذاي ح١ٓ فٟ ,ثظٛسح ضئ١ٍخ

% ٚوزٌه لٛح 05% اٌٟ 05الا١ٌبف ِٓ  ثإضبفخِٚع رٌه فبْ لٛح اٌشذ رضداد  .اٌّسزٙذفخ اٌمٛح

سجخ الا١ٌبف ا٠بَ ٚرٌه ثبسزخذاَ ٔ 7% ِٓ لٛح اٌشذ عٕذ ٠82َٛ اعٍٟ ة 82اٌشذ رىْٛ عٕذ 

ِٚٓ إٌبح١خ الأخشٜ , أْ ص٠بدح ٔسجخ اٌشوبَ اٌّعبد رذ٠ٚشٖ ٠مًٍ ِٓ لٛح اٌشذ ح١ٓ فٟ ,0%

بد رذ٠ٚشٖ فٟ اٌّشحٍخ اٌزٟ رىْٛ ْ ٕ٘بن ص٠بدح فٟ لٛح الأحٕبء عٕذ اسزخذاَ اٌشوبَ اٌّعأٌٛحع 

وضش ِشٚٔخ ِٓ أ١ٌبف لأاٌخشسبٔخ اٌّسٍحخ راد اْ أوّب  ,%0% ١ٌ5.0ٚبف ِب ث١ٓ ف١ٗ ٔسجخ الأ

 اٌخشسبٔخ اٌعبد٠خ.
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Chapter (1) 

Introduction 
 

1.1 General Background:   

Concrete  is  well  known  as  a brittle  material  when  subjected  to normal  stresses  

and  impact  loading especially,  with its  tensile  strength being just one tenth of its 

compressive strength. It is only common knowledge that concrete  members  are  

reinforced with  continuous  reinforcing  bars  to withstand  tensile  stresses,  to 

compensate  for  the  lack  of  ductility and  is  also  adopted  to  overcome  high 

potential  tensile  stresses  and  shear stresses  at  critical  location  in  a concrete 

member.  

Even though the addition of steel reinforcement  significantly  increases the  strength  

of  the  concrete,  the development  of  micro-cracks  must  be controlled  to  produce  

concrete  with homogenous  tensile  properties. To improve such weaknesses of the 

material, numerous studies on fiber reinforced concrete have been performed,( 

Ballouy et al, 2009). 

The production of demolition and construction waste has been increasing at a gradual 

rate in recent years, (Fraternali, et al., 2011). The amount of landfill available to 

contain this material has been decreasing, and the need to find appropriate disposal 

locations has been of increasing concern. The  most  effective  way  to  reduce  the  

waste  problem  in construction  is  agreed  in  implementing  reuse,  recycling  and 

reduced  the  use  of  a construction material  in construction activities, (Poon et. al., 

2006).  

According to  the Ministry of Public Works, Israel‟s offensive on Gaza (2014) has 

caused over $5 billion of damage to homes and infrastructure in the Strip. Some 

10,000 homes have been completely destroyed, and 30,000 homes partially 

destroyed, (MPWH, 2014) 

The damage to Gaza‟s infrastructure from the current conflict is more severe than the 

destruction caused by either of the last two Gaza wars, according to the United 

Nations Relief and Works Agency (UNRWA) and other organizations. The fighting 

has displaced about a fourth of Gaza‟s population. Nearly 60,000 people have lost 

their homes, and the number of people taking shelter in UNRWA schools is nearly 

five times as many as in 2008-2009, (UNRWA, 2014) 

In 1978, FORTA Corporation introduced the concept of three-dimensional synthetic 

fiber reinforcement to the construction market worldwide. One of the successful 

early product applications was the use in a wide variety of air-placed concrete 

projects. The FORTA family of standard synthetic fibers has enjoyed widespread use 
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since that time in both dry-mix and wet-mix applications, such as bridge deck 

toppings, lake and reservoir linings, and artificial rock and waterscape projects. In 

these instances, these standard-grade synthetic fibers were used in relatively low 

dosages (approximately 0.1% by volume) to reduce temperature and shrinkage-

related cracking, reduce rebound, and increase toughness and long-term durability, 

(FORTA Corporation manual, 20014). 

With regard to the advantages of replacing reinforcement and  using recycled 

aggregate and merging them together to get more improvement in the construction 

field. 

The combination of recycled construction and demolition waste, synthetic fibers and 

binder creates an unusual fiber concrete; new composite, which offers a wide field of 

possible use in construction industry, The idea to add fibers to a concrete mixture 

with recycled aggregate  may  change  material  properties  of  such  concrete, 

improve behavior, bring about new types of applications and enables saving sources 

of natural aggregate, ( Vytlaicova, 2011). 

 

  1.2 Statement of the Problem:   

On one hand, the usage of  concrete with recycled aggregate in construction 

applications has been increasing worldwide and will make an impact in Gaza strip 

due to the limited land area available for construction and the fast growing 

population and demolition  waste  generated daily from construction activities and 

destroying of building during Israeli campaigns. On the other hand, the use of fibers 

as  a  solution  to  develop concrete  with  enhanced  flexural  and tensile  strength,  

which  is a  new  form of  binder  that  could  combine  Portland cement  in  bonding  

with  cement matrices. 

This research presents  an  experimental  investigation  of  fiber  reinforced  concrete  

made from construction and demolition waste – recycled aggregate – with and 

without fibers. This  work  is  aimed  at  developing and testing mechanical 

properties ( Compressive strength, Tensile splitting strength, Flexural strength ) of 

concrete with RA. 

 

1.3 Aim and objectives: 

This research aims at obtaining concrete mixes with optimum replacement of 

recycled aggregate with natural aggregate considering synthetic fiber to ensure the 

actual ductility of concrete. 
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In order to achieve the aim of the current study, the following were set: 

1- Produce concrete  mix  with optimum RA content and synthetic fibers. 

2-  Study the behavior of concrete  mix under compression, tension and flexure. 

3-  Finding the optimum mix proportions. 

4-  Draw recommendations for the local industry to use RC according to the 

research findings. 

 

1.4  Methodology: 

To achieve the objectives of this research, the following tasks will be executed: 

1. Conducting a literature review about recyclable building waste and synthetic 

fibers. 

2. Selection of suitable local available materials required, including cement, 

Aggregates (Recycled, Natural), FF Fiber, Quartz sand, water in addition to 

superplastisizers.  

3. Determine mix design using FF Fiber , with different percentages “i.e. 0%, 

0.5%, 1%”and using recycle aggregate with different percentages. 

4. Performing physical and mechanical laboratory tests on samples.  

5. Analysis of results, and recommendations. 

 

1.5 Thesis Layout: 

This thesis is consisted of five chapters arranged carefully to make it clear and 

understandable. This section presents a brief description of these chapters. 

Increasing the concrete strength and growing problem of production of RA in Gaza 

Strip is presented in Chapter (1). In this chapter, General Background, problem 

statement, the objective of work, and the methodology followed in the study are 

given. 

General background about Recycled Concrete and FF Fiber is given in chapter (2). 

The goal of this literature review is to build an understanding of the developments in 

the field of fiber reinforced concrete, recycled aggregate and recycled aggregate in 

Gaza Strip. 

chapter (3) reviews the  materials were used and mix design, then discusses types of  

laboratory tests, standards, adopted procedures, materials properties, curing condition 

and schedules of the testing program. 
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chapter (4) discusses the results and analysis of all experimental results obtained 

from the testing procedures. 

The conclusions derived from experimental results are presented in Chapter (5). 

Finally the recommendations for further studies on this subject will be provided in 

this chapter. 
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Chapter (2) 

Literature Review 

 
2.1 Recycled aggregate: 

2.1.1 Historical background: 

Construction and demolition waste (C&DW) constitutes a major portion of total solid 

waste production in the world, and for the present most of it is used in landfills. The 

most effective way to reduce the waste problem in construction is agreed in 

implementing reuse, recycling and reduced the use of a construction material in 

construction activities. Application of recycled materials in the building industry is 

important for sustainable development and keeping of primary sources of each 

country. There is whole range of applications of recycled materials for civil 

engineering structures and it‟s necessary seek the other possibility in re-use of those 

building materials whose live-span has been finished, (Vytlačilová, 2011). 

When existing structures are destroyed or renovated, the debris of their demolition 

exists. This can be applicable to all structures including both residential and 

nonresidential in addition to all public works projects such as streets, highway, 

bridge and dams after demolitions of structures takes place. It results in the waste 

materials or what is usually referred to as debris. This contains all types of buildings. 

The demolition debris contain things like asphalt, metals, concrete and so many other 

materials used in construction. (Dave et al., 2007). According to Park T. (2003), 

Demolition debris are caused by the remnants of destroyed houses and concrete 

pavements rehabilitation projects. 

Recycling and reusing of rubbles from demolished buildings is not a new concept. 

Since several countries have been using crushing's wastes to produce aggregate for a 

number of years, the produced aggregate has mainly been limited to such a low level 

as it is used as pipe bidding, site fill, sub base or as a capping layer. Concrete 

buildings, made of crushed brick, have been known since early Roman era. An early 

example is the concrete channel of Eiffel water supply to Cologne. In this structure, 

the binder is a mixture of lime and crushed brick dust or other pozzolans of the time 

(Khalaf & DeVenny, 2005)    

In Germany, during the reconstruction period after the Second World War, it was 

necessary to satisfy an enormous demand for building materials, and to remove the 

rubble from the destroyed cities. The quantity of this rubble in German towns is 

estimated at about 400 to 600 million cubic meter. Using this rubble does not only 

reduce site cleaning costs, but also fulfills the need for building material. Similarly in 

United Kingdom, national demand for aggregate has risen steadily since the Second 

Word War because of the urgent need for houses, as well as the need for a new 
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network of roads. The consumption of crushed rock and sand in the United Kingdom 

in 1992 was 240 million ton, obtained mainly by quarrying and dredging  (Kalaf & 

DeVenny 2005)   

Within the European Union, the C&D wastes come to at least 180 million tons per 

year. Roughly 75% of the wastes is disposed to landfills, despite its major recycling 

potential. However, the technical and economic feasibility of recycling has been 

proven, thus enabling some Member States (in particular Denmark, The Netherlands 

and Belgium) to achieve recycling rates of more than 80%.On the other hand, the 

South European countries recycle very little of their C&D waste. In Italy, every year 

more than 20 million tons of C&D wastes are produced. They are mainly constituted 

of debris coming from demolished structures made of masonry or reinforced 

concrete. At present, only 10% of this material is recycled and the exceeding part is 

disposed of in landfills for inert materials since it is illegally disposed of by other 

means (Corinaldesi & Moriconi, 2008 ). 

The quality of concrete made from recycled aggregate is generally lower than that of 

concrete made from natural aggregate. The main reason for this is that recycled 

aggregate with its higher water absorption capacity has a porous mortar matrix 

around the natural aggregate and hence develops an inferior bond, (Imamoto, et 

al.,2009) 

Although of low quality of recycled aggregate, recycled aggregates have long been 

used in the construction industry, however, due to lack of suitable specifications, 

their use is being limited to the low grade applications. Undoubtedly, suitable quality 

recycled aggregates may be used successfully in higher grade applications such as 

structural concrete. Recent international advances in the drafting of specifications 

now provide good guidance on the quality control of recycled aggregates and their 

use in higher grade applications, (Poon et al., 2007). 

Many studies were constructed on recycled aggregate concrete all over the world,  

and locally in Gaza Strip these studies included the behavior of recycled aggregate 

concrete in fresh and hardened case. 
 

2.1.2 Recycled Aggregate in Gaza Strip: 

Gaza strip is one of the most density populated places in the world with an area of 

365 km². It has a population of 1.416 million inhabitants. In any country in the 

world, the demolition debris is considered as an environmental problem as well as it 

could have economic benefits based on local factors. So a lot of studies and 

researches have been done all over the world on the recycling of those debris and 

their usage in aggregate production. Gaza strip was suffering during the last decay 

from the Israeli incursions and military actions, which produced damaged buildings 

and infrastructure, (Rustom, 2005). 
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There are no studies on construction and demolition waste generation rates in Gaza 

Strip. However, the international available data does allow predicting the amount of 

construction and demolition waste generated yearly in Gaza Strip is around 0.5 ton 

per capita per year. So we can assume generation rate of construction and demolition 

waste in Gaza Strip is around 0.5 ton per capita per year and since the population of 

Gaza strip is around 1.5 million, so there will be 0.75 million ton generated per year 

in Gaza strip in normal situations, (Al-Riyati, 2005). Three main sources of 

construction and demolition waste are in Gaza Strip:  

1. Construction and demolition waste generates from new construction sites, 

structure renovation, structure demolition road repair sites, razing of 

buildings, and broken pavement. A survey by the Islamic University of Gaza 

in 2002 indicated that more than 1 million m³ of construction and demolition 

wastes are distributed over 21 main sites in Gaza Strip, (Rustom, 2007). 

2. Construction and demolition generates from destroying buildings due to 

Israeli military actions. The number of houses was destroyed during Israeli 

military actions is shown  in ( Table 2-1 ) according to Ministry of Public 

Works and Housing in Gaza Strip ( MPHW ). 

 

Table 2-1: Number of destroyed houses in Gaza Strip. 

Year Rafah 
Khan- 

Youns 

Middle  

Area 
Gaza 

Jabalia 

&North 

Area 

2012 132 64 33 12 28 

2008 1455 649 202 45 197 

 

3. Huge quantities of construction and demolition was generated as a result of 

destroying Israeli settlement during the withdrawal from Gaza Strip .  

The problem of construction and demolition wastes has appeared obviously at the 

beginning of the year 2005, after the withdrawal of Israeli occupation and the rapid 

continuous campaigns of destroying buildings and infrastructure in Gaza Strip. This 

problem began to increase and became  urgent to the extent that it has become 

phenomenon  worth   of studying  in order to find the suitable solution .This problem 

became complex at Al-Aqsa Intifada 2001 when the Israeli air force attacked all 

public buildings and Palestinian Authority Headquarters in the Gaza Strip. After the 

Israeli withdrawal from Gaza settlements in 2005, and as a result of the Israel policy 

that destroyed all residential, industrial and public buildings in these settlements, 

huge quantities of waste have been crouching everywhere . This new quantity added 

a big quantity of RA to the existing locally dumped. The history of Gaza demolition 

wastes' problem didn't stop at this point, but it opened a new stage at the end of the 
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years 2008 and  2009, when  Israel waged war on Gaza population. This war 

extended to about 22 days of continuous destruction of public, residential and also 

industrial building. According to Palestine Central Bureau of Statistics Estimation, 

22000 buildings were subject to complete and partial destruction,  about 15 % of all 

Gaza buildings. 

Fifty-two days after the start of Operation Protective Edge on June 8/2014, a three-

day cease-fire was announced, and renewed again. However, the end of the war will 

reveal a reality that may be harsher than the war itself. The Gaza Strip, a small 

densely populated area, is perhaps the only place in the world that suffered three 

devastating wars requiring extensive reconstruction three times in seven years. 

Although the assessment of the losses has yet to actually begin because of the 

continuing military operations, initial statistics issued by international and 

governmental institutions are shocking. These figures are expected to double with the 

start of the assessment of the losses in the field. According to statistics from the 

Ministry of Public Works in Gaza, it will take two decades to rebuild the thousands 

of houses destroyed during Israel‟s assault on Gaza. This is in addition to the 

destruction of roads, water and electricity systems, household items, identification 

papers, photos and certificates, as well as dozens of factories, mosques, schools, 

health clinics, hospitals and sewage plants. 

According to  the Ministry of Public Works, Israel‟s offensive on Gaza (2014) has 

caused over $5 billion of damage to homes and infrastructure in the Strip. Some 

10,000 homes have been completely destroyed, and 30,000 homes partially 

destroyed. 

The damage to Gaza‟s infrastructure from the current conflict is more severe than the 

destruction caused by either of the last two Gaza wars, according to the United 

Nations Relief and Works Agency (UNRWA) and other organizations. The fighting 

has displaced about a fourth of Gaza‟s population. Nearly 60,000 people have lost 

their homes, and the number of people taking shelter in Unrwa schools is nearly five 

times as many as in 2008-2009. 

 The disposal of construction and demolition wastes in Gaza Strip is one of the 

challenging problems; due to the scarcity of open lands and the limited size of 

municipal dumping sites to accommodate large quantities of debris and unprocessed 

construction wastes. The random and uncontrolled disposal of construction and 

demolition wastes creates several open dump sites. 
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2.2 Fiber Reinforced Concrete ( FR Concrete): 

FR Concrete is a concrete containing fibrous material which increases its structural 

integrity. It contains short discrete fibers that are uniformly distributed and randomly 

oriented. Fibers include steel fibers, glass fibers, synthetic fibers and natural fibers 

each of which lend varying properties to the concrete. In addition, the character of 

fiber-reinforced concrete changes with varying concretes, fiber materials, geometries, 

distribution, orientation, and densities, (Ballouy et al, 2009). 

Evidence of fiber reinforcement has been traced back to the ancient Egyptian times.  

Organic straw fibers were added to adobe to increase the strength and durability of 

the clay brick.  Horsehair was also used for brittle materials in early times (ACI 

Committee, 2002).  It was noticed as early as these times that fibers could bridge the 

gaps in fractured ceramic materials. Although such fibers are still in use today for 

some applications, organic fibers are typically limited to developing nations.   Fiber 

technology has come a long way since biblical times. Fibers are now being added to 

concrete used in bridge and parking decks, slabs and pavements because of the 

ability of fibers to improve toughness, or ductility, of concrete, ,( Majdzadeh, 2006). 

With synthetic concrete reinforcement Products from FORTA Corporation, it could 

control cracking and add long-term durability to a wide variety of concrete 

applications. Since FORTA's beginning in 1978, it Corporation a worldwide leader 

in synthetic fiber research and development. From a single grade of fiber, FORTA 

has expanded its product line to include an entire family of reinforcement fibers, 

each tailored to specific applications and demands of the international concrete 

community, ( www.forta-ferro.com, 2014). 

Since 1993, another generation synthetic fibers have been developed with improved 

performance benefits that affect the structural properties of the concrete itself. These 

synthetic fibers have begun to play an important role in the shotcrete market by 

enhancing toughness and durability while offering a safer and easier alternative to 

conventional reinforcing steel. Again, there is no standard definition describing these 

synthetic fibers, but an easily understood and typically used term is to describe these 

fibers as macro fibers due to their larger cross section compared to the 1978 first 

generation, synthetic fibers. Again, the measured difference in cross section by some 

boundary or threshold has not been standardized, ( Ballouy et al, 2009). 

2.2.1 Fiber types: 

Several different types of fibers, both manmade and natural, have been incorporated 

into concrete. Use of natural fibers in concrete precedes the advent of conventional 

reinforced concrete in historical context. However, the technical aspects of FR 

Concrete systems remained essentially undeveloped. Since the advent of fiber 

reinforcing of concrete in the 1940's, a great deal of testing has been conducted on 

http://www.forta-ferro.com/
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the various fibrous materials to determine the actual characteristics and advantages 

for each product. 
 

Several different types of fibers have been used to reinforce the cement-based 

matrices. The choice of fibers varies from synthetic organic materials such as 

polypropylene or carbon, synthetic inorganic such as steel or glass, natural organic 

such as cellulose or sisal to natural inorganic asbestos. Currently the commercial 

products are reinforced with steel, glass, polyester and polypropylene fibers. The 

selection of the type of fibers is guided by the properties of the fibers such as 

diameter, specific gravity, young‟s modulus, tensile strength…..etc and the extent 

these fibers affect the properties of the cement matrix (Clarke, et al., 2007). 
 

There are numerous fiber types available for commercial and experimental use. The 

basic fiber categories are steel, glass, synthetic, and natural fiber materials. Table (2-

2) gives a list of properties and common applications of various fiber reinforced 

concrete types presented by ACI 544 (ACI Committee, 2002). 

 

Table 2-2: Various fiber types, properties, and applications. 

Fiber 

Type 
Categories Properties 

Current Industry 

Applications 

Steel 
 

 

 Cold-Drawn 

Wire 

 Cut Sheet 

 Melt-Extracted: 

 Crimped-End 

 Flattened-End 

 Deformed 

 

 

 Improved 

flexural 

toughness 

 Impact resistance 

 Flexural fatigue 

endurance 

 Static and 

Dynamic tensile 

strength 

 Energy 

absorption 

 

 Flat slabs on 

grade subject to 

impact loads 

 Shotcrete 

applications 

 Hardened 

military 

structures 

 Tanker docks 

 Airport 

Pavements 

 Dams and vaults 

Glass 

 

 Borosilicate(E-

Glass)  

 Soda-Lime-

Silica(A-Glass)  

 Alkali 

Resistant(AR-

Glass)  

 

 

 Light Weight  

 Economic  

 Strength 

reduction due to 

long term 

exposure to 

elements  

 Shape versatility  

 

 

 Architectural 

cladding and 

facades  

 Thin section 

applications  

 Electrical Utility 

Products  

 Building 

restoration  

 Fire protection  

 Asbestos 

replacement  
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Table 2-2:Table continue.  

Synthetic 

 

 Acrylic  

 Aramid  

 Carbon  

 Nylon  

 Polyester  

 Polyethylene  

 Polypropylene  

 

 

 High Ductility 

while 

maintaining 

integrity  

 Impact 

Resistance  

 Crack 

distribution and 

control  

 Increase flexural 

fatigue strength  

 Ductile 

compressive 

failure  

 Low water 

absorption  

 High ignition 

temperatures  

 

 

 Slabs on grade  

 Floor Slabs  

 Stay in place 

forms  

 Tunnel linings  

 Boat hulls  

 Scaffold boards  

 Pool construction  

 Precast units.  

 

Natural 

 

 Wood fibers  

 Flax  

 Bamboo  

 Coconut  

 Elephant grass  

 Sugar cane, 

etc...  

 

 

 Lower durability  

 Fibers swell from 

moisture  

 Increased tensile 

and flexural 

strength  

 Increased 

toughness  

 

 

 Roof shingles  

 Pipes  

 Siding planks  

 Thin cement 

wall/roof sheets  

 Low income 

housing  

 Gas and water 

tanks  

 

 

  Synthetic fiber: Synthetic fibers are man-made fibers resulting from research and 

development in the petrochemical and textile industries. SNFRC utilizes fibers 

derived from organic polymers which are available in a variety of formulations. Fiber 

types that have been tried in Portland cement concrete based matrices are: acrylic, 

aramid, carbon, nylon, polyester, polyethylene and polypropylene. For many of these 

fibers, there is little reported research or field experience, while others are found in 

commercial applications and have been the subject of extensive reporting(ACI 

Committee, 2002). 

With the development of synthetic fiber, synthetic macro-fiber -fiber‟s diameter is 

larger than 0.1mm is defined as macro fiber-( CECS, 2004) has been used widely in 

civil engineering. Due to some limitations of steel fiber, macro synthetic fiber could 

be a better solution for enhanced performance, such as facilitate light weight concrete 

structure, high corrosion resistance; better residual (post-cracking) flexural strength, 
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smaller crack width and improved performance in impact, abrasion along with more 

of a leveled surface than traditional steel fiber reinforced concrete,( Majdzadeh, 

2006). 

The number of synthetic fiber suppliers has grown in recent years, giving contractors 

a wide range of fiber products from which to choose. The primary types of synthetic 

fibers commercially available in the United States are polypropylene, polyester, and 

nylon. Though the fibers within each type come in various lengths, thicknesses, and 

geometries, synthetic fibers provide similar benefits when used as secondary 

concrete reinforcement. Table (2-3) shows typical properties of the various synthetic 

fibers. Most synthetic fibers also have excellent acid, alkali, mildew, and salt 

resistance, are non-corrosive, and have low thermal conductivity. 

 

 

Table 2-3: Typical Properties of Synthetic Fibers 

 

  

 

 

 

 

Several fiber materials in various sizes and shapes have been developed for use in FR 

Concrete. Among these fibers, the polypropylene has been one of the most successful 

commercial applications. The common forms of these fibers are smooth-

monofilament and have triangular shape. Polypropylene fibers have some unique 

properties that make them suitable for reinforcement in concrete. The fibers have a 

low density, are chemically inert and non-corrosive, (Patel et al, 2012). 

 Polypropylene: Of the synthetic fibers available in the United States, polypropylene 

is the most widely used in ready mixed concrete (Hasan et al., 2011). Polypropylene 

fibers are hydrophobic, so they don‟t absorb water and have no effect on concrete 

mixing water requirements. They come as either fibrillated bundles or 

monofilaments. To produce fibrillated fibers, manufacturers extrude the 

polypropylene in sheets that are stretched and slit. The result is a mesh of 

interconnected fiber strands rectangular in cross section. Manufacturers cut the 

strands to specified lengths and separate them into bundles. Fiber lengths range from 

1⁄4 to 21⁄2 inches . When added to concrete during mixing, the fibrillated fibers open 

into a network of linked fiber filaments that mechanically anchor to the cement paste, 
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Figure (2-1). One manufacturer offers a graded fibrillated fiber having various 

lengths, sizes, and fibrillation patterns. The graded fibers reportedly disperse more 

thoroughly into all areas of the cement paste during mixing. Monofilament fibers are 

fine, cylindrical strands that separate during mixing. Because monofilament fibers 

are smooth and have a small surface area, they don‟t anchor into the cement matrix 

as well as fibrillated fibers. With fibrillated fibers, cement paste penetrates into the 

network of fiber filaments resulting in better mechanical anchoring to the concrete. 

Research shows that lower volumes of fibrillated fibers than of monofilament fibers 

are needed to improve the post-cracking load- carrying capacity and ductility of 

concrete (Majdzadeh et al., 2006). Some manufacturers recommend using 

monofilament fibers for relatively short-term benefits, such as plastic shrink- age 

crack control during the first few hours after concrete placement. 

 

 

 

 

 

 

 

Figure 2-1: Fibrillated polypropylene fibers (left) consist of interconnected fiber 

strands that open during mixing (right). Fiber-reinforced versus conventionally 

reinforced concrete. 

2.2.2 Forta Ferro Fibers (FF Fiber): 

Forta Ferro is an easy to finish, color blended macro synthetic fiber, made of 100% 

virgin copolymer/ polypropylene consisting of a twisted bundle non-fibrillating 

monofilament and a fibrillating network fiber. Figure (2-2), yielding a high-

performance concrete reinforcement system. Forta Ferro is used to reduce plastic and 

hardened concrete shrinkage, improve impact strength, and increase fatigue 

resistance and concrete toughness. This extra heavy-duty macro synthetic fiber offers 

maximum long-term durability, structural enhancements, and effective 

secondary/temperature crack control by incorporating a truly unique synergistic fiber 

system of long length design, (FORTA Corporation manual, 20014). 

 FF Fiber is non-corrosive, non-magnetic, and 100% alkali proof.This patented fiber 

is actually a blend of two fibers: 
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1. a standard fibrillated polypropylene fiber to reduce and control shrinkage and 

temperature cracking, and 

2. a very heavy-duty twisted-bundle monofilament fiber made of a strong 

synthetic copolymer, to increase load-transfer and post-crack performance. 

This pre-blended fiber is typically used in long lengths (2-1/4") and in high 

dosages (5 to 30 lbs./cubic yard) to affect a higher replacement level of 

reinforcing steel than standard synthetic fibers. Forta Ferro, which means 

"Strong As Steel", is also extremely user friendly, having gained a reputation 

as the best mixing and finishing fiber of its kind in the industry, ( www.forta-

ferro.com, 2014).. 

 

 

 

 

 

 

 

 

Figure 2-2: Forta Ferro Fibers. 

FR Concrete is a concrete mix containing water, cement, aggregate and 

discontinuous fibers of various shapes and sizes.  

According to Bentur & Mindess (2006), fibers have been used as reinforcement for 

quite some time now. Asbestos was the first material widely used in the beginning of 

the 20
th

 century. Man-made fibers produced from steel, glass, synthetics, asbestos 

and natural fibers such as cellulose, sisal and jute, are examples of materials that are 

used in FR Concrete today.  Unreinforced concrete is as known, a brittle material 

with high compressive strength but low tensile strength. Therefore, concrete requires 

reinforcement. The most known method has been, using ordinary continuous 

reinforcing bars in order to increase the load carrying capacity in the tensile and 

shear zones. Fibers that are short materials randomly spread in the concrete mix, are 

however discontinuous. Fibers do not increase the (tensile) strength remarkably, but 

due to their random distribution in the mix, they are very effective when it comes to 

controlling cracks. As a result the ductility of fiber reinforced members is increased. 

Fibers can also be used in thin and complex members where ordinary reinforcement 

cannot fit. 

 

http://www.forta-ferro.com/
http://www.forta-ferro.com/
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2.3 Interaction between fibers and matrix: 
 

Many detailed analytical predictions and models have been developed in the 

interaction of fiber-matrix stress transfer and crack bridging, as well as analysing the 

shear stresses that develop across the fiber-matrix interface. Most of the models were 

done by simulate analytical solution on fiber-matrix interaction, which based on a 

simple pullout geometry shown in Figure (2-3). These analytical models involves the 

shear stress and frictional stress which developed between the fiber and cement 

matrix, offering predictions on the efficiency of short, randomly oriented fibers in the 

concrete matrix. The effectiveness of fibers in the mechanical properties of the fiber 

reinforced concrete is influenced in two ways: 

• Processes where load is transferred from the cement matrix to the fibers, and 

• The bridging effect of the fibers in the concrete when the concrete cracks. 

The stress transfer effects must be considered in both pre-cracking case and post 

cracking case for the brittle FR Concrete, as the processes of stress transfer are 

different in these two cases. Such understanding of mechanisms for the stress transfer 

permits the prediction of stress/strain curve on the fiber reinforced composite, the 

mode of fracture and a basis for developing performance on the composite with the 

modification of the interaction of fiber-cement matrix, (Mein, 2004). 
 

 

 

 

 

 

 

 
 

 

 

Figure 2-3: Pullout geometry to simulate the interaction between fiber and cement  
 

 

The behavior of FR Concrete, varies with composition and can have a softening or 

hardening behavior, see Figure (2-4). Post crack hardening allows multiple cracks 

before failure while in post crack softening there is a reduction of strength after the 

first crack allowing no further cracks, ( Banthia N. and Gupta, 2006). 
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Figure 2-4: Post cracking behavior of FR Concrete in tension. 

2.4 Recycled Concrete with FF Fiber:  

Concrete with aggregate from recycled materials, which enables saving sources of 

natural aggregate, is considered to have generally worse mechanical properties than 

common concrete. But the idea to add fibers to a concrete mixture with recycled 

aggregate may change material properties of such concrete, improve behavior and 

bring about new types of applications. FR Concrete with recycled aggregate can be 

considered as optimal structural concrete for various applications. The approach to 

design of fiber concrete with recycled aggregate is defined by the method, or the 

philosophy, of the design, whose flow is shown in Figure (2-5 ). 

While in the case of ordinary, or plain, concrete the material characteristics are 

defined by its application, which is reflected in the composition of fresh concrete 

(way 1), in the case of fiber concrete this process is its complete opposite (way 2). 

The composition is given in advance and subsequently its properties are proofed and 

its applicability in building industry sought. The general procedure of testing of 

composites mostly follows the economic criteria (cost minimization) with respect to 

simplicity of technology and possible applicability in practice, which would 

contribute to the building sustainability. The advantage of the wide grading curve of 

the used recycled aggregate is apparent in the design of fiber concrete. 

 

 

 

 

 

 

Figure 2-5: Philosophy of the design of fiber concrete with recycled aggregate. 
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The design can be based only on determination of the density of the compacted 

recycled aggregated regardless to its saturation, and the remaining components can 

be just added. The amount of cement should ensure the bond between the fibers and 

the recycled aggregate, and the amount of fibers should ensure the required uniaxial 

tensile strength. The amount of water should be decided according to workability 

requirements. The mix composition is based on the following principles: 

(Vytlačilová, 2011). 

 recycled aggregate of wide grading curve (a single grade, e.g. 0/32 mm), 

 constant-minimum amount of binder (cement),  

 weight of fibers according to the requirement of fiber concrete properties, 

 amount of water according to required workability. 
 

2.5 Advantages and Disadvantages of FR Concrete: 

Fibers, which are randomly distributed throughout the concrete, can overcome cracks 

and control shrinkage more effectively. These materials have outstanding 

combinations of strength and energy absorption capacity. In general, the fiber 

reinforcement is not a substitution for conventional steel reinforcement. The fibers 

and steel reinforcement has their own role in concrete technology. Therefore, many 

applications in which both fibers and continuous reinforcing steel bars can be used 

together, (Mein, 2004).   

However, fibers are not efficient in withstanding the tensile stresses compare to 

conventional steel reinforcement. But, fibers are more closely spaced than steel 

reinforcement, which are better in controlling crack and shrinkage. Consequently, 

conventional steel reinforcement used to increase the load bearing capacity of 

concrete member; fibers are more effective in crack control, (Fang, 2010).   

Due to these differences, there are particular applications that fibers reinforced are 

advance than conventional steel reinforcement. These include:   

 Fibers comprise as „primary reinforcement‟, in which the conventional steel 

reinforcement cannot be utilized. The fiber concentrations are comparatively 

high in thin sheet materials, normally exceeding 5% by volume, acts to 

increase in toughness and strength of mortar or concrete. 

 Fibers can be components to withstand locally high loads or deformations, 

which applies to structures like precast piles, precast walls, blast resistant 

structures or sewer tunnel and linings.  

 Applications that control cracks persuaded by temperature and humidity, such 

as pavements and slabs, where fibers offered as „secondary reinforcement‟.   
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The uses of steel bars and wire mesh require unnecessary labor and material costs for 

structure concrete. With replacement of randomly distributed short fibers as an 

alternative reinforcement, will significant reduce both labour and material costs, 

greatly increase construction and project time, (Patel et al, 2012). 

 

Benefits of using fibers-reinforced concrete are:   

o Increase impact and shatter resistance, fatigue endurance and shear strength 

of concrete.  

o Requires no special equipments to install reinforcement.  

o Increase crack resistance, long-term ductility, energy absorption capacity and 

toughness of concrete.  

o Reduce labor and material costs in concrete applications.  

o Provides multi-directional concrete reinforcement.  

o Compatible with admixtures, all types of cement and concrete mixtures.  

o Reduce plastic shrinkage and crack width formation.   

Restrictions and limitations of using fiber-reinforced concrete are:   

o Control crack as result of external stresses.  

o Reduction in curling and creep.  

o Justification for a reduction in the size of support columns.  

o Higher structural strength development.  

o Replacement of any moment for structural steel reinforcement.  

o Decreasing the thickness of slab on grade. 

Although short fibers cannot replace conventional steel reinforcement, they create 

supplementary reinforcement use to achieve increase in strength, higher ductility, 

greater shrinkage, crack control, fatigue, impact and abrasion resistance. However, 

development and advances in technologies has led to the discovery of more effects 

for fibers behavior and mechanical properties of concrete, (Mein, 2004).  

As mention above, polypropylene fibers reduce or relieve internal forces by blocking 

microscopic cracks from forming within the concrete. The main disadvantage 

associated with the fiber reinforced concrete is fabrication. The process of 

incorporating fibers into the cement matrix is labor intensive and costlier than the 

production of the plain concrete. The real advantages gained by the use of FR 

Concrete overrides this disadvantage, (Brown et al., 2002).  

  

 

 

 



www.manaraa.com

chapter 3                                                                                      Materials And Experimental Program 

 
  

19 

 

Chapter3 

Materials And Experimental program 

 
3.1 Introduction: 

This chapter provides a description of the laboratory study performed in this work. 

All of the tests were performed over a span of approximately 4 months, starting with 

trial concrete batches in January to April 2014, followed by a preliminary 

investigation and concluding with the main experimental program. All work was 

performed in the Structural Laboratories - soil and material laboratory at IUG and 

consulting center for quality & calibration. This chapter comprises the experimental 

program and the constituent materials used to produce of recycled Concrete with FF 

Fiber associated with this research work. 
1 

The properties of several constituent materials used to produce recycled Concrete 

with FF Fiber are also discussed such as moisture content, unit weight, specific 

gravity and the grain size distribution. The test procedures, details and equipment 

used to assess concrete properties are illustrated in the following sections which 

summarized in chart (3 -1). 

 

 

 

 

 

 

 

 

 

 

 

Figure. 3-1: Outline of chapter (3). 

 

 

1. What are our objectives?...Based on related 
specification. 

2. Select constituent materials 

3. Design mix composition 

4. Laboratory testing 

 5. Adjust proportions or verify by trials on lab 
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3.2 Experimental program: 

As mentioned in chapter one the aim of this research is to produce RA with FF Fiber 

using local available materials. The test program adopted to achieve this objectives is 

summarized in Figure (3-2). Three batches of concrete have been cast: one with no 

fibers and the remaining with two different volume fractions fibers of 0.5% and 1.0% 

with different percentage of recycled aggregates 0.0% ,50% and 100%. Concrete 

specimens (cubes, cylinders and beams) have been cast to determine the mechanical 

behavior such as compressive, tensile, flexural strength and load - deflection 

relationships. As shown in Figure (3-2), a total of 189 specimens tested: 81 cubes of 

size 100×100×100 mm for compressive strength test, 81 cylinders of size 150mm 

diameter and 300mm height for tensile strength test and 27 of 150mm x 150mm x 

600mm beam for flexural strength test. All of specimens with three different 

percentages of RA volume fractions, such as 0%, 50% and 100% tested, at an age of 

7 days, 14 days and 28 days for each batch.  
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Figure 3-2: Test Program. 
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3.3 Characterizations of Constituent Materials: 

Concrete is a composite material composed of course granule material (the aggregate 

or filler) embedded in hardened matrix of material (the cement) that fills the space 

between the aggregate particles and glues them together. Aggregate can be obtained 

from many different kinds of material, although we mostly make use of the materials 

of natural common rocks, but recycled aggregate can also be considered as another 

source of aggregate. 

The materials used in this research include ordinary Portland cement, Aggregates 

(Recycled, Natural), FF Fiber, Quartz sand, water in addition to superplastisizers, are 

used to ensure suitable workability. FF Fiber used to improve the strength and 

ductility. Proportions of these constituent materials have been chosen carefully in 

order to optimize the packing density of the mixture. 
 

 

3.3.1 Cement: 

Cement paste is the binder in recycled Concrete with FF Fiber that holds the 

aggregate (coarse, fine, micron fine) together and reacts with mineral materials in 

hardened mass. The property of sample depends on the quantities and the quality of 

its constituents. Because cement is the most active component and usually has the 

greatest unit cost, its selection and proper use is important in obtaining most 

economically the balance of properties desired of mixture. In this research ordinary 

Portland Cement CEM I 42.5R brought from Egypt is used, because of unavailability 

of other types of cement in Gaza during performing these tests. The cement met the 

requirements of ASTM C 150 specifications. The results of physical and mechanical 

analyses of the cements are summarized in Table (3-1) along with the requirements of 

relevant ASTM specifications for comparison purposes. 

Table 3-1: cement characteristics according to the manufacturer sheets. 

Type of test 

 

Ordinary Portland Cement 

Results ASTM C 150 

Setting time ( Vicat test ) hr : min 

Initial 
1 hr 30 min 

 
> 60 min 

Final 

 

4 hr 40 min 

 
< 6 hrs 15 min 

Mortar compressive strength (MPa) 

3-Days 

 

20.7 

 
Min. 12 

7-Days 

 

35.3 

 
Min. 19 

28-Days 

 

48.6 

 
No limit 

Blain Fineness (cm2/gm) - 
3005 

 
Min. 2800 

Water demand - 27.5 % No limit 
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3.3.2 Aggregates: 

Aggregate is relatively inexpensive and strong making material for concrete. It is 

treated customarily as inert filler. The aggregate used in this study can be divided into 

two types based on its source as natural aggregate and recycled aggregate. 

3.3.2.1 Aggregate types: 

 Natural Aggregate: Crushed limestone were used as course aggregate (Foliya, 

Adasiya, Simsimiya) with the maximum nominal size as shown below 

according to the local market size classification. 

 Fine aggregate: The sandy dunes, which are considered as the source of sand, 

are spread along the Gaza Strip, especially in Rafah, Khan Younis and Bait 

Lahya . Sand was tested for physical properties. 

 Recycled aggregate: It is looks like natural aggregate. However, recycled 

aggregate has many physical properties that vary from those of natural 

aggregates. In general, crushed concrete particles are more angular and have a 

rougher surface texture than natural aggregate. particles with roughly textured, 

angular shape and elongated particles require more water to produce workable 

concrete than smooth rounded compact aggregate. The lightweight, porous 

cement mortar attached to recycled concrete aggregates causes crushed concrete 

aggregates to have a lower specific gravity and higher water absorption than 

comparatively sized natural aggregates. 

 

3.3.2.2 Aggregate properties: 

The most important aggregate properties which needed to prepare concrete mixes are: 
 

A. Specific gravity: 

The density or specific gravity of an aggregate is defined as the ratio of the mass of 

solid in a given volume of sample to the mass of an equal volume of water at the same 

temperature. The specific gravity is clustered under three different conditions namely 

bulk, apparent and saturated specific gravity. The bulk specific gravity is where the 

specific gravity of the aggregate is determined under the natural environment. The 

apparent specific gravity is determined after the aggregate is oven dried for 24 hours. 

The saturated specific gravity is determined when the aggregate is under the saturated 

condition. The specific gravity of an aggregate gives valuable information on its 

quality and properties and it is seen that the higher the specific gravity of an 

aggregate, the harder and stronger it will be. Table (3-2) illustrates the specific gravity 

value for all natural coarse aggregate and Recycled aggregate which used in the 

preparation of concrete mixes. As we note the density of the recycled aggregates is 

lower than the one of natural aggregates, because of the fact that the cement paste 

remains stuck at the grains and because there are some impurities of lower density, as 
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asphalt or bricks . The determination of specific gravity of coarse and fine aggregate 

was done according to ASTM C 127 and ASTM C128 respectively. 
 

B. Absorption: 

The water absorption is defined as the absorption rates of water by aggregate. It is 

determined by measuring the increase in mass of an oven dried sample when 

immersed in water for 24 hours. The ratio of the increase in mass of the sample, 

expressed as a percentage. The absorption rate not only affects the bond between the 

aggregate and cement paste but also the specific gravity of the aggregate. When the 

water absorption of the aggregate is higher, it will decrease the workability of fresh 

concretes. 

The water absorption is the physical property of recycled aggregate which shows 

more difference with the natural aggregate as shown in Table (3-2). The absorption 

rate produces the effect of having to control the mix proportions of water content and 

to maintain water-cement ratio constant. That means, in concrete design, the higher 

absorption raises the issues of workability and water demand. 

Table 3-2: Physical property of Natural and recycled aggregate. 

Recycled 

aggregate 

Natural Aggregates 

Sand Simsimiya Adasiya Foliya 

Specific Gravity 

2.402 2.576 2.615 2.598 2.579 

Absorption 

3.6 0.7 2.0 1.5 1.7 

Fine Materials Content (less than 75 µm) 

1.1 0.193 2.719 2.087 1.797 

Bulk Density 

1.384 1.266 1.354 1.343 1.384 

 

C. Grading and sieve analysis:  

The sieve analysis of aggregate includes the determination of coarse and fine 

aggregate by using a series of sieves. The size of aggregate particles differs from 

aggregate to another, and for the same aggregate the size is different. ASTM C136 

procedure was used to determine the sieve analysis of coarse and fine aggregate, 

(ASTM C136, 2004). 
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Table (3-3) and (3-4) show the sieve grading of the three types of Natural coarse and 

fine aggregates and Recycled aggregate. 

 

Table 3-3: Aggregates Gradation (Sieve Analysis) of Natural and recycled aggregate. 

Recycled 

aggregate 

Simsimiya: 

Max Size 

10 mm 

Adasiya: 

Max Size 

14 mm 

Foliya: 

Max Size 

25 mm Sieve Opening 

  Size (mm) 

Sieve 

No. Passing% 

 

100.0 100.0 100.0 100.0 37.5 1 1/2" 

100.0 100.0 98.7 100.0 25 1" 

100.0 100.0 89.8 90.9 19 3/4" 

52.4 97.7 35.9 45.3 12.5 1/2" 

2.5 91.9 6.0 6.3 9.5 3/8" 

0.2 20.9 1.1 2.2 4.75 #4 

0.2 4.9 1.0 2.2 2.36 #8 

0.2 2.3 1.0 2.1 1.18 #16 

0.2 1.3 1.0 1.8 0.6 #30 

0.1 0.5 0.3 0.4 0.15 #100 

0.0 0.0 0.0 0.0 0 pan 

 

Table 3-4: Aggregates Gradation of sand (Maximum Size 0.600 mm). 

Passing% 
Sieve Opening Size 

(mm) 
Sieve No. 

100.0 2.36 # 8 

99.7 1.18 #16 

95.7 0.600 #30 

46.3 0.300 #50 

1.3 0.150 #150 

0.0 0.000 pan 
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                                  ( a )                                         ( b ) 
 

Figure (3-3):Texture comparison between coarse natural aggregate and coarse 

recycled a) Natural coarse aggregate b)Recycled coarse aggregate. 

 

Comparison between coarse recycled and coarse natural aggregate:  

Figure (3-3) and Tables(3-2,3-3) indicated that: 

1. Recycled aggregate has rough – textured, angular and elongated particles where 

natural aggregate is smooth and rounded compact aggregate. 

2. Recycled aggregate is well graded as natural aggregate. 

3. The water absorption capacity of coarse recycled aggregate is 3.6% which is more 

than natural coarse aggregates. 
 

The difference is due to cement paste adhered to aggregate and some kinds of 

impurities in recycled aggregate .The rough – texture, angular and elongated particles 

require more water than the smooth surface which increase the capacity of water 

absorption .The void content will increase with the angular aggregate which decrease 

the dry density of coarse recycled aggregate. 
 

3.3.3 Forta Ferro Fibers (FF Fiber): 

FF Fiber has been tested by scores of agencies, laboratories, and testing facilities in a 

wide variety of performance areas, such as toughness, impact resistance, flexural 

strength, and residual strength, Table (3-5) shows the hysical property of FF Fiber. 

Recommended dosage rate of Forta Ferro is 0.2% to 2.0% by volume of concrete (3 

to 30 lbs. per cubic yard) added directly to the concrete mixing system during, or 

after, the batching of the other ingredients and mixed at the time and speed 

recommended by the mixer manufacturer (usually four to five minutes). 
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Table 3-5: Physical property of Forta Ferro. 

Materials 
 

Virgin Copolymer/Polypropylene  

 

Form Monofilament/Fibrillated Fiber System 

Specific Gravity 
 

0.91  

 

Tensile Strength 
 

83-96 ksi. (570-660 MPa)  

 

Length 2.25" (54mm), 1.5" (38mm) 

Color Gray 

Absorption 
Nil 

 

Acid/Alkali Resistance  
 

Excellent 

 

 

3.3.4 Water: 

Drinkable water was used in all concrete mixtures and in the curing of specimens. 
 

 

3.3.5 Superplastisizers: 

Supe Flow B.D. is a hydroxylated polymer blended with lignosulphonic acid  family 

it can be used with all types of Portland cement and/or blast furnace slag cements with 

fly ash, pozzolan, fillers fume-silica etc… 

However, the rate of addition is in the range of 0.6-1.0 Kg/100kg of Cement, The 

technical data for Super Flow are shown in Table (3-6). Full data details are presented 

in Appendix II 
 

Table 3-6: The technical data for Super Flow (source: from supplier) 

Form Brown liquid 

Specific Gravity 1.18 (=/-0.01) kg/dm3 a 200 C. 

pH 7(+/-1) 

Freezing Point -20 C approx. 

Chloride content Nil 
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3.4 Mix Design of recycled Concrete with FF Fiber: 

Concrete is the basic engineering material used in most of the civil engineering 

structures. Its popularity as basic building material in construction is because of, its 

economy of use, good durability and ease with which it can be manufactured at site. 

The ability to mould it into any shape and size, because of its plasticity in green stage 

and its subsequent hardening to achieve strength, is particularly useful. 

The process of determining required and specifiable characteristics of a concrete 

mixture is called mix design. 

Concrete mix design is defined as the appropriate selection and proportioning of 

constituents to produce a concrete with pre-defined characteristics in the fresh and 

hardened states, (IS 10262, 2009). 

Characteristics can include: (1) fresh concrete properties; (2) required mechanical 

properties of hardened concrete such as strength and durability requirements; and (3) 

the inclusion, exclusion, or limits on specific ingredients. Mix design leads to the 

development of a concrete specification. 

Mixture proportioning refers to the process of determining the quantities of concrete 

ingredients, using local materials, to achieve the specified characteristics of the 

concrete. A properly proportioned concrete mix should possess these qualities: 

1. Acceptable workability of the freshly mixed concrete 

2. Durability, strength, and uniform appearance of the hardened concrete 

3. Economy 

Understanding the basic principles of mixture design is as important as the actual 

calculations used to establish mix proportions, (Kosmatka et al., 2003). 

3.4.1 Material properties: 

With the available data, such as particle density, water absorption, proportion of 

aggregates, water/cement ratio, aggregate/cement ratio and target strength, the 

calculation of mix quantities can be obtained. In this research standard design 

procedure starting with determining the amount of aggregates required using the other 

parameters such as densities of fine and coarse aggregates in SSD condition, volume 

ratio of fine aggregate to the total aggregate, then determination of the cement content 

for a target design compressive strength. 

After that water content to be determined according to the selected water/ cement and 

assumed air content, using the total absolute volume equation. 

Then determination of the superplasticizer dosage based on the calculated total 

cement content. 



www.manaraa.com

chapter 3                                                                                         Materials And Experimental Program 

 
  

29 
 

3.4.2 Mixing procedure was according following steps: 

 

1) Adding 40 % of superplasticizer to the mixing water. 

2) Placing all dry materials (cement, quartz sand, course aggregate and FF Fiber) in 

the mixer pan, and mixing for 2 minutes. 

3) Adding water (with 40% of superplasticizer) to the dry materials, slowly for 2 

minutes. 

4) Waiting 1 minute then adding the remaining superplasticizer to the mixture for 30 

seconds. 

5) Continuation of mixing as the changes from a dry powder to a thick paste. 

After final mixing, the mixer is stopped, turned up with its end right down, and the 

fresh homogeneous concrete is poured into a clean plastic pan. 

The casting of all specimens used in this research completed within 20 minutes after 

being mixed. All specimens were cast and covered to prevent evaporation, (Karmout, 

2010). 

Fibers can be added with the coarse and fine aggregate at the batch plant or to the 

central or truck mixer at the jobsite. If adding the fibers with other mix ingredients, no 

extra mixing time is needed. 

If adding the fibers to mixed concrete, agitate the concrete an additional 3 to 7 

minutes as recommended by ASTM C 94 to disperse the fibers thoroughly. 

Typical values of dosage rates call for fibers to be added as a percentage volume, with 

rates ranging from 0.2% to 2.0%. 

3.4.3 Curing: 

Once the specimens were cast and finished, they were allowed to sit for about two to 

three hours in open air to commence the setting process. The specimens were covered 

with one or two layers of wet burlap and left overnight. On the next day, the modulus 

of rupture prisms and panel specimens were removed from their moulds and again  

placed in curing basin for the next six days. Cylinders were also demoulded and 

placed in a curing chamber located in the soil lab at the IUG (see Figure 3-4 )  at 

100% relative humidity for the next six days. On the seventh day after casting, all of 

the specimens were uncovered and left to cure to maturity in ambient conditions. 

 

 

 

 

 

Figure 3-4: Test curing basin. 



www.manaraa.com

chapter 3                                                                                         Materials And Experimental Program 

 
  

30 
 

3.5 Equipment and testing procedure: 

Once the mix job was done, the concrete specimens were then prepared by pouring 

the concrete into 150mm diameter x 300mm large cylindrical moulds, 100mm x 

100mm x 100mm cubic moulds and 150mm x 150mm x 600mm beam moulds. In 

total there were three batches for each type of fiber corresponding to the various fiber 

volume dosages (0.5% and 1.0% ) and one control batch with no added fibers. This 

shows grand total of 189 concrete specimens, which include nine cylindrical 

specimens, nine cubic specimens and three beam specimens for each concrete mix 

batch. The Figure (3- 5) shows the moulds for specimens. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-5: moulds for specimens. 

 

Before any fresh concrete was poured into the concrete moulds, all concrete moulds 

must be cleaned from the existing concrete stain and diesel oil was applied inside and 

around the moulds. The fresh concrete was placed into the mould with the scoop and 

vibrated with an immersion vibrator. Once the concrete moulds were filled, the 

surface of the concrete was leveled with a lever. 

The specimens were demoulded after 24 hours of casting and curing in steel moulds. 

Thereafter, the demoulded specimens were marked for identification and kept 

submerged in a curing tank at a temperature (27° ± 2°C) till the age of testing. 
 

3.5.1 Hardened properties testing: 

It is important to understand the properties of concrete as they indicate the potential 

qualities to this purpose. Nevertheless, characteristics of concrete strength and 

durability should not consider as essential material properties. 

Such factors like specimen geometry and preparation, temperature, loading rate, 

moisture content, and type and method of testing will affect the mechanical 

behaviour. Majority of these properties of concrete were used in laboratory work, and 

especially in research, where it is based to the knowledge of the influence on these 

tests and the measured property is important. Hardened properties tests can categorise 

to destruction and non-destructive tests, which permit repeated test on the same 

150 mm 

3
0
0
 m

m
 

600 mm 

1
5
0
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specimen, making potential study of change in properties with time. The tests 

conducted for this project are destructive test. 

This section 4.3.1 mainly deals with the hardened property test of FR Concrete. Each 

test and methodology was outlined and discussed. The test procedure to measure the 

hardened property of FR Concrete in this project was according with AS1012.3, and 

these methods include: 

• Compressive strength test. 

• Tensile strength test. 

• Flexural strength test. 

3.5.1.1 Compressive strength test: 

Compressive strength of a concrete is a measure of its ability to resist static load, 

which tends to crush it. Most common test on hardened concrete is compressive 

strength test. It is because the test is easy to perform. Furthermore, many desirable 

characteristic of concrete are qualitatively related to its strength and the importance of 

the compressive strength of concrete in structural design. The compressive strength 

gives a good and clear indication that how the strength is affected with the increase of 

fiber volume dosage rate in the test specimens. 

A total of 81 cubes of size 100×100×100 mm with three different percentages of 

Recycled aggregate with three different percentages of Forta Ferro fiber volume 

fractions, such as 0, 0.5, and 1.0 % are tested, as shown in Figure (3-6). 

The specimen was placed in the testing machine (between the two platens) then the 

axis of the specimens was carefully aligned. The upper platen was lowered down to 

the capped specimen so that uniform bearing is obtained. Finally the maximum force 

was read from the testing machine meter and the reading was recorded. The 

compressive strength of the specimen was obtained by through the maximum load 

form the meter over the cross sectional area of the specimen. 

The compressive strength of concrete can be calculated using the following formula: 

 
 

f´c = 
       

 
 ………………………………………………………….…Eq. (3-1) 

Where:  

f´c = Compressive strength of concrete (MPa). 

P = Maximum load applied to the specimen in kN. 

A = Cross sectional area of the specimen (mm²). 
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Figure 3-6: Compression test specimens (100x100x100mm) 

 

3.5.1.2 Indirect tensile strength test: 

The split tension test is an indirect way of measuring the tensile strength of concrete. 

These tests were performed with Cylinder Testing Machine. The test method involves 

applying a diametric, compressive force along the length of the cylindrical specimen. 

The stress distribution, shown in Figure (3-7), along the plane of the applied load has 

a high compressive stress at the extreme fibers, but rapidly changes to a nearly 

uniform tensile stress in the transverse direction over the remaining cross section. 

The testing of specimens in pure tension is very difficult and usually determines by 

indirect mean, applying tension in the form of splitting. 

Concrete specimens for indirect tensile test were 150mm diameter and 300mm height. 

The specimens were placed with its axis horizontal, between the platens of a 

compression-testing machine. The apparatus set up was shown in Figure ( 3-7 ). Load 

was applied until the specimen fails in its vertical diameter. The splitting test is simple 

to conduct and gives more consistent results than other tension tests. It is believed that 

the strength obtain by splitting test is nearer that the true tensile strength of the 

concrete than modulus of rupture. 

The task of this test was performed to find the increase and differences of strength 

according the increasing percentage of fiber in the concrete.  

The concrete cylinder will crack, but will refrain from completely shattering as load is 

continuously added past the first crack. The fibers should bridge the gap that is 

created by the load and assist the concrete in supporting additional load. It is also 

expected that unless the fibers severe or pullout, that the concrete specimen will not 

completely separate into two or more discrete segments, but rather maintain some 

integrity. 

At failure, the maximum applied load, the type of failure, and the appearance of the 

concrete are recorded and a calculation for splitting tensile strength is performed. The 

indirect tensile strength of concrete is calculated using the following formula: 
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f´ct = 
        

       
  …………..………………………………………………….Eq. (3-2)                          

 

Where:  

f´c = Indirect tensile strength of concrete (MPa). 

P = Maximum load applied to the specimen in kN. 

L = Length of the specimen in mm. 

D = Diameter of the specimen in mm. 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3-7: A typical setup of indirect tensile test. 

 

 

3.5.1.3 Flexural strength Test: 
Flexural strength of a concrete is a measure of its ability to resist bending. Flexural 

strength can be expressed in terms of „modulus of rupture‟. Concrete specimens for 

flexural strength were cross sectional area of 150mm width with 150mm depth and 

length of 700 mm concrete beam. The center point loading device is adjusted so that 

its bearing edge is at exactly right angles to the length of the beam and parallel to its 

top face as placed, with the center of the bearing edge directly above the center line of 

the beam and at the center of the span length as shown in Figure (3-8). The load 

contacts with the surface of the specimen at the center. If full contact is not obtained 

between the specimen and the load applying or the support blocks so that there is a 

gap, the contact surfaces of the specimen are capped. 

The specimen is loaded continuously and without shock at until rupture occurs. 

Finally, the maximum load indicated by the testing machine is recorded. 
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The flexural strength of the beam, Fr (in MPa), can be calculated by using the 

following equation: 

 

Fr = 
     

     
 ……………………………………………………………...……Eq. (3-3) 

 

Where: 

P = maximum applied load indicated by the testing machine; 

L = span length; 

B = average width of specimen, at the point of fracture; 

D = average depth of specimen, at the point of fracture). 
 

All beam specimens were tested after 28 days from casting. Three beams were tested 

for each patch, the mean values of the specimens were considered as flexural strength 

of the beam. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3-8:Flexural strength test machine. 
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Chapter 4 

Experimental test results and discussion 
 

 
4.1 Introduction 

This chapter focuses on discussion and analysis of results obtained from the 

experimental program. The experimental tests were carried out to obtain the 

mechanical properties and behavior of fiber reinforced concrete and study the effect 

of using FF Fiber and RA on the mechanical behavior including compressive 

strength, indirect tensile strength and flexural strength of the concrete. 
 

4.2 Trial Mixes  

The mix design used for this research was based on a sample mix design prepared by 

researcher. Table (4-1) shows one cubic meter ingredient of the best results obtained 

mixture of recycled Concrete and FF Fiber. All mixtures details and average results 

are presented in appendix (A). 

 

Table 4-1: One cubic meter components of mixture. 
 

Recycled aggregate % 0.0% 50% 100% 

Cement (Kg) 349 349 349 

Course Aggregate (Kg) 1389 1226 1131 

Sand (Kg) 498 604 649 

Water (Kg) 185 197 206 

Water/Cement Ratio 0.45 0.45 0.45 

Superplastisizers (L) 2.5 2.5 2.5 

 
 

A data spreadsheet was created to take a given amount of concrete, increase the total 

concrete by 10% for losses during mixing, and along with a predetermined fiber 

dosage as a percent by volume, calculate total weights of coarse and fine aggregates, 

water, and fibers. The amount of concrete needed is shown in Table (4-2). 

 
 

Table 4-2 Required concrete volume for one sample mix. 

 Cubic Cylinder Beam 

Number of Specimen 9 9 3 

Volume of Single (cubic meter) 0.001 0.005 0.013 

Total Volume (cubic meter) 0.009 0.045 0.039 

Total Volume x 1.1 (cubic meter) 0.0099 0.0495 0.0429 

Total Volume x 1.1 (cubic meter) 0.1 
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The batch weights, in Table (4-3), were then calculated for a fiber dosage of 0.5% 

using batch proportions and specific gravities:  

 

Table 4-3 Required weight and volume for each mix component  
 

Recycled aggregate 0.0% & Fiber Dosage 0.5% 

Total Volume: 0.1 cubic meter 

Component Weight (Kg) Volume (m3) 

Cement  34.6 0.023 

Course Aggregate 138.9 0.053 

Sand 49.8 0.019 

Water  18.5 0.0185 

Forta Ferro 0.455 0.0005 

 

Recycled aggregate 50% & Fiber Dosage 0.5% 

Total Volume: 0.1 cubic meter 

Component Weight (Kg) Volume (m3) 

Cement  35.3 0.024 

Course Aggregate 122.6 0.047 

Sand 60.4 0.023 

Water  19.7 0.019 

Forta Ferro 0.455 0.0005 

 

Recycled aggregate 100% & Fiber Dosage 0.5% 

Total Volume: 0.1 cubic meter 

Component Weight (Kg) Volume (m3) 

Cement  35.7 0.024 

Course Aggregate 113.1 0.047 

Sand 64.9 0.024 

Water  20.6 0.02 

Forta Ferro 0.455 0.0005 

 
 

With the weights of each component, the concrete was ready to be mixed. The mixing 

process was performed in two steps. After dampening the mixing drum, the sand and 

aggregate were added to the drum and then the fibers were added at a rate slow 

enough to ensure good distribution of fibers and to minimize clumping. The 

aggregates and fibers were mixed thoroughly before the second set of materials was 

added. Once the fibers were well distributed the cement, water and super plasticizer 

were added to the mix.  
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4.3 Testing Results  

The experimental results for all tests performed in this research will be discussed on 

the following sections. 
 

4.3.1Effect of using RA: 

4.3.1.1 Compressive strength test results:  

A total of 81 cubes of size 100×100×100 mm with three different percentages of RA 

volume fractions, such as 0%, 50% and 100% tested, as shown in Figure (4-1) three 

cubic tests at an age of 7 days, three cubic at an age of 14 days and three  at 28 days 

for each batch. Results show the compressive strength test and the changes in the 

compressive strength for each type of specimen. Full details of results are presented in 

Appendix I. 

 

 

 

 

 

 

 

Figure 4-1: Compressive strength evaluation chart of concrete cube specimens. 

 
 

The compressive strength of concrete is affected by the aggregate properties, the bond 

that is developed when concrete hardens is the aggregate-paste bond, which is both 

physical and chemical. The presumption is that recycled aggregate concrete might 

develop an even weaker chemical bond with cement paste, as the chemical 

composition of the aggregate is different from those of commonly used natural 

aggregates and the re-bonding of some elements in cement paste residue can take 

place. With replacement of recycled aggregate the compressive strength has decreased 

but was always above the target strength. This gives a conclusion that recycled 

aggregate concrete is not less important than normal concrete. 

Figure (4-2) shows the influence of recycled aggregate in concrete mixes, optimum 

results was obtained using zero recycled aggregate but the concrete specimen with 

100% RA had the lowest compressive strength which was only 32.5MPa, it is around 

12.6% drop when compared to control concrete specimen. The strength of recycled 

aggregate concrete was lower than the natural aggregate concrete for the same 

targeted compressive strength concrete this agree with results obtained by Abu 

Shaban, (2012). 
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Figure 4-2: The variation of mean compressive strength (no fiber mix) with age for 

different percentage of RA. 
 

 

The decrease of compressive strength due to increase of recycled aggregate 

percentage can be explained as follows: 

 The recycled aggregate is covered with hardened cement paste, which is very 

weak layer ,so the compressive strength of recycled aggregate itself is weak . 

 The hardened cement paste on recycled aggregate is high in water absorption 

,consequently no enough residual water is present to complete all the quantity 

cement reaction . 

 The shape of recycled aggregate concrete prevent sliding due to compaction, 

this leads to not good compaction ,consequently not well compacted concrete. 

 The existence of cement paste layer on recycled aggregate prevent integration 

of all aggregate ,and prevent enough bond between recycled aggregate and 

new cement paste . 

 There was some impurities in the recycled aggregate like wood, glass, 

bricks………..etc. which affect the bond in general adversely, (Abed,2009). 
 

4.3.1.2 Indirect Tensile Strength Test: 

All batches discussed before in the experimental program were prepared, cured, and 

tested for tensile strength at 7, 21 and 28day as shown in Figure (4-3),. Immediately 

after prepared cylinders, the specimens were covered to prevent water evaporation.  

 

 

 
 

 

 

Figure 4-3: Tensile Strength evaluation chart of concrete cylinders specimens for each 

batch. 
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The split tensile test indicates a decreasing trend of split tensile strength at both 7, 14 

and 28 days of curing, when the percentage of recycled aggregate is increased. A 

graphical representation of reduction in tensile strength of concrete is shown in Figure 

(4-4). The concrete specimen with 100% RA had the lowest tensile strength, which 

was only 2.96MPa. It is around 21% drop when compared to control concrete 

specimen.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4-4: The variation of splitting strength (no fiber mix) with age for different 

percentage of RA. 
 

It is observed that the failure is not only through the interface but also through the 

recycled aggregates. The split tensile strength of RA reduces with the increase in 

amount of RA. The split tensile strength of RA with replacement of 50%, 100% of 

RA was less than split tensile strength of control batch. Results agree with that of 

previous research of Abu Shaban, (2012). 

 

4.3.1.3 Flexural strength Test: 

A total of 27 of 150mm x 150mm x 600mm beam with three different percentages of 

RA volume fractions, such as 0%, 50% and 100% tested as shown in Figure (4-5). 

Flexural strength results of specimens are included in Table (4-7), The flexural 

strength trend on all FF Fiber varies when the percentage of FF Fiber and recycle 

aggregate increased as shown below. 
  

 

 

 
 

 

 

 

Figure 4-5: Flexural strength evaluation chart of concrete beam specimens for each 

batch. 
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The results show that the concrete specimens with more replacement of recycled 

aggregate have the lowest flexural strength when compared to the concrete specimens 

with less recycled aggregate. Figure (4-6) shows a graphical representation of 

reduction in flexural strength for different percentage of RA. There is a drop in 

flexural strength of 3% and 12% for the concrete specimens with 50% and 100% RA 

respectively. The same justifications of compressive strength versus percent of 

recycled aggregate , is valid for flexural strength. Results agree with that of previous 

research of Abu Shaban, (2012). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4-6: The variation of flexural strength (no fiber mix) with age for different 

percentage of RA. 
 

4.3.2 Effect of using FF Fiber: 

4.3.2.1 Compressive strength test results: 

Three different percentages of FF Fiber volume fractions, such as 0, 0.5 and 1.0 

tested. The results of compressive strength test shows that the compressive strength 

did not increase when the percentage of FF Fiber increased, this can be attributed to 

the fact that the FF Fiber in the concrete mixture reduce the cohesion with other 

aggregates, resulting in reducing the mechanical properties of the mix. Table (4-4) 

below shows the average compressive strength recorded during the test and the 

strength difference in percentage for all mix batches compared to control batch noted 

that compressive strength decrease from 32.5, 28.9 to 23.6 MPa when the percentage 

of FF Fiber increased from 0.0%, 0.5% to 1.0% respectively at 28 days with 100% 

RA. 

Results agree with results obtained by Vytlačilová (2011), where results showed that 

compressive strength decrease from 20.20, 19.73 to 17.87 MPa when the percentage 

of FF Fiber increased from 0.0%, 0.5% to 1.0% respectively at 28 days.  
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Table 4-4: Summary of compressive strength test results (MPa) and the percentage 

difference. 

 Days 
0.0% 

Fiber 

0.5% 

Fiber 

Percentage 

difference 

1.0% 

Fiber 

Percentage 

difference 

0.0 %recycled 

aggregate 

7 27 24 11% 23 15% 

14 30 29 3% 28 7% 

28 37 32 14% 30 19% 

50 %recycled 

aggregate 

7 24 23 4% 19 21% 

14 28 24 14% 25 11% 

28 35.5 27 24% 28 21% 

100 %recycled 

aggregate 

7 16 16 0% 15 6% 

14 27 22 19% 20 26% 

28 32.5 29 11% 23 29% 
 

 

Figure (4-7,8,9) below shows a graphical representation of average compressive 

strength for concrete containing no FF Fiber and concrete containing different 

amounts of FF Fiber and recycled aggregate. 

 

 
 

Figure 4-7: Effect of using FF Fiber on compressive strength using 0.0% recycled 

aggregate. 
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Figure 4-8: Effect of using FF Fiber on compressive strength using 50% recycled 

aggregate. 

 

 
 

Figure 4-9: Effect of using FF Fiber on compressive strength using 100% recycled 

aggregate. 

 

More importantly, the mode of failure was reported as an extremely ductile at all FF 

Fiber dosages as shown in Figure (4-10), instead of the conventional brittle and 

sudden failure. This advantage of enhanced ductility and unique failure mode is 

naturally a very valuable feature to designers and builders. It is clear that the FF Fiber 

are located in the width of formed crack and creating the connection bridges. The 

characteristic of FF Fiber prevent the separation of concrete pieces after cracking. 
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Figure 4-10: The mode of failure for compressive strength specimens. 

 
 

4.3.2.2 Indirect Tensile Strength Test: 

The tensile strength of FF Fiber reinforced concrete increased in indirect tensile 

strength test when the percentage of FF Fiber increased. Table (4-5) shows the 

average indirect tensile strength recorded during the test for all mix batches and the 

increase in tensile as a percentage compared with mix with no FF Fiber. Figure (4-8) 

below shows a graphical representation of average indirect tensile strength for 

concrete containing no FF Fiber and concrete containing different amounts of FF 

Fiber, Full test data details are presented in Appendix I 

 
Table 4-5: Average indirect tensile strength for each batch (MPa) and  percentage 

difference. 
 

 Days 
0.0% 

fiber 

0.5% 

fiber 

Percentage 

difference 

1.0% 

fiber 

Percentage 

difference 

0.0 %recycled 

aggregate 

7 3.01 2.96 1.7% 3.06 1.6% 

14 3.45 3.69 6.5% 4.04 14.6% 

28 3.74 4.20 11% 4.53 17% 

50 %recycled 

aggregate 

7 3.06 2.78 10% 3.01 1.7% 

14 3.3 3.45 10% 3.34 7% 

28 3.69 3.99 7.5% 4.01 8% 

100 %recycled 

aggregate 

7 2.50 2.68 7% 2.92 14% 

14 2.7 2.79 12% 3.65 33% 

28 2.96 3.54 16% 4.05 27% 

 

It is clear that the use of FF Fiber improves the splitting strength in the range of 10% 

to 30%, based on the FF Fiber content and the amount of recycled aggregate. Table 

(4-5) shows that splitting strength increases gradually as FF Fiber content increases 

17% for 0.0 % recycled aggregate, 8% for 50% recycled aggregate and 27% for 100 
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%recycled aggregate, The optimum FF Fiber content for splitting strength is found to 

be 4.5 MPa. At 7 and 14 days specimens results achieved about 70 % and 90 % of the 

28-day strength respectively, as shown in Figures below. This can be attributed to the 

strong bond between FF Fiber and cement paste, which leads to higher increase the 

early strength of concrete. 

 

 
 

Figure 4-11: Effect of using FF Fiber on indirect tensile strength with 0.0% recycled 

aggregate. 

 

 

 

4-12: Effect of using FF Fiber on indirect tensile strength with 50% recycled aggregate. 
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Figure 4-13: Effect of using FF Fiber on indirect tensile strength with 100% recycled 

aggregate. 

 

Figures (4-11), (4-12) and (4-13) showed that the indirect tensile test results have an 

increasing trend of average tensile strength for all percentage of FF Fiber reinforced 

concrete when the FF Fiber volume dosage rate increased. It shows that the 

increasing trend of tensile strength is different from the compressive strength‟s trend. 

This increase in tensile strength was due to the nature of binding of FF Fiber 

available in concrete. When the reinforced concrete was force to split apart in the 

tensile strength test, the load was transferred into the FF Fiber as pullout behavior 

when the concrete matrix began to crack where it exceeded the pre-crack state. The 

control batch specimens containing no FF Fiber failed suddenly once the concrete 

cracked, while the fiber reinforced concrete specimens were still intact together. This 

shows that the FF Fiber reinforced concrete has the ability to absorb energy in the 

post-cracking state. Results agree with results obtained by Vytlačilová (2011), where 

results showed that indirect tensile strength increase from 1.58 to 1.7 MPa when the 

percentage of FF Fiber increased from 0.0% to 1.0% respectively.  

Enhancement in split tensile strength is expected with increasing the fiber proportion 

since the plane of failure is well defined (diametric). The higher the number of fibers 

bridging on the diametrical splitting‟ crack, the higher would be the split tensile 

strength. Non-fiber specimens tested for „ splitting tensile strength typically split into 

two or more sections at failure as shown in Figure (4-14). These tests are performed 

until failure and the maximum load is recorded. 
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Figure 4-14: Splitting Tensile Strength Tests Results for Plain Concrete. 

 

Although the FR Concrete cylinders split down at vertical diameter of the specimen as 

do the plain concrete cylinders, the FR Concrete specimens do not fully break apart 

due to the presence of FF Fiber as shown in Figure (4-15). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4-15: Splitting Tensile Strength Test Results for FR Concrete. 

  

 

4.3.2.3 Flexural strength Test: 

The results showed that the use of FF Fiber improves the flexural strength in the 

range of 16%-26% based on the fiber content. Table (4-6) shows that the flexural 

strength increases slowly at FF Fiber content from 0.0% to 1.0%. This is due to 

contribution FF Fiber to undertake the tensile load before fracture of the samples. In 

addition, the existence of FF Fiber delays the growth of micro cracks and thereby 

improving the ultimate tensile stress capacity. 
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Table 4-6: The flexural strength of the fibrous and non-fibrous mixes (Mpa). 
 

 Days 0.0% fiber 0.5% fiber 1.0% fiber 

0.0 %recycled aggregate 

7 2.93 3.68 3.28 

14 3.57 4.04 3.80 

28 4.49 4.12 4.51 

50 %recycled aggregate 

7 3.60 3.25 3.39 

14 3.65 3.48 3.80 

28 4.09 3.07 4.20 

100 %recycled aggregate 

7 3.04 2.64 3.03 

14 3.24 2.81 3.15 

28 3.93 2.98 4.08 

 

Figures (4-16),(4-17) and (4-18) show the details of flexural strength for concrete for 

different replacement of recycled aggregate, with no FF Fiber, 0.5% and 1.0% 

additions. There is a various in flexural strength of fibrous concrete at all percentage 

replacements of recycled aggregate as compared to no FF Fiber concrete. A 

decreasing trend of flexural strength happens when the FF Fiber volume dosage rate 

less than 0.5%, but, an increasing trend of flexural strength developed for  0.5% to 

1.0% FF Fiber volume dosage. However, all recycle aggregate percent tends to have 

similar behavior of the flexural strength, where an average of 4.51 Mpa for 1.0% FF 

Fiber reinforced concrete.  

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

Figure 4-16: Effect of using FF Fiber on flexural strength using 0.0% recycled 

aggregate. 
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Figure 4-17: Effect of using FF Fiber on flexural strength using 50% recycled aggregate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-18: Effect of using FF Fiber on flexural strength using 100% recycled 

aggregate. 

 

In general, a high degree of variability was exhibited by the specimens tested. The 

location of the crack had a large effect on the cracking load and the post-cracked peak 

load. The closer the crack was to the mid-span of the specimen, the higher the 

cracking and peak loads in the two point bending condition.  
 

The Figure (4-19) showed the flexural strength of the concrete corresponding to the 

increase in the amount of FF Fiber applied to the concrete. First it indicated that 

decrease of flexural strength were occurred as the FF Fiber content was increased, 

then increase of flexural strength were occurred as the FF Fiber volume dosage rate 

was increased. Furthermore, it shows the general upward trend in the flexural strength 
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from 0.5% to 1.0% stage for all amount of recycled aggregate. When FF Fiber was 

added into the concrete, it shows that the concrete has the ability to carry more 

strength compare to control batch concrete. Results agree with results obtained by 

Vytlačilová (2011), where results showed that flexural strength was 2.09, 1.81 and 

2.16 MPa when the percentage of FF Fiber increased from 0.0%, 0.5% and 1.0% 

respectively.  

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

Figure 4-19: Variation of Flexural strength after 28 days. 

 

The concrete specimens containing no FF Fiber were cracked and failed in brittle 

condition when it reached the ultimate strain in the concrete. However, FF Fiber 

reinforced concrete also cracked at ultimate strain, but it is capable to carry the load 

well after the crack developed on the concrete. This indicates that the fiber recycled 

concrete has the ability to hold on the crack of the concrete and preventing the 

concrete beam to fall apart. Figure (4-20) showed the crack developed in concrete 

containing no FF Fiber and FR Concrete. The test showed that the FR Concrete 

beams were still intact together. The addition of FF Fiber to the mix controlled the 

abrupt opening of the failure crack. In all cases, the FR Concrete specimens exhibited 

an ability to carry residual flexural loads after first cracking and the load-carrying 

capacity decreased steadily and gradually as the crack continued to open. The load-

deflection curves for the test sets are presented in Figure (4-21), Full test data are 

presented in Appendix I. 
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Figure 4-20: The mode of failure for flexural strength specimens. 

 
 

4.3.3 Load - Deflection relationship 

It is obvious from the results that the curvature ductility directly related to the FF 

Fiber volume concentration as shown in Load – Deflection diagrams of tested 

specimens with RA. Volume of ductility of composites is evident in presented figures 

of Load – Deflection Diagrams for 0,5% and 1,0% FF Fiber. The new material has 

higher tensile strength and ductility and improves behavior of the structural element in 

comparison to ordinary concrete. 

 
Table 4-7: Load – Deflection table for 100% Natural Aggregates - 28 day Results. 

 

0.0% FF Fiber 0.5% FF Fiber 1.0% FF Fiber 

Load (KN) 
Deflection 

(mm) 
Load (KN) 

Deflection 

(mm) 
Load (KN) 

Deflection 

(mm) 

0 0 0 0 0 0 

4.6 0.28 4.6 0.5 4.6 0.5 

6.9 0.5 6.9 0.7 6.9 0.7 

9.2 0.6 9.2 0.9 9.2 0.9 

13.8 0.73 11.5 1.1 11.5 1.1 

16.1 0.9 13.8 1.32 13.8 1.32 

18.4 1 16.1 1.5 16.1 1.5 

20.7 1.1 18.4 1.68 18.4 1.68 

23 1.26 20.7 1.9 20.7 1.9 

27.4 1.40 23.0 2.1 23.0 2.1 

33.67 1.46 27.4 2.3 27.4 2.3 

- - 30.9 2.6 30.9 2.6 

- - - - 33.82 2.7 
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Figure 4-21: Load – Deflection curve for 100% Natural Aggregates - 28 day Results. 

 
 
 

Table 4-8: Load – Deflection table for 50% Natural Aggregates - 28 day Results. 

 

0.0% FF Fiber 0.5% FF Fiber 1.0% FF Fiber 

Load (KN) 
Deflection 

(mm) 
Load (KN) 

Deflection 

(mm) 
Load (KN) 

Deflection 

(mm) 

0 0 0 0 0 0 

4.6 0.20 4.6 0.21 4.6 0.20 

6.9 0.33 6.9 0.4 6.9 0.41 

9.2 0.43 9.2 0.56 9.2 0.55 

11.5 0.52 11.5 0.71 11.5 0.63 

13.8 0.59 13.8 0.88 13.8 0.80 

16.1 0.72 16.1 1.01 16.1 0.95 

18.4 0.76 18.4 1.1 18.4 1.07 

21.62 0.79 20.7 1.19 20.7 1.18 

23.8 0.83 22.33 1.5 23.0 1.25 

25.4 0.86 - - 25.3 1.34 

27.7 0.91 - - 28.5 1.47 

30.3 0.97 - - 31.5 1.50 

32.6 1.03 - - - - 
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Figure 4-22: Load – Deflection curve for 50% Natural Aggregates - 28 day Results. 

 
 
 

Table 4-9: Load – Deflection table for 0.0% Natural Aggregates - 28 day Results. 

 

0.0% FF Fiber 0.5% FF Fiber 1.0% FF Fiber 

Load (KN) 
Deflection 

(mm) 
Load (KN) 

Deflection 

(mm) 
Load (KN) 

Deflection 

(mm) 

0 0 0 0 0.0 0 

4.6 0.19 4.6 0.21 4.6 0.23 

6.9 0.29 6.9 0.4 6.9 0.47 

9.2 0.4 9.2 0.56 9.2 0.65 

11.5 0.47 11.5 0.71 11.5 0.86 

13.8 0.52 13.8 0.88 13.8 1.00 

16.1 0.64 16.1 1.01 16.1 1.13 

18.4 0.7 18.4 1.1 18.4 1.31 

20.7 0.82 20.7 1.19 20.7 1.54 

23.0 0.94 22.33 1.5 22.33 1.7 

25.3 1.27 - - 24.7 1.9 

27.6 1.50 - - 28.3 2.00 

29.5 1.7 - - 30.6 2.2 
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Figure 4-23: Load – Deflection curve for 0.0% Natural Aggregates - 28 day Results. 

 
It is obvious from the results that the curvature ductility directly related to the FF 

Fiber volume concentration as shown in Load – Deflection diagrams of tested 

specimens with recycled aggregate. Volume of ductility of composites is evident in 

above presented figures of Load – Deflection Diagrams for 0,5% and 1,0% FF Fiber. 

The new material has higher tensile strength and ductility and improves behavior of 

the  structural element in comparison to ordinary concrete.  
 

The load-deflection curve for specimen with high FF Fiber volume fraction was 

elastic-plastic with a transition zone. No significant drop in the load was observed 

after first crack. The specimen shows large numbers of fine cracks before failure. 

After cracking, the FF Fiber play major role in deformation. It was observed that the 

performance of both concrete types (with and without FF Fiber) is very similar until 

first crack load is reached. The curve for concrete without FF Fiber finished when the 

specimen showed the first crack. However, FF Fiber specimen allows much higher 

strain and is able to resist increasing loads after the first crack. 
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Chapter 5  

Conclusions and recommendations 

 
 

This chapter was set out to draw conclusions on the properties tests where it is used to 

assess the mechanical properties of FR Concrete. Moreover, the achievement of the 

project objectives (scopes) set at beginning of the research was also achieved. Finally, 

recommendations for further studies were suggested with the usage of the fibers in 

concrete to study its mechanical properties in more details. 

 

5.1 The project achievements are as follows: 
 

o In this work, the review for research of current usage to the use of fibers in the 

concrete was done sectors, such as constructions, industries, previous research 

and investigation. 

o Batches of concrete mixes with 189 sample were tested, which included the 3 

percentage of recycled aggregate (0.0%, 50% and 100% ) with various fiber 

volumes (0.0% 0.5%, and 1.0%) . 

o Most importantly, this research found that the fibers have large influence on 

the mechanical properties of concrete, especially on the workability, indirect 

tensile strength and flexural strength. It was found that the fibers have 

moderately increased the flexural strength and tensile strength. 

o By the completion of this research, considerable experience was acquired in 

the handling, application, testing of the specimens and analyzing of the test 

result.  

 

5.2 Conclusion: 

This research undergoes on the use of  fibers in structural concrete altering the 

mechanical properties of the concrete. It shows that effects of several volume of fibers 

and several percentages of recycled aggregate may involve and varies workability, 

indirect tensile strength and flexural strength. 

The results of the experiments proved an unambiguously positive influence of the 

synthetic fibers. From the analysis of the mechanical-physical properties and behavior 

of composites, the following preliminary conclusions can be drawn: 

 

o Aggregate waste material can be recycled and experiments testify that 

utilization of recycled concrete with fibers in every-day life is possible. It is 

useful without plasticizer and other admixtures.  Suitable technology of 

construction material recycling could be considered an easy alternative for 

future applications. The recycling of this waste will reduce environmental 

damages caused by incorrect disposal, extend the useful life of landfills and 

preserve finite natural resources. 
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o In all trial mixtures, where the W/C was constant and equal to 0.45, no 

segregation was observed and all mixtures were homogenous and fibers were 

well distributed through every batch. 

o The presence of fibers in concrete improves the failure mode of material. It is 

found that the failure mode of plain concrete is mainly due to spalling, while 

the failure mode of fiber concrete is bulging in transverse directions. 

o Compressive strength of material did not increase when the percentage of fiber 

increased. With replacement of recycled aggregate the compressive strength 

has decreased but was always above the target strength.  

o Strength enhancement in splitting tensile strength due to fiber addition varies 

from 10% to 30%. Split tensile strength at 28‟days is approximately 19% 

higher than 7 day‟s strength. 

o Indirect tensile test indicates a decreasing trend of indirect tensile strength 

when the percentage of recycled aggregate increased. 

o During the test it was visually observed that the fiber recycled concrete 

specimen has grater crack control as demonstrated by reduction in crack 

widths and crack spacing. The flexural strength increases with increasing fiber 

content. 

o Flexural strength decreases as the percent of recycled aggregate increases and 

the flexural strength is well proportioned to compressive strength .  

 

As the concrete is a fundamental material in the field of construction engineering, the 

improvement of its mechanical properties by the addition of this fiber will certainly 

increase the use of this composite material which will offer more strong and durable 

structures in the future and will open a new era in the field of construction materials. 

RA with FF Fiber may be suitable mainly for newly built road and water 

management earth structures with a limited appearance and occurrence of cracks 

(consolidation of slopes, embankments, dam crest trenches) and also for road 

pavement layers, layers of industrial floors and multipurpose halls, for the 

construction of diverse utility services, parking places, sports grounds etc. 

 

5.3 Recommendation for further studies: 

In order to determine whether fibers can partly or entirely substitute ordinary 

reinforcement, more full scale tests with considerable amounts of fibres are needed. 

Experiments on strain hardening materials should also be considered, if fibers are to 

entirely replace ordinary reinforcement. 
 

Studies are continuing with the aim of obtaining more information about concretes 

made with RA and reinforced with FF Fiber. This will show more definitive trend of 

the effect of the level of replacement primary aggregates on the properties concretes. 

The experimental results indicate that it is viable to produce concrete made with 

recycled concrete or masonry aggregates as full replacement of natural aggregate 

suitable for structural concrete. 
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Further investigations were highly recommended and should be carried out to 

understand more mechanical properties of fiber reinforced concrete. Several 

recommendations for further studies are mentioned below: 

 The problem on the workability of the fresh fiber reinforced concrete can be 

reduced by adding chemical admixture such as superplasticiser, silica fume or 

blast furnace slag. Hence, with high workable fresh concrete can demote the 

quick stiffening effects from the fibers. 

 More investigations and laboratory tests should be done to study the 

mechanical properties of fiber reinforced concrete. Such application of fibers 

was recommended in testing  concrete slabs, beams and walls or conducting 

more tests such as abrasion, impact, blasting, shatter, shear or creeping of 

concrete. 

 The combination of short fibers may tend to provide more efficient 

mechanical properties of structure. Further investigation can be carried out by 

combination of different types of short fibers into the concrete mix. 

 To widen the use of fiber reinforced concrete, different or more complicated 

geometry of fiber can be used to investigate the effects of short fibers in the 

concrete through fresh and hardened properties. 
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APPENDIX I  

 Results 
 

Table 1: Compressive strength test results (Kg/cm²) for 0.0 %recycled aggregate. 
 

 0.0% fiber 0.5% fiber 1% fiber 

 1 2 3 average 1 2 3 average 1 2 3 average 

7day 271.3 259.7 270.7 267 237 245 242.3 241.4 252 230.4 217.3 233.2 

14day 306.3 301 293.3 300 281.5 305.9 293.2 293.5 274.8 291.9 292.5 286.4 

28day 371.1 368.2 377.1 372 324.2 318.4 317.4 320.0 312.1 299.6 303.6 305.1 

 

 

Table 2: Compressive strength test results (Kg/cm²) for 50 %recycled aggregate. 
 

 0.0% fiber 0.5% fiber 1% fiber 

 1 2 3 average 1 2 3 average 1 2 3 average 

7day 239.2 237.7 245.5 240.8 235.3 226.7 229.9 230.6 192.7 192.3 186.2 190.4 

14day 282.2 278.1 271.3 277.2 243.2 238.3 248 243.2 249.2 250 248.7 249.3 

28day 365.4 348 353.4 355.6 270.3 280.8 264.1 271.7 266.9 285.3 279.3 277.2 
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Table 3: Compressive strength test results (Kg/cm²) for 100 %recycled aggregate. 
 

 0.0% fiber 0.5% fiber 1% fiber 

 1 2 3 average 1 2 3 average 1 2 3 average 

7day 157.4 164.8 165.1 162.4 157.9 151.4 169.4 159.6 148.8 155.2 154.4 152.8 

14day 274.9 265.8 266.5 269.1 231 222 218.4 223.8 202.7 202.3 209 204.7 

28day 316.1 322.2 337.6 325.3 283.1 293.2 290.7 289.0 240.6 227.8 239.9 236.1 

 

 

Table 4: Indirect tensile strength test results (MPa) for 0.0 %recycled aggregate. 
 

 0.0% fiber 0.5% fiber 1% fiber 

 1 2 3 average 1 2 3 average 1 2 3 average 

7day 222.2 203.5 211.8 2.77 210 209.6 207.9 2.96 215 230.8 202.8 3.06 

14day 229.6 269.4 231.6 3.45 260.1 266.7 255.5 3.69 303.4 270 284.1 4.04 

28day 260.8 264.5 267.1 3.74 298.3 288.1 305 4.20 322.6 314.4 323.8 4.53 
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Table 5: Indirect tensile test results (MPa) for 50 %recycled aggregate. 
 

 0.0% fiber 0.5% fiber 1% fiber 

 1 2 3 average 1 2 3 average 1 2 3 average 

7day 210.8 224.7 213.9 3.06 193.7 199.2 197.3 2.78 202.2 215 220.4 3.01 

14day 220.4 227.3 212.6 3.11 238.5 247.9 245.5 3.45 230.6 238.6 238.6 3.34 

28day 258.8 252.2 271.8 3.69 293.2 283.2 270.6 3.99 289 276.1 285.9 4.01 

 

 

 

Table 6: Indirect tensile test results (MPa) for 100 %recycled aggregate. 
 

 0.0% fiber 0.5% fiber 1% fiber 

 1 2 3 average 1 2 3 average 1 2 3 average 

7day 188 180.6 198.9 2.68 173.5 175.5 180.4 2.50 214.7 198 207.1 2.92 

14day 200.6 202.8 187.8 2.79 176.5 170.6 174.1 2.46 260.2 257.5 255.5 3.65 

28day 239.4 254.3 256.5 3.54 215.9 202.9 209.4 2.96 288 289 282.4 4.05 
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Table 7: Load – Deflection for 100% Natural Aggregates. 

 

7 day Results 14 day Results 28 day Results 

Load 

(KN) 

Deflection 

(mm) 

Load 

(KN) 

Deflection 

(mm) 

Load 

(KN) 

Deflection 

(mm) 

0.0% Fiber 

0 0 0 0 0 0 

4.6 0.2 4.6 0.19 4.6 0.28 

6.9 0.3 6.9 0.24 6.9 0.5 

9.2 0.35 9.2 0.32 9.2 0.6 

11.5 0.4 13.8 0.43 13.8 0.73 

13.8 0.45 16.1 0.55 16.1 0.9 

16.1 0.5 18.4 0.64 18.4 1 

18.4 0.65 20.7 0.67 20.7 1.1 

20.7 0.8 23 0.74 23 1.26 

22 0.92 26.8 0.78 27.4 1.40 

- - - - 33.67 1.46 

0.5% Fiber 

0 0 0 0 0 0 

4.6 0.2 4.6 0.15 4.6 0.5 

6.9 0.4 6.9 0.28 6.9 0.7 

9.2 0.5 9.2 0.39 9.2 0.9 

11.5 0.58 11.5 0.51 11.5 1.1 

13.8 0.65 13.8 0.6 13.8 1.32 

16.1 0.74 16.1 0.69 16.1 1.5 

18.4 0.82 18.4 0.74 18.4 1.68 

20.7 0.9 20.7 0.82 20.7 1.9 

23 0.98 23.0 0.85 23.0 2.1 

25.3 1.05 25.3 0.96 27.4 2.3 

27.6 1.12 27.6 1.02 30.9 2.6 

- - 30.3416 1.100 - - 

1.0% Fiber 

0 0 0 0 0 0 

4.6 0.18 4.6 0.25 4.6 0.2 

6.9 0.31 6.9 0.47 6.9 0.4 

9.2 0.42 9.2 0.6 9.2 0.6 

11.5 0.53 13.8 0.7 11.5 0.8 

13.8 0.63 16.1 0.82 13.8 0.9 

16.1 0.71 18.4 0.89 16.1 1.1 

18.4 0.8 20.7 1.07 18.4 1.2 

20.7 0.88 28.5 1.57 20.7 1.27 

23 0.95 - - 23.0 1.36 
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24.5 1.08 - - 25.3 1.44 

- - - - 27.6 1.48 

- - - - 30.82 1.570 

- - - - 33.82 1.6 

 

 

Table 8: Load – Deflection for 50% Natural Aggregates. 

7 day Results 14 day Results 28 day Results 

Load 

(KN) 

Deflection 

(mm) 

Load 

(KN) 

Deflection 

(mm) 

Load 

(KN) 

Deflection 

(mm) 

0.0% Fiber 

0 0 0 0 0 0 

4.6 0.13 4.6 0.2 4.6 0.20 

6.9 0.25 6.9 0.4 6.9 0.33 

9.2 0.35 9.2 0.58 9.2 0.43 

11.5 0.42 11.5 0.73 11.5 0.52 

13.8 0.51 13.8 0.88 13.8 0.59 

16.1 0.6 16.1 1 16.1 0.72 

18.4 0.65 18.4 1.11 18.4 0.76 

20.7 0.69 20.7 1.21 21.6 0.79 

23 0.77 23.0 1.29 23.8 0.83 

25.3 0.84 25.03 1.36 25.4 0.86 

26.9 0.86 26.7 - 27.7 0.91 

- - 27.4 - 30.3 0.97 

- - - - 32.6 1.03 

0.5% Fiber 

0 0 0 0 0 0 

4.6 0.25 4.6 0.2 4.6 0.18 

6.9 0.34 6.9 0.33 6.9 0.29 

9.2 0.42 9.2 0.47 9.2 0.40 

11.5 0.5 11.5 0.51 11.5 0.47 

13.8 0.5 13.8 0.63 13.8 0.55 

16.1 0.58 16.1 0.72 16.1 0.63 

18.4 0.65 18.4 0.81 18.4 0.63 

20.7 0.73 20.7 0.9 20.7 0.70 

24.38 0.78 23 0.97 23.0 0.81 

- - 25.3 1.04 24.5 - 

- - 26.1 1.07 27.2 - 

1.0% Fiber 

0 0 0 0 0 0 

4.6 0.15 4.6 0.6 4.6 0.20 

6.9 0.32 6.9 0.8 6.9 0.41 

9.2 0.43 9.2 1 9.2 0.55 
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11.5 0.57 11.5 1.1 11.5 0.63 

13.8 0.66 13.8 1.15 13.8 0.80 

16.1 0.77 16.1 1.2 16.1 0.95 

18.4 0.86 18.4 1.3 18.4 1.07 

25.4 0.95 20.8 1.38 20.7 1.18 

- - 28.5 1.4 23.0 1.25 

- - - - 25.3 1.34 

- - - - 28.5 1.47 

- - - - 31.5 1.50 

 

Table 9: Load – Deflection for 0.0% Natural Aggregates. 

7 day Results 14 day Results 28 day Results 

Load 

(KN) 

Deflection 

(mm) 

Load 

(KN) 

Deflection 

(mm) 

Load 

(KN) 

Deflection 

(mm) 

0.0% Fiber 

0 0 0 0 0 0 

4.6 0.2 4.6 0.23 4.6 0.19 

6.9 0.4 6.9 0.37 6.9 0.29 

9.2 0.5 9.2 0.48 9.2 0.4 

11.5 0.67 11.5 0.6 11.5 0.47 

13.8 0.8 13.8 0.7 13.8 0.52 

16.1 0.9 16.1 0.77 16.1 0.64 

18.4 0.95 18.5 0.85 18.4 0.7 

20.7 1.03 21.2 0.92 20.7 0.82 

22.8 1.1 22.2 0.95 23.0 0.94 

- - 24.3 1.1 25.3 1.27 

- - - - 27.6 1.50 

- - - - 29.5 1.7 

0.5% Fiber 

0 0 0 0 0 0 

4.6 0.16 4.6 0.19 4.6 0.21 

6.9 0.31 6.9 0.29 6.9 0.4 

9.2 0.43 9.2 0.4 9.2 0.56 

11.5 0.55 11.5 0.47 11.5 0.71 

13.8 0.65 13.8 0.52 13.8 0.88 

16.1 0.76 16.1 0.64 16.1 1.01 

18.6 0.85 18.4 0.7 18.4 1.1 

19.7 1.18 20.7 0.82 20.7 1.19 

- - 21.2 1.09 22.3 1.5 

1.0% Fiber 

0 0 0 0 0.0 0 

4.6 0.22 4.6 0.21 4.6 0.23 

6.9 0.43 6.9 0.4 6.9 0.47 
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9.2 0.6 9.2 0.56 9.2 0.65 

11.5 0.75 11.5 0.71 11.5 0.86 

13.8 0.82 13.8 0.88 13.8 1.00 

16.1 0.92 16.1 1.01 16.1 1.13 

18.4 1.03 18.4 1.1 18.4 1.31 

22.724 1.25 20.7 1.19 20.7 1.54 

- - 23.6118 1.28 22.33 1.7 

- - - - 24.7 1.9 

- - - - 28.3 2.00 

- - - - 30.6 2.2 
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APPENDIX II 

Superplastisizers 

 
Super Flow B.D. 

Supe Flow B.D. is a hydroxylated polymer blended with lignosulphonic acid  family. 

USES : 

Super Flow B.D. can be used with all types of Portland cement and/or blast furnace 

slag cements with fly ash, pozzolan, fillers fume-silica etc… 

However the diversity of these cements is such that site trials will ensure the best 

results. 

For other cements our Technical Department should be consulted as a precaution. 

Super Flow B.D.  is mainly used in the following fields: 

 Ready-mix concretes 

 Highly-reinforced concretes 

 Industrial floors 

 Prestressed concretes 

 Heavy precast concretes 

ADVANTEGES: 

 Flowing concrete is obtained from concretes with a dry or plastic consistency 

without adding water. 

 Important water reduction is obtained while concretes keep the same 

workability. 

 Setting time, shrinkage remains practically unchanged. 

 Optimization of cement content to get desired mechanical strengths. 

 Safe with prestressed concrete. 

STANDARDS: 

Super Flow B.D complies with many standards including: 

 ASTM C494 Type B&D. 

 BS 5075 part 1 and part 3. 

 NF P 18103, 18333 and 18336. 
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SPECIFICATIONS: 

Form: brown liquid  

Specific Gravity: 1.18 (=/-0.01) kg/dm3 a 200 C. 

pH: 7(+/-1) 

Freezing Point: -20 C approx. 

Chloride content: nil 

PROPERTIES: 

 FRESH CONCRETRE 

Thanks to its dispersing action on the cement and other fine particles 

contained in concrete, Super Flow B.D. is used to produce flowing concretes. 

When concrete composition has been correctly determined, there is no 

segregation. 

Conversely, high water reductions can be obtained at equal workability. 

 HARDENED CONCRETES  

The mechanical strengths of flowing and primary concretes are not changed as 

a result of using Super Flow B.D. 

Increased mechanical strengths: increases of over 30% can be obtained when 

water is reduced at equal workability. 

CEMENT SAVINGS 

The physico-chemical properties of Super Flow B.D. allows he user to 

optimize the cement content when a specified mechanical strength is 

requested. 

DIRECTIONS FOR USE 

 DOSAGE 

Site trails should be conducted to determine the best dosage for the purpose 

under site conditions. 

However, as a guide, the rate of addition is in the range of 0.6-1.0 Kg/100kg 

of Cement. 

 Other Parameters for Use  

The composition of the concrete to be fluidified has to be established 

carefully; the grain size range must contain more fines than in the standards 

concretes and be of the concrete type. 
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PACKAGING 

1000 liter bulks. 

STORAGE 

The quality is guaranteed for 18 months from the manufacturing date, 

provided the product is kept sealed in its original packaging. 

The storage temperature should exceed 00 C. 

TECHNICAL ASSISTANCE 

Our company can, when requested by one of our representatives, provide 

technical consulting and on-site assistance More technical data and guidance 

can be given on request. 

Information contained in this document is given to the best of our 

knowledge and based on extensive testing. In no event can it be considered 

as a warranty, involving our liability incase of misapplication. A trial before 

application will ensure that the product conforms to the required conditions 

for use.  

Chloride: Nil means no chloride has been introduced in the product and the 

chloride content in inferior to 0.1%. Our specialists will assist in solving any 

difficulties encountered by the user.  

Precautions 

 Health and Safety instructions 

 Super Flow B. D. is non-toxic. Any splashes on the skin shouldbe washed 

immediately with water. Splashes on the eyes should be washed immediately 

with water and medical advice should be sought. 

 Fire 

Super Flow B.D. is nonflammable. 
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APPENDIX III 
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APPENDIX IV 
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