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Abstract
High-strength concrete (HSC) has undergone many developments based on the studies of influence of cement type, type and proportions of mineral admixtures, type of super plasticizer and the mineralogical composition of coarse aggregates. Most studies were carried out using natural sand with rounded and smooth grains. In practice, fine sands from various sources are frequently used in concrete.

 In this paper, two aspects of the effect of fine aggregate on HSCs are presented. First, the performance of fine sands in relation to natural sand using a low water/cement (w/c) ratio and fixed coarse aggregate and cement content is analyzed. Results show that concrete with fine sand requires an increase of super plasticizer to obtain the same slump. It also presents a higher strength than the corresponding natural sand concrete at all test ages, while its elastic modulus is lower at 28 days and is the same after that. Studies on the development of hydration and mortar phase of concrete show that the increase of strength can be attributed to the improvement of paste–fine aggregate transition zone. Second, the influence of the mineralogical source of the crushed sands was studied using three different types of crushed sands (limestone, granite and steel slag) with similar grading. Two mixtures containing 450 and 485 kg/m3 cement and low w/c ratio are analyzed. Results show the adverse effects of shape and texture on workability of concrete, but the compressive strength of concrete is improved. Granite and steel slug crushed sand appears as the most advantageous sand for this purpose. 
الخلاصة

الخرسانة عالية المقاومة قطعت أشواطا كبيرة من خلال الكثير من الدراسات المختلفة التي اعتمدت على نوع الأسمنت المستعمل و على نوع و نسب المواد الناعمة المضافة وعلى نوع و نسب المضافات الملدنة للخرسانة و أيضا على نوع و طبيعة الركام الخشن المستعمل, أغلب هذه الدراسات كانت ضمن حلقة أو مفهوم استعمال الركام الناعم الطبيعي ذو الحبيبات كروية الشكل و ناعمة السطح أو الملمس. 

في هذا البحث سوف نتناول اتجاهين لتأثير الركام الناعم على الخرسانة عالية المقاومة . الأول: سلوكية الرمل الناعم بالمقارنة مع الرمل الطبيعي (معتدل النعومة) باستعمال نسب ماء الى الأسمنت واطئة و نسب ثابتة من الركام الخشن و محتوى الأسمنت.  النتائج أظهرت بأن الخرسانة التي تستخدم الرمل الناعم تحتاج الى زيادة في الملدن الفائق المستخدم للحصول على نفس قيم الهطول و أيضا أظهرت مقاومة انضغاط عالية  مقارنة بالخرسانة التي تستخدم الرمل الطبيعي في جميع الأعمار بينما معامل المرونة كان أقل في عمر 28 يوم  و متساوي بعد  هذا العمر. الثاني: تم دراسة سلوكية أنواع مختلفة المصادر من الركام الناعم المكسر باستخدام ثلاثة أنواع (حجر الكلس, حجر الكرانيت و خبث الحديد) بتدرجات متشابهة , حيث تم استعمال نوعين من الخلطات الخرسانية ذات محتوى سمنت  450 و 485 كغم/م3 مع نسب ماء الى الأسمنت واطئة. النتائج أظهرت التأثير العكسي لشكل و طبيعة سطح الرمل المكسر على خاصية التشغيلية للخرسانة, و لكن من الجهة الثانية الحصول على مقاومة انضغاط عالية. رمل الكرانيت و خبث الحديد أظهر نتائج مقبولة أكثر من الأنواع الأخرى اعتمادا على النتائج المستحصلة. 

 1.  Introduction
Crushed sand is produced by crushing a large parent mass of rock. Thus, many aggregate properties depend on the properties of the parent rock (e.g., chemical and mineralogical composition, classification, specific gravity, hardness, strength, physical and chemical stability, pore structure and color). Some properties such as shape and size of particles and surface texture of crushed sands are not seen in the parent rock, while others properties such as absorption can change due to the crushing. All these properties have an important influence on the quality of fresh and hardened concrete [Neville 2000].
In our country, there are few studies on using crushed sand especially steel slag in concrete mixes.  Local slag is produced by Electrical Arc Furnace using scrap as raw materials, for production of pig iron and slag.  Local slag has low activity as a Cementitious Materials, because it has low content of glass. Besides it has high content of iron. Generally, using steel slag in concrete mix as a partial replacement of sand, would improve the workability and compressive strength and does not give any deterioration as results of reaction with alkali in cement [Al-Rawi 2001]. 
Concrete standards specify the fine aggregate requirements necessary to obtain homogeneous, workable and durable concrete of adequate strength. The use of crushed sand is generally limited due to the high cement paste volume needed to obtain an adequate workability of concrete [Kim, Lee 1997]. The amount of additional paste content depends on shape, texture, grading and degree of fineness of the sand.
Mechanical properties of concrete containing fine sand depend on paste composition, paste volume, the physical characteristics of the sand particles and the nature of the paste–aggregate interface. The increase of water demand of concrete mixtures produced by the adverse effects of shape and texture of sand can be mitigated using a high-range water-reducing admixture. Several studies [Aitcin, Mehta 1990] on high-strength concrete (HSC) have been developed with the objective of studying the influence of coarse aggregate from different mineralogical sources. However, few studies have been conducted on the influence of sand from different sources and the codes only include brief requirements for fine aggregates [ACI Committee 363 -2005].
The effect of fineness and shape and surface texture of fine aggregates on mechanical properties is often not a factor in conventional concretes, although these properties may cause an increase in the water demand. For these concrete, the hydrated cement paste and the transition zone around the aggregate are relatively weak. Consequently, the water/cement (w/c) ratio controls the mechanical properties of concrete for the same degree of hydration [John Newman 2003].
In Iraq, many aggregate quarries produce natural sand from different mineralogical sources. 
The main objective of this research is to provide information about the effects of fineness and shape and texture of fine aggregate on fresh and hardened properties of HSC. In this paper, two aspects are analyzed: the performance of fine sands in relation to natural sand, and the influence of the mineralogical source of the crushed sands.
2. Experimental Methods 
2.1. Materials 
Ordinary Portland cement was used(manufacture by Kubsia), Its conformed to Iraqi specification 5-1984 type I (ASTM C150-05). The physical and chemical properties are presented in Table 1.     Coarse aggregate from Al-Nebaee quarry was crushed stone with a maximum size of 20 mm, physical and chemical properties are listed in Table 2. A Sulfonate Melamine Formaldehyde condensate super plasticizer, without chlorides, was incorporated in the concrete mixtures. Its conformed to ASTM C494-05.
Five fine aggregates from different mineralogical sources, but of similar fineness modulus, were used. Natural river sand (NS)from Al-Osaila region was used having rounded and smooth particles was used as a reference sand. Natural fine sands were selected (FS)[were obtained by sieving the natural sand on sieves size and selected the fine gradation as shown in Table 3,  and Crushed sands were selected with different petro graphic characteristics (Granite GS, Limestone LS and Steel Slag SS). Table 3 gives the gradation and physical characteristics of the fine aggregates. Table 4 gives the chemical composition of local slag and comparison with secular slag.
Table 1  Chemical Compositions and physical properties of ( type I) Portland    Cement (Kubsia)  used
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Table 2  Physical Properties of Coarse Aggregate
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Table 3   Gradation and physical characteristics of fine aggregates
	
	Cumulative percentage retained



	
	Natural river sand           NS
	Natural fine sand
FS
	Granite
G
	Limestone
L
	Crushed steel slag    SS

	9.5 mm
	0
	0
	0
	1
	0

	4.75 mm
	1
	0
	0
	6
	0

	2.36 mm
	12
	1
	28
	38
	33

	1.18 mm
	51
	20
	56
	61
	31

	600   m
	74
	92
	69
	75
	60

	300   m
	96
	98
	78
	81
	78

	150   m
	100
	100
	84
	86
	88

	pan
	0
	0
	10
	10
	10

	Fineness Modulus
	3.34
	3.11
	3.15
	3.48
	3.00

	Relative density
	2.64
	2.63
	2.68
	2.60
	2.67

	shape
	Rounded
	Rounded
	Angular
	Angular
	Angular

	Surface texture
	Smooth
	Smooth
	Crystalline
	Rough
	Rough


	Secular Slag % 
	Local Slag %[Al-Ameeri, A. S., 2003]
	Oxides

	40-50
	26.8
	CaO

	10-20
	34.4
	SiO2

	3-4
	7.10
	Al2O3

	2-9
	12.41
	MgO

	0.2-0.9
	0.14
	SO3

	12.5-20
	17.90
	Fe2O3

	-
	0.20
	Na2O

	-
	0.04
	K2O

	-
	98.99
	TOTAL

	-
	0.0
	LOSS IN BURN

	-
	10.88
	RETAIN

	-
	3.40
	DENSITY

	-
	1
	WATER ABSORBTION%


Table 4  Chemical composition of local slag with comparison with Secular Slag.
[Al-Ameeri, A. S., 2003]
2.2. Mixture Proportions 
Seven concrete mixtures were designed and identified by the mineralogical source of fine aggregate and the cement content. Table 5 shows the mixture proportions and measured slump.
Two concrete mixtures were prepared to study the influence of fine natural sand compared with natural sand. These mixtures were designed with a w/c of 0.30, a very Large cement content (530 kg/m3) and similar slump. The effects of fine materials of fine aggregate (FS) were evaluated by comparing the fresh and hardened properties of fine natural sand (FS) (SF-530) with the corresponding properties of natural sand concrete (SN-530).
To evaluate the influence of mineralogical source of crushed sand, five concrete mixtures were designed using 450 and 485 kg/m3 cement content and similar w/c ratio. Coarse aggregate content was kept constant in all mixtures.
	Mixtures 
	SN-530
	SF-530
	G-485
	G-450
	L-485
	L-450
	SS-450

	Portland cement
	530
	530
	485
	450
	485
	450
	450

	Water 
	160
	160
	160
	160
	168
	160
	162

	Sand 
	660
	660
	685
	720
	700
	733
	750

	Coarse Aggregate
	1030
	1030
	1030
	1030
	1030
	1030
	1015

	Super plasticizer %

By mass of cement
	0.66
	0.86
	0.86
	0.86
	0.86
	0.86
	0.6

	W/c ratio
	0.30
	0.30
	0.33
	0.36
	0.35
	0.36
	0.36

	Slump (mm)
	180
	168
	165
	125
	173
	144
	120


Table 5     Mixture proportions (kg/m3)
2.3. TESTING 
Compressive strength and elastic modulus tests were carried out on (100x200) mm cylinders. For splitting tensile strength tests, 150_300 mm cylinders were used. To evaluate flexural and compressive strengths of the matrix of concrete, mortar was obtained from fresh concrete by sieving through a 4.75-mm sieve (No. 4) and prisms of 40_40_160 mm were cast. After 24 h, concrete and mortar specimens were removed from the mold and cured in lime-saturated water until the age of test. After compressive strength testing, fragments of mortar prisms were used to determine the no evaporable water according to the procedure proposed by Powers [Powers 1949]. This value was used to estimate the degree of hydration assuming that the w/c needed for full hydration of cement was 0.23 and the sand distribution was uniform.
3. Results And Discussion 
3.1. Fresh Concrete Properties 
For SN-530 and SF-530 concretes, a very similar fresh behavior (slump, good finish and visual aspect) was observed. In these concretes, the inclusion of superplastizicer permits the reduction of water demand for achieving a high-slump range (180 and 168 mm, respectively). However, a higher dosage of superplasticizer was needed in concrete with fine sand to overcome the adverse effect of fine materials.
A similar behavior was observed in the other mixtures containing granite and limestone crushed sand despite the change in cement content from 530 to 485 or 450 kg/m3. However, all mixtures displayed a considerable workability loss after 20 min.
3.2. Hardened Concrete Properties 
3.2.1. Influence Of Shape And Fineness And Surface Texture 
Table 6  Reports the results for concrete Compressive strength and Splitting tensile strength and Modulus of Elasticity tests.

Fig. 1 shows the development of compressive strength of natural and fine sand concrete. It can be observed that SF-530 concrete has a higher strength (10% at 1 year) than the corresponding SN-530 concrete at all test ages. If both concretes have the same quality of paste (w/c ratio and degree of hydration), and if the coarse aggregate interface remains constant in quality and quantity and there is no chemical interaction between cement and sand particles, then the increase in compressive strength of SF-530 concrete could be related to the high surface area of fine sand .
For these concretes, the weak link is at the physical interface. Goble and Cohen [Goble, Cohen 1999] have concluded that the sand surface area has a significant influence on the mechanical properties of Portland cement mortar. The volume of transition zone is 25–40 times larger in the mortar portion of the mixture, and its influence will be reflected in tensile strength. Results of flexural strength tests of the mortar fraction show that the SF-530 mixture has higher strength values (11–12 MPa) than the SN-530 mixture (9.4–11.4 MPa) at equivalent test ages. The improvement of the paste–fine aggregate transition zone could be attributed to the fine materials of SF sand, which increases the mechanical interlocking with the cement paste [John Newman, Ban Seng 2003].
Fig. 2 shows that SF-530 and SN-530 concrete have similar evolutions of degree of hydration and both reach the same value at 1 year. 
Table 6 reports the results for concrete splitting tensile strength test. SF-530 shows a lower strength at 28 days and it has 14% higher strength than SN-530 at 1 year. On the other hand, the modulus of elasticity (E) of SN-530 was always higher than the corresponding SF-530, as shown in Fig. 3. This inverse relationship between compressive strength and E was reported by Giaccio and Zerbino [Giaccio, Zerbino 1993]. They used coarse aggregates (natural and crushed gravel) from the same source and found that the E value of concrete (w/c = 0.30 and 460 kg/m3) remained constant while the compressive strength increased in the concrete containing crushed gravel.
	
	Compressive strength

MPa
	Splitting tensile strength
MPa
	Modulus of Elasticity

GPa

	
	28days
	90days
	1years
	28days
	90days
	1years
	28days
	90days
	1years

	SN-530
	57.2
	63.1
	64.8
	3.36
	3.44
	3.59
	38.3
	39.1
	39.3

	SF-530
	65.15
	69.8
	73.3
	3.27
	3.45
	4.08
	35.3
	38.2
	39.9

	G-450
	54.7
	58.2
	63.0
	-
	-
	-
	34.2
	38.5
	36.8

	L-450
	53.0
	54.4
	60.0
	-
	-
	-
	32.7
	35.4
	36.8

	SS-450
	55.0
	59.0
	64.0
	3.50
	3.80
	4.08
	36.0
	38.3
	39.2

	G-485
	62.3
	68.4
	71.6
	3.84
	3.94
	4.54
	34.8
	39.0
	39.5

	L-485
	54.7
	63.0
	64.4
	3.90
	4.03
	4.09
	36.7
	39.2
	39.8


Table 6     Reports the results for concrete Compressive strength and Splitting tensile strength and Modulus of Elasticity tests.
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Fig. 1   Development of compressive strength of concrete with SF &SN sand
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Fig. 2   Evolution of degree of hydration of concrete with SF &SN sand
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Fig. 3   Development of elastic modulus of concrete

                                                                       
Fig. 4   Development of compressive strength of concrete with crushed sand

 3.2.2. Influence Of Mineralogical Source  
Compressive strength development for concretes containing 450 and 485 kg/m3 cement and different crushed sands is showed in Fig. 4. Concretes with granite (G-485 and G-450), limestone (L-485 and L-450)  and steel slag (SS-450) crushed sands attain values between 50 and 65 MPa at 28 days.
The strength of G-485 concrete was the highest. This can be mainly attributed to the high degree of hydration (see Fig. 5) in this mixture at all ages. The higher a value produces a volume of hydrated cement in G-485 similar to that for SF-530. Consequently, G-485 compressive strength is similar to SF-530 strength, but cement content is 45 kg/m3 lower. This observation indicates that in SF-530, a significant part of cement remains unhydrated due to unavailable space to develop the hydration products because w/c ratio is very low. On the other hand, compressive strength of L-485 concrete was lower than concretes with granite sand (G-485). This behavior could be attributed to particle strength and to the different surface textures and shapes of granite sand particles because the cement content and w/c are similar. 
On the other hand, compressive strength of SS-450 concrete was higher than concrete with lime stone and Granate in the same cement content(450 kg/m3) as shown in Fig.5, that is due to higher degree oh hydration of SS-450 concrete from the other as shown in Fig.6. 

It is widely assumed that concrete elastic modulus depends on the relative volume and stiffness of coarse aggregate (stiffness is closely related to aggregate source). Alexander and Milne [Alexander 1995] have observed a similar relationship when the source of both fine and coarse aggregates is the same. The influence of fine aggregate source on elastic modulus of concrete is also shown in Fig. 3. At early ages, the evolution of elastic modulus is closely related to texture and shape of fine aggregate, when the paste/aggregate volume ratio and coarse aggregate source are the same. However, these differences disappear and the elastic modulus tends to a value of around 40 GPa at 1 year, except for L-450 concrete. 
Fig. 5 Evolution of degree of hydration of concrete             
4. Conclusions 
The conclusions drawn from the current research may be summarized as follows.

(1)HS Concrete mix with fine sand have better properties ( compressive strength) than concrete mix with natural sand. 
(2) The effect of fine and crushed sand on fresh concrete presents some disadvantages compared with natural sand. Crushed sands require a higher dosage of admixture to overcome the fine material and adverse shape and texture of particles. For each type of sand and cement content in the mixture, the optimal doses need to be studied.

(3) The shape and texture of crushed sand particles have an important effect on the interlocking of paste and aggregate particles, leading to an improvement of strength of concrete. Granite and steel slag crushed sand appears as the most advantageous for this purpose in the present study. On the other hand, Steel slag improved the workability and compressive strength and does not give any deterioration . 
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Oxide  Composition                                   %                   Iraqi Specification Limits


   _________________                            _______         ______IQS 5/1984_________


            SiO2                                                                       20.72                     


           Al2O3                                              06.08


           Fe2O3                                              03.08


           Ca O                                               62.46


            Mg O                                             02.80                                Max. 5%


            SO3                                                 01.60                               Max. 2.8%


            Insoluble Residue                          00.38                               Max. 1.5% 


            Loss on Ignition                             02.31                               Max. 4% 


  -----------------------------------------------------------------------------------------------------           Compound  Composition                      %                                                                                     C3S                                           42


                       C2S                                           27


                       C3A                                          11


                       C4AF                                        09 


-------------------------------------------------------------------------------------------------------


   Initial  setting time(hr)                                02:50                         > 00:45               


   Final  setting  time(hr)                                03:30                         <10:00                        Compressive  strength (3 days) MPa           22.50                          > 15.0         


   Compressive  strength (7 days) MPa          30.20                          > 23.0                        Fineness  (Blaine) cm2/gm                          2450                    Not  less  than  2300                  








Properties                                           Results                           Limits(IQS 45:84)


Apparent  specific  gravity                   2.66                                                   -


Absorption                                           0.5%                                                  -


Moisture  content                                 0.15%                                                -


Percentage  passing  sieve                    0.32%                                        Max.  3%            


         size  75  micron    


------------------------------------------------------------------------------------------------- 


Gradation  of  Gravel  for      Maximum  Size 20mm.


                                                         %  Passing 


                                               Max. Size          Limits                    Limits


     Sieve  Size                           20 mm          IQS45-84           ASTM (C33-03)


        75mm                                  100                   -                              -


        37.5mm                               100                 100                           -


        20mm                                    95               95-100                    90-100


        14mm                                    -                       -                             -


        10mm                                    40                30-60                     20-55


         5mm                                      5                  0-10                       0-10                          
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