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1. BACKGROUND   
The primary key that makes concrete the most common used material is because of its low 
cost, permeability properties, and accessibility of its raw materials. Worldwide, the cement 
sector is estimated to produce approximately 5–8% of the total global anthropogenic carbon 
dioxide emissions. The carbon dioxide emissions from the cement industry could be divided 
to two sources. The first source is related to the energy required for burning the clinker 
(combustion). The other source is linked to the natural release of carbon dioxide associated 
with the de-carbonation of the limestone under elevated temperatures (calcination). The total 
carbon dioxide emissions were estimated to be approximately 0.8 ton per ton of clinker (Novak 
et al., 2005). Because of the climate change, environmentally-friendly concretes had earned a 
great deal of attention over the last few decades, in terms of research and development. To 
produce cement, fossil fuels and waste are used as fuel for its fabrication. Today, the cement 
industry is working to reduce its carbon footprint by creating blended cement with 
supplementary cementitious materials (Mikulčić et al., 2016). The fastest and most effective 
way of reducing carbon dioxide emissions is by replacing the clinker with high amounts of 
supplementary cementitious materials (Mohammadi and South, 2015; Nagaratnam et al., 
2015; Sethy et al., 2016). Blast furnace slags and fly ash, for instance, are the most common 
pozzolanic-replacing materials in high dosages. Limestone powder is usually used as a filler 
in the case of the self-compacting concrete. Other pozzolanic materials used but in smaller 
dosages are metakaolin and silica fume; however, these materials are usually too expensive to 
have a cost-effective impact on reducing carbon dioxide emissions (Justnes, 2015). Therefore, 
there is a need to find other supplementary cementitious materials that could be applied in 
high amounts.  
Self-compacting concrete has an advantage associated with its casting mechanism; however, 
to meet the workability and stability requirements, a high amount of binder content is needed. 
This created a demand for an environmentally-friendly binder replacement. Earlier studies 
have tried to develop an eco-friendly version of the self-compacting concrete. Wallevik et al. 
(2010) suggested a classification for the eco-self-compacting concrete based on the binder 
content, whereas Şahmaran et al. (2011) considered the efficacy of foundry sand as an 
economical and eco-friendly replacement material for the self-compacting concrete. However, 
more studies were necessary on alternative fillers that could deliver high performance and 
durability for eco-friendly self-compacting concretes.  
One of the most important concerns of the self-compacting concrete is the high cost of its 
production because of the implementation of admixtures and high dosages of binders. 
According to Nehdi et al. (2004), the cost of materials needed to produce the self-compacting 
concrete is approximately 20-50 % higher than those for the normally vibrated concrete.  
In the field of concrete technology, the research today is directed towards enhancing the 
concrete service life. Self-compacting concrete is considered an advanced type of concrete, 
providing enhanced mechanical and durability properties. Since most all design standards 
were developed based on the normally vibrated concrete, the applicability and limitations of 
these design codes towards the hardened properties of the self-compacting concrete is a 
question for today modern application. The past decade showed a rapid development for the 
self-compacting concrete and its frequent application in construction. This widespread 
utilization of the self-compacting concrete forced us to gain further knowledge about the 
parameters affecting the fresh and hardened properties because it became hard to neglect the 
influence of its microstructure on the mechanical and durability performance. Referring to 
Assié et al. (2007), the results of his laboratory tests according to his question “is self-
compacting concrete as durable as normally vibrated concrete” kept the answer ambiguous. 
Therefore, evaluating the transport characteristics such as fluid, gas, and aggressive substances 
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were the core of an overall understanding of the durability of concrete. 

2. OBJECTIVES 
The overall aim of the present study was to analyze the effect of using different types of 
additives on the fresh and hardened properties of the sustainable self-compacting concrete. 
Minimizing concrete impact on the environment along with maximizing its performance and 
service life, a sustainable self-compacting concrete could be attained.  The main concern of 
the research was to gain further understanding between the porosity and hardened properties 
of sustainable self-compacting concretes. To do so, several laboratory experiments were 
carried out on produced concretes, with different types of additives (fillers and supplementary 
cementitious materials). Thus, all properties which were directly interconnected to concretes 
macro/microstructure could be determined. This was fulfilled by applying a wide range of 
laboratory tests. By specifying the constrain and variable parameters, the main objectives of 
this PhD thesis were the following: 
 
1. To specify the limits in the workability window of the self-compacting concrete (slump 

flow diameter vs. v-funnel time) and define the minimum dosage of high range water 

reducing admixture, in terms of the volumetric water-to-powder ratio. 

2. To evaluate the efficiency of different types of additives for a sustainable self-compacting 

concrete: Fillers (limestone and waste perlite powder) and supplementary cementitious 

materials (metakaolin and silica fume). 

3. To evaluate the possible effects of alternating the concrete parameters (water-to-binder 

ratio, water-to-powder ratio, concrete type, admixture type, addition of supplementary 

cementitious materials, porosity and carbonation) on the repeatability (coefficient of 

variation) of the rebound surface hardness of the Schmidt hammer. 

4. To evaluate the effect of different types of additives on the long term resistance of the self-

compacting concrete against chloride migration. 
 

3. EXPERIMENTAL PROGRAM 
A wide range of normally-vibrated, self-compacting and ultra-high strength concrete series 
was produced. The applied cements were CEM II A-S 42.5 RS, CEM III A-N 32.5 MSR, and 
CEM III A-R 32.5 MSR. Metakaolin and silica fume served as the supplementary cementitious 
materials implemented independently in the mixtures. Quartz sand and gravel collected from 
the ‘‘Danube” were used for the preparation of the self-compacting and normally-vibrated 
concretes with a maximum aggregate size (Dmax) of 16 mm. Three nominal grading fractions 
were used: sand 0/4 mm, small gravel 4/8 mm and medium gravel 8/16 mm. In the case of 
ultra-high strength concrete, natural quartz sand was used as aggregate with maximum 
diameter size of 5 mm. The grading fractions used were of quartz sand ranging, between 0.2/5 
mm. Limestone and waste perlite powder were the fillers added for the self-compacting 
concrete mixtures. Grinded fine quartz sand was supplied for the ultra-high strength concrete. 
The term ‘‘powder” or “total powder content” is defined by the sum of cement, supplementary 
cementitious materials and fillers. High range water reducing admixture and air entraining 
agent represented the added admixtures. “Sika 5 New” served as the high range water reducing 
admixture and “Sika Aer” as the air entraining admixture.  Workability tests were performed 
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according to the concrete type. All of the mixtures were mixed in a pan type mixer. 
A total of 104 concrete mixtures data were collected together and arranged as the following: 
12 normally-vibrated, 81 self-compacting and 11 ultra-high strength concretes (Tables 1 and 
2 summarize the test parameters with their relative materials). 

 
Table 1. Ranges of water-to-binder, water-to-powder and cement-to-aggregate ratios designed 
for the type of concrete. 
Type of concrete Ultra-high strength Self-compacting  Normally-vibrated  
*w/b 0.21- 0.24 0.56 - 0.41 0.56 - 0.41 
**w/p 0.17 -  0.20 0.29 - 0.34 0.56 - 0.41 
***c/a 0.25 - 1.16 0.17 - 0.21 0.17-0.22 

*water to binder ratio (by weight) 
**water to powder ratio (by weight) 
***Cement to aggregates ratio (by weight) 
 
Table 2. Materials applied for producing the selective type of concrete. 
Type of concrete Ultra-high strength Self-compacting  Normally-vibrated  
Cement type CEM II A-S 42.5 

R 
CEM III A-N 32.5 MSR 
CEM III A-R 32.5 MSR 

CEM III A-N 32.5 MSR 
CEM III A-R 32.5 MSR 

*SCMs **MK, ***SF MK, SF MK, SF 
Filler type Quartz sand Limestone, perlite - 
Admixture type Sika ViscoCrete 5 Sika ViscoCrete 5, 

Sika Aer 
Sika ViscoCrete 5  
 

* Supplementary cementitious materials 
**Metakaolin 
***Silica fume 
 

3.1 Experiments to determine the possible changes in the workability window of the 
self-compacting concrete mixtures. 
The aim was to evaluate the fresh concrete performance (stagnation and segregation 
phenomena’s). After mixing the concrete components between 6 to 8 minutes, properties of 
the designed fresh self-compacting concretes were evaluated using the slump flow diameter 
and V-funnel time tests in accordance with EFNARC (2005) recommendations. The high range 
water reducing admixture dosage was varied to achieve the desired slump flow table diameter 
classification (SF3).  

 

3.2 Experiments to evaluate the efficiency of different types of additives for a 
sustainable self-compacting concrete. 
Previous experiments in section 3.1 were carried out to evaluate the adequacy of the fresh self-
compacting concrete properties. The flow table test was performed on normally-vibrated 
concrete mixtures in accordance with European Standard (MSZ-EN 12350-5, 2009). 
The ultrasonic pulse velocity test was performed according to American Standard (ASTM C 
597-97, 1998). The same cube specimens (150 mm) were tested for their compressive strength 
in agreement with European Standard (MSZ EN 12390-3, 2009) using a universal closed-loop 
hydraulic testing machine at a constant loading rate of 11.25 kN/s. 
The water penetration depth under pressure was determined according to European Standard  
(MSZ EN 12390-8, 2009) using (150 mm) cube specimens. 
Total porosity in hardened concrete was determined based on the ratio of the bulk and particle 
densities of concrete specimens. Bulk density was measured according to (ASTM C  
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642, 1997) standards. Shredded specimens were crushed and grounded to fine powder 
reaching on average diameter size of 0.02 mm to evaluate the density of the particles using 
pycnometers (ISO/DIS 17892-3, 2004). Note that fluid pycnometer method with oven-dried 
specimens was adopted. 
The water absorption by immersion test (total volume of penetrable pores) was performed 
until the cylindrical specimens (Ø100 × 200 mm) were fully saturated, which was confirmed 
by the lack of variation in mass (increase of mass was less than 0.1%). The specimens were 
dried then in an oven for 24 hours at 100 ± 5 °C. The relative masses were recorded to obtain 
the water content in volume %, which corresponded to the atmospheric water-saturated 
condition designated by the apparent porosity. 
The rapid chloride migration test was performed for cylindrical sized specimens (Ø100 × 50 
mm) prepared according to NT Build 492 Standard (Nordtest,1999). 
Frost scaling resistance of the self-compacting concrete was evaluated according to European 
standards (DD CEN/TS 12390-9:2006, 2011) noted as ‘slab test’. This protocol is based on 
determining the concrete resistance to repeated cycles of freezing and thawing in contact with 
3% of sodium chloride solution. After N number of cycles, the amount of material scaled from 
the tested specimen was measured. Note that up to 56 cycles, the results were determined. 
Air void analysis was performed according to BS EN 480-11 (2005) transverse method to 
evaluate the impact of air entraining admixture on the concrete properties. 
All specimens were demolded between 20 h and 24 h of concrete placement and were cured 
under water for 7 d under the laboratory conditions.   

3.3 Experiments to evaluate the repeatability of the rebound surface hardness of the 
Schmidt hammer with alteration of concrete parameters. 
Surface hardness test was performed using N-type Schmidt hammer according to the European 
Standard (BS EN 12504-2, 2012). The specimens were put in the compression testing machine 
and loaded with a constant force of about 20% of their ultimate compressive strength. A total 
of 10 impact points were applied horizontally on the molded side of the specimen. Striking 
points were uniformly distributed onto the tested surface of the 150 mm cubic specimen. The 
mean, standard deviation, and coefficient of variation values were calculated by 10 replicate 
rebound index readings on the same surface of the concrete specimen. 
Carbonation depth was computed by spraying phenolphthalein-alcohol solution onto the sliced 
surface of 150 mm cubic specimen. The carbonation depth which corresponds to the 
unchanged color thickness layer was measured at the center of each exposed surface and the 
average value was recorded. 

3.4 Experiments to determine the long term chloride migration characteristics for the 
self-compacting concrete using different additive types. 
The rapid chloride migration test was performed for cylindrical specimens (Ø100 × 50 mm) 
prepared according to NT Build 492 standards (Nordtest,1999). 
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4. NEW SCIENTIFIC RESULTS (NSR) 
NSR 1: Workability window of the self-compacting concrete 
I investigated the fresh properties of 72 self-compacting concrete mixtures using the slump 
flow diameter and V-funnel time tests to assess the effect of different types of fillers and 
supplementary cementitious materials, consequently, a comparative evaluation between 
mixtures was completed.  

1.1: I experimentally developed an extension of the processing window for the self-
compacting concrete [1, 2]. 
EFNARC (2002) stated that the limitations for the minimum and maximum values for the 
slump flow and V-funnel time tests for the self-compacting concrete which were characterized 
by a maximum aggregate size up to 20 mm. Later on, EFNARC (2005) stated that if SF3 
classification is required, maximum aggregate size should be 16 mm. 
From the experimental results, stagnation of concrete mixtures was observed when the slump 
flow value was less than 600 mm and V-funnel time value was greater than 14 s. On the other 
hand, V-funnel time less than 4 s clearly indicated the segregation of concrete. The suggested 
window gave a safe limit for the workability characteristics for the self-compacting concrete, 
in terms of the volumetric water-to-powder ratio (Figs. 1a and 1b). 

1.2: I experimentally specified the minimum high range water reducing admixture 
dosage, in terms of the volumetric water-to-powder ratio. Hence, the target slump flow 
class (SF3; 760-850 mm) could be successfully produced for the self-compacting concrete 
powder-type without the need for a viscosity modifying agent [1, 2]. 
To avoid the risk of segregation in the self-compacting concrete from the excess amount of 
high range water reducing admixture, Fig. 2 shows a curve where the minimum amount of 
high range water reducing admixture is indicated in accordance with the volumetric water-
to-powder ratio from 72 mixtures (Equation 1). 

 
Fig. 1a. Suggested processing window for the self-compacting concrete mixtures, in terms 
of V-funnel time vs. the slump flow. The red window corresponds to EFNARC limitations 
(EFNARC, 2002). Viscosity classes (VF1, VF2) corresponds to EFNARC limitations 
(EFNARC, 2005). 
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Fig. 1b. Suggested processing window for the self-compacting concrete mixtures, in terms 
of V-funnel time vs. the water-to-powder ratio. The red window corresponds to EFNARC 
limitations (EFNARC, 2002). Viscosity classes (VF1, VF2) corresponds to EFNARC 
limitations (EFNARC, 2005). 

 

 
Fig. 2. Relationship between the high range water reducing admixture (HRWRA) content 

and the volumetric water-to-powder ratio (w/p). 
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2
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NSR 2: Sustainable self-compacting concrete 
Self-compacting concrete requires high amount of powder materials (cement, fillers, 
supplementary cementitious materials, etc.) to obtain adequate rheological properties. Powder 
materials are of the particular interest as they contribute to partially substitute the cement, 
which is the most cost and energy intensive ingredients of concrete. Waste perlite powder was 
investigated, in terms its applicability and adequacy as a filler material and compared with the 
limestone powder for the self-compacting concrete. In this framework, the self-compacting 
concrete mixtures were produced with different constant and variable parameters to evaluate 
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the efficiency of such material, in terms of its mechanical and durability aspect. 

2.1: I experimentally demonstrated from the analysis of 2 types of filler (limestone and 
waste perlite powders) that the use of waste perlite powder in the self-compacting 
concrete satisfied the workability requirements and was more effective than limestone 
powder on the compressive strength property [3]. 
According to the workability results in Figs. 3a and 3b, the self-compacting concrete mixtures 
with waste perlite powder satisfied the slump flow and V-funnel tests in accordance with 
EFNARC (2005) recommendations. 

Because of its pozzolanic and curing activity, it contributed in enhancing the compressive 
strength to 53% as compared to limestone powder (Figs. 4, 5a and 5b). 

 

 
Fig. 3a. V-funnel test results for the self-compacting concrete (SCC) mixtures made with 
different contents of cement (C: 320, 360 kg/m3), limestone powder (LP: 260, 220, 180 kg/m3), 
waste perlite powder (LP: 260, 220, 180 kg/m3), and metakaolin (MK: 40 kg/m3). 

 
Fig. 3b. Slump flow test results for the self-compacting concrete (SCC) mixtures made with 
different contents of cement (C: 320, 360 kg/m3), limestone powder (LP: 260, 220, 180 



Abdulkader El Mir New scientific results  
Influence of additives on the porosity related properties of self-compacting concrete 

 

10  

kg/m3), waste perlite powder (LP: 260, 220, 180 kg/m3), and metakaolin (MK: 40 kg/m3). 

 
Fig. 4. Mean compressive strength at 7, 28, 56 and 400 days for the normally vibrated (NVC) 
and the self-compacting concretes (SCC) made with different contents of cement (C: 320, 360 
kg/m3), limestone powder (LP: 260, 220, 180 kg/m3), waste perlite powder (LP: 260, 220, 180 
kg/m3) and metakaolin (MK: 40 kg/m3). 

 
Fig. 5a. Strength development for the concrete mixtures with cement content of 320 kg/m3. 
 

 
 Fig. 5b. Strength development for the concrete mixtures with cement content of 360 kg/m3. 
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2.2: I experimentally demonstrated from the analysis of 2 types of filler (limestone and 
waste perlite powders) that the waste perlite powder satisfied the durability 
performance, in terms of the water penetration depth, water immersion, and rapid 
chloride migration tests [3].  
Concrete is considered a water tight material for all practical purposes when the maximum 
water penetration depth is 50 mm (Hedegaard and Hansen, 1992). According to Fig. 6, all 
reading showed less than 50 mm of maximum penetration depth which ranged from 28.1 to 
11.0 mm, depending on the cement content, filler type, and the addition of supplementary 
cementitious material (metakaolin). 
The binder content has a significant influence on the degree of water absorption, which was 
confirmed by earlier researcher’s results (Da Silva and De Brito, 2015; Dinakar et al., 2013). 
This fact is directly associated with the concrete porosity water-to-cement ratio relationship, 
where higher water-to-cement ratios result in higher volume of pores, thus increasing the 
volume of accessible pores. 
To assess the chloride resistance of the self-compacting concrete using the non-steady state 
migration test, Heirman et al. (2006) classified this behavior based on the chloride migration 
coefficient. According to Fig. 8, all readings showed that the non-steady state chloride 
migration coefficients were less than 8·10-12 m²/s. This classification falls under the “Good 
resistance against chloride ingress” . 
 
 

 
Fig. 6. Water penetration depths for the normally vibrated (NVC) and the self-compacting 
concretes (SCC) made with different contents of cement (C: 320, 360 kg/m3), limestone powder 
(LP: 260, 220, 180 kg/m3), waste perlite powder (WPP: 260, 220, 180 kg/m3), and addition of 
supplementary cementitious materials metakaolin (MK: 40 kg/m3). 
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Fig. 7. Apparent porosity for several for the normally vibrated concretes (NVC) and the self-
compacting concretes (SCC) made with different contents of cement (C: 320, 360 kg/m3), 
limestone powder (LP: 260, 220, 180 kg/m3), waste perlite powder (WPP: 260, 220, 180 
kg/m3), and metakaolin (MK: 40 kg/m3). 
 

 
Fig. 8. Non-steady sate chloride migration coefficient for several for the normally vibrated 
concretes (NVC) and the self-compacting concretes (SCC) made with different contents of 
cement (C: 320, 360 kg/m3), limestone powder (LP: 260, 220, 180 kg/m3), waste perlite powder 
(WPP: 260, 220, 180 kg/m3), and metakaolin (MK: 40 kg/m3). 

 
 
NSR 3: Repeatability of the rebound hardness of the Schmidt hammer for the self-
compacting concrete  
3.1: I have experimentally demonstrated from the analysis of 795 specimens in the 
laboratory (with total number of individual rebound index reading exceeding seven 
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thousand) that the coefficient of variation of the rebound index of the self-compacting 
concrete is influenced by the water-to-binder ratio, the water-to-powder ratio, the age of 
concrete, the addition of supplementary cementitious materials, the admixture type, the 
porosity measurements, and the carbonation depth [4, 6, 7, 8]. 
I have demonstrated on 5 different water-to-binder ratios that the mean coefficient of variation 
of the rebound index is increasing by increasing the water-to-binder ratio (Fig. 9.a). 0.3-6.1 
% of differences could be noticed among the coefficient of variation of the rebound index 
corresponding to different water-to-binder ratios (w/b = 0.41 to 0.562), at early age of concrete 
(7 and 28 days). 
I have demonstrated on 5 different water to powder ratios that the mean coefficient of variation 
of the rebound index is increasing by increasing the water-to-powder ratio (Fig. 9.b). 0- 6.8 % 
of differences could be realized between the mean coefficient of variation of the rebound index 
corresponding to different water-to-powder ratios (w/p = 0.17-0.5) at early age of concrete (7 
and 28 days). 

 

 
Fig. 9 Effect of the (a) water-to-binder (w/b), (b) water-to-powder (w/p) ratios on the 
coefficient of variation (VR) of the rebound index in time in time. 

 
I have demonstrated on 2 different supplementary cementitious materials (metakaolin or silica 
fume) that the mean coefficient of variation of the rebound index is decreasing by the use of 
supplementary cementitious materials (metakaolin or silica fume).  
0.3-1.2 % of differences could be noticed among the coefficient of variation of the rebound 
index corresponding to the addition of metakaolin and silica fume (Fig. 10a). 
I have demonstrated by the use of air entraining agent that the mean coefficient of variation of 
the rebound index is increasing by the use of air entraining agent. 0.1-2.0 % of differences 
could be noticed among the coefficient of variation of the rebound index corresponding to 
different the addition of air entraining admixture (Fig. 10b). 
 



Abdulkader El Mir New scientific results  
Influence of additives on the porosity related properties of self-compacting concrete 

 

14  

 
Fig. 10. Effect of supplementary cementitious materials (a) and (b) air entraining admixture 
(AE) on the coefficient of variation (VR) of the rebound index. 

I have demonstrated by the total and apparent porosity tests that the mean coefficient of 
variation of the rebound index is increasing by the increase of water-to-powder ratio (Figs. 
11a and 11b). The analyzed range of the water-to-powder ratio was w/p = 0.29-0.34, and the 
corresponding coefficients of variation of rebound index were found to be 2 % and 6 %, 
respectively. 
 

 
Fig. 11. Coefficient of variation of the rebound index as a function of the mean (a) total and 
(b) apparent porosity provided by different water-to-powder (w/p) ratios. 

 
I have demonstrated by carbonation depth measurements that the mean coefficient of variation 
of the rebound index is increasing by the increase of carbonation depth (Fig. 12). 
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Fig. 12. Coefficient of variation of the rebound index as a function of the mean carbonation 

depth. 
 
3.2: I have demonstrated from the analysis of 795 specimens in the laboratory (with total 
number of individual rebound index reading exceeding seven thousand) that the 
coefficient of variation of the rebound index of the self-compacting concrete is inversely 
proportional to the average value of the rebound index (Ranges: Rm = 20.9 - 64.8,  
fcm: 17.12 MPa- 139.29 MPa) [4, 6, 7, 8]. 
According to “American Concrete Institute” (ACI  228.1R-03, 2003), the relevant 
recommendation should be reconsidered because no clear tendency was observed in the COV 
over the mean rebound index values in comparison to Fig.  13.  The latter clearly showed the 
decreasing pattern of the coefficient of variation over the increase of the mean rebound index. 
 

 
Fig. 13.  Coefficient of variation (VR) as a function of the mean rebound index (Rm) [6]. 
 

NSR 4: Long term chloride migration of the self-compacting concrete 
4: I have demonstrated on 2 different types of supplementary cementitious materials 
(metakaolin or silica fume) that the chloride migration coefficient is time dependent on 
the supplementary cementitious material type. Silica fume is noticed to have at early age 
fast pozzolanic activity as compared to metakaolin which has proven to possess a long-
term effect on enhancing the resistance of chloride migration of the studied concretes [5, 
9]. 
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With the progress of time, it is obvious that the further improvement on the resistance to 
chloride migration of the self-compacting concrete containing silica fume is rather slighter 
than the self-compacting concretes with metakaolin at 460 days (Figs. 14a and 14b). 
 

 
Fig. 14a. Long term non-steady state chloride migration coefficient for the different self-
compacting concretes with w/c = 0.45 made utilizing metakailon or silica fume; Classification 
is done according to Heirman et al. (2006). 

 
Fig. 14b. Long term non-steady state chloride migration coefficient for the different self-
compacting concretes with w/c = 0.45 made utilizing metakailon or silica fume; 
Classification is done according to Heirman et al. (2006). 
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5. POSSIBLE APPLICATIONS OF THE NEW SCIENTIFIC RESULTS AND 
FUTURE PERSPECTIVES 

To attain a sustainable product, the performance of concrete, in terms of strength and durability 
must be maximized. Similarly, minimizing the use of its raw materials with significant effects 
on the environment should be considered as a part of the path toward sustainable concrete.  
This thesis addressed a suggestion for an alternative type of filler for the self-compacting 
concrete. Self-compacting concrete is a unique type of concrete with exclusive workability 
properties, which makes the placing of concrete much easier and efficient. To do so, the use 
of waste perlite powder at a high content as a filler material in the self-compacting concrete 
was investigated. The results indicated that waste perlite powder had a significant pozzolanic 
effect on the concrete microstructure, resulting in a positive impact on the compressive 
strength of the concrete. Furthermore, enhanced durability properties of the self-compacting 
concrete mixtures incorporating waste perlite powder was obtained. 
Along this study, an extensive analysis on several parameters affecting the repeatability of the 
surface hardness of the Schmidt hammer was performed. As ultra-high strength concrete 
resulted in very low rebound index coefficient of variation, the predication of ultra-high 
strength concrete actual compressive strength would be reliable. The next logical step is to 
investigate structural elements produced with the same materials relevant to our laboratory 
research. Afterwards, an objective comparison between the in-situ and the laboratory results 
can be completed to verify such behavior. Furthermore, the particle size distribution 
concerning the aggregate needed a deeper study, since this factor directly affected the 
empirical relationship. As a general remark, further research is needed to improve the 
reliability of the use of the Schmidt hammer as a tool for the compressive strength assessment. 
 

6. LIST OF PUBLICATIONS 
1. El Mir A., Nehme S. Assessment of the fresh self-compacting concrete properties 

utilizing different types of additives. Journal of Silicate Based and Composite 

Materials, Vol.69, pp.83-88, December 2017. 

2. El Mir A., Nehme S. Long term mechanical properties of self-compacting concrete 

made with slag cement and supplementary cementitious materials. Journal of Silicate 

Based and Composite Materials, Vol.69, pp.59-65, September 2017. 

3. El Mir A., Nehme S. Utilization of industrial waste perlite powder in self-compacting 

concrete. Journal of Cleaner Production, Vol.156, pp.507-517, April 2017.  

4. El Mir A., Nehme S. Repeatability of the rebound surface hardness of concrete with 

alteration of concrete parameters. Construction and Building Materials, Vol.131, 

pp.317-326, November 2016.  

5. El Mir A., Nehme S. Application of chloride induced corrosion model for self-

compacting concrete based on experimental data.  11th fib International PhD 

Symposium in Civil Engineering, Tokyo, Japan, August, 2016.  



Abdulkader El Mir New scientific results  
Influence of additives on the porosity related properties of self-compacting concrete 

 

18  

6. El Mir A., Nehme S. Porosity of self-compacting concrete. Procedia Engineering, 

Vol.123, pp.145-152, October 2015.  

7. El Mir A., Nehme S. Accelerated carbonation effect on the rebound index of SCC. 11th 

Central European Congress in Concrete Engineering, Hainburg, Austria; October 

2015. 

8. El Mir A., Nehme S. Application of non-destructive test on self-compacting concrete. 

IABSE Conference - Structural Engineering: Providing Solutions to Global 

Challenges, Geneva, Switzerland; September 2015. 

9. El Mir A., Nehme S. Long term properties of self-compacting concrete containing waste 

perlite powder. Construction and Building Materials Journal, submitted for 

publication, 2017. 

 

7. REFERENCES 

ACI 228.1R-03. 2003. “In-Place Methods to Estimate Concrete Strength Reported.” ACI 
Committee Reports. 

Assié, Stéphan, Gilles Escadeillas, and Vincent Waller. 2007. “Estimates of Self-Compacting 
Concrete ‘Potential’ Durability.” Construction and Building Materials, Vol. 21, pp. 
1909–17.  

ASTM C 597. 1997. Standard Test Method for Pulse Velocity Through Concrete. Annual Book 
of ASTM Standards, ASTM International. 

ASTM C 642. 1997. Standard Test Method for Density, Absorption, and Voids in Hardened 
Concrete.” Annual Book of ASTM Standards, ASTM International. 

BS EN 480-11:2005. 2005. Admixtures for concrete, mortar and Grout-Test Methods  
Part 11: Determination of air void characteristics in hardened concrete. BSI, British 
Standards Institution. 

BS EN 12504-2:2012. 2012. Testing concrete in structures Part 2: Non-destructive testing—
Determination of rebound number. BSI, British Standards Institution. 

Da Silva, P R, and J De Brito. 2015. “Experimental Study of the Porosity and Microstructure 
of Self-Compacting Concrete (SCC) with Binary and Ternary Mixes of Fly Ash and 
Limestone Filler.” Construction and Building Materials, Vol. 86. pp 101–12.  

DD CEN/TS 12390-9:2006. 2011. Testing hardened concrete Part 9: Freeze-thaw resistance 
Scaling. BSI, British Standards Institution. 

Dinakar, P., M. Kartik Reddy, and Mudit Sharma. 2013. “Behaviour of Self Compacting 
Concrete Using Portland Pozzolana Cement with Different Levels of Fly Ash.” Materials 
and Design, Vol. 46, pp 609–16.  



Abdulkader El Mir New scientific results  
Influence of additives on the porosity related properties of self-compacting concrete 

 

19  

EFNARC. 2002. “Specification and Guidelines for Self-Compacting Concrete.” Report from 
EFNARC 44 (February): 32. 

EFNARC. 2005. “The European Guidelines for Self-Compacting Concrete”. European Guideline for 
Self Compacting Concrete. 63. 

Hassan, Assem A A, Mohamed Lachemi, and Khandaker M A. Hossain. 2012. “Effect of 
Metakaolin and Silica Fume on the Durability of Self-Consolidating Concrete.” Cement 
and Concrete Composites, Vol. 34, pp 801–807. 

Hedegaard, S.E. and Hansen T.C. 1992. “Water permeability of fly ash concretes”. Materials 
and Structures, Vol. 25, pp 381–387. 

Heirman, G, and L Vandewalle. 2006. “Chloride Penetration and Carbonation in Self-
Compacting Concrete.” Proc of the Int RILEM/JCI Seminar, Vol 1, pp 1–11. 

ISO/DIS 17892-3. 2014. Geotechnical Investigation and Testing - Laboratory Testing of Soil. 
Part 3: Determination of Particle Size Density”. BSI, British Standards Institution. 

Justnes, H. 2015.” How to Make Concrete More Sustainable?” Journal of Advanced Concrete 
Technology, Vol. 13, pp. 147–154. 

Madandoust, Rahmat, and S. Yasin Mousavi. 2012. “Fresh and Hardened Properties of Self-
Compacting Concrete Containing Metakaolin.” Construction and Building Materials, 
Vol.35. pp. 752–760.  

Mikulčić, Hrvoje, Jiří Jaromír Klemeš, Milan Vujanović, Krzysztof Urbaniec, and Neven 
Duić. 2016. “Reducing Greenhouse Gasses Emissions by Fostering the Deployment of 
Alternative Raw Materials and Energy Sources in the Cleaner Cement Manufacturing 
Process.” Journal of Cleaner Production, Vol. 136, pp. 119–32. 

Mohammadi, Iman (James), and Warren South. 2015. “Decision-Making on Increasing 
Limestone Content of General Purpose Cement.” Journal of Advanced Concrete 
Technology, Vol. 13, pp. 528–37. 

MSZ EN 12350-5. 2009. Testing Fresh Concrete – Part 5: Flow Table-Test. Hungarian 
Standards Institution, Hungary. 

MSZ EN 12390-3. 2009. Testing Hardened Concrete – Part 3: Compressive Strength of Test 
Specimens, Hungarian Standards Institution, Hungary. 

MSZ EN 12390-8. 2009. Testing Hardened Concrete – Part 8: Depth of Penetration of Water 
Under Pressure. Hungarian Standards Institution, Hungary. 

Nagaratnam, Brabha H., Ahmed Faheem, Muhammad Ekhlasur Rahman, Mohammad Abdul 
Mannan, and Moussa Leblouba. 2015. “Mechanical and Durability Properties of Medium 
Strength Self-Compacting Concrete with High-Volume Fly Ash and Blended 
Aggregates.” Periodica Polytechnica Civil Engineering, Vol.59, pp. 155–164. 



Abdulkader El Mir New scientific results  
Influence of additives on the porosity related properties of self-compacting concrete 

 

20  

Nehdi, M., M. Pardhan, and S. Koshowski. 2004. “Durability of Self-Consolidating Concrete 
Incorporating High-Volume Replacement Composite Cements.” Cement and Concrete 
Research, Vol.34, pp. 2103–2112. 

Nordtest. 1999. Chloride Migration Coefficient from Non-steady-state Migration Experiments, NT 
BUILD 492. Nordtest, Finland. 

Novak, Robert, Wilhelm Schneider, Eberhard Lang, and Wopfinger Baustoffindustrie Gmbh. 
2005. “New Knowledge Regarding the Supersulphated Cement Slagstar.” Zkg International 
Vol.58, pp. 70–78. 

Şahmaran, M., Lachemi, M., Erdem, T.K., Yücel, H.E., 2011. Use of spent foundry sand and fly 
ash for the development of green self-consolidating concrete. Materials and Structures. 
Vol.44, pp. 1193–1204. 

Saleh, Ahari, Reza, Tahir Kemal Erdem, and Kambiz Ramyar. 2015. “Time-Dependent 
Rheological Characteristics of Self-Consolidating Concrete Containing Various Mineral 
Admixtures.” Construction and Building Materials, Vol.88, pp. 134–142. 

Sethy, Kali Prasanna, Dinakar Pasla, and Umesh Chandra Sahoo. 2016. “Utilization of High 
Volume of Industrial Slag in Self Compacting Concrete.” Journal of Cleaner Production, 
Vol.112, pp. 581–87.  

Wallevik, O.H., Mueller, F. V., Hjartarson, B., Kubens, S., 2010. The green alternative of self-
compacting concrete, ECO-SCC. In: Proceedings of the 35th Conference on Our World in 
Concrete & Structures, Singapore. www.cipremier.com/page.php?185 (accessed 14.04.18) 

http://www.cipremier.com/page.php?185

	1. BACKGROUND
	2. OBJECTIVES
	3. EXPERIMENTAL PROGRAM
	3.1 Experiments to determine the possible changes in the workability window of the self-compacting concrete mixtures.
	3.2 Experiments to evaluate the efficiency of different types of additives for a sustainable self-compacting concrete.
	3.3 Experiments to evaluate the repeatability of the rebound surface hardness of the Schmidt hammer with alteration of concrete parameters.
	3.4 Experiments to determine the long term chloride migration characteristics for the self-compacting concrete using different additive types.

	4. NEW SCIENTIFIC RESULTS (NSR)
	NSR 1: Workability window of the self-compacting concrete
	NSR 2: Sustainable self-compacting concrete
	NSR 3: Repeatability of the rebound hardness of the Schmidt hammer for the self-compacting concrete
	NSR 4: Long term chloride migration of the self-compacting concrete

	5. POSSIBLE APPLICATIONS OF THE NEW SCIENTIFIC RESULTS AND FUTURE PERSPECTIVES
	6. LIST OF PUBLICATIONS
	7. REFERENCES

