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هُىَ الَّذِي بَعَثَ فِي الْأُمِّيِّينَ رَسُىلًا مِنْهُمْ يَتْلُى عَلَيْهِمْ آيَاتِهِ وَيُزَكِّيهِمْ 

 وَيُعَلِّمُهُمْ الْكِتَابَ وَالْحِكْمَتَ وَإِنْ كَاوُىا مِهْ قَبْلُُ لَِِلي لَللَامُ مُلبِين     
 

 صدق الله العظيم

 2، الايت الجمعت سىرة 



 الخلاصة

 

أن المشبكل الخمىٕت َالالخصبدٔت الىبشئت مه ومل مبدة غببس أفشان السمىج مه المعملل لللّ 

ٔبشس ظشَسة لجشاء البحث عللّ حلل   ،الخبسج ,لظبفت للّ ظشسٌب الكبٕش علّ البٕئت المجبَسة 

بوت الملبدة  للزا حٍللذه ٌلزي الذساىلت للللّ ححلشْ لمكبوٕلت اىللخخذات غبلبس السلمىج فللٓ أعملب  الخشىلل

 َالمُوت كبذٔل جضئٓ عه السمىج أَ الشمل 

الجلضء اوَ  ٔشكلض عللّ دساىلت حلت ٕشاث  ،ٌزا البحث لللّ جلضئٕه  فٓٔىمسم الجبوب العملٓ       

لجشاء حعُٔط جضئلٓ عله السلمىج بىسلب َصوٕلت ممب للت مله المبلبس  أملب الجلضء النلبوٓ فٕخعلمه 

لذساىلللت علللّ  لنلللبث ملله المُولللت اىللخخذات المبللبس كبلللذٔل جضئللٓ عللله الشمللل   ٕلللث أجشٔللج ا

%  فلٓ المُولت َالخشىلبوت 04َ% 04َالخشىبوت َلذ َصلج الىسب المسخخذمت مله المبلبس لللّ 

 علّ الخُالٓ 

أظٍللشث الىخللبئ  أن صٔللبدة وسللب ل للك  المبللبس كخعللُٔط جضئللٓ علله السللمىج ٔلل دْ للللّ       

% عللّ 10% َ 19ُالٓ  ٕث بلمج ممبَمت الخشىبوت َالمُوت ،اوخفبض فٓ ممبَمت اووعمبغ

فملذ  ،ِ% مه المبلبس  مله وب ٕلت أ لش94المشجعٕت عىذ وسبت ل ك   بثالخُالٓ مه ممبَمت الخلن

لاىخخذات غببس السمىج كبذٔل جضئٓ عه الشمل حب ٕش ملحُظ علّ صٔبدة  ممبَملت اووعلمبغ  كبن

 ٕش معلبك  عللّ بٕىملب ٔكلُن للً حلت ، صُصلب  عىلذ اوعملبس المبكلشة  ،للخلنبث العلعٕفت وسلبٕب  

% ملله المبللبس كبللذٔل جضئللٓ علله الشمللل فللٓ 04لن لظللبفت  لخلنللبث المىٕللت ل اووعللمبغ ممبَمللت

%  فلٓ 91% َ 0 00ىسب حخلشاَ  بلٕه الخلنبث الععٕفت ٔ دْ للّ ححسه ممبَمت اووعمبغ ب

 الخشىبوت َالمُوت علّ الخُالٓ 

 ،ممبَملت الشلذ الاوشلنبسْ ،ع أمب الخُاص او شِ للخشىلبوت َالخلٓ حخعلمه معلبٔش الخصلذ      

أظٍشث كمب أبذث ىلُكب  مشببٍب  لممبَمت ألاوعمبغ   فمذ ،الكنبفت َىشعت المُجبث فُق الصُحٕت 

َلكله  ،الىخبئ  أٔعب  أن غببس السمىج ٔ دْ للّ صٔبدة فٓ اوكمبش الجفلبه َالخملذد لىملبرج المُولت

 كبذٔل عه السمىج أَ الشمل  %مه المببس94حل  الضٔبدة لم حكه بشكل ملحُظ عىذ ل ك  

أن  ممللب ىللبك ََفمللب  لىخللبئ  ٌللزي الذساىللت ٔمكلله الاىللخىخبج بللتن غبللبس أفللشان السللمىج  ٔمكلله       

      السلللمىج  مللله% 94ه علللٔسلللخخذت فلللٓ اوعملللب  الوشلللبئٕت عللللّ أن لا حضٔلللذ وسلللب الاىلللخبذا  

 وت الشمل دَن  صُ  حت ٕش ىلبٓ َاظح علّ أداء الخشىبوت َالمُ مه 04%َ
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ABSTRACT 

 The technical and economical problems that arise from 

transportation of cement kiln dust (CKD) outside the cement plant, as well 

as the severe pollution of the surrounding environment by this dust, makes 

the subject matter worth studies. This study was thus conducted to examine 

the feasibility of using  CKD in concrete and mortar mixes as partial 

replacement for cement or sand. 

 The experimental program is divided into two parts. The first part 

consists of studying the effects of a partial replacement of cement by an 

equal weight of CKD. In the second part, CKD was used as a partial weight 

replacement of sand. The study was conducted on mixes of mortar and 

concrete. The percentages of CKD replacement used were up to 00 and 00 

percent in mortar and concrete respectively. 

 The results indicate that increasing the percentages of cement partial 

replacement by CKD leads to decrease the compressive strength of 

concrete and mortar. Up to %01 of cement replacement by CKD, the 

strength of concrete and mortar reachs about 1% and 10 percent of the 

control strengths respectively. On the other hand, the presence of CKD as 

sand partial replacement increases the compressive strength of relatively 

lean mixes, especially at early ages, while adversely affects the strength of 

rich mixes. The inclusion of 201 of CKD by weight of sand in lean mixes, 

results in an improvement in compressive strength by about  2050 and %1 

percent in concrete and mortar respectively. 



 IV 

 Other concrete properties including modulus of rupture, splitting 

tensile strength, density and ultrasonic pulse velocity, show trends similar 

to that observed in compressive strength. The analysis of the test results 

also shows that the drying shrinkage and expansion of mortar specimens 

increase when CKD content increases. However, these volume changes are 

slightly affected when up to %01 of CKD is used as cement or sand 

replacement. 

 Finally, the results suggest that CKD could be used in 

construction industries by up to %01 as cement replacement and 201 as 

sand replacement without detrimental effects on the performance of 

concrete and mortar. 
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1.1 General  
 

 In recent years, considerable researches have been focused on 

solving environmental problems by the reduction of industrial wastes. 

Studies have been carried out to investigate the possibilities of using 

industrial wastes such as fly ash, blast furnace slag, silica fume, cement 

kiln dust and other wastes as a material replacement in the construction 

industry. 

 The use of waste and by-product materials in the construction 

industry may help to conserve resources of the natural raw materials that 

are used in  the industry, and at the same time, can help to preserve the 

environment by reducing the disposal of some waste materials 
(1, 2, 3)

. These 

wastes have been mainly used for some time as filler in roads and 

embankments, but the energy-saving aspect of the utilization of industrial 

wastes as a concrete ingredient is of special significance. Therefore, many 

wastes and by-products were found to have potential use in concrete 

industry 
(1, 4, 5)

. 

 It is known that the cement and aggregate are the most important 

materials in concrete, especially cement, which is expensive and its 

INTRODUCTION 
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manufacture involves intensive use of raw materials and energy. Thus, 

replacement of cement by less expensive materials partially or in full would 

reduce the cost of construction and simultaneously conserve energy and 

resource. On the other hand, replacement of fine aggregate by these 

products will help to treat the wastes disposal problems and conserve the 

fine aggregate 
(6)

. 

 Replacement is especially effective when the material substituting 

happens to be waste material or by-product of another industry. For some 

of these materials, standard specifications have been developed, while 

others have no specifications yet. However, typical waste materials that 

have the best potential are fly ash and blast furnace slag. 

2.1 Cement Kiln Dust (CKD) 
 

 Cement kiln dust (CKD) is a fine powdery waste generated during 

the manufacture of Portland cement. As the raw materials for making 

cement are heated and tumbled in a kiln, dust particles are created and 

carried with hot exit gases. 

 To control the dust from escaping into the environment, most of 

cement plant equipments are working to collect large volumes of dust from 

the exit gases before they are discharged to the atmosphere 
(7)

. This dust is 

collected by using mechanical collectors or electrostatic precipitators. 

 The percentage of CKD wasted in a cement manufacturing process is 

(15-22) percent of the output of the kiln 
(1,2)

. Since the chemical 

components of CKD are nearly the same as the cement raw materials, some 

of CKD can be recycled into the kiln 
(44)

; however, large quantities of CKD 

are disposed. Fig.(1-1) demonstrates the pathway taken by materials 

through a typical cement manufacturing process 
(45)

. 
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 There is a great deal of variation between different sources of CKD. 

The major variables affecting CKD quality are the composition and 

proportions of the feed materials, type of the kiln, fuel, processing 

efficiency and the type of the dust collection system 
(46)

. 

 

 

 

 

 

 

 

Fig.(2-2): Typical material behavior in a cement kiln system (54). 

1.3 Aim of the Study  
 

Each year, thousands of tons of CKD are disposed by cement 

industry. Since this material possesses health hazard, storage and 

transportation problems, and a potential pollution source, therefore, 

consuming such material in civil engineering works would help to solve 

some of these problems, and at the same time, could reduce the cost of 

construction by the conservation energy and resource. However, the aim of 

the present work is to study the properties of some concrete and mortar 

mixes when  up to 52 percent by weight of ordinary Portland cement as 

well as fine aggregate are replaced by CKD, and also, to determine the 

optimum percentages of CKD which could be used in both cement and 

sand replacement. 
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1.4 Research Layout 
 

 The work presented in this thesis is given through five chapters. 

Chapter One represents this introduction. Chapter Two is a review of the 

previous works on the use of mineral admixtures in concrete; the properties 

and uses of CKD are also included in this chapter. Chapter Three includes 

the experimental program, mix proportioning and testing procedures. The 

results of the experimental tests are presented and discussed in Chapter 

Four. Chapter Five consists of the conclusions  which can be drawn from 

the results of this research and suggestions for future studies. 
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1.2 Introduction 
 

 Portland cement concrete will continue to be the dominating 

construction material in the future. As with other industries, progress in 

concrete technology should necessarily take into account the widespread 

need for conserving resources and environment and gains proper utilization 

of energy. It can be expected that there will be a major emphasis on the use 

of wastes and by-products in cement and concrete technology 
(8)

. As           

a result, there have been  numerous studies on the use of industrial             

by-products in concrete construction. But the effective use of these 

materials requires adequate knowledge of their properties and the technical 

problems associated with their usage 
(1, 3)

. 

 The ACI Committee 212 report on admixtures for concrete 
(9) 

classifies both natural minerals and industrial by-products under the term 

“miniral admixtures” into four types: (1) those that are cementitious,         

(2) those that are pozzolanic, (3) those that are both cementitious and 

pozzolanic, and (4) inert or filler materials. However, the extended          

uses of these materials in the manufacture of concrete are: (a) partial 

replacement of Portland cement and (b) partial replacement  of fine 

aggregate 
(6, 8, 11, 11, 12)

.  

REVIEW OF LITERATURE  
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1.1 Mineral Admixtures as Partial Cement Replacement 
 

 The use of mineral admixtures such as fly ashes, blast furnace slags 

and inert or filler materials as a cement replacement is discussed by several 

authors. Montgomery et al. 
(13) 

and Gopalan 
(14) 

reported that the strength 

contribution of fly ash is due to providing nucleation sites for the growth of 

hydration products. Poon et al. 
(15) 

indicated that fly ash improves the 

particle packing of the cementitious matrix and contributes to the strength 

development even when it is not active as a pozzolanic material but acting 

as a filler. However, Wong et al. 
(16) 

observed that the main contribution of 

fly ash to concrete strength is due to the improvement of the bonding 

between the cement paste and the aggregate, rather than the enhancement 

of the strength of cementitious matrix. 

 As observed by some researchers 
(11, 18)

, fly ash concretes may have 

better strength performance when they are replaced at lower water to binder 

(w/b) ratios. It can be concluded that the advances of concrete admixtures 

technology allow concrete mixtures to be prepared with lower w/b ratios. It 

is therefore believed that high strength concrete can be obtained with large 

volumes addition of fly ash. However, the optimum cement replacement to 

satisfy the strength and durability requirements of fly ash concretes is about 

31 percent by weight of cement 
(19, 21, 21)

. 

 The experimental results were usually obtained from specimens 

cured in water or moist environments. It should be noticed  that fly ash 

concrete must have adequate curing to enhance performance. Butler and 

Ashby 
(22) 

and Haque et al. 
(23) 

have reported that structural grade concretes 

containing fly ash must be adequately cured. Poon et al. 
(15)

 observed that 

the fly ash concrete is more sensitive to the curing condition and requires a 

longer curing time because its hydration rate is slower than that of plain 
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concrete. Also, the benefits of using fly ash in concretes may be diminished 

due to inadequate curing. 

 Many studies were carried out to investigate the effect of blast 

furnace slag on the properties of concrete. This material is widely being 

used as a cementitious ingredient of concrete and a valuable cement 

replacement material that imparts some specific qualities to the       

concrete 
(24)

. If a part of the Portland cement of concrete is substituted by 

slag, the strength gain is changed so that early strength decreases and later 

strength is either the same as, or higher than that of Portland cement 

concrete 
(4225)

. Such concretes have excellent durability characteristics than 

concretes made with normal Portland cement only 
(26, 21, 28)

. 

 It could be noticed that concrete with compressive strength 

exceeding 51 MPa and of good durability, could be produced with high 

levels (65-15) percent of slag replacement 
(24, 26, 29)

. But the disadvantage of 

the high levels slag concrete seems to be the low strength at early ages. 

Also, the results show that even 1 days wet curing was inadequate for high  

levels of slag replacement, and that continued exposure to a drying 

environment has adverse effects on the long  term durability 
(24, 29)

. 

 According to the results of some studies on the effect of inert or filler 

materials on the properties of concrete, Soroka and Stern 
(31) 

concluded 

that fillers affect strength through their accelerating the cement hydration. 

Another investigation carried out by Soroka and Setter 
(31) 

stated            

that fillers effect on strength is primarily accelerating on the cement 

hydration. This improvement in strength can also be attributed to the 

increase in the density of the concrete due to increasing filler content in the    

mix. 
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 Jackson and Dhir 
(32) 

reported that the inert materials may result in 

some reduction in concrete strength, althouth they improve workability, 

stability and impermeability of concrete. Chan and Wu 
(33) 

stated that the 

durable concrete could be made with 25 percent of cement replaced with 

inert materials such as silts and clays. Up to this level, the compressive 

strength was slightly lower than that of the control mix. They also indicated 

that the inert materials could give more micro-filler effect and nucleation 

sites for cement hydration.  

 

1.2 Mineral Admixtures as Fine Aggregate   
 

 Many researchers have tried to investigate the mechanical properties 

of concrete incorporating percentages of mineral admixtures as fine 

aggregate. Generally, this concrete exhibits compressive strength equal  to 

or above the strength exhibited by ordinary concrete 
(12)

. 

 Malhotra and Carette 
(6) 

studied the properties of concrete 

incorporating various percentages of limestone dust as a partial 

replacement for fine aggregate. The results showed that there is a 

significant increase in strength with increasing the amount of limestone 

dust in lean concrete mixes. However, this is not evident in concrete mixes 

which are relatively rich in cement. 

 Maslehuddin et al. 
(12)

 investigated the characteristics of concrete 

mixtures in which fly ash was used as a partial replacement for fine 

aggregate. The results show that the addition of fly ash improves the early 

age compressive strength and long term properties of concrete. The 

superior performance of these mixtures compared to plain concrete 

mixtures is attributable to the densification of the concrete structures.  
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 Lewist 
(34)

 reported that the partial substitution of fine aggregate by 

slag in structural grade concretes resulted in significant increase in strength 

for a given cement content. This increase in strength was more pronounced 

in lean mixes. Abbas 
(35)

 stated that up to 31 percent of fine aggregate 

replaced by slag in concrete demonstrates acceptable levels of performance 

in the workability, durability and compressive strength.  

 Ezeldin et al.
 (36)

 studied the effect of two different soil types ,well 

graded sand and silty sand, as partial fine aggregate replacement in 

concrete. The results indicated that when using well graded sand, the initial 

and final setting times were increased by about 41 percent, but the 

compressive strength of concrete was slightly lower than that of the control 

concrete. However, when silty sand was used, less favorable results were 

obtained. 

 Falade 
(31)

 investigated the effect of laterite fine aggregate instead of 

sand on the workability and compressive strength of concrete. He used 

different water-cement ratios and mix proportions. The results showed   

that the water requirement for a mix increased with the increase in laterite / 

cement ratio. Also, the compressive strength decreased with the increase in 

laterite/cement ratio. The decrease in strength may be attributed to the 

increase in the quantity of mixing water. 

 Haque 
(38)

 has studied the effects of fine sand and differing 

quantities of kaolinitic clay on the strength of concrete. It was concluded 

that the use of fine sand caused a reduction in concrete strength. However, 

the loss in strength due to the addition of kaolinitic clay up to 11: of the 

total weight of aggregate seemed to be a function of the increase in the 

surface area of the aggregate and a consequent increase in the water-cement 

ratio. 
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 According to Neville 
(39)

, silt and fine dust should not be present in 

excessive quantities because, owing to their fineness and therefore large 

surface area, silt and fine dust increase the amount of water necessary to 

wet all the particles in the mix. Teychenne 
(41) 

has reported that increasing 

the dust content from 11 to 25 percent resulted in only a small decrease in 

the compressive strength of concrete. 

 The effect of fine materials in crushed rocks as fine aggregate was 

studied by Elizzi et al 
(41)

. They noticed that up to a level of 15 percent, the 

compressive and flexural strengths increase with increasing the percentage 

of the fine materials. Also, the workability and length change (expansion 

and shrinkage) are not affected much by the increase of fine materials. 

Bonavetti and Irassar 
(42)

 investigated the effect of stone dust content in 

fine aggregate on the strength of concrete. The results showed that the gain 

of concrete strength was attributable to the acceleration of the cement 

hydration at the early ages due to the effect of the stone dust. At the later 

ages, no detrimental effects were observed. Hughes and Ash 
(43)

 have 

reported that the presence of dust in the fine aggregate can be beneficial for 

low strength concretes probably because of its ability to modify the 

structure of the cement paste, but it has little effect on high strength 

concretes. 

 

 

1.3 Properties of CKD 
 

 The properties of CKD vary from cement plant to another depending 

in great part on the cement making process and the quality of the raw 

materials. The chemical analysis of CKD is shown in Table (2-1) as 

reported by some previous studies 
(41, 48, 49, 51)

. For the purpose of 

comparison, typical compositions of ordinary Portland cement and other 

waste materials having cementitious properties such as fly ash and blast 

furnace slag are included in this table. 
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Table (1-2): Composition of CKD and other cementitious materials 

Oxide % 

Cement kiln dust (CKD) Cementitious materials  

Ravindra 
(34) 

Hasson 
(34) 

Shoaib 
(34) 

Al-Zubaidy 
(45) 

Cement Slag (2) Fly ash (2) 

SiO1 2121 2.21 21 2.22 1.25 0.-06 0.-30 

Al1O2 125 12. 222 .24 322 4-13 20-03 

Fe1O2 120 02. 121 12. 021 22-.1 2-11 

CaO .124 ..26 .625 ..21 3220 0.-.5 .21-.. 

MgO 220 - 226 125 .2. 2-12 .22-1 

Na1O .25 120 026 224 - .21-221 .22-3 

K1O .20 .22 123 021 - .21-221 .22-1 

SO2 321 022 320 125 12. - .2.1-1 

Cl - - 325 225 - - - 

L.O.I. 1122 1.20 2426 1.20 225 - .25-21 

 

 The geological and physical properties of CKD are shown in Tables 

(2-2) and (2-3) respectively. 

 

Table (1-1): Geological properties of CKD (1.) 

Property  

Colour 

Surface texture  

Surface shape  

Clear from organic materials and other deteriorous 
substances 

Light brown  

Smooth 

Semi-Spherical particles 
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Table (1-2): Physical properties of CKD (.3) 

Property Value 

Passing 0. m 

Maximum particle size 

Specific surface 

Specific gravity  

417 

0.. m 

.11.-6... (cm1/gm) 

123-125 

 

1.4 Uses of CKD 
 

In the construction industry, CKD is used for various engineering 

purposes, such as a filler and activating agent for rubber compounds 
(51, 52)

, 

brick industry 
(53254)

, sand stabilizer 
(46, 54, 55, 56251)

 and mineral filler in 

asphalt pavements 
(46, 58)

. However, the use of CKD in one or more of these 

purposes may be a better solution than landfilling while avoiding the 

associated costs and liabilities 
(45)

. 

 The use of CKD in the manufacture of concrete was studied in some 

earlier experimental works 
(41251, 61) 

and recently by other researches 
(48, 49, 

59)
. Ravindraraja 

(41) 
has studied the effects of CKD as a partial 

replacement of ordinary Portland cement on some properties of concrete. 

CKD contents used ranged from 1 to 45 percent by weight of cement, and 

the water content of mixes was adjusted to obtain the same workability.The 

results obtained with the fresh concrete showed that, when the amount of 

CKD was increased in the mix, the water demand to maintain the same 

workability has increased. This could be due to the increased proportion of 

the finer particles in the modified mixes. 

 The results of the strength showed that, as the amount of CKD 

increased, the compressive strength decreases at any particular age. 

According to the strength development with age expressed as a percentage 
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of its 28-day strength, the study showed that, at the early ages, the 

hydration of the cementitious particles in CKD may occur at a faster rate 

than the cement particles. This could be due to that CKD particles are finer 

than cement. Generally, the 28 days compressive strength of the concrete 

was decreased by 31 percent when 45 percent of Portland cement was 

replaced by CKD. 

 It can be concluded that the splitting tensile and flexural strengths 

decrease with the increase of cement replacement. The ratios of flexural 

and tensile strengths to compressive strength are found to improve up to 25 

percent for the modified mix. The author has reported that, if CKD is an 

inert filler, the drop in strength will be very much more than the observed 

amount; therefore, CKD contains a certain degree of cementitious property 

which contributes to the development of strength. Also, it was reported that 

Portland cement in concrete could be safely replaced by up to 15 percent of 

CKD and this can result in savings in construction cost. 

  Hasson et al. 
(48) 

have investigated the influence of CKD as a partial 

replacement of ordinary Portland cement on some properties of concrete. 

The percentages of cement replacement were 15 to 35 percent. A water to 

cement ratio of 1555 was used and kept constant for each mix. This study 

proved that the replacement of cement by CKD has resulted in a decrease 

in compressive strength of concrete. The magnitude of strength reduction 

was increased with the increase in the cement replacement. 

   It could be noticed that when 35 percent of the cement was replaced 

by CKD, the compressive strength of concrete was reduced by about 32 

and 26 percent for 28 and 91 days respectively. At 91 days, the gradually 

increasing in compressive strength could be attributed to the reaction 

between the cement hydration products and CKD during the hydration 

process. 
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 The results also indicated that the water absorption of concrete was 

increased by the proportion of CKD increase. But the thermal conductivity 

was lowered by the increase in the percentage of CKD, especially for 

longer ages, which leads toward improving thermal insulation. Generally, it 

could be concluded that up to a level of 25 percent of cement replacement, 

CKD could be used in the concrete industry. 

 Shoaib et al. 
(49) 

studied the effect of CKD as a partial replacement 

for portland cement on the mechanical behaviour of concrete. The 

percentages of replacement of CKD were 1, 11, 21, 31 and 41 percent. 

Results of compressive strength for the concrete specimens showed that the 

addition of CKD to the mix resulted in decreasing the compressive 

strength, especially with high CKD percentages. This reduction was due to 

the presence of considerable amounts of alkalies in CKD. The results also 

showed that the tensile strength of concrete decreases with increasing the 

amounts of CKD in the mix. Generally, it was observed  that for (11-21) 

percent of CKD replacement, the compressive strength was slightly 

reduced. However, at this range, CKD could be used in concrete. 

 The authors have also reported that the direct mixing of CKD  in 

concrete is more effective than the recycling of CKD with cement raw 

materials, which forms unfavored clinker phase during the firing in cement 

kilns. This can be attributed to the effect of high alkalinity of CKD on the 

nature of clinker phases. 

 El-Didamony et al. 
(59) 

studied the effect of various amounts of silica 

fume with 5 percent CKD on the physico-mechanical properties of slag 

cement. The results reveal that the increase of silica fume tends to increase 

the mixing water and the setting time (initial and final). On the other hand, 

the compressive strength of cement paste decreases with silica fume due to 
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the increase of mixing water and the porosity of the paste. It can be 

concluded that CKD can be used as an activator for hydration of cement 

paste. 

 It is observed that some of CKD can be used to evaluate one 

potential application, that is, utilization of CKD in combination with 

cement in cement plants. Daugherty and Funnell 
(61) 

studied the effect of 

CKD as part of the finished product of the cement plant. They reported that 

the ability to use CKD in the finished cement product would: 

1. Provide a method of dust disposal with less capital and less energy 

requirement. 

2. Use the energy investment in the dust without requirement of 

additional energy expenditure, and  

3. Increase production capacity of plants without large capital 

expenditures. 

They used CKD specimens from 18 locations. Each CKD specimen 

was used and evaluated with the cement produced. In each instance, the 

performance of a 95: cement to 5: CKD blend and a 91: cement to 11: 

CKD blend were compared to the performance of the base cement. Out     

of 18 CKD specimens tested, 11 gain beneficial effects to strength 

development in concrete through one year of testing and, therefore, showed 

promise of being usable for blending with cement. The remaining 8 

specimens  showed detrimental effects on concrete strength. 

Overall findings of the study have shown that CKD has some 

cementitious properties of its own, and at the same time, components of 

CKD that are not cementitious in their own will react with material in the 

concrete to form cementitious compounds. Therefore, much more work 

will be necessary before a specification can be proposed. 
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Al-Zubaidy and Kadhim 
(51) 

have investigated the properties of 

concrete and mortar when CKD was used as a partial and full replacement 

for fine aggregate. In this investigation, different mix proportions were 

used for the concrete and mortar, with percentages of replacement of 1, 25, 

51, 15 and 111 by weight of fine aggregate. The water – cement ratio for 

each mix proportion was kept constant.  

The results showed that the workability of the mixes decreased with 

increasing CKD content, especially at high levels of replacement. On the 

other hand, the 28 days compressive strength decreased with the increase in 

percentage addition of CKD. The total replacement of fine aggregate by 

CKD significantly reduces the compressive strength of both concrete and 

mortar at all mix proportions. However, the reduction magnitude in the 

compressive strength at the total replacement was about 53 and 69 percent 

in cement mortar and concrete respectively. 

It was reported that CKD up to 25 percent do not significantly affect 

the workability and compressive strength and therefore, up to this level, the 

fine aggregate could be replaced by CKD in cement mortar and concrete.  

 It should be noticed that the difference between the work contained 

in this study and that in the previous studies is that, many tests such as 

ultrasonic pulse velocity, drying shrinkage and expansion have adopted in 

this work. Furthermore, different curing ages, mix proportions and 

percentages of CKD were investigated. 
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1.7 Introduction 
 

 In this chapter, the details of the experimental program of the study 

are presented. These include the materials used, specimens preparation and 

the tests carried out. 

1.3 Materials  
 

1.3.7 Cement  

 Ordinary Portland cement manufactured by the  New Cement Plant 

of Kufa is used throughout this study conforming to Iraqi specification 

(IOS 5: 4894) 
(64)

. The physical and chemical properties of this cement are 

given in Tables (A-4) and (A-2).  

1.3.3 Fine Aggregate 

 Al-Ukhaidher sand was used in the experimental work. The physical 

and chemical properties of the sand are given in Table (A-3). Its grading 

was within the limits required by Iraqi specification (IOS 45: 4894) 
(62)

,  

Zone (3). 

 

EXPERIMENTAL WORK 
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1.3.1 Coarse Aggregate  

 The gravel used throughout the research was brought from              

Al-Nebaee area. It was sieved on 22 mm sieve. Table (A-4)  shows the 

physical and chemical properties of the gravel. The table also includes the 

limits specified by IOS 45: 4894 
(62)

. 

1.3.3 Cement Kiln Dust (CKD) 

  CKD used in this study was supplied by the  New Cement Plant of 

Kufa. The dust was collected from electrostatic precipitators at the kiln and 

then stored in a dry place. The physical and chemical analysis of CKD are 

shown in Table (3-4). For the purpose of comparison, the chemical analysis 

of the cement used in this study is included in this table. 

1.3.3 Water 

 Ordinary tap water was used throughout this work for both making 

and curing the specimens. 

Table (1-7): Chemical and physical analysis of CKD 

Chemical 

analysis (%) 
CKD Cement  

SiO2  

Fe2O3 

Al2O3 

CaO 

MgO 

SO3 

Na2O 

K2O 

Cl 

L.O.I 

Free lime 

I.R. 

48.99 

3.42 

3.56 

43.44 

3.32 

4.22 

4.84 

3.92 

4.69 

49.62 

4.32 

42.26 

22.92 

3.22 

6.42 

64.26 

4.42 

2.33 
- 

- 

- 

4.95 

2.96 

2.64 

Physical 

analysis 

  

Specific gravity 

Specific surface 

(cm
2
/gm) 

2.69 

4942 

3.45 

3262 
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1.1 Outline of the Experimental Program  
 

The experimental program of this study was conducted on specimens 

of concrete and mortar. Concrete specimens were prepared for compressive 

strength, modulus of rupture, splitting tensile strength, density and 

ultrasonic pulse velocity. The compressive strength, drying shrinkage and 

expansion measurements were carried out on mortar specimens. Different 

mix proportions and percentages of CKD were used to investigate these 

properties. 

 

1.3 Details of Mixes 
 

1.3.7 Concrete Mixes  

 According to the strength level and type of replacement, concrete 

mixes were divided into four series (CRA, CRB, SRA and SRB) having 

two control mixes of 4: 2: 4 and 4: 4.5: 3 (cement: sand: gravel by weight). 

 In the first two series, the partial replacement of ordinary Portland 

cement by CKD was made. In the remaining two series, CKD was used as 

sand replacement. Five mixes were made in each  series using different 

percentages of CKD. Details of concrete mixes are  shown in Tables (3-2) 

and (3-3). 
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Table (1-3): Details of concrete mixes (cement replacement) 

Mix series  Specimen mark 
CKD by weight 

of cement% 

Mix designation 

CKD: cement: 

sand: gravel  

CRA 

  

CRA-2 2 2:4:2:4 

CRA-42 42 2.4:2.8:2:4 

CRA-22 22 2.2:2.9:2:4 

CRA-32 32 2.3:2.9:2:4 

CRA-42 42 2.4:2.6:2:4 

CRA-52 52 2.5:2.5:2:4 

CRB 

CRB-2 2 2:4:4.5:3 

CRB-42 42 2.4:2.8:4.5:3 

CRB-22 22 2.2:2.9:4.5:3 

CRB-32 32 2.3:2.9:4.5:3 

CRB-42 42 2.4:2.6:4.5:3 

CRB-52 52 2.5:2.5:4.5:3 

 

Table (1-1): Details of concrete mixes (sand replacement) 

Mix series  Specimen mark 
CKD by weight 

of sand % 

Mix designation 

CKD: cement: 

sand: gravel  

SRA 

SRA-2 2 2:4:2:4 

SRA-42 42 2.2:4:4.9:4 

SRA-22 22 2.4:4:4.6:4 

SRA-32 32 2.6:4:4.4:4 

SRA-42 42 2.9:4:4.2:4 

SRA-52 52 4:4:4:4 

SRB 

SRB-2 2 2:4:4.5:3 

SRB-42 42 2.45:4:4.35:3 

SRB-22 22 2.3:4:4.2:3 

SRB-32 32 2.45:4:4.25:3 

SRB-42 42 2.6:4:2.8:3 

SRB-52 52 2.95:4:2.95:3 



Chapter Three   Experimental Work 

37 

3.4.2 Mortar Mixes 

 Four series of mortar specimens (CRL, CRM, SRL and SRM) were 

made to study the effect of CKD on the compressive strength, shrinkage 

and expansion. Two types of control mixes were also made which have 

cement / sand ratios of 4: 2 and 4: 3 by weight. 

  CKD was used as a partial replacement of cement in the first two 

series. While in the second two series,  CKD was used as sand replacement. 

For each series, four percentages of CKD were used : 42, 22, 32 and         

42 percent. Details of these mixes are shown in Tables (3-4) and (3-5). 

 

Table (1-3): Details of mortar mixes (cement replacement) 

Mix series  Specimen mark 
CKD by weight 

of cement % 

Mix designation 

CKD: cement: 

sand: gravel  

CRL 

  

CRL-2 2 2:4:3 

CRL-42 42 2.4:2.8:3 

CRL-22 22 2.2:2.9:3 

CRL-32 32 2.3:2.9:3 

CRL-42 42 2.4:2.6:3 

CRM 

CRM-2 2 2:4:2 

CRM-42 42 2.4:2.8:2 

CRM-22 22 2.2:2.9:2 

CRM-32 32 2.3:2.9:2 

CRM-42 42 2.4:2.6:2 
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Table (1-3): Details of mortar mixes (sand replacement) 

Mix series  Specimen mark 
CKD by weight 

of sand % 

Mix designation 

CKD: cement: 

sand: gravel  

SRL 

SRL-2 2 2:4:3 

SRL-42 42 2.3:4:2.9 

SRL-22 22 2.6:4:2.4 

SRL-32 32 2.8:4:2.4 

SRL-42 42 4.2:4:4.9 

SRM 

SRM-2 2 2:4:2 

SRM-42 42 2.2:4:4.9 

SRM-22 22 2.4:4:4.6 

SRM-32 32 2.6:4:4.4 

SRM-42 42 2.9:4:4.2 

 

 

1.3 Specimens Preparation  
 

1.3.7 Mixing  

 A horizontal pan-type mixer of 2.4 m
3
 capacity was used for mixing 

concrete. The interior surface of the mixer was cleaned and moistened 

before it was used. The aggregate, cement and CKD were first mixed dry 

for 62 sec., then the water was added and mixed for another 4 min. to get 

homogeneous fresh concrete mixes. 

 

3.5.2 Casting and Compaction 

 After mixing, the concrete and mortar were poured into the moulds 

and compacted by using a vibrating table. The excess mortar was cut and 

removed with a trowel from the top of the specimens. 
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3.5.3 Curing  

 After casting, all specimens were covered with polyethylene sheets 

and left in the laboratory for 24 hrs. The specimens were then demoulded 

carefully and cured in different environments as required. 

 Specimens prepared for compressive strength, splitting tensile 

strength and modulus of rupture, density, ultrasonic pulse velocity and 

expansion strain were stored in the tap water tanks until testing age. 

 Specimens prepared for drying shrinkage test were stored in the tap 

water until the age of 9 days, then they were taken out and stored in a dry 

place inside the laboratory until the age of 492 days. 

 

1.3 Testing Procedures 
 

1.3.7 Slump Test 

 The slump of fresh concrete mixes was conducted according to 

ASTM C443 
(63)

. 

 

1.3.3 Flow Table Test  

 The flow table test of fresh mortar mixes was determined according 

to ASTM C232 
(64)

. 

 

1.3.1 Compressive Strength Test 

 Compressive strength of concrete specimens was carried out on   

(452 mm) cubes according to B.S. 4994: Part 4 
(65)

,
 
using a digital testing 

machine of 2222 kN maximum capacity. For mortar specimens, the 

compressive strength tests were conducted on (52 mm) cubes according to                   

ASTM C 428 
(69) 

by using 222 kN capacity testing machine. 

 The compressive strength of concrete specimens was tested              

at the ages of 9, 29, 82 and 492 days, whereas the mortar specimens were    
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tested at the ages of 9, 29 and 82 days. The average of three specimens in 

each age was adopted. 

1.3.3 Modulus of Rupture Test 

Three points flexure tests were performed on three (422  422  

422 mm) prisms with a span of 322 mm using the machine meeting the 

requirements of ASTM C283 
(69)

. The specimens were tested at the ages of 

29 and 82 days. 

 

1.3.3 Splitting Tensile Strength Test 

 The splitting tensile strength test was determined according to the 

procedure outlined in ASTM C486 
(69)

, using (422  222 mm) cylinders. 

The specimens were tested at the ages of 29 and 82 days. Each strength 

value is the average of the strength of three specimens. 

 

1.3.3 Density Test 

 (422  222 mm) cylinders were used to determine the density of 

concrete specimens at the age of 29 days. The cylinders were weighted to 

the nearest (2.4 gm) and the average of the three specimens was adopted.  

 

1.3.1 Ultrasonic Pulse Velocity Test 

   The velocity  of the ultrasonic pulse of the concrete specimens was 

determined before finding the crushing compressive strength.This test was 

carried out according to B.S. 4994: Part 223 
(68)

.Portable Ultrasonic 

Concrete Tester shown in Plate(3-4) was used for this purpose. Calibration 

of the Concrete Tester was done before testing to check the accuracy of the 

transit time measurements. This was achieved by a calibration bar or 

reference bar. A thin layer of grease was applied to act as a couplant and to 

increase the transmitted energy. The pulse travelling path length was 



Chapter Three   Experimental Work 

33 

measured accurately and the time of its travelling was recorded to the   

order of  2.24  sec. 

 

          The concrete cubes at each age were tested immediately after 

removing them from curing water.The pulse velocity was determined as 

follows: 

 V=L/T                                                                       .…………..(3-

4) 

where: 

V =  ultrasonic pulse velocity, km/sec. 

L =  path length, km. 

T = transit time,sec. 

 

 

 

 

 

 

 

 

 

 

Plate (1-7): Ultrasonic pulse velocity testing device. 
 

1.3.1 Drying Shrinkage and Expansion Tests 
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 Two series of mortar specimens in addition to a control mix of 4: 3 

(cement: sand) were prepared for shrinkage and expansion tests. For each 

mix, six prisms of (2525295 mm) were casted. Three prisms were kept 

in water and used for expansion purposes. The remaining three prisms were 

used for drying shrinkage which were kept in laboratory conditions  after 

they had been cured in water for 9 days. Stainless steel gage studs were 

used and fixed on each two ends of each specimen. The length change of 

the specimens was measured by means of a length comparator device as 

shown in Plate(3-2), satisfying the requirements of ASTM C459 
(92)

. The 

accuracy of the dial gage of the measuring device is 2.222mm. The length 

change of the specimens  was measured at the ages of 3, 9, 44 , 22, 29, 

62, 82, 422 and 492 days. At any age the change of specimen lengh was 

determined as follows: 

100



L

RR
L o                                                         …….……(3-

2)              

where: 

L  = length change of the specimen,% 

 L   = initial length of the specimen,mm. 

 R   = gage reading, mm. 

o
R   = initial gage reading, mm. 
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Plate (1-3) Length change testing device. 
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7.4 Introduction  
 

 In this chapter, the results of the tests described in chapter three are 

presented and discussed. To condense the data, only the average values are 

provided in form of tables and figures.  

 

7.5 Characteristics of CKD 
 

 The chemical and physical properties of CKD used in this study are 

given in Table (3-1). It can be seen that the sulphur trioxide and alkali 

contents of CKD are greater that those of cement. Sulphur trioxide is 

originated from the clay of raw material  and the fuel used in cement 

burning, while the source of alkalies in CKD is both the raw materials and 

the fuel 
(55)

. The analysis of CKD also shows a considerable amount of loss 

on ignition. Generally, the high ignition loss is associated with the presence 

of carbonaceous matter 
(5)

. 

 The physical analysis of CKD shows that the specific gravity is 

about 76.2, which is less than that of Portland cement (specific gravity of 

3615). Therefore, any replacement of cement by CKD on the basis of 

weight will increase the volume of the mix when compared with the control 

mix. It can be seen also that the specific surface of CKD is about          

RESULTS AND DISCUSSION  
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0114 (cm
7
/gm). This indicates that CKD samples contain more finer 

particles than the cement samples. It can be noticed that the general 

appearance of CKD is light brown in colour. The colour varies from patch 

to patch from the same source. 

 

7.6 Workability Test Results  
 

 The workability of concrete mixes used in this study was measured 

by slump test. The slump and W/C or W/C+CKD ratio for all mixes are 

shown in Tables (0-1) and (0-7). When CKD was used as cement 

replacement (series CRA and CRB), the W/C+CKD ratio was kept 

constant. While the W/C ratios were adjusted to have workable mixes with 

(2515mm) slump when CKD was used as a partial replacement of sand 

(series SRA and SRB). 

 

Table (7-4): Slump test results for concrete mixes when CKD is used as partial 
cement replacement. 

 

Mix Series Specimen mark W/C+CKD ratio Slump (mm) 

CRA 

CRA-4 4652 14 

CRA-14 4652 15 

CRA-74 4652 24 

CRA-34 4652 .5 

CRA-04 4652 .4 

CRA-54 4652 54 

CRB 

CRB-4 4601 24 

CRB-14 4601 .5 

CRB-74 4601 .5 

CRB-34 4601 .4 

CRB-04 4601 54 

CRB-54 4601 05 
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Table (7-5): Variations in the W/C ratios for concrete mixes when CKD is used as 
a percentage of sand. 

Mix Series Specimen mark W/C ratio Slump (mm) 

SRA 

SRA-4 4652 14 

SRA-14 4651 25 

SRA-74 4650 .5 

SRA-34 46.1 24 

SRA-04 46.0 25 

SRA-54 4624 .4 

SRB 

SRB-4 4601 24 

SRB-14 4600 .4 

SRB-74 4657 15 

SRB-34 4650 25 

SRB-04 4651 .4 

SRB-54 46.3 14 
 

 For cement mortar, the flow table test was adopted for measuring 

the workability of the mixes. The W/C+CKD ratio was kept constant in 

cement replacement which were 4653 and 4607 in series CRL and CRM 

respectively. For sand replacement (series SRL and SRM), the W/C ratios 

were adjusted to maintain a flow of (14414) percent. 

 From Table (0-1), it can be seen that the workability of concrete or 

mortar mixes is slightly affected when CKD is used as cement   

replacement. 

 The results indicate also that when CKD is used as partial 

substitution of sand, the water demand to produce the same workability is a 

function of the percentage of CKD used and increases with the increase in 

CKD content. It can be noticed that with up to 74 % of CKD used as sand 

replacement, the water demand is slightly higher than that of the control 

mix. Such demand increases rapidly when more than 74 % of CKD is used. 

This increase could be due to the increase in the proportion of the fine 

particles in the modified mixes 
(02)

. However, excessive quantities of fine 

dust causes an increase in the surface area of the particles which will result 

in an increase in the amount of water required to wet the particles 
(30)

. 
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7.7 Compressive Strength Test Results 
 

7.7.4 Compressive Strength of Concrete  

 The compressive strength for both cement and sand replacement by 

CKD of concrete specimens at 2, 71, 04 and 114 days age are discussed in 

the following sections. 

 

7.7.4.4 Replacing Cement by CKD 

 Table (0-3) and Figs (0-1) and (0-7) show the effect of replacing 

cement by CKD on the compressive strength of series CRA and CRB. The 

results show that replacing cement by CKD reduces the compressive 

strength of concrete samples, especially at high values of replacement. Up 

to 141 of CKD replacement, the reduction in the  71 days compressive 

strength was about 160 and 061 percent in series CRA and CRB 

respectively. 

 

Table (7-6): Compressive strength test results of concrete when CKD is used as    
a partial replacement of cement. 

 

Mix Series 
Specimen 

mark 

Compressive strength (MPa) 

2 days 52 days 23 days 423 days 

CRA 

CRA-4 10670 71611 35614 32624 

CRA-14 12627 75625 33615 3.621 

CRA-74 1.601 71631 7063. 30654 

CRA-34 15644 1067. 7260. 31611 

CRA-04 176.7 12615 73601 70604 

CRA-54 11622 15643 10633 71651 

CRB 

CRB-4 70625 30670 04607 30674 

CRB-14 71604 34611 32621 30615 

CRB-74 71630 70617 3.610 32645 

CRB-34 12654 77601 70604 30633 

CRB-04 1.615 77644 72674 34614 

CRB-54 10620 10613 7061. 7.641 
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Fig.(7-4): Effect of replacing cement by CKD on the compressive strength of 
concrete (series CRA). 

 

0 10 20 30 40 50 60

CKD %

5

10

15

20

25

30

35

40

45

C
o

m
p

re
ss

iv
e 

st
re

n
g

th
 (

M
P

a
)

    7 days

  28 days

  90 days

180 days

 

Fig.(7-5): Effect of replacing cement by CKD on the compressive strength of 
concrete (series CRB). 

 



Chapter Four  Results and Discussion 

65 

 This reduction in compressive strength can be attributed to the 

reduction in the cement content of the mix, which is mainly responsible for 

the strength development. In addition, the presence of chloride in CKD 

may cause a sort of crystallization of hydration products which results in an 

opening of the pore system of the hardened gel structure leading to a 

reduction in strength 
(00)

. However, the chloride ions of CKD have  a role in 

chemical reactions similar to that of sulphate ions and yield               

chloro-aluminate hydrate 3CaO.Al7O3.CaCl7.17H7O which is identical to 

3CaO.Al7O3.CaSO0.17H7O 
(00)

. It was reported also that the presence of 

significant amounts of alkalis makes the structure of the hydration products 

of cement  hetrogeneous and lowers the strength 
(21)

. 

 The compressive strength development with time for up to . months 

is shown in Figs (0-3) and (0-0). It can be noticed that the percentage of 

strength reduction decreases with age especially that of 14 and 74 percent 

of CKD replacement. This is due to the presence of some cementitious 

compounds in CKD, which causes the increase in the amount of hydration 

products. Also, the accumulation in these products with time closes the 

available pore space which leads to decrease the total porosity and, finally, 

increase the compressive strength with age 
(00)

. At the same time, 

compounds of CKD that are not cementitious, will react with cement 

hydration products to form cementitious compounds 
(.4)

. 
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Fig.(7-6): Concrete compressive strength development for various percentages of 
cement replaced by CKD (series CRA). 

 

 

 

 

 

 

 

 

 

 

 

Fig.(7-7): Concrete compressive strength development for various percentages of 
cement replaced by CKD (series CRB). 
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7.7.4.5  Replacing Sand by CKD 

 The compressive strength data obtained from replacing sand by CKD 

of series SRA and SRB are shown in Table (0-0) and plotted in Figs.(0-5) 

and (0-.). 

 

Table (7-7): Compressive strength test results of concrete when CKD is used as    
a partial replacement of sand. 

 

Mix Series Specimen 

mark 

Compressive strength (MPa) 

2 days 52 days 23 days 423 days 

SRA 

SRA-4 10670 71611 35614 32624 

SRA-14 7763. 71601 32651 31604 

SRA-74 70674 3463. 31644 01600 

SRA-34 77614 7.621 316.1 35674 

SRA-04 74611 75651 70601 316.1 

SRA-54 116.7 70644 7.601 75614 

SRB 

SRB-4 70625 30670 04607 30674 

SRB-14 77641 37600 30611 01612 

SRB-74 73.04 34614 31650 306.0 

SRB-34 71615 71621 306.4 326.0 

SRB-04 74601 72631 31655 31600 

SRB-54 106.4 70613 72641 71631 

 

Fig.(0-5) shows an improvement in the compressive strength as 

CKD percentage is increased, especially at the early ages (2 days). 

Generally, beyond 741 CKD replacement by sand, the strength at all ages 

started to decrease. However, the best strength has been achieved at series 

SRA which has 741 of CKD. At this level, the increase in compressive 

strength is 7565 and 1 percent for 2 and 71 days respectively. 
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Fig.(7-8): Effect of replacing sand by CKD on the compressive strength of concrete 
(series SRA). 

 

 For series SRB, Fig.(0-.) shows  that the compressive strength 

decreases with the increase in CKD content. In general, the strength started 

decreasing rapidly above the level of  741 of CKD. 

 

 

 

 

 

 

 

 

 

Fig.(7-9):  Effect of replacing sand by CKD on the compressive strength of 
concrete (series SRB). 
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 In series SRA, the increase in compressive strength is probably due 

to the filler effect of fine materials in CKD. However, the addition of fine 

materials as an admixture by replacing equal quantities of fine aggregate, 

increases the compressive strength of concrete, especially at the early     

ages 
(.117)

. 

       The development of compressive strength with time is shown in 

Figs.(0-2) and (0-1). Up to 041 CKD replacement in series SRA, the 

compressive strength at 2 days is higher than that of the control concrete 

(mix SRA-4),see Fig.(0-2). Also, with 34 and 04 percent of CKD in this 

series, an increase in compressive strength of 1165 and 1 percent 

respectively more than that of the control mix is observed, although the 

W/C ratio of these mixes is increased to obtain a workable mix. Since the 

increase in W/C ratio leads to decrease compressive strength, one would 

expect that the compressive strengths of concrete at these levels of 

replacement are  less than that of the control mix. But, the results show that 

the strength increases even at 041 of CKD. This may be attributed to the 

acceleration effect of CKD with alkalies, sulphates and chlorides which 

compensate the strength reduction due to the increase in W/C ratio. At the 

age of 71 days and beyond, the compressive strength  for mixes with 34, 04 

and 54 percent of CKD is lower than that of the control mix as shown in 

Fig.(0-2). However, at 14 and 74 percent, the compressive strength is 

higher than that of the control mix at all ages. 

 For series SRB, Fig.(0-1) shows that up to 141 of CKD replacement, 

the compressive strength is generally comparable to or lower than that of 

the control mix, except for the age of 114 days.  
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Fig.(7-2):  Concrete compressive strength development for mixes of partial sand 
replacement by CKD (series SRA). 

 

 

 

 

 

 

 

 

 

 

Fig.(7-2):  Concrete compressive strength development for mixes of partial sand 
replacement by CKD (series SRB). 
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 It can be stated that, at larger contents of CKD, the loss in 

compressive strength is due to presence of the fine material of CKD which 

causes a consequent increase in the water demand. From Table (0-7), when 

CKD is used as sand replacement, the water demand to maintain the same 

workability has increased rapidly. However, fine dust should not be 

presented in excessive quantities because, owing to their fineness and 

therefore large surface area, fine dust increases the amount of water 

necessary to wet all the particles in the mix and then, a reduction in 

strength will result 
(30)

. Also, the presence of alkalies and sulphates in CKD 

may have a role in the decrease of concrete strength. 

 It can be seen from Table (0-7) that the water content of mixes was 

adjusted to produce workable mixes when CKD was used as a percentage 

of sand. However, at 541 of CKD replacement in series SRA, the decrease 

in 71 days compressive strength of concrete is 101,  whereas at this level of 

replacement, a significant decrease in compressive strength, which is about 

371, has been reported by Al-Zubaidy et al. 
(54)

. 

 Hence, the difference between the results of this study and that 

obtained by Al-Zubaidy et al. may be because they used a constant W/C 

ratio for all levels of replacement even at the total replacement of sand. 

Therefore, the mixes became very stiff and then a significant reduction in 

strength may have occurred due to the lack of compaction of the mixes. 

 It can be noticed also that the effect of replacing sand by CKD on the 

compressive strength is more pronounced in relatively lean mixes (series 

SRA) than in rich mixes (series SRB). See Figs.(0-5) and (0-.). For 

example, the 2 days compressive strength of concrete containing 741 of 

CKD (series SRA) exceeded that of the control concrete by about 75651, 

while about 5651 reduction in series SRB. Also, the 2 days compressive 

strength of concrete containing 54 % of CKD decreased by about 3671 in 

series SRA, while about 74611 in series SRB. This variation in strength is 
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due to the presence of CKD which may fill the pores of lean concrete 

mixes. But for rich mixes, in which the cement paste as a fine material has 

filled most of the pores of concrete, CKD will not help in increasing the 

strength, but above a certain limit, will cause  a reduction in strength. In 

addition, the fine materials can be beneficial for lean concretes probably 

because of its ability to modify the structure of the cement paste, but it has 

a little effect in concretes which are relatively rich in cement 
(., 03)

. 

 The development of compressive strength of concrete with respect to 

71-day strength for series SRA and SRB is shown in Figs (0-0) and (0-14). 

At 2 days, it can be noticed that replacing 74 and 34 percent of sand by 

CKD in series SRA develops 14 to 1. percent of the 71 days strength, 

compared to about .165 percent for the control mix. This trend is not 

evident in series SRB. However, Fig.(0-0) shows that most of the 

compressive strength is gained in 2 days, while the 04 days strength did not 

show a significant strength development rate as that of 2 days. 

 

 

 

 

 

 

 

 

 

 

Fig.(7-2):  Compressive strength development of concrete with respect to 71-day 
strength for various percentages of sand replacement by CKD (series 
SRA). 
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Fig.(7-43): Compressive strength development of concrete with respect to 71-day 
strength for various percentages of sand replacement by CKD (series 
SRB). 

 

 The contribution to the strength increase in 2 days may be due to the 

presence of alkalies in CKD, which increases the rate of cement hydration 

at early ages 
(21)

. Also, when the fine materials are used in the mix, the gain 

of concrete strength especially at early age can be attributed to the 

accelerated hydration of cement paste and to the filler effect of these 

materials 
(07, 27)

. 

 

7.7.5 Mortar Compressive Strength 

 The compressive strength of mortar  for both cement and sand 

replacement by CKD at the ages of 2, 71 and 04 days are discussed in the 

following sections. 
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7.7.5.4 Effect of Cement Replacement by CKD on the Compressive 
Strength of Mortar 

 

The results of the compressive strength up to an age of 04 days for 

series CRL and CRM are presented in Table (0-5) and Figs.(0-11) and      

(0-17).  

 

Table (7-8): Influence of replacing cement and sand by CKD on the mortar 
compressive strength. 

 

 

Mix Series 
Specimen 

mark 

Compressive strength (MPa) 

2 days 52 days 23 days 

R
ep

la
ci

n
g

 c
em

en
t 

b
y

 C
K

D
 

CRL 

CRL-4 7265. 35611 01621 

CRL-14 70604 33674 306.5 

CRL-74 73620 34620 31604 

CRL-34 1.610 71644 35611 

CRL-04 17604 11625 75652 

CRM 

CRM-4 37604 306.4 00620 

CRM-14 34674 31675 04640 

CRM-74 72603 3.654 30673 

CRM-34 7.673 37612 30612 

CRM-04 74675 70630 70624 

R
ep

la
ci

n
g

 s
an

d
 b

y
 C

K
D

 

SRL 

SRL-4 7265. 35611 01621 

SRL-14 31670 30603 01640 

SRL-74 31602 32652 0.654 

SRL-34 70622 37673 3.6.1 

SRL-04 75652 71614 70613 

SRM 

SRM-4 37604 306.4 00620 

SRM-14 34603 07644 056.4 

SRM-74 34612 04602 01611 

SRM-34 71644 356.4 3264. 

SRM-04 77.24 71640 72633 
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Fig.(7-44): Relationship between the compressive strength of mortar mixes (series 
CRL) and percentages of partial replacement of cement by CKD. 

 

 

 

 

 

 

 

 

 

 

Fig.(7-45): Relationship between the compressive strength of mortar mixes (series 
CRM) and percentages of partial replacement of cement by CKD. 
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The results have shown that the presence of CKD as cement 

replacement in mortar leads to reduce the compressive strength and this 

reduction is more pronounced when the cement replacement amount is 

increased. This may be attributed to the decrease in cement content of the 

mix and also due to the adverse effect of alkalies, sulphates and chlorides 

which are present in the dust. It may be noticed that there is no significant 

change in the compressive strength when up to 741 of cement is replaced 

by CKD.  

The results of compressive strength as a function of curing time are 

plotted in Figs.(0-13) and (0-10). It can be observed that the compressive 

strength develops with curing time for all hardened samples. This 

development may be due to the presence of cementitious materials in CKD 

composition which leads to the formation and accumulation of hydration 

products with age. 

 

 

 

 

 

 

 

 

 

Fig.(7-46): Development of compressive strength versus curing age for mortars 
containing varying proportions of CKD as percentage of cement (series 
CRL). 
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Fig.(7-47): Development of compressive strength versus curing age for mortars 
containing varying proportions of CKD as percentage of cement (series 
CRM). 

 

7.7.5.5  Effect of Sand Replacement by CKD on the Mortar Compressive 
Strength 

 

 The effect of CKD as partial replacement for sand on the mortar 
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SRM. Details of the results are shown in Table (0-5) and Figs.(0-15) and 

(0-1.). 

 Fig.(0-15) shows that the presence of CKD  in the mortar has shown 

an increase in compressive strength up to a certain percentage, and then the 

strength reduces as CKD percentage increases. The best strength has been 

achieved at 2 days for series SRL which contains 741 of CKD. The 

compressive strength at this level is 1.1 more than that of the control mix. 

At 71 and 04 days less enhancement in strength is observed. 

 

0 14 28 42 56 70 84 98

Age, days

10

15

20

25

30

35

40

45

50

C
o

m
p

r
es

si
v

e 
st

re
n

g
th

 (
M

P
a

)

 CRM-0

CRM-10

CRM-20

CRM-30

CRM-40



Chapter Four  Results and Discussion 

78 

 

 

 

 

 

 

 

 

 

Fig.(7-48): Influence of replacing sand by CKD on the compressive strength of 
mortar (series SRL). 

 

 

 

 

 

 

 

 

 

 

 

Fig.(7-49): Influence of replacing sand by CKD on the compressive strength of 
mortar (series SRM). 
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 For series SRM, the results of 2 days strength have shown that the 

presence of CKD is slightly reducing the strength  of mortar up to 141 of 

CKD replacement, while some enhancement in strengths are observed in 

71 and 04 days. See Fig.(0-1.). 

 The compressive strength development with time up to 04 days is 

shown in Figs.(0-12) and (0-11). It is clear from Fig.(0-12) that the mortar 

specimens having CKD of 14, 74 and 34 percent have shown a 

compressive strength more than that of the control mix at 2 days. In 

addition, the strength of specimens having up to 741 of CKD is higher than 

that of the control mix at all ages. 

 

 

 

 

 

 

 

 

 

 

 

Fig.(7-42): Development of compressive strength versus curing time for mortars 
containing varying proportions of CKD as percentage of sand (series 
SRL). 
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Fig.(7-42): Development of compressive strength versus curing time for mortars 
containing varying proportions of CKD as percentage of sand (series 
SRM). 

 

 From Fig.(0-11), generally, it can be observed that the compressive 

strength values increase with time, especially for a level of 141 of CKD. 

But, the mortar mix containing 041 of CKD does not develop strength even  

after longer curing periods. 

 The development of compressive strength with respect to 71-day 

strength is plotted in Figs.(0-10) and (0-74). At 2 days, it is found from 

Fig.(0-10) that replacing  74 and 34 percent of sand by CKD develops 15 

to 07 percent of the 71-day strength, compared to about 21 percent for the 

control mix. This means that most of compressive strength is gained in 2 

days. From Fig.(0-74), this gain in strength is not evident. 
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Fig.(7-42): Compressive strength development of mortar with respect to 71-day 
strength for various percentages of sand replacement by CKD (series 
SRL). 

 

 

 

 

 

 

 

 

 

 

Fig.(7-53): Compressive strength development of mortar with respect to 71-day 
strength for various percentages of sand replacement by CKD (series 
SRM). 
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7.8 Modulus of Rupture Test Resutls  
 

 The modulus of rupture of concrete was determined after 71 and 04 

days of moist curing. The results of all mixes are presented in Table (0-.). 

 

Table (7-9): Modulus of rupture of concrete when CKD  is used as partial  cement 
and sand replacement.  

 

Mix Series 
Specimen 

mark 

Modulus of rupture (MPa) 

52 days 23 days 

R
ep

la
ci

n
g

 c
em

en
t 

b
y

 C
K

D
 

CRA 

CRA-4 3603 0672 

CRA-14 3614 0617 

CRA-74 3647 3627 

CRA-34 760. 7620 

CRA-04 7640 7652 

CRA-54 1620 7643 

CRB 

CRB-4 3601 0623 

CRB-14 3654 0650 

CRB-74 3613 3604 

CRB-34 7650 760. 

CRB-04 7601 762. 

CRB-54 1605 7604 

R
ep

la
ci

n
g

 s
an

d
 b

y
 C

K
D

 

SRA 

SRA-4 3603 0672 

SRA-14 36.3 06.7 

SRA-74 3624 0654 

SRA-34 3617 360. 

SRA-04 7615 3614 

SRA-54 76.0 7622 

SRB 

SRB-4 3601 0623 

SRB-14 36.4 0653 

SRB-74 3653 0613 

SRB-34 760. 3614 

SRB-04 7627 3642 

SRB-54 76.4 7651 
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 The effect of CKD on the modulus of rupture is found to be 

somewhat similar to that of compressive strength. For mixes with cement 

partially replaced by CKD (series CRA and CRB), Figs.(0-71) and (0-77) 

show that the modulus of rupture of concrete decreases with the increase of 

CKD content, especially with a high value of substitution. Up to 141, this 

decrease is slightly lower than that of the control mix. However, the 

modulus of rupture decreases rapidly, especially at 04 days, when more 

than 741 of CKD as cement replacement is added. For example, the 04 

days modulus of rupture in series CRA decreased from 13 to 35 percent 

when the partial replacement ratio was increased from 74 to 34 percent. 

 

 

 

 

 

 

 

 

 

 

Fig.(7-54): Influence of replacing cement by CKD on the modulus of rupture of 
concrete (series CRA). 
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Fig.(7-55): Influence of replacing cement by CKD on the modulus of rupture of 
concrete (series CRB). 
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reduced the modulus of rupture in series SRB. See Fig.(0-70). 
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Fig.(7-56): Relationship between the modulus of rupture of concrete (series SRA) 
and the percentages of partial replacement of sand by CKD. 

 

 

 

 

 

 

 

 

 

 

 

Fig.(7-57): Relationship between the modulus of rupture of concrete (series SRB) 
and the percentages of partial replacement of sand by CKD. 
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7.9 Splitting Tensile Strength Test Results 
 

 The influence of replacing cement and sand partially by CKD on the 

splitting tensile strength is presented in Table (0-2). The splitting tensile 

strength results show trends similar to that observed in the modulus of 

rupture of the corresponding concretes. It is found, from Figs.(0-75) and   

(0-7.) that replacement of cement by CKD reduces the splitting tensile 

strength of concrete. This reduction is more pronounced at larger contents 

of CKD. 

 

Table (7-2): Effect of replacing cement and sand by CKD on the splitting tensile 
strength of concrete.  

Mix Series 
Specimen 

mark 

Splitting tensile strength (MPa) 

52 days 23 days 

R
ep

la
ci

n
g

 c
em

en
t 

b
y

 C
K

D
 

CRA 

CRA-4 76.4 3611 

CRA-14 7605 7615 

CRA-74 7614 7627 

CRA-34 1614 7673 

CRA-04 1657 1624 

CRA-54 167. 1637 

CRB 

CRB-4 7611 3632 

CRB-14 7622 3634 

CRB-74 7605 761. 

CRB-34 7611 7623 

CRB-04 16.5 1614 

CRB-54 1654 1621 

R
ep

la
ci

n
g

 s
an

d
 b

y
 C

K
D

 

SRA 

SRA-4 76.4 3611 

SRA-14 76.3 3612 

SRA-74 7611 3677 

SRA-34 7604 7620 

SRA-04 767. 7633 

SRA-54 7644 7615 

SRB 

SRB-4 7611 3632 

SRB-14 76.2 3635 

SRB-74 7651 3610 

SRB-34 7634 76.3 

SRB-04 7615 7634 

SRB-54 1614 1615 
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Fig.(7-58): Influence of cement replacement by CKD on the splitting tensile 
strength of concrete (series CRA). 

 

 

 

 

 

 

 

 

 

 

Fig.(7-59): Influence of cement replacement by CKD on the splitting tensile 
strength of concrete (series CRB). 
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 From Fig.(0-72), it has been found that the splitting tensile  strength 

is improved when 14 and 74 percent of sand are replaced by CKD.       

Fig.(0-71) indicates that the splitting tensile strength decreases with the 

addition of CKD. This decrease depends on the percentage of sand that is 

replaced by CKD. 

 It can be stated that, at high levels of both cement and sand 

replacement, the decrease is more pronounced in the tensile strength than in 

compressive strength of the corresponding concrete, especially at the age of 

04 days. Generally, from a previous study, similar results are reported by 

Shoaib et al. 
(00)

. They noticed that the use of large percentages of CKD 

show a gradual decrease in the splitting tensile strength of concrete 

samples. Also, they reported that this decrease can be attributed to the 

increasing CKD content which does not offer good bond between 

aggregate and cement paste. 

 It is reported that, as significant percentages of alkalies in the mix are 

present, the structure of cement paste becomes hetrogeneous and a 

reduction in strength will result 
(21)

. Since the bond between aggregate and 

cement is affected by the chemical and structural composition of cement 

paste 
(23)

; therefore, the presence of large amounts of CKD which is rich in 

alkalies content, furtherly reduces tensile strength as well as compressive 

strength through the reduction in bond strength. 

 

 

 

 

 



Chapter Four  Results and Discussion 

89 

 

 

 

 

 

 

 

 

 

Fig.(7-52): Influence of sand replacement by CKD on the splitting tensile strength 
of concrete (series SRA). 

 

 

 

 

 

 

 

 

 

 

Fig.(7-52): Influence of sand replacement by CKD on the splitting tensile strength 
of concrete (series SRB). 
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7.2  Density Test Results  
 

 The 71 days concrete density for both cement and sand replacement 

are presented in Figs.(0-70) and (0-34). Except for 14 and 74 percent of 

sand replacement, the results show that the density of mixes decreases with 

the increase in the percentage of CKD. The reason of this decrease is that 

CKD has relatively lower specific gravity. Therefore, replacement of CKD, 

especially on the basis of weight, will decrease the density of the mixes 

when compared with the control mix. It can be observed also that in rich 

mixes (series CRB and SRB) when above 341 of CKD is used, the 

reduction in the density is lower than that in relatively lean mixes (series 

CRA and SRA). 

 

 

 

 

 

 

 

 

 

 

Fig.(7-52): Effect of replacing cement by CKD on the 71 days concrete density. 
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Fig.(7-63): Effect of replacing sand by CKD on the 71 days concrete density. 
 

Figs.(0-31) and (0-37) present the relationship between the compressive 

strength of concrete samples and the density at 71 days for all series. An 

empirical formula for this relationship can be developed as follows: 

For series CRA and CRB: 

0073.0710619.7 eFcu
                                               …………(061) 

For series SRA and  SRB: 

 0035.00072.0 eFcu                                                    …………(067) 

where: 

Fcu = compressive strength of 154 mm concrete cube, MPa. 

   = concrete density, kg/m
3
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Fig.(7-64): Relationship between the compressive strength of concrete and the 

density at 71 days for various percentages of CKD as cement 
replacement. 
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Fig.(7-65): Relationship between the compressive strength of concrete and the 
density at 71 days for various percentages of CKD as sand 
replacement. 

 

0073.0710619.7 eFcu
  

   R = 46051 

0035.00072.0 eFcu   

 R    = 46110 



Chapter Four  Results and Discussion 

93 

061 Ultrasonic Pulse Velocity Test Results  
 

  The ultrasonic pulse velocity of the concrete specimens was 

determined before finding the compressive strength by the destructive 

method. This test is a particularly suitable way to measure the quality of a 

concrete structure 
(20)

. The measured pulse velocity of concrete can be 

affected by many factors, including smoothness of concrete surface, 

temperature of concrete, moisture conditions, age of the specimen and 

presence of reinforcement 
(2512.)

. Generally, high pulse velocity readings are 

indications of good quality concrete. The ranges of pulse velocity of 

different concrete qualities are shown in Table (0-1). 

 

 

Table (7-2): Pulse velocity ranges for concrete (22). 

Pulse velocity (km/sec.) Concrete quality 

Above 0651 

 36.. - 0651 

 3645 - 36.. 

 7610 - 3645 

 Below 7610 

Excellent  

Good 

Questionable 

Poor 

Very poor 

 

  In this study,the values of pulse velocity with the addition of CKD 

as cement and sand replacement are shown in Table (0-0). Generally, it is 

found that the presence of CKD as cement replacement in the concrete 

mixes (series CRA and CRB) gives a reduction in the pulse velocity. See 

Figs.(0-33) and (0-30). This reduction in pulse velocity reflects the 

decrease in compressive and tensile strengths as well as the density of the 
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mixes. It is also noticed that the concrete containing up to 141 of CKD as 

cement replacement shows a slight decrease in the pulse velocity. 

 The effect of replacing sand by CKD on the pulse velocity is shown 

in Figs.(0-35) and (0-3.). It can be noticed from Fig.(0-35) that the 

presence of up to 74 % of CKD in series SRA as sand replacement gives an 

increase in the ultrasonic pulse velocity of the concrete specimens which 

were tested at the age of 2 days. This increase in pulse velocity is an 

indication to the ability of CKD to accelerate the hydration of cement paste 

at early ages. 

 In general, it is found from Fig.(0-3.) that the presence of CKD as 

sand replacement in series SRB gives losses in pulse velocity. This means 

that richness of the mix yields differences in the effect of CKD on the 

ultrasonic pulse velocity. 
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Table (7-2): Ultrasonic pulse velocity of concrete with additions of CKD as partial 
replacement of cement and sand.  

 

Mix Series 
Specimen 

mark 

Ultrasonic pulse velocity (km/sec) 

2 days 52 days 23 days 

R
ep

la
ci

n
g

 c
em

en
t 

b
y

 C
K

D
 

CRA 

CRA-4 06313 06.04 062.2 

CRA-14 06711 06037 06214 

CRA-74 06107 063.4 06511 

CRA-34 06414 06104 06374 

CRA-04 36134 36054 063.4 

CRA-54 36214 361.4 06154 

CRB 

CRB-4 0651. 06201 06174 

CRB-14 06357 06024 06214 

CRB-74 06327 06014 06511 

CRB-34 06715 063.1 06054 

CRB-04 06144 06154 06011 

CRB-54 36114 06144 06114 

R
ep

la
ci

n
g

 s
an

d
 b

y
 C

K
D

 

SRA 

SRA-4 06313 06.04 062.2 

SRA-14 06514 06.51 06114 

SRA-74 06.44 06234 06224 

SRA-34 063.4 06503 06.04 

SRA-04 06704 060.4 06531 

SRA-54 0671. 06712 06014 

SRB 

SRB-4 0651. 06201 06174 

SRB-14 06574 0627. 0.1.1 

SRB-74 06014 06.24 06204 

SRB-34 06054 06514 06.04 

SRB-04 06707 06051 065.4 

SRB-54 06341 06014 06032 
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Fig.(7-66): Ultrasonic pulse velocity of concrete versus additions of different 
percentages of CKD as cement replacement (series CRA). 

 

 

 

 

 

 

 

 

 

 

 

Fig.(7-67): Ultrasonic pulse velocity of concrete versus additions of different 
percentages of CKD as cement replacement (series CRB). 
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Fig.(7-68): Ultrasonic pulse velocity of concrete with additions of CKD as 
percentages of  sand (series SRA). 

 

 

 

 

 

 

 

 

 

 

 

Fig.(7-69): Ultrasonic pulse velocity of concrete with additions of CKD as 
percentages of  sand (series SRB). 
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 Figs.(0-32) and (0-31) show the relationship between compressive  

strength of concrete and pulse velocity for ages from 2 to 04 days. In 

general, the increase in compressive strength leads to increase the pulse 

velocity. This is also true for concrete mixes containing CKD. However, an 

empirical formula can be suggested for this work: 

For series CRA and CRB: 

 V
cu eF 052.1239.0                                                       …………(0-3) 

For series SRA and  SRB: 

  V
cu eF 114.1179.0                                                       …..…….(0-0) 

where:  

Fcu = compressive strength of 154 mm concrete cube, MPa. 

V   = ultrasonic pulse velocity of concrete, km/sec. 
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Fig.(7-62): Relationship between the ultrasonic pulse velocity and compressive 
strength of concrete for different ages and percentages of CKD as 
cement replacement (series CRA and CRB). 

V
cu eF 052.1239.0  

 R    = 46037 
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Fig.(7-62): Relationship between the ultrasonic pulse velocity and compressive 
strength of concrete for different ages and percentages of CKD as 
sand replacement (series SRA and SRB). 

 

7.2 Drying Shrinkage Test Results 

 Drying shrinkage strains of mortar samples containing cement and 

sand replacement by CKD were measured for a period of 114 days after an 

initial curing of 2 days in water. 

 The results of drying shrinkage tests for replacing cement and sand 

by CKD are presented in Table (0-14) which shows that shrinkage strains 

increase with increasing the amount of replacement by CKD. In general, 

CKD shows no significant effect on the shrinkage strains when it is used as 

cement replacement, see Fig.(0-30). At high levels of replacement (mix 

CRL-04), the shrinkage after 114 days is only 151 more than that of the 

control mix (CRL-4). Fig.(0-30) also shows high shrinkage at early age of 

drying due to rapid loss of moisture from the surface of specimens. At later 

ages, the increase in the shrinkage is reduced with time depending on the 

moisture movement of specimens. 

V
cu eF 114.1179.0  

 R    = 46101 
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Table (7-43):  Effect of replacing cement and sand by CKD on drying shrinkage 
strain of mortar specimens.  

Mix Series 
Specimen 

mark 

Drying shrinkage strain  43-9
 

47  

days 

53 

days 

52 

days 

93 

days 

23 

days 

453 

days 

423 

days 

R
ep

la
ci

n
g

 

ce
m

en
t 

b
y

 C
K

D
 

CRL 

CRL-4 733 321 052 502 .05 .05 214 

CRL-14 152 7.0 01. .3. .53 210 11. 

CRL-74 1.2 347 004 .51 .05 20. 111 

CRL-34 103 017 552 240 233 145 101 

CRL-04 307 552 .01 2.4 177 1.1 077 

R
ep

la
ci

n
g

  

sa
n
d

  
b
y

 C
K

D
 

SRL 

SRL-4 733 321 052 502 .05 .05 214 

SRL-14 720 002 527 2.2 201 154 150 

SRL-74 351 .11 214 074 012 114. 1125 

SRL-34 301 255 011 1401 11.3 1711 1074 

SRL-04 3.2 21. 1404 1101 1755 1314 1002 
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Fig.(7-62): Drying shrinkage strains versus age for mortar containing different 
percentages of CKD as cement replacement (series CRL). 
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Fig.(7-73): Drying shrinkage strains versus age for mortar containing different 
percentages of CKD as sand replacement (series SRL). 

 

 The effect of CKD on shrinkage is more pronounced when it is used 

as sand replacement, see Fig.(0-04). This effect is particularly significant 

for mortars containing more than 141 of CKD. For  example, after 114 

days, the shrinkage of mortar specimens at the 141 CKD replacement of 

sand exceeds that of the control mix by about 141 as compared with about 

511 at the 741 replacement. 

 This increase can be attributed to the nature of the fine material 

which increases the shrinkage. Also, replacement of sand by CKD leads to 

decrease the sand content in the mix, which is mainly responsible for 

restraining shrinkage. On the other hand, the greater water demand for a 

given workability when CKD is used as sand replacement leads to greater 

shrinkage, especially at the higher contents of CKD. 
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7.43 Expansion Test Results 
 

 Expansion strain data for both cement and sand replacement by CKD 

are summerized in Table (0-11). Expansion specimens were exposed to wet 

conditions for a period of 114 days. 

 It is found that the expansion of mortar specimens containing 141 of 

CKD in cement and sand replacement is slightly more than that of the 

control mixes. See Figs.(0-01) and (0-07). However, the expansion 

increases significantly with the additions of higher percentages of CKD. 

For replacing cement by CKD, the increase in expansion after 04 days 

ranges from about 751 at the 141 CKD replacement level to about 531 at 

the 741 replacement level. 

 For replacing sand by CKD, the results also show that the expansion 

after 04 days of specimens containing 14 and 74 percent of CKD (mix  

SRL-14 and SRL-74) are about 3. and 21 percent respectively more than 

that of the control mix (mix SRL-4), and more than twice the value of the 

control mix for 341 CKD replacement. Since CKD is rich in sulphate and 

alkali contents, it is possible that its presence in high levels may lead to the 

formation of large amounts of hydration products which lead to a 

considerable expansion of specimens. However, the effect of CKD as sand 

replacement on expansion is found to be somewhat similar to that on 

shrinkage. 
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Table (7-44): Expansion of mortar specimens when CKD is used as partial cement 
and sand replacement.   

 

Mix 

Series 

Specimen 

mark 

Expansion strain  43-9
 

6 

days 

2 

days 

47 

days 

53 

days 

52 

days 

93 

days 

23 

days 

453 

days 

423 

days 

R
ep

la
ci

n
g

 c
em

en
t 

b
y

 C
K

D
 

CRL 

CRL-4 140 134 10. 745 710 731 707 730 710 

CRL-14 14. 115 1.5 104 105 344 342 700 711 

CRL-74 11. 1.5 711 733 701 371 324 043 011 

CRL-34 172 1.1 754 755 701 017 014 501 5.4 

CRL-04 13. 151 7.1 330 3.5 072 50. .30 .12 

R
ep

la
ci

n
g

 s
an

d
  
b
y

 C
K

D
 

SRL 

SRL-4 140 134 10. 745 710 731 707 730 710 

SRL-14 134 121 734 753 7.1 334 30. 322 014 

SRL-74 107 104 750 720 315 043 033  002 051 

SRL-34 1.0 724 330 325 00. .75 ..1 .15 203 

SRL-04 121 345 320 031 54. ..4 .25 243 110 
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Fig.(7-74): Expansion strains of mortar versus curing time when CKD is used as 
cement replacement (series CRL). 
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Fig.(7-75): Expansion strains of mortar versus curing time when CKD is used as 
sand replacement (series SRL).  
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1.5 Conclusions 
 

 Based on the results of the experimental work of this study, the 

following conclusions can be drawn. 

1.5.5 Workability 

1. The workability of concrete or mortar mixes is slightly affected when 

CKD is used as a partial cement substitution.   

2. For the partial substitution of sand by CKD, the water demand to 

produce the same workability increases with the increase in CKD 

content. Up to 202 of CKD, the water demand is slightly higher than 

that of the control mix. 

1.5.7 Compressive Strength 

1. Replacement of cement by CKD has resulted in decreasing the 

compressive strength of concrete. Up to 102 of cement replacement, 

the magnitude of strength reduction at 22 days is about 2 and 10 

percent for 1:2:4 and 1:1.5:3 mixes respectively. 

2. The presence of CKD as partial substitution of cement leads to 

reduce the compressive strength of mortar. At 22 days, the strength 

CONCLUSIONS AND 

RECOMMENDATIONS 
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of mortar specimens with up to 102 of cement replacement reachs 

about %52 of the control mix strength for both 1:3 and 1:2 mixes. 

3. The presence of CKD as partial sand replacement in concrete 

increases the compressive strength of lean mixes. It was found that 

the best strength has been achieved in the mix of 1:2:4 with 202 of 

CKD. At this level, the increase in compressive strength is about 

25.5 and 2 percent at the ages of 7 and 22 days respectively. While 

in the rich mix (1:1.5:3), the presence of CKD as a partial 

substitution of sand leads to reduce the compressive strength, and 

this reduction is about 42 lower than that of the control mix when 

102 of CKD is used. This means that the compressive strength of 

concrete containing CKD as a partial replacement of sand is 

significantly affected by the mix proportions.    

4. The effect of replacing sand by CKD on the compressive strength of 

concrete mixes appears more clearly at the age of 7 days. It was 

found at this age that replacing 20 and 30 percent of sand by CKD in 

1:2:4 mix develops 20 to 26 percent of the 22 days strength, whereas  

it is about 62.5 percent for the control mix. 

5. The effect of CKD as a partial replacement of sand on the mortar has 

shown an increase in compressive strength up to 202 in mix 1:3, and 

up to 102 in mix 1:2. At 22 days, the best strength has been achieved 

at 102 of sand replacement by CKD. The compressive strength at 

this level is 13 and 7 percent more than that of the control mix in 1:3 

and 1:2 mix respectively. 

1.5.7 Tensile Strength 

1. The tensile strength of concrete measured by modulus of rupture and 

splitting tensile strength tests is lower than that of the control  mix 
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when CKD is used as a partial replacement of cement. The tensile 

strength reduction ranges from about 5.5 to 10 percent when 102 of 

CKD is used as partial cement replacement. But the addition of up to 

202 of CKD as sand replacement increases the tensile strength of 

relatively lean concrete (1:2:4 mix) by about 2.52 at the age of 22 

days. 

2. At high levels of both cement and sand replacement, the tensile 

strength of concrete containing CKD is more affected than 

compressive strength of the corresponding concrete, especially at the 

age of %0 days. 

1.5.7 Density and Ultrasonic Pulse Velocity 

1. The density of concrete specimens in both cement and sand 

replacement by CKD are generally found to decrease with the 

increase in the percentages of CKD. It was found that the density of 

specimens in cement and sand replacement ranges between (2226 to 

2403) and (2312 to 2403) kg/m
3  

respectively. 

2. The ultrasonic pulse velocity is affected by replacing cement by 

CKD. Generally, as the percentage of CKD increases, the concrete 

show decreasing in pulse velocity, reflecting the decrease in 

compressive strength, tensile strength as well as the density of the 

specimens. When CKD is used as partial sand replacement, it was 

found that the presence of up to 202 of CKD in 1:2:4 mix has shown 

an increase in the pulse velocity of the concrete samples. 

1.5.1  Drying Shrinkage and Expansion 

1. The presence of CKD shows no significant effect on shrinkage 

strains when it is used as cement replacement. At high levels of 

cement replacement (402 of CKD by weight of cement), the 
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shrinkage after 120 days is only 152 more than that of the control 

mix. But the effect of CKD on shrinkage is more pronounced when it 

is used as sand replacement. This effect is particularly significant for 

mortars containing more than 102 of CKD by weight of sand. 

2. The expansion of mortar specimens containing 102 of CKD as 

cement or sand replacement is slightly more than that of the control 

mix. But the expansion increases significantly with the presence of 

higher percentages of CKD. 

1.5.5 Optimum Percentages of CKD 

1. From the study reported here, it can be stated that ordinary Portland 

cement could be replaced by up to 102 of CKD in concrete and 

mortar mixes. At this level of replacement, CKD could be suitable 

for usage in concrete or mortar production and this can result in 

savings in construction costs. 

2. It was found also that the upper limit of replacing sand by CKD in 

lean mixes is not more than 20 percent in both concrete and mortar 

mixes. At this level, the concrete and mortar have a strength more 

than that of the control mixes. For the mixes which are rich in 

cement, the study has shown that there is little effect when using 

CKD as sand replacement. 
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1.7 Recommendations for Future Work 
  

 As there are limited data avilable for usage CKD in concrete, further 

investigations in the following fields are suggested. 

1.  Further studies are needed to evaluate some potential applications 

for the utilization of CKD in the cement industry, such as the ability 

of recycling CKD with cement raw materials. 

2.  The effect of CKD on the properties of concrete and mortar mixes 

using different curing conditions should be investigated. 

3.  Further research is required to investigate some other  properties of 

concrete containing CKD, such as creep, modulus of elasticity, 

absorption and thermal conductivity. 

4.  Further experimental work on long term durability is necessary to 

evaluate the performance of concrete and mortar incorporating CKD. 

The durability problems when using CKD may come from the fact 

that adverse reactions could result if alkalies, sulphates and chlorides 

contents in the mix are considerable. 

5. Data are needed to investigate the same problem using 

superplasticizers,especially when CKD is used as sand replacement. 
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Table (A-1): Physical properties of the cement 

Physical Properties Test results IOS 5: 1894
(61) Limits 

Fineness, Blaine, 

cm2/gm 

Setting time, Vicat’s 

method 

Initial hrs: min. 

Final hrs: min. 

Compressive strength 

of 7.07 mm cube, MPa 

3 days 

7 days 

3.6. 

 

 

 

4554 

3535 

 

 

22 

22 

 23.. 

 

 

 4: .. 

 4.: .. 

 

 

 45 

 23 
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A-2 

Table (A-2): Chemical composition of the cement 

Oxide (%) IOS 5: 1894
(61) Limits 

CaO 

SiO2 

Fe2O3 

Al2O3 

MgO 

SO3 

Free lime 

L.O.I. 

I.R. 

64026 

2.02. 

302. 

6042 

404. 

2033 

.076 

4075 

.064 

 

 

 

 

 50. 

 202 

 

 40. 

 405 

Compound composition  (%) IOS 5: 1894
(61) Limits 

C3S 

C2S 

C3A 

C4AF 

L.S.F. 

35022 

32056 

4.02. 

3073 

.022 

 

 

 

 

.066-40.2 
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A-3 

Table (A-3): Properties of the sand 

Sieve size (mm) Percent passing IOS 45: 1894
(62) Limits, Zone 3 

305 

4075 

2036 

4042 

.06 

.03 

.045 

4.. 

35 

33 

73 

64 

22 

. 

4.. 

3.-4.. 

25-4.. 

75-4.. 

6.-73 

42-4. 

.-4. 

Properties  Test results IOS 45 : 1894
(62) Limits 

Sulphate content, 

 SO3  (%) 

Specific gravity 

Absorption (%) 

.027 

 

206. 

406 

 .05 
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A-4 

Table (A-4): Properties of the gravel  

Sieve size (mm) Percent passing  IOS 45 : 1894 
(62) Limits 

3705 

2. 

305 

4075 

4.. 

4.. 

54 

4 

4.. 

35-4.. 

3.-6. 

.-4. 

Properties  Test results  IOS 45: 1894 
(62) Limits  

Sulphate content,  

SO3 (%) 

Specific gravity  

Absorption (%) 

.0.2 

 

2064 

.02 

 .04 

 


