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Abstract 
 
In this study, a type of concrete called Self-Compacted Concrete (SCC) was 

used to reduce carbon dioxide emissions from the cement industry by using 

environmentally friendly materials in the construction industry with 

acceptable costs and low environmental effects. Therefore, the research 

discussed the production of SCC incorporating pozzolanic materials and 

nanoparticles, such as metakaolin and nano silica, as a partial substitution of 

cement from Portland. Nine different mixtures, with 0.35 ratio of water to 

binder and a total binder compound of 490 kg/m
3
, were planned and cast. 

The two systems of mixing, binary and ternary are used. The percentages of 

Metakolin replacement were 4 %, 8 %, 12 % and 16 % as a partial cement 

replacement for the two-blends (by weight). The ternary system mix of 

nanosilica with metakolin was included (4M + 2NS, 8M + 2% NS, 12M + 

2% NS, 16M + 2% NS). For the new properties, slump flow tests (D(mm), 

T500(s)), L-box and V-funnel were used at 5min to measure filling power, 

moving capacity, and separation resistance of concrete mixes of the  
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SCC. Compressive and breaking tensile strength tests are conducted to assess 

the efficiency of SCC mixtures in hardened states at various ages. As well, 

the performance of the durability of SCC blends was examined in relations of 

water absorption. The findings revealed that adequate fresh SCC output 

results were decreased by the use of metakoline in SCC blends. SCC 12 

percent M has higher compressive strength, 90-day splitting tensile strength 

and better water absorption properties compared to  the reference mixture. 

Whereas, ternary mixtures were better reported for the same rate of 

substitution for all ages than binary blends.  

 
Keywords: Ecofriendly, Self-compacting concrete, mechanical properties, 

metakaolin, nanosilica  
 
 

1 Introduction 
 

In the presence of congested strengthening, it is also capable of 

streaming in its individual weight, entirely substantial forms and reaching 

optimum compaction [1]. Due to increased homogeneity, which is 

attributable to the enhancement of modern SCC features; filling capacity, 

passing capacity and resistance of segregation, enhanced SCC's properties of 

hardened, Self-Compacting concrete was designed in Japan to achieve strong 

concrete frameworks. The longevity of concrete structures, on the other hand, 

is closely correlated with the surface layer's permeability. As such, The loss 

of surface layer compaction, which can be described as a key factor in the 

low resistance efficiency of structural members subjected to adverse 

conditions, is due to friction problems in small spaces between shapes and re-

bars. Resolving this was one of the major factors for the initial development 

of SCCs in Japan [2]. A strong compromise between deformability and 

durability must be maintained by successful SCC construction. In addition to 

high paste or mortar deformability, the self- compact ability test often 

requires segregation resistance as the concrete passes through the confined 

reinforcing bar area, between coarse aggregate and mortar. The yield value of 

the concrete should be low and preserve its homogeneity during transport, 

placement and curing processes in order to ensure high flow capability, mild 

viscosity in order to avoid segregation and to maintain optimum structural 

reliability and long-term durability[3,4]. SCC usually has a high fine particle 

volume and different flow patterns than traditional concrete. Three key 

characteristics should be present: capacity to fill, resistance to segregation, 

and willingness to transfer. The proportion of the mix depends on a broad 

flow capacity level being built while retaining a little w/c ratio. This is done 

with the use of water reduction mixtures in combination with stabilizing 

agents such as viscosity change mixtures in order to preserve the 

homogeneity of the mixture in order to achieve better rheological properties, 

cost reduction and powder quality improvement[5]. 
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Self-compacting concrete is substituted by cement with varying 

percentages of nano-silica and the constant ratio of water to binder is 0.33. 

By cement weight, substituted cement is 0 %, 2 %, 4 %, 6 % nano-silica. 

Growing the percentage of nano-silica in concrete self-compacting reduces 

workability and makes it more cohesive and viscous, which is compatible 

with a wide precise region of nano-silica [6, 7, 8]. For the mixes (10, 20) 

percent for Metakaolin and (10, 20, 30) percent for both GGBS and Fly Ash, 

cement was substituted by SCM at differing quantities. A control mixture has 

been checked against mechanical characteristics (without SCM) [9,10]. 

Özcan and Kaymak studied metakaolin and calcite to replace cement, 

independently and together, on a mass basis at different substitution ratios. In 

total, there were 19 different SCCs produced. The binder's composition and 

water-to-binder ratio were set at 500 kg/m
3
 and 0.4, respectively[11]. The 

main aim of this research is to study the metakaolin and nano silica influence 

on the properties of self-compacting concrete. 

 

2 Materials and Method  
 
2.1 Cement 
 

In this study, local cement, known as Karasta, was used. Ordinary 

Portland Cement (type I) that meets the specifications[12]. Tables 1 and 2 

below demonstrate the chemical and physical assays. 

 
            Table 1 Cement Chemical Composition 

 

Chemical Composition 
% 

by Weight 

  IQS no.5\1984 Limit 

CaO  61.75 - 

SiO2  21.62 - 

Al2O3  5.3 - 

 Fe2O3  3.1 - 

MgO  2.6 <5% 

SO3  2.45 
2.5 if C3A ≤ 5 

2.8 if C3A > 5 

Chloride content  0.02 ≤ 0.10 % 

 L.O.I  1.74 <4 

 I.R.  1.00 <1.5 

Bogue's Equation 

 C3S  50.12  - 

 C2S  21.26 - 

C3A  9.29 - 

 C4AF  9.98 - 
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Table 2 Portland Cement Physical Properties 

 

Physical Properties 
Test 

Result 

Limits of 

(IQS NO.5 /1984) 

Specific Surface Area 364  

(Blaine Method) m2/kg    

Initial Setting, (hr : min)  182 ≥ 45 min 

Final setting, (hr : min)  3:12 ≤ 10 hrs 

Strength of Compressive at:   

3 Days (MPa)  20 
≥ 15, Mpa 

 

7 Days (MPa)  32 ≥ 23, Mpa 

 

 
2.2 The Fine Aggregate 

 

The fine aggregate was normal sand from Iraq's Al-Ekhaidhir state. The 

description of the sand used is shown in Figure 1. The findings indicate that 

the grading of sand was compliant with standard (IQS No.45/1984)[13]. 

Table 3 lists sand examinations, including basic gravity, water absorption, 

fineness modules, content of fine materials and sulphate content. 

 

 
                                  Figure 1. Fine Aggregate Grading Results 
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           Table 3 Fine Aggregate Physical Properties 

 

Properties             Results        Limitations         

Density of Bulk (kg/m3) 1670 -- 

Specific gravity 2.65 -- 

Sulfate content % 0.3 ≤ 0.50 % 

Absorption% 1.1 -- 

Fineness Modulus 2.35 -- 

 

 

2. 3 The Coarse Aggregate 
 

This analysis used coarse aggregate of crushed and washed with a 

maximum size of 9.5 mm from the Al-Nabai'i region, with grade shown in 

Figure 2. The findings of the review were consistent with requirements (IQS 

No.45/ 1984) [13]. Whereas, as seen in Table 4, the effects (absorption, 

sulfate content and specific gravity) are inferred in the Iraqi specification. 

 

 

 
 

                      Figure 2. Coarse Aggregate Grading Results 
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Table 4. The sulfate content of coarse aggregates and their physical properties 

 

 

Features 

            

            Results 

                      

                Limitations  

Specific Gravity 2.58 - 

Sulfate Content S03 0.04% < 0.1%  

Absorption 0.5% _ 

 

 

2. 4 Metakaolin 

 
In this study, local metakaolin was used and calcined for two hours at 

800 degrees Celsius. Chemical structure of the metakaolin used is seen in 

table 5. While the physical properties were (Specific Gravity, Fineness 

(Blaine Method), m2/kg, Median Particle Size (μm) (d50) and Color), 

respectively (2.59, 1640, 14.3 and Off-White). 

 
Table 5 Chemical Composition of Utilized Metakaolin 

Chemical composition (%) Metakaolin 

SiO2 53.70 

Al2O3 38.1 

Fe2O3 1.93 

CaO 0.71 

               MgO 0.36 

Na2O 0.38 

K2O 0.58 

SO3 0.15 

P2O5 0.26 

TiO2 0.72 

LOI 3.10 

 

 

2. 5 Nano-Silica 
 

Nano Silica used in this analysis is a powder type, purity high degree of 

about 99.96 percent and particle size (35nm). Table 6 displays the Nano-

Silica basic characteristics used. 
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Table 6 important features for Nano-silica utilized 

 

Features result 

SiO2 % 99.96 

Physical form Powder 

Colour White 

Size of Particle, nm 35 

Area of Specific Surface (m2/g) 270 

pH 3.3-4.35 

Loss of ignition, % 4.85 

 
 
2. 6 Water 
 

Tap water is used in this paper to build and heal prosses of concrete 

samples that are self-compacting. The water was kept at a constant 

temperature of (25 °C). 

 

2. 7 Water Reduction at a High Range (HRWR) 
 

Hyperplast PC200 is a high-range water-reducing mixture that was used 

in the study. Compliant (ASTM C494/C494 M, 2017)[14]. The major 

characteristics of the Hyperplast PC200 as seen in Table 7.  

 
              Table 7. Hyperplast PC200’s properties at 25 C° 

 

Colour Light yellow liquid 

Freezing point -3C° 

S.G 1.05 

Colour Light yellow liquid 
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2.8 Mix Proportions of Self-Consolidating Concrete  

 

Several experimental mixtures were accomplished to obtain the self 

consolidating concrete's fresh and hardening properties. Nine mixtures were 

prepared, as seen in Table 8, after choosing the required mixture consistent 

with the above characteristics. The formulated concrete mixtures were split 

into two systems: the binary blended mixture comprising 4%, 8%, 12%, and 

16% metakaolin as a partial cement weight substitute. While the ternary 

blended blend comprises 4 percent, 8 percent, 12 percent and 16 percent of 

metakolin, combined with 2 percent nano silica as a partial substitution for 

cement weight, the ternary blended blend contains varying amounts of 

metakolin. For both blends, the quantity of cement used was 490 (kg / m
3
) 

and the water to binder ratio was 0.35. 

 
         Table 8. Mix Proportion of SCC 

 

Type of mix` 
    C 

(kg\m3) 

M 

(g/m3) 

NS 

(kg/m3) 

F.A 

(kg/m3) 

C.A 

(kg/m3) 
W\B S.P% 

R 490 -- -- 845 855 0.35 1.7 

4%M 470.4 19.6 -- 845 855 0.35 1.7 

8%M 450.8 39.2 -- 845 855 0.35 1.7 

12%M 431.2 58.8 -- 845 855 0.35 1.7 

16%M 411.6 78.4 -- 845 855 0.35 1.7 

4%M-2%NS 460.6 19.6 9.8 845 855 0.35 2.1 

8%M-2%NS 441 39.2 9.8 845 855 0.35 2.1 

12%M-2%NS 421.4 58.8 9.8 845 855 0.35 2.1 

16%M-

22%NS 
401.8 78.4 9.8 845 855 0.35 2.1 

 

PC: Portland cement, M: Metakaolin, NS: Nano-silica, F.A:Fine aggregate, 

C.A: Coarse aggregate, W\B: water binder ratio, S.P: superplasticizer 

 

2.9 Mixing of Concrete, Placing and Curing System 
 

For the mixing process, the drum mixer was used, and the mixer from the 

previous mixtures should be kept hot, damp, and clean. Initially, to ensure a 

homogeneous mixture, the blends are blended for two minutes using a rotary 

mixture tray. Metakaolin was measured in blended mixtures and combined 

with Ordinary Portland Cement in a dry condition. Whereas nano silica-

containing blended mixtures are first mixed with metakaolin in a dry state, 

then Ordinary Portland Cement is mixed with the blended one. The dosage of 

superplustisizer (SP) is combined in a small pan with the mixing water for  
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approximately 30 seconds, regardless of the other material. 1/3 of the dose of 

water and the dose of the superplastisizer are added to the Fine aggregate 

mixer and combined for 1 minute. An extra 1/3 dose of water and 

superplasticizer (OPC, M and NS) is then dosed to the mixer for 1 minute. 

Last water quantity and the dosage of superplastisizer were then added to the 

coarse aggregate and blended in (1.5 minutes). After that, the mixture was 

prepared, tested, and poured without compaction into the molds for 24 hours. 

 

 

2.11 Methods of Examination 
 
2.11.1 Fresh Examinations of SCC 
 

The workability characteristics of SCC were tested in four experiments 

in compliance with EFNARC guidelines [15], namely slump flow diameter, 

T500 mm, L-box and V-funnel. An Abram cone with a height of 300 mm, a 

diameter of 100 mm at the tip, and a diameter of 200 mm at the bottom was 

used for slump-flow. Resting on a flat wood tray. The cone had been 

moistened and set on a wooden foundation. A fresh, uncompact blend filled 

the cone after that. To allow the concrete to flow freely to form a circle, the 

cone was consequently elevated. On the other hand, the T500 mm was the 

difference between when the cone leaves the base and when the concrete first 

reached a diameter of 500 mm. L-box shaped was used to test SCC's filling 

capacity. The slide gate and 2 φ 12 smooth bars secured the box. 

Consequently, the height ratio of the L-box was the ratio of the concrete 

height at the end of the horizontal section to the concrete height at the 

beginning of the same portion. The V-shaped funnel was used to test SCC's 

filling capability. To make the discharge of concrete after filling, a bottom 

slide gate created a funnel. The V-funnel time was the amount needed to 

discharge all of the fresh mixture.  

 

2.11.2 Strength Examinations of SCC 
 

The compressive strength test was carried out in line with British 

Standard EN 12390-3. With a hydraulic compression machine (2000) KN, 

cubes (100 x 100 x 100) mm by 18 MPa / min  load rate are calculated. An 

total of three cubes are inserted into each evaluation and tested after 7, 28, 

56, and 90 days. Compressive Force Determined by equation (1) [16].   

Fc =  P ⁄ A                                                                                   (1)                                                                                                         

 

fc  : Strength of compressive (MPa)  

p  :  Max applied load  (N)  

A  :  Cube surface area (mm
2
) 
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The splitting tensile strength was introduced while using (100 x 200) mm 

(ASTM C496-2004) specification cylinders. Until the failure occurs, the 

diametric compressive force is computed over the length of a cylindrical 

concrete specimen at a rate of 1.4 MPa/minute. An total of two cylinders is 

taken during each test and measured at 7, 28, and 90 days. 

The tensile splitting power is determined by using the following equation 

(2) [17].  

 

Fsp = 2* P ⁄  (π*d*l )                                                                             (2)                                                                                                                                                                      

 

Fsp  : Strength splitting tensile (MPa)  

p  :  Max applied load  (N)  

d  :  Diameter of cylinder (mm) 

l   :  length of cylinder (mm) 

 

 

2.11.3 Water Absorption Test 
 

Cubic samples of (100 x 100 x 100) mm are utilized in this examination 

for assessing water absorption in compliance with ASTM C642[18]. The 

testing rate of three cubes was introduced at each age and tested at 28, 56, 

and 90 days. The specimens were first dried in an oven at a constant weight 

of 105°C (g1). In order to validate the mass increase, the samples were then 

completely submerged in tap water and measured after 24 hours until the 

mass increase was less than 0.5 percent of the heavier mass that defines the 

saturation point. The samples were removed and surfaces were easily cleaned 

with a wet cloth after the necessary immersion time had elapsed, then the 

saturated dry surface (SSD) sample was weighed (g2), immediately. The 

total amount of penetrable pores was calculated as the consequence of this 

test.  

 

3 The Results and Discussion  
 

Figures ( 3 to 7) represent the consequences of SCC's new assets. Both 

SCC mixtures had slump flow diameters in the range of 655-760 mm, slump 

flow times (T500) in 2.5-5 s range, and times of flow of  V-funnel (s) with 

6.6-11.7 s range, the range of L-box blocking ratio 0.83-0.96 with no 

tendency to block, and the range of V-funnel segregation resistance values is 

6.9-12.0. 

 

3.1 Fresh Examination  
 

To display the degree of SCC viscosity, Figures 3, 4, and 5 indicate the 

diameter of flow pf present slump, T50cm, and flow times of V-funnel, 

respectively. The scale of the slump flow diameter (mm) decreased, as did  
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the height of T50cm and the flow time of V-funnel in the mixes, according to 

the estimates (4M, 8M, 12M, 16M, 4M+2NS, 8M+2NS, 12M+2NS and 

16M+2NS), by about (3.28, 5.26, 7.23, 11.18, 6.57, 7.89, 10.52 and 13.81)% 

, (16, 24, 60, 76, 28, 40, 80, and 100)% , and (9, 19.7, 42, 59, 18, 42, 66.7 

and 77) % respectively. If compared to a mix of references. The lowest V-

funnel flow time for the control concrete was 6.6s, while the 16M + 2NS 

combination had a total flow cycle of 11.7s. The concrete with metakaolin 

was generally more viscous in the binary system. The low viscosity levels of 

SCC mixtures with nano silica substitution above 2%, on the other hand, led 

to low V-funnel flows. This may be because of the long, hexagonal plates on 

calcined kaolin clay particles, which create obstacles in the fresh mix and 

increase friction between particles, metakaolin, and nanomaterials, as well as 

the size of fine particles, which have much larger water-absorbing surface 

areas. Other studies have shown the same findings [19, 20, 21, 22]. Figure 6 

shows that the mixtures (4M, 8M, 12M, 16M, 4M+2NS, 8M+2NS, 

12M+2NS and 16M+2NS) had a lower passing potential of roughly (2.1, 5.2, 

7.29, 10.41, 5.2, 7.29, 11.45, and 13.54 percent, respectively, in relation to 

the control combination. L-Box height ratio declined as partial cement 

replacement improved. Since the proportion and fineness of the metakaolin 

and nano silica effects limit the ability to migrate in similar way, the filling 

potential is decreased. Similar findings were informed by [23, 24]. Figure 7 

clarified that with the inclusion of metakaolin and nano Silica of SCCs 

blends, the v-fennel flow period at 5 min increases. Due to its fineness and 

high specific surface area, as well as numerous unsaturated bonds on the 

surface, metakaolin and nano silica play a role in reducing bleeding and 

segregation[26]. They draw molecules of water across their surface, thus 

reducing liquidity and increasing the viscosity of fresh concrete, which helps 

suspend cement grains and aggregates, enhancing workability and resistance 

to segregation, thereby decreasing filling capacity[25].  

 

3.2 The Examination of Hardened  
 

Figure 8 illustrates the strength of compressive findings for self-

consolidating concrete mixes obtained during the trial. The compressive 

strength of SCC mixture (4M, 8M, 12M, 16M, 4M+2NS, 8M+2NS, 

12M+2NS and 16M+2NS) were approximately (6.2, 9.97, 10.97,  4.73, 

32.66, 36.4, 38.15,  and 28.43) %  higher value than the control mixture at  7 

day ; ( 4.54, 6, 8.71, 2.46, 27.65, 32.57, 36.55,  and 23.67) %  higher  at 28 

day ; ( 7.37, 10, 14.39, 1.25, 28.6, 31.83 , 34.89,  and 21.58)% higher  at 56 

day , and  approximately ( 5.5, 7, 11.53, 2.75, 26.85, 29.94, 33.56,  and 

21.17) % higher  at 90 day. Metakaolin reactions have been due to the 

improvement of compressive power mixtures (4M, 8M, 12M, and 16M). The 

compressive strength findings improved for all ages (7, 28, 56 and 90) 

relative to the reference mixtures when nanosilica was applied to the above  
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mixtures at a dosage of 2 percent of the cement weight. The higher  

surface area of nanosilica has resulted in accelerated cement hydration and 

improved compressive strength. This pattern is consistent with previous 

analyses of concrete mixes of nanoparticles [15, 20]. The effects of the 

splitting of SCC tensile strength mixes are revealed in Figure 9. The 

improvement in the splitting tensile strengths of mixtures (4M, 8M, 12M, 

16M, 4M+2NS, 8M+2NS, 12M+2NS and 16M+2NS) are approximately 

(5.88, 7.35, 11.76, 1.47, 27.64, 29.41, 32.35, and 25) % at 7 days; ( 2.38, 

4.04, 7.14, 1.6, 28.57, 30, 34.5 and 26.19) % at 28 days; and  about ( 4.44, 

6.22, 10.44, 2, 26.6, 28.9, 33.3, and 25.55) % at 90 days compared to the 

control SCC concrete, respectively. The pozzolanic reactions and filling 

potential of metakaolin and nano silica, which react with CH and form more 

C-S-H, could explain the increase in splitting tensile power. Since the tensile 

strength of the concrete microstructure in the ITZ and paste cement matrix is 

improved, the new process results in a decrease in concrete porosity. 

Furthermore, the big area of surface of metakaolin and nano silica leads to 

reaction change. These findings are consistent with [5, 25]. The water 

absorption findings for SCC mixes are seen in Figure 10. When different 

levels of metakaolin were applied to concrete, absorption of water values 

declined when compared to the fixed mixture (4M, 8M, 12M and 16M). The 

increase in water absorption ranges from 5.93 to 14.1% at 28 days, 3.6 to 

10% at 56 days, and from 2.78 to 11.1% at 90 days. Because of the pozzolan 

metakaolin reaction. When applying a 2 percent dose of nano silica to the 

above blends as a partial cement replacement, it can be shown that the water 

absorption value decreases further relative to the control mix. The change 

achieved ranges from 23.5 and 30.8% at 28 days, 21.85 to 28% at 56 days, 

and 19.7 to 27.8% at 90 days. Because of the nano silica filler effect. These 

findings were consistent with the studies [4, 20, 22]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                          Figure 3: Slump Flow Diameter Results 
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Figure 4: T50cm Test Results 

 

 

 
 

                            Figure 5:V-Funnel Flow Time Test Results 
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                         Figure 6:V-funnel flow time @ 5min. test results 

 

 

 

                                        Figure 7: L-Box Test Results 
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                            Figure 8:  Compressive strength test results 

 

 

                                  Figure 9: Splitting tensile strength test results 
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                               Figure 10: water absorption test results 

 

 
4 Conclusions 
 

1- Time of slump flow, time V-funnel flow, and time of V-funnel at 5 

minutes decrease as the quality of partial substitution mixtures by metakaolin 

and nano silica increases (viscosity, filling ability, and segregation 

resistance). 

2- The compressive strength findings ranged between 42 and 64.8 MPa for 

self-compacting concrete mixtures of metakaolin at any age. The influence of 

SCC indicates a substantial improvement as compared to the control mix. In 

all ages, the compressive power of the SCC combination with 12% 

metakaolin was greater than that of the 4%, 8% and 16% metakaolin 

samples. 

3- Compared to the control blend, the mixtures of SCC containing 

metakaolin and 2 percent nano silica as a partial substitution (4 percent M+2 

percent NS, 8 percent M+2 percent NS, 12 percent M+2 percent NS, and 16 

percent M+2 percent NS) revealed improved compressive strength for ages 7, 

28, 56, and 90 days. The performance of the blends in mixes incorporates 

metakaolin with 2% nano silica in terms of compressive strength and is 

observed to be better than the performance of blends containing metakaolin 

for the same replacement levels at all ages. 

4- The SCC blends of metakaolin showed a growth in strength of tensile 

from 7 to 90 (days), all the values mixes containing metakaolin show an 

enhancement more than the reference mixture. The maximum splitting 

tensile strength values were detected in concrete containing 12% replacement  
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content of metakaolin than those of the mixes with 4%, 8%, and 16% 

metakaolin and control concrete, particularly the later ages. 

5- Important increase in separating tensile strength for partial replacement 

proportions in mixes (4% M+2% NS, 8% M+2% NS, 12% M+2% NS, and 

16% M+2% NS) relative to control-PC mixes and metakaolin-containing 

blends at the same replacement ratios. Mixture Provided the highest values of 

splitting tensile power, 12 percent M-2 percent NS. 

6- As metakaolin and nano silica were partially substituted for cement in 

SCC blends, the percentage of water absorption increased with declining 

values in contrast to the control blend. The combination of 12% M+ 2% NS 

is balanced because it offers the best results for all ages. 
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