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In the present study, two mix of concrete are used six types of crushed rock aggregate 

(dolomite (A), quartz (B) ,limestone(C) ,organic limestone(D) ,crushed gravel(E) and uncrushed 

gravel(F)) are investigated which are locally available in north of Iraq. concrete mixes have been 

proposed at some maximum aggregate size (20 mm) with water-cement ratio (w/c=0.6) in normal 

strength  mix (1) and (w/c=0.22) in high strength concrete mix (2). The proposed  specimens contain 

different specimen shapes and sizes ,such as cubes 150X150X150 mm number (144) ,cylinders 

150X300 mm number (144) and prisms 100X100X500 mm number(98) in two groups . They are tested 

at 7, 28, 56, 91 days respectively. 

To provide some information on the mechanical properties of concrete content rock aggregate, 

the tests are carried out on hardened concrete at different ages to determine the density, pulse velocity, 

the dynamic modulus of elasticity, the compressive strength, the static modulus of elasticity and the 

flexural strength of concrete.   

The test results show that ,the role of aggregate does not appear in mix(1) of concrete because 

of the weak bond of the paste .In mix(2) of concrete, the mineralogical characteristic, the shape and the 

surface textural of coarse aggregate appear  that the modulus of elasticity of concrete is dependent on 

the type of aggregate .This is attributed to the role of coarse aggregate  in concrete mix with low water 

–cement ratio (0.22) as a result of improved cement paste and transition zone .Therefore, in high 

strength (Mix(2)) : 

1-Type (HC) is higher in compressive strength for cube specimen of concrete than types 

HA,HB,HD,HE and HF by (12% ,5.8%) ,(18.8% ,9% ),(15.5% , 16.6%) ,(26.2% ,18.5% ) and(35.2% 

,25.5%) in 28 and 91 days respectively.  

2-Type (HB) is higher in static modulus of elasticity for cylinder specimens of concrete  than 

types HA,HD,HF,HE and HC by (2%,8.4%), (8%,16%), 

(8.6%,16.7%),(8.9%,17.3%)and(21.8%,19.7%) in 28 and 91 days respectively. 

3-Type (HA) is higher in dynamic modulus of elasticity for cylinder specimens of concrete 

than types HB, HC, HD, HF and HE by (4%), (38%), (16%), (21%) and (22%). The ratio of static 

modulus of elasticity to the dynamic modulus of elasticity of concrete (Ec/Ed) for Mix (1) is between 

(42.5% to 56.9%). while for Mix (2), the ratio is between (17.5% to 27%) respectively in 28 days.  

4-The flexural strength of concrete (Mix(2)) made with rough rocks aggregate  type 

(HA,HB,HE ,HD and HC) are higher value by (40.6%,41.9%, 33.3%, 31.4%,30.7%,30.6%,28%, 

27.4%, 1.9%, 1.6%) compared with that made with smooth uncrushed aggregate type HF at 28 days 

and 91 days respectively .  

The comparison result of this study for the static modulus of elasticity of concrete with the 

specifications world equation show that:  

The ACI-95 equation The CEB-90 equation The CND equation The NS equation gives over 

estimation for all types of concrete mixes in 28 days. The ACI-363 equation gives under estimation for 

the types of concrete Mixes This equation is considered good for estimating the static modulus of 

elasticity of concrete. The Neville equation gives under estimation for all types of concrete Mixes.  
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    CHAPTER ONE 
INTRODUCTION 

 

1.1-General:- 

 Aggregate is one of the fundamental materials used in the 

construction industry. Aggregate can be obtained from a variety of 

sources, from natural sands and gravels of both land and sea origin to 

crushed rock and artificially produced materials. It can be used in many 

ways ,as major components of concrete ,mortar or bituminous bound 

materials ,as sub-base or capping or for more specialized  uses such as 

track ballast or filter media. With this wide variety of sources and uses, 

evaluation of the characteristics of aggregate is very important [1].          

Aggregate makes up 60 - 80% of the concrete volume, thus the   

properties of hardened concrete are influenced considerably by the 

aggregate. The mechanical properties of aggregate cannot be improved 

because they strongly depend on their parent material. Therefore, the 

aggregate used for high performance concrete must be selected and 

examined very carefully. The role of aggregate appears when the concrete 

is very dense and of homogeneous structure .Therefore, the interface zone 

is well improved. It leads to as much greater bonding strength of the 

interface zone, and microcrack initiation occurs at a higher stress level .In 

consequence, the aggregates take a better part in carrying stress under 

loading. Otherwise, as the interface zone more homogeneous and dense, 

it becomes stronger and consequently the concrete shows more brittle 

behavior. The cracks then usually pass through the aggregates [2]. 



The elastic properties of concrete are known be influenced by the 

properties of constituent materials and mixture of the interfacial zone 

between aggregates and paste. Due to the inherent stiffness and large 

volume fraction it occupies in concrete, aggregate exerts the major 

influence on the elastic modulus. It is not only the aggregate stiffness, 

which affects the elastic modulus of concrete but also the aggregate type 

[3]. 

Modulus of elasticity is particularly important from a design point 

of view in reinforced and prestressed concrete, since it can control 

concrete behavior as much as compressive strength particularly in 

structural element subjected to flexure [4].  

Modulus of elasticity when determined from the slope of the stress 

– strain curve constant is considered as static modulus of elasticity. The 

elastic modulus of concrete is closely related to the property of the 

cement paste, the stiffness of the selected aggregates, and the definition 

of the term modulus itself, whether tangent, secant, or chord modulus. In 

this study, the last definition is used according to (ASTM C469-87).Also 

the dynamic modulus of elasticity of the beam specimens is derived from 

measurements of the natural frequency of the fundamental mode of 

longitudinal vibration [5, 6]. 

 The quality of concrete is largely influenced by the properties of 

aggregate, so special care should be given to the investigations 

concerning properties of aggregate. Furthermore, aggregate in concrete is 

much cheaper than cement that is recommended to be used of much as 

possible. Aggregates used in concrete usually consist of natural sand, 

gravel, and crushed rock. Natural sands and gravel are the most 

commonly used whenever they are of satisfactory quality and can be 

obtained economically in sufficient quantity. Crushed rock is widely used 

for the larger coarse aggregates .Suitable aggregate should be composed 



of clean, uncoated, properly shaped particles of strong and durable 

materials. When incorporated into concrete, it should satisfactorily resist 

chemical or physical changes such as cracking, swelling, softening, 

leaching, or chemical alteration [7].  

Many studies were carried out to give alternative aggregate 

materials to be used for concrete manufacture such as crushed Limestone. 

Calcitie limestone rock is widely distributed in various regions of Iraq 

and the formation of limestone is divided into three groups according to 

its location:  

1. West of Euphrates from the Syrian border to the south of Samawa    

2. East of Tigris from Mosul in the north to the south of kifri  

3. The mountainous region of Sulaimana and Arbil, and this study is 

concerned with the rock of this region [8, 9].   

 

1.2 The Study Significance: - 

Since aggregate occupies about 70% of the volume of a concrete 

mix, it is expected to exercise an important influence on the properties of 

the composite material. This work is undertaken to examine the influence 

of six typical dense aggregate types on the hardened properties of two 

mix groups (normal compressive strength and high compressive 

strength).The compressive strength, elastic modulus and flexural strength 

of concrete made with six different coarse aggregates and locally 

available in north of Iraq, are compared . The differences in the 

performances are discussed especially the static and dynamic modulus of 

elasticity of concrete.  

 

1-3 Objective and Scope:-  



 Six types of crushed rocks aggregate are used in two mix groups. 

For each mix, three types of concrete specimens are cast, cubes 150mm, 

cylinders 150 mm diameter by 300mm height and prisms 100*100*500 

mm. The number of specimens cast in this study is (144 cubes, 144 

cylinders and 96 prisms) .The test ages are 7, 28 ,56 and 91 days. 

The plan of this study is divided into the following  

1. Evaluation of crushed rock aggregate properties. 

2. Evaluation of concrete properties produced by using crushed rocks as 

coarse aggregate only. 

3.  Evaluation of concrete properties produced by using different crushed 

rocks aggregate types (density, pulse velocity, compressive strength, the 

static elastic modulus of elasticity, the dynamic modulus of elasticity and 

the flexural strength) in two types of concrete normal and high strength. 

4.comparison the test result of this study with specifications word 

equation limit and evaluated result of the tests .   

1-4 The Study Layouts: -     

The study is presented in five chapters: - 

Chapter two reviews the literature concerned with normal strength 

and high strength concrete, the effect of type of aggregate  on 

compressive strength , the modulus of elasticity of concrete in two types 

static and dynamic method and flexural strength. 

Chapter three deals with materials and experimental work. Results 

and discussions are given in chapter four. In chapter five, the conclusions 

and recommendations for future works are presented.  
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CHAPTER TWO 

2-1 GENERAL:-                         

                                    Aggregate  affects concrete in the fresh and the hardened states ,so 

it is important to study the properties of aggregate .The important parameters of coarse aggregate that 

affect the behavior of concrete are reported to be its size ,shape ,surface texture ,mineralogy ,elastic 

modulus and strength. Thus, it is important to understand the effects of aggregate on various properties 

of concrete not just because aggregate is one of the major components of concrete, but also because 

aggregate –related effects have a significant influence on the durability of concrete. Therefore, this 

study scopes to investigate the influence of the type of coarse aggregate on the properties of concrete 

[2, 10].  

2-2 Influence of Mechanical Properties of Aggregate on Modulus 

of Elasticity of Concrete:                  

2-2-1 Particle size and grading of aggregate     

 IL-seok oH [10] reported that, the grading and maximum aggregate size  affect relative 

aggregate proportions as well as cement and water requirement. In the past, it was assumed that the 

smallest percentage of voids (greatest density of aggregate) is the most suitable for concrete, but now it 

is known that this is not the best target for the mix design. 

 

Steven H. and William C.[11] investigated that, the production of satisfactory and economical 

concrete requires aggregates of low voids content, but not the lowest ,because the cement paste 

requirement for concrete is proportional to the voids content of the aggregates . Thus, the modulus of 

elasticity of concrete depends on the size of aggregate ,type of aggregate ,strength of particles ,cement 

paste and cement-aggregate bond .  

 Francis A. Olukun et al [12] stated that, the size of aggregate has an effect on the elastic 

modulus of concrete, which increases with larger aggregate size.     

           Troxell G. et al [13] proved that, the grading of a given type of aggregate as well as the 

maximum size of a well-graded aggregate has the same effect upon the modulus of elasticity of 

concrete as upon strength . So long as the mix is not harsh and unworkable, the modulus of elasticity of 

concrete to increase with fineness modulus of aggregate increases.                                                                                                                        

Shah S.P. and Ahmed S. H.[14] observed that the values of experimentally determined moduli 

of elasticity depend on the properties and proportion of coarse aggregate .It was observed that, with the 

same consistency and water cement ratio ,the larger maximum size of coarse aggregate and coarser the 

grading ,the higher the modulus of elasticity of concrete .  



2-2-2 Particle shape and surface texture  

 Generally, it has been said that the particle shape and surface texture of an aggregate influence 

the properties of freshly mixed concrete more than the properties of hardened concrete and rough –

textured. Angular and elongated particles require more water to produce workable concrete than do 

smooth [15].  

Richart, et al.[16] mentioned that ,the increase in compressive strength resulting from the 

bond between cement paste and given aggregate ,  generally increases as particles change from smooth 

and rounded to rough and angular which also increases the modulus of elasticity of concrete . 

Riadh G. [17] quoted that, the modulus of elasticity is much more sensitive to the amount and 

nature of aggregate, since the value of the elastic modulus is partly dependent on the progressive 

microcracking at the paste – aggregate interface, the shape, surface texture and the total amount of 

aggregate, which will influence its value.  

2-2-3 Effect of mechanical interlocking bond  

Generally, crushed rock produces superior bond compared with gravel because of the 

mechanical interlocking ,surface texture of the coarse aggregate is partly responsible for the bond 

between the matrix, and aggregate and the aggregate –matrix bond strength seems to control the tensile 

strength .This effect is more pronounced at low w/c ratio and sensitive to difference in type of 

aggregate .[4,19]                                                                                                                                                                                                                       

             T.Budi and K. Deutschman [2] quoted that, the bond stress at the interface zone is influenced 

between modulus of elasticity of aggregate and hardened cement paste .The higher difference of the 

two modulus of elasticity, the higher stress concentration at the interface zone between the two 

materials. The higher bond stress might lead to crack at the peak load and; therefore, a sudden failure 

of concrete could not be avoided.   

 M.G. Alexander and T.I. Milne [3] showed that, the elastic behavior of concrete depends on 

the bond strength and density of the interfacial zone, and on densities and void contents of the concrete 

.Thus, it is a reasonable hypothesis that different aggregates and cement blends affect the nature of 

transition zone and this strongly influences the concrete properties measured.  

Neville [15] mentioned that, the bond between aggregate and cement matrix is affected by 

other physical and chemical properties of aggregate, related to its mineralogical, and chemical 

composition .such chemical bond exists in the case of limestone and dolomite. 

 John J. Myers, Carrasquillo, Myers, and Cetin,[18] found that the elastic modulus appears to 

be a function of the coarse aggregate content and type. Increasing the coarse aggregate content beyond 

40 percent appears to benefit the elastic modulus of elasticity of concrete .Also stiffer and denser 

aggregates improve the elastic modulus of the concrete. 

 The stress at which the cracks form depends largely on the properties of the coarse aggregate 

.Smooth coarse aggregate leads to cracking at lower stresses rather than rough and angular crushed 

rock, probably  because, the mechanical bond is influenced by the surface properties and to a certain 

degree ,by the shape of the coarse aggregate. When the bond is strong enough, failure takes place 

through the aggregate, and this means that the shear strength that can be mobilized around the surface 



of the aggregate may exceed the shear strength across the aggregate. On the other hand, when the bond 

is poor the failure will be along the surface of the aggregate particles, as shown in Figure (2-1) [19, 20]. 

 

 

 

 

 

 

 

 

 

 

Figure (2-1) Cracking of Concrete due to Compressive Load (43). 

2-3 Relationship between Compressive Strength and Modulus of Elasticity of Concrete:                                                         

In concrete technology ,the composite nature of concrete implies that the matrix and aggregate 

phases and their interactions govern concrete’s strength .Aggregate physical characteristics other than 

strength such as the mineralogy ,size ,shape ,surface texture, and grading are known to affect concrete 

strength in varying degrees. The aggregate appears to have a great influence on the strength of 

concrete. A variety of aggregate characteristics may have a direct bearing on strength development, or 

may influence it indirectly through mixing water requirement [6, 15].     

Ahmed R. S. [20] quoted that, the ACI equation for modulus of elasticity prediction suggested 

by Pauw is based on accumulated test results. From several investigations most of which covered a 

compressive strength range of about 14 to 41 MPa, and that adopted by ACI Building Code (ACI 318 

M-95), recommended an empirical relationship between the modulus of elasticity and the compressive 

strength as : 

Ec = 4.73 (fc) 0.5          (for normal weight concrete) --- [2-1] (20)  

where 

Ec = The elastic modulus of elasticity of concrete in (GPa) 

fc = The compressive strength of concrete in (MPa) 

Francis A. et al.  [12] showed that, the compressive strength and the elastic modulus are 

related, and an increase in one is, similarly reflected in an increase in the other. The commonly 

accepted relationship that the elastic modulus of concrete is proportional to the 0.5 power of the 

cylinder compressive strength was found to be accurate for the elastic modulus at age 12 hr. and above 

for all concrete mixes investigated. The over estimation resulting from using the ACI -318 elastic –

modulus prediction relation for high strength concrete is with tolerable limits (±20) percent . The ACI -

318 relation is ; therefore, considered applicable to high strength concrete as well as to conventional 

concrete .                                    

Swamy [21] stated that, under compressive loading the aggregate particle is generally several 

times stronger than the matrix and failure is then by the aggregate –matrix bond strength. In high 

strength, the bond increases by reducing the w/c ratio , then the strength of concrete can be  increased 



and failure sometimes occurs through aggregate fracture and also ,in light weight concrete the fracture 

occurs in aggregate . 

Jun Z. and David D. [22] observed that, the limestone and basalt rocks have compressive 

strengths of approximately (103 and 345 MPa) respectively. So that concrete containing basalt yields 

only slightly higher flexural strengths but significantly higher fracture energies (more than two times 

higher) than concrete of similar compressive strength containing limestone for all compressive 

strengths evaluated (20 and 99 MPa ). The higher fracture energy provided by the basalt results in an 

increased resistance to crack propagation that delays splitting failure ,and for specimens containing 

basalt is approximately 15% greater than that for the specimens containing limestone .  

Akroyd [23] observed that, concrete containing crushed rock will have a higher strength than a 

similar concrete made with rounded aggregate. It follows that the shearing through the aggregate will 

take place if this forms the weakest path, but the shear path will be around the aggregate if the 

aggregate surface is smooth and the resistance generated around the aggregate is less than that through 

it.    

T.Budi A. and Karsten D. [2] observed that the aggregate has a relatively higher compressive 

strength than the concrete composite and cement matrix (as shown in Figure 2-2 ).Because of the 

limited strength of cement matrix and interface zone of the concrete, specimens fail only at the cement 

matrix and interface zone. Additionally, the round form and smooth surface of the pellets of steatite 

cause the worse aggregate-interface interlock. Hence, this leads to worst bond strength at the interface 

zone.  Otherwise, the high compressive strength of basalt causes the high compressive strength of its 

concrete specimens.  

 Kaplan [19] and Neville [15] reported that, the surface texture is the most important factor 

that affects concrete strength; whose effect is significant in the case of high strength concrete .Rough 

surface texture results in greater adhesive forces between the particles and the cement matrix. Likewise 

, the larger surface area of angular aggregate means a larger adhesive force which could be developed 

.In regard to compressive strength, the analysis indicated that for the strongest concrete ,70% of the 

variation in strength may be attributed to variation in the shape , surface texture and modulus of 

aggregate. For concrete of lowest strength, 35% of the strength variation is accounted for such 

properties, Figure (2-3) shows the relationship between compressive strength and the static modulus of 

elasticity of concrete made with gravel and expanded clay aggregate. Bond between aggregate and 

cement paste is an important factor in the strength of concrete , especially the flexural strength .It is due 

partially to the interlocking of the aggregate and the paste owing to the roughness of the surface of the 

former (15).  



 Figure (2-2) compressive strength of cement matrix –aggregate-concrete (2) 

  Majdi M.A. [7] concluded that, the higher w/c ratio  produces the lowest compressive 

strength of concrete. The influence of the type of coarse aggregate varies in magnitude due to the w/c 

ratio of the mix. For w/c ratios below (0.4), the use of crushed aggregate results in strengths up to 38 % 

higher than when rounded gravel is used. With an increase in the w/c ratio, the influence of aggregate 

falls off, presumably because the strength of the paste itself becomes paramount, and at a w/c of 0.65 

no difference in the strengths of concrete made with crushed rock and gravel has been observed. 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 



Figure (2-3) The relationship between compressive strength and the static modulus of elasticity of 

concrete made with gravel and expanded clay aggregate (15) 

Aitcin P.C. [24] reported that, based on national experience, more diverging relationships are 

established for national code in the case of high –performance concrete. 

The CEB-FIP (1990 ) proposed the following relationship 

Ec = 10(fc + 8 )0.333                           -------------[2—4](24) 

The Canadian code CAN A23.3-M90 design of concrete structure for buildings recommends 

the following equation : 

Ec = 5 (fc )0.5                                         -------------[2---5] (24)   

The European Code of Buildings CEB 1990 (1995) suggests 

Ec = 10 (fc +8)1/8                                --------------- [2----6] (24) 

The Norwegian Code (1992) proposed  

Ec = 9.5(fc)0.3 (d/2400)1.5                                 ----------------[2----7] (24)   

All the equations above:  

Ec = The static modulus of elasticity of concrete  in  (GPa) 

 fc = The compressive strength in (MPa) at the age of 28 days . 

d = Density of concrete (kg/ M3 ) 

Neville [15] quoted that, the range of strength between 80 – 140 MPa and the modulus of 

elasticity of concrete are approximately related to strength by the expression: 

Ec =3.65( fc )0.5                        ---------------[2-----8](15) 

 Ec = The static modulus of elasticity of concrete in (GPa) . 

 fc = The compressive strength in (MPa) at the age of 28 days . 

Nilson,A.H. and State,F.D. [26] indicated that the ACI equation for predicting elastic modulus 

results in over estimation ,when applied to medium and high strength concrete ,so they suggested that 

equation:   

Ec = 3.32(fc) 0.5 + 6.9            ---------------- [2-9](24) 

where   

Ec = The static modulus of elasticity of concrete in (GPa) 

fc = The compressive strength in (MPa) at the age of 28 days  

This equation gives better results for normal concrete with medium or high strength.  

 Fuminori T. and Takafumi N. [26] concluded that, the modulus of elasticity of concrete is 

frequently in terms of compressive strength .This is due to the fact that the mechanical properties of 

concrete are highly dependent on the properties and proportions of binders and aggregates .This work 

was carried out according to the Architectural Institute of Japan. The compressive strength of the 

investigated concrete ranges from 20 to 160 MPa. As a result, a practical and universal equation is 

proposed, which takes into consideration types of coarse aggregate and types of mineral additions. 

Ec = K1*K2*3.35*104*(d/2.4)2*(fc/60)0.333   ------- [2---10] (26) 

 where 

Ec = The static modulus of elasticity of concrete in (MPa) 

K1=Correction factor depending on type of aggregate range (0.95 - 1.2) 



K2=Correction factor depending on type of Admixture range (0.95 – 1.1) 

d = Density (unit weight) (kg/m3).   

fc = The compressive strength in (MPa) at the age of 28 days . 

This equation is practical and universal for modulus of elasticity of concrete from normal to 

high-strength.   

2-4 Relationship between Flexural Strength and compressive strength  of Concrete 

Modulus of Rupture is the maximum bending stress in tension applied to a beam at failure.  

This testing service allows the client to receive information on the actual flexural of a material before it 

has changed in either strength or make-up.  A flexure test is relevant for design and specification 

purposes of an object that may be subjected to bending. This test is most widely used for quality 

control of highways and airport runways, where it gives more useful information than do compressive 

strength tests. Modulus of rupture a measure of the ultimate load carrying capacity of a beam and 

sometimes referred to as ruptures modulus or rupture strength. It is calculated for apparent tensile stress 

in the extreme fiber of a transverse test specimen under the load which produces rupture [27, 28]. 

The ACI Building Code (ACI 318M-95) [28] adopted an empirical relationship between 

flexural strength and compressive strength as: 

fr = 0.7(fc)0.5                       --------------------[2-----11] 

where 

fr = flexural strength in MPa . 

fc = The compressive strength in (MPa) . 

  Sidney M. and J. Francis Y. [29] observed the flexural and 

tensile strengths of concrete made with rough aggregates  up to 30% 

higher than those made with smooth aggregates, and the ratio of 

flexural strength to compressive strength which ranges from about 0.11 

to 0.23 for normal concrete, as shown in Figure (2-4). 

  Hansen T. C. [30] found that flexural strength of concrete is 

somewhere between 1/5 and 1/8 of its compressive strength. 

  Ali H. M. [31] showed that, the flexural strength is more 

affected than the compressive strength by the effects of shape and 

surface texture are particularly significant in the case of high strength 

concrete. 

 

 

 

 



 

 

 

 

 

 

 

 

 

Figure (2-4) The relationship of compressive to flexural and tensile strengths of concrete (30). 

Aiticn P. C. [24] found that , tensile strength is usually calculated using indirect measurements 

.Such as measurement of modulus of rupture (ASTM C78) or the splitting tensile strength ( ASTM 

C496) .The best way to predict the value of the modulus of rupture of high –performance concrete is to 

measure it directly. Different relationships between modulus of rupture and compressive strength of 

concrete were suggested such as: 

Carrasquillo Nilson and Slate suggested the following correlation between flexural strength 

and compressive strength of concrete  

fr = 0.94 fc
0.5               ---------------------[2-----12] (24)  

where 

fr = modulus of rupture of concrete [MPa ] 

fc = compressive strength of concrete [MPa].                  

R.Jonse and Kaplan [32] observed that, the flexural strength of concrete is generally lower 

than the flexural strength of corresponding mortar but the compressive strength of concrete is higher 

than that of mortar. Figure (2-5) shows the relationship between compressive of equivalent cube 

strength and the flexural strength of concrete for different types of aggregate (33). 

Neville [15] quoted that, the relationship between the flexural and compressive strength 

depends on the type of coarse aggregate used because the properties of aggregate, especially its shape 

and surface texture affect the ultimate strength in compression very much less than the strength in 

tension or the cracking load in compression . 

 Knab and Inge [33] reported that, in experimental concrete, entirely smooth coarse aggregate 

leads to a lower compressive strength typically by 10%, than when rough is used. 

Mehta [34] recommended that, the flexural strength value should be calculated by the formula  

 fr = 0.98 fc
0.5                        ---------------[2-----13](35) 

IN the range of the compressive strength (40- 100 MPa) 

Delmar L. and Richard D. [35] found that, the individual variability of aggregates in concrete 

strength development is greater in flexural than in compression. So the gravels containing limestone 

have an over –all average compressive strength of about 7 % higher than the quartz in compressive 

strength of concrete and 13 % in flexural strength. This difference can be attributed to the coincidence 

of lower average mixing water requirement for the limestone gravel. 

 



 

 

 

 

 

 

 

 

 

Figure (2-5) .The relationship between compressive of equivalent cube strength and the flexural 

strength of concrete for different type of aggregates (7) 

 2-5 Influence of Mineralogy of Coarse Aggregate on 

Modulus of Elasticity of Concrete 

Chemical interaction between aggregate and paste might play a significant role. Calcite is a 

mineral having the composition calcium carbonate (CaCO3) and a specific crystal structure; in which 

the principal constituent of limestone, chalk and marble ; are used as a major constituent in the 

manufacture of Portland cement(27) . On the other hand, Dolomite is a mineral having a specific crystal 

structure and consists of calcium carbonate and magnesium carbonate in equivalent chemical amounts, 

which are 54.27 and 45.73 % by weight respectively; a rock is containing dolomite as the principal 

constituent.  

 Pauw [5] used many types of aggregate such as (sintered diatomite ,perlite ,expanded blast 

furnace slag’s, sintered fly ash ,shale and clay) .The modulus of elasticity was determined by both 

static and dynamic test methods , and the observed modulus of elasticity for the  same concrete 

produced with weaker aggregates was found to be very low .  

Neville [15] reported that, there is a chemical bond in the case of limestone, dolomite and 

siliceous aggregate, which increases concrete strength.      

Swamy [21] pointed out that chemical reaction between carbonate rocks and cement-matrix 

results in strong bonds. 

Aitcin and Mehta [36] showed that, the compressive strength and elastic modulus of HPC 

(w/c=0.275) are significantly influenced by the mineralogy of coarse aggregate. In very high strength 

(> 80 MPa), the mineralogy and the strength of the coarse aggregate itself control the ultimate strength 

of concrete. Due to interfacial reactions in calcareous –limestone aggregate (85 percent calcite), 

dolomite-limestone aggregate (80 percent dolomite) and quartzite –gravel aggregate containing schist, 

the aggregate –cement paste bond becomes stronger in limestone concrete than the in gravel concrete. 

The hardened cement paste and transition zone are no longer strength limiting, on the contrary, it is the 

mineralogy and the strength of the coarse aggregate itself that control the ultimate strength of concrete. 

Diabase and limestone aggregate produce concrete with higher strength and elastic modulus rather than 

those using granite and river gravel. The mineralogy difference in the aggregate types is responsible for 

this behavior. 



Al-Hussaini ,etc [37] reported that, the elasticity modulus of concrete increases with an 

increase in the compressive strength. For the same compressive strength and the same w/c ratio, the 

variation of the modulus of elasticity of concrete value can be up to 60% depending on the type and 

size of aggregate. The strength of high strength concrete depends on the type, and size of aggregate 

limestone, which produce the highest strengths.  

Alexander M. and Akut Cetin, R. Carrasquillo [3,38] deduced that, when stiff aggregate is 

used to produce concrete like dolomite or andesite ,it gives high elastic modulus, but when granite and 

sandstone are used ,concrete produces low elastic modulus values. This could be attributed to the 

increased role of course aggregate in concrete mixes with low water-cement ratio, because of improved 

cement paste and transition zone.   

 Baalbaki ,et al.[4]showed that ,concrete made with quartzite exhibits the highest elastic 

modulus but the lowest compressive strength , because the relatively high stiffness of the aggregate . 

Which improves the concrete rigidity ,and causes stress concentration at the interface zone at high 

stress levels. Concrete made with sand stone with low elastic modulus exhibits the lowest elastic 

modulus. Based on results from high-performance concrete made with crushed aggregate of different 

origin –limestone, sandstone and granite propose a simple relationship:  

Ec = K+0.2fc        ----------------- [2----14] (4) 

where 

Ec = The modulus of elasticity of concrete GPa .  

K= Factor which depends on the type of aggregate (K=22 GPa for limestone, K=19 GPa for 

the granite and K=9.5 GPa for the sandstone) 

fc = The compressive strength of concrete MPa 

Neville [15] quoted that, some granites have a modulus of elasticity of 45 GPa, and gubbro 

and diabase have a modulus of elasticity of 85.5GPa. The strength of all these rocks ranges between 

145 and 170 MPa . 

Budi A. and karsten [2] stated that, the modulus of elasticity of aggregate affects 

proportionally the modulus of elasticity of composite concrete. The higher the modulus of elasticity of 

aggregate is , the higher the modulus of elasticity of concrete. Concrete specimens containing basalt, 

diabase and steatite, have high compressive strength and modulus of elasticity, while concrete 

specimens with limestone, have low compressive strength and low modulus of elasticity, as shown in 

Figure (2-6). 

 

 

 

 

 

 

 

 

 



Type of aggregate 

Figure ( 2--6) modulus of elasticity of aggregate ,cement-matrix and concrete(2) 

Aiticn  [24] quoted that ,predicting the elastic modulus of any type of concrete can be deduced 

from the knowledge of the elastic modulus of the coarse aggregate and the compressive strength of 

concrete, as shown in Figure (2-7) . 

 

 

 

 

 

 

 

 

 

Figure (2----7) predicting the value of the elastic modulus of a concrete according 

to the value of the elastic modulus of the coarse aggregate and the compressive 

strength of concrete (24). 

2-6 Relationship between Density and Modulus of Elasticity of Concrete 

  Pauw A. [5] observed that, a better understanding of the relationship between density, 

strength and elastic modulus is needed. The elastic modulus of lightweight aggregate concrete is 

considerably lower than the values of normal weight concrete of comparable compressive strength, and 

that the modulus appears to be a function of weight, because all mineral aggregates have almost the 

same absolute specific gravity. Hence, difference in weight of various types of concrete is; therefore, 

primarily the result of voids in concrete. The value of modulus is much more sensitive to small changes 

in the weight of concrete than it is to the compressive strength ,as shown in Figure (2—8) .   

 

 

 

 

 

 

 

 

Figure (2-8) Elastic modulus as a function of strength and weight of concrete (5). 

The static modulus of elasticity of both normal and light weight structural concrete may be 

approximately determined by the empirical formula  
         Ec =0.043 d1.5 fc

0.5 ---------------- [2----15] (5) 

where 

Ec = The static modulus of elasticity of concrete MPa. 



d= Density (unit weight) (kg/m3) 

fc= The compressive strength of concrete MPa . 

The value of elastic modulus is more dependent on the method of test used to determine it 

than on the compressive strength of concrete . 

   Richart and Jensen [16] showed that, the static modulus values (aggregate C- Haydite) are 

initial – tangent modulus values that range from 55- 75 % of the values obtained for gravel concrete of 

comparable strength. The difference in value depends on the density of concrete and the elastic 

modulus of elasticity of concrete.   

  Hirsch ,T.J. and Shih,wei Cho etc [39,40] stated that, the modulus of elasticity of concrete is a 

function  of the elastic module of its cement paste matrix and of its aggregate constituents, and that the 

degree to which the elastic properties of one of the ingredients affects the modulus is a function of the 

quantity present in the batch. The elastic modulus of cement –based composite increases with the 

increase in volume fraction of aggregate. 

Khalil H. and Gilles P.[41] showed that ,the compressive strength, the elastic modulus, the 

tensile strength, and the fracture energy are extremely dependent on the mass density of the material 

which becomes more ductile as the porosity increases (mass density decreases ).  

Sami A. Klink [42] proved that, the actual elastic modulus of concrete is a function of its 

density and compressive strength.  

2-7 Predicting the Modulus of Elasticity of Concrete by the 

Nondestructive Testing:- 

2.7.1 Ultrasonic wave velocity   

The purpose of nondestructive testing is to determine the various properties of concrete such 

as strength, modulus of elasticity, homogeneity, integrity, as well as conditions of strain and stress 

without damaging the structure. Selection of the most applicable method or methods of testing  requires 

good judgment based on the information needed, size and nature of the project and the seriousness of 

observed conditions [29,43]. 

 The ultrasonic wave velocity is related to the density of concrete, and the velocity of the 

ultrasonic pulse through concrete is the outcome of the time taken by the pulse to travel through the 

hardened cement paste and through the aggregate [44]. 

V.Sturrup and H.Cartin [45] showed that, the pulse velocity of  concrete depends on the 

modulus of elasticity of the actual aggregate and the aggregate content of the mix . Figure (2—9) 

shows the relationship between compressive strength and the ultrasonic pulse velocity. The ultrasonic 

pulse velocity test can be used to assess the strength of concrete.  

Y.Akkaya and T.Voigt etl [46] reported that, the accuracy of strength predictions made by 

ultrasonic pulse velocity method based on thorough transmission experiments could currently achieve 

an accuracy of ±20 % under laboratory condition and improve the development of elastic modulus, 

shear modulus and Poisson’s ratio as function of time and degree of hydration.  

Sidney [29] reported that, the method of ultrasonic pulse velocity is based on the fact that the 

velocity of sound, V, in material is related to the elastic modulus, E, by the expression   



V = (E/d) 0.5             ---------------- [2----16] (29) 

where 

d = The unit weight of concrete (kg/m3 )   
The pulse velocity may be used directly as a quality control measure, but more commonly, it 

is correlated with strength, Figures (2—10, 2-11)  

2.7.2 Dynamic modulus of elasticity 

 The dynamic elastic modulus is used primarily to evaluate soundness of concrete in durability 

tests; it is more appropriate value to use when concrete is to be used in structures subjected to dynamic 

loading (i.e, impact or earthquake), and the equation in the manual can be used  to calculate the 

dynamic modulus of elasticity of the concrete [29,47,48]. 

 

 

 

 

 

 

 

 

 

 

Figure (2—9)  The relationship between compressive strength and the ultrasonic 

pulse velocity (15) 

 

 

 

 

 

 

 

Figure (2—10) The relationship between compressive strength of cube and pulse 

velocity with different type of aggregate(30). 

 

 

 

 

 

 

 

 



Figure (2—11) The influence of age of concrete on the correlation between pulse 

velocity and compressive strength .(30) 

   P.Mehta [34] reported that, the dynamic modulus of elasticity is generally 20, 30, and 40 % 

higher than the static modulus of elasticity for high, medium, and low strength concrete respectively. 

Neville [44] showed that, the ratio of the static to dynamic moduli is higher with the higher 

strength of concrete and increases with age, as shown in Figures (2—12, 2-13) .The British Code of 

concrete structures CP110:1972 is: 

Ec = 1.25Ed-19        --------------- [2----22]    

where 

Ec = The static modulus of elasticity of concrete ( GPa) 

 Ed =   The dynamic modulus of elasticity of concrete ( GPa) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2—12) The ratio of static and dynamic modulus of elasticity of concrete 

of different strength(44)  

A transverse vibration of cylinders and their compressive strength determines atypical relation between 

the dynamic modulus. This relation is unaffected by air entrainment, method of curing, condition at 

test, or the type of cement. The British Code of Practice for the structural use of concrete CP110: 1972 

relates the dynamic modulus of elasticity of concrete Ed to its strength fc   

 Ed = 22 +2.8 fc 0.5 

  where  

 Ed =The dynamic modulus of elasticity of concrete (GN/m2) 

 fc = The compressive strength of concrete of cylinder (MN/m2) 
 Lydon and Balendran [49] reported that, the simplest empirical relation has been developed 

between the static modulus of elasticity of concrete and the dynamic modulus of elasticity of concrete. 



The relation is of limited range to use and it does not apply to concrete containing more than 500 

kg/m3 of cement or lightweight aggregate concrete. 

 Ec = 0.83 Ed          ------------------ [2—23] 

Klieger [50] showed that, in the great majority of cases, the modulus calculated from resonant 

frequency tests exceeds that calculated from static loading tests. 

 Philleo, R.E. [51] found that, the difference between the dynamic modulus of elasticity of 

concrete and the static modulus of elasticity of concrete is due to the fact that the heterogeneity of 

concrete affects the two moduli in different ways . 

 W.p.Dias,G.Khoury and P.Sullivan [52] showed that ,the dynamic modulus of elasticity 

determined by a pulse –velocity technique using a pundit instrument seems to be more sensitive to 

moisture loss, which indicates that the change in the dynamic modulus of elasticity with temperature is 

greater than that in the static modulus.  

Aiticn [24] a recent study has shown that there is a simple linear relationship between the 

static and dynamic elastic moduli .This leads to expect that using dynamic elastic modulus may remove 

the problems in measuring the static elastic modulus . 

Hansen T. C. [30] showed that, the relationship between the dynamic modulus of elasticity 

and the compressive strength of cube increases with increase in concrete strength and the equation is 

found to fit the observed result  

Ed =5.31fcu
0.5 +5.83       --------------- [2------24] 

where 

Ed= The dynamic modulus of elasticity of concrete GPa 

fcu= The compressive strength of cube MPa. 

 

 

 

   

 

 

 

 

Figure (2---13) The ratio of static and dynamic modulus of elasticity of concrete 

of different ages (42) 

 

 

  

  

 



  

  

 

 

Figure (2---14) The relation between the dynamic modulus of elasticity 

determined by a transverse vibration of cylinders and their compressive 

strength(42) 
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CHAPTER THREE 
MATERIALS AND EXPERIMENTAL WORK 

3.1 Materials:  

 The materials used in this study are locally available and 

widely distributed over large areas in the mountainous region of 

Sulaimaniyah and Arbil .These materials include crushed limestone 

,quartz ,dolomite , organic limestone, crushed gravel , rounded gravel 

and natural silica sand, in addition to the drinking water and 

Lebanon cement .                

Effective production of HPC is achieved by more stringent 

requirements on materials selection and controlling. Optimum 

proportions must be selected, considering the cement characteristics, 

aggregate quality, admixture type and dosage rate and mixing 

production of HPC(43).  

3.1.1 Cement:  

 The proper selection of the type and source of cement is one of 

the most important steps in the production of especial HPC. To avoid 

any variation between different batches, the whole quantity of 

cement (Lebanon cement used in this study) is brought to the 

laboratory and stored in a dry place.  Tables (3-1) and (3-2) show the 

chemical and physical properties of this cement tested by Al-faloja 

factory. 

 

3.1.2 Aggregate:   

 Aggregate were used in this study include four types of crushed 

dolamitic limestone rock [ Dolamitic  , Marble(quartz) , limestone 

(pure) ,limestone (contained organic materials )] from north of Iraq 

and two types of natural crushed and uncrushed gravel in addition to 

natural fine Al-Ukhaider silica sand . 



 

Table (3-1) Chemical Composition of Lebanon cement  

Oxides % IOS 5:1984 

Limits 

Calcium oxides               CaO 

Silicon oxides                  SiO2 

Aluminum oxides           Al2O3 

Ferric oxides                   Fe2O3 

Magnesium oxides          MgO 

Sulphur trioxides            SO3 

Loss on Ignition              L.O.I 

Insoluble residue             I.R 

Free lime                          F.L 

Lime saturated factor     L.S.F 

63.76 

21.50 

4.85 

3.31 

2.37 

1.87 

1.45 

0.27 

0.86 

0.51 

 

 

 

 

5 max. 

2.8 max. 

4.00  max. 

1.5 max 

0.66- 1.02 

Bogue potential compound   %  

Tricalicium silicate                 C3S 

Dicalicium silicate                  C2S 

Tricalicium aluminate            C3A 

Tetracalcium aluminaferite    

C4AF 

49.91 

24.25 

7.26 

10.06 

 

Table (3-2) Physical Properties of Lebanon Cement 

Physical properties Test result IOS 5:1984 limits 

Fineness: specific surface, Blaine 

cm2/gm 

3300 2300 min 

Soundness, Autoclave % 0.39 0.8 max 

Setting time, Vicat’s method:- 

Initial (min.) 

Final (hrs:min) 

 

155 

3:10 

 

45 min. 

10 max. 

Compressive strength of cement 

paste, cubes (70.7mm) MPa 

3 days  

7 days 

 

 

21.3 

30.0 

 

 

15 min 

23 min. 



 

3.1.2.1 Coarse Aggregate: - 

3.1.2.1.1 Natural Aggregate  

 Ordinary river gravel of AL- Nibaaie area is used as coarse 

aggregate in concrete mixes. Two types of shape surface texture are 

used rounded smooth shape (F) and crushed roughly angular shape 

(E) with maximum size of 20 mm. The whole quantity is washed and 

the modified grading is according to ASTM C33-93 (60) , as shown in  

Table (3-4). Information   about the aggregate is shown in Table (3-3) 

in-group E & F. 

3.1.2.1.2 Crushed Aggregate:- 

     The ideal coarse aggregate used should be clean, generally 

cubical, or angular, 100% crushed aggregate with a minimum of flat 

and elongated particles .Crushed limestone aggregate is used in this 

study. This is brought from the mountainous region of Sulaimaniyah 

and Arbial. This crushed rock is divided into four groups depending 

on the mineralogy, shape and color, as shown in Table (3-3) .The 

modified grading is according to ASTM standard C33-93(59), as shown 

in Table (3-4). It is homogenous in structure, and free from injurious 

amounts of soft, friable organic. The crushed rocks are used in 

concrete building especially in HPC, which are of available 

quantities. The shape of the crushed limestone is normally angular 

with rough surface texture and one grading is used in two mixes 

normal and high strength, and the maximum size of aggregate is 20 

mm (¾ in).   

 3.1.2.2 Fine Aggregate: - 

The grading and particle shapes of fine aggregate are 

significant factors in the production of HPC. Fine aggregate with 



rounded particle shape and smooth textures requires less mixing 

water in concrete and for this reason; it is preferable in HPC. Sand 

with fineness modulus of about 3.0 or more is preferable to obtain a 

workable concrete mix with limited amount of water, and for enough 

fine material (cement) in the mix to obtain the required consistency 

(43). 

 Natural sand from Al-Ukhaider region with fineness modulus, 

specific gravity and absorption 2.9, 2.7 and 1.5 percent respectively is 

used in this work. Table (3-5) shows its grading, and the limits of 

ASTM C33 – 93 (59). 

3.1.3 Water:  

 Tap water is used for both mixing and curing of concrete. 

Table (3-3) Information a bout the rock* 

Aggregate           

Group 

Name of 

rock 
mineralogy Color Location of rock 

Type of 

rock 

A Dolamitic Dolomite Grey 
Sulaimaniyah   

bengwen 

Sediment-

ary rock 

B Marble Quartz & Calcite Green 

Sulaimaniyah 

north of 

bengewen 

Metamor-

phic  rock 

C Limestone Calcite Yellow Arbil 
Sediment-

ary rock 

D 
Limestone 

(organic) 

Calcite & trace 

organic 
Black Saed sadic 

Sediment-

ary rock 

E 
Crushed 

gravel 

Quartz 

(conglominte) 

Brown 

& Grey 
Al-nibaaie 

Sediment-

ary rock 

F 
Uncrushed 

gravel 
Quartz 

Brown & 

Grey 
Al-nibaaie 

Sediment-

ary rock 

  *These information are depending on the report of (The state company of geological survey and 

mineralogy investigation)  



3.1.4 Admixtures:  

 For HPC production, the water content of the mix should be 

reduced, and to compensate for the associated reduction in water 

content and workability of the concrete mix superplasticizers must be 

used. In this study,  ( glenum 51) is used the all information of this 

admixture as shown in the Table ( 3-6). 

3.2 Experimental Procedure:  

 The experimental work is accomplished through three stages 

for two types [normal strength & high strength]. The first stage is 

testing aggregate properties (grading, specific gravity,...).The second 

stage involves mix design , batch making and curing . The third stage 

includes two types of testing hardened concrete , the destructive test 

such as [ compressive strength ,static modulus of elasticity, flexural 

strength ], and the non destructive test including [density , ultrasonic 

pulses velocity , dynamic modulus of elasticity].  These stages are 

made for two types of concrete normal and high strength. 

3.2.1 Testing Aggregate Properties:- 

 Different tests are carried out to achieve results defining the 

characteristics of both crushed rock and natural aggregate, these 

tests are:  

3.2.1.1 Sieve analysis:-  

 This test is conducted according to satisfying ASTM C33-

93(59)specification as shown in Tables (3-4) and (3-5). 

3.2.1.2 Specific gravity and water adsorption  

These tests are performed in accordance with ASTM C127-84 

for natural crushed gravel and crushed rock, as shown in Table (3-7).  

3.2.1.3 Test of mineralogical composition of aggregate:- 



 This test is carried out by X-ray diffraction to determine 

accurately the mineralogical constituents of rocks. X-ray diffraction 

analysis shows that, the samples are examined containing mainly the 

minerals calcite, dolomitic, quartz, etc, as shown in Table (3-3)and 

Figure(3-1).  This information is depending on the report of (The 

state company of geological survey and mineralogy investigation). 

3.2.2 Mix Proportion:- 

 In this study, two mix design combinations are adopted. In the 

first four types crushed rocks are used as coarse aggregate with 

natural silica sand as fine aggregate, and two natural gravel crushed 

and uncrushed are used as coarse aggregate with silica sand (Al-

Ukhaider ) as fine aggregate. This mix  design is according to the 

American method of mix design ACI 211.1.91 ( 15 ) for normal 

concrete and the proportion of this mix, as shown in Table ( 3-8). For 

high strength , the same materials ( four types crushed rock , crushed 

gravel , uncrushed gravel as coarse aggregate and silica sand (Al-

Ukhaider ) as fine aggregate and superplasticizer (glenum 51)is 

added to this mix).  The proportions of this mix are shown in Table 

(3-8). 

Table (3-4) Grading of crushed rock coarse 

aggregate 

Sieve 

size 

mm 

Aggregat

e Rock  A 

Aggregate 

Rock B 

Aggregate 

Rock C 

Aggregate 

Rock D 

Aggregate 

Rock E 

Aggregate 

Rock F 

Limit required 

by ASTM C33-

93 

25 100 100 100 100 100 100 100 

19 97 92 97.5 96 98 100 90-100 

9.5 30 25 33 42 38 45 20-55 

4.75 4 2 5 3 5 8 0-10 

2.36 0 0 0 0 2 3 0-5 

Table (3-5) Grading of Fine Aggregate and SO3 % 



Sieve size (mm) % passing by weight ASTM C33-93 

10.0 100 100 

5.00 97.6 95-100 

2.360 91.75 80-100 

1.180 81 50-85 

0.600 37.5 25-60 

0.300 18 10-30 

0.15 2.2 2-10 

SO3% 1.9% >5% 

 

Table (3-6) Typical properties of the admixtures 

 Main action Concrete Super plasticizer 

1 Subsidiary effect Hardening retarded 

2 Form Viscous liquid 

3 Color Light brown 

4 Relative Density 1.1 at 20 C 

5 Viscosity 128 ±30 CPS AT 20 C 

6 PH.Value 6.6 

7 Transport Not classified as dangerous 

8 Labeling NO hazard table required 

 

 

Table (3-7) specific gravity and water absorption 

Type of aggregate 

Specific  gravity  

Absorption capacity 

% 
Bulk (oven dry ) Bulk SSD Apparent 

1-crushed aggregate A  

(rock) 
2.56 2.57 2.624 0.44 

crushed aggregate B (rock) 2.66 2.68 2.71 0.54 

crushed aggregate C (rock) 2.7 2.74 2.76 1.28 

crushed aggregate D (rock) 2.6 2.62 2.64 0.65 

2-crushed aggregate E 

(gravel) 
2.63 2.646 2.65 0.5 

Uncrushed aggregate F 

(gravel) 
2.61 2.615 2.63 0.3 



3-natural sand 2.55 2.59 2.67 1.7 

         

 

 

 

 

 

 

Figure (3-1) The prisms of original rock 

Table (3-8) Mix Proportions of Concrete 

Mix Type 
W/c 

ratio 

Water 

kg/m3 

Cement 

kg/m3 

Sand  

kg/m3 

Gravel 

kg/m3 

SP 

L/m3 

density 

(kg/m3) 

Normal 

strength 
0.60 200 334 750 1020 ------ 2304 

High 

strength 
0.22 117 530 650 1200 8 2497 

3.2.3 Mixing of Concrete: - 

 Mixing method is important to obtain the required workability 

and homogeneity of the concrete mix. Concrete is mixed in drum 

laboratory mixer, with a capacity of 0.05 m3. Initially 25% added the 

water to the  coarse aggregate and fine aggregate are poured into the 

mixer, The cement is added at this stage, followed by 50% of the 

mixing water to wet them, then the remaining 25% of the mix water 

is added gradually to the mix. The total mixing time is in the range of 

3-5 minutes. 

3.2.3.1 Preparing the Test Molds:- 

 All cubes, cylinders and prisms molds are cleaned and rigidly 

tightened to prevent the leakage of mortar and cement slurry, 

especially during compaction, and to ensure constant dimensions of 



the specimens’ .The molds are oiled in order to prevent their from 

bonding to concrete. 

3.2.3.2 Compaction:-  

   The concrete mixes are fully compacted on a vibrating table. 

The vibration time to reach full compacting is decided upon by the 

stop of air bubbles migration from fresh concrete, which is found to 

be 15-25 seconds per layer. Then, the surface of the top layer is 

leveled with the top of the mold by means of trowel. 

3.2.3.3 Curing and Testing Age: - 

  All specimens are demolded after 24 ± 4h and cured in water at 

22 ± 3 0C .  The test ages are 7, 28,56 and 91 days. 

3.3 Testing Fresh and Hardened Concrete: 

3.3.1 Fresh Concrete  

  Fresh concrete tests are mainly workability tests such as 

slump test. For normal concrete only slump test is used to check 

the mix design (8-12 cm) , and for preparing the high strength no 

slump is used. 

3.3.2 Hardened Concrete: - 

3.3.2.1 Non-Destructive Tests 

3.3.2.1.1 Density (unit weight) Test:- 

  This test is very important to find the relationship between the 

density and the modulus of elasticity .All specimens are measured in 

accordance with ASTM C138-81(20).  

3.3.2.1.2 Ultrasonic Pulse Velocity Test: - 

   This test is carried out according to BS 1881: Part 203:1986 (60), 

using the ultrasonic non-destructive digital indicating tester 

(PUNDIT) to determine wave velocity in concrete specimens. The 

transit time is recorded in microseconds using 54 kHz transducers. 

The specimens are tested non-destructively , the pundit for 

measuring the pulse velocity for two opposite sides just after they 

have been taken out of the curing tanks tests. Pulse velocity, V, in 

km/sec. is calculated, as follows; - 



   V=L/T 

   where: 

   V= Ultrasonic Pulse Velocity, km/sec. 

     L= path length, mm, and 

     T= Transit time,μsec. 

3.3.2.1.3 Dynamic Modulus of Elasticity:- 

   One of the methods used for determining the dynamic modulus 

of elasticity is the resonant frequent method. This test is carried out 

on beams subsequently used for flexural strength test specified in 

(3.3.3); the test is run according to ASTM C215-85(60), using the 

Erudite resonant frequency tester. The longitudinal resonant 

frequency is measured for each specimen immediately after removal 

from water curing tanks. The test is conducted with output voltage of 

about 1 volt and it is repeated twice for each sample. Two specimens 

(prisms) are tested for each batch at the specified age and three 

(cylinders) for each batch. The weight (wa) in kilograms of the wet 

beam in air is measured in addition to the average length, L, and the 

average width, b, and depth, d, in millimeters. Then, the density, d , 

in kilograms per cubic meter is calculated , as follows:    

            d = ( wa/ L bd) *10 9 

Finally, the dynamic modulus of elasticity is calculated using the 

longitudinal vibration , as follows: 

   Ed = 4*L2*n2 * d *10-15      ---------------------- [3-2] (15.47) 

   where: 

   Ed= dynamic modulus of elasticity, GPa 

   L= length of the specimen in millimeters, 

 n= natural frequency of the fundamental mode of longitudinal 

vibration of the specimen in H Z, and  

   d = density kg/ m3. 

 

 

 

 

 



Figure (3-2) The Erudite resonant frequency test 

3.3.3 Destructive Test:- 

3.3.3.1 Compressive Strength Measurement: - 

            Types of molds used are - 

1- (150X300mm) cylinders, which are prepared according to 

ASTM C- 

192-88 and tested according to ASTM C39-86(57). 

2-(150X150X150 mm) cubes which are prepared according to BS 

1881: Part 108:1983and tested according to BS 1881: Part 

116:1983(56). 

  Compressive strength is carried out by 2000 kN capacity 

compression machine. Each result of compressive strength 

obtained is the average of three specimens for each batch at 7, 28, 

56, 91 days, as shown in Table (3- 9). 

3.3.3.2 Static Modulus of Elasticity Test:- 

             The static –elastic modulus is calculated from the stress –

strain diagram. The chord –modulus methods, as recommended   by 

ASTM C 469 -87(59)is used .The cord modulus is the slope of the line 

drawn between two fixed points on the stress-strain diagram. The 

lower point, established to eliminate the effect of crack from the 

initial portion of the stress –strain curve, is the point where strain is 

0.00005 mm, while the upper point is the point where stress equals 

40 percent of the ultimate stress. Figure (3-3) shows cylinder 

specimen at the tested. The chord modulus is calculated from the 

relation: 

Ec =s2 – s1 /      2- 0.00005 

 where  

Ec = The static elastic modulus, MPa 

S2 =  stress corresponding to 40 % of ultimate load, MPa 

S1 = stress corresponding to a longitudinal strain (0.00005), MPa 

  2 = longitudinal strain produced by stress S2  

3.3.3.3 Flexural strength test:- 

    The flexural strength, expressed as the modulus of rupture is 

calculated using the results obtained from a simple beam with two – 

point loading test according to ASTM C78 – 94(15) . Test prisms of 



(100 * 100 *500 mm) are prepared according to ASTM C 192 -88(56). 

A ELE testing machine of 50 KN capacity is used for testing prisms, 

and Figure (3-4) shows the machine and the prisms at the test. 

Flexural strength (MPa) is obtained by averaging the results of two 

specimens since the values obtained are almost very close. 

      The modulus of rupture of specimens is calculated to the nearest 

0.03 MPa, as follows: 

 If the fracture initiates in the tension surface within the middle third 

of the span length , then 

 R = P L/ bd2 

    where:- 

   R= modulus of rupture  , MPa  

   P= maximum applied load , N 

   b = average width of specimen , mm 

   d = average depth of specimen , mm                

Table (3-9) Types of specimen and tests of concrete of this study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Type of 

mix 

Mixe

s 

Compressive 

strength test 

Modulus of 

elasticity test 

Flexural strength 

test 

No.of 

cubes(150

*150*150 

mm) 

 

Age of curing 

testing 

No. Of 

cylinders 

(150*300 

mm ) 

Age of 

curing 

testing 

No. of 

prisms( 

100*100*5

00 mm) 
Age of curing 

testing 

Normal 

strength          

mix(1) 

NA 12 Three 

specimens were 

tested at each of 

the following 

ages : 7 ,28 ,56 

,91 

12 Three 

specimens 

were tested at 

each of the 

following 

ages : 7 ,28 

,56 ,91 

8 Two  

specimens 

were tested at 

each of the 

following ages 

: 7 ,28 ,56 ,91 

NB 12 12 8 

NC 12 12 8 

ND 12 12 8 

NE 12 12 8 

NF 12 12 8 

High 

strength 

mix(2) 

HA 12 
Three 

specimens  

were tested at 

each of the 

following ages 

: 7 ,28 ,56 ,91 

12 
Three 

specimens 

were tested at 

each of the 

following 

ages : 7 ,28 

,56 ,91 

8 
Two 

specimens 

were tested at 

each of the 

following 

ages : 7 ,28 

,56 ,91 

HB 12 12 8 

HC 12 12 8 

HD 12 12 8 

HE 12 12 8 

HF 12 12 8 

Totals 144 144 96 



 

 

  

 

 

 

 

 

 

 

 

 

Figure (3-3) The cylinder specimen at the test of Ec 

 

    

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         

  

 

Figure (3-4) The machine and the prism at the test of fr 
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4.1- General :-  
              The present work aims at studying the effect different 

aggregate(crushed ,uncrushed) and other types of rock aggregate on 

the modulus of elasticity of concrete . In this work, six types of 

aggregate are used and two groups of mix (normal strength  

Mix(1)and high strength Mix(2)) are used with constant maximum 

aggregate size (20 mm) and w/c ratio in mixes .Table (3-8) shows the 

proportion of mixes. Tests are carried out at different ages of water 

cured specimens . 

Based on B.S. 1881-1983(56,61) and ASTM-(1983-1994) 

(55,57,59,60,62) specifications, two types of test first non destructive test 

(Density , ultrasonic pulse velocity and the dynamic modulus of 

elasticity tested by the resonant frequently method ) and second 

destructive  test (compressive strength , the static elastic  modulus of 

elasticity and the flexural strength ) are carried out for each group. 

The results of these tests are shown in Tables (4-1 to 4-12) .  For 

normal and high strength concrete, different specimens are used like 

cylinders ,cubes and prisms .Figures (4.1 to 4.78) show the 

relationship between variables.  

4.2- Aggregate properties:-  

Based on the results presented in Table (3-7) shows that the 

crushed rock aggregate used can be categorized as dense, and the 

average values of apparent specific gravity of these types(A , B , C 

and D) range from ( 2.624  to  2 .76 ) and for natural aggregate types 

( E and F) range from  ( 2.63   to 2.65 ) .The average value of the 

specific gravity of aggregate normally used in concrete works is 

(2.68),though acceptable specific gravity is considered . The test 

values of water absorption of crushed rock and natural aggregate are 

also shown in Table (3-7).It is found that the minimum value of water 



absorption obtained is (0.3%) for natural gravel , the maximum 

value is (1.28%) for crushed rock and (1.7%) for natural silica sand . 

The water absorption of normal aggregate to be used for concrete 

should be less than concrete itself  and water absorption values range 

from  0.1% to 2% for aggregate normally used in road surfacing 

because the water absorption characteristic of aggregate influences 

the bond between aggregate and cement paste [53] .  

Crushed rock aggregate types ( A , B , C , D and E)that have 

been used for concrete preparation for all these tests are of rough 

surface texture , whereas natural aggregate was of smooth surface 

texture type ( F ). This classification is based on the impression  

gained by visual  examination of hand specimens . 

4.3-Strength of concrete :- 

4.3.1 Normal concrete strength 

The compressive strength results of concrete cylinders and 

cubes immersed continuously in water are given in Tables (4.1 and 

4.2) for normal compressive strength mix(1) and in Figures (4.1 to 

4.8). 

In general ,for water/cement ratio (0.6), the development of 

compressive strength with time is very small. Figures (4.1 to  4.4) 

show the relationship between compressive strength with time for 

two types of specimens for six types of aggregate. The reduction  in 

compressive strength after 28 days only is 4% (type NB to compared 

type NE) for cylinder specimens ,so that the comparison in 

compressive strength after 28 days becomes 19.5% (type NB is higher 

compared with type NF) for cylinder specimens. So concrete 

containing crushed rock will have a higher strength than a similar 

concrete made with rounded aggregate. Figures (4.1 to 4.4) show that 



, the increase of compressive strength of concrete  with time is not the 

same because of the difference between the types of aggregate , but in 

the normal strength concrete the role of type of aggregate is not 

visible. Therefore, concrete of high strength is used to investigate the 

role of crushed rock of aggregate and this opinion agrees with 

reference (4,15,24,36,38). Hence, any increase in the age will increase the 

compressive strength. Therefore, results in best relationship between 

compressive strength and time for two types of specimens. Figures 

(4.2 and 4.4) show the relationship between compressive strength 

with time for two types of specimens 

-For cylinder Mix(1) 

fc = 0.11*(t) + 11.6    --------[4---1]  (with R= 0.9943)       

where 

fc =  The compressive strength of cylinder for normal concrete 

Mix(1) (MPa) . 

t = The age of specimens (7-91 days) . 

- For cube Mix(1)  

fcu =0.15*(t) +12.6      -----------[ 4---2]  (with R= 0.9966)   

fcu = The compressive strength of cube for normal concrete 

Mix(1) (MPa). 

 t = The age of specimens (7-91 days) . 

The relationship between compressive strength of normal 

concrete and density is shown in Figures (4.5 and 4.6) for cylinders 

and cubes respectively. The most suitable equation shows that as 

density increases, the compressive strength increases too ,and the 

density of concrete increases with age . 

-For cylinder Mix(1)  

fc = 0.164*dc-382   -------------------[4----3] (with R= 0.899) 

  where 



fc = The compressive strength of cylinder for normal concrete 

(MPa) . 

 

dc = The density of cylinder (2350-2480 kg/m3) .and 

- For cube Mix(1)  

fcu =0.36*dcu-841   -------------------[4----4]  (with R2= 0.947) 

   where 

 fcu = The compressive strength of cube for normal concrete 

(MPa) . 

dcu = The density of cube (2350-2450 kg/m3) 

In addition to the direct compression test, the data obtained 

from measuring the transit time for ultrasonic pulse velocity 

travelling through concrete test specimens are of much aid in 

supporting the facts discussed above. Figures (4.7 to 4.8) show that 

there is a good correlation   between the compressive strength and 

the ultrasonic pulse velocity for the different types of aggregate used 

in this study as a correlation coefficient which is (0.99) for cylinders 

and (0.90) for cubes . The pulse velocity increases with the increase in 

compressive strength and the rate of increase in pulse velocity is high 

at early age and decreases as the specimens  become older . 

-For cylinder Mix(1)  

fc= 0.0002*Vc
 7.769    -------------[4----- 5] (with R2= 0.9962) 

where 

fc = The compressive strength of cylinder for normal concrete 

Mix(1) (MPa) . 

vc= The pulse velocity of cylinder for normal concrete  

(km/sec.)  

-For cube Mix(1)  

fcu= 0.094*Vcu
3.55     -------------[4-----6] (with R2= 0.8987) 



where 

 fcu = The compressive strength of cube for normal concrete 

(MPa) 

vcu= The pulse velocity of cube  (km/sec.) 

 

 

 

 

 

 

 

Table (4-1) The results of normal compressive strength Mix(1)  

for cylinders specimen 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table (4-2) The results of normal compressive strength Mix(1)  

for cubes specimen 

 

Type                 

of mix 
Age 

(days) 
d 

(kg/m3) 
V 

(km/sec.) 
fc   

(MPa) 
Ec  

(GPa) 

NA 

7 2367 4.25 10.0 11.5 

28 2392 4.3 11.4 14.6 

56 2398 4.25 15.3 15.9 

91 2443 4.4 17.8 16.2 

NB 

7 2411 4.27 13.3 11.54 

28 2444 4.48 15.3 14.4 

56 2466 4.56 21.5 14.54 

91 2476 4.62 23.77 14.67 

NC 

7 2406 4.15 10.47 12.7 

28 2415 4.2 16.6 17.7 

56 2443 4.45 17.2 19.3 

91 2476 4.65 22.6 21.4 

ND 

7 2405 4.1 14.8 12.8 

28 2410 4.32 13.3 14.85 

56 2415 4.34 17.4 15.8 

91 2426 4.57 22.0 17.8 

NE 

7 2369 4.1 9.9 10.5 

28 2387 4.34 16.0 15.0 

56 2393 4.5 22.1 17.5 

91 2403 4.56 23.0 22.5 

NF 

7 2390 4.23 9.7 8.7 

28 2396 4.1 12.8 10.2 

56 2411 4.1 13.0 10.8 

91 2462 3.9 15.3 11.6 

 



Type                    

of 

mix(1) 

Age 
(days) 

d  

(kg/m3) 
V 

 (km/sec.) 
fcu   

(MPa) 

N A 

7 2353 3.96 12.5 

28 2359 5.0 13.2 

56 2358 4.36 19.3 

91 2395 4.43 23.1 

N B 

7 2400 4.6 15.2 

28 2410 5.6 19.4 

56 2428 4.7 23.9 

91 2429 4.7 27.1 

N C 

7 2408 4.64 12.76 

28 2410 5.6 15.0 

56 2415 4.66 23.4 

91 2428 4.69 31.6 

N D 

7 2392 4.27 13.33 

28 2411 4.55 17.25 

56 2414 4.6 21.0 

91 2424 4.62 26.2 

N E 

7 2370 4.17 8.5 

28 2384 4.26 10.25 

56 2392 4.4 13.6 

91 2429 4.64 22.4 

N F 

7 2370 4.9 12.0 

28 2372 4.2 16.0 

56 2383 4.21 16.5 

91 2390 3.96 17.75 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure(4.1) The histogram of compressive strength of cylinder Mix(1) with age 

 

 
Figure(4.2) The relationship between compressive strength of cylinder Mix(1) with age 



 

Figure(4.3) The histogram of compressive strength of cube Mix(1) with age 

 
Figure(4.4) The relationship between compressive strength of cube Mix(1) with age 

 Figure(4.5) The relationship between compressive strength of cylinder Mix(1) with density 
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Figure(4.6) The relationship between compressive strength of cube Mix(1) with density 

 

 
Figure(4.7) The relationship between compressive strength of cylinder Mix(1) with pulse 

velocity 



 
Figure(4.8) The relationship between compressive strength of cube Mix(1) with pulse velocity 

4.3.2 High Strength Concrete 

4.3.2.1 General  

The results of this study for high strength concrete Mix(2) are 

shown in Tables (4-3 and 4-4) and Figures (4.9 to 4.16).In general 

,when the cement content of mix increases, the concentration of solid 

products of cement hydration will increase in the space available 

which results in producing higher compressive strength(at the low 

W/C ratio) . The paste – strength is high and the characteristics of 

the aggregate –paste interface govern the strength of concrete, and 

these characteristics are influenced by the properties of aggregate 

(4,39). It can be said that the more angular and surface texture the 

aggregate is as in the case of crushed dolomite limestone (HA), the 

more will be the bond strength at the interface which leads to a 

higher strength over those of smooth rounded particles of natural 

gravel (HF) .As the w/c increases the strength of the paste decreases 

and the effect of the aggregate vanishes. Therefore, the rate of the 

gain strength is high for early ages and decreases as the age 

increases. The compressive strength and the modulus of elasticity of 



concrete resulting from the bond between cement paste and given 

aggregate generally increase as particles change from smooth and 

rounded to rough and angular. 

Figures (4.9 to 4.12) show the relationship between the high 

compressive strength and the age; when the age increases the 

compressive strength of concrete increases too .The Figures from (4.9 

to 4.11)show that , the high compressive strength of limestone 

concrete (type HC) for two types of specimens(cylinders ,cubes) is the 

highest type (68.5 ,95.4 ) MPa respectively , the dolomite limestone 

concrete( type HA) is of the second value(66.9 ,89.8 )MPa respectively 

,and the lowest value is for( type HF) uncrushed aggregate concrete 

(51.5,71.0) MPa respectively. These comparisons are between the 

high compressive strength only at (91 days).So  the following 

equation shows the relation between high compressive strength with 

time for two types of specimens, as the  Figures (4.10 and 4.12) show 

the relationship between high compressive strength with time for two 

types of specimens. 

-For cylinder Mix(2) (with correlation coefficient , R= 0.997) 

Fc = 20.3*(t) 0.265              ---------------[4---7]       

where Fc =  The compressive strength of cylinder for high 

strength of  concrete (MPa) . 

t = The age of specimens (7-91days) . 

- For cube Mix(2) (with correlation coefficient , R= 0.9965) 

Fcu = 30.2*(t) 0.245         ----------------------[ 4---8]  

where     

Fcu = The compressive strength of cube for high strength of  

concrete (MPa) . 

t = The age of specimens (7-91days) . 



The relationship between the high strength of  concrete (MPa)  

and density is shown in Figures (4.13 and 4.14) for cylinders and 

cubes respectively ,with a best fit equation which shows that as 

density increases the compressive strength increases. 

 

 -For cylinder Mix(2) (with correlation coefficient , R2= 0.974) 

Fc =0.535*dc-1289   -------------------[4----9]        

where 

Fc = The high compressive strength of cylinder of  concrete 

(MPa) . 

dc = The density of cylinder (2440-2560 kg/m3) .and 

- For cube Mix(2) (with correlation coefficient , R2= 0.99) 

Fcu = 0.8*dcu-1928   -------------------[4----10]      

where 

Fcu = The high compressive strength of cube of  concrete (MPa) 

. 

dcu = The density of cube ( 2470-2530 kg/m3). 

 

 

 

 

 

 

 

 

  

 

 Table( 4-3)The results of High strength concrete mix(2)cylinders  

 
Type                 

of 

mix(2) 

Age 
(days) 

d 

(kg/m3) 
V 

(km/sec.) 
fc   

(MPa) 
Ec  

(GPa) 

7 2500 5.1 33.7 28.5 

28 2510 5.15 50.3 33.1 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table ( 4-4) The results of High strength concrete  mix(2)cubes 

 

 

 

 

 

Type                    

of 

Mix(2

) 

Age 
(days) 

d (kg/m3) 
V 

(km/sec.) 
fcu  

 (MPa) 

H A 

7 2492 5.15 48.1 

28 2496 5.18 69.7 

56 2517 5.23 81.3 

91 2524 5.3 89.8 
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Figure(4.9)The histogram of the high strength of cylinder Mix(2) and age 

Figure(4.10) The relationship between the high strength of cylinder Mix(2) with age 
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Figure(4.11)The histogram of the high  strength of cube Mix(2) and age 
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Figure(4.12) The relationship between the high strength of cube Mix(2) with age 
 

 Figure(4.13) The relationship between the high strength of cylinder Mix(2) with density 

 

 
Figure(4.14) The relationship between the high strength of cube Mix(2) with density 



4.3.2.2 Comparison between the Types of aggregate and High 

strength of concrete Mix(2):- 

The mineralogy of aggregate rocks  type (A )is Dolamitic , type 

(B) is quartz (marble), type (C) is calcite (limestone) and type D is 

calcite-trace organic . Figures (4.15 to 4.22)show the relationship 

between the high strength and age with different types of aggregate 

(A , B,C,D,E and F) for two specimens cubes and cylinders 

respectively .Through the comparison between the mix which 

contains the rocks aggregate (Type A, Type B, Type C,  Type D with 

Type E ).  It is found that(Mix HA, Mix HB, Mix HC,  Mix HD ) 

mixes of concrete are higher value by ( 16% , 9% , 26%,13% for 

cube,10% , 11% , 9% , 13% for cylinder at 28 days and 

13%,10%,19%,2% for cube,13%,10%,15%,10% for cylinder at 91 

days compared to the Type HE). So that, a comparison between the 

mix which contains the rocks aggregate (Type A, Type B, Type C,  

Type D ), and mix which contains natural uncrushed aggregate (Type 

F), It is found that(Mix HA, Mix HB, Mix HC,  Mix HD ) mixes of 

concrete are higher value by (26% ,20% , 35%,23% for cube,15% , 

16% , 15% , 18% for cylinder at 28 days , and 21%,18%,26%, 11% 

for cube,23%,21%,25%,21% for cylinder at 91 days compared to the 

Type HF).  Figure(4.23-4.26) show the comparison between the value 

of Mix(1) normal strength and Mix(2) high strength for the same 

types of aggregate(A ,B,C,D with E and F) . The shape of the 

relationship between compressive strength and age increases in two 

state, but in the Mix(2) steeper increases, and the difference between 

Types HE , HF with Type HA ,Type HB, Type HC and Type HD are 

articulate because of the mineralogy and surface texture of the 

aggregate, which agrees with others (4, 8,36,38).  



Figure( )The comparison  between compresive strength of type ( A )w ith 

type E & F ofcube of high strength with age
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Figure(4.15)The comparison between the high strength of type A with 

type E &F of cube with age 



 Figure(4.16)The comparison between the high strength of type A with 

type E &F of cylinder with age 

Figure( )The comparison  between compresive strength of type (B )w ith 

type E & F ofcube of high strength with age
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Figure(4.17)The comparison between the high strength of type B with 

type E &F of cube with age 
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Figure(4.18)The comparison between the high strength of type B with 

type E &F of cylinder with age 

 Figure(4.19)The comparison between the high strength of type C with 

type E &F of cube with age 



 Figure(4.20)The comparison between the high strength of type C with 

type E &F of cylinder  with age 

Figure( )The comparison  between compresive strength of type (D )w ith 

type E & F ofcube of high strength with age
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Figure(4.21)The comparison between the high strength of type D with 

type E &F of cube  with age 

 



 

Figure(4.22)The comparison between the high strength of type D with 

type E &F of cylinder  with age 

 Figure(4.23)The comparison between the high strength and normal 

strength  of type A with type E &F of cylinder with age 

   



 

Figure(4.24)The comparison between the high strength and normal 

strength  of type B with type E &F of cylinder with age 

 Figure(4.25)The comparison between the high strength and normal 

strength  of type C with type E &F of cylinder with age 



 

Figure(4.26)The comparison between the high strength and normal 

strength  of type D with type E &F of cylinder with age 

4.4 Modulus of Elasticity of Concrete 

4.4.1 General   

The modulus of elasticity is found to depend on many factors 

one of them the aggregate type .The test results of modulus of 

elasticity are given in Table (4-1) for normal concrete strength Mix(1) 

and Table (4-3)for high concrete strength Mix(2) .So by comparing 

the results, it can be seen that the significance of aggregate increases 

in the high strength Mix(2) .  

4.4.2 The Relationship between  Modulus of Elasticity of Concrete and 

Age 

Table (4-1)and the Figure (4.27) show the histogram of the 

static elastic modulus of elasticity Mix(1) with age . The increase in 

the static elastic modulus of all types is clear , but this increase differs 

from one type to another. So, in this Figure the value for Type NE 



(natural crushed aggregate)is higher than Type NA( dolomitic 

aggregate) by (39%) at 91days.In addition, the lowest value is for 

Type NF ( natural uncrushed aggregate) for all ages of test,  and the 

role of another type does not appear for Mix(1).Therefore, the usage 

of different  types of aggregate does not benefit with the normal mix , 

but the effect of the shape of aggregate is visible in Mix(2) because 

the bond between  the aggregate and the paste of cement is stronger. 

Figure (4.28) shows a best fit relationship between the static elastic 

modulus of elasticity of normal concrete with age (correlation coff. 

R= 0.982 ) and equation : 

Ec = 10.0*(t)0.12        ----------------------[4---- 11]  R= 0.982 

where 

Ec= The static elastic modulus of elasticity of normal concrete 

Mix(1) (GPa). 

t = The age of specimens of normal concrete (7-91 days). 

 



 

Figure(4.27)The histogram of the static elastic modulus of elasticity of 

normal strength concrete Mix(1) with age 

 



Figure(4.28)The relationship between the static elastic modulus of 

elasticity of normal strength concrete Mix(1) with age 

 

Table (4-3) and the Figure (4-29) show the histogram of the 

static elastic modulus of elasticity with age for high compressive 

strength Mix(2). The increase in the static elastic modulus of all types 

is clear, but this increase differs from one type to another. So, in this 

Figure the highest value is for Type HB (quartz crushed aggregate) , 

and the lowest value is for Type HC ( limestone crushed aggregate) 

for all ages of test  and the role of another type is visible  for 

Mix(2).Therefore , the use of different  types of aggregate is  

beneficial with high compressive strength and the effect of the shape 

,surface texture of aggregate is clear because of the bond between  

the aggregate and the paste of cement .This is also due to the 

mechanical interlocking surface texture of the coarse aggregate 

which affects the bond between the matrix and the aggregate crushed 

rock since it produces good bond compared to smooth gravel . It has 

been reported that this effect depends on the W/C ratio and is more 

pronounced at low W/C ratio where chemical interaction between 

aggregate and paste has also significant role. (Aitic ,Mehta )36 

indicated that , both the compressive strength and the modulus of 

elasticity of concrete are influenced by the mineralogical 

characteristics of aggregate. Crushed aggregate diabase and 

limestone give better results than smooth river gravel and a crushed 

granite . (Baalbaki)4 showed that ,on concrete made with quartz rock 

exhibits the highest elastic modulus . This leads to relatively high 

stiffness of this aggregate which improves the concrete at the 

interface at high stress levels , but concrete made with sand stone 

exhibits the lowest elastic modulus.  



Figure (4.30) shows a good relationship between the static 

elastic modulus of elasticity of high compressive strength concrete 

with age (correlation coff. R= 0.9622 ) and equation : 

Ec = 22.73*(t)0.11        ----------------------[4---- 12] R= 0.9622 

where 

Ec= The static elastic modulus of elasticity of high strength 

concrete Mix(2) (GPa). 

t = The age of specimens of high strength concrete Mix(2) (7-91 

days). 

 Figures (4.31 to 4.34) show ,the comparison between the static 

elastic modulus of elasticity of two groups  of concrete Mix (1) and 

Mix(2) for different types of aggregate (A ,B,C and D) with type of 

gravel aggregate (E,F) , and at different ages of test respectively .All 

the Figures show that,  Mix(2) is higher than Mix(1).In Mix(2) 

Types(HB and HA) are higher than types (HC,HD,HE, and HF) 

because of the different mineral composition , shape and surface 

texture of the aggregate . The chemical retain between rock and 

cement matrix could result in strong bond. Elasticity modulus 

increases with an increase in the compressive strength for the same 

compressive strength and the same W/C ratio. The variation of the 

modulus of elasticity (Ec) value can be up to 60% depending on the 

type and size of aggregate (15,21,37). 



  

Figure(4.29)The histogram of the static elastic modulus of elasticity of 

high strength concrete Mix(2) with age 

 

 Figure(4.30)The relationship between the static elastic modulus of 

elasticity of high strength concrete Mix(2) with age 

 

 



 

Figure(4.31 )The comparison between the static elastic modulus type(A) 

with type(E&F) for normal and high strength with age 

 

  

Figure(4.32 )The comparison between the static elastic modulus type(B) 

with type(E&F) for normal and high strength with age. 



 

 

Figure(4.33)The comparison between the static elastic modulus type(C) 

with type(E&F) for normal and high strength with age. 

 

Figure(4.34)The comparison between the static elastic modulus type(D) 

with type(E&F) for normal and high strength with age 

 



4.4.3 Relationship between the Modulus of Elasticity of Concrete and 

Density 

A better understanding of the concrete requires understanding 

the relationship between weight , strength and the elastic modulus of 

concrete. The elastic modulus of concrete appears to be a function of 

weight , because  all mineral aggregates have about the same absolute 

specific gravity. So,  the difference in weight in various types of 

concrete is; therefore, the primary  result of voids in concrete .The 

elastic modulus is  extremely dependent on the mass density of the 

material which becomes more ductile as the porosity increases (mass 

density decreases) (Khalil H. and Gilles P.)[41] . Hence, the 

Figures(4.35 and 4.36)show the relationship between the static elastic 

modulus of normal compressive strength of concrete Mix(1) and high 

compressive strength of concrete Mix(2) with density which can be 

expressed by the following equations respectively : 

Ec = 0.23*(dn)-531          --------------[4--- 13 ] with R2=0.958 

Ec =0.25*(dh)-598         ----------------[4--- 14] with R2=0.981 

where 

Ec = The static elastic modulus of elasticity of concrete (GPa) 

dn =The density of normal compressive strength of concrete 

Mix(1) (2330-2420 kg/m3). 

dh=  The density of high compressive strength of concrete 

Mix(2) (2440-2560 kg/m3). 

4.4.4 Relationship between the Modulus of Elasticity of Concrete and 

Pulse Velocity: 

The pulse velocity may be used directly as a quality control 

measure, but more commonly it is correlated with strength .The 

pulse velocity of  concrete depends on the modulus of elasticity of the 

actual aggregate and the aggregate content of the mix[29].The Figures 



(4.37 and 4.38) show the relationship between the static elastic 

modulus of elasticity of concrete for Mix(1) and Mix(2) and pulse 

velocity respectively . Therefore ,these relations can be expressed in 

the following equation respectively: 

Ec = 0.172*(vn)3.0   ----------------[4----15 ] with R=0.988 

Ec = 2*10-5
*(vh) 8.9  ----------------[4----16 ] with R=0.98833 

where 

Ec= The static elastic modulus of elasticity of concrete (GPa) 

Vn = The pulse velocity of Mix(1) (km/sec.) 

Vh = The pulse velocity of Mix(2) (km/sec.) 
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Figure(4.35 )The relationship between the static elastic modulus of 

normal strength of concrete Mix(1) with density 



 

Figure(4.36 )The relationship between the static elastic modulus of high 

strength of concrete Mix(2) with density 

 

Figures (4.37 ) The relationship between the static elastic modulus of 

elasticity of normal strength  Mix(1) with pulse velocity 



 

Figures (4.38 ) The relationship between the static elastic modulus of 

elasticity of high strength  Mix(2) with pulse velocity 

 

4.4.5The Comparison between the Modulus of Elasticity of Concrete and 

Types of Aggregate in Normal and High Compressive Strength: 

1-Type (A): 

The mineralogy of type (A) rock aggregate is Dolamitic, and 

Figure (4.39)shows the relationship between the normal compressive 

strength and the static elastic modulus of elasticity of concrete with 

different types of aggregate (A,E and F). So, the comparison is 

between the natural crushed aggregate concrete (Type NE) and the 

natural gravel uncrushed aggregate concrete (Type NF) .Type NA is 

of lower value than Type NE( -28%) which is compared at 91 days , 

but Type NA is greater value than Type NF by           ( 39.6% ) at 91 

days for Mix(1) respectively . Therefore, the mineralogy effect does 

not appear in this mix and only the shape of aggregate and surface 

texture are effected. Figure(4.40) shows the relationship between the 

high compressive strength and the static elastic modulus of elasticity 



Figure(4-38)The comparison between the static elastic modulus of 

normal strenght  concrete  mix(1) type (A) &(E)&(F)with 

y = 1.5642x0.8214

R = 0.987
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of concrete with different types of aggregate (A,E and F). In mix(2), 

the comparison is between the natural crushed aggregate concrete 

(Type HE) and the natural gravel uncrushed aggregate concrete 

(Type HF) .Type HA is of larger value than the Type HE  ( 11%) 

which is compared at 91 days , and Type HA is of  larger value than 

Type HF ( 10% ) at 91 days. Therefore, the mineralogy effect  

appears in this mix and the shape and surface texture of aggregate 

are affected too .Figure (4.41) shows the comparison between the 

value of Mix(1) normal compressive strength and Mix(2) high 

compressive strength for the same types of aggregate(A ,E and F). 

The shape of the relationship between compressive strength and the 

static elastic modulus of elasticity of concrete  increases in two cases , 

but in the Mix(2) steeper increases and the difference of the 

mineralogy  of aggregate between Type HE , HF and Type HA is 

visible  .The  static elastic modulus of elasticity of concrete Type HA 

and Type HE increases in Mix(2) by (136%) and (54%)compared to 

Mix(1) at  91 days respectively. 

 

 

 

 

 

 

 

 

 

 

 

 



Compressive strength(MPa) 

Figure (4.39) The relationship between the static elastic modulus of  type 

NA with type NE&NF of compressive strength concrete Mix(1) 

 

 

Figure (4.40) The relationship between the static elastic modulus of  type 

HA with type HE&HF of high strength concrete Mix(2) 

 

Figure(4.41 )The comparison between the static elastic modulus type(A) 

with type(E&F) for Mix(1)and Mix(2) with compressive strength 



 

2-Type (B): 

 The mineralogy of type (B) rock aggregate is quartz and 

Figure (4.42)shows the relationship between the normal compressive 

strength and the static elastic modulus of elasticity of concrete with 

different types of aggregate (B,E and F). So, the comparison is 

between the natural crushed aggregate concrete (Type NE) and the 

natural gravel uncrushed aggregate concrete (Type NF) .Type NB is 

of lower value than the Type NE by              (-35%) which is 

compared at 91 days , but Type NB is of  larger value than Type NF 

by( 27% ) at 91 days for Mix(1) respectively. Hence, the mineralogy 

effect does not appear in this mix and only the shape of aggregate  

and surface texture are effected. The Figure(4.43) shows the 

relationship between the high compressive strength and the static 

elastic modulus of elasticity of concrete with different types of 

aggregate (B,E and F) . So, the comparison is between the natural 

crushed aggregate concrete (Type HE) and the natural gravel 

uncrushed aggregate concrete (Type HF) .Type HB is of larger value 

than Type HE by( 21%) which is compared at 91 days , and Type HB 

is of larger value than Type HF by( 20% ) at 91 days for Mix(2) 

respectively .So, the mineralogy affect appears in this mix. The shape 

and surface texture of aggregate are effected. Figure (4.44) shows the 

comparison between the value of Mix(1) normal compressive 

strength and Mix(2) high compressive strength for the same types of 

aggregate(B ,E and F). The shape of the relationship between 

compressive strength and the static elastic modulus of elasticity of 

concrete increases in two state, but in Mix(2) steeper increases and 

the difference of the mineralogy of aggregate between Type HE , HF 

with Type HB is clear . The  static elastic modulus of elasticity of 



Figure(4-39)The comparesim between the static elastic modulus of 

normal strenght  concrete  mix(1) type (B) &(E)&(F)with 

y = x

R = 

compressive strength (MPa)
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concrete Type HB and Type HE increases in Mix(2) by (185%) and 

(54%)compared to Mix(1) at 91 days respectively. (Baalbaka)4 on 

concrete made with quartz rock exhibits the highest elastic modulus . 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 compressive strength(MPa) 

 

Figure (4.42) The relationship  between the static elastic modulus of  type 

NB with type HE&HF of normal strength concrete Mix(1) 

 

 



Figure (4.43) The relationship  between the static elastic modulus of  

type HB with type HE&HF of high strength concrete Mix(2)  

         

Figure(4.44 )The comparison between the static elastic modulus type(B) 

with type(E&F) for Mix(1)and Mix(2) with compressive strength 



3-Type (C): 

The mineralogy of type (C) rock aggregate is limestone and 

Figure (4.45)shows the relationship between the normal compressive 

strength and the static elastic modulus of elasticity of concrete with 

different types of aggregate (C,E and F). So, the comparison is 

between the natural crushed aggregate concrete (Type NE) and the 

natural gravel uncrushed aggregate concrete (Type NF) .Type NC is 

of lower value than the Type NE( 5%) which is compared at 91 days , 

but  Type NF is of lower value than Type NC            (46% ) at 91 days 

for Mix(1) respectively. Hence, the mineralogy affect does not appear 

in this mix only the shape of aggregate and surface texture are 

affected. The Figure(4.46) shows the relationship between the high 

compressive strength and the static elastic modulus of elasticity of 

concrete with different types of aggregate (C,E and F). The 

comparison is between the natural crushed aggregate concrete (Type 

HE) and the natural gravel uncrushed aggregate concrete (Type HF) 

.Type NC is of lower value than Type HE( -3.0%) which is compared 

at 91 days , and  Type HC is of lower value than Type HF ( -4% ) at 

91 days for Mix(2) respectively. Therefore, the mineralogy effect 

appears in this mix. The shape and surface texture of aggregate are 

affected too because of the mineralogy of Types E and F which is 

contained quartz .Figure (4.47) shows the comparison between the 

value of Mix(1) normal compressive strength and Mix(2) high 

compressive strength for the same types of aggregate(C ,E and F) . 

The shape of the relationship between compressive strength and the 

static elastic modulus of elasticity of concrete increases in two cases, 

but in Mix(2) steeper increases and the difference of the mineralogy  

of aggregate between Type HE , HF and Type HC is clear . The  

static elastic modulus of elasticity of concrete Type HC and Type HE 



Figure(4-40)The comparison betw een the static elastic modulus of normal strenght 

 concrete  mix(1) type (C) &(E)&(F)w ith compressive strength

y = 2.547x0.6962

R=0.9827
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increases in Mix(2) by (57%) and (54%)compared with Mix(1) at  91 

days respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4.45) The relationship between the static elastic modulus of  type 

NC with type HE&HF of  strength concrete Mix(1) 

 

 



Figure (4.46) The relationship  between the static elastic modulus of  type 

HC with type HE&HF of compressive strength concrete Mix(2) 

 

 

Figure(4. 47)The comparison between the static elastic modulus type(C) 

with type(E&F) for Mix(1)and Mix(2) with compressive strength 

 

4-Type (D):- 

The Figure(4.48)shows the relationship between the normal 

compressive strength and the static elastic modulus of elasticity of 

concrete with different types of aggregate (D,E and F). The 

comparison is between the natural crushed aggregate concrete (Type 

NE) and the natural gravel uncrushed aggregate concrete (Type NF) 

.Type ND is of lower value than  Type NE by ( -21%) which is 

compared at 91 days , but  Type ND is of larger value than Type NF ( 

54% ) at 91 days for Mix(1) respectively. Hence, the mineralogy 

affect does not appear in this mix. The shape of aggregate and 

surface texture are affected . The Figure(4.49) shows the relationship 

between the high compressive strength and the static elastic modulus 

of elasticity of concrete with different types of aggregate (D,E and 



F).The comparison is between the natural crushed aggregate 

concrete (Type HE) and the natural gravel uncrushed aggregate 

concrete (Type HF) .Type HD is of larger value than Type HE( 2%) 

which is compared at 91 days , and  Type ND is of larger value than 

Type HF ( 1%) at 91 days for Mix(2) respectively. So, the mineralogy 

effect appears in this mix and the shape and surface texture of 

aggregate are affected too .Figure (4.50) shows the comparison 

between the value of Mix(1) normal strength and Mix(2) high 

strength for the same types of aggregate(D ,E and F). The shape of 

the relationship between compressive strength and the static elastic 

modulus of elasticity of concrete increases in two cases, but in the 

Mix(2) steeper increases and the difference of the mineralogy  of 

aggregate between Type HE , HF and Type HD is visible . The  static 

elastic modulus of elasticity of concrete Type HD and Type HE 

increases in Mix(2) by (97%) and (54%)compared with Mix(1) at  91 

days respectively. 

  

 



 Figure (4.48) The relationship between the static elastic modulus of  type 

ND with type NE&NF of  compressive strength concrete Mix(1) 

 

  



Figure (4.49) The relationship between the static elastic modulus of  type 

HD with type HE&HF of  compressive strength concrete Mix(2) 

 

Figure(4. 50)The comparison between the static elastic modulus type(D) 

with type(E&F) for Mix(1)and Mix(2) with compressive strength 

 

In very high strength (> 80 MPa ),the mineralogy and the strength of 

the coarse aggregate control the ultimate strength of concrete[3]. 

4.4.6 The Comparison between the Modulus of Elasticity of Concrete of 

Different Types of Aggregate in High Compressive Strength and World 

Specifications: 

4.4.6.1 General  

 There are many specifications in the world to calculate the 

static elastic modulus of concrete from known compressive strength 

and density, such as   

1-American formula (ACI-318 M-95)         Ec = 43 (dy)
1.5(fc)

0.5
*10-6 

2-American formula (ACI-363)                  Ec = 3.32(fc)
0.5 + 6.9 

3-European formula  CEB-1990                 Ec = 10(fc + 8 )0.333 

4-Norwegian  standard NS- 3473 (1992)     Ec = 9.5(fc)
0.3 (d/2400)1.5 



5-Canadian standard (A23.3-M90)              Ec = 5 (fc )
0.5 

6-Neville equation                            Ec =3.65( fc )
0.5     for rang fc(40-140 

MPa) 

In all the equations above Ec and fc in (GPa) ,(MPa)(24).  

Figures(4.53 to 4.58) show the relationship between the static 

elastic modulus of different types of aggregate with compressive 

strength and comparison with specifications world . Table (4-5 ) 

shows the values of these different national building codes (ACI-95 

,ACI-363 ,CEB,CAN,NS and Neville equation ) to calculate and 

predict values .This Table estimates the calculated value of the static 

elastic modulus of concrete of Mix(2), and Table (4-6) shows the 

percent of the calculated predicted value to measure value of the 

modulus of elasticity of concrete in different types of aggregate from 

the committee codes .   

4.4.6.2 Type (HA): 

Table (4.6 ) and Figure(4.51 ) show that, the comparison of the 

result tests for type HA with the word specification such as ACI-95 

,CEB -90 and CAN gives higher value of about (15.9% ,15.6%  , 

7.1% at 28days  and 17.3% , 8.5%  ,6.8%  at 91days ). 

 

 

Table (4-5) The value of the different national building codes (calculated 

value of Ec  Mix (2) ) 

     

 

 

 

 

 

Type                 

of 

Mix(2) 

Age 

(days) 

Ec 

(GPa) 

ACI-

318-95 
CEB-90 CND NS ACI-363 

NEVIL

L 

H A 

7 28.5 31.2 34.2 29.0 29.0 26.2 21.2 

28 33.1 38.3 38.3 35.5 32.9 30.4 25.9 

56 36.2 41.7 39.9 38.2 34.7 32.3 27.9 

91 38.3 44.9 41.6 40.9 36.4 34.0 29.9 

H B 

7 29.9 34.0 35.6 31.2 30.7 27.6 22.8 

28 33.8 39.2 38.4 35.8 33.5 30.6 26.1 

56 38.7 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table (4-6) The percent of predict calculated to measured value of Ec  

Mix (2) 

 

 

 

 

 

 

Type                 

of 

Mix(2) 

Age 

(days) 

Ec 

(GPa) 

ACI-95 

/Ec 

% 

CEB-90 

/Ec 

% 

CND/Ec 

% 

NS/Ec 

% 

ACI-363 

/Ec 

% 

Neville 

eq. /Ec 

% 

H A 

7 28.5 9.5 20.2 1.8 1.8 -8.2 -25.7 

28 33.1 15.9 15.6 7.1 -0.6 -8.0 -21.8 

56 36.2 15.2 10.3 5.6 -4.1 -10.9 -22.9 

91 38.3 17.3 8.5 6.8 -4.9 -11.1 -22.1 

H B 

7 29.9 13.7 19.1 4.3 2.8 -7.7 -23.9 

28 33.8 16.0 13.7 5.8 -0.8 -9.3 -22.7 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

But the comparison between the ACI-363, NS and Neville equation 

gives lower percent value (-8% , -0.6 %,-21.8%  at 28 days and  -

11.1% , - 4.9% , -22.1% at 91 days ) with type HA. For ACI-95 ,CEB 

and CAN, the calculated values over shoot the actual measured 

elastic modulus of elasticity of concrete type HA. Figure (4.53)shows 

the relationship between the compressive strength and the static 



elastic modulus of elasticity of concrete .For type HA, it can be 

expressed by the equation:  

 Ec = 6.2*(fc)
0.433          ------------[4---- 17] with R = 0.9915  

where  

Ec = The static elastic modulus of elasticity of concrete type HA 

Mix(2)(GPa) 

fc = The compressive strength of concrete (35-70 MPa)   

y = 6.1789x
0.4329

R = 0.9915
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Figure(4.51)The relationship between the static elastic modulus type(A) 

with compressive strength and comparison with specifications world 

4.4.6.3 Type HB: 

Table (4.6) and Figure(4.52 ) show the comparison of the ACI-

95 ,CEB -90 and CAN which gives higher values of about (16% 

,13.7% ,5.8% at 28days  and 5.9% only ACI-95 at 91 days ). This 

indicates the highest measured value of type HB at 91days .But the 

comparison between the ACI-363, NS and Neville equation gives 



lower percent value of (-9.3% , - 0.8 %,-22.7%  at 28 days) and (-

19.5% , -13.7% , -29.6% at 91 days ) with type HB. As a result, the 

CEB and CAN calculated values are lower than the actual measured 

elastic modulus of elasticity of concrete type HB by( -1.4% ,-3.6% at 

91 days).  The Figure (4.54) shows the relationship between the  

compressive strength and the static elastic modulus of elasticity of 

concrete. Type HB can be expressed by the equation:  

 Ec = 2.7*(fc)
0.65          ------------[4---- 18] with R = 0.9675  

Ec = The static elastic modulus of elasticity of concrete type HB 

Mix(2)(GPa). 

fc = The compressive strength of concrete (35-75 MPa).  

 Figure(4.52 )The relationship between the static elastic modulus type(B) 

with compressive strength and comparison with specifications world 

4.4.6.4 Type HC 

  Table (4.6) and Figure(4.53) show the comparison of the ACI-

95 ,CEB -90 , CAN ,ACI-363 and NS which gives higher values of 

about (45% ,44.7% ,34.1% ,15.1% and 24.5% at 28days , and 35.4% 



, 24.7%  ,23.3% , 2.4% and 9.2% at 91days)  respectively  with type 

HC .But the comparison with the Neville equation gives lower 

percent value (-2.1%  at 28 days and  -10% at 91 days ) for type HC. 

As a results, the ACI-95 ,CEB ,CAN ,ACI-363 and NS  calculated 

values  are overshoot the actual measured elastic modulus of 

elasticity of concrete when compared  with type HC . The Figure 

(4.55) shows the relationship between the compressive strength and 

the static elastic modulus of elasticity of concrete. Type HC can be 

expressed by the equation : 

 Ec = 2.0*(fc)
0.65          ------------[4----19 ] with R = 0.9912  

Ec = The static elastic modulus of elasticity of concrete type HC 

Mix(2)(GPa) 

fc = The compressive strength of concrete (35-75MPa)   

y = 2.0909x
0.6523

R = 0.9912
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Figure(4.53 )The relationship between the static elastic modulus type(C) 

with compressive strength and comparison with specifications world 

 4.4.6.5 Type HD 



 Table (4.6) and Figure(4.54 ) show the comparison of the ACI-

95 ,CEB -90 ,CAN and NS which gives  higher values of about 

(23.4% ,24.4% ,16.3% ,5.1% at 28days and 27.7% , 17.3% ,14.7% 

,4.2% at 91days ) respectively with type HD. But the comparison 

between the ACI-363 and Neville equation gives lower percent 

predict value of  (-0.6% ,-15.1 % at 28 days  and  -4.2% , -16.3%  at 

91 days ) respectively with type HD. As a result, the ACI-95 ,CEB 

,CAN and NS calculated values are given overestimation than the 

actual measured elastic modulus of elasticity of concrete type HD 

.The Figure (4.56 )shows the relationship between the compressive 

strength and the static elastic modulus of elasticity of concrete . Type 

HD can be expressed by the equation:  

 Ec = 1.74*(fc)
0.72          ------------[4----20 ] with R = 0.966  

Ec = The static elastic modulus of elasticity of concrete type HD 

Mix(2)(GPa) 

fc=The compressive strength of concrete type HD (35-75MPa). 



  

Figure(4.54)The relationship between the static elastic modulus 

type(D)with compressive strength and comparison with specification 

world 

4.4.6.6 Type HE 

  Table (4.6) and Figure(4.55) show the comparison of the ACI-

95 ,CEB -90 , CAN and NS which  gives higher values of about 

(16.6% ,20.7% , 9.4% , 2.1% at 28days  and 21.9% , 15.4%  ,10.4% 

,1.6% at 91days ) respectively with type HE .But the comparison 

between the ACI-363 and Neville equation gives lower percent value 

of  (-5% , -20.2%  at 28 days and  - 6.8% , - 19.4% at 91 days) 

respectively with type HE. For ACI-95 , CEB , CAN , and NS 

calculated values are over estimated than the actual measured elastic 

modulus of elasticity of concrete type HE. The Figure (4.57)shows the 

relationship between the compressive strength and the static elastic 



modulus of elasticity of concrete . Type HE can be expressed by the 

equation  

 Ec = 3.039*(fc)
0.6          ------------[4----21 ] with R = 0.9884  

Ec = The static elastic modulus of elasticity of concrete type HE 

Mix(2)(GPa) 

fc = The compressive strength of concrete type HE (35-75MPa)   

 

Figure(4.55 )The relationship between the static elastic modulus type(E) 

with compressive strength and comparison with specifications world 

 

4.4.6.7 Type HF 

Table (4.6) and Figure(4.56) show the comparison of the ACI-

95 ,CEB -90 and CAN which gives higher values of  about (11.1% , 

18.3% , 5.9% at 28days,  and 9.8% , 10.7% , 3.1%  at 91days ) 

respectively with type HF .But the comparison between the ACI-363, 

NS and Neville equation gives lower percent value of (-7.4% , -1.5 % , 

-22.7%  at 28 days and -11.7% , -6.2% , -24.7% at 91 days ) 

respectively with type HF. For ACI-95 ,CEB and CAN calculated 



values are over estimated than the actual measured elastic modulus 

of elasticity of concrete type HF .The Figure (4.58)shows the 

relationship between the compressive strength and the static elastic 

modulus of elasticity of concrete .Type HF can be expressed by the 

equation : 

 Ec = 2.9*(fc)
0.627          ------------[4----22 ] with R = 0.9989  

Ec = The static elastic modulus of elasticity of concrete type HF 

Mix(2)(GPa) 

fc = The compressive strength of concrete type HF(35-75MPa)  

 

Figure(4.56 )The relationship between the static elastic modulus type(F) 

with compressive strength and comparison with specifications world 

Hence, this comparison study agrees with (Baalbaki )[4], Nilson 

and State [25] ,(Aykut C.)[38] and Min-Hong[54] who reported the ACI-

95 equation for predicting elastic modulus which gives an over 

estimation ,when applied to medium and high strength concrete and 

suggested the ACI-363 for good agreement between computed and 

measured values. Also the ACI committee 363 , recommended this 



equation as the most common empirical equation used to estimate the 

elastic modulus for normal and high strength .The best  equation to 

estimate value in this study is ACI-363 because it predicts value 

between ( -19.5 to +22.5 %).  

4.4.7 Dynamic Modulus of Elasticity of Concrete:- 

It is desirable to have some nondestructive tests for the stiffness 

of a concrete specimen; therefore, the dynamic elastic modulus is 

used primarily to evaluate soundness of concrete in durability tests. 

It is more appropriate value to use when concrete is to be used in 

structures subjected to dynamic loading (i.e impact or earthquake) 

and the equation in the manual can be used to calculate the dynamic 

modulus of elasticity of concrete [29,47]. From this study, the dynamic 

modulus of elasticity of concrete can be expressed by empirical 

equation relationship with time ,compressive strength , pulse velocity 

, density and static elastic modulus of elasticity for two types of mix 

(normal and high) strength concrete. 

Tables (4-7 and 4-8 ) show the result of the dynamic modulus of 

elasticity of concrete and the ratio of the static modulus to the 

dynamic modulus for normal  compressive strength and high 

compressive strength. 

Figures (4.57 and 4.58) show the relationship between the 

dynamic modulus of elasticity of concrete with age .  Mix(1) and 

Mix(2) increase with age, as the age of specimen increases the 

difference between the dynamic and static moduli decreases and this 

can be expressed by the equation:  

Edn = 19.0*(t)0.1477       ------------[4- 23]    with R= 0.9659 

Edh =44.5*(t)0.0388        ------------[4- 24]    with R=0.9903 

where 



Edn =The dynamic modulus of elasticity of concrete 

Mix(1)(GPa) 

Edh = The dynamic modulus of elasticity of concrete 

Mix(2)(GPa) 

t  = The age of specimens (days) 

Figures (4.59 and 4.60) show the relationship between the 

dynamic modulus of elasticity of concrete and density in two types of 

Mix(1) and Mix(2). When density increases  the dynamic modulus of 

elasticity of concrete will increase and the value of Mix(2) becomes 

higher than Mix(1) . So, this relationship can be expressed by the 

equation: 

Edn= 5*10-47
*(dy)

14.1        ----------- [4- 25] with R=0.9837 

Edh =2*10-10
*(dy)

3.362      -------------[4- 26] with R=0.9587 

where  

Edn =The dynamic modulus of elasticity of concrete 

Mix(1)(GPa) 

Edh = The dynamic modulus of elasticity of concrete 

Mix(2)(GPa 

dy  = The density of cylinder specimens  (kg/m3) 

The results  show the same tendency, as for the density and the 

dynamic modulus of elasticity (Edyn) decreases with the increase of 

water-cement ratio . 

The Figures(4.61 and 4.62) show the relationship between pulse 

velocity and the dynamic modulus of elasticity of concrete ,so  this  

relationship is to evaluate the estimated nondestructive test ,which 

can be expressed by the equation:  

      Edn= 1.93*(vy)
1.9          ----------- [4- 27] with R=0.978 

      Edh =0.1087*(vy)
3.75      ------------[4- 28] with R=0.9966 

where  



Edn =The dynamic modulus of elasticity of concrete 

Mix(1)(GPa) 

Edh = The dynamic modulus of elasticity of concrete 

Mix(2)(GPa) 

Vy= The pulse velocity of cylinder (km/sec.) 

 

Table (4-7)The results of the dynamic and static modulus of elasticity 

of concrete Mix(1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Type                    

of 

Mix(1) 

Age    

(days) 

d 

(kg/m3) 

V 

 (km/sec.) 

fc   

(MPa) 

Ec  

(GPa) 

Ed 

(GPa) 

Ec/Ed 

% 

 

N A 

7 2367 4.2 10 11.5 24.6 46.7 

28 2392 4.25 11.4 14.6 25 53.6 

56 2398 4.3 15.3 15.9 31.2 50.9 

91 2443 4.4 17.8 16.2 33.8 47.9 

 

N B 

7 2411 4.27 13.3 11.54 23.7 45.2 

28 2444 4.48 15.3 14.4 24.2 47.6 

56 2466 4.56 21.5 14.54 35.9 40.5 

91 2476 4.62 23.77 14.67 36.4 40.3 

 

N C 

7 2406 4.15 10.47 12.7 23.3 54.5 

28 2415 4.2 15.6 17.7 31.1 56.9 

56 2443 4.45 17.2 19.3 35.5 54.3 

91 2476 4.65 22.6 21.4 36.5 58.6 

 

N D 

7 2405 4.1 12.5 12.8 28.6 44.7 

28 2410 4.32 14.8 14.85 32.2 46.1 

56 2415 4.34 17.4 15.8 33.1 47.7 

91 2426 4.57 22 17.8 35.2 50.5 

 

N E 

7 2369 4.1 9.9 10.5 29.4 35.7 

28 2387 4.34 16 14.8 34.5 44.7 

56 2393 4.5 20.1 17.5 41.1 43.7 

91 2403 4.56 23 21.8 49.8 43.6 

 

7 2390 3.9 9.7 8.7 27 37.0 

28 2396 4.1 12.8 10.2 24 42.5 



 

 

 

 

 

 

 

Table (4-8)The results of the dynamic and static modulus of elasticity 

of concrete Mix(2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Type                 

of Mix(2) 

Age 

(days) 

Dy 

 (kg/m3) 

Vy 

(km/sec.) 

fc   

 (MPa) 

Ec   

(GPa) 

Ed  

(GPa) 

Ec/Ed 

% 

H A 

7 2500 5.1 33.7 28.5 38.2 25.4 

28 2510 5.15 50.3 33.1 45.3 26.9 

56 2525 5.21 58.4 36.2 47.1 23.1 

91 2537 5.25 66.9 38.3 52.1 26.5 

H B 

7 2524 5 38.9 29.9 36.2 17.4 

28 2533 5.05 51.2 33.8 43.4 22.1 

56 2534 5.1 59.4 38.7 49.1 21.1 

91 2535 5.12 65 41.8 54.3 23.0 

H C 

7 2477 4.82 36.3 22 30.1 26.6 

28 2510 4.95 50.1 26.4 32.7 19.2 

56 2528 5 61.2 30.25 39.2 22.8 

91 2535 5.05 68.5 33.55 44.6 24.7 

H D 

7 2460 5.08 39 23.9 30.5 21.6 

28 2479 5.15 52.3 31.1 39 20.2 

56 2525 5.16 61.2 32.4 42.8 24.3 

91 2560 5.18 64.8 35.1 44.2 20.6 

H E 

7 2478 5.09 31.8 24 32.1 25.2 

28 2486 5.13 45.4 30.8 37 17.5 

56 2535 5.15 53.3 32.78 41 20.0 

91 2545 5.2 58.4 34.6 43.5 20.6 

7 2435 4.8 31.2 25.3 29.7 14.8 

28 2460 4.85 42.8 30.9 37.5 17.6 



 

Figure (4.57) The relationship between the dynamic modulus of elasticity 

of concrete Mix(1) with age 

y = 44.532x0.0388

R = 0.9903
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Figure (4.58) The relationship between the dynamic modulus of elasticity 

of concrete Mix(2) with age 



y = 5E-47x14.106

R = 0.9837
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Figure (4.59) The relationship between the dynamic modulus of elasticity 

of concrete Mix(1) with density 

 

y = 2E-10x3.362

R = 0.9587
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Figure (4.60) The relationship between the dynamic modulus of elasticity 

of concrete Mix(2) with density 



 

Figure (4.61) The relationship between the dynamic modulus of elasticity 

of concrete Mix(1) with pulse velocity 

 
Figure (4.62) The relationship between the dynamic modulus of elasticity 

of concrete Mix(2) with pulse velocity 

 



A typical relation between the dynamic modulus is determined 

by a transverse vibration of cylinders and their compressive strength 

[44]. The British Code of Practice for the structural use of concrete 

CP110: 1972 relates the dynamic modulus of elasticity of concrete Ed 

to it’ s strength fc . Hansen [31]showed the relationship between the 

dynamic modulus of elasticity and the compressive strength of cube 

which increases with the increase in concrete strength .The equation 

is found to fit the observed results  in Figures (4.63 and 4.64) at test 

Mix(1) which exhibits a lower dynamic modulus of elasticity than 

that of Mix (2) .This is due to the difference in the quality of paste 

due to the difference in the water content in these mixes (high 

compressive strength).  Hence, this relation can best be expressed in 

the equation:  

Edn= 7.3*(fcy)
0.533        ----------- [4- 29] with R=0.9958 

Edh =29.0*(fcy)
0.139      ------------[4- 30] with R=0.991 

where  

Edn =The dynamic modulus of elasticity of concrete 

Mix(1)(GPa) 

Edh = The dynamic modulus of elasticity of concrete 

Mix(2)(GPa) 

fcy= The compressive strength of cylinder specimens (MPa) 



 

Figure (4.63) The relationship between the dynamic modulus of 

elasticity of concrete Mix(1) with compressive strength 

 

 
Figure (4.64) The relationship between the dynamic modulus of 

elasticity of concrete Mix(2) with compressive strength 

 



Figures (4.65 - 4.66) show the simplest empirical relation which 

has been developed between the static modulus of elasticity of 

concrete and the dynamic modulus of elasticity of concrete. For 

higher static moduli, both dynamic and static moduli of elasticity are 

in close agreement.  Aiticn [24] a recent study has shown that there is a 

simple linear relationship between the static and dynamic elastic 

moduli ,which leads to hope that using dynamic elastic modulus may 

remove the problems in measuring the static elastic modulus. The 

dynamic modulus of elasticity is generally 20,30,and 40 % higher 

than the static modulus of elasticity for high ,medium and low 

strength concrete respectively [35]. Hence, the test results from Table 

(4-6 ) for Mix(1) show the ratio of the static to dynamic modulus of 

elasticity (Ec/Ed) which ranges (36% to 59%) . Table (4-7 ) shows the 

static modulus of elasticity which is lower than dynamic modulus of 

elasticity by (15 % to 27%) for mix(2) .This can be expressed in the 

equation: 

Edn= 5.819*(Ec)
0.628        ----------- [4-31 ] with R=0.988 

Edh =26.269*(Ec)
0.191      ------------[4- 32] with R=0.9972 

where  

Edn =The dynamic modulus of elasticity of concrete 

Mix(1)(GPa) 

Edh = The dynamic modulus of elasticity of concrete 

Mix(2)(GPa) 

Ec= The static elastic modulus of elasticity of concrete (GPa). 

The ratio of the static modulus of elasticity to the dynamic 

modulus of elasticity of the concrete is higher with the higher 

compressive strength of concrete and increases with age. The 

modulus calculated from resonant frequency tests exceeds that 

calculated from static loading tests . The difference between the 



dynamic modulus of elasticity of concrete and the static modulus of 

elasticity of concrete is due to the fact that the heterogeneity of 

concrete affects the two moduli in different ways (45). 

Figure (4.65) The relationship between the dynamic modulus of elasticity 

of concrete Mix(1) with the static elastic modulus of elasticity of concrete 

Mix(1) 



 
Figure (4.66) The relationship between the dynamic modulus of 

elasticity of concrete Mix(2) with the static elastic modulus of 

elasticity of concrete Mix(2) 

4.4.8 Flexural Strength 

4.4.8.1 General  

Modulus of rupture is the maximum bending stress in tension 

applied to a beam at failure .This test is most widely used for quality 

control of highways and airport runways ,where it gives more useful 

information than do compressive strength tests .The flexural strength 

is  more affected than the compressive strength and the effects of 

shape and surface texture are particularly significant in the case of 

high strength concrete [27,28] . 

4.4.8.2 The Relationship between Flexural Strength and Age 

The results of the effect of crushed aggregate on the flexural 

strength of concrete with different types of aggregate are given in 

Tables ( 4-9 to 4-12) and shown in Figures (4.69– 4.79). Figures (4.69 

-4.70)  show the relationship between flexural strength and age with 

two Mixes(1) ,(2)which indicate that when the age increases  flexural 

strength increases . But, in the two Mixes, types (E and F) give the 



lowest values respectively. Concrete mixes that consist of aggregate 

smooth surface texture and rounded shape (type F) , do not produce 

as high flexural strength concrete as rough particles of types (A , B , 

C , D and E). So, it can be stated that the effect of the surface texture 

and angularity is more significant in increasing flexural strength. It is 

well known that the surface area of rough particle is larger than that 

of smooth rounded particle ,although the adhesive force between the 

cement matrix and aggregate results in  better bond between 

aggregate  and cement paste, it is generated higher flexural strength 

with time. This can be expressed by the equation : 

frn= 1.73*(t)0.22        ---------------[4--33] with R=0.961 

frh = 5.167*(t)0.12     ---------------[4-- 34] with R=0.9963 

where                    

frn= The flexural strength of normal compressive strength 

Mix(1)(MPa) 

frh= The flexural strength of high compressive strength Mix(2) 

(MPa)  

t= The time of test specimens (7- 91 days)  

 

4.4.8.3The Comparison between Concrete of Different Types of 

Aggregate with ACI-Codes for Flexural Strength and Compressive 

Strength : 

 A very general relationship exists between compressive 

strength and flexural strength ; flexural strength tends to increase as 

compressive strength increases . A flexure test is relevant for design 

and specification purposes of an object that may be subjected to 

bending.[27].The relationship between the flexural and compressive 

strength depends on the type of coarse aggregate used because the 

properties of aggregate ,especially its shape and surface texture effect 



the ultimate strength in compression very much less than the 

strength in tension  (19). 

The ACI-318 equation is fr = 0.62 fc 
0.5  ----------[ 4-35] (38) 

The ACI-363 equation is fr = 0.97 fc 
0.5  ----------[ 4-36] (38) 

    where 

  fr= The flexural strength of concrete (MPa) 

fc= The compressive strength of cylinder specimens (MPa) 

 

 

 Table (4-9 ) The result  test of prisms for normal compressive strength 

Mix(1) 

 

     

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table (4-10)The percent of predict value to measured  of prisms  for 

normal compressive strength Mix(1) 

Type                 

of mix(1) 

Age 

(days) 

d 

 (kg/m3) 

V 

(km/sec.) 

fr   

(MPa) 

Ed  

(GPa) 

N A 

7 2410 4.22 2.5 24.85 

28 2413 4.33 2.85 27.9 

56 2417 4.34 3.5 28.4 

91 2457 4.35 3.8 31.5 

N B 

7 2482 4.57 3 26.76 

28 2496 4.6 3.5 28.44 

56 2507 4.67 4.4 35.1 

91 2514 4.77 4.87 38.6 

N C 

7 2456 4.12 2.54 25.64 

28 2466 4.15 3.5 27.3 

56 2471 4.6 3.7 37.58 

91 2476 4.64 4.4 38.45 

N D 

7 2490 4.2 2.6 30.3 

28 2498 4.32 2.9 33.1 

56 2500 4.43 3.06 33.6 

91 2500 4.64 3.5 38 

N E 

7 2436 4.51 2.84 30 

28 2438 4.71 3.8 34.8 

56 2452 4.76 4.59 40.1 

91 2493 4.83 4.9 42.76 

N F 

7 2440 4.02 2.1 23.4 

28 2443 4.09 2.35 27.8 

56 2445 4.18 2.43 29.7 

91 2455 4.2 2.6 30.5 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table (4-11 ) The result test of prisms for high compressive strength 

Mix(2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Type                 

of 

mix(1) 

Age 

(days) 

fr     

(MPa) 

ACI-

318 

ACI-

318/fr   

% 

ACI-

363 

ACI-

363/fr 

% 

fc^0.5 
fr/fc  

% 

N A 

7 2.5 2.0 -21.6 3.1 22.7 3.2 20 

28 2.85 2.1 -26.5 3.3 14.9 3.4 22 

56 3.5 2.4 -30.7 3.8 8.4 3.9 18 

91 3.8 2.6 -31.2 4.1 7.7 4.2 16 

N B 

7 3 2.3 -24.6 3.5 17.9 3.6 20 

28 3.5 2.4 -30.7 3.8 8.4 3.9 18 

56 4.4 2.9 -34.7 4.5 2.2 4.6 18 

91 4.87 3.0 -37.9 4.7 -2.9 4.9 18 

N C 

7 2.54 2.0 -21.0 3.1 23.6 3.2 20 

28 3.5 2.4 -30.0 3.8 9.5 3.9 23 

56 3.7 2.6 -30.5 4.0 8.7 4.1 16 

91 4.4 2.9 -33.0 4.6 4.8 4.8 16 

N D 

7 2.6 2.2 -15.7 3.4 31.9 3.5 20 

28 2.9 2.4 -17.8 3.7 28.7 3.8 17 

56 3.06 2.6 -15.5 4.0 32.2 4.2 15 

91 3.5 2.9 -16.9 4.5 30.0 4.7 13 

N E 

7 2.84 2.0 -31.3 3.1 7.5 3.1 33 

28 3.8 2.5 -34.7 3.9 2.1 4.0 37 

56 4.59 2.8 -39.4 4.3 -5.3 4.5 34 

91 4.9 3.0 -39.3 4.7 -5.1 4.8 22 

N F 

7 2.1 1.9 -8.0 3.0 43.9 3.1 18 

28 2.35 2.2 -5.6 3.5 47.7 3.6 15 

56 2.43 2.2 -8.0 3.5 43.9 3.6 15 

91 2.6 2.4 -6.7 3.8 45.9 3.9 15 

 

Type                 

of mix(2) 

Age 

(days) 

dp 

(kg/m3) 

Vp 

(km/sec.) 

fr    

(MPa) 

Edp 

(GPa) 

H A 

7 2490 5.2 7.4 52.5 

28 2520 5.32 9.1 54.88 

56 2536 5.39 9.9 55.2 

91 2560 5.46 10.5 55.43 

H B 

7 2478 5 6.9 49.8 

28 2484 5.27 8.1 50.8 

56 2510 5.29 8.6 51.2 

91 2530 5.35 8.9 51.7 

H C 

7 2438 4.78 4.5 40.58 

28 2480 4.83 5.3 45.2 

56 2505 4.94 5.8 46.3 

91 2520 5.1 6.2 47.89 

H D 

7 2498 5.1 6.4 48.36 

28 2512 5.12 7.5 52.3 



 

 

 

 

Table(4-12)The percent of predict value to measured of prisms for high 

compressive strength Mix(2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Type                 

of 

mix(2) 

Age 

(days) 

fr    

(MPa) 

ACI-

318 

ACI-

318/fr 

% 

ACI-

363 

ACI-

363/fr 

% 

fc^0.5 
fr/fcu 

% 

H A 

7 7.4 3.6 -51.4 5.6 -23.9 5.8 15 

28 9.1 4.4 -51.7 6.9 -24.4 7.1 13 

56 9.9 4.7 -52.1 7.4 -25.1 7.6 12 

91 10.5 5.1 -51.7 7.9 -24.4 8.2 12 

H B 

7 6.9 3.9 -44.0 6.0 -12.3 6.2 16 

28 8.1 4.4 -45.2 6.9 -14.3 7.2 13 

56 8.6 4.8 -44.4 7.5 -13.1 7.7 11 

91 8.9 5.0 -43.8 7.8 -12.1 8.1 10 

H C 

7 4.5 3.7 -17.0 5.8 29.9 6.0 7 

28 5.3 4.4 -17.2 6.9 29.5 7.1 7 

56 5.8 4.9 -16.4 7.6 30.8 7.8 7 

91 6.2 5.1 -17.2 8.0 29.5 8.3 6 

H D 

7 6.4 3.9 -39.5 6.1 -5.3 6.2 14 

28 7.5 4.5 -40.2 7.0 -6.5 7.2 11 

56 8.1 4.9 -40.1 7.6 -6.3 7.8 11 

91 8.4 5.0 -40.6 7.8 -7.0 8.0 11 

H E 

7 6.5 3.5 -46.2 5.5 -15.8 5.6 14 

28 7.8 4.2 -46.4 6.5 -16.2 6.7 13 

56 8.5 4.5 -46.7 7.1 -16.7 7.3 12 

91 8.8 4.7 -46.2 7.4 -15.8 7.6 11 

H F 

7 4.5 3.5 -23.0 5.4 20.4 5.6 11 

28 5.4 4.1 -24.9 6.3 17.5 6.5 10 

56 5.8 4.3 -25.6 6.7 16.4 7.0 9 

91 6.1 4.4 -27.1 7.0 14.1 7.2 9 

 



 

 
 

Figure (4.67)The relationship between flexural strength with age for 

normal compressive strength Mix(1) 

 Figure (4.68)The relationship between flexural strength with age for 

high compressive strength Mix(2) 

 

 

4.4.8.3.1 Comparison Types of concrete Mix with ACI Cod Equations:  



Figure (4.69 to 4.72 ) show the  relationship between the 

flexural and square root compressive strength of normal compressive 

strength Mix(1), and           a comparison between these results with 

ACI-318, ACI-363 cod equations for the same type .  Depending on 

the types of coarse aggregate used , type NF and the equation ACI-

318 are of  lower value than  the  equation ACI-363, type NE and NA 

,but the role of types NA,NB,NC and ND does not appear in Mix(1)( 

type NE is higher) because the cement paste matrix is weak (high 

water cement ratio) .Table (4-10 ) shows that , ACI-318 is lower 

estimated by( -26.5%,-30.7%,-30%,-17.8% at 28 days and -31.2%,-

37.9%,-33%,-16.9% at 91days) , but  ACI-363 is over estimated by 

(14.9%,8.4%,9.5%,28.7% at 28 days and 7.7 %.-2.9%,4.8%,30% at 

91 days ) respectively .Figure (4.73-4.76) show the  relationship 

between the flexural and square root compressive strength  of high 

compressive strength Mix(2) and a comparison between the results of 

ACI-318 and  ACI-363 cod equations . Depending on the types of 

coarse aggregate are used , type HF , ACI-318 equation ,  ACI-363 

equation and  type HE  are of lower values than types HA,HB,HC 

and HD . Hence, the role of  aggregate mineralogy types are 

appeared in  Mix(2) because the cement paste matrix is higher (low 

water cement ratio) .From Table (4. 12),the ACI-318 and ACI-363 

are lower estimated by(-51.7%,-45.2%,-17.2%,-40.2% forACI-318,-

24.4%,-14.3%,29.5%,-6.5for ACI-363 at 28 days and -51.7% ,-

43.8%,-17.2%,-40.6% for ACI-318 ,-24.4%,-12.1%,29.5%,-7% at 

91days) respectively. Using the crushed aggregate of angular shape 

results in relatively high ratio of flexural to compressive strength 

compared with the ratio of the uncrushed aggregate rounded shape. 

Table (4-10)shows that, the ratios of flexural strength to compressive 

strength for types (NA,NB,NC,ND,NE, and NF) are equal to (22% 



1

2

3

4

5

6

1.0 2.0 3.0 4.0 5.0 6.0

Sqrt(compressive strength) (MPa)

fle
xu

ra
l s

tr
en

gt
h 

(M
P

a)

NB

NE

NF

ACI-

318

ACI-

363

 

,18%,23%,17%,37% and 15% at 28 days) and Table (4-12)shows 

that, the ratios of flexural strength to compressive strength for types 

(HA,HB,HC,HD,HE, and HF) are equal to (13% ,13%,7%,11%,13% 

and 10% at 28 days) respectively . This is due to  the influence  of the 

rough surface texture and the angularity of crushed rock coarse 

aggregate  on the strength of concrete. Bond between aggregate and 

cement paste is an important factor in the strength of concrete , 

especially the flexural strength .It is due partially to the  interlocking 

of the aggregate and the paste owing to the roughness of the surface 

.[15,19] 

 

Figure (4.69)The relationship between flexural strength and square root of 

compressive strength Mix(1) ,Type NA 

 

 

 

 

 

 

 

 

 

 

 
 



Figure (4.70)The relationship between flexural strength and square root of 

compressive strength Mix(1) ,Type NB 

 

Figure (4.71)The relationship between flexural strength and square 

root of compressive strength Mix(1) ,Type NC 



 

Figure (4.72)The relationship between flexural strength and square 

root of compressive strength Mix(1) ,Type ND 

 
Figure (4.73)The relationship between flexural strength and square root 

of compressive strength Mix(2) ,Type HA 

 



 

Figure (4.74)The relationship between flexural strength and square root 

of compressive strength Mix(2) ,Type HB 

 

 

Figure (4.75)The relationship between flexural strength and square root 

of compressive strength Mix(2) ,Type HC 



 

 

 

Figure (4.76)The relationship between flexural strength and square 

root of compressive strength Mix(2) ,Type HD 

     
 
 
 
 
 
 
 
 
Figure(4. 77) The sample of Mix(1) after the test 
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Figure(4. 78) The sample of Mix(2) after the test 
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Conclusion 
  The mineralogical characteristic of coarse aggregate appears 

to be an important factor which  influences the mechanical properties  

of concrete. Based on the results of the experimental work carried 

out in this study to verify the types of aggregate and mix proportion 

,the following conclusions are deduced : 

1- The properties of the rocks aggregate used are within the required 

limits of the standard specification for normal weight aggregate.  

2-The usage of these types of crushed rocks aggregate are possible 

and useful in producing good quality concrete and even high 

compressive strength of concrete.  

3-The group Mix(1) has lower compressive strength, the static elastic 

modulus of concrete, the dynamic modulus of elasticity of concrete 



and flexural strength in comparison with the group of Mix(2) which 

has high strength. Therefore, the role of the crushed rock aggregate 

does not appear in Mix(1) and the influence of coarse aggregate on all 

properties of concrete is obvious in group Mix(2).   

4-All aggregate types are increase in the modulus of elasticity of 

concrete with compressive strength and with age increase too. The 

properties of crushed rock concrete can be largely improved by the 

use of super plasticizer . 

5-The compressive strength and the elastic modulus of concrete of  

high compressive strength (w/c=0.22) are significantly influenced by 

the mineralogy of coarse aggregate . 

6-Type HC (calcite limestone) in Mix(2) is of higher strength 

compared with type HF (uncrushed gravel) in Mix(2) by (14.5%,35% 

at 28days and 24.8%,25% at 91 days) for cylinder and cube 

specimens respectively, because the limestone improves the strength . 

7-Uncrushed aggregate (type F) is of lower compressive strength , 

lower modulus of elasticity and lower flexural strength because the 

smooth surface texture and rounded shape compared to other types . 

8- The modulus of elasticity values depend on the properties and the 

mineralogy of coarse aggregate .Therefore, Type HB (quartz 

concrete) in Mix(2) is of highest modulus of elasticity compare to 

Type HC (calcite concrete) by 21.8%,19.7%, Type HE(crushed 

gravel) by 8.9%,17.3% ,Type HF(uncrushed gravel) by 8.6%,16.7%, 

Type HD(Limestone (organic) concrete)) by 8%,16% and Type HA 

(dolomite concrete) by 2%,8.4% all these comparison at 28 days and 

91 days respectively  .Type (NB) in Mix(1) is of lower value by ( 65%)  

compared with Type (HB) in Mix(2) because the different Mixes . 

9-Dolomitic concrete type (HA)shows more linear behavior than 

crushed and uncrushed aggregate. So, gives higher modulus in 



Mix(2) compared with types (HE) by (7% ,9.7%)and HF by 

(6.6%,9.1%) respectively at 28 days and  91 days .Type( NA) in 

Mix(1) is of lower value by ( 58% ) compared with type (HA)in 

Mix(2) because of the difference in  Mixes. 

10-The ACI-95 equation for predicting elastic modulus results in 

over estimation ,when applied to medium and high strength concrete 

and suggests the ACI-363 good agreement between the computed and 

the measured values(±22%).  

11- There is a simple linear relationship between the static and 

dynamic elastic moduli, which leads to predict that using dynamic 

elastic modulus may remove the problems in measuring the static 

elastic modulus of concrete. 

12-The ratio of the static to dynamic modulus of elasticity (Ec/Ed)  

ranges between (46% for Mix(1)) and (21% for Mix(2)) for the total 

results . 

13-The modulus calculated from resonant frequency tests exceeds 

that calculated from static loading tests .The difference between the 

dynamic modulus of elasticity of concrete and the static modulus of 

elasticity of concrete is due to the fact that the heterogeneity of 

concrete affects the two moduli in different ways . 

14-Mix(1) exhibits a lower dynamic modulus of elasticity than that of 

Mix (2) because of the difference in the quality of paste due to the 

difference in the water content in these mixes . 

15- In high strength, when the fractured surfaces of the beam are 

examined ,it is observed that cracks pass through the particles of 

aggregate. 



16-The flexural strength of concrete is somewhere between (0.11 to 

0.23 ) percent of compressive strength .The ACI-318 equation is given 

lower value for all types (-17% to -52%).   

17-The flexural strength of concrete type HA( dolomite concrete) 

Mix(2) is higher by 41.7 % ,41% compared with type HC(calcite 

concrete), and it is higher by 11%,15.2%  compared with 

HB(quartzes concrete) at 28 days and 91 days respectively .Also type 

NA in Mix(1) is  of lower value by 64% compared with type HA in 

Mix(2) at 91 days respectively .  

18-The flexural strength of concrete (Mix(2)) made with rough rocks 

aggregate type (HA,HB,HE,HD and HC) are higher value by (40.6% 

,41.9%,33.3%,31.4%,30.7%,30.6%,28%,27.4%,1.9%,1.6%) 

compared with that made with smooth uncrushed aggregate type HF 

at 28 days and 91 days respectively .  

5.2 -Recommendations for Further Works 

For the work carried out to be complemented in order to 

understand fully the influence the types of aggregate of this area (the 

north of Iraq) on the properties of concrete , so that a wider 

application of this type of aggregate can be achieved , the following 

further works are suggested : 

1-The same work is suggested to be investigated using different 

sources of crushed aggregate from various quarries spread in 

different regions in the  north of Iraq .  

2-Astudy for crushing and transporting the rocks of this area (cost) is 

necessary to complement the conclusions achieved by this study . 

3-Concrete properties can be studied by using different maximum 

sizes of crushed rocks aggregate ,types of cement ,the different 



References 

admixture , filler types with various methods of compaction and 

compared with mortar.  

4- The same work is suggested to be investigated using these effective 

types of aggregate with self compacting concrete . 

5-It is desired that further work is done to study the effect of this 

aggregate type on the creep characteristics and other properties of 

concrete requiring longer experimental period for complete 

understanding.  

6-More work is suggested to study the influence of the mentioned 

crushed aggregate on the structural properties of reinforced , light 

weight concrete and prestressed concrete members prepared using 

these types of aggregate . 

7-Extensive work should be carried out to examine the effect of using 

these types of aggregate on the thermal properties of concrete , 

different curing conditions and permeability. 
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طريقة  حصةم املاةل رونر اة  رو ةلسب  ا ةو  للخةلا و  رخةلا   –( فحوو  الخرسوا ة 073الدليل االسترشادي المرجعي رقم )-64ا

 .الجهاز المركزي للتقيس و السيطرة النوعية /العراق 2991-073- تصت رألاضغلط

الجهاز المركزي  .2992-033- تميب خرع  روذلذللت حي رو رخلا  –( فحو  الخرسا ة 033الدليل االسترشادي المرجعي رقم )-65

 للتقيس و السيطرة النوعية /العراق .

 

 

 

 

 

 

 

 

 

 

 

 

 

           

              

         

 

ِِ ركوووا  شوووكل  ىالصوووخور المكسووورة علووو مووون أ ووووا الدراسوووة توووم فحووو  سوووتة  ذههوووفوووي  الووودولمايت  )أ( ِ

)د( جوووور الكلووووس الووووذي يحتوووووي علووووى مووووواد ع وووووية )ي(الركووووا   الكلووووس)ب(الكوووووارتز)ج(  جوووور 

 أعودادتوم العوراق. فرة فوي شوما  األ ووا  المتوو هاالعتيادي, هوذ( الركا  الغير مكسر والمكسراالعتيادي )

 تاإلسومنالموا  /  سوبة تملوم ( وثبوا13مع ثبات الحجم األقصى للركا  ) الكو كريتية  وعين من الخلطات

 وإ جووا  بأشووكا  جأعووداد النمووا .تووم (1فووي خلطووة ) (3.11)( و 2خلطووة )( 3.0االعتياديووة) فووي الخلطووة

 ( ملووم033*253 قيووا ) وأسووطوا ات (211( ملووم عوودد)253*253*253 قيووا ) موو ال مكعبووات مختلفووة

النمووا ج األعووداد فووي المجموعتين. ه( هووذ99عوودد) ( ملووم533*233*233 قيووا ) ( ومواشووير211عوودد)

                      .عيوما بالتتاب 92و 5061967 فحصت بأعمار 

علوى الفحوصوات  أجورا .تم المكسورةيحتووي علوى الصوخور  الوذيللتزود ببعض المعلومات للكو كريت  

الكو كريووت المتصوولي وفووي أعمووار مختلفووة إليجوواد الك افة,سوورعة الموجووات الصوووتية,معامل المرو ووة 

                                                                                         للكو كريت. األ  نا قاومة المتحرك للكو كريت ,مقاومة األ  غاط ,معامل المرو ة ال ابت للكو كريت وم



 تأثير الع رورسلم ع ى املال رونر ا  روثللت   

  رألدرء و كلاكريت رونتصرك حي رونقل ا  رألعتيلدي   علوي 

فوي  ((2)خلطة )االعتياديةالخلطة  ييظهر فالركا  لم  ربأ ه, دوتم االستنتاج من خال   تائج الفحوصات 

  , الخصووائعووالي األدا  للكو كريووت ((1الخلطووة) )الكو كريووت و لوو  بسووبي تووعط التراب .إمووا فووي

ا فا وه معامول المرو وة للخرسوا ة ظهور تأثيره,لوذ قودل و الملموس السوطحي للركوا  الخشون لالتركيبية, الشك

 ات  سوبة موا / زيادة دور الركوا  الخشون فوي الخلطوة الخرسوا ية  إلىيعزى ,هذا 3يعتمد على  و  الركا 

لوذال  فوي الخلطوة عاليوة أألدا  )خلطوة  3(  تيجة إلى تحسين مادة اللصو  ومنطقوة التوراب  3.11سمنت )

(1)):                                                                     

 -ب -أ ) تحتوي على  و  )ج( أعلى مقاومة ا  غاط لنما ج المكعبات من األ وا   خلطة عالية األدا -1

 (%29.5, %10.5, )(%20.0, %25.5, )(%9, %29.9, )(%5.9, %21بمقوووووووووووووودار)(  و -ي -د

  3يوما 92و19عند تتابعاالمقار ة  (%15.5,%05.1و)

تحتوي على  و  )ب( أعلى معامول مرو وة ثابوت لنموو ج األسوطوا ة الكوو كريتي   خلطة عالية األدا -2 

( %27.0,%9.9, )(%20.7,%9.0, )(%20,%9(, )%9.1,%1بمقدار) (ج-ي-و-د-أ ) من أأل وا 

 3يوما 92و19في( المقار ة تتابعا %29.7,%12.9و)

امل مرو وة متحورك لنموو ج األسوطوا ة الكوو كريتي ( أعلى معأتحتوي على  و  )  خلطة عالية األدا -3

  (%11(, )%12), (%20, )(%09(, )%1بمقدار) (ي-و-د-ج- ب) من أأل وا 

تتوراو  موابين  (2معامل المرو ة المتحورك للكو كريوت فوي الخلطوة ) إلىوالنسبة لمعامل المرو ة ال ابت 

المقار ووة تتابعووا  (%17الووى %27.5مووا بووين) ( فتتووراو 1)للخلطووةبالنسووبة  ا, إموو(%50.9الووى 11.5%)

 3يوما 19عند

- ب - وو  )أ االتحتووي علوى التوى   خلطة عالية األدالل مقاومة اال  نا  لنمو ج الموشور الكو كريتي -4

, %00.0, %12.9, %13.0بمقوووووووووووووووووووووووووووووووووووووودار) اعلووووووووووووووووووووووووووووووووووووووى قيمووووووووووووووووووووووووووووووووووووووة  (ج-د-ي

ار وة المقالغيور مكسور )و(مقار ة مع النو   (2.0%,2.9%,17.1%,19%,03.0%,03.7%,02.1%

 3يوما 92و19تتابعا عند

 

للكو كريووت مووع المواصووفات العالميووة مقار ووة  تووائج الدراسووة لمعاموول المرو ووة ال ابووت ومقاومووة اال  نووا  

 أظهرت مايلي :

 -معادلووة المواصووفات الكنديووة  -93-معادلووة المواصووفات األوربيووة  -   95-معادلووة الكووود األمريكووي -1

 19بعموور  تخمينيووا لكوول أ وووا  الخلطووات عاليووة األدا  أعلووى تووائج  أعطووتمعادلووة المواصووفات النرويجيووة 

هوذه  روتعتبو  ووا  الخلطوات عاليوة األدا لأل تخمينيا قلأعطت  تائج أ000-لكود األمريكي معادلة ا 3يوما

أعطوت  توائج  Neville equation وكوذل  معادلوة في تخمين معامول المرو وة المعادالت أف لالمعادلة 

    3أ وا  أ لخلطات عالية األدا  أقل تخمينا لكل 
 

 

 

 

 

 
 

 
 
 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

إلىرسالة مقدمة   

جز  من وهي  الهندسة في الجامعة المستنصرية كلية

ة ماجستير علو  في الهندسة المد ي متطلبات  يل درجة  

 ) مواد (
 

 

 

 

 

 

 
 

 

األستا  المساعد الدكتورأشراف   

 محمد مصلح سلمان
 

ميالدية   1335 -أيار  

هجري 2110 -ربيع ال ا ي   

 من قبل

 علي حسين حميد األموي


