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Abstract:  
In concrete construction, sands of good grading used in preparing concrete mixes is considered as 

one of the important problems in Iraq .The reason is that the quantities of sand conforming to the 

Iraqi specifications in grading are beginning to decrease .There are, however, large quantities of 

sand which can not be used in preparing concrete mixes because they are not conforming to the 

Iraqi specifications. During this research, many trials have been made to increase the range of 

grading of fine aggregate . 576 concrete cubes were cast using different concrete mixes designed 

according to the (ACI 211.1 1991) . Two types of cement are used with variable water cement 

ratios and different  grading of fine aggregate . Most of these  grading  were out of Iraqi 

specifications. Slump test was made for all concrete mixes and compressive strength was made 

for all concrete cubes at ages of (7,28,56 and 90)days. The results obtained show the possibility of 

using different grading of fine aggregate with fineness modulus ranges from (1.4 to 3.7) which is 

much wider than the range of fineness modulus in (ACI 211.1 1991) ,noticing that these different  

grading of fine aggregate did not adversely affect the slump or compressive strength. 
 

 الخلاصه:
جعد يشكهة انحصٕل عهٗ ركاو جيد انحدرج يٍ انًشاكم انًًّٓ في صُاعة انخزساَّ في انعرزا.  ٔععرٕا انبرفي فري انر  انرٗ اٌ 

ًحرٕفز اانيرا سجبرحخدو ببرفي عردو يطاب حٓرا انزكاو انًطابق نهًٕاصفّ انعزاقيّ بدأ بانحُاقص  نذن  فاٌ كًيات كفيزِ يٍ انزكراو ان

ًَرٕاج  675في ْذا انفحث اجزعث عدة يحأست نزعااة يدٖ جدرج انزكاو انُاعى انًبحخدو  ٔن رد جرى صري  انعزاقيّ  نهًٕاصفات

جررى     ن ررد2992نبررُة  2 122خزسرراَي باسررحخداو انعدعررد يررٍ انخهطررات انخزسرراَيّ انًصررًًّ بًٕجرري انًدَٔررّ اسيزعكيررّ انًزقًررّ 

اسررحخداو جرردرجات يخحهفررّ نهزكرراو يرر  َررٕعيٍ يررٍ انبررًُث َٔبرري يررال انررٗ سررًُث يحجيررزِ  ٔن ررد كاَررث يع ررى جرردرجات انزكرراو 

انًبحخديّ خارج ادٔا انًٕاصفّ انعزاقيّ  ٔقد جى اجزال فحص انٓطرٕل نمًير  انخهطرات ٔكرذن  ي أيرة اسَفرجاع فري اعًرار 

 7 7انرٗ  1 2اسحخداو جدرجات يخحهفّ يٍ انزكاو جحزأح يٍ يعايرم َعٕيرّ ي ردارِ عٕو  ن د اثفحث انُحاج ايكاَية  7ٔ12ٔ65ٔ99

أٌ انحرثثيز بشركم سرهفي عهرٗ انٓطرٕل أ   2992نبرُة  2 122ْٕٔ يدٖ أس  يرٍ انًردٖ انًعطرٗ بًٕجري انًدَٔرّ اسيزعكيرّ 

 ي أية اسَفجاع 
 

 

.Introduction: 
In Iraq, the properties of fine aggregate are different for different locations. Fine aggregates 

obtained from rivers have a grading problem. River sand, found along the bank of Tigris and 

Euphrates contains fine and rounded particles[1], In the middle and south of Iraq river sand contains 

high  percentages of very fine aggregate with an amount of silt and clay[2]. There are many quarry 

of sand or of all-in aggregates in Iraq. Few of them are suitable to be used for concrete .The rest are 

rarely used in concrete, since their properties do not conform to grading requirements, and/or have 

high sulfate content. Fine and coarse sand with acceptable sulfate contents are available in Iraq in 

large reserves but are not used due to their non-compliance with requirements of the current  

specifications for the grading. So it was decided to study the workability and strength of concrete in 

which such sand are used. 
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2-Literature review:- 
It is well-known that the properties of concrete , such as strength, workability, modulus of elasticity 

and durability, depend to a very substantial degree on the amount and properties of aggregate. The 

grading of aggregate is a major factor influencing the workability of the concrete mix. The main 

factors which govern the desired aggregate grading are : the surface area of the aggregate, the 

relative volume occupied by the aggregate, the workability of the concrete mix and the tendency to 

segregation[3].Many researchers, however, reported that a sand of unorthodox grading can produce 

a workable and strong concrete provided that it is blended with suitable coarse aggregate in a proper 

proportion [4,5,6,7]. Two main characteristics of aggregate affect the water content of a given mix, 

the first is the total surface area and the second is the particle interlock. Both are function of grading 

that may change the consistency of concrete if the mixing water is held constant[8]. It is reported, 

however, that the effect of grading is much less in rich mixes than in lean one. In case of rich mixes 

it is possible to produce mixes with wide limits of grading and have the same workability[9]. 

Although the approved range of fineness modulus of sand is (2.4 to 3.2)[10], Al-Qassab has 

successfully widen this range from 1.5 to 3.0 using local Iraqi aggregates[11]. This supported the 

work of Iambert[8] who has successfully used fine aggregate of fineness modulus of 1.9 producing 

high quality concrete . Abrams[12]concluded that the grading of aggregate having the same fineness 

modulus will require the same quantity of water to produce mix of the same plasticity and give 

concrete of the same strength. Many other researchers [13,14] supported by experimental results, 

Abrams work. Bloem and Walker [15] dispelled traditional beliefs that the concrete strength is 

independent of gradation of coarse aggregate .They showed that the concrete strength is higher for 

smaller size of graded aggregate than for large ones when fixing the cement content and slump. 

Mclntosh[16]results, confirmed that, using given materials with a fixed aggregate/cement ratio but 

adjusting the fine aggregate content, approximately the same workability and strength are obtained 

with gap and continuous grading. Al-Qassab[11] concluded that for workable concrete different 

fineness modulus of sand will not affect the compressive strength as long as the type of coarse 

aggregate, W/C ratio and slump are the same. Al-Salihi[5] concluded that concrete containing river 

sand with low sulfate content gains strength similar to concrete containing comparable natural sand. 

Newman[17] reported that in order to obtain the same compressive strength of concrete  containing 

very fine sand or coarse sands using constant W/C ratio, the coarse/fine aggregate ratio should be 

increased when using very fine sands or decreased when using coarse sands to obtain a constant 

total surface area for the types of sand. 

 

3-Expremental work: 
a) Materials: 

Two different ordinary Portland cements were used .Table (1) shows the chemical and physical 

properties of these cement which conform the Iraqi specifications. Natural sand from Karbala was 

used  which was out of Iraqi specifications. Table (2) shows the grading and physical properties of 

the sand. Ten deferent fineness modulii (1.4,1.6,1.8,2.3,2.6,2.8,2.9,3,3.2 and 3.7) with eleven 

grading were obtained from this sand by sieving and remixing . Coarse aggregate from Samra was 

used. Table (3) shows the grading and physical properties of the coarse aggregate which conform 

the Iraqi specifications. 

b) Mix proportioning: 

The ACI method (ACI 211.1 1991) of mix design was used because of its simplicity and 

applicability and because it covers a wide range of maximum aggregate size . Slump value of (75-

100) mm were used because it is the slump recommended for usual concrete works in which 

consolidation is done by mechanical vibration . Maximum aggregate size of 20 mm was chosen 

because it is a common size used in practice. W/C ratio of 0.4,0.5 and 0.6 were used. 
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(Table 1) 

Chemical and physical properties of the cements used 
property Cement 1 Cement 2 Iraqi specification limits 

CaO % 61.17 62.2  

SiO2 % 22.39 21.8  

Al2O3 % 6.08 5.1  

MgO % 2.8 3.4 Max  5% 

Fe2O3 % 3.08 3.3  

SO3 % 1.6 2.3 Max  2.8% 

L.O.I % 2.31 1 Max  4% 

I.R % 0.38 0.7 Max 1.5 

L.S.F 0.83 0.85 (0.66-1.02) 

Fineness m
2
/Kg 250 270 Not less than 230 

Soundness % 0.35 0.24 Max 0.8% 

 

(Table 2) 

Chemical and physical properties of the original sand( from which the used sands were obtained) 
property Result Iraqi specification limits 

Grading zone Out of zones  

Fineness modulus 3.06  

Apparent specific gravity 2.53  

Absorption % 1%  

Sulfate content % 0.25% Max 0.5% for substructure 

Max 0.75% for superstructure 

Moisture content % 0.25%  

Percentage passing sieve 

size 75 micron 

1.5% Max 5% 

 

(Table 3) 

Chemical and physical properties of the coarse aggregate used 
property Result Iraqi specification limits 

Grading zone Within the limits  

Fineness modulus   

Apparent specific gravity 2.63  

Absorption % 0.6%  

Sulfate content % 0.08% Max 0.1% 

Moisture content % 0.15%  

Percentage passing sieve size 

75 micron 

0.3% Max 3% 

 

c) Test program: 

Cube specimens (100x100x100)mm were used to study the influence of grading of sand on the 

compressive strength of concrete. The specimens were tested at the ages of (7,28,56 and 90) days. 

The specimens were prepared according to (BS 1881:part 108:1983) and tested  according to (BS 

1881:part 4:1983).Slump test, chosen as  an appropriate  test to determine the workability, was 

conducted for all mixes according (ASTM C143-91)  
 

4- Result and discussion: 
(Table 4) and (Table 5) show the mixes proportions and the results of slump tests for cement1 and 

cement2 respectively. It is clear that the same water content (187 Kg/m
3
) produces the same slump 

for different fineness modulus of sand with 20 mm maximum size of coarse aggregate. It can be 

concluded that for the range of fineness modulus of sand adopted in this work, the net mixing water 

requirement was not affected by the fineness modulus of sand when the surface area and maximum 
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size of coarse aggregate are kept constant for the two cements used. For  sand of fineness modulus 

of (1.4 and 1.6) the experiments were repeated with less coarse aggregate (10%) and then the 

quantity of sand recalculated . This is because that using very fine aggregate leads to an increase in 

volume of  coarse aggregate and decrease the volume of  fine aggregate. As a result, the mix was 

found to be undersanded. The increase in volume of  coarse aggregate may lead to difficulties with 

concrete cast by pumping. The compressive strength of concrete for the ages (7,28,56 &90) for all 

mixes are shown in (Table 6). From this Table, the following observations can be seen: 

1. The compressive strength of concrete made with 20 mm maximum size of coarse aggregate 

was not affected when using sand with different fineness modulus of sand for all ages and for 

different W/C ratio used. 

2. Result for mixes with fineness modulus of sand (1.4 and 1.6) were found to be undersanded, 

therefore the experiments were repeated with less coarse aggregate (10%) and then the quantity of 

sand recalculated  to make other mixes (12),(13), (25),(26),(38) and(39). The compressive strength 

results obtained from original mixes were slightly higher than that of adjusted mixes. 

3. The variation in the grading of the sands (one conforming to Iraqi specifications and other 

one not conforming to this specifications) but have the same fineness modulus (mix 6 and 7) ,(mix 

19 and 20)  and (mix 33 and 34), did not cause clear change  in compressive strength of concrete. 

4. Cement 2 gave compressive strength at early age (7 days) higher than that of Cement 1 

because of the higher content of C3S  and C3A  in Cement 2, but this difference was not affected by 

using sand of different fineness modulus. 

5. Different fineness modulus of sand has no effect on the strength development rate of 

concrete. 

(Table 4) 

Concrete mixes proportions and the results of slump tests for cement 1 

Mix 

No. 

F.M W\C Net water 

Kg/m
3
 

Cement 

Kg/m
3
 

Sand 

Kg/m
3
 

Gravel 

Kg/m
3
 

Slump 

mm 

1 1.4 0.4 187 467.5 443 1235 85 

2 1.6 0.4 187 467.5 474 1202.5 80 

3 1.8 0.4 187 467.5 505 1170 80 

4 2.3 0.4 187 467.5 583 1089 95 

5 2.6 0.4 187 467.5 630 1040 80 

6 2.8 0.4 187 467.5 662 1007.5 90 

7 (2.8)
•
 0.4 187 467.5 662 1007.5 85 

8 2.9 0.4 187 467.5 677.5 991 75 

9 3.0 0.4 187 467.5 692 975 85 

10 3.2 0.4 187 467.5 724 942.5 95 

11 3.7 0.4 187 467.5 802 862 85 

12 (1.4) 0.4 187 467.5 561 1112 95 

13 (1.6) 0.4 187 467.5 590 1082 90 

14 1.4 0.5 187 374 518 1235 95 

15 1.6 0.5 187 374 549 1202.5 90 

16 1.8 0.5 187 374 580 1170 85 

17 2.3 0.5 187 374 658 1089 105 

18 2.6 0.5 187 374 705 1040 85 

19 2.8 0.5 187 374 737 1007.5 95 

20 (2.8)
 •
 0.5 187 374 737 1007.5 95 

21 2.9 0.5 187 374 725.5 991 90 

22 3.0 0.5 187 374 768 975 95 

23 3.2 0.5 187 374 799 942.5 115 

24 3.7 0.5 187 374 877 862 100 

25 (1.4) 0.5 187 374 636 1112 100 
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26 (1.6) 0.5 187 374 665 1082 100 

27 1.4 0.6 187 312 567.5 1235 95 

28 1.6 0.6 187 312 599 1202.5 100 

29 1.8 0.6 187 312 630 1170 95 

30 2.3 0.6 187 312 708 1089 100 

31 2.6 0.6 187 312 755 1040 90 

32 2.8 0.6 187 312 786.5 1007.5 110 

33 (2.8)
 •
 0.6 187 312 786.5 1007.5 100 

34 2.9 0.6 187 312 902 991 105 

35 3.0 0.6 187 312 818 975 95 

36 3.2 0.6 187 312 849 942.5 110 

37 3.7 0.6 187 312 926 862 95 

38 (1.4) 0.6 187 312 685 1112 105 

39 (1.6) 0.6 187 312 715 1082 105 

 
• Sand non conforming Iraqi specification 

 (Table 5) 

Concrete mixes proportions and the results of slump tests for cement 2 

Mix No. F.M W\C Net water 

Kg/m
3
 

Cement 

Kg/m
3
 

Sand 

Kg/m
3
 

Gravel 

Kg/m
3
 

Slump 

mm 

40 1.4 0.4 187 467.5 443 1235 80 

41 3.0 0.4 187 467.5 692 975 75 

42 3.7 0.4 187 467.5 802 862 80 

43 1.4 0.5 187 374 518 1235 85 

44 3.0 0.5 187 374 768 975 80 

45 3.7 0.5 187 374 877 862 85 

46 1.4 0.6 187 312 567.5 1235 90 

47 3.0 0.6 187 312 818 975 85 

48 3.7 0.6 187 312 926 862 85 

 

(Table 6) 

Compressive strength of concrete for the ages (7,28,56 &90) 

Mix No. W\C 7-day 

Compressive 

strength MPa 

28-day 

Compressive 

strength MPa 

56-day 

Compressive 

strength MPa 

90-day 

Compressive 

strength MPa 

1 0.4 26 41 45.5 48.5 

2 0.4 25.5 39 45 47 

3 0.4 24 38 44.5 46.5 

4 0.4 24 37 43 45.5 

5 0.4 22.5 35 42 44.5 

6 0.4 24.5 38 42 43.5 

7 0.4 25 36 40 42.5 

8 0.4 23.5 36 43 45.5 

9 0.4 24 38 42.5 44.5 

10 0.4 21.5 35 41.5 44 

11 0.4 22.5 36 42 45 

12 0.4 24 38 43.5 45 

13 0.4 23.5 37 42 44 

14 0.5 22.5 29 35 37 

15 0.5 21.5 28 34 35.5 



Journal of Kerbala University , Vol. 7 No.1 Scientific. 2009 
 

 256 

16 0.5 21 27 33 34 

17 0.5 20.5 25 32 34.5 

18 0.5 19 24.5 32 34 

19 0.5 21 25.5 31.5 34 

20 0.5 22 25 29 33.5 

21 0.5 21 26 33.5 35 

22 0.5 20.5 26 32.5 35 

23 0.5 19.5 23.5 31 34.5 

24 0.5 20 25 32 34 

25 0.5 21 27 32.5 35 

26 0.5 21 25 33 35 

27 0.6 15 21.5 29 32 

28 0.6 14 19.5 29 30 

29 0.6 13 19 28 29.5 

30 0.6 13.5 17.5 27 28.5 

31 0.6 13 17 26.5 29 

32 0.6 12.5 17.5 26 28.5 

33 0.6 12 16.5 24.5 29 

34 0.6 13 18.5 28.5 30.5 

35 0.6 13.5 18 27 28.5 

36 0.6 13.5 17 26.5 29 

37 0.6 14 18.5 27 29 

38 0.6 13.5 20 26 29 

39 0.6 13 18 25 28 

40 0.4 33 46 49 50.5 

41 0.4 30.5 44 47 48 

42 0.4 29 43 45 48 

43 0.5 30 37 38 40 

44 0.5 28 32 35 38 

45 0.5 27 33 36 39 

46 0.6 24 29 31 34 

47 0.6 20.5 25 30 32 

48 0.6 21 24.5 29 32 

 

6- Conclusions:  
a) An attempt was made in this work to extend the range of the fineness modulus to cover finer 

sand down to fineness modulus of 1.4 and coarser sand up to fineness modulus 3.7 using maximum 

size      of aggregate 20mm. It could be concluded that normally proportioned concrete with good 

workability and compressive strength was produced by using the above extended range. 

b) The net mixing water requirement was not affected by the different fineness modulii of sand 

adopted in this when the concrete mix is designed keeping the surface area and maximum size of 

coarse aggregate constant for both types of ordinary Portland cement used (cement1 and cement2) 

and for different W/C ratios. 

c) The different fineness modulii of sand adopted in the present work are in the range (1.4 to 

3.7). They were found to have slightly effect on the slump of concrete mixes designed in the present 

work in which the slump values were very close and within the design range of (7.5-12.5) cm. 

d) Low values of fineness modulii (i.e., 1.4 &1.6 that was adopted in the present work  have 

the property that the volume of coarse aggregate is considerably larger than the volume of fine 

aggregate in the mix. Such mixes are said to be undersanded. As stated in the ACI standards, this 

can be corrected by reducing the coarse aggregate quantity by 10% of the total aggregate and 
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recalculating the quantity of fine aggregate in order to make a more workable mix. Such mixes were 

found to have slight effect on the slump for different W/C ratios and a slight effect on the 

compressive strength for the different ages (7,28,56 & 90) days. 

e) It was found that using two different gradings of sand both having the same fineness modulus of 

(2.8), but one of them is conforming to (I.Q.S. 45/1984) and the other is not, have no clear 

difference in slump values and compressive strength values at different ages (7,28,56,90) days. 

f) Using sands of different fineness modulii in the range (1.4 to 3.7) had slightly affects on the 

compressive strength of concrete for the ages (7,28,56 &90) days for different W/C ratios. 

g) Using different fineness modulii have slightly effect on the strength development rate of 

concrete. 
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