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اسمدد إ ىسددم اسمددنا  اس  ومددنم  ددنل اسمدد  ر اسم س ددن ن  ث ددن  نتهدد ه هددلد اس  ابددن سأثدد ن تدد  ث   بددأ         

الإ ضدد ا اسمبدددتع من وبدددم ش أبثددن تاددداثط اسع بددد  ن اس  ثدددن نأيددل اسعدددنا  اسمث   ث ثدددن سبع بددد  ن 

 نل ناح  من اسع ب  ن تم تصمثمه في هلا اسيمط  .اسمتنف ر محبث  من اسمنا  اسمت ن ن سم صنصن لاتث ا

ثبمم اسع ب  ن الاوتث  ثن أن اسم زسثن. س ث س ش أبثن استااثطم ابتع مت و ر   ق م ط فح  الا بث ب, 

اسصد  نق وبدم اد ط  ,U,  اسصد  نق وبدم اد ط حد ه  Lزمن الا بث ب, اسص  نق وبم اد ط حد ه 

 ث ثن استي تمت   ابته  هي م  نمن الا ضا   , م  نمن الا ا   , م  نمدن ىن اسعنا  اسمث   .Vح ه 

الا    إ نمي مط اسم ن ن اس  أت. أ لإض فن ىسم لسك, أج ثت   ث تد ن لا اتففثتد ن همد  بد ون اسمنجد ت 

 فنق اسصنتثن نفح  ا ت ا  اسم  شن.

 صنصن لاتثد  مدن اسمدنا  اسمتدنف ر أ  إا وبم  ت  ج نظ نه اسيمط, من اسمم ن ى ت ا ع ب  ن م        

س بدأن نصدن لاتثد  اسم تجدن ت دنن حب بدن محبث  ناسم ن ن سهلا اس نل من اسع ب  ن نان اسع بد  ن اسم ص

 اسم إ ىسم اسمنا  اس  ومن ن نل اسم  ر اسم س ن اسمبتع من.

-6.5ب أدثن )( مبمم أث مد  ت انحدت  تد  ج زمدن الا بدث 138-238ت انحت  ت  ج الا بث ب أثن )       

(م فد ق الا تاد ل 0.9-0.8أدثن ) L( سبصد  نق وبدم اد ط 7/ل6(    ثنم ت انحت  بدأن الا بد ا  )ل5.7

( بم ناسزمن اسفزم لاجتث ز أناأن اس مع وبدم 7.5-0ت انح أثن ) Uوبم ا ط ( سمف اسص  نق 6ل-7)ل

 (    ثن.76.2-2ثت انح أثن ) Vا ط 

, 6(  دت/مبم36.5-66.5ثنمد  أدثن ) 90ن  68, 1م  نمن ا ضدا   اسع بد  ن و د     ت عنا         

-2.82, ) 6(  دت/مبم5.93-2.3, م  نمن الا ا    أدثن )6(  ت/مبم21.2-25.5ن) 6 ت/مبم (33-58)

-3.22, )6(  دددت/مبم2.98-6.16, م  نمدددن الا   ددد إ أدددثن )6(  دددت/مبم1.00-5.65ن) 6 ددت/مبم (2.26

 (  ثبدددن27.75-35.17, مي مددط اسم ن دددن اس  أددت أدددثن )6 دددت/مبم    (70.05-2.77ن) 6 ددت/مبم (1.15

( 5.398-2.222(  م/  , )2.958-2.77ثنم , ب ون اسمنج ت فنق اسصنتثن أثن ) 68أيم   6 ت/مبم

 (.22-32( ن)26.5-33(, )20-30 م/   ن ت انحت شثم  شم الا ت ا  أثن ) (5.579-2.835 م/   ن)

 20مدن ) أم د ا بدحنق اسم ىسممن هلا اسأحث ىن زث  ر  بأن اسم إ  نبتعبص  ج اسمس   أا  ت اس ت       

م  نمدن  , %  79.9 م  نمن الا اد    أم د ا , % 66.1ث بط من م  نمن الا ضا   أم  ا  ( %26اسم 
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 بددد ون اسمنجددد ت فدددنق اسصدددنتثن , % 9.6, مي مدددط اسم ن دددن اس  أدددت أم ددد ا  % 22الا   ددد إ أم ددد ا  

.  ددلسك نجدد  أثضدد  أن ه  سددك تحبدد   فددي عددنا   % 75.8أم دد ا   ن  شددم الا تدد ا  % 76.2أم دد ا 

اسمحد نق أ  جدن حد ا ر اسع ب  ن و   تي ضه  سلإ ض ا أد س   نو د  ابدتع ام مبدحنق اسمثت  د  سثن 

      سات ر ب ون ن صه  م  ر م س ن. oم  122
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 The aim of this study is to find the influence of water to powder ratio, 

type of filler and curing condition on workability of the fresh concrete and 

some of the mechanical properties of self-compacting concrete made from 

locally available materials. One type of concrete is designed in this work called 

normal or housing concrete. To determine the workability, different test 

methods are adopted in this research such as slump-flow, T50 slump-flow, L-

box, U-box and V-funnel. The mechanical properties studied are compressive 

strength, splitting tensile strength, flexural strength and static modulus of 

elasticity. Further more, two non-destructive test methods, ultra-sonic pulse 

velocity and rebound hammer test are used.          

        Based on the results of this work, it is possible to produce SCC from locally 

available materials which satisfied the requirements of this type of concrete 

and it can be stated that SCC produced is sensitive to the water to powder 

ratio and the type of filler used.   

        The results of slump-flow range between (238-138) mm, T50 range 

between (6.5-5.7) sec., the blocking ratio (H6/H7) of L-box ranges between 

(0.8-0.9), the filling height (U7-U6) of U-box ranges between (0-7.5) cm and the 

funnel time of V-funnel ranges between (2-76.2) sec. 

        The compressive strengths at 1, 68 and 90 days range between (66.5-

36.5) MPa, (33-58) MPa and (25.5-21.2) MPa respectively, splitting tensile 

strengths range (2.3-5.93) MPa, (2.82-2.26) MPa and (5.65-1.0) MPa, flexural 

strengths range (6.16-2.98) MPa, (3.22-1.15) MPa and (2.77-70.05) MPa, 

static modulus of elasticity ranges (35.17-27.75) GPa at 68-days, U.P.V. ranges 
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(2.77-2.958) km/sec, (2.222-5.398) km/sec and (2.835-5.579) km/sec, and 

rebound number ranges (30-20), (33-26.5) and (32-22). 

       The results obtained from this study indicate that increasing W/P ratio 

from (20) to (26) decreases the compressive strength by 66.1 %, splitting 

tensile strength by 79.9 %, flexural strength by 22 %, static modulus of 

elasticity by 9.6 %, ultra-sonic pulse velocity by 76.2 % and rebound number by 

75.8 %. Also, it can be seen that there is enhancement in most of the 

investigated properties of concrete when exposed to sprinkling curing at low 

water to powder ratio and when using metakaolin type III powder as filler.  
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          The symbols used in this thesis generally are as follows: 

 

Symbol                                         Description  

SCC 

U.P.V 

SCCH 

SCCC 

SFRSCC 

RH 

RC 

W/C 

W/F 

SP 

MHL 

MHC 

S/A 

Self-compacting concrete. 

Ultra-sonic pulse velocity. 

Housing self-compacting concrete. 

Civil self-compacting concrete. 

Self-compacting concrete with steel fibre. 

Reference housing. 

Reference civil. 

Water to cement ratio. 

Water to filler ratio. 

Super-plasticizer. 

Housing mixes with limestone.  

Housing mixes with cement. 

Fine aggregate vol. to total aggregate vol. 
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V.M.A 

A.E.A 

W/P 

NVC 

NSC 

HSC 

UHPSCC 

Ec 

c   

Viscosity modifying agents. 

Air entraining agents. 

Water to powder (cement+filler) ratio. 

Normally vibrated concrete. 

Normal strength concrete. 

High strength concrete. 

Ultra-high performance self-compacting concrete. 

Static modulus of elasticity. 

Compressive strength. 

 

Housing mixes with pigment. 

Housing mixes with sand. 
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MHP 

MHS 

MCS 

MCP 

MCL 

MCC 

MCMK 

MC 

MH 

S30 

S20 

S57 

S26 

I 

II 

III 

Civil mixes with sand. 

Civil mixes with pigment. 

Civil mixes with limestone. 

Civil mixes with cement. 

Civil mixes with metakaolin. 

Civil self-compacting concrete mix. 

Housing self-compacting concrete mix. 

self-compacting concrete mix with W/P=0.3. 

self-compacting concrete mix with W/P=0.2. 

self-compacting concrete mix with W/P=0.57. 

self-compacting concrete mix with W/P=0.26. 

Metakaolin calcined for 7/6 hr. 

Metakaolin calcined for 7.0 hr. 

Metakaolin calcined for 7.5 hrs. 
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            In recent years, a lot of studies were done on how to improve the 

performance of concrete, especially on topics regarding how to increase the 

strength, durability and flowability of concrete. At the same time, there were a 

number of reports published on how to evaluate and predict those 

performances. High strength concrete has become one of the hottest topics 

since 7980, and it is now possible to have structures that are built with 

concrete over 700 MPa compressive strength (7).This kind of excitement has 

also triggered further development on the construction techniques and 

materials used for such concrete. At the same time, there was concern on the 

maintenance of concrete structures and how it is possible to minimize the cost 

of maintenance, and to prolong the life of concrete. There is a number of 

activities at the moment on how to combine both strength and durability into 

flowability (6). However, high workable concrete is still something quite 

2-5 

2-2 

of fc. 

5.5 General: 
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unknown to many researchers, while conventional concrete tends to present a 

problem with regard to an adequate consolidation in thin sections or areas of 

congested reinforcement which leads to a large volume of entrapped air voids 

and compromises the strength and durability of concrete. Using Self-

Compacting Concrete (SCC) can minimize this problem since it was designed to 

consolidate under its own mass (3). 

          SCC describes a concrete with the ability to compact itself only by means 

of its own weight without the requirement of vibration .It fills all voids, 

reinforcement spaces ,even in highly reinforced concrete members and flows 

free of segregation nearly to level balance (7,3). SCC has been described as “the 

most revolutionary development in concrete construction for several decades 

". Due to its specific properties, SCC may contribute to a significant 

improvement of the quality of concrete structures and open up new field for 

the application of concrete (2). 

            SCC is different from the conventional concrete in that it has a lower 

viscosity and thus, a greater flow rate even when pumped .As a consequence, 

the pumping pressure is lower, reducing wear and tear on pumps and the need 

for cranes to deliver concrete in buckets at the job site (5). The use of SCC offers 

many benefits to the construction in the practice; the elimination of the 

compaction works results to reduce the cost of placement, the shortening of 

the construction time and therefore it is an improvement in productivity. 

 

 

 

5.6 Benefits and Uses of SCC: 

 

5.6.5 

Benefits: 
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            The use of SCC is spreading world wide because of its very attractive 

properties in fresh state as well as after hardening .The use of SCC leads to a 

more industrialized production ,reduce the technical costs of in situ cast 

concrete constructions ,improve the quality ,durability and reliability of 

concrete structures and eliminate some of the potential for human error .It will 

replace manual compaction of fresh concrete with a modern semi-automatic 

placing technology and in that way improve health and safety on and around 

the construction site (2) . 

            Further benefits of SCC are (1): 

7. Self-leveling, fill all voids, no segregation, easy to deliver and its materials 

are available locally. 

6. High performance, durability and workability. 

3. Improve surface finish, construction schedule and design flexibility. 

2. Reduce labor costs, equipment on job site, safety, shorten construction 

time and reduce over all in-place costs. 

 

 

7. Bridges and structural application.  

6. Pumped concrete and repair applications. 

3. Utility application and hard to reach areas. 

2. Pre-cast and pre-stressed, architectural applications and areas with 

congested reinforcement such as columns and walls. 

 

 

5.6.6 Uses: 

 

5.7 Research significance: 
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           The main purpose for this research is to evaluate the effect of water to 

powder ratio on some of the mechanical properties of SCC. The investigated 

properties were 1, 68 and 90 days compressive strength, splitting tensile 

strength, flexural strength, static modulus of elasticity, Schmidt rebound 

hammer test and Ultra-sonic Pulse Velocity (U.P.V), to  2 water to powder 

ratios. In fact, the main goal of this research is to furnish the mechanical 

properties data of SCC to be defined as a set of requirements in terms of 

hardened concrete and to develop a mix design process. Another aim in this 

research is to assess the effect of curing conditions on some of the mechanical 

properties of SCC in the hardened state. Another objective of the study is to 

find the effect of the time of calcining metakaolin on properties of fresh and 

hardened states for the SCC.A total of 328 specimens of different series of SCC 

with different: water to powder ratio, type of filler used, curing condition and 

the calcining time of metakaolin were cast. Complementary tests have also 

been done to characterize more precisely the mechanical properties of SCC to 

select good combinations of components. 

 

 

            

 

 

             The objective of this research is to produce a concrete having the 

desirable properties in the fresh state to satisfy the SCC requirements by 

combining flow properties of matrix in fresh state, while preserving the strain 

hardening behavior. To satisfy the SCC performance in both fresh and 

5.8 Objectives and scope: 
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hardened states, the processing parameters which affect flow properties were 

carefully controlled in order to minimize disturbance of the micromechanical 

optimization for strain hardening performance of hardened SCC. 

            The fundamental objective of this research is to provide information on 

the hardened properties of SCC produced using available local raw materials in 

Iraq to support the practical work in assessing the practicability of actually 

building with SCC, and to facilitate the introduction of SCC technology into a 

general construction practice. One basic category of concrete was considered, 

namely, housing or normal concrete. The concrete was produced in civil 

engineering laboratory, and the following mechanical properties were tested: 

compressive strength, splitting tensile strength, flexural strength, and static 

elastic modulus, in addition to, two non-destructive tests” Schmidt rebound 

hummer and Ultra-sonic pulse velocity”. 

            From previous description it could be summarized these objectives: 

7. Evaluate the effect of water to powder ratio on fresh and hardened 

properties of SCC. 

6. Investigate the effect of filler type on fresh and hardened properties of SCC. 

3. Investigate the effect of curing conditions on the mechanical properties of 

SCC. 

2. Investigate the effect of time of calcining on efficiency of metakaolin in SCC.  

 

 

            The present research consists of five chapters:- 

5.9 Thesis layout: 
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Chapter 6 is concerned with literature review on SCC. Chapter 3 will go over 

the tests carried out throughout the experimental work, the procedure 

adopted and the properties of the materials used, Figure (7-7).  

            The results of the experimental work have been presented and 

discussed in chapter 2. The conclusions and a number of suggested 

commendations for further researches have been mentioned in chapter 5. 
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       Figure (7-7): Flow chart of the experimental work. 
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            SCC was first developed in Japan 7980 in order to reach durable 

concrete structures. Since then, several investigation have been carried out to 

achieve a rational mix design for standard concrete, which is comparable to 

normal concrete (8). SCC is defined so that no additional inner or outer 

vibration is necessary for compaction. It is compacting itself due to its self-

weight and is de-aerated almost completely while flowing in the formwork (9). 

In structural members with high percentage of reinforcement it fills also 

completely all voids and gaps. SCC flows like “HONEY” and has nearly a 

horizontal concrete level after placing (70). 

           With regard to its compaction, SCC consists of the same components as 

conventionally normal concrete, which are cement, aggregates, water, 

additives and/or admixtures. However, the high amount of superplasticizer for 

reduction of the liquid limit and for better workability, the high powder 

content, as well as the use of viscosity agents to increase the viscosity of 

concrete are factors to be taken into account (77). Flash-calcined kaolins had 

higher water absorption capacities, and thus required more water to achieve 

suitable workability 
(21)

. 

            In principle, the properties of the fresh and hardened self-compacting 

concrete, which depend on the mix design, should not be different from the 

properties of normally vibrated concrete. One exception is only the 

consistency. Moreover, since normal slump method could not be used 

effectively, a new evaluation method must be developed. With all these 

uncertainties, it is necessary to quantify the most basic properties of the 

concrete with the use of the mechanism of the particles, and fluid mechanics. 
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There is a need to develop a method or a way of measure to quantify the 

flowability of this so called self-compacting concrete (SCC) (9). 

 

           The data available indicated that self-compacting concrete, (self-leveling 

and self-consolidating), and cohesive concretes were firstly studied in 7915-

7912 by Collepardi M. (73, 72). At that time the maximum slump level admitted 

by ACI (75) was 715 mm. Moreover, case histories concerning placing of self-

leveling concretes without any vibration at all were published after the year 

7980 (72-60). With the advent of super-plasticizers, flowing concretes with slump 

level up to 650 mm were manufactured with no or negligible bleeding. In the 

middle of seventies, it was suggested by Collepardi (73, 72) to define 

"rheoplastic" as a concrete which, besides being very flowable is also very 

cohesive and therefore has a low tendency to segregation and bleeding. 

             The most important basic principle for flowing and cohesive concretes 

including SCC is the use of SP combined with a relatively high content of 

powder materials in terms of Portland cement, mineral additions, ground filler 

and/or very fine sand. A partial replacement of Portland cement by fly ash was 

soon realized to be the best compromise in terms of rheological properties, 

resistance to segregation, strength level and crack freedom, particularly in 

mass concrete structures exposed to restrained thermal stresses produced by 

the heat of hydration of the cement (78, 79). 

             Ozawa K. et al (67) made the first international workshop on SCC held in 

Kochi, Japan in 7988, and then he authored his first paper on SCC in 7989. He 

and other collegues (66) presented a paper on the same project at the 

6.6 Historical background: 
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international conference on concrete held in Istanbul in 7996. These 

presentations accelerated the international interest in SCC. 

            Throughout efforts by Ozawa and his collegues (66), more intensive 

research thrived, especially in large construction companies in Asia. Hence, SCC 

was used in many structures, including buildings, bridge towers and bridge 

girders (63). Positive attributes of SCC include safely, reduced labor and 

construction time, and improved quality of the finished product. 

             Increasing the concrete strength was always one of the main desires of 

concrete technology. Since more than 60 years high strength concrete with 

compressive strength ranging from 50 MPa up to 730 MPa have been used 

worldwide in tall buildings and bridges with long spans or buildings in 

aggressive environments. Building elements made of high strength concrete 

are usually densely reinforced. The small distance between reinforcing bars 

may lead to defects in concrete (62). If high strength concrete is self-

compacting, the production of densely reinforced building element from high 

strength concrete with high homogeneity would be an easy work. SCC is a 

concrete that flows and compacts only under gravity. It fills the whole mould 

completely without any defects. The usual SCC has a compressive strength in 

the range of (20-700) MPa (65).  

             Japan has used SCC in bridge, building and funnel constructions since 

the early of 7990. In the last five years, a number of SCC bridges have been 

constructed in Europe. In the United States, the applications of SCC in high way 

bridge construction are very limited at this time.             However, the U.S pre-

cast concrete industry is beginning to apply the technology to architectural 

concrete. SCC has high potential for wider structural applications in high way 

bridges (62). 
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           The maximum size of the aggregate depends on the particular 

applications and it is usually limited to 2.16 mm. The particle size smaller than 

0.765 mm contributes to the powder content (61). 

            Dirch H. et al (68) studied ten different sands in the experimental 

program; five natural and five artificial, each pair having identical grading 

curves but a different particle shape and a surface texture. They concluded 

that: 

 Increasing the fineness of sand particles leads to increasing 

yeild stress and plastic viscosity. 

 Increasing the aspect ratio (fine/total) leads to increasing 

yeild stress and plastic viscosity. 

 The surface texture appears to be of minor importance. 

            Thus, the rheological properties of self-compacting mortars can be 

tailored for special purposes by the choice of cement, filler and sand. 

            Su K. et al (69), studied the effect of sand ratio (S/A= fine aggregate 

volume to total aggregate volume) on the elastic modulus of self-compacting 

concrete. They used various S/A ratio concretes which were cast and tested 

then the modulus of elasticity of SCC was compared with the modulus of 

elasticity of normal concrete. Slump flow test, slump test and U-box test were 

carried out to evaluate concrete flowability. They found that the flowability of 

6.7 Selection and properties of Raw materials: 

 6.7.5 Aggregates: 

 6.7.5.5 Fine 

aggregate: 
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SCC increases with the increase in S/A. However, the modulus of elasticity of 

SCC is not significantly affected by S/A when total aggregate volume was kept 

constant. 

            Cho W. et al (30) found that, when a higher volume fraction of aggregate 

is used in the mix, the elastic modulus of the composite should be computed 

by introducing a third phase (voids) into the composite. For the mix with lower 

volume fraction of aggregate, because the volume of voids are relatively small 

in comparison with the volume of other components, two phases approach are 

appropriate for evaluating the elastic modulus of the composite. 

 

 

             

 

        During the production of SCC, tests on coarse aggregate grading and 

moisture content should be carried out more frequently than usual concrete, 

since the SCC is more sensitive than normal concrete to variations in such 

properties. It was noticed that an increase in surface moisture content by (7) % 

will lead to an increase in slump flow by about (700) mm. The normal size of 

the coarse aggregate used to produce SCC is generally between (5-60) mm. 

During producing SCC, particle shape, size and surface texture are very 

important to be considered and controlled (61). 

            Aggregate makes up (20-80) % by volume of normal concrete, thus, the 

properties of hardened concrete are influenced considerably by the aggregate, 

6.7.5.6 Coarse aggregate: 
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while in SCC the coarse aggregate makes up (30-32) % of the concrete volume; 

therefore, it has a lower effect on the properties of hardened SCC. 

            Budi and Karsten (37) found that the modulus of elasticity of gravel 

influenced more significant the modulus of elasticity of concrete specimens. 

This was caused by the high volumetric content of aggregate in concrete 

composite. They concluded that, for the production of unconfined high 

performance concrete with ductile behavior, the compressive strength of 

aggregate must be as maximum in the range about 6 times of the planned 

concrete strength. And the modulus of elasticity of aggregate in the range of 

maximum 7.5 times that of the cement matrix. A very high compressive 

strength of aggregate is not useful, besides, using a proper amount of silica 

fume with compatible super-plasticizer is absolutely necessary (37). In 

consequence, bond failure is avoided and the fracture surfaces pass through 

the aggregate as well as through the hardened cement paste under both, 

compressive and tensile loading (36). 

          When the volume of coarse aggregate in concrete exceeds a certain 

limits, the opportunity for collision or contact between coarse aggregate 

particles increases rapidly and there is an increase in risk of blockage when the 

concrete passes through spaces between steel bars (33). 

           The optimum coarse aggregate content depends on the following 

parameters:- 

 Maximum aggregate size. The lower the maximum aggregate 

size, the higher proportion of coarse aggregate. 

 Crushed or round aggregate. For round aggregate a higher 

content can be used than for crushed aggregate. 
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           Aggregate surface moisture content may affect the content of free water 

in two ways:  

 Aggregate surface moisture content is higher than expected. 

 Aggregate surface moisture content is lower and / or the 

aggregate absorbs moisture (32). 

 

 

           The friction between the aggregate limits the spreading and the filling 

ability of SCC, this is why SCC contains a high volume of paste (cement + 

additions + water + air), typically (330-200) kg/m3, the role of which is to 

maintain aggregate separation (no blocking). SCC also has a high volume of fine 

particles (< 80*70-2) m in order to ensure sufficient workability while limiting 

the risk of segregation or bleeding.  Nevertheless, in order to avoid excessive 

heat generation, the Portland cement is generally partially replaced by mineral 

admixtures like limestone filler or fly ash (cement should not be used as a filler) 

(35). 

           Jianxin and Holger (32) found that the replacing of 30 % of cement by 

quartz powder, the slump flow increased from 570 mm to 260 mm and 

because of high binder content, (950 kg/ m3 of cement + filler) and low water 

to powder ratio, concrete shows a higher autogenously shrinkage than 

conventional concrete.  

           Selection of the type of cement will depend on the over all requirements 

for the concrete, such as strength, durability, etc.C3A content higher than 70 % 

may cause problems in poor workability retention. The typical content of 

cement is (350-250) kg/m3. More than (500 kg/m3) increases the shrinkage, 

6.7.6 

Cement: 
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less than (350 kg/m3) may only suitable with the inclusion of reactive filler type 

such as fly ash, silica fume, etc (61). 

           Hanehara and Yamada (31) pointed out that slight fluctuation of cement 

characteristics affect the performance of super-plasticizer, and to clarify which 

characteristics affect the performance of super-plasticizer, several kinds of 

cement should be used to produce the compatibility phenomena. 

 

 

           Super-plasticizers are essential components of the SCC to provide the 

necessary workability. Other types of admixtures may be incorporated as 

necessary, such as viscosity modifying agents (VMA) for stability, air entraining 

admixtures (AEA) to improve freeze-thaw resistance, retarders for control of 

setting, etc.  V.M.A. admixtures are not specially covered in EN 932-6; 6000, 

like other admixtures do, but should conform to the general requirements in 

the standard of test methods of SCC. The most important admixtures are the 

super-plasticizers (high range water reducers), used with a water reduction 

greater than 60 %. The use of V.M.A. gives more possibilities of controlling 

segregation when the amount of powder is limited. These admixtures help to 

provide a very good homogeneity and reduce the tendency to segregation (61). 

           David and Sheinn (38) noticed that a super-plasticizer was very important 

to lower the water demand while achieving high fluidity. It is a surface active 

agent causing dispersion there by reducing the friction between and among 

the powder particles. The common super-plasticizer used was a new 

generation type based on polycarboxylated polyether. 

6.7.7 Admixtures: 
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           Jianxin and Holger (32) concluded that the application of new super-

plasticizers and powders in a high performance concrete gives the opportunity 

to produce SCC that reaches a compressive strength of more than (750 MPa). 

These concretes show a very good workability in the fresh state, also the 

hardened concrete shows excellent quality. 

           Orjan P. (39) concluded that the use of higher admixture contents to 

increase the blocking ratio can be obtained however to the cost of a significant 

separation tendency of recipe and the use of viscosity agent increases mainly 

the viscosity and makes the concrete more cohesive with fewer risks for 

separation. 

 

 

           Additions are commonly used in SCC due to the need for substantial 

contents of fine particles. All additions conforming to EN standards are suitable 

(61). Due to the special rheological requirements of SCC, both inert and reactive 

additions are commonly used to improve and to maintain the workability, as 

well as to regulate the cement content and so reduce the heat of hydration (20). 

Additions are generally divided into: 

7. General suitability as type I (semi-inert) addition is established for: 

 Filler aggregate conforming to EN 76620. 

 Pigments conforming to EN 76818. 

6. General suitability as type II (pozzolanic or latent hydraulic) addition is 

established for: 

 Fly ash conforming to EN 250. 

6.7.8 Additions: 
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 Silica fumes conforming to EN 73623. 

 Ground granulated blast furnace slug conforming to 

BS 2299. 

           Collepardi M. (20) suggested that the important basic principles for 

flowing and cohesive concretes including SCC is the use of SP combined with a 

relatively high content of powder materials in terms of Portland cement, 

mineral additions, ground filler and / or very fine sand. A partial replacement 

of Portland cement by fly ash was soon realized to be the best compromise in 

terms of rheological properties, resistance to segregation, strength level and 

crack freedom, particularly in mass concrete structures exposed to restrained 

thermal stresses produced by the heat of hydration of cement. 

           Chiara F. et al (27) reported a study on the influence of mineral 

admixtures on rheology of cement paste and concrete by using six types of 

fillers. They found that some of the fillers give an improvement in rheological 

properties like ultra-fine fly ash while silica fume represent the worst. It was 

found that the replacement of cement by silica fume results in an increase in 

the water demand to maintain the rheological properties of the control mix. 

And other mineral admixtures like metakaolin, coarse fly ash, fly ash, and fine 

fly ash gave results between silica fume and ultra-fine fly ash. 

           Paul and Robert (26) found that the characteristics of the calcined shale 

were found to improve the cohesion of the concrete mixture and therefore 

provide better control of segregation, without the necessary of VMA, in 

addition, the total cementitious content needed in the natural-pozzolan-

modified concrete was found to be some what lower than the Portland cement 

content required for the conventional SCC mixtures. A natural pozzolan 
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content of (30 %) by weight of cement was found to be optimum for 

preventing segregation and achieving sufficient early age strength. 

           The calcining temperature plays a central role in the reactivity of the 

resulting metakaolin product. Joy M. (76) found the effects of calcining 

temperature on the strength development of metakaolin-lime pastes. He 

reported that 100 °C to be optimal and later showed that calcination below 

this temperature results in a less reactive material containing more residual 

kaolinite. Above 850 °C, he reported, recrystallization began and reactivity 

declined, as kaolin had begun to convert to relatively inert ceramic materials, 

such as spinel, silica, and mullite. Samples of approximately 054 mg were 

heated to 044 °C at a rate of 24 °C/min in dry air atmosphere. The heating 

process, illustrated by differential thermal analysis (DTA), is shown in Figure (6-

7). 

 

Figure (6-7): Thermogram of kaolin (76). 
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           In designing the SCC mix it is most useful to consider the relative 

proportions of the key components by volume rather than by mass. In the 

event that satisfactory performance can not be obtained, then consideration 

should be given to fundamental redesign of the mix (61). Depending on the 

apparent problem above, the following courses of action might be appropriate 

to: 

 The use of additional or different types of filler. 

 Modify the properties of sand and gravel. 

 The use of VMA, if not already included in the mix. 

 Adjust the dosage of SP and / or VMA. 

 The use of alternative types of SP (and / or VMA) which may be more 

compatible with local materials. 

 Different dosage rates of admixtures to modify the water content, and 

hence the water / powder ratio. 

           Okamura (23) suggested an example of designing SCC mixes. The 

sequence is determined as: 

7. Designation of desired air content: 

           Air content may generally be set at 6 % by concrete volume, or a higher 

value specified where freeze-thaw resistance is to be desired. 

6. Determination of coarse aggregate volume: 

6.8 Mix design: 
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           Coarse aggregate volume is defined by bulk density. Generally coarse 

aggregate content (D>5mm) should be between (50-20) % of total mix. 

3. Determination of fine aggregate content: 

           Sand, in the context of the mix composition procedure is defined as: all 

particles which are larger than (0.765mm) and smaller than (5mm). Sand 

content is defined by bulk density. The optional volume content of sand in the 

mortar varies between (20-50) percent depending on paste properties. 

2. Designing paste composition: 

           Initially water to powder ratio, (W/P) for zero flow (βp) is determined in 

the paste, with the chosen proportions of cement and additions. Flow cone 

tests with water to powder ratios by volume are performed with the selected 

powder composition. (βp) as shown in Figure (6-6) is the volumetric ratio of 

water to powder at which all voids among solid particles are just filled with 

water. 

 

Figure (6-6): Determination of W/P ratio (23).  
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5. Determination of the optimum volumetric water to powder ratio and super-

plasticizer dosage in mortar: 

           Tests with flow cone and V-funnel for mortar were performed at varying 

water to powder ratios in the range of (80-90) % depending on the amount of 

powder content in the mixture. 

           David and Sheinn (38) reported that mix designs of SCC must satisfy the 

critiria on filling ability, passing ability and segregation resistance. The most 

common method of mix design to satisfy these critiria is the (general method ) 

developed by various researchers at the univercity of Tokyo (22,25). Since then 

many attempts have been made to modify this method to suit local conditions. 

Experience in Japan and Europe showed that there were wide variations of 

materials and proportions that could be used to produce satisfactory SCC, with 

certain key factors fall within certain limits. These limits are summarized in 

Table (6-7). In achieving economical mixes, the powder content should be kept 

to a minimum because the cement and some of fillers are expensive items. 

Table (6-7): Range of mix constituents (22,25). 

  

 

By weight (kg/m7) 

 

             By volume % Constituent  

Gravel 

Sand 

Powder 

Water 

Paste 

           (30-32)    ----av. (36) 

   (20-50) of mortar vol….av. (21) 

                       ------- 

(750-600) 7/m3 ----- av.(780) 

            (32-20) -----av. (35) 

    170-900 

250-200 (500) 

         ___ 

     750-600 

    150-960 
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           Klaus and Yvette (22) summarized a mix coposition of SCC in coparison 

with normal vibrated concrete (NVC) as shown in Figure (6-3).  

 

Figure (6-3): A comparison between SCC and NVC (22).  

 

 

          There are no requirements for any specific mixer type. Forced action 

mixers, including paddle mixers, free fall mixers, including truk mixers, and 

other types can all be used. The mixing time necessary should be determined 

by practical triales. Generaly, mixing time need to be longer than conventional 

mixes (61).Time of addition of admixtures is important, and procedures should 

be agreed with the supplier after plant triales. If the consistence has to be 

adjusted after initial mixing, then it generaly be done with the addmixtures. 

           Jianxin and Holger (32) summarized a mixing consequence that all 

concretes have been mixed in an intensive mixer with the following procedure: 

all dry materials were mixed till a homogeneous mixture was built up, 6 minute 

after mixing, water and SP have been added and the mixture was mixed about 

2 min. till a flowing and homogenous concrete was formed.  

6.9 Mixing procedure: 
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           Dirch H. et al (68) suggested this mixing procedure: 

 Aggregate and 6/3 of the water. 

 20 seconds of mixing . 

 70 minutes rest in order to achieve saturation of the aggregate. 

 cement and filler are added immediately before the final mixing . 

 the remaining 7/3 of the water, including additives, are added 

during the first 75 sec of the final mixing period. 

 90 sec mixing. 

          Bernabeu and Laborde (21) reported a mixing sequence as below: 

 air entraining agent +water+50: of aggregate +cement +filler+SP 

 mixed for 60 sec. and then adding the remaining aggregate . 

 mixed for 30 sec. 

           For the preparation of fresh SCC mixes, all of the dry particles were 

mixed in a llobart mixer equiped with a planetary rotating blade. Water was 

added to form the basic mortar matrix. To ensure the adsorption of the SP 

used onto the cement particles, the SP was first added as a solution, followed 

by the V.M.A (21,28). The separate addition of water and SP prevents a sudden 

increase in the viscosity as caused by false setting. Figure (6-2) shows a mixing 

procedure at the ready mixed concrete plant for full size pours (29). 
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Figure (6-2): Mixing procedure according to Sonebi et al (29). 

 

 

           The American Society for Testing and Materials (ASTM) and the 

American Concrete Institute (ACI) are curently working on identifying proper 

SCC test methology (50). The characteristics of SCC, resistance to bleeding and 

segregation, high early and ultimate strengths as well as fluidity, make this new 

creature in construction materials a little challenging to create uniform tests 

methology. 

           Slump testing, widely used for identifing the workability of concrete, is 

not applicable for SCC. It has flow charactristics that the slump test does,nt 

Sand+ Gravel + 0.65 water 

5 minutes rest 

for absorption 

Addition all the cementitious 

materials +0.15 water 

Addition of the 

super-plasticizer 

The addition of fibers if found  

5 minutes mixing 

6.: Workability measurement: 
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currently measure properly. One possible test method is the “slump-flow test”, 

which measure the slump flow in diameter. A nother suggested test method is 

the “U-flow test”. This test simulates the flow of concrete through a volume 

containing reinforcing steel bars. Other test methods, include the “V-flow, J-

ring, L-flow, Flow box and rheometers (61). 

           The workability of SCC is higher than the highest class of consistence 

described within EN 602 and can be characterized by the following properties: 

 filling ability. 

 passing ability.  

 segregation resistance. 

           Filling ability: is the ability of SCC to flow into and fill compeletely all 

spaces within the formwork, under its own weight. Passing ability: is the ability 

of SCC to flow through tight openings such as spaces between steel reinforcing 

bars without segregation or blocking. Segregation resistance (Stability): is the 

ability of SCC to remain homogenous in composition during transporting and 

placing (76,78,63,28). For the quality control, two test methods are generally 

sufficient to monitor production quality. Typical combinations are slump-flow 

and V-funnle or slump flow and J-ring. With consistent raw material quality, a 

single test method operated by a trained and experienced technician may be 

sufficient (61).  

           Lars G. (2) reported some suggestions on suitability of test  methods as 

shown in Tables  (6-6), (6-3) and (6-2) respectively. 

 

Table (6-6): Some suggestions on suitability test methods (2). 
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Method  

 

Mobility  

 

Passibility  

 

Segregation  

Resistance  

Viscosity  

 

Slump-flow 

 

XX 

 

n.a X n.a 

T50 cm 

 

n.a 

 

n.a n.a X 

L-box n.a XX X X 

GTM 

 

n.a 

 

n.a XX n.a 

 

Notations:    XX= suitable                 X= acceptable     

                     n.a= not applicable 

Table (6-3): Suggestions on suitability of different test methods for fibre 

reinforced SCC (2). 

 

Method Mobility  Passibility  Segregation Viscosity Steel fibre 

distribution  

Slump-

flow  

XX n.a n.a n.a n.a 

T50 cm n.a n.a n.a X n.a 

J-ring X XX n.a n.a n.a 
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L-box     

  

X X n.a n.a n.a 

GTM 

 

n.a n.a XX n.a n.a 

Fibre 

content 

n.a n.a n.a n.a X 

 

 

 

Table(6-2): Test methods of SCC (2,61). 

 

Table (6-5): Description on suitability of different test methods for SCC, not 

including steel bars (39). 

Methods  Site  Lab. Mobility  Blocking Segregation Viscocity 

Slump-

flow 

X X X N X N 

Laboratory 

Mix design 

Methods 

Segregation 

resistance 

Passing 

ability  

Filling ability  

Property 

Slump flow 

T50,  

V funnel, Orimet 

 

GTM, V 

funnel 5 min 

L-box 

U-box 

Fill box 

Slump flow 

T50,  

V funnel, 

Orimet 

  Modification of test 

according to max agg    

    

Field 

(QC) 

None GTM, V funnel 5 

min 

 

J-ring Different openings 

L, U, J-ring 

None  

 

Max 60mm 
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T50 cm X X N N X XX 

L-box  X N XXX XX X 

Orimet X X X  XX XX 

V-funnel X X X  XX XX 

J-ring X X  XX N N 

O+J X X X XX XX XX 

GTM     XXX  

 

:otationsN 

                     XXX=most suitable                    XX=suitable 

                           X=acceptable                           N=not relevant 

 

 

           SCC should have slightly different criteria than normally vibrated 

concrete depending on what kind of construction it is used for, and if the part 

of construction is horizontal or vertical. Construction with a high demand on 

surface without pores can have more special demands on rheological behavior 

or/ and casting process (2).  

 

 

           Civil engineering, (high strength) SCC has for strength and durability 

reasons a lower W/C around 0.2, in this case the criteria could depend on the 

total fines amount and of course the W/C ratio. When the amount of the filler 

6.:.5 Limitations and criteria of workability tests: 

 

6.:.5.5 Criteria for slump-flow and T90 cm: 
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and cement is as high as (550-200) kg/m3 it could permit slump-flow to reach 

between (210-130) mm. Other wise the criteria (200-100) mm is normally 

valid. May be (200) mm could be to low in some cases. If the precision in 

production was high the criteria could be (250-100) mm because optimum 

slump-flow was near (100) mm. When casting horizontal constructions the 

target value for the slump-flow was lower than the vertical constructions if a 

finishing device was used or a slope should be constructed. T50 was very 

dependent on W/C, for vertical constructions SCC with slump-flow of (100) 

mm, T50 could be around (2) second. For horizontal constructions SCC with 

slump-flow of (250) mm, T50 could be around (1) sec. 

           Housing building SCC, (normal strength concrete) has a relatively high 

W/C; the slump-flow value should reach between (200-100) mm. Over (100) 

mm the risk for segregation of coarse aggregate is high, at least when only 

filler was used to control the viscosity of paste. T50 could be lower than for 

SCC for civil engineering, (depending on admixture). The stability criteria 

should always be reached. 

 

 

 

           The only criterion for L-box is the blocking ratio (H6/H7), which mean the 

ability of SCC to pass between steel bars. This ratio should be more than 0.8 

regardless what type of construction that should be built. The shape of the L-

box can be different depending on construction type as in civil and house 

building. The stability criteria should always be reached. Table (6-2) shows a 

suggestion of criteria for different test methods. 

6.:.5.6 L-box and V-funnel: 
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 Table (6-2): Suggested criteria values for workability tests (2). 

 

 

           

          Other researchers (63, 61, 33) gave these requirements to be fulfilled at the 

time of placing. Likely changes in workability during transport should be taken 

into account in production.  

           Table (6-1) remarked some typical acceptance criteria for SCC with max 

aggregate size up to (60) mm. Special care should always be taken to ensure no 

segregation of the mix was likely as, at percent, there was not a simple and 

reliable test that gives information about segregation resistance of SCC in all 

practical situations (8).  

  

 

 

6-60 

Housing  

Vertical 

Civil eng. 

Horizontal 

Civil eng. 

Vertical 

Application 

 

0.8 

 

0.8 

 

0.8 

L-BOX 

 % 

 

0.8 

Housing  

Horizontal 

 

250-165 

 

200-250 

 

200-100 

 

200-100 

Slump flow 

   (mm) 

 

6-5 

 

6-5 

 

3-1 

 

3-1 

T50 

Sec 

 

5-75 

 

5-75 

 

5-75 

 

5-75 

V-funnel 

Sec 

 

6-60 

 

6-60 

 

6-60 

Orimet 

 Sec 
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Table (6-1): Acceptance criteria for SCC with maximum aggregate size up to 60 

mm (63, 61, 33). 

                    

       

            David and Sheinn (38) suggested some major limits according to 

workability tests in Table (6-8).  

 

 

 

 

 

 

METHODS 

T50 slump flow 

Slump flow 

J-ring 

V-funnel 

V-funnel at 5 min. 

L-box 

GTM screen stability 

Orimet 

% 

U-box 

Fill box 

Sec 

Sec 

mm 

Sec 

mm 

UNIT 

:90                          

       

000 

TYPICAL RANGE VALUES 

Sec 

% 

% 

mm 

Minimum                    Maximum 

2 

0 

80 

0 

90 

0 

0 

6 

0 

700 

 30 

700 

75 

5 

  5 

 70 

 76 

  3 
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Table (6-8): Some major limits according to workability tests (38). 

Test  Properties  Limits  

Slump-flow Filling ability, visual observation of 

segregation 

Diameter>250mm 

T50<76 sec. 

L-box Filling, passing,  visual 

observation of segregation 

H6/H7>0.8 Filling  

height>300 mm 

U-box Filling ability,passibility Flow time 70-60sec. 

V-funnel Segregation resistance  Surface settlement <0.5 % 

Surface settelment Segregation resistance Penetration depth 

<8 mm 

Penetration Test Segregation resistance Segregation coef.< 1 % 

Segregation Segregation resistance 100 mm column 

 

 

           The rheological behavior of a fluid such as cement paste, mortar or 

concrete is most often characterized by at least two parameters, τ0 and η, as 

defined by the Bingham equation (57).   

                                     
  0      ----------- (6-7) 

        Where:    τ= shear stress            , τ0= yield stress 

                       η= viscosity               , γ= shear rate 

 

           The yield stress and plastic viscosity were the Bingham parameters that 

characterize the flow properties of material. For special concretes, such as SCC, 

6.:.6 Rheology of SCC: 
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a third parameter might be necessary to correctly represent the shear rate-

shear stress relationship (57). Other equations have been used for describing the 

concrete flow, because uncertain circumstances concrete flow does not obey 

the Bingham equation (56, 53). The cement paste on the other hand was either 

described as a Newtonian fluid (τ0= 0, η>0) or a Bingham fluid (τ0> 0, η>0), as 

shown in Figure (6-5). Figure (6-5) explained why if only one of the two 

parameters was determined, prediction of a material field performance might 

not be correct. To determine the yield stress and the viscosity of the cement 

paste, mortar or concrete, the instrument must be able to measure stresses 

generated at a minimum of two different shear rates (52). Therefore, only one of 

the two parameters can be estimated. 

           Tattersall G. (55) was the pioneer in developing a concrete rheometer 

with controlled shear rates capable of measuring the stresses in concrete. 

Presently, three commercially available rheometers exist capable of varying 

shear rate (γ). Figure (6-2) shows some of the idealized types of curves that 

can be obtained when shear stress is plotted against shear rate. All the curves 

depicted could be described by one of the equations of the Table (6-9).  

 

                   Shear rate (S-7)                                Shear rate (S-7) 

a=Identical yield stress but                             b=identical plastic viscosity   

different plastic viscosity.                                       but different yield stress. 

 

 Stress 

    (Pa)   

 

 

 

a. 

Yield Stress 

Plastic 

Viscosity 

 

 Stress 

  (Pa) 

 

 

 

  b. 
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Figure (6-5): Definition for Bingham parameters for concrete flow (56, 53). 

 

                                              Shear rate (S-7) 

Figure (6-2): Bingham Rheology model (57, 52). 

Table (6-9): Equations relating shear stress and shear rate (38, 27, 57). 

Equation name Equation 

Newtonian  τ =µ*γ 

Bingham  τ=τ0+µ*γ 

Vom Berg and Ostwald W. τ=τ+ B sinh-7(γ/c) 

Robertson and Stiff τ=a(γ + c)b 

Eyring τ=a γ+ B sinh-7(γ/c) 

 

Power equation 

 

 

τ=A*γ 

n=7 Newtonian flow 

n<7 shear thickening 

n>7 shear thinning 

Herschel and Bulkelly τ=τ0+k*γ 

Where: τ= shear stress                  τ0= yield stress  

Bingham 

Power law n<7 

Power law n>7 
 

           

Shear  

         

Stress  

         

(Pa) 

Newtonian 
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             µ= viscosity                      γ= shear rate   

             A¸a¸B¸b¸c¸k= constants  

 

 

           The surface of SCC tends to dry faster than the conventional concrete 

because there is little or no bleed water at the surface. Initial curing should 

therefore be commended as soon as few hours after placing in order to 

minimize the risk of plastic shrinkage cracking (61). In order to obtain good 

concrete, the place of an approximate mix must be followed by curing in a 

suitable environment during the early stages of hardening. Curing is the name 

given to procedures used for promoting the cement hydration, and consists of 

temperature control and moisture movement from and into the concrete (51).  

           Saeed (51) examined three types of curing on high-strength concrete, 

which they were: 

A. Moist curing in water for 1 days followed by air curing inside the 

laboratory at (62-30) 0C until testing age. 

B. Moist curing in water until testing age. 

C. High temperature curing; by placing the specimens in a water 

curing tank placed in a controlled temperature room. The curing 

temperature was (2006)0C for six days then these specimens 

were air cured. 

           She found that the compressive strength for B curing was more than A 

curing at 1 days and the rate of increase in 68 and 90 days compressive 

strength for HSC was greater than those of NSC. The rate of increase in 

strength was (6-76) % for all mixes, as shown in Figure (6-1), also, the results of 

6.2 The effect of curing conditions: 
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68 days splitting tensile strength for concrete with different strength levels and 

curing types showed that the splitting tensile strength was more affected by 

drying than compressive strength, and the effect of curing conditions on HSC 

was greater than NSC. The reduction in 68 days splitting tensile strength was 

(6-60) % for all mixes as shown in Table (6-70); this was because the 

mechanism of failure involves the direct tension and drying shrinkage. 
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Figure (6-1): Compressive strength development of 750 mm cubes with age for 

mixes cured at varying conditions (51). 

Table (6-70): Splitting tensile strength in MPa for different specimen size and 

curing conditions at 68 days (51). 
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Ft 750= Splitting tensile strength in MPa for cylinders of 750 mm diameter. 

Ft 700= Splitting tensile strength in MPa for cylinders of 700 mm diameter.  

           Sonebi M. et al (29) investigated the effect of curing conditions on 

strength development of the SCC and reference mixes, and the air cured 

strengths relative to water cured strengths as presented in Figure (6-8). They 

found that the compressive strength of air-dried specimens was lower than 

that of the corresponding water cured specimens. However, the extent of 

strength reduction due to the insufficient curing (in air) up to an age of 90 days 

depending on the strength grade and the type of filler in the mix. It appears 

that the SCC mixes, with limestone filler were less affected by air curing, and 

that air cured strengths were reduced less than those of reference concretes. 

As shown in Figure (6-8), at 68 and 90 days, the relative strength ratios for 

housing SCC were higher than those for the corresponding reference mix (RH) 

of about (17-25) % respectively. This difference could be attributed to the 

acceleration effect of the limestone powder and also possibly the enhanced 

water retentivity of the SCC mixes. For civil SCC, the strengths up to the age of 

90 days were more affected by air curing, and the strength reduction due to 
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the air curing was greater than the corresponding reference mix. Such a 

difference in sensitivity to curing conditions was normal for mixes containing 

reactive fillers, as continued presence of water was required for the cement 

hydrates- filler reaction to continue. 
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Figure (6-8): Effect of curing conditions on compressive strength (29). 

RH= reference housing. 

SCCH= housing self compacted concrete. 

RC= reference civil. 

SCCC= civil self compacted concrete. 

FSCC= fiber reinforced self compacted concrete. 

 

 

6.0 Mechanical properties: 
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           It is well known that the properties of concrete are affected by 

cementitious matrix, aggregate, and the transition zone between these two 

phases. Reducing the water to cement ratio and the addition of pozzolanic 

admixtures like silica fume are often used to modify the microstructure of the 

matrix and to optimize the transition zone. The reducing of the water to 

cement ratio results in a decrease in porosity and distribution of capillary pores 

in matrix (26). In high performance concrete, water to cement ratio ranges 

usually between (0.68-0.38), while in ultra-high performance concrete the 

water to cement ratio is even lower than (0.6)(58). On the other hand, 

decreasing water to cement ratio negatively influenced the flowing ability of 

the fresh concrete. Special attention must be paid to ensure the extremely 

high flowing ability required in SCC. According to the design method for 

conventional SCC proposed by Okamura H. et al (59), the volume of coarse 

aggregate, fine aggregate and paste consisting of powder, (<= 0.765) mm, plus 

water are approximately 60 % by volume, 50 %  by volume and 30 %  by 

volume respectively.  

           In the case of ultra-high strength SCC with very low water to powder 

ratio, paste volume should be increased. Another way to increase concrete 

flowing ability was minimizing the voids among the particles of the powder 

mixture composed with cement, filler and other fine components. Voids 

among powder particles could be evaluated by the water demand βp. βp was 

the volumetric ratio of water to powder material, at which all voids among 

solid particles are just filled with water. It can be determined according to the 

relationship between relative slump-flow and volumetric water to powder 

ratio Vw/ VP as shown in Figure (6-6). SP was 6 % in powder mass. The intercept 

point with the ordinate is βp. The βp with a low value of 0.379 indicates a high 
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packing density of the granular mixture composed from cement, micro silica 

and quartz powder. 

           Flow tests were carried out on pastes containing different water to 

powder ratios or different SP dosages with a flow cone as in conventional SCC. 

The results showed that the SP dosage of more than 6 % of powder mass could 

not improve the flowing ability of the paste any more. The relative slump-flow 

was calculated from measured slump flow as following:         £m= (d/d0)6-7 

           ---------- (6-6) 

Where:              £m: is the relative slump flow 

                          d: the flow diameter= (d7 + d6)/ 6 

                          d0: flow cone diameter. 

 

 

 

           In all SCC mixes compressive strength of standard cube specimens were 

comparable to those of traditional vibrated concrete made with similar water 

to cement ratios- if any thing strengths were higher. There is a little difficulty in 

producing SCC with characteristics cube strength up to (20 MPa) (25). 

           Frank D. et al (2) summerized these results from  750 mm cubes  and 

(750*300) mm cylinders. The specimens were cured in water for 68 days to 

avoid changing in curing conditions. They noticed that the high early 

compressive strength and the high splitting tensile strength of the SCC were 

due to the use of fly ash. Such concrete types normally have slower strength 

6.0.5 Compressive 

strength: 
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development because of the lower hydration rate of he fly ash. Therefore, it is 

difficult to compare the compressive strength with conventional concrete aged 

68 days (20). 

           Klaus and Yvette (22) found that after 68 days the reached compressive 

strength of SCC and normally vibrated concrete of simimlar composition does 

not differ significantely in the majority of the test results. Isolated cases, 

however, showed that for the same water to cement ratios, slightly higher 

compressive strengths were reached for SCC. The comparison of hardening 

process shows that the strength development of SCC and conventional 

concrete was similar . Some of the published test results showed that the 

increase in the cement content and a reduction in the filler content at the 

same time increases the initial concrete strength and the ultimate strength 

(27,26). For young SCC aged up to 1 days, the relative compressive strength 

spreads to a greater extent as given in the CEB-FIB Model Code 7990 (32): 

                            Ec= 60.9*(fc/50) 5/7   -------------(6-3) 

Where: Ec= modulus of elasticity in GPa 

             fc= compressive strength in MPa 

whereas higher values as well as lower ones were reached, especially, if 

limestone powder was used, higher compressive strengths were noticable at 

the beginning of the hardenning process. 

           Sonebi M. et al (29) measured a standared cube measuring  750 mm 

demoulded one day after casting and cured with wet hessian and plastic 

sheeting. Specimens were then cured in water at 60 0C, until testing age. The 

results of standared compressive strength at 68 days showed that the specfic 

characteristics cube strength was 35 MPa for housing mixes and 20 MPa for 
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civil mixes. The results indicates that the actual strength of SCC mixes were at 

the upper end of the normal range for the designed strengths, while the 

reference mixes were at the lower end. As normal concrete, the compressive 

strength of SCC was strongly affected by water to cement ratio and filler type. 

Results indicated that at similar water to cement ratio, strengths of SCC mixes, 

using limestone powder as a filler, were significantely higher than the 

corresponding reference mixes. The relatively faster strength development for 

housing SCC mixes, particularly at early ages, was believed to be mainly due to 

the inclusion of fine particles of limestone powder, which may have an 

accelerating effects on C3S hydration and early strength (23). The civil SCC mixes, 

which contained ground granulated blast slag instead of limestone powder, 

had a lower strength at 7 and 1 days than the corresponding reference mix but 

developed significantely higher strength at 68 dys and beyond. This was due to 

the slower, but prolonged reaction (hydraulic and pozzolanic) between cement 

hydration products and slag filler, which contribute significantely to strength 

(22). Results also indicated that there was no significant difference in pattern of 

strength development for all the mixes studied. 

 

 

 

          The tensile strength was assessed indirectly by the splitting test on 

cylinders and flexural test on prisms. For SCC, both the tensile strength 

themselves, and the relationships between tensile and compressive strengths 

were of a similar order to those of traditional vibrated concrete (25). All 

parameters which influence the characteristics of the microstructure of the 

6.0.6 Splitting tensile strength: 
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cement matrix and of interfacial transition zone were of decisive importance in 

respect of tensile load bearing behavior (22).  

           Klaus and Yvette (22) found that, in about 30 % of all data points a higher 

splitting tensile strength was stated compared to CEB- FIP Model code 90 for 

normally vibrated concrete, as shown in Figure (6-9): 

ƒt= 0.705 fc
0.:2      --------------- (6-8) 

Where: ƒt= splitting tensile strength (MPa).  

             ƒc= compressive strength (MPa). 

Figure (6-9): Splitting tensile strength of SCC in comparison to CEB- FIB Model 

Code 7990 (22). 

           Hence it appears the tendency of a higher splitting tensile strength of 

SCC than the normal vibrated concrete was given by the better microstructure, 

especially the smaller total porosity and the more even pore size distribution 

Range of splitting 

tensile strength acc. 

to CEB-FIB Model 

Code 90 

75         65              35             25           55             25            15           85 

                           Mean compressive strength (MPa) 

            9 
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Splitting 

Tens.    1 

Stren.  

(MPa)  2 
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within the interfacial transition zone of SCC. Further, on denser cement matrix 

was presented due to the higher content of ultra-fines. The time development 

of tensile strength of SCC and normal vibrated concrete were subjected to a 

similar dependence, only few publications about SCC referred to more rapidly 

increase of the tensile strength opposite to the compressive strength.  

           Frank D. et al (2) agreed with this trend. They noticed that the high early 

compressive strength and the high splitting tensile strength of SCC were due to 

the use of fly ash. Such concrete types normally have a slower strength 

development because of the lower hydration rate of the fly ash. Therefore, it is 

difficult to compare the splitting tensile strength and compressive strength 

with conventional concrete aged 68 days (20). Within the test results series, the 

concrete properties would be measured after 52 days. 

           Jianxin and Jorg (21) determined the mechanical properties of ultra- high 

performance SCC. The compressive strength, splitting tensile strength and 

modulus of elasticity are shown in Table (6-77). The specimens were 

demoulded 6 days after casting, and then they were cured in water at 60 0C till 

3 days before testing. In Table (6-77), it could be seen that the difference 

between compressive strength determined on cubes and cylinders was not 

significant. This indicates that the compressive strength of ultra-high 

performance SCC was not so strongly depending on slenderness of test 

specimens as conventional high strength concrete. This was the same case as 

in conventional SCC. This phenomenon could be explained by the high powder 

content and the small size of coarse aggregate.  
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Table (6-77): Composition and properties of Ultra-High Performance Self-

Compacting Concrete, (UHPSCC) at 68 days (21). 

   

 

Mix No. 

          

 

Unit 

 

7 

 

6 

 

 

3 

 

 

2 

 

 

2 

 

 

5 

 

Water to powder ratio % 0.237 0.237 0.281 0.523 0.281 0.281 

 

Density of concrete   

 

kg/m3 

 

6360 

 

6565 

 

6528 

 

6590 

 

6521 

 

6522 

Compressive 

Strength  

Cube 

700*700 
MPa 729.8 720.1 722.6 720.2 ---- ---- 

Cylinder 

700*600 
MPa 755.1 755.9 757.2 728.1 757.6 750 

Splitting  

Strength 

Cylinder 

700*600 
MPa ----- 8.1 8.2 8.5 ---- ---- 

E-modulus 

 

Cylinder 

750*300 
GPa 28.7 50.6 56.9 53.95 ----- ----- 

 

           Kong J. et al (28) reported that, to verify the strain-hardening behavior of 

the SCC specimens made without any external consolidation, the specimens 

were cured in air for 2 weeks, following by water curing for 6 days. From the 

tensile stress-strain curves, the first crack strength, ultimate tensile strength 

and ultimate tensile strain were measured. They concluded that the tensile 

strength increased to (3.8-2.2) MPa with the formation of multiple cracks, 

after the formation of the first crack at (6-3) MPa, the ultimate tensile strain 

was approximately (7-7.6) %. The mechanical performance of SCC, however, 
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was not as good as that of high strength SCC prepared at a lower W/C ratio of 

0.68, a higher fibre volume fraction of 0.075, and a fibre length of 79 mm. The 

ultimate tensile strain was 3.2 %. The reduced performance was likely due to 

lower interfacial bonding force and fibre volume fraction in the SCC. Therefore, 

further improvement of mechanical performance of SCC was recommended.  

 

          The flexural strength behavior of SCC specimens was examined by Burge 

T. et al (29). They reported that, moist cured specimens have higher flexural 

tensile strength or modulus of rupture than air dried specimens. Moist cured 

specimens were tested at the age of 90 days, had a flexural strength in the 

range of 70 % of the ACI 323R-96 recommended equation(29) : 

                         Ec= 7.76 (fc
) 0.9 + :.6    ---------------- (6-5) 

Where:   Ec= the modulus of elasticity (GPa) 

                fc= the compressive strength (MPa) 

          Typical cracking patterns of SCC and referenced beams at ultimate load 

were very similar with four point flexural tests of the beam. At the service load 

level, cracking in the flexural span was composed predominantly of vertical 

cracks perpendicular to the direction of maximum principle stress produced by 

pure moment. Cracking outside the pure bending zone starts similar to flexural 

cracking but, as the shear stresses became important, more inclined cracks 

appeared (57). Series housing and civil engineering concrete gains more flexural 

strength than that for normal vibrated concrete due to the formation of new 

hydration products in the pores and microcracking, and less pores in the 

microstructure of the concrete of all mixes. This was due to the fact that SCC 

6.0.7 Flexural strength: 
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includes more paste and less coarse aggregate, and includes filler powder and 

much water reducing admixtures. 

          Malhotra (10) found that the flexural strength of mixes studied varies from 

(2-8.1) MPa. The beams were moist cured and then tested in flexural according 

to BS 7887; part 778, provides for a similar test procedure, except that the 

standard specimens dimensions were (750*750*150) mm. 

          Habeeb (17) reported different relationships between modulus of rupture 

and compressive strength as follows: 

ƒr= 0.6300.76ƒc-6.78*70-2 ƒc
6    -------------- (6-2) 

ƒr= 0.22 (ƒc)
 7/6                             -------------- (6-1) 

           Victor C. et al (28) used four point bending test to evaluate the 

mechanical properties of SCC. The specimen dimension was (7.61*1.2*30.5) 

cm. The specimens were loaded with a constant cross head speed in two steps. 

In fact, the test results showed slightly lower modulus of rupture for the 

specimens with vibration applied. This could be attributed to the possible 

phase separation in a fresh mix caused by vibration. The four point load test 

confirmed that strain hardening behavior and strength of composite material 

were in sensitive to the presence or obsence of the external consolidation 

process using the SCC developed in that research. 

 

 

          As it is known, the modulus of elasticity of normally vibrated concrete 

depends on the proportions of the Young’s moduli of the individual 

components and their percentages by volume. Thus, the modulus of elasticity 

6.0.8 Modulus of elasticity: 
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of concrete increases for high contents of aggregate of high rigidity, whereas it 

decreases with increasing hardened cement paste content and increasing 

porosity. A relative small modulus of elasticity could be expected, because of 

the high content of ultra-fines and additives as dominating factors and, 

accordingly, minor occurrence of coarse and stiff aggregates at SCC. Indeed, it 

was shown by analyzing the data base that the modulus of elasticity of SCC can 

be up to 60 % lower compared with normal vibrated concrete having the same 

compressive strength and made of the same aggregates (22). Nevertheless, it 

was mainly still in the range of the CEB-FIB Model Code 90, equation (6-3), for 

normally vibrated concrete as shown in Figure (6-70).  

 

Figure (6-70): Modulus of elasticity of SCC in comparison to CEB-FIB Model 

Code 90 (22). 

           Sonebi M. et al (29) determined the static modulus of elasticity in 

compression. End capped (750*300) mm cylinder specimens were cured in 

water and tested at ages of (2 to 73) months for different mixes as shown in 
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Table (6-76). They concluded that the static modulus of elasticity of civil 

engineering mixes was higher than those of housing and corresponding 

reference mixes by 78.2 % and 71.9 % respectively. For easier comparison, the 

ratios of (Ec), modulus to square root of cylinder compressive strength for all 

the mixes were also included, as a relationship in the form of Ec/ (fc) 
0.5 has 

been widely reported. They found that the results in Table (6-76), indicated 

that the SCC mixes had the same relationship between modulus of elasticity 

and compressive strength as the reference mixes. The Ec/ (fc)
 0.5 were also 

close to the value of 2.13 recommended by ACI 378-95 for structural 

calculations, applicable to normal weight concrete (29): 

                              Ec= 8.27 (fc) 
0.9   ------------------ (6-0) 

Where:    Ec= the modulus of elasticity (GPa) 
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         fc= the compressive strength of cylinders (MPa) 

Table (6-76): Static modulus of elasticity of different SCC mixes compared to 

reference mixes (29). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

           Abed (16) found that, static modulus of elasticity for concrete mixes 

containing limestone as a filler was higher than that of cement, fine sand and 

pigment by (7,77,70.6) % for civil concrete and (7.6, 2.6, 5) % for housing 

concrete at ages 68 and 90 days respectively, while concrete mixes containing 

metakaolin as a filler were higher than those of limestone, cement, fine sand 

and pigment by (0.3, 0.9,2.5,3.2) % and (0.8,0.2,5.5,5.5) % for civil concrete 

 

Test results 

 

 

Concrete mix 

 

RH SCCH RC SCCC FSCC 

Age at 

testing 

months 

 

 

73 

 

 

2 

 

 

8 

 

 

77 

 

 

1 

 
Ec GPa ----- 32.7 

32.

2 
27.9 31.1 

 

E/(fc) 
0.5  ratio 

 

----- 

 

2.96 

 

2.9

8 

 

2.23 

 

5.23 
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mixes at ages 68 and 90 days respectively. The values of modulus of elasticity 

at age of 68 days range from (33.3-31.3) GPa and (32.9-38.8) GPa for housing 

and civil engineering concrete respectively, while the values of Ec of age 90 

days ranged from (35.8-38.6) GPa and (31.2-39.9) GPa for housing and civil 

engineering concrete respectively as shown in Figures (6-77), (6-76) and (6-

73).  

20 40 60 80 100
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38

E
c 
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P

a
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MHC

MHL

 

Figure (6-77): Relationship between static modulus of elasticity and age of 

housing concrete (16). 
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Figure (6-76): Relationship between Ec and age for civil engineering concrete 
(16). 
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Figure (6-73): Relationship between the static modulus of elasticity and 

compressive strength (16).  

 

 

 

           The surface hardness of concrete members was tested by the “Schmidt 

rebound hammer”. This testing by hammer estimates the surface hardness by 

rebound number which could be taken as a measure of the concrete strength 

and percentage of voids. A few, if any, number of research work had dealt with 

the effect of water to powder ratio on the non-destructive testing of SCC (13). 

           Sonebi M. et al (29) investigated the in-situ characteristics of SCC using a 

digital apparatus, namely, Digi-Schmidt hammer, which automatically records 

the rebound number for each testing. Testing was carried out at the ages 1, 

and 68 days, and minimum of 20 readings were taken at each location along 

the height of columns and along the length of beams. Variations of rebound 

number along the height of the columns and along the length of beams, all SCC 

and reference concretes used were recorded and presented in Table (6-73). 

The quality of in-situ concrete properties in the columns and beams were 

assessed by rebound hammer number, for uniformity in near surface 

properties. They concluded that the housing SCC mix containing lime stone 

powder achieved significantly higher in-situ strength than corresponding 

reference mix (RH), properly due to the accelerating, and densifying effect of 

the filler. There were no significant differences in uniformity of in-situ 

6.0.9 Non- destructive 

tests: 

 

 

6.0.9.5 Schmidt rebound hammer 

test: 
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properties between the SCC mixes and the corresponding reference mixes; the 

properties of the SCC mixes were marginally more uniform. 

Table (6-73): Statical variations of rebound number for columns and beams at 

68 days (29). 

 

In-situ 

rebound 

Number 

 

Results for columns 

 

Results for beams 

mean Vf % No. of  

points 

mean Vf % No. of  

points 

        RH 31.3 77 720 33.1 8.5 80 

      SCCH 35.1 1.1 720 N/A N/A N/A 

        RC 22.5 2.9 720 26.3 2.2 80 

       SCCC 22 2.1 760 20.5 8.2 80 

       FSCC N/A N/A N/A 23.3 1.5 80 

  

Note: 

             N/A=not applicable. 

 

 

 

The U.P.V. test is a useful tool for assessing the uniformity of concrete 

and detecting cracks, voids or honeycombing. It gives useful information about 

the size of micro-cracked zone and on crack growth and the interior structure 

of the concrete element. The pulse velocity of concrete is affected by variety of 

factors; the composition and maturity of concrete, the geometry of section 

6.0.9.6 Ultra-Sonic Pulse Velocity: 
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being tested, and condition at test time all affect the measured pulse velocity 

of Portland cement concrete (13).                                       

SCC is denser than normally vibrated concrete because of its reduced 

porosity, which favors the ultrasonic pulse velocity travel to be faster than 

normally vibrated concrete. The pulse velocity is affected by number of factors 

which are: 

 Smoothness of the contact surface. 

 Path length; decreasing path length increases the pulse velocity. 

 U.P.V. is not sensitive to temperature in the range of 5 to 30 0C. At 

higher temperatures, the pulse velocity decreases, and the 

temperature below freezing, pulse velocity increases. 

 Pulse velocity increases with the increase in the moisture content. 

 For a given pulse velocity, the compressive strength is higher for older 

specimens (12), as shown in Figure (6-72). 

             Abed (16) observed that there was an increase in U.P.V. values with age 

for all mixes. Series MHL, MHS and MCMK show an increase in U.P.V. at ages 

68 to 90 days while less increase was seen for other mixes, as shown in Figure 

(6-75). This could be attributed to the continued hydration and dissolution of 

various filler particles, and the increase in the density of concrete. The results 

were ranged between (3.89-5.377) km/sec. for all the SCC mixes. 
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Figure (6-72): Influence of age of concrete on the correlation between pulse 

velocity and strength by Stirrup V. et al (12).                    
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Figure (6-75): Relation between U.P.V and age for housing concrete (16). 

            Saeed (51) found that the results of U.P.V were ranged between (2.66-

5.76) km/sec for all cylinders and cubes with different sizes and curing 

conditions. She noticed that for medium strength level concrete, U.P.V 

increased more than for high strength concrete due to the higher heat of 

hydration for mixes containing higher cement contents which may result in 

internal fissures or micro cracks due to the difference in the coefficient of 

thermal expansions of concrete ingredients. This trend showed that lean 

concrete mixes were more favorable for continuous moist curing than those of 

rich concrete mixes. Further, moist cured specimens showed an increase in 

U.P.V values as compared with specimens which moist cured for 1 days then 

air cured at laboratory. This could be attributed to the fact that wave travels 

faster through water-filled void than through air-filled one.                       
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CHAPTER THREE 

MATERIALS AND EXPERIMENTAL WORK 

 

 

           In order to study the effect of water to powder ratio on mechanical 

properties of SCC, compressive strength, splitting tensile strength, flexural 

strength, static modulus of elasticity as well as the determination of rebound 

number and pulse velocity were carried out on the SCC produced from locally 

available materials. The compressive strength of concrete specimens was 

tested on 700 mm cubes; the splitting tensile strength was tested on cylinders 

with a diameter of 700 mm and a height of 600 mm, while 750 mm diameter 

and 300 mm height of cylinder specimens were tested for the modulus of 

elasticity, the flexural strength was tested on prisms of (700*700*200) mm. 

           The work consisted of four series of SCC mixes, namely S70, S80, S95 and 

S:6, to investigate the effect of several factors. The factors are water to 

powder ratio, curing conditions, type of filler and time of calcening metakaolin 

on the mechanical properties of SCC. The details of the test series are shown in 

Table (3-7). 

Table (3-7): Details of test series. 

 

 

7.5 The experimental 

program: 

 

 



CHAPTER ONE …………..………………………………………….. INTRODUCTION 

 

 

 88 

 

 

 

 

 

 

 

 

 

 

 

 

 

           

Ordinary 

Portland 

Cement 

(O.P.C.) 

manufactured 

by the new 

cement plant of Kufa was used throughout this investigation. This cement 

complied with the Iraqi specification No.5/ 7982 (RS7). The chemical and 

physical properties are presented in Tables (3-6) and (3-3) respectively. 

Mix Notation 

 

       Type of filler  

 

W/P 

(%) 

 

          S70 

Limestone 

Metakaolin  I 

Metakaolin  II 

Metakaolin  III 

       

 30 

                  

          S80 

Limestone 

Metakaolin  I 

Metakaolin  II 

Metakaolin  III 

 

 20 

 

 

 

          S95 

Limestone 

Metakaolin  I 

Metakaolin  II 

Metakaolin  III 

 

 57 

  

          S:6 

Limestone 

Metakaolin  I 

Metakaolin  II 

Metakaolin  III 

 

 26 

7.6 

Materials: 

 

 

7.6.5 

Cement: 
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Table (3-6): Chemical composition of cement. The test was made in the 

constructional materials laboratory of University of Babylon. 

 

         Oxide               % IQS (RS5)  

No.985608 

        CaO 

        SiO6 

        Al6O3 

        Fe6O3 

        MgO 

         SO3 

     Free lime  

        L.O.I 

 

          20.19 

          60.15 

           2.60 

           3.00            

           2.77 

           6.36 

           0.57 

           6.00 

 

 

 

 

   5.0 

   6.8 

 

   2.0   

Compound 

Composition 

 

          % 

IQS (RS5) 

No.985608 

     C3S 

     C6S 

     C3A 

     C2AF 

     L.S.F 

         31.62 

         37.39 

         77.35 

          9.76 

          0.88    

 

 

 

 

0.22-7.06 

Table (3-3): Physical properties of cement. The test was made in the 

constructional materials laboratory of University of Babylon. 
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          Physical  

         properties  

Test 

results 

IQS (RS5)  

No.985608 

Fineness, Blaine,cm6/gm 

Setting time, Vicat 

method 

Initial; hrs:min 

Final ; hrs:min 

3762 

 

7425 

3:22 

6300 

 

7400 

70400 

Compressive strength  

           MPa 

 3  days 

 1  days   

68 days                   

 

 

60 

61 

33 

 

 

   75 

   63 

 

 

 

           Natural sand from AL-Akaidur region was used. The results of physical 

and chemical properties of the sand are listed in Table (3-2). Its grading 

conformed to the BS 886: 7996 (RS6) type F. 

Table (3-2): Properties of fine aggregate. 

 

   Sieve size  

      (mm) 

Passing 

     % 

BS 00685666 (RS6) 

Limitations 

7.6.6 Fine aggregate: 
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       70.00 

        5.00 

        6.32 

        7.78 

        0.20 

        0.30 

        0.75 

   700 

   700 

    92 

    82 

    22 

    31 

     3 

       700 

     89-700 

     20-700 

     30-700 

     75-700 

       5-10 

       0-75   

 Properties  Results   BS 05685660 (RS7) 

  S03  content 

  Clay 

   0.236 

     6.3 

         0.5 

         3.0 

Specific gravity 

Absorption % 

    6.25 

    7.2 

 

 

 

          The coarse aggregate was AL-Nibaee gravel with a maximum size of 72 

mm as shown in Table (3-5). The coarse aggregate used in this research is 

complying with BS 886: 7996 (RS6). 

Table (3-5): Properties of coarse aggregate. 

   

Sieve size 

In (mm) 

Passing 

      % 

BS 006: 5666 (RS6) 

Limitations 

7.6.7 Coarse aggregate: 
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      20 

      60 

      72 

      70 

       5 

      pan  

    700 

    700 

     91 

     82 

      2 

      0 

        700 

        700 

      90-700 

       50-85 

        0-70 

          0 

Properties  Results  BS 056: 5660 (RS7)  

Sulphate 

content 

       So3 % 

 

Clay      % 

 

Specific gravity 

 

Absorption % 

  0.0199 

 

 

     0.2 

 

    6.22 

 

     0.1 

     0.7 

 

 

     7.0 

 

        

 

        

 

 

 

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

 

 

7.6.8 Water: 

 

 

7.6.9 Super-plasticizer: 
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           To achieve high workability needed to produce SCC, super-plasticizers 

(high range water reducers) were used. A super-plasticizer known as Ura-plast 

SF was used in producing SCC. 

           According to ASTM C292-96 (RS2), this SP is classified as type F and G, 

because it has the capability of more than 76: water reduction for a given 

consistency and it has a retarding effect on the SCC. The normal dosage for the 

Ura-plast is between 7-5 liters per 700 kg of cement. The typical properties of 

SP are shown in Table (3-2). 

Table (3-2): Properties of SP. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Main  

Action  

Concrete 

Super-plasticizer  

 

Subsidiary effect  

Form 

Color 

Relative density 

Viscosity 

pH value 

Transport 

 

Hardening retarder 

Viscous liquid 

Dark brown 

7.7 at 60 0C 

768+/-30 cps at 60 0C 

2.2 

not classified as dangerous 
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           Limestone powder which has been brought from market city is used to 

increase the amount of powder content (cement + filler) in the SCC mixes. The 

particle size less than 0.765 mm was used to increase the workability and 

density of the SCC. This type of filler conformed to BS 8500-6, 2.2 (RS2). The 

chemical composition of limestone powder is shown in Table (3-1). 

 

 

 

 

Table (3-1): Chemical composition of limestone powder. The test was made in 

the environmental laboratory of University of Babylon. 

 

    Oxide       % 

    CaO  

    SiO6 

    Al6O3 

    MgO 

    56.12 

    7.20 

    0.10 

    0.70 

    0.71 

7.6.: Limestone 

powder: 
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           Metakaolin is a highly pozzolanic material produced by calcining the clay, 

using an oven at temperatures of (122 0C). The particle size should not be 

more than 0.765 mm in order to achieve high workability and reactivity when 

added as a part of cement weight.  

           To evaluate the time of calcining metakaolin on mechanical properties 

of SCC, three types of metakaolin namely, “type I, type II and type III”, were 

used to enhance the workability of concrete. Type I was calcined for ½ hr, type 

II was calcined for 7.0 hr and type III was calcined for 7.5 hrs at the same 

temperature (122 0C) for all three types. All types shall conform to BS 8500-6, 

2.2 (RS2). The chemical composition of kaolin and the three types of 

metakaolin are shown in Table (3-8). 

 

 

    Fe6O3 

    SO3 

   L.O.I 

    6.97 

   20.20    

7.6.2 Metakaolin: 
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Table (3-8): Chemical composition of kaolin and metakaolin. The test was 

made in the environmental laboratory of University of Babylon. 

Oxide  Kaolin  Type 

   I 

Type  

   II 

Type 

         

  III 

SiO6 

Fe6O3 

Al6O3 

CaO 

MgO 

SO3 

L.O.I 

56.61 

7.76 

73.83 

70.0 

2.5 

7.36 

72.02 

28.82 

3.56 

76.12 

2.72 

2.72 

0.82 

7.20 

17.88 

2.08 

9.92 

5.93 

5.18 

7.06 

7.69 

12.00 

2.80 

1.18 

5.22 

2.25 

7.68 

7.61 

 

 

 

           Four groups of self-compacting concrete mixtures with water to powder 

ratios of (0.3, 0.2, 0.57 and 0.26), namely (S70, S80, S95 and S:6) were designed 

and tested. Water to powder ratio was defined as the weight of water divided 

by the weights of cement and filler.  

7.7.5 Mix design: 

 

 

7.7 Mix Preparations: 
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          The concrete was designed according to the Japanese mix design system 

(61). During the first 28 hrs, the specimens were left in the molds     then cured 

in water until the time of testing. 

 

          The proportions of concrete mixes are summarized in Table (3-9). 

Table (3-9): Mix proportions (kg/m3). 

         

  A 

lot 

of 

trial 

mixe

s 

were 

done 

in the constructional materials laboratory to find a suitable mix that satisfy the 

requirements of self-compacting concrete in the fresh state as well as at 

hardening. Table (3-70) shows the mix proportion details of fresh and 

hardened concrete properties in preliminary investigations. 

Table (3-70): Mix proportions in preliminary investigations. 

 

 

 

 Test 

series  

 

   7 

 

   6 

 

   3 

 

   2 

 

   5 

 

   2 

 

   1 

Mix         

Mix 

Notation  

Cement 

(kg/m3) 

Filler 

(kg/m3)  

Sand 

(kg/m3)  

Gravel 

(kg/m3) 

W/P 

( %) 

SP by 

weight of 

cement (%) 

S70 

S80 

S95 

S:6 

200 

200 

200 

200 

80 

80 

80 

80 

976 

976 

976 

976 

120 

120 

120 

120 

30 

20 

57 

26 

2 

2 

2 

2 

7.7.6 Mix Proportions: 
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Proportions Units   

 

Cement 

 

Filler 

 

Sand 

 

Gravel 

 

W/C 

 

W/F 

 

SP 

 

kg/m3 

 

kg/m3 

 

kg/m3 

 

kg/m3 

 

% 

 

% 

 

l/m3 

 

300 

 

622 

 

169 

 

150 

 

0.2

7 

 

---- 

 

3 

 

360 

 

720 

 

976 

 

120 

 

0.2

7 

 

0.3

5 

 

2.7 

 

376 

 

730 

 

987 

 

838 

 

0.2

7 

 

0.3

5 

 

8 

 

680 

 

625 

 

825 

 

150 

 

0.2 

 

0.6

8 

 

2.6 

 

328 

 

720 

 

800 

 

185 

 

0.5

5 

 

0.3

3 

 

8 

 

360 

 

720 

 

976 

 

120 

 

0.1 

 

0.2 

 

8 

 

360 

 

720 

 

976 

 

120 

 

0.52 

 

0.2 

 

8 

 

U-box 

 

L-box 

 

V-funnel 

 

 

cm 

 

% 

 

sec 

 

2 

 

--- 

 

--- 

 

2 

 

--- 

 

--- 

 

--- 

 

33 

 

75 

 

--- 

 

71 

 

--- 

 

--- 

 

--- 

 

--- 

 

3 

 

95 

 

1 

 

6 

 

85 

 

1 
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Compressive Strength 

 

3-days 

 

1-days 

 

68-days 

 

MPa 

 

MPa 

 

MPa 

 

 

 

    75 

 

71 

 

78 

79 

 

67 

 

31 

 

 

         A total of sixteen batches based on the mix design of self-compacting 

concrete discussed earlier in Table (3-9), have been prepared in this research. 

The procedure used for mixing the batches was as follows: 

 Predetermined quantities of fine aggregate (sand) and 7/3 water were 

added to the mixer and mixed for 7 minute. 

 Predetermined quantities of cement, filler and 7/3 (water plus SP) 

were added to the mixer and mixed together for 30 sec. 

 A half of the gravel and 7/3 (water plus SP) were added and mixed for 

30 sec. 

 The final half of gravel and 7/3 SP were added to the mixer and mixed 

for 7 minute. 

          No vibration or compaction has been applied to the SCC specimens; all 

specimens have been cast and cured according to BS 5368: 2: 7990 (RS5). 

 

7.7 Mixing of concrete:

  

 

 

7.8 Testing of fresh concrete:  

 

 



CHAPTER ONE …………..………………………………………….. INTRODUCTION 

 

 

 100 

 

          It is important to appreciate that none of the test methods for SCC has 

yet been standardized, and the tests described are not yet perfected or 

definitive (61). The methods presented here are descriptions rather than fully 

detailed procedures, which have been devised specially for SCC. In considering 

these tests, there are a number of points which should be taken into account: 

 One principle difficulty in devising such tests is that they have to assess 

three distinct, thought related, properties of SCC- its filling ability 

(flowability), its passing ability (Passibility) and its segregation 

resistance (stability). No single test so far devised can measure all 

three properties. 

 There is no clear relation between test results and performance at site. 

 The test methods and values are stated for max aggregate size of up to 

60 mm; different test values and/or different equipment dimensions 

may be appropriate for other aggregate sizes. 

 In performing the tests, concrete should be sampled in accordance 

with BS 53684247990 (RS5). 

 

 

           The slump flow is used to assess the horizontal free flow of SCC in the 

absence of obstructions (flowability, stability). 

Procedure   

 About 2 litters of concrete are needed to perform the test. 

 Moisten the base plate and the inside of slump cone. 

7.8.5 Slump flow test and T90 cm test: 
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 Place base plate on level stable ground and the slump cone centrally 

on the base plate and that a concentric diameter of 50 cm is marked 

on the plate. 

 Fill the cone with the scoop, do not tamp, simply strike of the concrete 

level with the top of the cone with trowel. 

 Remove any surplus concrete from around the base and cone. 

 Raise the cone vertically and allow the concrete to flow out freely. 

 Start the stop watch and record the time taken for concrete to reach 

the 50 cm spread circle, (this is T50 cm). 

 Measure the final diameter of concrete in two perpendicular 

directions. 

 Calculate the average of the two measured diameters, (this is slump-

flow in mm). 

 

 

          This test assesses the flow of concrete, and also extent to which it is 

subjected to blocking by reinforcement. It indicates the slope of concrete when 

at rest. This is an indication of passing ability, or the degree to which the 

passage of concrete though the bars is restricted. This apparatus is made 

according to the Japanese design for under water concrete described by 

Petersson (15), as shown in Figure (3-7). 

 Procedure 

 Set the apparatus level on firm ground, ensure that the sliding gate can 

open freely and then close it. 

 Moisten the inside surface of the apparatus, remove any surplus water. 

7.8.6 L-box test: 
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 Fill the vertical section of apparatus with 76.1 liters of concrete. 

 Leave it to stand for 7 min. 

 Lift the sliding gate and allow the concrete to flow out into the 

horizontal section. 

 When concrete stops flowing, H7 and H6 are measured.  

 

 

 

          This test is used to measure the filling ability of SCC. According to the 

technology research centre of the Taisei Corporation in Japan (12), the 

apparatus is presently made. 

Procedure 

 Set the apparatus on firm ground, ensure that the sliding gate can 

open freely and then close it. 

 Moisten the inside surface of the apparatus, remove any water. 

 Fill one of the compartments apparatus with 60 liters of SCC. 

 Leave it to stand for 7 min. 

Figure (3-7): L-box test (15). 
7.8.7 U-box test: 
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 Lift the sliding gate and allow the concrete to flow out into the other 

compartment. 

 When concrete is rest, measure the height of the concrete in the 

compartment that has been filled, in two places and calculate the 

mean H7. Measure also the height in the other compartment H6 as 

shown in Figure (3-6). 

 Calculate (H7-H6), the filling height. 

 

 

 

 

          The V-funnel test is used to determine the filling ability (flowability) of 

the concrete with a maximum aggregate size up to 60 mm. This apparatus is 

made according to the Japanese efforts by Okamura et al (23). 

Procedure 

 Set the V-funnel on firm ground. 

 Moisten the inside surface of the funnel. 

Figure (3-6): The U-box test (12). 

 

 

7.8.8 V-funnel test: 

 

 

All dimensions in mm 
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 Keep the trap door open to allow any surplus water to drain. 

 Close the trap door and place a bucket underneath. 

 Fill the apparatus shown in Figure (3-3) completely with concrete 

without compaction or tamping; simply strike off the concrete level in 

the top with trowel. 

 Open within 70 sec. after filling the trap door and allow the concrete to 

flow out under gravity. 

 Start the stop watch and record the flow time. 

 

 

 

 

          Since, SCC was made with low water to powder ratios; water curing is 

very essential due to the high amount of ultra-fine materials (cement + fillers). 

Three types of curing are simulated:- 

 Sprinkle curing in which all specimens were sprinkling by water once a 

day until testing age inside the lab. 

Vol. =76 liters 
250 

760 

15 

 15 

 550 

Trap door 

All dimensions in 

mm  

Figure (3-3): The V-funnel test (23). 

 

 
7.9 Curing Conditions: 
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 Moist curing in water until testing age. 

 Air curing in the laboratory until testing age. The test ages were 1, 68 

and 90 days. 

 

 

 

          Compressive strength was carried out and tested according to BS 7887: 

part 77247983 (RS1). A total number of 722 cubes of 700 mm were tested by 

using a hydraulic compression machine of 6000 kN. All specimens were cured 

in water until testing age, except those which sprinkled or air-dried. Each result 

of compressive strength obtained is the average for three specimens. 

 

 

          The splitting tensile strength was determined according to the procedure 

outlined in BS 7887: part 771: 7983 (RS8). A total number of 92 cylinders 

(700*600) mm were tested. Cylinders were cast, demolded and cured in a 

similar way as the cubes. Each splitting tensile strength result was the average 

of strength for tow specimens. The splitting tensile strength is calculated from 

the equation: 

                                     )13(
2


LD

P


   

 

Where: 

7.: Hardened Concrete Tests: 

 

 

7.:.5 Compressive Strength Test: 

 

 

7.:.6 Splitting Tensile Strength Test: 
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                P=the applied compressive load. 

                L=the cylinder length. 

                D=the cylinder diameter. 

 

 

          Concrete prisms of dimensions (700*700*200) mm were cast according 

to BS 53684247990 (RS5) procedure. A total number of 92 prisms were tested. 

The prisms were cast, demolded and cured in a similar manner as the cubes. 

Modulus of rupture test according to BS7887477847983 (RS9) were performed 

using two-point load as shown in Figure (3-2).                        P/6          P/6 

 

 

          Each value of the modulus of rupture was the average of the test results 

for two specimens. Modulus of rupture is calculated from the simple beam 

bending formula: 

                                )23(
2


bd

pl
R 

Where: 

     3cm                   32cm                  3cm 

Figure (3-2): Two-point load flexural strength test. 

 

 

7.:.7 Flexural Strength Test: 
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p=maximum applied load               ,           l=span length 

b=specimen width                          ,           d=specimen depth 

          This equation is valid only if failure line is within the middle third span. If 

failure line is outside middle span by not more than 5 % of the span length, the 

equation below is used: 

                               )33(
3

2


bd

pa
R 

Where: 

a=the average distance between the point of fracture and the nearest support. 

 

          The static modulus of elasticity was determined according to BS 

78874767:7983 (RS70) specifications. A total number of 36 cylinders 

(750*300) mm were tested. All specimens were cast, demolded and cured as 

for the compressive strength cubes. A hydraulic compression machine of 6000 

kN is used to apply a compression load until 20 % of the ultimate load. The 

proving rings used which have a gauge length of 600 mm and gauge with an 

accuracy of 0.07 mm, is made according to BS 78874767483 (RS70).  The 

recorded results were the average of readings for two cylinders. The modulus 

of elasticity may be calculated as follows: 

                                  )43(
12

12 







SS
Ec   

Where: 

Ec=modulus of elasticity (GPa). 

7.:.8 Static Modulus of Elasticity: 
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S6=stress corresponding to 20 % of ultimate load (MPa). 

S7=stress corresponding to the longitudinal strain of 50*70-2 (MPa). 

2=longitudinal strain produced by S6. 

1=50*70-2 

 

 

 

          Schmidt hammers were used to estimate the surface hardness of 

concrete specimens by recording the rebound number, which could be used as 

a measure of the concrete strength and percentage of voids. The test method 

is prescribed by BS 7887460647982 (RS77) specifications. The test results of 

rebound number were the average of five readings to each point. 

 

 

          This test is carried out according to BS 7887: part 603: 7982 (RS76), using 

the portable ultra-sonic non-destructive digital indicating tester (PUNDIT) with 

frequency of 32 kHz to determine wave velocity in concrete specimens. The 

transit time is recorded in microseconds. Pulse velocity, V, in km/sec is 

calculated as follows: 

                                   )53( 
T

L
V 

Where: 

7.:.9.5 Schmidt Rebound Hammer Test: 

 

 

7.:.9 Non-Destructive Tests: 

 

 

7.:.9.6 Ultra-Sonic Pulse Velocity: 
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V=ultra-sonic pulse velocity, km/sec. 

L=path length, mm. 

T=transit time,  sec. 

CHAPTER FOUR 

RESULTS AND DISCUSSION 

 

           The experimental program was divided into two parts. In the first part 

sixteen mixes of different ( water to powder ratio, and filler type) were made 

to be tested in the fresh state, (workability tests), they were, slump-flow, T50 

cm slump-flow, U-box, L-box and V-funnel, in order to evaluate the filling 

ability, passing ability and segregation resistance of the fresh concrete. In the 

second part, the mechanical properties (compressive strength, splitting tensile 

strength, flexural strength, static modulus of elasticity in addition to two non-

destructive tests, Schmidt rebound hammer test and ultra-sonic pulse velocity) 

have been studied and discussed.  

           A total number of 722 cubes of (700*700*700) mm for a compressive 

strength determination, 92 cylinders of (700*600) mm for a splitting tensile 

strength determination, 36 cylinders of (750*300) mm for a static modulus of 

elasticity determination, 92 prisms of (700*700*200) mm for the flexural 

strength determination. 

 

 

 

8.5 Introduction: 

 

 

8.6.5 Slump-flow and T90 cm:  

 

 

8.6 The fresh concrete results: 
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           The consistency and workability of the SCC were evaluated by using the 

slump-flow test. Because of its ease of operation and portability, the slump-

flow test is the most widely used method for evaluating concrete consistency 

in the laboratory and at job sites. The diameter of the concrete flowing out of 

the slump cone is obtained by calculating the average of two perpendicular 

measured diameters for determining the slump-flow of the SCC.                           

                                                                                                                                              

                                                                    

          The results of the slump-flow range between (238-138) mm and the 

results of T50 cm range between (6.5-5.7) seconds. These results show that the 

SCC used is complying with the requirements found in literature (6, 5, 79, 63) and 

the SCC used is found to have a good consistency and workability at fresh 

state. 

           The water to powder ratio has a small effect on the flowability and 

workability of the fresh SCC. The results shown in Figures (2-7), (2-6) show that 

increasing the water to powder ratio from 30 % to 26 % increases in the slump-

flow by 76 %, while T50 cm decreases by 20 %. This behavior can be explained 

by the high workability of the SCC gained by the additional water content in 

the mix. The very high flowability of the SCC is due to the use of ultra-fine 

materials, high sand to aggregate ratio, the use of superplasticizer and low 

particle size of coarse aggregate. As the particle size decreases, the surface 

area of the particles increases. The increase in specific surface area of paste 

gives an indication of workable mixture produced (11). 

           The type of filler influences the workability of the SCC. The limestone 

powder gives more workability than metakaolin type (I, II, III) by (0.8-6.8) %, 

(7.6-3.9) % and (7.8-5.0) % for slump-flow while less by (6-9.3) %, (76.1-72) % 
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and (60-30) % for T50 cm respectively as shown in Figures (2-7) and (2-6). This 

is due to the shape and size of metakaolin particles which are long, hexagonal 

plates making obstructions in the fresh mix. Rather, these materials deform by 

viscous flow, the same manner in which liquid deform; this characteristic 

property for viscous flow, (viscosity) is a measure of a non-crystalline materials 

resistance to deformation (18). The chemical composition of metakaolin 

particles consists of two layers of (Si6O5) connected together by weak van der 

Waals forces. Therefore, as the water to powder increases, the sliding between 

these two layers becomes easy. 

2 0 3 0 4 0 5 0 6 0 7 0

W/P (%)

6 0 0

6 4 0

6 8 0

7 2 0

7 6 0

S
lu

m
p

-f
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Figure (2-7): Relationship between slump-flow and W/P ratio at 

fresh state.       
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L= self compacting concrete with limestone. 

I = self compacting concrete with metakaolin calcined for 0.5 hr.                     

II = self compacting concrete with metakaolin calcined for 7.0 hr.                                                                 

                              

III= self compacting concrete with metakaolin calcined for 7.5 hr.                     

           The time of calcining metakaolin is one of the important variables in this 

research; it refers to the duration period in which the metakaolin powders get 

fired. Figures (2-3) and (2-2) show that when time of calcining metakaolin 

increases from (0.5 to 7.0) hrs and (0.5-7.5) hrs the slump-flow decreases by 

(0.5-7.2) % and (7.7-3.0) % while T50 cm increases by (3.0-73.1) % and (70.5-

61.5) % respectively. The kaolinite used is calcined at a temperature of (122) 

0C. During the firing operation, the density is farther increased (with an 

attendant decrease in porosity) which means, very high softness of the 

Figure (2-6): Relationship between T50 cm and W/P ratio at fresh 

state.  
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metakaolin is reached, therefore, leading to limit the workability (just like 

cement). This is when water content is constant. When clay-based materials 

are heated to elevated temperature, some rather complex and involved 

reactions occur. One of these reactions is the breaking of some weak van der 

Waals forces which make the metakaolin obtains more softness. This trend 

agrees with that obtained by William (18). 
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Figure (2-3): Relationship between slump-flow and time of calcining 

metakaolin. 
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           The properties of fresh concrete are presented in Table (2-7). U-box test 

is one of the fresh concrete tests which are used to assess the self- 

compactibility of SCC. The results presented in Table (2-7) show that the 

concrete used can be described as self-compacting due to the fact that after 

opening the sliding gate, the concrete rises in the other half of the U-box to a 

height greater than 0.85 of the maximum possible height, (H6-H7) ranges from 

(0-3) cm. 

           According to Table (2-7), the results of U-box range between (0-7.5) cm, 

which is an acceptable limit, and metakaolin type III SCC shows a decrease in 

the workability by (60, 20, and 20) % compared to metakaolin type (II, I) and 

Figure (2-2): Relationship between T50 cm and time of calcining 

metakaolin. 

8.6.6 U-Box results: 
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limestone powders SCC respectively. This behavior is due to the shape and 

composition of metakaolin particle; long hexagonal plates, and as time of 

calcining metakaolin increases the softness increases by breaking these long 

plates to smaller ones. This trend is in agreement with other researchers (5, 79, 

63, 31, and 15). 

Table (2-7): Properties of fresh concrete. 

 

Mix 

notation 

Type of filler U5-U6 

  (cm) 

H6/H5 

   (%) 

V-time 

   Sec. 

 Limitations   0-3 80-700  5-75 

 

 

  S:6 

Limestone 

Metakaolin type I 

      =             =   II 

      =             =   III 

0 

0 

0.3 

0.2 

   90 

   81 

   85 

   82 

2 

1 

1.5 

8 

 

 

  S95 

Limestone 

Metakaolin type I 

      =             =   II 

      =             =   III 

0 

0 

0.2 

0.8 

   88 

   85 

   83 

   86 

1.5 

8 

8.8 

9 

 

 

  S80 

Limestone 

Metakaolin type I 

      =             =   II 

      =             =   III 

0.2 

0.2 

0.8 

7.0 

   85 

   83 

   86 

   86 

9 

9.5 

70 

70.5 
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  S70 

Limestone 

Metakaolin type I 

      =             =   II 

      =             =   III 

0.1 

7.0 

7.6 

7.5 

   86 

   86 

   80 

   80 

77 

77.5 

76 

76.2 
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           From the results shown in Table (2-7) it can be seen that the recorded V- 

time is between (2-76.2) sec. for all mixes, where shorter time indicates 

greater flowability. This gives an indication for the high flowability of the SCC 

mixes, which complying with the requirements of Bilal A. (6), Okamura H. et al 

(33) and David and Sheinn (38). 

           Increasing the water to powder ratio from (0.3 to 0.2), (0.3 to 0.57) and 

(0.3 to 0.26) results to decrease the V-time by (75.3-78.6) %, (61.2-37.8) % 

and (35.5-25.5) % respectively. Moreover, metakaolin type III SCC has the 

longer V-time whereas limestone shows the shortest V-time. The increase in V-

time for metakaolin type (I, II, III) SCC than limestone powder SCC is by (2.5-

72.1) %, (9.7-65) % and (76.1-33.3) % respectively. This is due to the high 

softness of metakaolin used which increased during the firing process and 

because of the shape and composition of metakaolin particle; long and 

hexagonal plates. This is in agreement with Paul R. et al (26). 

 

 

           The recorded results in Table (2-7) show that the blocking ratio (H6/H7) 

ranges between (80-90) percent for all the SCC mixes. Like other fresh test 

results, the blocking ratio decreases for metakaolin SCC compared to limestone 

powder SCC. When time of calcining increases, the fresh mixture becomes 

stiffer at the same water to powder ratio. This conforms to the other fresh 

concrete investigations (slump-flow, T50 cm, U-box and V-funnel). 

8.6.7 V-funnel results: 

 

 

8.6.8 L-Box results: 
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           From the results shown in Table (2-7) it can be seen that the decrease in 

the blocking ratio for metakaolin type III SCC compared to those of type (II, I) 

and limestone SCC is by (7-7.6) %, (7.6-3.2) % and (6.5-1.3) % respectively. This 

behavior can be attributed to the shape and composition of metakaolin 

particles and to the higher softness gained during the firing process. These 

results show that increasing the water to powder ratio from (0.3 to 0.2), (0.3 

to 0.57) and (0.3 to 0.26) leads to increase the blocking ratio by (7.6-3.2) %, 

(7.6-1.3) % and (5-9.8) % respectively. The higher blocking ratio means more 

workability and if the concrete flows as freely as water, at rest it will be in level 

(H6/H7=7.0), therefore the closer to this value, the better the flow of concrete. 

           The time of calcining metakaolin has a significant effect on workability 

and flowability of the concrete. Increasing the duration period affected the 

workability of fresh concrete and there is an urgent need for additional water 

because of the increase in the surface area due to the existence of powders. 

 

 

 

           Concrete cubes of 700 mm were tested at ages of 1, 68 and 90 days. 

Each value of tests results is the average of three specimens. The average of 

the tests results are shown in Figures (2-5) to (2-73) for normal (housing) SCC 

mixes of different (water to powder ratio, type of filler used, time of calcining 

metakaolin and curing conditions). The compressive strength results range 

between (66.5-36.5) MPa, (33-58) MPa and (25.5-21.2) MPa at 1, 68 and 90 

days respectively. 

8.7.5 Compressive 

strength: 

 

 

8.7 Hardened concrete results: 
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          From the results of compressive strength shown in Figures (2-5) to (2-1) 

it can be seen that the use of super-plasticizers leads to increase the 

compressive strength due to the decrease in water to powder ratio. Moreover, 

a decrease in the water to powder ratio from (0.26 to 0.57), (0.26 to 0.2) and 

(0.26 to 0.3) leads to increase the compressive strength by (5.2-73.2) %, (70-

66.1) % and (61.5-20.7) % at 68 days respectively. This is due to lower initial 

volume of voids that is needed to be filled by the hydration products and the 

better dispersion of the powders in the mix. Thus, the SCC used has doubled 

the compressive strength with respect to that of reference normal vibrated 

concrete found by Sonebi M. et al (29) and lies under high strength concrete as 

shown in Figure (2-77) due to the inclusion of filler powders which gives a 

strong, homogenous and dense interface zone between matrix and aggregate. 

This is in agreement with what is stated by Budi and Karsten (37) and Abed (16). 
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Figure (2-5): Relationship between compressive strength at 1-days 

and W/P ratio for SCC with different filler types. 

Figure (2-2): Relationship between compressive strength at 68-

days and W/P ratio for SCC with different filler types. 
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           Figures (2-8) to (2-70) show that increasing the time of calcining 

metakaolin from (0.5 to 7.0) hr leads to increase the compressive strength by 

(5.6-77.8) %, (3.5-9.0) % and (2.0-1.5) % at 1, 68 and 90 days respectively and 

increasing this time from (0.5 to 7.5) hrs increases the compressive strength by 

(76.7-71.2) %, (72.6-60.8) % and (77.2-72.0) % at 1, 68 and 90 days 

respectively. This behavior can be explained by the densifing effect of 

metakaolin with a decrease in the porosity at early ages, while at later ages, in 

addition to the densifying effect of metakaolin by firing, a pozzolanic reaction 

with calicum hydroxide released from cement hydration and the filling effect in 

Figure (2-1): Relationship between compressive strength at 90-

days and W/P ratio for SCC with different filler types. 
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the voids among cement and other powder particles enhance the strength of 

concrete.  
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Figure (2-8): Relationship between compressive strength at 1-days 

and time of calcining metakaolin. 
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Figure (2-9): Relationship between compressive strength at 68-

days and time of calcining metakaolin. 
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           The surface of SCC tends to dry faster than NVC because; there is little or 

no bleed water at the surface due to using of ultra-fine materials and using low 

water to powder ratio. From the results shown in Figures (2-77) and (2-76) it 

can be seen that sprinkle cured specimens improve compressive strength more 

than moist and air cured specimens by (70-76) %, (63-62) %, (7.3-7.2) %, (68.2-

30) %. (0.6-6) % and (69.3-36) % at 1, 68 and 90 days for S80 and S95  

respectively, while moist cured specimens show larger compressive strength 

than sprinkle cured and air cured specimens by (5.5-77.7) % and (69.5-32) % 

for S:6 at 68 and 90 days respectively, as shown in Figure (2-73).  

           Like normally vibrated concrete, the compressive strength for specimens 

with air curing is lower than that of the corresponding water cured and moist 

cured specimens. However, the extent of strength reduction was due to the 

insufficient curing for air cured specimens up to an age of 90 days depends on 

water to powder ratio, (as the volume of voids increases when increasing the 

W/P) and the type of filler in the mix. It appears that the SCC mixes with 

calcined metakaolin type II are more affected by air curing compared to other 

types of curing conditions, (sprinkled and moist), as continued presence of 

water is required for the cement hydrates-pozzolana reaction to continue. 

Thus, the difference in the compressive strength between sprinkle and moist 

cured specimens can be attributed to the gel stiffining by drying for sprinkle 

curing, on the other hand it may be due to relaxtion in gel of filler type due to 

Figure (2-70): Relationship between compressive strength at 90-

days and time of calcining metakaolin. 
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the presence of water by moist curing. This is in agreement with what was 

stated by Sonebi M.et al (29). 
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Figure (2-77): Relationship between compressive strength and age 

of II SCC with different curing conditions of W/P=0.2. 
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Figure (2-77): Relationship between compressive strength and age 

of II SCC with different curing conditions of W/P=0.57. 
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           The results of splitting tensile strength for mixes with different (water to 

powder ratio, time of calcining metakaolin and curing conditions) are shown in 

Table (2-6) and Figures (2-72) to (2-79). Two cylinders of (700*600) mm are 

tested t 1, 68 and 90 days. 

           From the recorded results in Table (2-6) it can be seen that increasing 

the water to powder ratio from (0.2 to 0.57) decreases the splitting tensile 

strength by (7-3.2) %, (7-1.9) %, and (6.7-8.8) % at 1, 68 and 90 days 

respectively, and increasing the W/P ratio from (0.2 to 0.26) % decreases the 

Figure (2-77): Relationship between compressive strength and age 

of II SCC with different curing conditions of W/P=0.26. 

 

 

8.7.6 Splitting tensile strength:     
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splitting tensile strength by (75.9-79.9) %, (1.2-71.6) % and (73.8-71.2) % at 1, 

68 and 90 days respectively. This is due to the high initial volume of capillary 

voids in the mix. this increases when increasing the water content. 

Table (2-6): Splitting tensile strength of SCC specimens. 

 

           Figures (2-72) to (2-72) show the splitting tensile strength development 

with age for different curing conditions. From these figures it can be seen that 

Mix 

Notation 

Type of 

Filler 

Splitting tensile strength (MPa) 

1-days 68-days 90-days 

 

S:6 

Limestone 

Metakaolin type I 

Metakaolin type II 

Metakaolin type III 

2.30 

2.50 

2.26 

2.15 

 

2.82 

5.71 

5.32 

5.28 

5.65 

5.27 

5.87 

2.06 
 

S95 

Limestone 

Metakaolin type I 

Metakaolin type II 

Metakaolin type III 

5.78 

5.30 

5.20 

5.13 

5.20 

5.57 

5.10 

2.70 

5.87 

2.73 

2.31 

2.85 

 

S80 

Limestone 

Metakaolin type I 

Metakaolin type II 

Metakaolin type III 

5.30 

5.35 

5.22 

5.93 

5.25 

5.58 

5.95 

2.26 

2.31 

2.23 

2.12 

1.00 

RH 

According 

to 

Sonebi (29) 

 

Limestone powder 

 

----- 

 

6.2 

 

----- 
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sprinkling cured specimens have higher splitting tensile strength than moist 

cured specimens by (2.82-1.3) %, (3.5-2.1) %, and (6.22-5.8) % at 1, 68 and 90 

days respectively, and sprinkling cured specimens have higher splitting tensile 

strength than air cured specimens by (8.2-71.2) %, (73.7-75.8) % and (77.93-

66.3) % at 1, 68 and 90 days respectively. This behavior can be explained by 

the stiffining process in the gel when drying or by relaxation in the gel when 

moist curing. Whereas for specimens with air curing, the insufficient curing 

leads to the insufficient of hydration products in concrete which minimizes the 

splitting tensile strength. 
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Figure (2-72): Splitting tensile strength development of S20 with 

age for different curing conditions. 
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Figure (2-75): Splitting tensile strength development of S57 with 

age for different curing conditions. 
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          The results shown in Figures (2-71) to (2-79) show that, when the time of 

calcining metakaolin increases from (0.5 to 7.0) hr there is an increase in the 

splitting tensile strength by (5.3-9.8) %, (5.1-75.1) %, and (8.72-70.5) % at 1, 

68 and 90 days respectively, and when the time of calcining metakaolin 

increases from (0.5 to 7.5) hrs the splitting tensile strength increases by (6.3-

2.82) %, (6.2-70.76) % and (3.5-1.0) % at 1, 68 and 90 days respectively. At 

early ages, the higher splitting tensile strength is due to the better 

microstructure of the SCC, especially the smaller total porosity and more pore 

size distribution within the interfacial transition zone. While, at late ages, a 

pozzolanic reaction occurs with calcium hydroxide released from cement 

Figure (2-72): Splitting tensile strength development of S26 with 

age for different curing conditions. 
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hydration and filling voids among and between cement particles. This trend is 

similar to what detected by Klaus and Yvette (22). 
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Figure (2-71): Effect of time of calcining metakaolin on splitting 

tensile strength at 1-days. 
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Figure (2-78): Effect of time of calcining metakaolin on splitting 

tensile strength at 68-days. 
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          The flexural strengh was measured by (700*600*200) mm self-

compcting concrete prisms of different (water to powder ratio, filler type and 

curing conditions) as shown in Table (2-3) and Figures (2-60) to (2-65). 

          From the results in Table (2-3) it can be seen that S80 shows higher 

flexural strength than those of S95 and S:6. Furthermore, increasing the water 

to powder ratio from (0.2 to 0.26) decreases the flexural strength by (71.6-

22.0) %, (77.6-35.1) % and (75.2-33.1) % at 1, 68 and 90 days respectively. 

This is due to the high early volume of capillary voids when using high water 

content in the mix. This observation was noticed by Victor et al (28) and 

Malhotra (10). 

Table (2-3): The flexural strength of SCC specimens. 

 

Mix 

notation 

Type of filler 

Flexural strength (MPa) 

1-days 68-days 90-days 

Figure (2-79): Effect of time of calcining metakaolin on splitting 

tensile strength at 90-days. 

8.7.7 Flexural strength: 
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S:6 

Limestone 

Metakaolin type I 

Metakaolin type II 

Metakaolin type III 

6.16 

3.62 

2.50 

2.97 

3.22 

3.28 

5.02 

5.81 

 

2.77 

2.38 

5.23 

2.98 

 

S95 

Limestone 

Metakaolin type I 

Metakaolin type II 

Metakaolin type III 

 

3.70 

2.01 

2.25 

5.76 

2.61 

2.58 

5.66 

2.88 

5.02 

5.60 

5.90 

1.12 

 

S80 

Limestone 

Metakaolin type I 

Metakaolin type II 

Metakaolin type III 

 

5.02 

5.61 

5.26 

2.98 

5.22 

5.10 

2.60 

1.15 

2.60 

2.36 

2.98 

70.05 
RH 

According 

to 

Abed (16) 

 

Limestone powder 

 

---- 

 

1.50 

 

8.30 

 

          Figures (2-60) to (2-66) show the flexural strength development with age 

for different curing conditions. From these figures, it is clear that all specimens 

are significantly affected by air curing due to the insufficient hydration 

products that fill all voids in concrete. Moreover, sprinkling cured specimens 

have higher flexural strength than that of moist cured specimens by (7.7-6.25) 

%, (7.9-6.3) %, and (0.9-7.0) % at 1, 68 and 90 days respectively, and sprinkling 

cured specimens have higher flexural strength than that of air cured specimens 

by (5.5-1) %, (9.6-73.8) % and (72.3-78.5) % at 1, 68 and 90 days respectively. 

This is due to the gel stiffining by drying for sprinkle cured specimens, while on 

the other hand it may be due to the presence of water by moist curing. When 

water to powder ratio is very high (0.26), moist cured specimens gain more 

flexural strength than sprinkle cured specimens by (6-3.6) %. This behavior can 
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be explained by the large volume of voids at early ages and the contineous 

moving of water providing the sufficient amount of water needed to complete 

all cement reactions. 
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Figure (2-60): Effect of curing conditions on flexural strength of 

S20 specimens with metakaolin type II filler. 
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Figure (2-67): Effect of curing conditions on flexural strength of 

S57 specimens with metakaolin type II filler. 
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           From the results shown in Figures (2-63) to (2-65) it can be seen that 

increasing the time of calcining metakaolin from (0.5 to 7.0) hr increases the 

flexural strength by (8.3-79.5) %, (72.7-62.7) %, and (66.6-30.1) % at 1, 68 and 

90 days respectively, and increasing this time from (0.5 to 7.5) hrs increases 

the flexural strength by (60.5-33.2) %, (62.2-31.3) % and (36.9-39.6) % at 1, 68 

and 90 days respectively. This is caused by the better microstructure of the 

SCC, especially the smaller total porosity and the better pores distribution 

within the interfacial transition zone at early ages when increasing the time of 

calcining metakaolin as it becomes more soft and viscous. At later ages (68 

days and more), a pozzolanic reaction occurs between pozzolana in metakaolin 

Figure (2-66): Effect of curing conditions on flexural strength of 

S26 specimens with metakaolin type II filler. 
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and calcium hydroxide Ca(OH)6 released from cement hydration which fills 

voids among and between cement particles. 
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Figure (2-63): Effect of time of calcining metakaolin on flexural 

strength at 1-days. 
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Figure (2-62): Effect of time of calcining metakaolin on flexural 

strength at 68-days. 

Figure (2-65): Effect of time of calcining metakaolin on flexural 

strength at 90-days. 
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          The secant modulus of elasticity is defined as the slope of the chord of 

the uniaxial stree-strain curve between the point corresponding to 20 percent 

of the maximum stress and the point corresponding to a strain of 0.00005 (16). 

Table (2-2) shows the results of the static modulus of elasticity for SCC 

specimens. 

         From the recorded results in Table (2-2) it can be seen that the 68-days 

modulus of elasticity for concrete cylinders ranges between (35.17-27.75) GPa 

for all the SCC specimens. However, increasing the water to powder ratio from 

(0.3 to 0.2) and (0.3 to 0.57) leads to a reduction in the static modulus by (7.1-

1.5) % and (5.0-9.6) %. This behavior is due to the large early volume of voids 

in concrete in higher W/P ratios. On the other hand, the densifying effects of 

fillers reduce the pore size in low water to powder ratio. The inclusion of filler 

powders in the voids among and between cement particles makes strong, 

homogenous and dense interface zone between matrix and aggregate. 

However, the static modulus of elasticity for SCC specimens lies under the high 

strength concrete as shown in Table (2-2) because of the fact that the modulus 

of elasticity increases with the increase in compressive strength of concrete. 

Table (2-2): Static modulus of elasticity of SCC at 68-days (GPa). 

 

Mix 

Notation 

         Type of  

          Filler  

  Ec  

(GPa) 

8.7.8 Static modulus of elasticity: 
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    S95 

Limestone  

Metakaolin type I 

Metakaolin type II 

Metakaolin type III 

35.17 

32.02 

31.78 

38.32 

 

 

Table (2-2): continue. 

 

  S80 

Limestone  

Metakaolin type I 

Metakaolin type II 

Metakaolin type III 

32.00 

31.02 

38.90 

20.00 

 

  S70 

Limestone  

Metakaolin type I 

Metakaolin type II 

Metakaolin type III 

31.65 

39.23 

39.12 

27.75 

SCCC 

According 

     to 

Sonebi (29) 

 

Limestone powder 

 

27.90 

           Figure (2-62) shows the relationship between the time of calcining 

metakaolin and the static modulus of elasticity at 68-days. It can be seen that 

increasing the calcining time from (0.5 to 7.0) hr and (0.5 to 7.5) hrs results to 

increase the static modulus of elasticity by (0.2-2.6) % and (2.8-9.8) % 
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respectively. This is due to both, increasing the softness of metakaolin by 

calcining at early ages and to the pozzolanic reaction at later ages. 
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          From the results shown in Figures (2-61) to (2-30) it is clear that the 

ascendig part of the stress-strain curves for all the concrete specimens 

becomes more linear and steeper when the water content decreases. This 

behavior is similar to that reported by Mohammed (16). 

Figure (2-62): Effect of time of calcining metakaolin on static 

modulus of elasticity at 68-days. 
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Figure (2-61): Effect of W/P ratio on stress-strain behavior of 

specimens containing limestone powder. 

Figure (2-68): Effect of W/P ratio on stress-strain behavior of 

specimens containing metakaolin type I powder. 
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Figure (2-69): Effect of W/P ratio on stress-strain behavior of 

specimens containing metakaolin type II powder. 

Figure (2-30): Effect of W/P ratio on stress-strain behavior of 

specimens containing metakaolin type III powder. 
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          The results of U.P.V. measured on 700 mm cubes with different (water to 

powder ratios and time of calcining metakaolin) are plotted in Figures (2- 37) 

to (2-32). 

          From the results shown in Figures (2-37) to (2-33) it can be seen that 

increasing the W/P ratio from (0.2 to 0.57) decreases the pulse velocity by 

(6.3-5.1) %, (0.2-8.6) %, and (6.0-1.0) % at 1, 68 and 90 days respectively, and 

increasing the W/P ratio from (0.2 to 0.26) decreases the pulse velocity by 

(2.8-9.2) %, (7.9-76.2) % and (3.8-9.1) % at 1, 68 and 90 days respectively. This 

reduction in U.P.V. with the increase in W/P ratio is due to the large early 

volume of voids in concrete body, which obstructs the pulse transition and 

prolongs the transit time. 

8.8 Non-Destructive results: 

 

 

8.8.5 Ultra-sonic pulse velocity: 
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Figure (2-36): Relationship between U.P.V and W/P ratio at 68-

days. 

 

Figure (2-37): Relationship between U.P.V and W/P ratio at 1-days. 
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           Figures (2-32) to (2-32) show that increasing the time of calcining 

metakaolin from (0.5 to 7.0) hr and (0.5 to 7.5) hrs leads to increase the pulse 

velocity by (0.1-6.3) %, (7.0-3.1) %, (7.0-5.1) %, (3.2-1.2) %, (7.7-3.9) % and 

(7.2-5.2) % at 1, 68 and 90 days respectively. This is caused by the more 

softness of metakaolin by calcining at early ages, and to the pozzolanic 

reaction with calicum hydroxidate at later ages. It is clear that different types 

of filler help to improve the structure of the mortar aggregate interface, to get 

high density as that of the bulk mortar due to the continued hydration and 

Figure (2-33): Relationship between U.P.V and W/P ratio at 

90-days. 

 



CHAPTER ONE …………..………………………………………….. INTRODUCTION 

 

 

 149 

dissolution of different filler particles and then increases the density of the SCC 

specimens. This behavior is similar to what is reported by Mohammed (16). 
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Figure (2-32): Effect of time of calcining metakaolin on U.P.V at 

1-days. 
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Figure (2-35): Effect of time of calcining metakaolin on U.P.V at 68-

days. 

 

Figure (2-32): Effect of time of calcining metakaolin on U.P.V at 

90-days. 

 

8.8.6 Rebound hammer results: 
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         The surface hardness of the 700 mm SCC cubes is assessed by the, 

"Schmidt rebound hammer test", according to the BS 7887: part 607; 7982. 

The results of the rebound number for the concrete specimens of the three 

series of water to powder ratio are shown in Table (2-5). While, Figures (2-31) 

to (2-39) show the relationship between rebound number and time of 

calcining metakaolin powder. 

         From the recorded results in Table (2-5) it can be seen that the rebound 

number for the SCC specimens ranges between (30-20), (33-26.5) and (32-22) 

at 1, 68 and 90 days respectively. On the other hand, increasing the water to 

powder ratio from (0.2 to 0.57) and (0.2 to 0.26) results in a reduction in the 

rebound number by (5.1-70) %, (72.3-75.8) %, (2.1-1.9) %, (1.5-70.5) %, (6.2-

2.8) % and (3.2-2.8) % at 1, 68 and 90 days respectively. This behavior can be 

explained by increasing the volume of voids in the concrete structure and to 

the use of ultra-fine particles in the mix. The estimated compressive strength 

from rebound number is less than that measured on cubes by (70-30) %. This is 

due to using high amount of fine materials and decreasing the size and amount 

of coarse aggregate used in the mix. This is why the Schmidt hammer test is 

not favorable to this kind of concrete, "Self-Compacting Concrete" 

         From the results shown in Figures (2-31) to (2-39) it is clear that 

increasing the time of calcining metakaolin from (0.5 to 7.0) hr and (0.5 to 7.5) 

hrs increases the rebound number by (2.7-8.2) %, (9.7-72.3) %, (5.3-8.8) %, 

(77.8-75.1) %, (5.7-5.3) % and (2.5-77.2) % at 1, 68 and 90 days respectively. 

This is due to the densifying effect of metakaolin which increses by increasing 

the duration of firing process on metakaolin at fresh state, on the other hand, 

at later ages the pozzolanic reaction with calicum hydroxidate and filling effect 

of voids among and between cement particles. This is in agreement with 
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Sonebi (29) and Mohammed (16). Figure (2-20) shows the relationship between 

compressive strength and rebound number with a coefficient of determination 

of (83, 95 and 86.5) % at 1, 68 and 90 days respectively. 

 

Table (2-5): Rebound number values of SCC. 

 

Mix 

notation 

   Type of 

     Filler  

     Rebound number 

2-days 60-days 60-days 

 

   S:6 

Limestone  

Metakaolin type I 

Metakaolin type II 

Metakaolin type III 

n.a 

30 

36 

32 

33 

32 

31 

39 

32 

38 

20 

27 

 

   S95 

Limestone  

Metakaolin type I 

Metakaolin type II 

Metakaolin type III 

n.a 

33 

35 

32 

32 

35 

38 

20.5 

31 

38.5 

20.5 

27 

 

   S80 

Limestone  

Metakaolin type I 

Metakaolin typeII 

Metakaolin typeIII 

n.a 

35 

38 

20 

32 

38 

20 

26.5 

38 

39.5 

27.5 

22 
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Where: 

                  

n.a= not 

allowable. 
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Figure (2-31): Effect of time of calcining metakaolin on rebound 

number at 1-days. 
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Figure (2-38): Effect of time of calcining metakaolin on rebound 

number at 68-days. 

  

Figure (2-39): Effect of time of calcining metakaolin on 

rebound number at 90-days. 
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         In order to obtain a useful mathematical relationship, that gives the best 

predicted values for compressive strength, linear multiple variables regression 

of statistica 5 program is used. This makes it possible to choose the best 

combination of variables to be introduced into the regression. 

         The standard error and the coefficient of correlation were also 

determined for each regression to check its statistical significance. The 

exponential equation used was of the following general form:                  

Figure (2-20): Relation between compressive strength and 

rebound number at different ages. 
8.9 Mathematical model for prediction of compressive strength (Fc): 
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           *0aY  1

1

ax
2

2* ax
an

n

a xx ..........* 3

3  --------------------(8-5) 

where: 

Y=Dependent variable. 

x7, x6, x3……..xn=Independent variables. 

a0, a7, a6, a3…….an=Constants. 

         The regression for prediction of Fc can be writen as follows: 

 

         Fc= a0* (Rn)a5*(T)a6*(W/P)a7*(UPV)a8*(A)a9*  -----(8-6) 

Where: 

Fc=  compressive strength in MPa. 

Rn= rebound number. 

T = time of calcining metakaolin in hrs. 

W/P= water to powder ratio. 

U.P.V= ultrasonic pulse velocity in km/sec. 

A = age of concrete specimens in days. 

         Table (2-2) gives the values of the constants (a0, a5, a6, a7.....an) for the 

regressions for Fc. This Table also gives the values of coefficient of correlation 

and the standard errors. From the values of coefficient of correlation obtained, 

it can be concluded that these regressions are statistically significant. The size 

of the investigated data is of 32, each with 5 independent variables. From this 
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Table the following equations could be used to estimate the corresponding 

values with good coefficient correlation and less variables introduce in it and it 

could be estimated that eq. (8-9) is the best for practical work: 

 

Fc= 9.70*(Rn)-.0:*(T).06*(W/P)-.09*(U.P.V).88:*(A).:8……………..(8-7) 

Fc= 8.75*(T).002*(W/P)-.0:*(U.P.V).767*(A).:80…………………….(8-8) 

Fc= 7.76*(W/P).096*(U.P.V).8:6*(A).:09……………………………(8-9) 

Fc= 6.77*(U.P.V).90: *(A).922………………………………………(8-:) 

 

Table (2-2): Coefficient of exponential regressions for the prediction of Fc: 

Regr. 

 No. 

  a0   a5 

 Rn 

  a6  

  T 

  a7 

W/P 

  a8 

U.P.V 

  a9 

  A 

 

C.C 

 

S.E 

7 2.69 -.05 .012 -.02 .222 .220 .952 6.222 

6 5.30 -.02 .090 -.05 .222 .220 .951 6.202 

3 2.37 ---- .081 -.02 .393 .228 .951 6.599 

2 3.36 ---- ---- .056 .226 .205 .952 6.226 

5 6.33 ---- ---- ---- .502 .511 .955 6.257 

 

Where: 

C.C=coefficient of correlation. 
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S.E=standard error. 

CHAPTER FIVE 

CONCLUSIONS AND RECOMMENDATIONS 

 

 

          Based on the tests results of the present study on the influence of water 

to powder ratio, time of calcening metakaolin and curing conditions on some 

mechanical properties of SCC, the following conclusions can be drawn:- 

7. With the carefull in proportioning and mixing, SCC can be produced with 

locally availble materials without any inner or outer vibration in order to 

fill all the concrete body. 

6. The water to powder ratio has a small effect on the workability. It can be 

seen that increasing the W/P ratio from (30 to 26) % increases the 

slump-flow by 76 % and decrease the T50 cm by 20 %. 

3. The limestone powder SCC have higher flowability compared to 

metakaolin type (I, II and III) SCC by (0.8-6.8) %, (7.6-3.9) % and (7.8-5.0) 

%, and lower T50 cm by (6-9) %, (76.1-72) % and (60-30) % respectively. 

2. When the time of calcining metakaolin increases from (0.5-7.5) hrs the 

slump-flow decreases insignificantly by (0.5-3) % while T50 cm increases 

by (3-61.5) %. 

5. The filling height for the SCC (U7-U6) is between (0-7.5) cm for all the 

mixes and it decreases by 20 % while increasing the W/P ratio from 30 % 

to 26 %. 

9.5 Conclusions:           

 

 



CHAPTER ONE …………..………………………………………….. INTRODUCTION 

 

 

 159 

2. The blocking ratio (H6/H7) ranges between (0.8-0.9) as measured by L-

box test. 

1. The V-funnel time is (2-76.2) sec. Increasing the W/P ratio by 36 % 

results to decrease the V-time by 20 %. 

8. All the SCC tests in the fresh state can be done in the laboratory or at job 

site. 

9. Increasing the W/P ratio from (0.2 to 0.26) results to decrease the 

compressive strength by (77.7, 66.1 and 61) % at 1, 68 and 90 days 

respectively. 

70. Increasing the time of calcining metakaolin from (0.5-7.5) hrs 

increases the compressive strength by (1, 72.3 and 70.2) % at 1, 68 and 

90 days respectively. 

77. SCC is more affected by air curing compared to other curing 

conditions. 

76. Sprinkle curing is more favorable at low W/P ratio (0.57 and less). 

The increaments in the compressive strength for specimens with 

sprinkle curing range (70-76) %, (63-62) %, (7.3-7.2) %, (68.2-30) %, 

(0.6-6) % and (69.3-36) % at 1, 68 and 90 days respectively as compared 

to moist and air curing. 

73. The values of splitting tensile strength range (2.3-5.93) MPa, 

(2.82-2.26) MPa, and (5.65-1.00) MPa at 1, 68 and 90 days respectively. 

72. The values of flexural strength of the SCC range (6.16-2.98) MPa, 

(3.22-1.15) MPa and (2.97-70.05) MPa at 1, 68 and 90 days 

respectively. 

75. Specimens in flexure and splitting show similar behavior to those 

in compressive. 
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72. The 68-days Ec ranges (35.17-27.75) GPa. Increasing the W/P 

ratio from (0.3 to 0.2) decreases the Ec by (7.1-1.5) %, while from (0.3 

to 0.57) decreases the Ec by (5.0-9.6) %. 

71. Increasing the time of calcining metakaolin from (0.5-7.5) hrs 

increases the Ec by (0.2-9.8) %. 

78. When the W/P ratio increases from (0.2-0.26) the U.P.V decreases 

by (6.3-9.2) %, (0.2-76.2) % and (6-9.1) % at 1, 68 and 90 days 

respectively. 

79. The Schmidt rebound hammer test is not favorable to SCC at early 

ages because of the high softness of the surface. 

 

 

7. Further work is required to investigate the use of other reactive filler 

types rather than that used in this study like rise hask ash, to produce 

SCC.  

6. Further research projects are rquired to interpret the influence on the 

hardened properties of SCC more precise as the cement type, aggregate 

size and bond between matrix and aggregate. 

3. Admixtures where the time for concrete strength grouth can be 

determined and controlled, especially in hot weather, need to be 

developed. 

2. Further development of production methods and equipment suitable for 

handling, treatment and curing of SCC.  

5.  

 

9.6 Recommendations for further researchers: 

 



CHAPTER ONE …………..………………………………………….. INTRODUCTION 

 

 

 161 

 

 

7. Oh G., Noguchi T. and Tomosawa F.," Toword Mix Design for Rheology of 

SCC", Univercity of Tokyo, Japan, 6000, pp.(7-76). 

6. Bilal A.," Mix Design of SCC", Civil and Environment Department, U.A.E 

Univercity, Al-Ain, U.A.E, 6005, pp.(97-95). 

3. Tilo P. and Carl A.," Pressure of Formwork and Ability to Deaerate", 

Concrete Journal, No.71, 6006, pp.(7-75). 

2. Frank D., Klaus H. and Dirk W.," SCC, Time Development of The Material 

Properties and The Bond Behavior", LACER Journal, No.5, 6000, pp.(775-

762). 

5. Celik O. and Stephen L.," Final Report; Evaluation of Self-Consolidating 

Concrete", VTRC 03-R73, Virginia, June 6003, pp.(7-75). 

2. Lars G.," Guidelines; Task 9, End Product", Swedish Cement and 

Concrete Research, No.70, 73/1/6000, pp.(70-60). 

1. The Concrete Promotional Group CPG," Concrete Corner, Self-

Consolidating Concrete", Vol.6, Issue 2, www.concrete promotion.com. 

8. Campion M. and Jost P.," SCC: Expanding The Possibilities of Concrete 

Design and Placement", Concrete International, No.2, April 6000, 

pp.(37-32). 

9. Noguchi T., Oh G. and Tomosawa F.," Rheological Approach to Passing 

Ability Between Reinforcing Bars Of SCC", Univercity of Tokyo, Japan, 

6006, pp.(7-76). 

70. Thomas O.," The Use of SCC in the Sodra Lanken Project", Swedish 

National Road Administration, Production and Maintenance, Borlange, 

Stokholm, Sweden, 6000, pp.(7-2). 



CHAPTER ONE …………..………………………………………….. INTRODUCTION 

 

 

 162 

77. Frank J. and Fritz H.," Ecological Performance of SCC", The Swiss 

Society of Engineering and Architecs, 6007, pp.(7-8). 

12. Joy M. "Evaluation of Metakaolins For Use As Supplimentary 

Cementitious Materials" A Thesis Presented to The Academic Faculty, 

Georgia Institute of Technology, April, 1445. 

73. Collepardi M.," Rheoplastic Concrete", Cemento, 7915, pp.(795-

602). 

72. Collepardi M.," Assessment of the Rheoplasticity of Concrete", 

Cement and Concrete Research, 7912, pp. (207-208). 

75. ACI Manual of Concrete Practice," Recommended Practice for 

Selecting Proportions for Normal Weight Concrete", ACI 677.7-10, part 

7, 7913, pp. (677-672). 

72. Collepardi M., Gennari S., Triantafillis A. and Zorzi S.," Execution of 

Reinforced Concrete Foundations for the S. Marco Dry Dock at Trieste 

Through Under Water Placements of the Rheoplastic Concret", Ravenna, 

Italy, 7987. 

71. Collepardi M.," The Influence of Admixtures on Concrete 

Rheological Properties", Cemento, 7986, pp. (689-372). 

78. Sharpe J., Ford G., and Watson G.," Concrete for Future", Hong 

Kong Engineer, the Joarnal of Hong Kong Institutions Engineers, 7985, 

pp. (71-68). 

79. Sellevold J., and Nilsen T.," Condenced Silica Fume in Concrete; A 

world Review", Supplementary Cementing Materials for Concrete, 

CANMENT, 7981. 

60. Collepardi M., Khurana R., and Valente M.," Construction of A dry 

Dock Using Tremie Super-plast Concrete", Proceedings of the ACI, 



CHAPTER ONE …………..………………………………………….. INTRODUCTION 

 

 

 163 

International Concrete on SP and Other Chemical Admixtures in 

Concrete, 7989, pp.(217-296). 

67. Ozawa K., and Okamura H.," Development of High Performance 

Concrete Based on the Durability Design of Concrete Structures", In 

Proceeding the 6nd East-Asia and Pacific Conference on Structural 

Engineering and Construction (EASEE6), vol.7, Jan. 7989, pp.(225-250). 

66. Ozawa K., Tagtermisirikul S., and Maekawa K.," Role of Materials 

on the Filling Capacity of Fresh Concrete", In Proceeding the 2th 

CANMENT and ACI on Fly Ash, Silica Fume, Slag and Natural Pozzolana in 

Concrete, ACI, May 7996, pp.(776-731). 

63. Okamura H., and Ouchi M.," SCC, Development, Present Use and 

Future", Proceedings of the 7st International RILEM Publications, France, 

7999, pp. (3-72). 

62. Groth P.," Task 2; Steel Fibre Reinforced SCC", LTU Joarnal, 6000. 

65. Corinaldesi V., Orlandi G., and Moricioni G.," SCC Incorporating 

Recycled Aggregate", Proceedings of the International Conference, 

Scotland, Sep.6006, pp.(255-222).    

62. Masahiro O., Sada A., Thomas O., and Myint L.," Applications of 

SCC in Japan, Europe and United States", Bridge Technology, 1/2/6005, 

pp. (7-78). 

61. "Specifications and Guidelines for SCC", 99 West Street, Farnham, 

Feb.6006, pp. (7-36), www.efnarc.org. 

68. Dirch H., Mehta R., and Rune M.," Rheology of Self-Compacting 

Mortars, Influence of Particle Grading", Research and Development 

Centre, Aalborg, Denmark, 6000, pp. (7-75). 



CHAPTER ONE …………..………………………………………….. INTRODUCTION 

 

 

 164 

69. Su K., Cho W., Yang C., and Huang R.," Effect of Sand Ratio on the 

Elastic Modulus of SCC", Journal of Marine Science and Technology, 

vol.70, No.7, 6006, pp.(8-73). 

30. Cho W., Yang C., and Huang R.," Effect of Aggregate Volume 

Fraction on the Elastic Modulus and Voids Ratio of Cement-Based 

Materials", Joarnal of Marine Science and Technology, vol.8, No.7, 6000, 

pp.(7-1). 

37. Budi A., and Karsten D.," Effect of Mechanical properties of 

Aggregate on Ductility of High Performance Concrete", 6003, pp. (7-71). 

36. Neville A.," Aggregate Bond and Modulus of Elasticity of 

Concrete", ACI Materials Joarnal, vol.92, No.7, Feb.7991, pp.(17-12). 

33. Okamura H., Ozawa K., and Sakata N.," Evaluation of Self-

Compatibility of Fresh Concrete Using the Funnel Test", Concrete Library 

of JSCE, June 7995, pp. (59-15). 

32. Chiara F., and Francois D.," Modified Slump Test to Measure the 

Rheological Parameters of Fresh Concrete", CCAGDP, vol.60, No.6, 

Dec.7998, pp. (627-621). 

35. Sedran T.," Task 5: Mix Design Methods", LCPC Journal, 6000. 

32. Jianxin M., and Holger S.," Properties of Ultra-High Performance 

Concrete", Univercity of Leipzig, 6006, pp. (65-36). 

31. Hanehara S., and Yamada K.," Interaction Between Cement and 

Chemical Admixtures From the Point of Cement Hydration, Admixture 

Adsorption and Paste Rheology", Cement and Concrete Research, 

69/8/99, pp. (7759-7725). 

38. David H., and Sheinn M.," Some Major Issuses of SCC", National 

Univercity of Singapore, 6007, pp. (12-80). 



CHAPTER ONE …………..………………………………………….. INTRODUCTION 

 

 

 165 

39. Orjan P.," Final Report of Task 6", Swedish Cement and Concrete 

Research Institute, SRP, 7999, pp. (62-31). 

20. Collepardi M.," SCC: What is New", Cement and Concrete 

Research, 6006, pp. (207-208). 

27. Chiara F., Karthik H., and Russell H.," The Influence of Mineral 

Admixtures on the Rheology of Cement Paste and Concrete", Cement 

and Concrete Research, vol.37, No.6, 6007, pp. (625-655). 

26. Paul R., and Robert E.," The Use of Natural Pozzolana to Enhance 

the Properties of Self-Consolidating Concrete", CPG Joarnal, 6006, pp. 

(7-1). 

23. Okamura H.," Self-compacting High-performance Concrete", 

Concrete International, vol.79, No.1, 7998, pp. (50-52). 

22. David H., Sheinn M., Uga C., Lim W., and Tan G.," SCC for 

Singapore", The 62th Conference in Our World in Concrete and 

Structures, Singapore, 6007, pp. (73-61). 

25. Tragardh J.," Microstructural Features and Related Properties of 

SCC", The 7st International RILEM Symposium on SCC, Stokholm, 7999, 

pp. (715-782). 

22. Klaus H., and Yvette K.," A data Base for the Evaluation of 

Hardened properties of SCC", LACER Journal, No.1, 6006, pp. (763-732). 

21. Bernabeu and Laborde," Final Report of Task 8.3", SCC Journal, 

62/5/6000, pp. (7-20). 

28. Victor C., Kong J., and Chan W.," Development of Self-compacting 

Engineered Cementitious Composits", the Univercity of Michigan, USA, 

6003, pp. (7-66). 



CHAPTER ONE …………..………………………………………….. INTRODUCTION 

 

 

 166 

29. Sonebi M., Bartos M., Zhu W., Gibbs J., and Tamimi A.," Properties 

of Hardened Concrete, Task 2, Final Report", SCC Journal, Scotland, May 

6000, pp.(7-31). 

50. "Measurement of the Rheological Properties of High Performance 

Concrete", Journal of Research of the National Institute of Standards and 

Technology, vol.702, No.5, Oct.7999, pp. (227-218). 

57. Chiara F.," Measurement of Rheological Properties of Cement 

Paste: A new Approach", National Institute of Standards and Technology, 

Giathursburg, USA, 7999, pp.(333-326). 

56. Sedran T., Ferraris C., and Larrared D.," Fresh Concrete", Materials 

Joarnal, vol.37, 7998, pp.(292-298). 

53. Ferraris C., and Larrared D.," Testing and Modeling of Fresh 

Concrete Rheology", National Institute of Standards and Technology, 

USA, 7998, pp. (20-90). 

52. Ferraris C.," Measurement of Rheological Properties of High 

Performance Concrete", National Institute of Standards and Technology, 

USA, 7992, pp.(673-679). 

55. Tattersall G.," Workability and Quality Control of Concrete", 

London, 7997, pp. (31-29). 

52. Chiara F.," Measurement of Rheological Properties of High 

Performance Concrete: State of the Art Report", National Institute of 

Standards and Technology, June 7999, pp.(227-218). 

51. Hawraa Saeed," Correlation Between Strength of Different Sizes, 

Shapes and Curing conditions for HSC", M.Sc Thesis, Al-Mustansiriya 

Univercity, 6003, pp.(71-92). 

58. Bornerman R., Schmidt M., Fehling E., and Middendorf B.," Ultra-

High Performance Concrete", Beton vol.92, 6007, pp.(1-66). 



CHAPTER ONE …………..………………………………………….. INTRODUCTION 

 

 

 161 

59. Okamura H., Ozawa K., and Ouchi M.," SCC", Structural Concrete 

Journal, vol.7, No.7, 6000, pp. (7-1). 

20. Zimbelmann R., and Junggunst J.," Hocheleistungsbeton mit 

Holem Flug- a schegehatt", Beton-und Stahlbetonbou, H.6/99. 

27. Ayano T., Masanori B., Kawanaka R., Ryou O., and Sakata K.," 

Effects of Particle Size Characteristics of Limestone Powder on 

Flowability of Self-compacting, High Performance Concrete", Material 

Journal, Japan, vol.57, No.70, Oct.6006, pp.(7099-7702). 

26. Aitien P., and Mehta P.," Effect of Coarse Aggregate 

Characteristics on Mechanical Properties of High Strength Concrete", 

ACI Materials Journal, vol.81, No.6, March-April 7990, pp. (703-701). 

23. Husson J., and Guilhot B.," Influence of Finely Ground Limestone 

on Cement Hydration", Cement and Concrete Composits, vol.67, 7999, 

pp. (99-705). 

22. Hogan F., and Meusel J.," Evaluation for Strength Development of 

GGBFS", Cement, Concrete and Aggregate, vol.3, No.7, 7987, pp. (20-

56). 

25. Soderlind L., and Claeson C.," Task 8.6: Production System for 

Housing SCC", NCC AB, 6000, pp.(7-50). 

22. Jerath S., and Yamane L.," Mechanical Properties and Workability 

of SP Concrete", Cement, Concrete and Aggregate, ASTM, 7981, pp. (76-

79). 

21. Jianxin M., and Jorg D.," Ultra-High Performance SCC", LACER 

Journal, No.1, 6006, pp. (33-26). 

28. Kong J., Victor C., and Stacy G.," Development of A self-

cosolidating Engineered Cementitious Composite Employing 



CHAPTER ONE …………..………………………………………….. INTRODUCTION 

 

 

 168 

Electrosteric Dispersion/ Stabilization", Cement, Concrete and 

Composits, Feb.6003, pp.(307-309). 

29. Burge T., Sulser U., Jurg W., and Huber K.," Dispersing Agent for 

High-Flow of SCC", Patent No.00838222/EP.BI, Sika Schweiz AG, Zurich, 

July, 6003. 

10. Malhotra," Effect of Specimen Size on Tensile Strength of 

Concrete", ACI Journal, Proceeding vol.21, No.2, June 7910, pp. (221-

210). 

17. Habeeb M. G.," Residual Mechanical Properties of High Strength 

Concrete Subjected to Elevated Temperatures", Ph.D thesis Submitted 

to the Department of Civil Engineering, College of Engineering, Al-

Mustansiriyah Univercity, Nov.6000. 

16. Abed K. M.," Influence of Filler Type on Workability and 

Mechanical Properties of SCC", A thesis Submitted to the Department of 

Civil Engineering, College of Engineering, Al-Mustansiriyah Univercity, 

6005, pp.(7-766). 

13. Mirza K.," Fire Flame Exposure Effect on Some Mechanical 

Properties of Concrete", M.Sc Thesis, Babylon Univercity, 6006, pp. (72-

60). 

12. Stirrup V., Vecchio F., and Caratin H.," Pulse Velocity as A measure 

of Concrete Compressive Strength", S.P 86, ACI Joarnal, Detroit, 7982, 

pp. (607-661).  

15. Petersson O., Billberg P., and Van B.," A model for SCC", 

Proceedings of the International RILEM Conference on Production 

methods and workability of Concrete, Paisely, 7992, pp. (283-290). 

12. Haykawa M.," Development and Application of Super Workable 

Concrete", Proceedings of the International RILEM Conference 



CHAPTER ONE …………..………………………………………….. INTRODUCTION 

 

 

 169 

Workshop on Special Concrete, Workability and Mixing, Pasiely, 7993, 

pp. (783-790). 

11. Habeeb M. G.," Selective Topics: Powder Technology", M.Sc 

Lectures, Babylon Univercity, Jan.6005. 

18. William D.," Materials Science and Engineering: An Introduction", 

The University of Utah, 5th Edition, 7999, pp. (387-223). 

       

 

7. IQS No.9/5608" Specification for Portland Cements". 

6. BS 00685666" Specification for Aggregates from Natural Sources for 

Concrete". 

3. BS 05685660" Methods for Determinaion of Physical Properties". 

2. ASTM C868-66" Specification for Chemical Admixtures for Concrete". 

5. BS 976088860" Specification for the Procedures to be Used in Sampling, 

Testing and Assessing Compliance of Concrete". 

2. BS 09008688.8" Additional Requirements For Limestone Powder and 

Metakaolin Powder For Concrete". 

1. BS 5005855:807" Method for Determination of Compressive Strength 

of Concrete Cubes". 

8. BS 50058552807" Method for Determination of Tensile Splitting 

Strength ". 

9. BS 50058550807" Method for Determination of Flexural Strength ". 

70. BS 50058565807" Method for Determination of the Static 

Modulus of Elasticity in Compression". 

77. BS 5005860680:" Recommendations for Surface Hardness Testing 

By Rebound Hammer". 



CHAPTER ONE …………..………………………………………….. INTRODUCTION 

 

 

 110 

76. BS 5005860780:" Recommendations for Measurement of 

Velocity of Ultra-sonic Pulse of Concrete". 

 

 

 


