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Abstract: Self-compacting concrete (SCC) production is a complex operation that requires finding a 

good combination and a suitable dosage of each of its constituents. Several formulation methods 

have been developed to meet the workability requirements of SCC. In this paper, the relationships 

between the fresh properties of SCC based on local metakaolin (MK) and the spreading of its mortar 

was investigated. The results showed the existence of good correlations between the spreading of 

the mortar and the fresh state properties of the related SCC and that the MK substitution rate did 

not affect these correlations. The choice of the mortar flow rate should target appropriate fresh 

properties of the SCC and a viscosity enhancing agent (VEA) could be used if the mix is too fluid 

and present an instability. 
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1. Introduction 

Self-compacting concrete (SCC) is distinguished from ordinary concrete mainly by its properties 

in the fresh state and its ability to flow without segregation or bleeding during transportation and 

placement [1]. The mix design of SCC is based on the same criteria usually chosen for the formulation 

of vibrated concretes (i.e: workability, strength and durability). However, in addition to these criteria, 

SCC must satisfy two contradictory properties in the fresh state: good fluidity to ensure good 

placement and good viscosity to guarantee adequate resistance to segregation [2]. 

Several SCC mix design methods have been developed, based on different experimental 

approaches (Japanese approach, Swedish CBI approach, French LCPC approach, etc.) to meet the 

workability requirements of SCC [3,4]. The Japanese approach of Okamura [5], which divides the 

concrete into two parts: the gravel and the mortar which ensures the fluidity of the concrete, was 

adopted in this work. Firstly, it fixes the dosage of the coarse aggregates in the concrete and that of 

the sand in the mortar by adjusting only the quantity of water and superplasticizer (SP) by using tests 

on mortars [6, 7]. In fact, there is a good correlation between the fresh state behavior of the SCC and 

its mortar, mainly when the quantities of water and admixture are varied [8]. In addition, tests on 

self-compacting mortar are easy to perform than that of SCC and many authors confirmed that the 

rheology properties of concrete correlate well with that of its mortar [8]. 

In recent years, there has been an interest in using metakaolin as partial replacement of cement 

in traditional or self-compacting concrete [9-12]. This paper presents some results of an extensive 

study [13], which aims to extend the knowledge of the relationships between the fresh state properties 

of SCC and the spread of its related mortar containing metakaolin (MK). For this purpose, different 

percentages of a local MK have been used as a partial substitution to Portland Limestone Cement 

(PLC) to illustrate the rheological behavior and the correlated relationships that can be obtained. 

Fresh properties of self-compacting mortars (SCM) were obtained by using mini-cone spreading test 
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and a V-funnel flow test. On the other hand, the properties of the SCC in the fresh state were 

evaluated, according to the European standard [14].  

2. Experimental program 

2.1. Materials 

In the present investigated all the mixtures of SCC or SCM were formulated with a PLC cement, 

type CEM II/A-L 42.5 R, containing 15% fine limestone, with a density equal of 3.03 g/cm3 and a Blaine 

fineness of 4449 cm2/g. The produced mineral addition MK was obtained from a local kaolin which 

was thermally activated at a temperature of 850°C for 3 hours. The MK obtained had a density of 2.6 

g/cm3, a BET surface area around 140,000 cm2 /g and an average pozzolanic activity [13]. The chemical 

composition of the PLC cement and the MK used are given in [13]. An ether polycarboxylates 

superplasticizer (SP), with a density is 1.07 g/cm3 was used.  Coarse aggregates 3/8 mm and 8/15 mm 

with a density 2.64 g/cm3 and 2.66 g/cm3, respectively were used. The fine aggregates used was an 

alluvial sand with a density of 2.63 g/cm3 and an absorption coefficient of 0.65%. The particle size 

distribution of the aggregates is given in Table 1. 

Table 1. Grain size of the used aggregates. 

 
Sieve size (mm) 

16 12.5 10 8 6.3 5 2.5 1.25 0.63 0.315 0.16 0.08 

15– 8 mm 100 98 61 26 6 1 0 – – – – – 

8– 3 mm 100 100 100 98 77 50 5 1 1 1 – – 

Sand 100 100 100 100 100 100 99 98 91 51 9 2.55 

2.2. Methods 

The formulation of the SCC mixtures was based on the general Okamura method, with an 

improvement made to the method for selecting the fine aggregate content. The volume of sand in the 

mortar and the dosages of water and SP in mass of binder were selected based on the slump flow and 

the V-funnel tests [15]. For the selection of air contents and coarse aggregates, the Okamura method 

is maintained. SCC is usually considered as a coarse aggregate in a mortar matrix and the SCM could 

serve as a base for the design of SCC as the workability of SCC could be obtained from the spread 

test and the v-funnel test of SCM [16]. 

In fact, according to Domone [15], the spread of SC mortars between 280 and 340 mm, leads to 

the spread classes of SCC comprised between 550 and 850 mm as recommended by the European 

guidelines whereas the two viscosity classes of SCC provided by the V-funnel flow time of less than 

8 seconds and 8 to 25 seconds correspond to the flow times of SCM of less than 3.6 seconds and 3.6 

to 13.1 seconds, respectively. Safiuddin [17], also reported that a spread of SCM between 275 and 335 

mm will generally produce a SCC with a spread of between 550 and 850 mm. 

A mortar spread between 275 and 335 mm [17], with an average of 305 ± 10 mm, and a V-funnel 

flow time between 2 and 10 seconds [18], were chosen as representative values for the 

characterization of SCM. Bleeding and segregation were visually checked during the spreading test 

[16]. After a preliminary test stage [19], a sand/mortar volume of 50%, an SP dosage of 1.1% by weight 

of cement, a water/cement (W/C) ratio of 0.42 and a cement dosage of 667 kg/m3 were considered for 

the control SCM without MK. A mortar spread between 275 and 335 mm [13], with an average of 305 

± 10 mm, and a V-funnel flow time between 2 and 10 seconds [14], were chosen as representative 

values for the characterization of SC Mortars. Bleeding and segregation were visually checked during 

the spreading test [16]. The dosage of SP was adjusted and increased with the increase in MK content 

as partial substitution of PLC cement [20]. A total of six mixtures including control SCM (PLC, 5MK, 

10MK, 15MK, 20MK and 25MK) were used for the formulation of SCC, by simultaneous variation of 

the percentage of MK from 0 to 25% by mass of binder and by steps of 5% and dosages in SP of 1.1 to 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 July 2023                   doi:10.20944/preprints202307.1131.v1

https://doi.org/10.20944/preprints202307.1131.v1


 3 

 

2.0% by mass of binder. The volume of sand as well as the water/binder (W/B) ratio were kept 

constant. The fine aggregates, coarse aggregates (3/8) and coarse aggregates (8/15) contents were 870 

kg/m3, 290 kg/m3 and 580 kg/m3, respectively.   

After fixing the sand volume and optimizing the water and SP dosages of the various SCM, 

coarse aggregates for SCC mixes were selected from a range of 31 to 35% of concrete volume to ensure 

an adequate flow and passage capacity [18]. The air content was assumed to be equal to 1% for a 

maximum grain size (Dmax) of 20 mm [21]. Thus, for the six SCC mixtures formulated, the binder 

dosage, W/B ratio and the aggregate content (G/S) were kept constant at 441 kg/m3, 0.42 and 1, 

respectively and their proportions are in the typical ranges of the constituents of the SCC proposed 

by [22,23]. Fresh state SCCs were characterized according to European guidelines [14,24] using slump 

spread, V-flow time, L-box and sieve stability test. 

3. Results and Discussion 

A good relationship between the filling capacity of SCC, evaluated by L-box test and the fluidity 

of their related mortars has been observed [13]. In this context, the appearance and nature of the 

relationships that may exist between the fresh state properties of SCC containing MK and the 

spreading of its mortar were investigated. 

3.1. Filling ability tests of SCC vs. spread of mortar 

The partial substitution of PLC cement by 0% to 25% of MK increases the slump flow value and 

decreases the flow time T500 which is the moment when the concrete reaches a diameter of 500 mm. 

This means that the addition of MK to SCC increases their filling capacity, expressed by the degree 

of filling (fluidity or spreading) and the filling rate (viscosity or T500). However, this increase is not 

regular as can be seen in Figure 1. Therefore, the effect of the constituents of SCM with a volume of 

66% of the rheological properties of SCC containing a volume of 33% of aggregates will be studied 

by comparing on one side the filling capacity, the spreading flow and the resistance to segregation of 

SCC and on the other side the spreading of the related SCC. 

From Figure 2, it can be seen that SCC mixtures can be classified into two categories of SCM; 

Category A, corresponding to SCC with spread in SCM < 300 mm, such as those of 5MK, 15MK and 

25MK and category B, relative to SCC with spread in SCM ≥ 300 mm, such as those of 0MK, 10MK 

and 20MK. The first category has SCC spreads > 750 mm and flow time T500 < 2 s, which corresponds 

to SCC with lower viscosity and a probable risk of segregation [20]. The opposite trend is seen in the 

second category (spreads of the SCCs ≤ 750 mm and flow time T500≥ 2 s), which corresponds to the 

results of the required SCC [24]. 

  
Figure 1. SCC filling ability tests. (a) SCC slump flow. (b) SCC T500 slump flow time. 

500

600

700

800

900

0 5 10 15 20 25

Sl
um

p 
flo

w
 S

F 
(m

m
)

Metakaolin content (%)

(a)
EFNARC upper limit

EFNARC lower limit

1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0

0 5 10 15 20 25

T 5
00

(s
ec

)

Metakaolin content (%)

(b)
EFNARC upper limit

EFNARC lower limit

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 July 2023                   doi:10.20944/preprints202307.1131.v1

https://doi.org/10.20944/preprints202307.1131.v1


 4 

 

 
It can be observed that the components of the SCM play a major role on their related SCC mixes 

and that there is a good relationship between the SCM and their related SCC. This relationship 

depends, in particularly, on the dosage of SP which influences the spreading diameters of the mortars 

adopted in an average of 305 ± 10 mm and that the rate of incorporation of MK influences the SCC 

according to their spreading diameters of mortars (< or ≥ 300 mm) and their categories A or B (Table 

2). 

Table 2. Mortars and SCC categories filling ability. 

Category A B 

MK (%) 5MK 15MK 25MK PLC 10MK 20MK 

SP (%) 1.1 1.5 2.0 1.1 1.3 1.8 

Spread (mm) 297 292 295 301 316 310 

V-funnel (s) 5.10 6.25 9.45 4.20 5.15 8.00 

Slump flow (mm) 769 768 761 729 745 749 

t500 (s) 1.50 1.50 1.50 2.10 2.00 2.10 

It can be seen that the increase in the rate of MK in the SCC gradually increases the fluidity of 

the SCC of category B (729 mm, 745 mm and 749 mm) relative to the 0MK, 10MK and 20MK, 

respectively.  In the case of SCC with category A, the fluidity decreases from 769 mm to 768 mm and 

761 mm for 5MK, 15MK and 25MK, respectively. 

However, the viscosity of SCC, which is the resistance of a material to flow avoiding its internal 

frictions [24], is constant for each category. It is acceptable for category B (T500 ≥ 2 s) and lower for 

category A (T500 < 2 s). The flow of SCC with low viscosity is very fast at the beginning then the flow 

slows down. On the other hand, SCC with high viscosity continues to flow slowly for a prolonged 

period [10] as the high viscosity contributes to improve the suspension of the aggregates in the mix, 

and consequently preventing the segregation of the gravel and keeping the mix homogeneous [19]. 

Sedran [25], reported that the SP has mainly an effect on the spreading. However, the water 

content strongly affects both the fluidity and the viscosity of the mixture. From Table 2, it is clearly 
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seen that there is an irregular deformability at the level of the SCM and this could be due to the effect 

of the SP. 

The high fluidity and low viscosity SCC with category A (Figure 2) may be due to the effect of 

water content of the mix when using MK which requires higher water demand and improves 

significantly the viscosity of SCC [19], which helps to enhance the segregation resistance of concrete. 

Moreover, a high viscosity is necessary for the segregation resistance of SCC but should not be 

excessively high so that the coarse aggregate cannot pass through the space, between the rebars [26]. 

Therefore, to increase the segregation resistance of category A SCC, it is necessary to increase the 

viscosity, by reducing the W/B or by incorporating a viscosity enhancing agent (VEA) or more 

economically, by using aggregate with a maximum diameter of 10 mm [21]. According to Yahia et al. 

[27], adequate resistance to segregation is obtained by reducing the W/C, increasing the cohesion of 

the paste, adding finer particles or by using a viscosity agent. Chai [21], also reported that a VEA can 

be used, if the W/B is greater than 0.37 for a SCC with a Dmax equal to 20 mm and no VEA should 

be used, if the W/B is between 0.40 and 0.50 and the Dmax is of the order of 10 mm. 

According to Barbhuiya [28] and Khayat [29], there are two ways to improve the viscosity of the 

concrete: by increasing the binder content or by incorporating a VEA. The first approach is to lower 

the W/B to maintain adequate cohesive friction between mortar and coarse aggregate, and ensure 

uniform flow of SCC through restricted sections [29]. The other way is to incorporate a low to 

moderate dosage of a VEA without lowering the W/B (because the W/B ratio is constant for all 

mixtures). This can reduce the coarse volume of the aggregate and reduce the risk of blockage, which 

is particularly useful in mixes containing a moderate content of SCM and fillers [29]. Furthermore, 

the use of a VEA in SCC is not always necessary. However, VEA may be beneficial for SCC containing 

discontinuous, angular, plate and elongated coarse aggregates and lower content of cementitious 

materials [26]. 

Finally, the targeted average value of the SCM (spread of 305 ± 10 mm) resulted in spreads in 

SCC between 729 and 769 mm and flow times T500 between 1.50 and 2.10 s. In order to avoid the 

probability of having too low viscosity or a risk of possible segregation of SCC mixtures with a spread 

>750 mm, the workability and the ability to fill category A concretes formulated in this way must be 

checked, using the SCC workability tests and the necessary adjustments should be made [25]. 

(1) either that the water content of the SCC will be checked and adjusted downwards in such a way 

that there will be a spread of category B and consequently, an SCC with a spread ≤ 750 mm and 

a flow time T500 ≥ 2 s will be produced but the W/B ratio will not be constant for all the mixtures 

or (2) adding a VEA to the SCC of category A,  which belongs to the spreading class SF3 (760 to 

850 mm),  whose resistance to segregation is more difficult to control [22]. 

(2)  Thus, according to Safiuddin [26], it is recommended to use a VEA in SCC when the mixtures 

are too fluid and present a risk of segregation which should be improved without changing the 

primary proportions of concretes. However, the Japanese approach used in this work was 

developed for concretes without VEA [30] and is extended to concretes with VEA [25]. 

The spread value in mortar that was found to be acceptable (spread ≥ 300 mm), was suggested 

by Chai, to produce a successful SCC [18]. However, other researchers have found a successful SCC 

with spread values in SC Mortars < 300 mm. It has been reported that the Japanese experience have 

indicated that values between 250 and 280 mm for mini-cone spreading, and 6 and 10 seconds for V-

funnel flow time will produce a successful SCC [18]. A target spread of 240 to 260 mm and a V-funnel 

flow time of 7 to 11 seconds were suggested by EFNARC [24]. It has been suggested target values for 

spread and V-funnel flow times, equal to 245 mm and 10 seconds, respectively [31]. 

Therefore, in order to produce a successful SCC, the choice of mortar spread value should aim 

for a SCC spread target value. According to Chai [21], a spread value between 600 and 700 mm and 

between 650 and 750 mm will be sufficient for SCC with Dmax of 10 and 20 mm, respectively. Below 

the lower limit, concrete may have insufficient fluidity to pass through and around obstacles, and 

above the upper limit, segregation is likely to occur [32]. Moreover, 90% of the cases analyzed by 

Dommone [33], the SCC formulated around the world, had spreads between 600 and 750 mm.  
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3.2. V-funnel flow time of SCC vs. spread of mortar 

The measurement of the V-funnel flow time (Tv) is considered as an alternative to the 

measurement of the flow time T500 [34]. The results of the T500 and the Tv were used to evaluate the 

viscosity and fluidity of SCC [19]. The substitution of cement by 5% of MK at constant SP dosage and 

constant W/B ratio, the fluidity of SCM with MK was reduced and the viscosity was increased [35]. 

The decreases of the slump flow with the use of MK for a given W/B ratio was noticed [22]. According 

to Hassan et al. [19], the increase in T500 or Tv indicates an increase in the viscosity of the mixture or 

a decrease in the fluidity of the mixture of the 5MK SCC (Figure 3). It is clearly seen that the viscosity 

of 5MK, evaluated by the time Tv, decreased contrary to T500 and the fluidity of SCC increased 

instead of being reduced (Figure 1). This may be due to the fine limestone of the PLC cement used, 

which reduced both the water content of the mix [36], by contributing to the lubrication of the coarse 

aggregates and consequently improving the fluidity of the SCC at low levels of MK [20]. 

According to Figure 3, as the dosage of SP increased, the viscosity increased as shown by the 

increase of the flow time (Tv) compared to control concrete for mixes having 10% of MK and above 

as also reported by other researchers [20]. According to Hassan et al. [19], the increase in T500 or Tv 

indicates an increase in the viscosity of the mixture or a decrease in the fluidity of the mixture. The 

clay nature of the MK contributes to the increase in the viscosity and consequently decreases the 

fluidity and therefore reduces the risk of segregation of SCC. 

However, it can be seen clearly that the flow time increases and the spread flow for mixtures 

15MK and 25MK. On the other hand, the opposite trend is observed for mixtures 10MK and 20MK. 

It can also be noted that there is a good relationship between the spread of the SCM and the filling 

capacity of the related SCC measured by the V-funnel test (Figure 4) and that the level or the rate of 

cement substitution by MK still affects the SCC according to their mortar spreading diameter (< or ≥ 

300 mm).  Increasing the content of MK decreases the Tv of SCC for slump flow of SCM≥ 300 mm 

(category A) and increases in the same time the Tv of SCC for SCM with slump flow less than 300mm 

(category A). This indicates that the substitution of cement by MK does not change the correlations 

established between the SCC and its related SCM. 

 

Figure 3. SCC V-funnel flow time. 
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10 seconds, the concrete is either too viscous for satisfactory handling and placement, or is unstable 
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flow time of 11.10 seconds and 10.90 seconds, respectively and a spread flow of 745 and 761 mm, 
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respectively and hence it can be concluded that SCC with 10MK (category B) is too viscous for 

satisfactory handling and placement. On the other hand, SCC of 25MK (category A) is unstable, so 

that the aggregates particles are blocked and consequently will block the flow. 

 

Figure 4. V-funnel flow time of SCC vs. spread of mortar. 

3.3. L-box test of SCC vs. spread of mortar 

The L-box test is used to measure the filling capacity and passing capacity of SCC through 

confined areas [37–39] with no segregation or blockage. However, in order to obtain adequate passing 

capacity, the coarse aggregate content should be less than the maximum amount recommended (≤ 

35% of the concrete volume) [26]. On the other hand, increasing the cement content from 450 kg/m3 

to 500 kg/m3, the passing capacity of the mixtures will be greatly improved [19].  

The ability to flow or pass, in narrow openings and areas of high reinforcement density, is 

assessed by measuring the filling rate (H2/H1), expressed by the ratio of the height of the concrete in 

the vertical part of the box and the height of the concrete at the end of the horizontal part of the box 

[19]. The concrete flow time values t200 and t400 (the times when the concrete reaches the distance 200 

mm and 400 mm from the horizontal arm, respectively) are used to evaluate the speed deformation 

of the SCC [19] and give an indication of the ease of concrete flow [24]. These measured parameters 

show similar trends as those of the filling capacity measured by the slump flow test (Figure 1). 

According to Figure 5, it can be seen that the partial substitution of PLC cement by MK increases 

the value of filling rate (H2/H1 ≥ 0.8) for passing through 3 bars, suitable for areas with narrower and 

denser reinforcement) and decreases those of the flow times t200 and t400. Mixtures of SCC with MK 

have a higher passage capacity than that of the control concrete. Similar results have been found by 

other researchers, indicating that the addition of (SCM) increases the passing capacity of the SCC [19]. 

Moreover, MK has been shown to increase the viscosity of the mixture, to contribute to the 

improvement of the suspension of particles in the mixtures of SCC and to lead to greater passing 

capacity and greater resistance to segregation [19]. However, the rate of incorporation of MK 

influences greatly the flowability of the SCC according to their spreading diameter of mortar (< or ≥ 

300 mm). The increase in the rate of cement substitution by MK in the SCC increases as the value of 

the filling rate increases according to the category type. The successive increase values of category A 

(0.84; 0.88 and 0.88) are slightly higher than SCC with category B (0.80; 0.83 and 0.86). On the other 

hand, for the flow times t200 and t400, the values of category A increase successively and the values 

of category B decrease successively as the content of MK increases. This indicates that the substitution 

of cement by MK does not change the correlations established between the mortar and its SCC. It can 

be concluded that the results of the L-box test agree and exhibit similar trends with the results of the 
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previous tests and that there is a good relationship between the spread of the SCM and the flowability 

of the related SCC measured by the L-box test as illustrated by Figure 5. 

 

 
 
 

 

Figure 5. SCC L-box tests. (a) SCC Blocking ratio. (b) SCC T200 and T400. 

Sonebi et al. [38] reported   that the filling rate represented by the H2/H1 ratio is influenced by 

three parameters, the water dosage, the SP dosage and the volume of gravel in the mixture. The 

increase in the first two parameters leads to an increase in the filling rate. However, the increase in 

the volume of gravel leads to a reduction in the filling rate and so an increase   in the risk of blockage 

of the coarse aggregates behind the steel bars of the L-shaped box. Thus, it can be noted that in our 

case the increase in the filling rate of the SCC is due to the increase in the first two parameters (the 

W/B ratio is greater than 0.37 for an SCC with a Dmax equal to 20 mm and the SP dosage increases 

as the MK level increases). Nevertheless, this elevation of the filling rate still depends on the 

spreading diameter of the mortar (< or ≥ 300 mm) as mentioned elsewhere. 

In addition, SCC (category A) with higher filling rate and low t200 and t400 values  have an ability 

to flow in the presence of obstacles compared to those of category B. Moreover, the incorporation of 

MK has a negative effect on filling rate of category A due to the concomitant increase in viscosity [35]. 

SCC flowability was 0.84, 0.88 and 0.88 for 5MK, 15MK and 25MK mixes, respectively which is in the 

range of (0.8 – 1.0) suggested by EFNARC for a particle size Dmax ≤ 20 mm [24] but slightly out of 

the range proposed according to the Swedish experience for good passing ability [23]. This is the case 

for SCC category B, where the flowability was 0.80, 0.83 and 0.86 for PLC, 10MK and 20MK mixes 

respectively. On the other hand, according to Assié [3], the absence of a VEA increases the flow of 

SCC by increasing the filling rate as is the case for SCC category A with high fluidity which may be 

due to their instability. 

3.4. J-Ring difference height of SCC vs. spread of mortar 

The J-ring flow test is used to determine the passing ability of SCC through confined areas with 

high reinforcement density [ 24,40,41]. It can be used as an alternative to L-box test. However, the 

results are not directly comparable [40]. The degree of filling of the ring flow spread with class PJ2 

was greater than the value of 10 mm suggested by EFNARC [24] for all the mixtures containing MK 

as shown in Figure 6. These SCC mixtures with MK can be chosen for structures with widely spaced 

reinforcements [41]. It can be seen from this figure that the 5MK mix has a high blocking rate. This 

may be due to its instability in which the aggregate particles block its flow. According to Safiuddin 

[26], the viscosity of the mortar must be high to resist the separation of coarse aggregates. However, 

it should not be excessively high so that the coarse aggregates cannot pass through the space between 

the rebars. 

Figure 6 indicates that the filling rates of the ring spreading of SCC have similar tendencies as 

those of the filling capacity measured by the spreading test according to their mortar spreading 

diameter (< or ≥ 300mm). It is noticed as the flow spreading test, that the increase of MK content in 
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the SCC mixtures, increases progressively the degree of filling PJ of SCC with category B and 

decreases progressively the degree of filling PJ of SCC with category A. 

 

Figure 6. SCC J-Ring difference height. 

Figure 7 shows similar tendency for J-Ring results as spreading and spreading time with and 

without J-Ring have similar trends relative to each other. Indeed, the rate of substitution of cement 

by MK always influences the SCC according to their mortar spreading diameter (< or ≥ 300 mm). In 

the case of SCC with category A, flow spreads and flow times (SCM spread < 300 mm) are higher and 

lower, respectively, than their SCC with category B. Flow times with and without J-Ring diverge from 

each other due to the decrease in flow capacity with increased risk of blockage. Furthermore, the 

difference between the flow spread with and without J-Ring of SCC containing MK increases between 

25 and 50 mm as the MK content increases. This clearly indicates a remarkable minimal blockage [39], 

which could be suitable for normal applications with unreinforced or lightly reinforced concrete 

sections [26]. 

Figure 7. SCC filling ability tests with and without J-Ring vs. metakaolin content. 

3.5. Segregation resistance test of SCC vs. spread of mortar 

The segregation of SCC occurs mainly as a separation between coarse aggregates and mortar, 

i.e. the separation between the solid phase and the liquid phase [42]. The resistance to sieve 

segregation has been used to evaluate the segregation of coarse aggregates of SCC mixes [19]. Figure 

8 illustrates the segregation resistance of the SCC vs flow spread of mortars. It can be seen that from 

this figure, that all the SCC with and without MK present a homogeneous and stable concrete at rest 

[43]. All the SCC have a segregation rate between 5 and 15%, which classified as class SR2 ≤ 15%. This 

limit of 5 to 15% is recommended for optimal resistance to segregation [41]. It can be observed from 
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this figure that SCC with category B (spread in SC Mortar ≥ 300 mm) are more stable than those of 

category A. 

 
Figure 8. Segregation resistance test of SCC vs. spread of mortar. 

According to standard EN 206-9 [14], the stability of the SCC is an important parameter to be 

taken into consideration, in the case of higher spread classes and lower viscosity classes. This is the 

case of SCC with category A (spread in SCM < 300 mm), where the spreads were in the highest class 

SF3 (760 to 850 mm) and the viscosities in the lowest class VS1 (< 2 s). To mitigate this problem, a 

VEA should be used. On the other hand, the segregation of coarse aggregates is strongly affected by 

the viscosity of the mixture where its increase reduces the probability of segregation [19]. The fluidity 

of concrete could be maintained by SP whereas the stability and the reduction of segregation and 

bleeding are maintained by VEA and powder content [44]. According to Saifuddin [22], the optimum 

flow capacity and resistance to segregation can be obtained by adjusting the fluidity and viscosity of 

the concrete through an appropriate combination of cement and SCM, by limiting the W/B ratio and 

adding an appropriate dosage of SP and possibly adding an appropriate dosage of VEA. 

4. Conclusions 

Based on this experimental investigation on the formulation of SCC through its SCM, the 

following conclusions can be given: 

 A good relationship exists between the spreading of SCM and the fresh properties of the related 

SCC. The choice of spreading of SCM ≥ 300 mm (PLC, 10MK and 20MK) leads to the desired 

properties of SCC. 

 The content of MK as cement substitution does not change the relationship between the SCM 

and its related SCC properties. 

 The choice of spreading value of the SCM must target for an SCC with a Dmax equal to 20 mm: 

spread value of SCC between 600 mm and 750 mm, flow time (Tv) of 10 s, filing rate value 

between 0.80 and 0.85 and Pj value ≤ 10 mm. 

 The use of VEA for SCC with higher spread (class SF) and low viscocity (class VS1) is needed to 

have a good resistance to seggregation. 
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