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Abstract. This paper aimed to investigate the mechanical and durability properties of basalt fiber reinforced 
pumice lightweight concrete (BPLC) containing nano ground calcium carbonate (GCC). GCC was utilized as 
ordinary Portland cement replacement material at the percentages of 5 %, 10 %, 15 %, 20 % and 25 %, and 
basalt fibers with the 6 mm length were added in two contents of 0.5 % and 1 % by volume. The experimental 
results showed that GCC added mixes had lower mechanical strength results at the early ages; however, 
comparable strengths with the reference mixes at later ages. The addition of GCC addition also resulted in 
decreased water absorption, sorptivity and increased magnesium sulphate resistance compared to the reference 
lightweight concrete. Basalt fiber utilization enhanced the mechanical properties of the BPLC, but fiber inclusion 
lessened the fresh concrete properties. With respect to the enhanced material properties and less cement usage 
with produced BPLCs, it can be suitable for the green concrete block production industry. 

1. Introduction
Lightweight concrete has been widely used in several parts of the construction industry such as masonry 

concrete block and wall panel productions due to its low density and thermal conductivity, and high strength 
to density ratio [1]. However, some disadvantageous properties have been also reported such as brittleness, 
lower mechanical strength and crack forming at early ages [2]. The application of lightweight concrete reduces 
the structural loads and the cost of the structural elements production. For this reason, it is widely preferred 
for the structures constructed in seismic zones [3, 4]. Portland cement containing lightweight concrete are 
traditionally produced with lightweight aggregates such as diatomite, perlite, pumice (from natural sources), 
and recycled clay bricks (recycled sources) in many researches [5–7]. Construction industry requires new 
developments due to increased needs, therefore fiber additions [8, 9], nano additives [10] have become 
significant solution to these increased needs.  

The reinforcing fiber inclusion to the lightweight concrete mixes has been reported in many experimental 
studies. Fiber is used in order to enhance the fresh and hardened state behaviour of the concrete. Many types 
of the lightweight concrete have been developed to investigate the behavior differences that can be attributed 
to the fiber types (steel, carbon, etc.) and their lengths [11, 12].  

Due to the environmental reasons, the demand for the cement replacement material to formulate 
environment friendly and economical concrete is rapidly growing. Therefore, many researches have been 
focused on cement replacement materials and alternative binding materials [13, 14]. Utilizing cement 
replacement materials such as GCC may enhance the strength and the cohesiveness of the concrete mixes 
or mortars. Nano GCC is widely used for filling the structural gaps in the microstructures and providing bleeding 
and shrinkage mechanism control [15].  

The tensile strength property of the concrete mixes can be significantly improved with the inclusion of 
fibers. The cost of the fibers can be reduced by adding cheaper synthetic fibers compared to the metal fibers 
[16]. Basalt fibers are one of the environments friendly and high-performance fibers, and it has been widely 
utilized in many researches [17, 18]. These types of fibers can improve the flexural strength and toughness 
properties of the cement based composite materials [19]. Basalt fiber is also preferred due to its positive impact 
on corrosion resistance, high tensile strength [20]  

81

https://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by/4.0/


Magazine of Civil Engineering, 94(2), 2020 

Karaburc, S.N., Yildizel, S.A., Calis, G.C. 

As it is widely known compressive and flexural strength of concrete is vitally important. Furthermore, 
sorptivity, dry bulk density, water absorption, setting times and sump test results are also included. In terms 
of containing two materials namely fiber and grand calcium, this study is unique. 

It is reported by many researcher that fiber addition, especially steel, carbon and polypropylene fibers 
inclusion to the lightweight concrete mixes improved the material properties such as modulus of elasticity, 
abrasion resistance, freeze-thaw resistance, drying shrinkage and porosity [21, 22]. Among all fiber types, 
carbon fiber are commonly utilized due to its superior contribution to the composite materials such as high 
strength, good stability and good bonding behavior with the cement; however, its high cost limits the application 
of carbon fiber reinforced concrete [23]. Basalt fiber is also used as an eco-friendly and high-performance fiber 
in the research of fiber reinforced concrete materials. Basalt fibers can enhance the both compressive and 
flexural strengths, and toughness together with the fracture energy in the cement matrix composite 
applications [24]. Basalt fibers are also have a better binding performance with the cement due to its similar 
chemical properties with cement, and it is cheaper compared to the other widely used fibers in civil engineering 
researches [25]. Basalt fibers have many times greater tensile strength than steel fibers, and it has been widely 
used as small pieces during the mix design of concrete composites in civil engineering applications [26]. Steel 
and polypropylene fibers addition to the lightweight concrete mixes has been widely researched, and different 
results reported due to the variety of the examined parameters. In most cases, positive influences [27–29] 
have been reported for the strength improvement of the cementitious composites. However, very limited 
literature exists for the basalt fibers on the lightweight concrete composite production. The researches into 
basalt fiber added conventional concrete were generally focused on the mechanical properties of the 
composites. Those research results indicate that basalt fibers addition up to 0.5 % by volume was beneficial, 
and optimum fiber dosage can vary significantly according to the types of the concretes [17, 30, 31]. Primary 
benefit of basalt fiber addition can be evaluated as a shift from a brittle failure behavior to more ductile one for 
conventional concrete mixes under compressive loads [31]. And literature suggest that basalt fiber addition 
can significantly increase the tensile strength of concrete [32]. Basalt fiber inclusion has also been shown to 
increase toughness of the concrete; however, it is difficult to assess the relative benefits since different test 
methods were applied [33]. 

Portland cement is one of the fundamental components of the mortar, grout and concrete production. 
Approximately, 5.78 GJ of thermal and 138 kWh of electricity energies are consumed intensively during the 
production of one ton of Portland cement [34]. Cement production is also responsible for the release of 
significant amount of CO2 emissions. It was estimated by International Energy Agency (IEA) that CO2 
emissions during the cement production could be reduced by 18 % compared to the current levels by 2050 
[35]. There are many ways to reduce the carbon footprint of the cement production such as carbon capture 
and storage, improving thermal and electric efficiency, clinker substitution and reducing usage of cement 
amount in construction industry. By product materials such as silica fume, fly ash and slags are daily used 
in the production of concrete as cement replacement materials [36]. In addition, many researches have 
been conducted focusing on the potential usage of minerals as cement supplementary materials [37–40]. 
GCC have typical particle size comparable to Portland cement. Nano GCC is generally utilized as mineral 
filler in concrete mixes [41]. Increased early strengths were obtained in many studies by replacing cement 
with the nano GCC, however, high dosage GCC inclusion as cement supplementary material in concrete 
can be resulted in reduced strength [15, 42]. The reactivity of the nano GCC depends on its surface area, 
andmsmaller particles provide more surface are for the reaction with the C3A [43]. GCC has small grinding 
energy consumption compared to the other supplementary materials due to its low hardness [44]. 

Available experimental results from the literature review revealed that the use of basalt fiber in pumice 
lightweight concrete containing nano GCC cannot be considered as sufficient. Reported research results 
reflect many dissimilarities due to variety of examined parameters. This study aims to discover mechanical 
and durability properties of basalt fiber reinforced pumice lightweight concrete containing nano ground calcium 
carbonate. Compressive and flexural strength tests were carried out within the scope of the study. This study 
also aims to enrich available experimental data in the literature on the pumice lightweight concrete production 
in order to reach a better understanding of its behavior. 

2. Methods 
2.1. Materials and Mixture Design 

The materials used in this study are Fine Aggregates (FA), Pumice Aggregates (PA), Basalt Fibers (BF), 
commercially available nano GCC (Betocarb® F) and CEM I 42.5 R Cement. Particle size distribution of and 
physical properties of the blended aggregates are given in Figure 1 and Table 1, respectively. 

BFs with the length of 6 mm were used in the experimental study. The technical properties of the BF 
are summarized in Table 2. Polycarboxylic based hyper plasticizer was utilized in all mixtures at the amount 
of 1.25 % of cement by weight. 
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Figure 1. Particle size distribution of mixture and Fuller curve. 

Table 1. Physical properties of the aggregates. 
Aggregates Particle size (mm) Particle density (g/cm³) Los Angeles abrasion loss (%) 

Fine aggregate(FA) 0–4 1.071 – 
Pumice Aggregate(PA) 2–12 0.395 70.9 

Table 2. Physical and chemical properties of the BF. 
Technical property 

Elasticity module, MPa 90 
Tensile strength, MPa 4832 
Melting point, C° 1452 
Application temperature, C° –220/+980 

Chemical composition Percentages (%) 
SiO2 51.2–58.9 
Al2O3 14.5–18.2 
Fe2O3 5.7–9.6 
MgO 3.0–5.4 
FeO + Fe2O3 9.2–14.0 
TiO2 0.8–2.25 
Na2O + K2O 0.8–2.25 
Others 0.08–0.14 

Material properties of cement and Betocarb® F are presented in Table 3. It can be clearly seen from the 
chemical composition of the materials (Table 2 and 3) that BF and cement have similar very similar chemical 
properties, and this similarity can be resulted in good bonding mechanism among these materials [25]. 

Table 3. Material properties of cement, PA and Betocarb® F. 
Chemical composition (%) &Physical property Cement PA Betocarb® F 

Fe2O3 3.52 1.5 3.19 
CaO 60.21 0.2 11.77 
SiO2 20.19 75.84 61.14 
MgO 2.32 0.4 2.43 
SO3 2.61 0.5 – 

Al2O3 4.32 12.54 7.42 
Free CaO, % 1.7 – – 

Loss on ignition 2.85 5.63 4.6 
Specific gravity 3.12 1.05 – 

Specific surface (cm2/g) 3,618 – >30,000 
Blue value – – <3 

d50 % – – 3 

Table 4 summarizes the mix design and material proportions. Mixtures were prepared with a pan mixer 
and its capacity is 60 L. The mixer rate was kept constant as 250 r/min in order to prevent the BF breakings. 
16 lightweight concrete mixes were designed within the scope of this study. The blends were coded in line 
with the nano GCC addition and BF contents. “R” defines reference mix with no GCC inclusion and any BF 
content. Other mixes were coded as “PCx-y”, where “x” represents the changed ratio (%) of nano GCC by 
cement by weight, and “y” defines the BF inclusions (%) by volume of the concrete. 
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Table 4. Mixture proportions of lightweight concrete specimens (kg/m3). 

Mixture code Cement (kg) GCC (kg) FA (kg) PA (kg) Water (kg) BF (Vf, %) Superplasticizer (kg) 

R 170 0 775 416 78 0 2.55 
PC5 161.5 8.5 775 416 78 0 2.55 

PC5-0.5 161.5 8.5 775 416 78 0.5 2.55 
PC5-1 161.5 8.5 775 416 78 1 2.55 
PC10 153 17 775 416 78 0 2.55 

PC10-0.5 153 17 775 416 78 0.5 2.55 
PC10-1 153 17 775 416 78 1 2.55 
PC15 144.5 25.5 775 416 78 0 2.55 

PC15-0.5 144.5 25.5 775 416 78 0.5 2.55 
PC15-1 144.5 25.5 775 416 78 1 2.55 
PC20 136 34 775 416 78 0 2.55 

PC20-0.5 136 34 775 416 78 0.5 2.55 
PC20-1 136 34 775 416 78 1 2.55 
PC25 127.5 42.5 775 416 78 0 2.55 

PC25-0.5 127.5 42.5 775 416 78 0.5 2.55 
PC25-1 127.5 42.5 775 416 78 1 2.55 

2.2. Sample preparation and testing 
The effect of BF addition and replacing cement with nano GCC was investigated by physical, 

mechanical and durability laboratory tests. Spread diameters of the blends were evaluated by slump test. 
Slump test were repeated three times with 20 min (first test time includes mixing duration) intervals in order to 
determine slump losses. Setting times of the specimens were determined according to the requirements of BS 
EN 196-3 [45]. Physical test includes the measurements of sorptivity, bulk dry density and water absorption. 
And mechanical test were flexural strength test and compression tests. All physical, durability and mechanical 
tests were conducted at 7, 28, 90 and 180 days.  

Bulk density and water absorption of the specimens were recorded according to the requirements of 
ASTM C 642 [46]. The disc specimens (Ø100/50) were prepared and initially oven dried at 105 °C and cooled 
in room temperature and their weight were recorded (W1). Following this process, the specimens were boiled 
for 5 hours in a container and left in the container for a natural cooling process. Then boiled surface dried 
mass of the specimens were recorded (W2). Mass of the specimens after the boiling and immersion processes 
were recorded as W3. Bulk dry density (Bdd, kg/m³) and water absorption (Wa, %) of the concrete mixes were 
determined by Equations (1) and (2), respectively: 

Bdd = W1/(W2- W3); (1)  

Wa = [(W2 – W1)/ W1] x 100. (2)  

Sorptivity test was recorded according to the ASTM C 1585 [47]. Disc specimens (Ø100/50) were 
isolated with paraffin material as per the requirements of the standard. The mass of the specimen was 
measured at 7, 28, 90 and 180 days. 

Compressive strength test was conducted on Ø150/300 mm cylindrical specimens according to the 
ASTM C 469 standard [48]. Flexural strength tests were performed on 100×100×500 mm specimens as per 
the requirements of EN 14651 [49]. Prismatic specimens were notched before the test procedure according 
to the EN 14651 standard at their mid-span width. 

Lightweight concrete blocks are widely used in the animal shelters; therefore, it is of great importance 
to evaluate the acid effect on concrete blocks. Magnesium sulfate attack effect on concrete specimens was 
evaluated with compressive strength change. Two groups of specimens were prepared during the test. One 
group was kept curing in water, and the second group was exposed to magnesium sulfate concentration of 
10 % in a separate container. Magnesium sulfate concentration was renewed every 20 days till the end of the 
test time (180 days). Compressive strength changes of the two groups were recorded at 7, 28, 90 and 180 
days. 
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3.  Results and Discussion 
3.1. Fresh concrete properties 

Slump and setting time test results are presented in Figure 4 and 5, respectively. Effects of nano GCC 
addition on slump tests are shown in Figure 4. Nano GCC inclusion up to 20 % by weight increased the spread 
diameter of the mixes. This can be attributed to the irregular shape of nano GCC particles (Figure 2).These 
results also show that nano GCC replacement by more than 20 % of the cement weight had very adverse 
effects on concrete workability, and this effect should be taken into consideration well when aiming to utilize 
such mixes for long term slump preservation behaviors. In addition, the negative impact of the presence of PA 
on the workability should not be neglected, since it has a porous microstructure (Figure 3). 

Increasing the BF reduces the slump flow diameter of the produced concrete mixes as seen in Figure 4. 
BF utilization in concrete mixes generally result in slump decreases [50]. This situation can be explained as 
the extra cement paste and mixing water consumption of BFs and increase in the friction of coefficient between 
cement and BF during the mixing process. Slump test results were obtained in parallel with the previously 
conducted studies [30, 51]. Figure 4 also shows that all mixture kept their plasticity and cohesive behavior at 
60 min. 

BF and nano GCC addition negatively affected the setting times of the concrete mixes as shown in 
Figure 5. The results indicated a slower hydration process compared to the reference paste. In other words, 
slow hydration process means of releasing less heat during hydration reactions [52]. Therefore, BF and nano 
GCC added blends at specific ratios can be beneficial in mass concrete construction. 

 
Figure 2. SEM images of GCC particles. 

 
Figure 3. SEM images of PA particles. 
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Figure 4. Slump test results. 

 
Figure 5. Setting times of the concrete mixes. 

3.2. Physical properties 
Water absorption and bulk dry density of the concrete mixes at 7, 28, 90 and 180 days are presented 

in Figure 6 and 7, respectively. Figure 6 show that water absorption rate of the all pumice concrete mixes are 
gradually reduced at later ages. Water absorption rates of the specimens vary between 20.54 % and 22.24 % 
at 7 days. PC10-1 had the minimum value. Nano GCC and BF addition both lowered the water absorption 
ratio ay 7 days. This can be attributed to filling of void volumes by BF and GCC particles. Water absorption 
rates of the mixtures continued to decrease at 180 days, where PC10-1 had the lowest value as 12.28 %. It 
can also be noted that BF inclusion increased the water absorption rate compared to the mixtures having 
same nano GCC content.  
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Figure 6. Water absorption test results. 

Dry bulk density test results of the concrete mixes are given in Figure 7. Density values are increased 
with the curing time and, highest dry bulk density values were obtained at 180 days. Nano GCC addition 
increased the dry bulk densities compared to the reference mix. BF reinforced mixes indicated slightly lower 
values than the only GCC added mixes on every experimental set up. 

Sorptivity test results of the concretes are given in Figure 8, where it can be noted that sorptivity values 
decreased with the increasing curing time. Lowest value obtained at 180 days, and BF and GCC addition both 
decreased the sorptivity of mixes compared to the reference mix. 

 
Figure 7. Dry bulk density test results. 

In most cases, denser microstructure and lower absorption test results were obtained during the 
physical property tests. It can be expected positive contributions to the concrete durability according to the 
test results. The improvement in physical properties of the BPLC can be clarified by filling of voids by nano 
GCC and BFs. Nano GCC acted as inert mineral filler as stated in previously concluded researches [53, 54]. 
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Figure 8. Sorptivity of concretes. 

3.3. Mechanical properties 
The average compressive strength test results are presented in Figure 9, where nano GCC addition up to 

10 % and BF inclusion increased the test results compared to the reference mix. GCC addition was contributed 
to early strength development of the specimens. The compressive strength values of the mixes containing more 
than 10 % replaced cement, reduced at all ages. This can be attributed to high GCC content and the dilution 
effect. Adding certain amount of GCC could be reacted with aluminate phases in the cement, and this reaction 
can produce more ettringite which as a larger volume than other hydration products. As a result, denser concrete 
microstructure can be formed, and this situation leads to better strength properties.  

BF reinforced specimens indicated better compressive strength performances compared to the other 
specimens. Especially, it was also found that BF addition of 1 % of volume showed the best compressive strength 
test results. Many researches highlighted that basalt finer usage up to 0.5 % by volume provides better results [55]; 
however, test results according to the used fiber content notably varied in terms of produced concrete types [18]. 

 
Figure 9. Compressive test results. 
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Figure 10 presents the flexural test results of the lightweight concretes. Flexural strength values increased 
with the increase in BF content of the concrete specimens. Mixes containing more than 10 % of replaced cement 
content showed lower performance than other mixes. In addition, a gradual increase with the curing time was also 
observed. Specimen PC10-1 showed the best flexural performance compared to the other specimens.  

 
Figure 10. Flexural test results. 

3.4. Magnesium sulfate resistance 
Sulfate resistance of concrete has great importance in the concrete production focused literature studies 

[56]. It was also noted that magnesium sulfate attack can be resulted in the transformation of C-S-H gel to a 
non-cementitious M-S-H gel (Equation (3)) [57].  

3 MgSO4 + 3 CaO 2SiO2 3 H2O + 8 H2O → 3 (CaSO4 2 H2O) + 3 Mg(OH)2 + 2SiO2 H2O [58]. (3)  

In this research, concrete behavior against magnesium sulfate was determined by compressive strength 
changes of mixes at 7, 28, 90 and 180 days. Magnesium sulfate effect increased with the exposure time as 
seen in Figure 11. The most deleterious sulfate effect was observed on the reference mix at both ages. 
Contrary, GCC and BF addition to mixes (except PC25, PC25-0.5 and PC25-1 specimens) improved the 
behavior of concretes against sulfate solution. PC10-1 and PC5-1 specimens showed the lowest compressive 
strength losses compared to the other mixes as 25.24 % and 25.98 % at 180 days, respectively. This value 
was obtained as 37 % for the reference specimens.  

The overall magnesium sulfate resistance test results indicated that the replacement of cement with 
certain amount of nano GCC (up to 10 %) had very significant effect on the concrete in terms of durability 
properties. BFs addition up to 1 % of volume also contributed to enhance the sulphate attack resistance by 
filing up voids in the concrete structure. More impermeable and low carbon footed BPLC specimens were 
produced within the scope of this study. 

4. Conclusion 
In this paper, the influences of utilizing nano GCC as cement supplementary materials on the BF 

reinforced lightweight concrete mixes were examined. The main conclusion of this research can be drawn as 
follows: 

1. Nano GCC replacement with cement up to 20 % increased the slump value of the concretes with no 
BF content. BF reinforced concrete mixes spread diameter values decreased with the increasing BF content. 
BF and nano GCC content contributed concrete mixes to preserve their plasticity and cohesive behavior up to 
60 min, in some cases. However, both GCC and BF inclusion increased the setting times of the mixes. 

2.  Utilizing GCC as cement supplementary materials and BF reinforcement resulted in lower 
absorption rates and sorptivity with the increasing time compared to the reference mixes. 

3. The addition of BF up to 1 % of concrete volume and GCC inclusion up to 10 %, as expected, 
increased the both early and late age strength properties of concrete. Especially, early strength properties 
were enhanced with the addition certain amount of nano GCC. 
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Figure 11. Magnesium sulfate attack effects on compressive strength of concretes. 

4. Magnesium sulfate resistance of concretes improved with prepared mixes. PC10-1 and PC5-1 
specimens showed the best performance against sulfate attack. 

5. In this study, BF and GCC additions to blends in certain amounts improved the durability, fresh state 
and mechanical properties of the concretes. Produced BPLC mixture design can be considered for lightweight 
concrete block industry, since pumice is abundant in Turkey. 
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