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CHAPTER ONE 

INTRODUCTION 

 
1.1 General 

Concrete may be regarded as a composite material in which the hardened cement paste 

constitutes the continuous phase, and the aggregate particles, which are embedded in the paste, are 

the discrete phase. Accordingly, it may be surmised that concrete strength will be determined by 

the strengths of the hardened cement paste and the aggregates, the strength of the paste-aggregate 

bond and the aggregate concentration in the paste, i.e. the aggregate content in the concrete. This 

is, indeed, the case but, as it will be seen later, the effect of some of these strength-determining 

factors is comparatively small and it is ignored, therefore, in everyday practice. 

1.2 Concrete Definition and Classification 

Concrete is a kind of man-made stone which is made by mixing gel materials, granular 

coarse-fine aggregate and water (if necessary, a certain amount of additive and mineral materials 

are added) in a proper ratio evenly, and then getting solidified and hardened. It is one of the main 

building materials in projects. The one mostly used in construction projects is the cement concrete 

made by mixing gel materials, aggregate (sand and stone), and water, which should get through 

hardening process[1]. 

Concrete can be classified according to: 

1) By cementing materials, there are: cement concrete, gypsum concrete, asphalt concrete and 

polymer concrete. 

2) By apparent density, there are: heavy concrete ( ρo > 2500kg/m3 ), ordinary concrete (ρo from 

1900 kg / m3 to 2500 kg / m3 ), light concrete (ρo from 600 kg / m3 to 1900 kg / m3 ), and super-

light concrete (ρo 600kg / m3 ). The apparent density of concrete depends on the aggregate 

varieties and its own density. Many properties of concrete are connected with apparent density. 

3) By performance and application, there are: structural concrete, hydraulic concrete, ornamental 

concrete, and special concrete (heat-resistant, acid-resistant, alkali-resistant, and anti-radiation 

concrete and others). 

4) By construction methods, there are: pump concrete, sprayed concrete, vibrating-compacting 

concrete, centrifugal concrete and so on. 

5) By mixtures, there are: fly ash concrete, silica fume concrete, fine blast furnace slag concrete, 

fiber concrete, and others. 
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1.3High Strength Concrete(HSC): 

                With most natural aggregates, it is possible to make concretes up to 120 MPa 

compressive strength by improving the strength of the cement paste, which can be controlled 

through the choice of w/c ratio, type and dosage of admixtures (Mehta and Aitcin, 1990). 

                 A simple definition of High Strength Concrete (HSC) would be, "concrete with a 

compressive strength greater than that covered by current codes and standards". Concrete 

classifications are based on its properties in fresh as well as in hardened states. Based on 28 days 

strength, concrete is broadly divided into three categories i.e. Normal Strength Concrete (NSC), 

High Strength Concrete (HSC) and Ultra High Strength Concrete (UHSC). No specified boundaries 

are available to differentiate between these categories[2]. 

                  The bottom range of the strength of HSC varies with time and geographical location 

depending primarily on the availability of raw materials and technical know-how, and the 

demand from the industry. Concretes that were considered to be high strength 50 years ago are 

now regarded as low strength. For instance, concrete produced with compressive strength of 30 

MPa was regarded as high strength in the 1950’s. Gradually, concretes with compressive 

strength of (40-50) MPa in the 1960’s, 60 MPa in the 1970’s, and 100 MPa and beyond in the 

1980’s have evolved and used in practical structures. In spite of the rapid development in 

concrete technology in recent years, concrete with compressive strength higher than 40MPa is 

still regarded as HSC. In the North American practice (ACI 318), HSC are those that attain cylinder 

compressive strength of at least 41 MPa at 28 days[3].  

                According to Jhon Newman[4], concrete divides  to the following ranges (50-100) MPa 

as high strength, (100-150) MPa as very high strength, (150-200) MPa as ultra high strength. 

              However, with the recent advancement in concrete technology and the availability of 

various types of mineral and chemical admixtures, and special superplasticizers, concrete with a 

compressive strength of up to 100 MPa can now be produced commercially with an acceptable 

level of variability using ordinary aggregates. These developments have led to increased 

applications of  HSC all around the globe. 

             HSC offers many advantages over conventional concrete. The high compressive strength 

can be advantageously used in compression members like columns and piles. Higher 

compressive strength of concrete results reduction in column size and increases available floor 

space.  

               HSC can also be effectively used in structures such as domes, folded plates, shells and 

arches where large in-plane compressive stresses exist. The relatively higher compressive 

strength per unit volume, per unit weight will also reduce the overall dead load on foundation of 

a structure with HSC.                        
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                Also, the inherent techniques of producing HSC generate a dense microstructure 

making ingress of deleterious chemicals from the environment into the concrete core difficult, 

thus enhancing the long-term durability and performance of the structure[3].  

                Production of HSC may or may not require special materials, but it definitely requires 

materials of highest quality and their optimum proportions (Carrasquillo, 1985). The production 

of HSC that consistently meets requirements for workability and strength development places 

more stringent requirements on material selection than that for lower strength concrete (ACI 

363R). 

                 HSC is a type of  high performance concrete (HPC). The primary difference between 

HSC and NSC relates to the compressive strength that refers to the maximum resistance of a 

concrete sample to the applied pressure[3].  

                 HSC and HPC  are being widely used throughout the world and to produce them it is 

necessary to reduce the water/binder ratio and increase the binder content. HSC means good 

abrasion, impact and cavitations resistance. Using HSC in structures today would result in 

economical advantages. Most applications of HSC to date have been in high-rise buildings, long 

span bridges and some special structures. Major applications of HSC in tall structures have been 

in columns and shear walls, which resulted in decreasing the dead weight of the structures and 

an increasing  the amount of the rental floor space in the lower stories[4]. 

               According to (Burnet and Wolsiefer), HSC is a superior product with increased modulus 

of elasticity, lower creep and drying shrinkage, excellent freeze-thaw resistance, low 

permeability and increased chemical resistance. 

                HSC is specified where reduced weight is important or where architectural 

considerations call for small support element by carrying load more      efficiently than NSC.  

HSC also reduces the total amount of materials placed and lowers the over all cost of the 

structure. 

                When the strength of concrete gets higher, some of its characteristics and engineering 

properties become different from those of NSC (Carrasquillo et al. 1981; ACI 1992; Burg and Ost 

1992; Mansur et al. 1994). These differences in material properties may have important 

consequences in terms of the structural behavior and design of HSC members. The design 

provisions contained in the major building codes are, in reality, based on tests conducted on 

NSC. While designing a structure using HSC, the designer—particularly in the Southeast Asian 

region—usually ignores the enhanced properties of concrete and possible changes in the overall 

response of the structure because of lack of adequate code guidance[5]. 
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1.4 Lightweight concrete (LWC) 

Lightweight concrete (LWC) is a versatile material that has created great interest and 

large industrial demand in recent years in a wide range of construction projects, despite its known 

use dating back over 2000 years. LWC is a concrete, which by one means or another has been 

made lighter than conventional (normal weight aggregate) concrete [6,7]. LWC has an oven dry 

density range of about 300 to not exceeding 2000 kg/m3, with a compressive strength a cube about 

1 to more than 60 MPa, thermal conductivities of 0.2 to 1.0 W/mK. These values can be compared 

to those for normal weight concrete with approximately 2100–2500 kg/m3, 15 to greater than 100 

MPa and 1.6–1.9 W/mK [8].   

                For rapid development in construction applications of  high rise buildings, larger-sized 

and long-span concrete structures, LWC has been a likely modern construction material that can 

be used for these purposes [7,9,10]. The types of LWC can be classified according to the method 

of production. These types according to Neville and Brooks [11] are: a) Using lightweight 

aggregate of low specific gravity in place of the normal weight aggregate, specific gravity of 

lightweight aggregate is lower than 2.6. This type of concrete is well known as lightweight 

aggregate concrete. b) Inducing bubble voids within the concrete or mortar mass. This type of 

concrete is known as aerated, cellular, foamed, or gas concrete. c) Eliminating the fine aggregate 

from the mix so the coarse aggregate of ordinary weight is generally used. This concrete is known 

as no-fines concrete. Besides, the LWC can be classified into three groups based on their use and 

physical properties: for structural use, for both structural/insulating purpose and for insulating 

[12]. 

                The concrete having a compressive strength of more than 17 MPa with a bulk density 

less than 1950 kg/m3 known as structural lightweight concrete (SLWC) [13]. Nowadays, SLWC 

can be 25% lighter than normal-weight concrete but with a compressive strength up to 60 MPa. 

SLWC has shown enhanced durability in chemical resistance, frost resistance, fire resistance and 

permeability reduction. In the United States, Europe and China, many bridges and tall buildings 

have utilized high-performance lightweight concrete [13]. The term high-performance concrete 

(HPC) refers to concrete mixtures that possess the following three properties: high-workability, 

high-strength and good durability [14]. SLWC also known as high performance lightweight 

concrete (HPLWC) [7], it is designed to provide the same compressive strength and durability for 

similar applications as normal weight concrete [15]. The cellular concrete is considered more 

durable compared to traditional insulating materials, especially when considering potential 

chemical / fire exposure such as in process facilities [16]. 
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                The concrete is considered brittle and have some disadvantages such as poor fracture 

toughness, poor resistance to crack propagation and low impact strength. The function of using 

fibers in concrete is to enhance the mechanical properties of concrete. The most frequently used 

reinforcement synthetic fibers in the last decades included organic fibers (acrylic, polyvinyl 

alcohol, polyolefin, polyethylene and polypropylene) and inorganic fibers (alkali resistant glass 

and carbon). Fibers are used to modify the tensile and flexural strengths, toughness, impact 

resistance, fracture energy, arrest cracks formation and propagation and thus improve strength and 

ductility [17-20]. 

1.5 Abrasion resistance of concrete: 

                  The abrasive wear of concrete is described with the change in mass decrement or the 

depth of the groove in function of its material qualities (compressive strength). The abrasion 

resistance of concrete is defined as the “Ability of a surface to resist being worn away by rubbing 

and friction” (ACI 2008). Abrasion of floors and pavements can result from production operations 

or foot or vehicular traffic.  

                  There are instances where abrasion is of little concern structurally, yet there may be a 

dusting problem that can be objectionable in some kinds of service[21]. 

                 Abrasive wear is known to occur in pavements, floors, or other surfaces upon which 

friction forces are applied due to relative motion between the surfaces and moving objects. The 

resistance of concrete to abrasion is influenced by variables such as strength, aggregate properties, 

surface finish, and type of hardeners or toppings. It is well established that concrete abrasion 

resistance increases with increasing compressive strength[22].  

               In general, normal hardened cement paste possesses low resistance to abrasion. In order 

to develop concrete with high abrasion resistance, it is desirable to use hard surface material, 

aggregate, and paste having low porosity and high strength[21 and 23]. 

               The parameters such as cementitious materials content, water to cementitious materials 

ratio, air content, and type of finishing and curing are known to affect the characteristics of the 

concrete surface layer including abrasion resistance. 
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1.6 Aims of the research: 

               The aims of this research may be summarized in the following categories: 

1. Producing three types of concrete: Normal Strength Concrete (NSC) , High Strength 

Concrete (HSC) and Lightweight Aggregate concrete (LWAC) . 

2. Study the behavior of  HSC subjected to abrasion load. 

3. Study the behavior of  LWAC subjected to abrasion load. 

4. Study the behavior of  NSC subjected to abrasion load. 

5. In order to conduct the above test the researchers use machine according to ASTM C944. 

 

 

1.7 Outline of the thesis: 

The present thesis consists of five chapters: 

Chapter One: It consists of the introduction about High strength concrete   (HSC), Lightweight 

concrete (LWC),Resistance of concrete to abrasion. 

Chapter Two: It presents a review of literature and application of HSC,LWC as well as  the 

abrasion resistance of concrete. 

Chapter Three: It presents  the practical program adopted in this research . 

Chapter Four: This chapter demonstrates results of the test program and their discussions. 

 Chapter Five: It presents the conclusions of results 

. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1  High strength concrete (HSC): 

2.1.1 Historical background: In the last 40 years, the compressive strength of commercially 

produced concrete has approximately tripled, from (35 to 95) MPa. This unprecedented escalation 

in strength was largely made possible because of the following factors[24]: 

• Advancements in chemical admixture technology; 

• Increased availability of mineral admixtures (SCM); and 

• Increased knowledge of the principles governing HSC. 

                 The increased use of chemical and mineral admixtures in the decade of the 1960s 

quickly led to significant increases in attainable compressive strength. Chicago played a 

significant role in the early development and evolution of commercially available high-strength 

ready-mixed concrete. From the early 1960s continuing through the late 1980s, Chicago was a 

place where progressive design concepts and new material technologies successfully came 

together. They formed a quality control department and even went so far as to hire structural 

engineers who could communicate with the design community.  

                 In 1961, William Schmidt, structural engineer and pioneer in the use of HSC, 

approached MSC to increase the design strength of normal weight concrete from (35 to 41) MPa 

for the new 40-story ODEC Project. So in 1962, concrete having a design compressive strength of 

41 MPa was successfully produced. And in 1972,  the first 52 MPa  was produced for the 52- 

multi- story building. And in 1974, 62 MPa concrete was produced for 74-stories. Twenty-five 

years later, commercially available use of 95 MPa was being routinely supplied to numerous 

projects in USA[24]                  

                 The reasons for selecting HSC in bridge construction in Japan were reduction  in dead 

load, deflections, vibration, and noise, along with an anticipated reduction in long-term 

maintenance costs(CEB 1994). 

                  By the late 1980s, very high-strength concrete was being successfully produced in 

North America. One of the highest-strength concretes used in any large-scale commercial 

application thus has been concrete attaining a target compressive strength of 130 MPa [24]. 

                 The compressive strength originally specified for the structure was 97 MPa at 28 days; 

however, the designer also desired a static modulus of elasticity of 50 GPa. The testing 

demonstrated that an elastic modulus of this scale required concrete with a target compressive 

strength on an order of magnitude of 131 MPa. The results of compressive strength and elastic 

modulus tests conducted at an age of 4 years were 137 MPa and 56 GPa, respectively (Russell, 

1993). 

              Today, HSC is increasingly becoming a key component in large-scale construction 

projects, from tall commercial and residential buildings to bridges and tunnels. 
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              In many major metropolitan areas worldwide, 95 MPa at 56 days is routinely available. 

Although the potential certainly exists to achieve similar levels of strength performance by 28 

days or less, there are distinct benefits that can be realized when specifying acceptance ages at 56 

days or later for HSC, instead of the long ago, arbitrarily selected age of 28 days[24]. 

2.1.2 Applications of HSC: Exceptional benefits, both technical and economical, have been 

derived using HSC because of many benefits: HSC is now being regularly used in many 

applications, including buildings, offshore structures, bridge elements, overlays, and pavements. 

              HSC is often used in structures not because of its strength, but because of other 

engineering properties that come with higher strength, such as increased static modulus of 

elasticity (stiffness), decreased permeability to injurious materials, or high abrasion resistance. 

             In bridge structures, HSC is used to achieve one or a combination of the following 

mechanical attributes[24]: 

• increasing span length; 

• increasing girder spacing; and 

• decreasing section depth. 

                The decreased permeability of HSC presents opportunities for improving durability and 

increasing service life. Since 1989, most concrete bridges and highway structures in Norway have 

been constructed with concretes having a water-binder ratio below 0.40 in conjunction with the 

use of silica fume to produce very low permeability concrete with improved corrosion resistance. 

The use of lightweight high-strength concrete of 55 MPa provided the advantages of reduced 

weight and increased strength in bridges[24]. 

                In 1992 precast post-tensioned beams of 24.8 m span, and average concrete strength of 

75 MPa with a W/B ratio of 0.29 and an air content of (5.0 to 7.5) percent were used in bridge 

construction. By using HSC, smaller loss of pre-stress and consequently larger permissible stress 

and smaller cross-section were achieved. In addition, enhanced durability allowed extended 

service life of the structure [24]. 

                In the USA, the use of  HSC in bridge applications was used exclusively  . The 

structures used pre-tensioned concrete U-beams as an economical and aesthetic alternative to the 

standard I-beams. Specified compressive strengths ranged from (69 to 90) MPa at 56 days (Ralls 

etal.,1993; Ralls and Carrasquillo,1994).There are many documented cases of  HSC being used 

for highway pavements in Norway and Sweden, not for its strength properties, but rather for 

improved abrasion resistance [24]. 

                 In buildings, HSC presents opportunities for reducing column sizes, resulting in lower 

volumes of concrete and large reductions in dead loads (Perenchio, 1973). In parking structures, 

HSC is additionally used to minimize chloride penetration. Although the cost per unit volume of 

high-strength concrete is likely to be greater than that of conventional-strength concrete, given the 

mechanical advantages of HSC, the total initial cost of building an engineered structure 

incorporating HSC can be less. 
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                 In tall buildings, as the elastic modulus of vertical load bearing elements such as 

columns and shear walls increases, rotational periods decrease. The reduced rotational periods of 

vibration with stiffer columns and shear walls can be beneficial when considering the occupancy 

comfort factor of slender buildings. Bridges and parking structures benefit exceptionally well 

from high-strength, low-permeability concrete.  

 

2.2 Structural Lightweight Concrete 

               Structural lightweight concrete (SLWC) is similar to normal weight concrete except 

having a lower density [25]. SLWC is defined as a concrete having compressive strength exceed 

17 MPa with a bulk density less than 1950 kg/m3. Structural lightweight concrete can be 25% 

lighter than normal-weight concrete but with a compressive strength up to 60 MPa [26]. The 

SLWC is designed to provide the same compressive strength and durability for similar 

applications as normal weight concrete [27]. 

2.3 High Performance Lightweight Concrete 

                The term high performance concrete (HPC) for concrete mixtures that possess the 

following three properties: high-workability, high-strength and high durability [28]. There is a 

common confusion about the terms high strength concrete (HSC) and high performance concrete 

(HPC) which appear to refer to the same thing. In fact, HPC refers to the concrete which has been 

specially designed to achieve a certain particular characteristics such as high abrasion resistance 

and compaction without segregation. It may turn out that the designed concrete would possess a 

high strength but this is obviously not the original intention. HSC is designed to have concrete 

strength of 70 MPa and more [29].  

               High Performance Lightweight Concrete (HPLWC) generally refers to concrete that can 

achieve high performance such as high-strength, high workability, low permeability and high 

durability while having low density. The unique characteristics of HPLWC make it a preferable 

material used for many bridge projects. Compared with normal strength concrete (NSC), structural 

lightweight concrete (SLWC) and high performance concrete (HPC); HPLWC have some unique 

characteristics. It combines many of the advantages of HPC and SLWC. The unique 

characteristics in this case include high strength, high workability, low permeability, lightweight 

and high durability. Although its cost is higher than NSC, the additional cost can usually be 

recovered from the reduced construction cost because of reduced dead weight [30]. There are 

many benefits of using HPLWC.  Decks with HPLWC can be used to replace the existing 

superstructure to improve lane capacity. For beams, reduced dead loads combined with high 

strength enable spanning longer distances [27]. 
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2.4 Abrasion resistance of concrete: 

                There are number of different tests used in various countries and it is clear that there is 

no single test that adequately measures the abrasion resistance of concrete under all conditions. 

               classification of the various abrasion tests which are listed below: 

1. Test method for abrasion resistance of concrete by sand blasting  (ASTM C 418). 

2. Test method for obtaining and testing drilled cores and sawed beams of   concrete (ASTM C 

944). 

3. Test method for abrasion resistance of horizontal concrete surfaces (ASTM C 779). 

4. Test method for abrasion resistance of concrete – Underwater method (ASTM C 1138). 

                 Data on the abrasion resistance of concrete is needed to determine appropriate mixture 

proportions in order to make abrasion resistant concrete. Limited amount of published work is 

available on abrasion resistance of concrete. Several investigators have substantiated that 

compressive strength is the most important factor governing the abrasion resistance of 

concrete[31]. Researches used many types of surface finishing techniques and curing practices to 

have a strong influence on abrasion resistance of concrete  

                  Gebler and Klieger,(1986) studied the abrasion resistance of concrete containing ten 

different sources of Class F and Class C fly ashes. Concrete mixtures were proportioned to have 

25% fly ash by weight of total cementitious materials. The authors reported that the abrasion 

resistance of Class C fly ash concretes was generally superior to Class F fly ash concretes. 

              Tikalsky,(1988) determined abrasion resistance of concrete having cement replacement in 

the range of (0-35)% with Class F and Class C fly ashes. Concretes containing Class C fly ash 

performed better than both the plain portland cement concretes and the concretes containing Class 

F fly ash.  

                Barrow, (1989) investigated abrasion resistance of concrete containing both ASTM 

Class F and Class C fly ashes. The fly ashes were used to replace cement, by 25 or 50%, by 

volume. Curing conditions for test specimens included combinations of (10, 23.8, and 37.7)°C 

temperatures with 50% and 100% relative humidities. The authors indicated that due to lack of 

proper curing, abrasion resistance of fly ash concretes was less than that for the concrete without 

fly ash. 

                 Langan, (1990)studied compressive strength and durability of concrete containing 

substitute materials at 50% replacement level by weight of portland cement used. Seven fly ashes, 

together with a limestone as an inert filler material (silica flour), were used as replacement 

materials. The results revealed that the presence of fly ash at high levels of cement replacement 

increased the weight loss due to abrasion at all ages relative to the concrete without fly ash. 

                Naik, and Singh,(1991) investigated the effects of temperature and a Class F fly ash 

addition on concrete strength and abrasion resistance under simulated hot weather conditions. The 

results revealed that at 23oC the abrasion resistance increased with increasing fly ash content. But 

at higher temperatures (35-49)oC,  the abrasion resistance was adversely affected by inclusion of 

the low calcium fly ash.  
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                             Naik,(1992) determined abrasion resistance of fly ash concretes. Both (20-50)% 

Class C  and(40%)  Class F mixture were proportioned               Superplasticizers were added to 

Class F mixture (40% cement replacement) in order to keep the water-to-cementitious materials 

ratio below 0.36. Test results of the investigation showed that the (20-50)% Class C fly ash 

concrete mixtures showed similar results. The 40% Class F fly ash concrete mixture indicated 

higher depth of wear relative to Class C fly ash mixtures. 

                  Bilodeau and Malhotra,(1992) studied abrasion resistance of concrete incorporating 

high volumes of Class F fly ash. Super plasticized proportions for concrete mixtures were 

developed to contain (55 to 60)% fly ash of total cementitious materials. Their test results showed 

poorer performance of fly ash concretes relative to the reference concrete containing no fly ash. 

                   Carette,(1992) studied abrasion resistance of air entrained super plasticized high-

volume Class F fly ash concrete. The amount of fly ash ranged from (55 to 60)% of the total 

cementitious materials. The authors indicated that some concretes exhibited significantly lower 

abrasion resistance than other concretes of similar or even lower compressive strength. 
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CHAPTER THREE 

EXPERIMENTAL PROGRAM  

3.1 Introduction: 

                This chapter describes the apparatus, materials, and tests which were used in this 

research. All experiments were performed in materials testing laboratories at the Technical 

College of Mosul. The experimental work of this investigation included two categories: 

The first part of the research includes: experimental investigation to produce the (NSC, HSC and 

LWAC). 

While the second part of the research includes practical investigation to study the mechanical 

properties of this concrete such as: compressive strength, modulus of rupture, splitting tensile 

strength, modulus of elasticity and abrasion resistance. 

 

3.2 Practical Work:  

              This part of the investigation includes preparation of all the concrete mixes as well as the 

tests performed on the concrete specimens. 

3.2.1 Materials: The following constituents materials were used in preparing all (NSC ,  HSC and 

LWAC) specimens, as follows: 

3.2.1.1 Cement:  Ordinary Portland cement (Type I) obtained from hammam Al – Allel  was 

used. Physical and chemical properties of the used cement were done in accordance to Iraqi 

specifications No. 5 / 1984[32], test results were given in Tables 3.1 and 3.2. 
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Table 3.1: Physical properties of Ordinary Portland cement* 

Physical properties Test results of 

Ordinary Portland 

cement 

Iraqi specifications  

No. 5 / 1984 

Specific surface area by 

Blain method,  m²/kg 

280 ≤ 230  

Initial setting 

 time (hrs: min) 

2 : 00 ≤ 45 minute   

 

Final setting 

 time (hrs: min) 

4 : 00 ≤ 10 hours 

Compressive strength, 

MPa 

3 days 

7 days 

 

 

21 

29 

 

 

≤ 15  

≤ 23  

                   *Physical tests of the used cement were done in hammam Al – Allel  factory. 
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Table 3.2: Chemical compositions of Ordinary Portland cement** 

Chemical analysis: 

Oxides and Componds 

Test results of 

sulfate-resisting 

cement 

(%) 

Iraqi specifications 

 No. 5/1984  

 (% by weight) 

MgO 2.33 ≤ 5.0 

SO3 1.93 ≥ 2.5 

CaO 59.52 - 

SiO2 18.22 - 

Al2O3 4.9 - 

Fe2O3 3.45 - 

C3A 10.7 - 

C4AF 7.73 - 

C3S 38.94 - 

C2S 31.24 - 

Loss on Ignition 2.37 ≥ 4.0 

In.R 1.19 ≥ 1.5 

             ** Chemical properties of the used cement were done in hammam Al – Allel  factory. 
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3.2.1.2 Silica fume:. Silica fume is specified under ASTM C1240. Physical and chemical 

properties of the used silica fumes were given in Tables 3.3 and 3.4. 

Table 3.3: Typical properties of silica fumes  

Properties  Details  

Form Powder 

Colour Grey 

Bulk density 550-700 kg//m3 

Chloride content < 0.1 % 

Dosage (5-15) % by weight of 

cement. 

 

Table 3.4: Chemical properties of silica fume 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Percentages (by 

weight) 

Chemical composition 

1.47 MgO 

0.9 K2O 

0.5 CaO 

90.7 SiO2 

0.68 Al2O3 

2.2 Fe2O3 

0.86 Na2O 

2.5 L.O.I. 

mailto:2.1@2.2
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3.2.1.3 Coarse aggregate: Rounded Coarse aggregate with size (12.5) mm. obtained from Khazer 

village near Mosul city was used. Its sieve analysis was shown in Table 3.5. 

Table 3.5: Sieve analysis of the used coarse aggregate 

Sieve size (mm) 

 

Cumulative 

passing % 

Limits of Iraqi specification No. 

45/1984[33] 

14 100 100 

10 94.6 85-100 

5 4.8 0-25 

2.36 0 0-5 

 

3.2.1.4 Fine aggregate:  Natural fine aggregate obtained from Khazer village near    Mosul city 

was used. Its sieve analysis was shown in Table 3.6. 

Table 3.6: Sieve analysis of the used fine aggregate 

Sieve size 

 (mm) 

Cumulative 

passing 

 (%) 

Limits of Iraqi specification  

No. 45/1984[33] 

4.75 98.4 90-100 

2.36 94.6 85-100 

1.18 92 75-100 

0.60 66 60-79 

0.30 40 12-40 

0.15 10 0-10 
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The main properties of the used coarse and fine aggregates were shown in Table 3.7. 

Table 3.7: Main properties of coarse and fine aggregates 

Property Coarse 

aggregate 

Fine 

aggregate 

Dry sp. Gravity 2.63 2.59 

S.S.D. sp. Gravity 2.64 2.65 

App. sp. Gravity 2.66 2.79 

Absorption capacity (%) 0.5 2.9 

Rodded unit weight (kg/m3) 1716 1765 

Fineness modulus 6.55 2.61 

 

 

 

3.2.1.5 Chemical admixtures: Sika Visco Crete -5930, is a third generation of superplasticizers 

for concrete and mortar, was used. It meets the requirements for superplasticizers according to 

ASTM C 494 Types G and F and BS EN 934 Part 2 : 2001[34]. The main properties of the used 

superplasticizers were shown in Table 3.8. 

Table 3.8: Properties of  superplasticizers (Sika Visco Crete -5930) 

 

 

 

 

 

 

 

 

 

 

 

Property Constitution 

Chemical base Aqueous solution of modified Polycarboxylate 

Density 1.08.  ± 0.005 Kg/lt 

pH Value 7 - 9 

Colour Turbid liquid 

Dosage  (1.0–2.0)% by weight of cement. 

Boiling  100 oC 
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3.2.1. Expanded Perlite (EP):  

Expanded perlite is a glassy volcanic rock, honey-comb like or bubble-like, white or grayish-

white granules as shown in Figure (1). It is a high-efficient heat insulating material, and has the 

advantages of light weight, good performance in low temperature, better chemical stability, 

incombustibility, corrosion resistance and easy application. In construction, expanded perlite is 

widely utilized in exterior protected construction, low- temperature insulation equipments, thermal 

equipments, and also sound-absorbing products and having (0.06-0.17) W/m.˚k thermal 

conductivity at high temperature. EP has density (85) Kg/m³.  

 
Figure (1) Expanded Perlite 

 

3.2.1.7  Water: Tap water was used in preparing all mixtures and curing all samples .  

 

 

 

 

 

 

 

 

 



20 

 

3.3  Mix design: 

3.3.1 Mix design of Normal Strength Concrete (NSC): Mix proportions used in this 

investigation were obtained using ACI method [35] as shown in Table 3.9. 

Table 3.9: Mix proportions of NSC 

Mix 

design 

method 

Mix proportions 

Experimental  

compressive 

strength 

Experimental 

slump 

(mm)  

(A/C) 

Ratio 

ACI  1 : 1.864 : 3.361 , w/c = 

0.5 

28.0 N/mm2 120 5.225 

 

3.3.2 Mix design of  (HSC): The mixture proportions were selected from a number of trial 

laboratory batches as follows : 

1-  By reducing and fixing (W/C) ratio and using different amount of superplasticizers  as a 

percentage of cement content as shown in Table 3.10. 

Table 3.10: Mix proportions for the first trial mixes of concrete 
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C2 
1 : 1.864 : 

3.36 
350 0 0.00 

652.5 1176.5 
0.40 28.5 60 

C3 
1 : 1.864 : 

3.36 
350 0 0.25 

652.5 1176.5 
0.40 30.3 90 

C4 
1 : 1.864 : 

3.36 
350 0 0.50 

652.5 1176.5 
0.40 34.9 120 

C5 
1 : 1.864 : 

3.36 
350 0 0.75 

652.5 1176.5 
0.40 36.6 170 

C6 
1 : 1.864 : 

3.36 
350 0 1.00 

652.5 1176.5 
0.40 39.6 190 
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2- By reducing and fixing (W/C) ratio and using silica fume and different amounts of 

superplasticizers as a percentage of cement content as shown in Table 3.11. 

Table 3.11: Mix proportions for the second trial mixes of HSC 
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C7 1 : 1.864 : 3.36 297.5 15 1.25 652.5 1176.5 0.35 53.6 

C8 1 : 1.864 : 3.36 297.5 15 1.50 652.5 1176.5 0.35 57.3 

C9 1 : 1.864 : 3.36 297.5 15 1.75 652.5 1176.5 0.35 55.7 

 

3.3.3 Mix design of  (LWAC): The mixture proportions were prepared by adding insulating 

material (Perlite) as a volumetric addition to the total volume of the aggregate with 

proportions of (30 and 60)% as shown in table 3.12 

Table (3.12) Compositions of OPC Mixes 

Materials 
Water 

(kg/m³) 

OPC 

(kg/m³) 

Sand 

(kg/m³) 

Gravel 

(kg/m³) 

Perlite Fresh density 

% (kg/m3) (kg/m3) 

Mix C1 175.00 350 652.5 1176.5 0 0 2400 

Mix C10 175.00 350 456.75 823.55 30 67.5 1800 

Mix C11 175.00 350 425.1 760.25 60 135 1100 
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3.4 Preparation and casting of specimens: 

                All batches of concrete were cast in the laboratory using a drum mixer,. Mixing, casting, 

and curing was conformed to ASTM C192[36]. The mixing procedures were performed according 

to the following sequences: 

1. The dry fine and coarse aggregates were weighed and placed in the mixer, then mixed for two 

minutes. 

2. The cement and silica fume were added to the mixed aggregate, and mixed for another two 

minutes. 

3. Two-third of the mixing water was mixed with half quantity of the superplasticizers and added 

to the mixer, and mixed for two minutes.          

4. The rest quantity of water and superplasticizers were added to the mixer and continued mixing 

till there were no dry balls of cement. 

5. Molds were oiled and placed on the vibration table while the concrete was poured. The cylinder 

specimens were cast in three layers and each layer was compacted by the vibrator until no 

further air bubbles appeared on its surface, while the cubes specimens were casted in two layers 

and compacted in the same manner. After completing the compaction operation, the top of the 

specimen was smoothing finished by a trowel. Then, 

7. The specimens were demolded after (24±2) hrs, and subjected to the standard moist curing by 

immersing them in curing tank at 23 oC . 

3.5 Testing types: 

               The laboratory tests were performed on both fresh and hardened concrete tests. Fresh 

concrete was tested for slump test and fresh density test. The tests for hardened concrete included 

compressive strength, splitting tensile strength, flexural strength (modulus of rupture), modulus of 

elasticity and abrasion resistance test. 

3.5.1 Slump test: The slump test was carried out on fresh concrete according to ASTM C 143[37] 

and by using  slump test apparatus. 

3.5.2 fresh density test: The Fresh density was carried out according to ASTM C 138 [38].  

3.5.3 Compressive strength test: The compressive strength test was performed on 

(100*100*100)mm cube specimens at (7, 28) days, using a compression testing machine with a 

loading rate of (0.5) MPa/sec,  according to BS : 1881 : Part 116 : 2003[39]. Three identical 

specimens from each mixture were tested at each age and the average value was reported.  
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3.5.4 Splitting tensile strength test: The splitting tensile strength test was performed 

on(100*200) mm cylindrical specimens, according to ASTM C496[40]. The average value of 

three test specimens was taken.  

3.5.5 Modulus of rupture test:  The modulus of rupture test was performed on (400*100*100) 

mm. prisms according to ASTM C78[41]. The average value of three test specimens was taken.  

3.5.6 Abrasion resistance test: Abrasion resistance of the concrete test was performed on 

(150*75) mm cylindrical specimens, and  measured in compliance with ASTM C 944, Readings 

were taken every two minutes for 12 minutes or 1.0 mm. depth of wear, whichever occurred first. 

The testing procedure was as follows: 

1. Determine the mass of the specimen to the nearest 0.1 gram. 

2. Fasten the specimen securely in the abrasion device so that the bottom face of the concrete 

specimen is placed upwards and normal to the drill press shaft. 

3. Mount the special rotating cutter device in the drill press shaft. 

4. Start the motor and lower the cutter slowly until being  in contact with the surface of the 

concrete specimen. 

5. Continue abrasion with a normal load (10 kg) on the specimen for two minutes after contact 

between the cutter and the surface. At the end of each two-minute abrasion period, remove the 

test specimen from the device and clean the surfaces with air. Determine the specimen mass to 

the nearest 0.1 gram.  

6. The depth of wear should be checked up with the average thickness loss of specimen obtained 

by the following formula: 

                                                       (W1-W2)*V1 

                                        t  =                                                                  

                                                          W1 *  A 

where:                              

          t : Average loss in thickness, mm; 

      W1: Initial mass of the specimen (gm); 

      W2: Final mass of the abraded specimen (gm); 

       V1: Initial volume of the specimen (mm3);and 

       A: Surface area of the specimen subjected to abrasion, (mm2). 
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CHPTER FOUR 

RESULTS AND DISCUSSION 

4.1 Introduction: 

                  This chapter discuss  the  laboratory test results  obtained from this investigation. The 

laboratory tests consist of fresh and hardened concrete tests. Fresh concrete was tested for Slump 

and fresh density tests. The tests for hardened concrete included: compressive strength, splitting 

tensile strength, modulus of rupture, modulus of elasticity and abrasion resistance test. 

4.2  Slump test results: 

                   It was clear from Table 4.1 that, for normal strength concrete mixtures (C2, C3, C4,C5 

andC6) that, increasing of  the percentages of superplasticizers leads to improve the workability 

and increases the compressive strength for all mixes, as compared with reference mixture C1. 

                  Whilst Table 4.1 show  that for high strength concrete(H.S.C) mixtures (C7 to C9) had 

the lowest workability and recorded an improvement in compressive strength. 

On the other hand Table 4.1 show  that for Low Weight Aggregate Concrete mixtures (C10 & 

C11) had the lowest workability and  lowest compressive strength This result was expected due to 

the proportions of water and water reducers in the different mixes. 
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Table 4.1: Slump test results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mixture 

Designation 

 

Slump.(mm) 

28-day 

Compressive 

strength. (N/mm2) 

C1 60 27.5 

C2 90 28.5 

C3 120 30.3 

C4 160 34.9 

C5 180 36.6 

C6 190 39.6 

C7 5 53.6 

C8 5 57.3 

C9 5 55.7 

C10 10 12.7 

C11 5 4.7 
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Figure 4.4: Slump test for concrete mixture 

 

 

 

 

 

 

 

 

 

                  

 

                  

  

 A : Slump test for  mixture  C1            B : Slump test for mixture C6   

D : Slump test for  mixture C11 
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4.3 Compressive strength test results: 

                   Table 4.2 & Figure 4.1 presents the compressive strength results of NSC, HSC and 

LWAC  mixtures cured under standard conditions. The compressive strength for NSC, HSC and 

LWAC mixtures at 7&28 days vary according to the admixture. The highest compressive strength 

is achieved by mixture C8 followed by mixtures C9 and C7 for both 7 and 28 days.  

                

 

 

 

               The compressive strengths for mixtures C10 and C11 are considerably lower than the 

compressive strength for mixture C1. The high early age strength achieved with the addition of 

silica fume may be attributed to its finer particle size, resulting in an increased hydration rate.     

Generally the compressive strength increases with decreasing w/c ratio.     

               Table 4.2 also show that, the addition of different amounts of chemical and mineral 

admixture  gain average 28-day compressive strength values ranging from (28.5 to 57.3) MPa as 

compared with the reference mixture.  

                 The maximum 28-day compressive strength value of 57.3 MPa (100.09% increasing),  

was recorded in mixture C8 with 1.5 % of superplasticizers and 15% silica fume,    whilst the 

minimum compressive strength value of  4.7 MPa  (82.9% decreasing), was obtained with the 

1.5% superplasticizers, 60 % polypropylene  in mixture C11.  

                  The28-day compressive strengths for mixture C11 are considerably lower than the 

compressive strength for mixture C10,where polypropylene  ratio for mixtures  C11, and C10 are 

(60% and 30%), respectively. It is expect that, increasing  in polypropylene  ratio with high 

percentage may result in not completing hydration.  
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Table 4.2: Compressive strength test results 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1 : Compressive Strength at Age 7 and 28 days 
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Compressive strength
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7-day  

Compressive 
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28-day 

 Compressive 

strength (N/mm2) 

C1 21.7 27.5 

C2 22.3 28.5 

C3 24.5 30.3 

C4 26.8 34.9 

C5 27.85 36.6 

C6 31.8 39.6 

C7 42.13 53.6 

C8 45.1 57.3 

C9 43.8 55.7 

C10 8.6 12.7 

C11 2.7 4.7 
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4.4 Modulus of rupture test results: 

                The measured values of the flexural strength for (7& 28) days are given in Table 4.3 & 

Figure 4.2. The 28-day flexural strengths ranged from (1.27 to 11.84) MPa for concretes 

manufactured using local materials.  

                 It can be seen from Table 4.3 ,  the higher the concrete strength the greater flexural 

strength is, as expected. 

Table 4.3: Modulus of rupture test results 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2 : Modulus of Rupture  at Age 7 and 28 days 
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 modulus of rupture 

(MPa) 

C1 4.4 7.4 

C2 4.5 7.4 

C3 4.3 7.7 

C4 5.2 8.1 

C5 5.6 8.6 

C6 6.4 10.9 

C7 6.8 11.3 

C8 6.9 11.8 

C9 6.3 10.8 

C10 1.2 3.1 

C11 0.8 1.27 
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4.5  Splitting tensile strength test results: 

                 It can be seen from Table 4.4 & Figure 4.3 that the higher the concrete strength the 

greater the splitting strength is, as expected.  

Table 4.4: Splitting  tensile strength test results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3 : Splitting tensile strength  at Age 7 and 28 days 
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Experimental 
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C1 1.7 2.4 

C2 1.8 2.4 

C3 1.9 2.6 

C4 2.1 2.7 

C5 2.3 3.1 

C6 3.3 4.7 

C7 3.3 5.0 

C8 3.3 5.2 

C9 3.2 4.7 

C10 1.0 1.6 

C11 0.5 1.2 
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4.6  Modulus of elasticity test  

                 It can be seen from Table 4.5 & Figure 4.4, that the higher the concrete strength the 

greater the modulus of elasticity is, as expected.  

Table 4.5: Modulus of elasticity test results 

      
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4 : Modulus of elasticity 
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C1 27.5 31425 

C2 28.5 31750 

C3 30.3 33250 

C4 34.9 34775 

C5 36.6 37500 

C6 39.6 48890 

C7 53.3 51155 

C8 57.3 51989 

C9 55.7 47890 

C10 12.7 12650 

C11 4.7 4498 
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4.7 Abrasion test results. 

                  It was clear from Tables 4.6 & Figure 4.5 that, the addition of (0.25%) of 

superplasticizers leads to an increasing in the abrasion resistance by 10.61%, while the increase in 

the abrasion resistance was 141. 8% for 1.50% superplasticizers and 15.0% of silica fume as 

compared with the reference mix.  

                 On the other hand, the addition of (60%) of polypropylene leads to decrease  in the 

abrasion resistance by 129%, while the decrease in the abrasion resistance was 68.9% for 30% 

addition of polypropylene as compared with the reference mix. 

               Tables 4.10 that also shows that the compressive strength was an important factor 

affecting the abrasion resistance of the concrete mixture. Loss in abrasion is linearly decreased as 

compressive strength increased.  

show that, the loss in abrasion of  the concrete mixtures decreased with time. 

                  However, all mixtures with and without admixture  exhibited high resistance to 

abrasion under the actions of applied abrasive forces (i.e., much less than 1.0 mm. depth of wear). 
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Table (4.6): Test results of compressive strength and abrasion 

Mixture 

designation 
Type of 

concrete 

28-day  

compressive 

strength 

(MPa) 

Depth of 

abrasion (t) 

(mm) 

Abraded 

materials  

(gm) 

Percentage 

increase in 

abrasion 

resistance 

(%) 
C1 

(Reference) 

_ 27.5 0.355 14.80 _ 

C2 NSC 28.5 0.311 13.38 10.6 

C3 NSC 30.3 0.305 13.12 12.8 

C4 NSC 34.9 0.299 12.85 15.2 

C5 NSC 36.6 0.264 11.35 30.4 

C6 NSC 39.6 0.178 7.65 93.5 

C7 HSC 53.6 0.162 7.23 104.7 

C8 HSC 57.3 0.148 6.12 141.8* 

C9 HSC 55.7 0.181 7.80 89.7 

C10 LWC 12.7 0.56 25 -68.9 

C11 LWC 4.7 0.71 34 -129** 

 
                                   * Percentage increase in abrasion resistance = (14.8 -6.12) /6.12 = 141.8% 

                        ** Percentage decrease in abrasion resistance = (34 -14.8) /14.8 = 129% 

 

Figure 4.5 
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Figure 4.1: Cylindrical specimens before abrasion test 

 

 

 

  

Figure 4.2: Cylindrical specimens after abrasion test 
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CHAPTER FIVE 

 

CONCLUSIONS  
               This chapter presents the conclusions of the results and recommendations for further 

research works. 

5.1 Conclusions:  

The data collected in this investigation may lead to the following conclusions: 

1. Compressive strength increases for all dosages of chemical and mineral admixture than for 

normal concrete. The high early age strength achieved with the addition of micro-silica may be 

attributed to its finer particle size, resulting in an increased hydration rate. The highest 

compressive strength is achieved by mixture C8 followed by mixtures C9 and C11for both 

seven and 28 days.  

2. All (NSC&HSC) mixtures with admixtures exhibited substantially higher rates of abrasion 

resistance gain as compared with the reference mixture C1. 

3.Concrete abrasion resistance was directly proportional to its  compressive strength, i.e, abrasion 

resistance increases with increasing in the compressive strength. 

4. The effect of admixtures on hardened concrete properties were significant. The addition of 

different amounts of admixture gave average compressive strength values ranging from (4.7 to 

57.3) MPa. 

5.  The addition of (0.25%) of superplasticizers leads to an increase in the abrasion resistance by 

(10.61%), while the increasing in the abrasion resistance was (141.8 %) with the addition of 

(1.5%) superplasticizers and 15.0% of silica fume  as compared with the reference mixture. 

6. the addition of (60%) of polypropylene leads to decrease  in the abrasion resistance by 129%, 

while the decrease in the abrasion resistance was 68.9% for (30%) addition of polypropylene as 

compared with the reference mix. 

7. Mixture C8 containing 1.5% superplasticizers and 15.0% of silica fume recorded the highest 

compressive strength (57.3 MPa), and it showed an increase in the abrasion resistance by (141.8 

%) as compared with the reference mixture 

8. Generally, depth of wear decreases with age and admixtures  content. 
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