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This experimental study presents the effect of steel fiber (SF) and recycled coarse 

aggregate (RCA) on the fresh and hardened properties of Self-compacting geopolymer 

concrete (SCGC). Sixteenth alkali-activated based metakaolin (MK) concrete mixtures 

with constant binder content of 500 kg/m3 incorporated 0, 0.5, 1.0, and 1.5% volume 

fraction of SF and 0, 10, 20, and 30% RCA as a partially replacement for natural coarse 

aggregate (NCA) with sodium hydroxide concentration of 12 Molarity at ambient 

conditions. Fresh state of SCGC were examined slump flow, T500 flow, V-funnel, and L-

box test. At 28 and 90 days the compressive strength and splitting tensile strength were 

investigated, the flexural strength was evaluated at 90 days. The results highlighted that 

RCA (30%) and SF (1.5%) significantly constrain the fresh properties of SCGC mixes. 

Moreover, SCGC incorporated RCA can be produced with compressive strength as high 

as 31.91-41.13 at 28 and 90 days, respectively. However, 1% SF and 30% RCA in MK-

based SCGC appear  better performance than the control mixture and leads to an 

ecologically friendly concrete mix that has appropriate hardening properties and that 

would contribute to the longevity of the construction industry. 
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1. INTRODUCTION

One of central industries that adds to emissions of 

greenhouse gases is the concrete production industry [1]. It has 

been figured out that manufacturing of cements results in 

emissions of large amount of carbon dioxides CO2, both in 

direct and indirect ways [2] owing to the burning of fossil fuels 

and heating of limestone to make cement, which is done 

through the process of calcination [3]. Various researches were 

presented on the previously-stated components where 

different technique and method were used and controlled to 

lower productions of carbon on a global scale [4]. Utilizing 

supplemental cementitious material (SCM) as partially 

substitute of traditional cement material [5], or the process of 

an entirely advanced binders, which does not include cement, 

called geopolymers (GPs), are highly effective in fulfilling the 

objective of reducing carbon. GPs are yet a developed 

cementitious materials produced by the blending base 

materials to high quantity of silica and alumina [6]. A 

reduction in the flow of CO2 by involving geological products 

in concretes are probably the essential goal for the nascent 

interests in GPs when compared with various concrete types 

[7]. Taking advantage of GPs instead of consuming cement 

concretes in order to decrease the outflowing of CO2 is very 

matter in the presented research [8]. GPs are aluminosilicate 

binder, in another side slag and fly ash-based material 

comprise huge calcium contents that called alkali-activated 

substances. Geopolymerization might be defined as the 

reactions of alumina substances plus unformed silica together 

1with alkali, which makes shapeless binders of aluminosilicate 

[9]. Slag and fly ash could comprise geopolymer. These are 

secondary substances, or products from geological origins like 

straw, wheats, ashes, and MK [9]. GP may be implemented in 

the construction industries, used as filler materials, due to its 

fireproof qualities [10]. MK is a new mixed-pozzolanic 

supplemental cementitious substance [11], that is different 

than other available supplemental cementitious materials 

because it is made under a controlled environment [12]. As a 

result of MK significant reactivity and due to compatible ratio 

of silica to alumina which are essential factor for 

geopolymerization, MK was classified in the last ten years as 

an effective substance for the composition of GP binder [13]. 

MK could be thought of as an acceptable precursor for the GP 

manufacturing due to the knowable characteristic and 

reactivity through the GP production [10]. Researches 

assessed the MK-geopolymers as substitute binder instead of 

cement [14]. Studies have figured out that metakaolin 

significantly increases the compressive strengths, as mixing of 

8% of MK produced increment in the concrete compressive 

strengths by more than 40% in 28 days [15]. Metakaolin has 

favorable impression on both the fresh and hardened property 

of concrete and has been shown to inhibit drying shrinkage 

[16]. 

To ensure the required durability and strengths durability of 

traditional concretes, compactions are necessary. The quality, 

durability, and strength are dramatically affected by 
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insufficient compactions [17]. Normal concrete has issues in 

terms of compaction, but to bypass that, self-compacting 

concrete (SCC) was introduced as substitute of normal 

concrete [18]. Geopolymer concrete also naturally has a high 

viscosity and is less workable. In order to solve the high 

viscosity problem, SCGCs were developed in 2011. SCC does 

not need any compactions process it flows and settles by its 

own weights. SCC is characterized and evaluated by the 

capabilities to resist segregation, ability to slow, and settle. 

Coarse aggregate (CA) volume should be a maximum of 20 

mm when used for SCC production [19]. 

The cement industry is expected to move closer to 

developing sustainable materials for construction by taking 

advantage of the benefits offered by combining geopolymer 

binders and RCA waste. During the last several years, various 

reports on geopolymer composite properties, when formed 

from recycled aggregate, have been written and published. A 

large number of researchers concluded successful applications 

of RCA interpolymer concrete [20]. The use of RCA reduces 

the demand for natural aggregates in engineering structures by 

reducing the consumption of non-renewable natural resources. 

Moreover, solves the problem of environmental pollution 

caused by waste concrete. Consequently, it has attracted a lot 

of attention from both the environmental and resource 

preservations [21]. Recently, fine RCA has also been used for 

manufacturing geopolymer mortar [22]. Mohseni et al. [23] 

assessed the impact of RCA on self-compacting concrete 

which has also been reinforced with fiber. The utilization of 

the wastes of constructions can consequentially improves the 

sustainability of the construction industry. According to the 

results, RCAs are eco-friendly materials that may be utilized 

in constructions and that also had adequate mechanical 

behavior in the comparison with traditional concrete, made 

with the addition of natural aggregate. On the other hand, due 

to the fact that RCA is not as strong as natural aggregate [24], 

the geopolymer composite made by incorporating RCA shows 

a less optimal performances compared with natural aggregates 

incorporation. The compressive strengths of GP went down by 

approximately 7-24% when coarse RCA utilized, compared to 

when natural aggregates were used [25]. In addition, RCA’s 

inclusion into geopolymer mortar also decreased the acid 

resistance of the composite, not just its mechanical 

characteristics and properties [22]. Moreover, when 

triceratopses do not have any reinforcements, their ability to 

respond to tensions stress is significantly decreased, and if the 

tension and elasticity exceed their maximum limits (30GPa), 

first micro-crack appears in the concrete elements, then macro 

crack, failures happen finally [26]. Steel corrodes if water and 

various unwanted materials enter the cracks. Consequentially, 

the micro-crack plays significant roles in the durability of 

concretes [27]. 

Additions of fibers into cementitious materials is one way 

to improve their performance. It has been established that fiber 

usage in cements-base mixtures is extremely useful in the 

developing the resistance of concrete against the micro- and 

macro-cracks [28]. Various types of fibers are accessible 

commercially like nylon, glasses, steel, and synthetic and 

nature fibers [29]. It was found that steel fibers or strand or 

fibers have a positive effect on the bending strengths of the GP 

composite [30]. In yet another research piece, the researchers 

incorporated steel strands into fly ash-based GP and 

discovered that the concrete’s capacity was improved till 22% 

[31]. 

Using recycled aggregate leads to concrete with low 

durability; so that, it is important to include the fibers in the 

concrete [32]. There is no extensive information available in 

the literature about the combined utilization of SF and RCA in 

the metakaolin-based self-compacting geopolymer concrete 

which demonstrates the novelty of this research. The aim of 

this research is to have a sustainable concrete with improved 

properties by adding steel fiber and recycled aggregate to 

evaluate the various aspects of geopolymer composites. This 

study will determine the suitability of recycled aggregate and 

steel fiber in geopolymer concrete. The mechanical and fresh 

characteristics were assessed. Our research assists by making 

the construction and concrete industry sustainable due to 

making cement-free concrete. 

 

 

2. EXPERIMENTAL PROGRAM 

 

2.1 Materials 

 

MK, as illustrated in Figure 1, is applied as the base 

substance, that had prepared in calcining the kaolin. Kaolin 

clays were collected from Al-Anbar, Iraq. The kaolin was first 

grinded and afterward burned in a furnace at 700℃±20℃, for 

one hour, to form metakaolin. In the experimental program X-

ray diffraction (XRD) spectra analyses and Scanning electron 

microscopy (SEM) were carried out on MK as shown in Figure 

2 and Figure 3. The physical properties and chemical 

compositions of MK are completely suitable to meet the 

specifications of Pozzolan ASTM C618 [33], which are 

figured out within Table 1. The alkaline or basic solution used 

for the SCGC mixtures is a composition of sodium silicate 

(Na2SiO3) and sodium hydroxide (NaOH) solutions, which are 

involved as an activator for the mix. The chemical 

compositions of the Na2SiO3 solution are (Na2O=10.600%, 

SiO2=26.500% and density=1.390g/ml at 25.00℃). Along 

with that, NaOH in the form of flakes (98.00% purity) was 

used. The alkaline solution was formed 24 hours before 

utilization. A superplasticizer based on a formulation of a 

polycarboxylic-ether mix, with a specific gravity of 1.08±0.02 

and a pH value of 7±1 was utilized in all mixtures for attaining 

the necessary slump value for fresh SCGC. 

Fine steel fibers were utilized in the experimental program 

to improve the SCGC ductility. The steel fibers shown in 

Figure 4 are straight and copper-coated 13 mm in length and 

0.20 mm in diameter. The fibers’ properties are illustrated in 

Table 2. 

 

 
 

Figure 1. Metakaolin 
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Figure 2. XRD spectra of metakaolin 

 

  
 

Figure 3. Scanning electron microscopy (SEM) of 

metakaolin 

 

 
 

Figure 4. Steel fiber 

 

Natural sand was used as a fine aggregate. The maximum 

size of the sand is 4.75 mm, its specific gravity is 2.63, and its 

absorption is 1.5%. these properties are all within the limits of 

BS.882 [34]. The grading of fine aggregate is shown in Figure 

5. Crushed gravel was implemented as a coarse aggregate, 

having a maximum size of 19mm, and acquired from the 

Euphrates River in the Anbar Province, Iraq. It complies with 

[35]. Coarse recycled aggregate and coarse natural aggregate 

are shown in Figures 6 and 7. The RCA was acquired from a 

destroyed building in the local area; the RCA’s physical 

properties and grading are figured out in Table 3 and Figure 8. 

 

Table 1. Physical properties and chemical composition of 

metakaolin 

 
Test Items Result 

SiO2 52.10 

Al2O3 43.80 

Fe2O3 2.60 

Ca O 0.20 

MgO 0.210 

SO3 0.00 

K2O 0.320 

Na2O 0.110 

L.O.I 0.990 

PH 6.0-8.0 

Surface area (m2/g) 2.540 

Specific gravities 2.600 

 

Table 2. Properties of steel fiber 

 
Characteristics Specification 

State Copper coated 

Density 7860.00 kg/m3 

Tensile capacity >2400.00 MPa 

Shape Straight 

Melt 1500℃ 

Length 13±1 mm 

Dia. 0.2 mm±0.02 mm 

 

Table 3. Physical properties of NCA and RCA 

 
Coarse 

Aggregates 
Size (mm) 

Specific 

Gravity S.S.D 

Absorptions 

(%) 

NCA 5-19 2.65 1.00 

RCA 5-19 2.62 2.18 

 

 
 

Figure 5. Grading of fine aggregate 

 

 
 

Figure 6. Coarse recycled aggregate 
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Figure 7. Coarse natural aggregate 

 

 
 

Figure 8. Grading of NCA and RCA 

 

2.2 Mix proportion and Specimens preparation 

 

Various series of SCGC mixtures were made, with a 

constant overall binder amount of 500 kg/m3, sodium 

hydroxide concentrations of 12M while curing occurs in lab 

temperature, 8% superplasticizer, 24% extra-water, and RCA 

was used as replacement to NCA at a rate of 0, 10, 20, and 30% 

by their weight, and each percentage was mixed with 0%, 

0.5%, 1%, and 1.5% steel fiber. The control concrete mixture 

had natural coarse aggregate and 0% SF incorporated in it. In 

this experimental study, all details for binder, activator, RCA 

and SF as shown in Table 4. 

First, all mixtures need the initial combining of dry 

ingredients such as aggregates and MK in a pan mixer for a 

maximum m 2.5 min, in dry conditions. Then, an adequately 

shaken and premixed liquid mixture is added; this mixture is 

comprised of a superplasticizer, alkaline solution, and extra 

water, which is then mixed together for 3 min in order to create 

a uniform mixture. After homogenization, newly mixed 

concrete was assessed with critical workability tests like slump 

flow, T500 flow, V-funnel, and, L-box test, which were applied 

in order to describe the SCGC mixture. As soon as the 

workability of the freshly mixed SCGC mixture was verified, 

it was poured into molds (cylinders, cubes, beams), without 

compaction, because the mixtures’ own weight works to fill in 

all the voids and pockets. In addition to that, cubes of 

100.00×100.00×100.00 mm dimensions were performed to 

measure compressive strengths using ASTM C39 [36], 

cylinders (Ø 100.00×200.00 mm) had utilized for split tensile 

strength, and 100.00×100.00×400.00 mm beams specimens 

utilized for flexural strengths of the SCGC mixtures. After 28 

and 90 days of curing, compressive, splitting tensile, and 

flexural were measured by testing 3 samples for each mixture. 

Samples were tested based on ASTM C496 [37] and ASTM 

C78 [38] guidelines for tensile and flexural strengths, 

respectively. The next day after casting, the samples were 

taken from their moulds and stored in a curing room with an 

ambient, controlled temperature until the testing day. 

 

2.3 Testing methods 

 

2.3.1. Fresh properties of SCGC 

The fresh states of concrete mixes should fulfill the 

specifications for filling and passing ability without the 

occurrence of bleeding or segregation. Therefore, these 

specimens were subject to fresh-state tests immediately after 

mixing. The filling capacities (V-Funnel, slump flow) and 

flowing abilities (L-box) of SCGC are calculated according to 

EFNARC [39] as in Figure 9. 

 

2.3.2. Hardened properties of SCGC 

Hardened state tests had implemented to assess the 

combination of the effects of RCA and SF on the mechanical 

properties of the SCGC. Compressive strength tests were done 

on cubic samples (100.00×100.00×100.00 mm). Cylindrical 

samples (200.00 mm×100.00 mm) were cast to measure the 

splitting tensile strength of SCGC with various percentages of 

RCA and SF incorporated in. In a similar fashion, prisms 

(400.00×100.00×100.00 mm) were utilized to analyze the 

flexural strength of the SCGC mixtures, as figured out in 

Figure 10. 

 

Table 4. Mix proportions of SCGC (units in kg) 

 

Mix Code 
Precursors Activators Aggregate SF 

Metakaolin Sodium Hydroxide Sodium Silicate NCA RCA FA  

RCA0-SF0 (control) 500 64.34 160.56 787.3 0 926.6 0 

RCA0-SF0.5 500 64.34 160.56 787.3 0 926.6 39.3 

RCA0-SF1 500 64.34 160.56 787.3 0 926.6 78.5 

RCA0-SF1.5 500 64.34 160.56 787.3 0 926.6 117.8 

RCA10-SF0 500 64.34 160.56 708.6 78.73 926.6 0 

RCA10-SF0.5 500 64.34 160.56 708.6 78.73 926.6 39.3 

RCA10-SF1 500 64.34 160.56 708.6 78.73 926.6 78.5 

RCA10-SF1.5 500 64.34 160.56 708.6 78.73 926.6 117.8 

RCA20-SF0 500 64.34 160.56 629.8 157.5 926.6 0 

RCA20-SF0.5 500 64.34 160.56 629.8 157.5 926.6 39.3 

RCA20-SF1 500 64.34 160.56 629.8 157.5 926.6 78.5 

RCA20-SF1.5 500 64.34 160.56 629.8 157.5 926.6 117.8 

RCA30-SF0 500 64.34 160.56 551.1 236.2 926.6 0 

RCA30-SF0.5 500 64.34 160.56 551.1 236.2 926.6 39.3 

RCA30-SF1 500 64.34 160.56 551.1 236.2 926.6 78.5 

RCA30-SF1.5 500 64.34 160.56 551.1 236.2 926.6 117.8 
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(a) 

 
(b) 

 
(c) 

 

Figure 9. Workability tests on SCGC mixture: a) Slump 

flow; b) V-funnel Test; c) L-Box 

 
(a) 

 
(b) 

 
(c) 

 

Figure 10. Mechanical tests on SCGC mixture: a) Compress 

strength; b) Flex strength; c) Split. strength 
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3. RESULTS AND DISCUSSIONS 

 

3.1 Fresh properties of SCGC 

 

3.1.1. Slump-flow diameter 

Figure 11 demonstrates the effect of RCA and SF over the 

diameter of the slump-flows. The largest diameter of slump 

flows is 731 mm and have been found in the control mixture 

(without RCA and SF). The addition of RCA decreased over 

the diameter of the slump-flows of the non-SF samples from 

731 mm (without RCA) to 691 mm (30% RCA). The RCA 

being more porous and coated fully or partially with an old 

mortar layer for that shows less flow [17]. The incorporation 

of SF reduced the diameter of the slump-flows of the samples 

starting from 731 mm (0% SF) to 689 mm (1.5% SF). The 

reductions in diameter of the slump-flows resulting from 

adding 1.5% SF is larger than the decrease from adding 30% 

RCA. Moreover, the combination of SF and RCA reduced the 

diameter of the slump-flows significantly. The lowest 

diameter of the slump-flows was 653 mm, and it was noticed 

in the samples that included the largest percentages of both 

RCA (30%) and steel fiber (1.5%). 

 

 
 

Figure 11. Slump flow and T500 results of SCGC mixture 

 

3.1.2 Slump-flow time (T500) 

The influences of SF and RCA on the time of slump-flow 

(T500) is shown in Figure 11, which presents the shared 

influences of SF and RCA on the T500 periods. In this test, the 

time required for the flow diameters of fresh concretes to reach 

500 mm is noted. T500 durations for specimens with 0%, 0.5%, 

1%, and 1.5% SF, and no RCA, were measured at 4.32 s, 4.44 

s, 4.53 s, and 4.62 s, respectively. These results are similar to 

those of previous studies adopted by Heweidak et al. [40]. 

However, for specimens with no SF incorporated, the T500 

durations of 0%, 10%, 20%, and 30% RCA were 4.32 s, 4.39 

s, 4.49 s, and 4.55 s, respectively. For the specimen with the 

maximum amount of SF and RCA, the T500 duration rose to 

4.86s. In summary, T500 testing outputs had showed satisfying 

in accordance with EFNARC specifications. 

 

3.1.3 V-funnel flow time 

The V-funnel flow time is an experimental test that reflects 

the viscosity and flowability of SCGC. The time of 

discharging the SCGC from the V-funnel section showed 

similarities in the behavior compared to the slump-flow T500 

experimental outputs. For specimens without RCA, the 

discharge times were recorded as 11.12 s, 11.34 s, 11.51 s, and 

11.65 s for the 0%, 0.5%, 1%, and 1.5% steel fiber mixes, 

respectively. The discharging period for the non-fiber 

mixtures were 11.12 s, 11.23 s, 11.32 s, and 11.38 s for 0%, 

10%, 20%, and 30% RCA, respectively. The influences of SF 

on discharging period were further significant than RCA’s 

influences. Furthermore, the longest discharging period had 

noticed in samples that incorporated 30% RCA and 1.5% SF 

(combine influence) as figured out in Figure 12. 

 

 
 

 Figure 12. Test results of SCGC mixture (V-funnel test) 

 

3.1.4 L-box height 

In order to find the flowing abilities of the produced SCGC, 

the height percentage of L-box was found. The experimental 

program proffered the H2/H1 ratio as a method to measure the 

crossing abilities through reinforcement bars. Figure 13 shows 

the L-box test results of SCGC mixtures. The height 

percentage of L-box for a self-compacting concrete to get 

crossing abilities must be equal or more than 0.80. For 

materials that exhibit completely fluidly attitude, the ratio 

must be equal 1. In Figure 13, it was also figured out that all 

samples fulfill the EFNARC requirements for the L-box height 

ratios. There is an exception, however: the mixture containing 

30% RCA and 1.5% SF does not meet these specifications. 

Another thing that can be observed is that this L-box ratio 

showed an inverse relation with the level of RCA replacements. 

Upon the RCA percentage increased, the height ratio 

decreased. On the other hand, incorporating SF into the 30% 

RCA mixture allowed for the SCGC to pass the limit ratio (less 

than 0.8). 

 

 
 

Figure 13. Test results of SCGC mixture (L-Box) 
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3.2 Mechanical properties of SCGC 

 

3.2.1. Compressive strength of SCGC 

Compression strength values of 28 and 90-day SCGC 

specimens are graphically illustrated in Figure 14. It could be 

figured out that compression capacities differed from 26.53 to 

33.95 MPa and from 32.14 to 44.74 MPa at 28 and 90 days, 

respectively. However, it is clearly seen decrement in the 

compression strengths at 28 and 90 days and could be 

explained by the poor attitude of aggregates, which matches 

up with the incorporations of RCA in GP. For example, in 

comparison to control SCGC specimen, concrete samples of 

28 days’ age composed of 10%, 20%, and 30% of RCAs 

decreases the compression strengths 0.8%, 3.7%, and 6.1%, 

respectively, at a free ratio of steel. The lower strength of 

mixtures containing RCA is not only because of the porous 

cement mortar in RCA, which makes the aggregates weaker 

comparing with the natural aggregate, but it is also because of 

the weaker bonding of RCA and geopolymer matrix, which 

were assessed through SEM images. The SEM micrographs in 

the Interfacial Transition Zone (ITZ) of aggregate and 

geopolymer paste in control and 30 RCA mixtures are shown 

in Figure 15. As observed in this figure, the aggregate–paste 

interface of the control mix takes advantage of a dense and 

compacted microstructure Figure 15(b). In this context, a gap 

is observed in Figure 15(a) at the interface between the RCA 

and geopolymer paste, which is formed due to the presence of 

the masonry debris partially or fully remaining on the surface 

of RCA. This was a major contributor to the lower 

compressive strength of the mix [17]. 

 

 
 

Figure 14. Compressive strength results 

 

 
 

Figure 15. SEM image of geopolymer concrete 

incorporating: a) recycled coarse aggregate and b) normal 

aggregate 

The addition of SF in SCGC partially increased its 

compressive-resistance abilities. It may be figured out that the 

strength increment reached the maximum at 1% SF content for 

all the different SCGC samples. By increasing the SF 

percentage to more than 1%, compressive strengths decrement 

was noticed parallel to the ratio increment of SF. The reduction 

in compressive strength after 1% dosage was due to the non-

uniformity of fiber allocation in concrete mixture caused by 

unsuitable mixing and low workability, hence these fibers 

assemble and accumulate making weak points that act like 

voids which detract concrete total density and accordingly its 

compressive strength. Their and Özakça [41] concluded the 

same attitude of GP by adding SF. The value of compressive 

strengths of the control sample (excluding RCA and SF) and 

the samples includes the maximum quantity of RCA (30%) 

and SF (1.5%) are in proximity to each other’s values. Using 

this evidence, it can be figured out that the decreasing impact 

of RCA having a diminished role on compressive strengths 

could be recovered by including SF in the mix. 

 

3.2.2. Splitting tensile strength of SCGC 

 

 
 

Figure 16. Splitting tensile strength results 
 

 
 

Figure 17. SEM micrograph of geopolymer concrete 

containing SF 

 

The splitting tensile strengths of SCGC samples at 28 and 

90 days was measured. Figure 16 also illustrates graphically 

these results. To determine the splitting tensile strength, 

100.00×200.00 mm cylindrical samples have been used. The 

minimum values for the 28- and 90-day measurements were 

for SCGC with 30% coarse RCA and with 0% SF, recorded at 

2.21 and 2.93 MPa, respectively. Moreover, the maximum 

splitting strengths outputs were measured at as much as 3.64 

and 4.75 MPa at 28 and 90 days, respectively, for SCGC 

containing the natural aggregates, and 1.5% SF. The 
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improvement is because of interaction between the fibers and 

micro- and macro-cracks shown in SEM micrograph (Figure 

17). When the early cracks approach the fibers, the matrix 

interface diverts the path of the cracks; consequently, the 

fibrous concrete withstands additional load, leading to an 

increase in strength. It can be concluded that the fibers could 

bridge across the cracks and arrest the crack face separation 

during the crack propagation. The fibers sustain the load until 

pulling out of the matrix. This, as a result, leads to having 

higher fracture energy. The proper distributions of SF in the 

matrix causes consumption of additional energy during 

breakage or pulling out of the fibers, and this leads to higher 

toughness of the composite. However, it is shown that the 

SCGC’s splitting tensile strength showed a decrease when 

natural aggregate was replaced with RCA, for all samples. For 

example, the splitting strengths evaluated at 28 days of RCA0-

SF0 was 2.63 MPa, influence it had reached 2.47, 2.36, and 

2.21 MPa for RCA10-SF0, RCA20-SF0 and RCA30-SF0 

respectively. Likewise, the ninety days’ splitting strengths of 

concretes had diminished with the implementation of RCA. 

The diminution in splitting strengths at age of 28 was within 

the range of 6 to 16%, and other samples cured for ninety days 

were from 7 to 17%. The SCGC attitude agrees with the 

conclusion that the study [42] reached: that the inclusion of 

RCA lowers the splitting strengths of concretes. 
 

3.2.3. Flexural strength 

 

 
 

Figure 18. Flexural strength results 

 

The impact of the volume concentration of RCA on bending 

strengths is like the impact of RCA on compressive and 

splitting strengths. It is noted that RCA had a negative 

influence on flexural strengths, which was the conclusion of 

the study [43], and as figured out in Figure 18. For plain 

mixtures, the decrease in flexural strengths was 6%, 10%, and 

16% for RCA replacements of 10%, 20%, and 30%, 

respectively, in the formation of the comparative to the control 

sample. Utilizing SF in SCGC results in a large improvement 

in the samples’ bending strengths. The control sample have 

flexural strengths of 4.01 MPa that increases to 4.90, 5.39, and 

5.46MPa with 0.5%, 1%, and 1.5% SF, respectively, 

announcing a 36% development in the mixture with 1.5% SF 

incorporated. The highest value, 5.46 MPa, was attained for 

the mix with 0% RCA and 1.5% SF. Other researchers also 

observed a familiar reduction in strength with the inclusion of 

RCA in geopolymer concrete [44]. 

 

 

4. CONCLUSIONS 

 

The mutual compacts of SF and RCA on the achievement 

of SCGC in fresh and hardened case were assessed in the 

present study. The experimental output achieved are detailed 

as the following: 

• The test output of fresh SCGC showed that using RCA and 

SF simultaneously had affects negatively the diameter of 

slump flow, flow-time (T500), flow-time of V-funnel, and 

flowing capacity of L-box. The most significant lowering in 

the fresh achievement was seen in the samples that 

incorporated the largest percentages of RCA (30%) and SF 

(1.5%). Whereas, even with the reduction, SCGC had 

acceptable passing and flow capacity values, as listed in 

EFNARC specification [37]. 

• All SCGC mixes that were produced were in the range for 

slump flow and V-funnel values. They also have adequate 

segregation and bleeding resistance based on EFNARC 

specifications. 

• Compressive strengths were slightly reduced at age of 28 

and 90 days with the addition of RCA into the SCGC mixes; 

meanwhile, additions of SF moderately enhanced the 

compressive strengths. Highest compression strengths of 

33.45-43.32 (28- and 90-days’ age) were achieved as a 

result of the integration impact of 1.5% SF and 0% RCA. 

The reduction of compression strengths by RCA can be 

made up for with the incorporation of steel fiber. 

• The results indicate that SCGC mixtures that incorporated 

10, 20, and 30% RCA had little decrement of approximately 

1–5% in the compression strengths values at the comparison 

with control sample. 

• The compression strengths lowered about 1% by SF 

inclusion, because of uneven dispersion of SF, which lead 

to a mass accumulation that eventually makes weakened 

areas in the concrete. These areas function as voids, 

subsequently causing decrement in concrete strengths. 

• Adding SF led to a direct proportion in the split tensile value, 

while the increased use of RCA led to an inverse proportion 

to the tensile value. For example, the highest value was at 

(1.5% SF and 0% RCA) with value of 3.64 and 5.46 MPa at 

28 and 90 days, respectively. 

• The addition of SF improved the flexural strength for SCGC 

containing RCA 35% compared to the control mix without 

SF (30RCA-0SF), indicating that SF was able to overcome 

the negative effect of RCA on flexural strength. 

• A decrease occurred in both flexural and splitting tensile 

strengths when using RCA, but both increased with the 

inclusion of SF. 

 

 

5. RECOMMENDATIONS FOR FUTURE WORK 

 

• In general, future work needs to be done to understand the 

Mercury Intrusion Porosimetry (MIP) to assess the porosity 

and the pore size distribution of SCGC based MK made 

with RCA, and SF. 

• Replace metakaolin with fly ash at a rate not exceeding 15%, 

to increase the workability of SCGC mixtures. 

• It is important to do an economic feasibility study to use 

RCA as a partial replacement of natural aggregate in SCGC 

industry. 

 

 
REFERENCES 

 

[1] Zaid, O., Hashmi, S.R.Z., Aslam, F., Abedin, Z.U., Ullah, 

A. (2022). Experimental study on the properties 

improvement of hybrid graphene oxide fiber-reinforced 

composite concrete. Diamond and Related Materials, 124: 

204



 

108883. https://doi.org/10.1016/j.diamond.2022.108883 

[2] Xiao, J., Zhang, Q., Zhang, P., Shen, L., Qiang, C. (2019). 

Mechanical behavior of concrete using seawater and sea‐

sand with recycled coarse aggregates. Structural 

Concrete, 20(5): 1631-1643. 

https://doi.org/10.1002/suco.201900071 

[3] Naik, T.R. (2008). Sustainability of concrete 

construction. Practice Periodical on Structural Design 

and Construction, 13(2): 98-103. 

https://doi.org/10.1061/(ASCE)1084-

0680(2008)13:2(98) 

[4] Zaid, O., Ahmad, J., Siddique, M.S., Aslam, F., 

Alabduljabbar, H., Khedher, K.M. (2021). A step 

towards sustainable glass fiber reinforced concrete 

utilizing silica fume and waste coconut shell aggregate. 

Scientific Reports, 11(1): 12822. 
https://doi.org/10.1038/s41598-021-92228-6 

[5] Medina, G., Del Bosque, I.S., Frías, M., De Rojas, M.S., 

Medina, C. (2017). Granite quarry waste as a future eco-

efficient supplementary cementitious material (SCM): 

Scientific and technical considerations. Journal of 

Cleaner Production, 148: 467-476.. 

https://doi.org/10.1016/j.jclepro.2017.02.048 

[6] Diaz-Loya, E.I., Allouche, E.N., Vaidya, S. (2011). 

Mechanical properties of fly-ash-based geopolymer 

concrete. ACI Materials Journal, 108(3): 300-306. 

[7] Zaid, O., Ahmad, J., Siddique, M.S., Aslam, F. (2021). 

Effect of incorporation of rice husk ash instead of cement 

on the performance of steel fibers reinforced concrete. 

Frontiers in Materials, 8: 665625. 

https://doi.org/10.3389/fmats.2021.665625 

[8] Smirnova, O., Kazanskaya, L., Koplík, J., Tan, H., Gu, 

X. (2020). Concrete based on clinker-free cement: 

Selecting the functional unit for environmental 

assessment. Sustainability, 13(1): 135. 

https://doi.org/10.3390/su13010135 

[9] Verdolotti, L., Iannace, S., Lavorgna, M., Lamanna, R. 

(2008). Geopolymerization reaction to consolidate 

incoherent pozzolanic soil. Journal of Materials Science, 

43, 865-873. https://doi.org/10.1007/s10853-007-2201-x 

[10] Duxson, P., Fernández-Jiménez, A., Provis, J.L., Lukey, 

G.C., Palomo, A., van Deventer, J.S. (2007). 

Geopolymer technology: The current state of the art. 

Journal of Materials Science, 42: 2917-2933. 
https://doi.org/10.1007/s10853-006-0637-z 

[11] Mehrinejad Khotbehsara, M., Mohseni, E., 

Ozbakkaloglu, T., Ranjbar, M.M. (2017). Retracted: 

Durability characteristics of self-compacting concrete 

incorporating pumice and metakaolin. Journal of 

Materials in Civil Engineering, 29(11): 04017218. 

https://doi.org/10.1061/(ASCE)MT.1943-5533.0002068 

[12] Ramlochan, T., Thomas, M., Gruber, K.A. (2000). The 

effect of metakaolin on alkali-silica reaction in concrete. 

Cement and Concrete Research, 30(3): 339-344. 

https://doi.org/10.1016/S0008-8846(99)00261-6 

[13] Kamseu, E., Cannio, M., Obonyo, E.A., Tobias, F., 

Bignozzi, M.C., Sglavo, V.M., Leonelli, C. (2014). 

Metakaolin-based inorganic polymer composite: Effects 

of fine aggregate composition and structure on porosity 

evolution, microstructure and mechanical properties. 

Cement and Concrete Composites, 53: 258-269. 

https://doi.org/10.1016/j.cemconcomp.2014.07.008 

[14] Pouhet, R., Cyr, M. (2016). Formulation and 

performance of flash metakaolin geopolymer concretes. 

Construction and Building Materials, 120: 150-160. 

https://doi.org/10.1016/j.conbuildmat.2016.05.061 

[15] Justice, J.M., Kurtis, K.E. (2007). Influence of 

metakaolin surface area on properties of cement-based 

materials. Journal of Materials in Civil Engineering, 

19(9): 762-771. https://doi.org/10.1061/(ASCE)0899-

1561(2007)19:9(762) 

[16] Duan, Z., Li, L., Yao, Q., Zou, S., Singh, A., Yang, H. 

(2022). Effect of metakaolin on the fresh and hardened 

properties of 3D printed cementitious composite. 

Construction and Building Materials, 350: 128808. 

https://doi.org/10.1016/j.conbuildmat.2022.128808 

[17] Pradhan, P., Panda, S., Parhi, S.K., Panigrahi, S.K. 

(2022). Variation in fresh and mechanical properties of 

GGBFS based self-compacting geopolymer concrete in 

the presence of NCA and RCA. Materials Today: 

Proceedings, 62: 6348-6358. 

https://doi.org/10.1016/j.matpr.2022.03.337 

[18] Ghosh, A.H., Das, B.B. (2019). Implication of concrete 

with chemical admixture cured in low temperature on 

strength, chloride permeability and microstructure. In 

Sustainable Construction and Building Materials: Select 

Proceedings of ICSCBM 2018. Springer Singapore, pp. 

287-298. https://doi.org/10.1007/978-981-13-3317-0_26 

[19] Thakur, M., Bawa, S. (2022). Self-compacting 

geopolymer concrete: A review. Materials Today: 

Proceedings, 59: 1683-1693. 

https://doi.org/10.1016/j.matpr.2022.03.400 

[20] Wang, J., Xie, J., Wang, C., Zhao, J., Liu, F., Fang, C. 

(2020). Study on the optimum initial curing condition for 

fly ash and GGBS based geopolymer recycled aggregate 

concrete. Construction and Building Materials, 247: 

118540. 

https://doi.org/10.1016/j.conbuildmat.2020.118540 

[21] Xie, J., Huang, L., Guo, Y., Li, Z., Fang, C., Li, L., Wang, 

J. (2018). Experimental study on the compressive and 

flexural behaviour of recycled aggregate concrete 

modified with silica fume and fibres. Construction and 

Building Materials, 178: 612-623. 

https://doi.org/10.1016/j.conbuildmat.2018.05.136 

[22] Nuaklong, P., Wongsa, A., Sata, V., Boonserm, K., 

Sanjayan, J., Chindaprasirt, P. (2019). Properties of high-

calcium and low-calcium fly ash combination 

geopolymer mortar containing recycled aggregate. 

Heliyon, 5(9). 

https://doi.org/10.1016/j.heliyon.2019.e02513 

[23] Mohseni, E., Yazdi, M.A., Miyandehi, B.M., Zadshir, M., 

Ranjbar, M.M. (2017). Combined effects of metakaolin, 

rice husk ash, and polypropylene fiber on the engineering 

properties and microstructure of mortar. Journal of 

Materials in Civil Engineering, 29(7): 04017025. 

https://doi.org/10.1061/(ASCE)MT.1943-5533.0001867 

[24] Behera, M., Bhattacharyya, S.K., Minocha, A.K., 

Deoliya, R., Maiti, S. (2014). Recycled aggregate from 

C&D waste & its use in concrete-A breakthrough 

towards sustainability in construction sector: A review. 

Construction and Building Materials, 68: 501-516. 

https://doi.org/10.1016/j.conbuildmat.2014.07.003 

[25] Nuaklong, P., Jongvivatsakul, P., Pothisiri, T., Sata, V., 

Chindaprasirt, P. (2020). Influence of rice husk ash on 

mechanical properties and fire resistance of recycled 

aggregate high-calcium fly ash geopolymer concrete. 

Journal of Cleaner Production, 252: 119797. 

https://doi.org/10.1016/j.jclepro.2019.119797 

205



 

[26] Clarke, J., Peaston, C., Swannell, N. (2007). Guidance on 

the use of macro-synthetic-fibre reinforced concrete. The 

Concrete Society. Technical Report, 65: 1-2. 

[27] Li, Z., Ikeda, K. (2023). Influencing factors of sulfuric 

acid resistance of ca-rich alkali-activated materials. 

Materials, 16(6): 2473. 

https://doi.org/10.3390/ma16062473 

[28] Mohseni, E., Saadati, R., Kordbacheh, N., Parpinchi, 

Z.S., Tang, W. (2017). Engineering and microstructural 

assessment of fibre-reinforced self-compacting concrete 

containing recycled coarse aggregate. Journal of Cleaner 

Production, 168: 605-613. 

https://doi.org/10.1016/j.jclepro.2017.09.070 

[29] Nath, P., Sarker, P.K. (2017). Flexural strength and 

elastic modulus of ambient-cured blended low-calcium 

fly ash geopolymer concrete. Construction and Building 

Materials, 130: 22-31. 

https://doi.org/10.1016/j.conbuildmat.2016.11.034 

[30] Alvee, A.R., Malinda, R., Akbar, A.M., Ashar, R.D., 

Rahmawati, C., Alomayri, T., Raza, A., Shaikh, F.U.A. 

(2022). Experimental study of the mechanical properties 

and microstructure of geopolymer paste containing nano-

silica from agricultural waste and crystalline admixtures. 

Case Studies in Construction Materials, 16: e00792. 

https://doi.org/10.1016/j.cscm.2021.e00792 

[31] Punurai, W., Kroehong, W., Saptamongkol, A., 

Chindaprasirt, P. (2018). Mechanical properties, 

microstructure and drying shrinkage of hybrid fly ash-

basalt fiber geopolymer paste. Construction and Building 

Materials, 186: 62-70. 

https://doi.org/10.1016/j.conbuildmat.2018.07.115 

[32] Al-Majidi, M.H., Lampropoulos, A., Cundy, A.B. (2017). 

Steel fibre reinforced geopolymer concrete (SFRGC) 

with improved microstructure and enhanced fibre-matrix 

interfacial properties. Construction and Building 

Materials, 139: 286-307. 

https://doi.org/10.1016/j.conbuildmat.2017.02.045 

[33] Standard specification for coal fly ash and raw or 

calcined natural pozzolan for use in concrete. ASTM 

International. 

[34] En, B. (1992). BS 882: Specification for Aggregates 

from Natural Sources for Concrete. London: British 

Standards Institution. 

[35] ASTM, C. (2003). Standard Specification for Concrete 

Aggregates. Philadelphia, PA: American Society for 

Testing and Materials. 

[36] ASTM, A. (2018). ASTM C39/C39M-18 standard test 

method for compressive strength of cylindrical concrete 

specimens. ASTM International, West Conshohocken, 

PA ASTM, AI. vol. 192. 

[37] ASTM International Co mmittee C09 on Concrete and 

Concrete Aggregates. (2017). Standard test method for 

splitting tensile strength of cylindrical concrete 

Specimens1. ASTM International. 

[38] ASTM International. (n.d.). Standard test method for 

flexural strength of concrete (using simple beam with 

third-point loading). Michigan, United States: ASTM. 

ASTM C100, pp. 19428-12959. 

[39] EFNARC, F. (2002). Specification and guidelines for 

self-compacting concrete. European Federation of 

Specialist Construction Chemicals and Concrete System. 

[40] Heweidak, M., Kafle, B., Al-Ameri, R. (2022). Influence 

of hybrid basalt fibres’ length on fresh and mechanical 

properties of self-compacted ambient-cured geopolymer 

concrete. Journal of Composites Science, 6(10): 292. 

https://doi.org/10.3390/jcs6100292 

[41] Their, J.M., Özakça, M. (2018). Developing geopolymer 

concrete by using cold-bonded fly ash aggregate, nano-

silica, and steel fiber. Construction and Building 

Materials, 180: 12-22. 

https://doi.org/10.1016/j.conbuildmat.2018.05.274 

[42] Zaid, O., Martínez-García, R., Abadel, A.A., Fraile-

Fernández, F.J., Alshaikh, I.M., Palencia-Coto, C. (2022). 

To determine the performance of metakaolin-based fiber-

reinforced geopolymer concrete with recycled 

aggregates. Archives of Civil and Mechanical 

Engineering, 22(3): 114. https://doi.org/10.1007/s43452-

022-00436-2 

[43] Behforouz, B., Balkanlou, V.S., Naseri, F., Kasehchi, E., 

Mohseni, E., Ozbakkaloglu, T. (2020). Investigation of 

eco-friendly fiber-reinforced geopolymer composites 

incorporating recycled coarse aggregates. International 

Journal of Environmental Science and Technology, 17(6): 

3251-3260. https://doi.org/10.1007/s13762-020-02643-x 

[44] Das, C.S., Dey, T., Dandapat, R., Mukharjee, B.B., 

Kumar, J. (2018). Performance evaluation of 

polypropylene fibre reinforced recycled aggregate 

concrete. Construction and Building Materials, 189: 649-

659. https://doi.org/10.1016/j.conbuildmat.2018.09.036 

 

 

NOMENCLATURE 

 

SCGC Self-Compacting Geopolymer Concrete 

MK Metakaolin 

RCA Recycled Coarse Aggregate 

SF Steel Fiber 

 

206




