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1. Introduction

Progress in concrete technology has led to the advancement of a new type of concrete, which is known as
self-consolidating concrete or self-compacting concrete (SCC). It is a highly flowing concrete that spreads
through dense reinforcement, reaches every corner of the formwork, and is consolidated under its own weight
without vibration or any other means of compaction. Nowadays SCC is becoming more popular and
demandable worldwide due to its workability and efficiency (El Mir et al. 2015 and Khayat. 1999).

Self-compacting concrete (SCC) mixes always contain a powerful superplasticizer and often use a lot of filler
materials and/or viscosity-modifying admixtures. The superplasticizer is necessary for producing a highly fluid
concrete mix, while the filler materials or viscosity agents are required to maintain sufficient stability/cohesion
of the mixture, hence reducing bleeding, segregation, and settlement (Elyamany et al., 2014).

The present work aims to study the effect of filler types on workability behavior and hardened properties
of self-compacting concrete (SCC).

2. Experimental programs
2.1. Materials

Type II Portland cement produced from Zanjan cement plant, and Zeolite (Z), Silica Fume (SF) and
Metakaolin (M) as filler types were used in this study. The coarse aggregate was a crushed limestone with a
maximum particle size of 12.5 mm whereas the fine aggregate was a mix of natural sand and fine-grained sand
as a powder. A polycarboxylate type superplasticizer was also used to get a workable fresh concrete.

2.2. Mix proportions and test procedure

Concrete mixtures with water/binder ratio of 0.44 and cement contents of 450 kg/m3 were considered in
this study. After preliminary tests, the combination of aggregates was selected in the form of 30% gravel, 55%
natural sand and 15% fine-grained sand (powder). Filler materials were also used in two separate and
combined forms. By using different types of fillers and filler percentages, Thirty-one concrete mixes were cast
and Table 1 shows the mixture proportions of these mixes.

Slump flow, V-funnel, and L-box were performed on fresh concrete. Hardened properties included cube
compressive strength according to BS 1881- Part 116. 100 mm cubes were used for each mixture. Each result
represented in this section is the average of three tested specimens.

* Corresponding Author
E-mail addresses: j_ahmadi@znu.ac.ir (Jamal Ahmadi), ahmad_bigdelo@gmail.com (Ahmad Bigdelo),
msr_soleimani@yahoo.com (Mehdi Soleimani Rad).
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3. Results and discussion
3.1. Fresh concrete

Slump flow was used to measure the flowability performance of SCC in unconfined conditions. The diameter
of slump flow in range of 660-750 mm is suitable for many normal applications (e.g. walls, columns) [4]. V-
funnel flow time was used to asses the viscosity of concrete. The time value obtained does not measure the
viscosity of SCC but is related to it by describing the rate of flow. If the V-funnel time is less than or equal to 8
seconds, the SCC has good filling ability even with congested reinforcement. It is capable of self-leveling and
generally has the best surface finish. However, it is more likely to suffer from bleeding and segregation. With
increasing flow time between 8 to 25 seconds, it is more likely to exhibit thixotropic effects, which may be
helpful in limiting the formwork pressure or improving segregation resistance. Negative effects may be
experienced regarding surface finish (blow holes) and sensitivity to stoppages or delays between successive
lifts (The European guidelines for SCC, 2005). L-box test describes the capacity of the fresh mix to flow through
confined spaces and narrow openings such as areas of congested reinforcement without segregation, loss of
uniformity or causing blocking. If the concrete flows as freely as water, at rest it will be horizontal, so blocking
ratio =1. Therefore the nearer this test value, the ‘blocking ratio’, is to unity, the better the flow of the concrete.
The EU research team suggested a minimum acceptable value of 0.8 (EFNARK, 2002).

Table 1. Mixture proportions of concrete mixes

Mix name Filler (%) Constituent (kg/m3) SP*  Testresults
Z SF MK Cement Filler content Water Coarse Sand Powde (%) Diameter L-box V-funnel
7  SF MK agg r of slump blocking flow
flow (mm) ratio time (s)
SCC BASE - - - 450 - - - 198 519 939 250 1.0 700 0.95 5.11
SCC 75 5 - - 428 225 - - 198 516 934 249 1.0 700 0.97 7.94
SCC 710 10 - - 405 45 - - 198 514 930 247 1.0 695 0.93 6.34
SCC Z15 15 - - 383 67.5 - - 198 512 926 246 1.25 710 0.96 4.70
SCC 720 20 - - 360 90 - - 198 509 921 245 1.3 705 0.93 5.50
SCC SF3 - 3 - 437 - 13.5 - 198 517 936 249 09 690 0.96 6.00
SCC SF6 - 6 - 423 - 27 - 198 516 933 248 09 720 0.93 7.00
SCC SF9 - 9 - 410 - 40.5 - 198 514 930 247 0.9 710 0.94 7.00
SCC SF12 - 12 - 396 - 54 - 198 512 927 247 1.2 645 0.94 5.13
SCC MK5 - - 5 428 - - 22.5 198 518 937 249 09 700 0.93 6.56
SCC MK10 - - 10 405 - - 45 198 516 934 249 1.0 715 0.89 7.44
SCC MK15 - - 15 383 - - 67.5 198 515 932 247 1.0 690 1.00 5.18
SCC MK20 - - 20 360 - - 90 198 514 930 247 1.1 715 1.00 5.14
SCC Z5&SF3 5 3 - 414 225 135 - 198 515 931 248 1.0 680 0.95 5.11
SCC Z5&SF6 5 6 - 401 225 27 - 198 513 929 247 1.0 705 0.94 4.10
SCC Z5&SF9 5 9 - 387 22.5 405 - 198 512 926 246 1.0 680 0.95 4.97
SCC Z10&SF3 10 3 - 392 45 135 - 198 512 927 247 1.0 700 0.98 4.25
SCC Z10&SF6 10 6 - 378 45 27 - 198 511 924 246 1.0 695 0.98 4.95
SCC Z10&SF9 10 9 - 365 45 40.5 - 198 509 922 245 1.1 700 0.97 4.82
SCC Z15&SF3 10 3 - 369 67.5 13.5 - 198 510 923 246 1.1 680 0.93 5.06
SCC Z15&SF6 10 6 - 356 67.5 27 - 198 508 920 245 1.1 680 0.90 5.10
SCC Z15&SF9 10 9 - 342 67.5 40.5 - 198 507 917 244 1.2 685 091 5.00
SCC MK5&SF3 - 3 5 414 - 13.5 225 198 515 931 248 1.0 695 0.95 5.11
SCC MK5&SF6 - 6 5 401 - 27 22.5 198 513 929 247 1.0 715 0.96 4.81
SCC MK5&SF9 - 9 5 387 - 40.5 22.5 198 512 926 246 095 725 0.93 4.00
SCC MK10&SF3 - 3 10 392 - 13.5 45 198 512 927 247 1.0 700 0.95 4.70
SCC MK10&SF6 - 6 10 378 - 27 45 198 511 924 246 1.0 700 0.98 4.31
SCC MK10&SF9 - 9 10 365 - 40.5 45 198 509 922 245 1.0 690 0.97 4.80
SCC MK15&SF3 - 3 15 369 - 13.5 67.5 198 510 923 246 1.1 690 0.93 4.12
SCC MK15&SF6 - 6 15 356 - 27 67.5 198 508 920 245 1.1 705 0.96 4.72
SCC MK15&SF9 - 9 15 342 - 40.5 67.5 198 507 917 244 1.1 700 0.94 4.80

* Super plasticizer
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Results of fresh concrete properties of all self-compacting concrete mixes are illustrated in Table 1. It is
observed that the diameter of slump flow is between 645 and 725 mm which are very convenient for common
applications. Blockage ratio is in the range of 0.8 to 1.0 and flow time is less than 8 seconds. Therefore, it can
be concluded that all mixes satisfy the requirement of SCC limits. In addition, all mixtures had good viscosity,

flowability, and passing ability at the time of testing, and the bleeding and segregation were not observed in
any of them.

3.2. Compressive strength

Fig. 1 shows the variation in concrete compressive strength of SCC at the different ages of curing for
different types of fillers. From this figure, generally one can obliviously observe that there is no significant
variation between between 7 days cube compressive strength of concretes containing fillers and that of base
concrete. This trend is the same at 28 days between concretes containing metakaolin and the control concrete.
However, the 28 days compressive strength of mixtures with silica or zeolite is greater than the control scheme
(Fig. 1(a)). Moreover, the effect of zeolite and silica fume (two types of filler) in the concrete compressive
strength at 28 days is better than the influence of metakaolin and silica fume (Fig. 1 (b)).
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Fig. 1. Concrete compressive strength: (a) One type of filler in concrete, (b) Two types of filler in concrete

4., Conclusions

From the viewpoint of workability behavior, all mixtures containing one and two types of filler satisfy the
requirement of SCC limits. In addition, they had good passing ability at the time of testing, and the bleeding and
segregation were not observed in any of them. In concretes with two types of filler, the use of silica and
metakaolin has better effect on the workability behavior than the use of silica and zeolite. From the viewpoint
of mechanical properties, there is no significant variation between 7 days compressive strength of concretes
containing fillers and that of base concrete. However, the 28 days compressive strength of mixtures containing
silica or zeolite is greater than the control scheme. In concretes containing two types of filler, the combination
of silica and zeolite has better effect on compressive strength than the combination of silica and metakaolin.
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