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 Abstract 

Recently, great efforts have been made by researchers on the mixture of electrically conductive 

concretes that have been developed for different purposes. In this study, an experimental research 

was carried out on electrically conductive mortar mixtures especially for shell elements produced 

for building facade cladding. Six different mixtures were produced, including the non-conductive 

reference mixture. Single-walled carbon nanotube (SWCNT) was used as nano-sized conductive 

additive material. SWCNT was added at 0.2% and 0.3% of cement weight. Steel fiber (SF) was 

added to the same mixtures as another group at the rate of 4% by total weight. 2, 14, 28, 90 and 

180 days electrical resistivities of the obtained conductive mortar samples were measured. As a 

non-destructive method, dynamic resonance testing was performed and the 28-day damping rates 

of the samples were determined. Ultrasonic pulse velocity (UPV) and Leeb hardness tests were 

performed, respectively, by using other non-destructive testing methods to obtain information 

about the internal structure voids and surface hardness of the samples. The internal microstructure 

morphologies of the composite materials were analyzed by SEM (Scanning Electron Microscope) 

characterization method. In addition, elemental occurrences in the samples were explained by 

elemental mapping. The crystal phase formations in the cement matrix were characterized by 

XRD (X-Ray Diffraction) analyzer. SWCNT, which causes low machinability and therefore 

internal structure voids, caused a decrease in compressive strength and flexural strength, as well 

as a significant increase in electrical conductivity. Addition of 0.3 SWCNT reduced the electrical 

resistance of the material up to 3154 Ω.cm. 
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1. INTRODUCTION 

Crack formation, which causes a decrease in the strength of cement-based concrete, which is used as a 

construction building material, leads researchers to use various additives. Also, interest in studies to 

improve the mechanical properties of cementitious materials has increased [1]. To increase the strength of 

Portland cement, there are studies on the use of nanoscale materials that will reduce the porous structure of 

the material [2, 3]. Particularly, nanoparticle-containing components are included in the cement mixture for 

structures requiring high strength in building materials [4]. There is increasing interest in studies on 

conductive concrete, which is obtained by mixing the conductive component, cement materials and 

aggregate in a certain ratio. Carbon nanotubes (CNTs) are of interest to researchers as reinforcement 

materials in cementitious materials due to their high electrical conductivity and high mechanical properties 

[5]. Rocha et al. reported that CNTs added to the cement mixture at well below 1% increased the flexural 

strength of concrete up to 50%. In addition, it was stated that C-S-H, which is the main component of 

hydrated Portland cement, is at nanoscale. Thus, it is important to add carbon nanotubes to Portland cement 

to produce new concrete with superior properties [6]. CNTs, which are considered as alternatives to 

improve the mechanical and electrical properties of Portland cement, show superior performance even 
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though they are used in small amounts in the cement mixture [7]. The preference of carbon nanotubes in 

cementitious structures is associated with high strength and high modulus of elasticity [8]. In different 

studies, it is stated that CNTs, which can be homogeneously dispersed in the cement matrix, prevent the 

growth of cracks that may occur in concrete [9–11]. Since high-strength cementitious materials exhibit 

brittle properties, it is stated that the addition of CNTs to the cement mixture provides an increase in flexural 

strength. Parveen et al. [12] reported that the mechanical and microstructural properties of the material were 

improved with the addition of CNTs to the cement mixture.  

However, in this study, it is aimed to examine the relationship between mechanical strength and electrical 

resistance of the concrete to be produced by adding different reinforcement materials to the cement mixture, 

considering the studies made with CNTs, in comparison with the literature studies. Although there is more 

research on CNT reinforcement to strengthen concrete material, applications of single-walled carbon 

nanotube (SWCNT) and multi-walled carbon nanotube (MWCNT) are more preferred [13]. In the literature, 

it is stated that the SWCNT additive to the cement mortar better reflects the thermal properties of the 

material compared to MWCNT [14]. The fact that SWCNT is not preferred as much as MWCNT in building 

materials is stated as high cost and hydrophobic feature. To solve this problem, it has been explained that 

processes that facilitate the dispersion of SWCNT, which has a higher surface area, in the solution can be 

performed [15]. In addition, Hu et al. [16] reported that SWCNTs with high specific area contribute more 

to the increase in strength in cementitious mixtures compared to MWCNTs. Studies investigating the 

mechanical and electrical properties of SWCNT reinforced to the cement mixture in concrete production 

are limited. It has been reported by Makar and Chan [9] that SWCNT added to Portland cement improves 

the mechanical strength results of concrete. This is explained by the fact that SWCNT included in the 

cement mix accelerates the hydration process. Tyson et al. added dispersed SWCNT to the cement mixture 

and emphasized that the mechanical properties of the concrete were improved [17].  

Adding fiber to the cement matrix prevents the formation of cracks in the concrete and the spread of cracks 

and contributes to the increase in the strength of the concrete [18]. Research has been carried out on the 

workability of concretes produced with the reinforcement of various fiber components. Fiber reinforced 

concrete significantly improves the mechanical properties of the material compared to normal concrete 

[19]. Among the fibers, steel fibers with high strength properties are preferred in industrial applications. In 

the study of Yazıcı et al. [20], it was reported that there was an improvement in the flexural strength of 

concrete reinforced with steel fiber. It has been stated that the steel fibers added to the cement paste increase 

the strength properties of the concrete and prevent the formation of cracks by reducing the porous structure 

[21]. The strength and ductility of concrete materials containing steel fiber are quite high compared to 

normal concrete [22]. In addition, the steel fibers dispersed in the cement matrix contribute to the damping 

of the impact energy under dynamic load [23]. In the literature, it has been explained that the steel fibers 

added to the cement paste form a dense structure by reducing the porous structure of the concrete [24]. It 

has been explained that by adding conductive steel fibers to the cement mixture, the fiber distribution in 

the matrix affects the electrical properties of the concrete [25]. Furthermore, in studies the performance of 

concretes containing CNT and fiber, it has been stated that the compressive strength of CNT/steel fiber 

reinforced concrete is higher than only CNT reinforced concrete [26, 27]. In the previous study, the 

resistivity of ferrochrome filled conductive mortars containing SWCNT-SF decreased to 1000 Ω.cm [28]. 

In addition, the resistivity of CF reinforced ferrochrome filled conductive mortars has been reported up to 

200 Ω.cm [29]. 

In this study, the microstructure, strength, and electrical resistance performances of SWCNT/steel fiber 

reinforced concrete, which have not yet been studied in the literature, were researched. Also, the effects of 

dispersed SWCNT and steel fiber on the engineering properties of cement paste were investigated 

comparatively. It is aimed to improve the resistivity properties and improve the mechanical properties of 

SWCNT/steel fiber conductive concrete. Compressive strength, flexural strength, dynamic resonance, 

UPV, and Leeb hardness tests were performed to examine the effect on the mechanical behavior of 

cementitious materials containing SWCNT and steel fiber. Also, the effect of SWCNT on damping ratio 

was investigated by dynamic resonance tests. Scanning electron microscopy (SEM) was used to investigate 

the role of SWCNTs and steel fibers in increasing the fracture resistance of conductive concretes and to 

investigate the morphological properties of the fibers. To examine the effect of additive components added 
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to cement paste on the electrical conductivity performance of concrete, measurements were made at 

different time intervals. 

2.MATERIALS AND METHODS 

2.1. Material Properties 

Silica sand was used as the fine aggregate material in the all mixtures. In the literature, there are studies on 

electrically conductive cementitious materials produced with silica aggregate [28, 29]. CEM II-42.5 R white 

cement, which is preferred in facade cladding, was used as binder. As a pozzolanic additive material, 

calcined kaolin was preferred in equal proportions in all mixtures. Previous studies have shown that 

calcined kaolin performs well when used with white cement [30, 31]. The particle size ranges of silica sand, 

cement and calcined kaolin were compared in Table 1. The SWCNT dispersed with the carboxy methyl 

cellulose agent used in the study was provided by TUBAL. The carbon content of the SWCNT used was 

99 ± 1 wt% and had a diameter of 1 – 2 nm. The length of this material, which is very flexible and strong, 

is about 3000 times its diameter. Normal tap water was used as mixing water. Stainless steel fiber (SF) with 

a length of 12.5 mm and a diameter of 0.175 mm was preferred as conductive fiber in mixtures. 

Polycarboxylate based superplasticizer was used to ensure adequate workability in all mixtures. Details of 

conductive mortar mixtures are given in Table 2. Silica sand (SS) filled pure mixture is a normal premix 

mortar consisting of filler, binder, pozzolanic, water and plasticizer, and is defined as the matrix for other 

mixtures. In the premix mixture, all dry ingredients are put into the mixer, mixed for 90 seconds, then 

plasticizer is added together with water and mixed for 90 seconds again and placed in molds. In the mixtures 

containing SWCNT, the water of the solution with SWCNT was taken as the basis instead of mains water. 

In steel fiber mixtures, after all the components came together, when the matrix was ready, the fibers were 

added and mixed with a mixer for one minute. 

Table 1. Granulometry of aggregates, cement and calcined kaolin used. 

silica sand Cement calcined kaolin 

sieve size (µm) 

Passing 

(%) sieve size (µm) 

Passing 

(%) sieve size (µm) 

Passing 

(%) 

10 3.49 2 6.54 10 67.11 

20 5.9 3 11.59 20 90.57 

30 9.76 4 15.88 30 99.32 

40 12.33 5 19.25 40 100 

45 12.97 6 22.1 - - 

50 13.3 7 24.86 - - 

60 13.51 8 27.81 - - 

70 13.51 9 31.07 - - 

80 13.51 10 34.66 - - 

90 13.51 20 76.9 - - 

100 13.51 30 97.35 - - 

150 14.7 40 100 - - 

200 23.53 - - - - 

250 39.2 - - - - 

300 56.01 - - - - 

350 70.45 - - - - 

400 81.46 - - - - 

450 89.16 - - - - 

500 94.13 - - - - 

1000 100 - - - - 
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Table 2. Component ratios in electrically conductive mortars. 

No Code 

Silica sand 

(g)  

Cement 

(g) 

Calcined 

kaolin (g) 

Water 

(g) 
SF (%) 

SWCNT 

(%) 

Superplasticizer 

(g) 

1 SS 1350 500 50 209 0 0 6 

2 SS-SF 1270 500 50 209 4 0 6 

3 SS-CNT0.2 1350 500 50 209 0 0.2 8.5 

4 SS-CNT0.3 1350 500 50 209 0 0.3 10.5 

5 SS-SF-CNT0.2 1270 500 50 209 4 0.2 8.5 

6 SS-SF-CNT0.3 1270 500 50 209 4 0.3 10.5 

  

2.2. Test methods 

Within the scope of the study, non-destructive tests were carried out on 40 x 40 x 160 mm prismatic 

specimens without being subjected to destructive tests (compressive and flexural strength). Electrical 

resistivity measurement, ultrasonic pulse velocity (UPV), dynamic resonance and Leeb hardness tests were 

performed as non-destructive tests. Two-point uniaxial test method was used for electrical resistivity 

measurement. This method is also used frequently in the literature [32, 33].  In this method, a certain 

potential difference is applied between the two surfaces of the sample and the amount of current flowing is 

measured. Using ohm's law, the resistivity of the sample is obtained. A potential difference of 30V was 

used in all resistivity measurements. The frequency was fixed at 50 Hz during the resistiviti measurement. 

The UPV test was carried out to obtain information about the defects in the internal structure of the samples. 

In the UPV test, probes are placed on both sides of the sample. While one of the probes sounds, the other 

probe reads the elapsed time of the sound. The UPV value is obtained by dividing the sample length by the 

elapsed time. In the dynamic resonance test method, the sample was fastened in the midpoint between two 

supports and oscillation was applied from one end of the sample with a spherical impact pull, while the 

impact response from the other end was measured with an accelerometer. The damping ratio of the sample 

was determined according to the data obtained. Test setup images summarizing the all experimental 

procedure are shown in figure 1. UPV tests were performed according to ASTM C597 [34]. Longitudinal 

resonance frequency testing was performed for all samples according to ASTM C215 standard [35]. The 

ASTM A956 standard [36] was used to determine the Leeb hardness of the produced samples. Flexural and 

compressive strength tests were carried out in accordance with the TS EN 196-1 standard [37]. In addition, 

densities were calculated by measuring the dry weight and dimensions of all 28-day samples. 

Microstructural and morphological properties of SS, SS-CNT0.2 and SS-CNT0.3 samples were determined 

by SEM characterization tests. Also, the effect of adding a high amount of SWCNT to the conductive 

concrete on the elemental formations in the structure was investigated by EDS-mapping of the SS-CNT0.3 

sample. In addition, the crystal phases of the SS, SS-CNT0.2 and SS-CNT0.3 samples were analyzed using 

X-ray diffractometry at a scan rate of 1°/min and a test range of 10°–70°. 

 

Figure 1. Experimental flow view. 
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3. RESULTS AND DISCUSSION 

3.1. Electrical Resistivity 

The electrical resistivity values of the mortar samples are summarized in figure 2. All values are calculated 

according to the amount of current obtained by applying a potential difference of 40 volts. Considering the 

180-day resistivity results, it was determined that the resistivity value of the reference sample was 2-13 

times higher than the resistivity values of the other mixtures. In addition, when the electrical resistivity 

values of all mixtures were examined according to the age of the sample, a decrease of approximately 9-22 

times was observed between the values of 2 and 180 days. As can be seen from the figure, the difference 

in resistivity decreased in older ages. This may mean the complete disappearance of the internal water. The 

highest conductivity loss due to age was observed in the SS-SF sample as 22 times. While the 2-day 

resistivity value of this mixture was 939 Ω.cm, the 180-day resistivity value increased to 21300 Ω.cm. In 

this mixture, a remarkable conductivity value was read when the presence of hydration water in the mixture 

and the intrinsic conductivity of the steel fiber were combined in the first 2 days. However, the conductivity 

decreased as a result of the loss of water over time. Another important reason in this mixture is that the 

electrical current path is closed/decreased by coating the steel fibers with hydration products over time [32]. 

The electrical resistivity results of the mixtures with the addition of 0.2% and 0.3% carbon nanotubes for 

180 days were decreased by 28% and 89%, respectively, when compared to the reference mixture. It can 

be said that this is entirely due to the conductivity effect of SWCNT itself. When the resistivity results of 

the 2-days 0.2% and 0.3% carbon nanotube added mixtures were examined, it decreased by 68% and 87%, 

respectively, when compared to the reference mixture. The point that draws attention here is that the 

resistivity of the mixture with 0.3% SWCNT changes very little over time. When SF was added to these 

two SWCNT added mixtures, the resistivity values were observed to decrease 7.4 and 12.9 times, 

respectively, compared to the reference sample. Steel fibers form a network within the matrix containing 

the SWCNT, both providing the current passing through it and reducing the resistivity of the matrix by 

connecting the SWCNTs to each other. The 180-day resistivity values obtained within the scope of the 

study were between 40557-3154 Ω.cm. The specification of a conductivity class for concretes may vary for 

different purposes. The electrical resistivity of the outdoor dried concrete was determined as 6.54 x 105–

11.4 x 105 Ω.cm. In addition, according to studies conducted by different researchers, the electrical 

resistivity of saturated concrete and dry concrete were found to be 106 Ω.cm and 109 Ω.cm, respectively 

[38]. 

 
Figure 2. 2-180 Days electrical resistivity results of mortar specimens. 

3.2. Dynamic Resonance Test Results 

The results of the dynamic resonance test, which is one of the important test methods for building materials 

within the scope of the study, are summarized in figure 3. In the figure, damping ratios are shown as balls 

and highlighted in the same color as the guide lines colored according to the sample codes. Amplitude curve 

was drawn in wide frequency range under the resonance test results, and damping ratios of all samples were 
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calculated accordingly. When the figure is examined in general, it is observed that the damping ratio values 

increase as the amplitude curves become horizontal. In the literature [39], high-narrow amplitude curves 

correspond to low damping ratio and low-wide curves correspond to high damping ratio. Considering the 

damping ratio values, it was observed that the damping property increased with the addition of steel fiber 

and SWCNT. The highest damping ratio was obtained for the SS-SF-CNT0.2 sample as 11%. The damping 

ratio of this sample improved as 84.40% compared to the reference (SS) sample. The damping ratio of the 

SS-SF sample containing 4% SF increased by 52.8% compared to the reference. Also, the damping rate of 

the samples containing 0.2% and 0.3% SWCNT improved 42.5% and 22%, respectively, compared to the 

reference. However, damping ratios of SS-CNT0.2 and SS-SF-CNT0.3 samples were obtained as equal. 

Luo et al. [40] in their study on cementitious composites containing carbon nanotubes, they emphasized 

that carbon nanotubes act as bridging microcracks, increase the interfacial "stick-slip" capacity and 

therefore improve the damping ratio. Also, in a previous study [41] on UHPCs, positive effects on the 

damping ratio of steel fiber were proven. 

 

Figure 3. Dynamic resonance test results. 

3.3. Ultrasonic Pulse Velocity 

When the UPV values are examined, it is observed that they are mostly in a parallel relationship with the 

density values. The UPV test method, known as the nondestructive method, is a technique used to determine 

the estimated compressive strength of building materials. UPV refers to the time it takes for the ultrasonic 

pulse to transfer a certain distance along the material, usually in concrete and mortar samples. In addition, 

internal defects such as porosity, microcracks and voids can also be detected by UPV testing. Therefore, it 

is possible to obtain information about the homogeneity of the material by performing the UPV test [42]. 

In order to obtain information about the internal structure defects of the samples produced in this study, 

UPV tests were performed and their dry densities were calculated. The results are summarized and 

compared in figure 4. Also, the linear relationship between UPV and density is given in figure 5. When the 

correlation coefficient between them was examined, a strong parallelism was observed. This is proof that 

the UPV values are directly related to the sample porosity ratio. Only the UPV value of the SS-SF sample 

decreased compared to the SS, while the density value increased. The UPV reduction in this mixture was 

6.04%. Since the unit weight of steel fiber is about 4 times higher than the mortar, an increase in the density 

of the mortar with steel fiber addition can be observed, but the voids that occur in the mortar may cause a 

decrease in the ultrasonic transmission velocity. In the previous study [41], an increase in density and a 

decrease in UPV were observed in cementitious products with steel fiber added. The UPV values of the SS-

CNT0.2 and SS-CNT0.3 mixtures decreased by 18% and 32%, respectively, compared to the reference. 
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SS-CNT0.3 had the lowest UPV and density values among the samples. Therefore, except for electrical 

conductivity, other properties such as mechanical and physical are expected to weaken. 

 
Figure 4. UPV test results and density values of specimens. 

 
Figure 5. Relationship between UPV and Density values. 

3.4. Leeb Hardness Results 

Leeb hardness test was applied to obtain information about the surface hardness of the conductive mortar 

samples and the results are shown in figure 6. Leeb hardness value of SS-SF sample increased by 8.25% 

compared to SS. The reason for this is that steel fibers not only form a network in the mortar mixture, but 

also create a texture on the sample surface, increasing its hardness. The hardness values of SS-CNT0.2, SS-

CNT0.3, SS-SF-CNT0.2 and SS-SF-CNT0.3 samples decreased by 15.13%, 28.90%, 9.48% and 22.21%, 

respectively, compared to the SS reference sample. With the addition of SWCNT, serious decreases were 

observed in the hardness values as well as the UPV values of the mixtures. This is entirely related to void 

formation due to low workability. Despite all these, the hardness values were obtained as 365-555 within 

the scope of the study. 

There are a few Leeb hardness studies on normal concretes, although limited. Song et al. [43] investigated 

the Leeb hardness of sodium silicate based concrete and normal C30 concrete and concluded that the 

average hardness value of normal concrete was 362 HL and that of sodium silicate based concrete was 405 

HL. The hardness values of the 28-day GRC specimens produced in this study were measured between 509 

and 548 HL. Therefore, the results prove to be compatible when compared to normal concrete. The 2 and 

7 day Leeb hardness results were measured as 396-438 and 456-510, respectively. Gomez-Heras et al. [44] 

stated that the finer the grain size, the higher the Leeb hardness. This situation is directly related to the 

filling of fine-grained minerals into micro and macro pores [45]. However, since the ratio of nano-sized 

SWCNT used in this study was higher than necessary and the presence of carboxymethyl cellulose as a 
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carrier material also caused defects in the mixture. Leeb hardness values were also low due to the 

imperfections. 

 
Figure 6. Leeb hardness values of conductive mortars. 

3.5. Mechanical Test Results 

The compressive and flexural strength results of conductive mortars containing carbon nanotubes are 

compared in figure 7. It is noteworthy that the strength of the mixtures decreased with the addition of 

SWCNT. However, considering the electrical resistivity results, the strength values were at an acceptable 

level considering the purpose of the study. The reason for the decrease in strength of SWCNT added 

mixtures is that the carbon nanotube has a high interfacial area, leading to low machinability and the 

formation of a more defective structure. In addition, the high concentration of carboxymethyl cellulose used 

as a dispersing agent in the SWCNT solution may leave permanent voids in the internal structure of the 

mortar, causing a decrease in strength. On the other hand, since the aim of this study was to design a 

conductive mortar mix, the SWCNT ratio was kept above the literature, which may decrease the strength 

by causing low adherence between the filler and the binder in the mixture. Studies [31, 46], have reported 

improvements in the strength of cementitious materials using lower dosages of SWCNT.  

The compressive strengths of the mixtures containing 0.2% and 0.3% SWCNT decreased by 41.5% and 

57.8%, respectively, compared to the reference sample. When 4% SF was added to the same mixtures, the 

decrease in strength was 30.3% and 52.1% compared to the reference. In addition, the compressive strength 

of the mixture containing only 4% SF increased by 17.4% compared to the reference. When the flexural 

strength results are examined, it is understood from both figure 7 and figure 8 that the values are in a parallel 

relationship with the compressive strength results. The flexural strength of the SF added mixture increased 

by 61.4% compared to the reference sample. The flexural strengths of the 0.2% and 0.3% SWCNT added 

mixtures decreased by 21.1% and 34.7%, respectively. The flexural strength of the mixture with 0.2% 

SWCNT and 4% SF increased by 26.3%. Also, the flexural strength of the mixture with 0.3% SWCNT and 

4% SF was decreased by 26.3% compared to the reference. As a result, the decrease in compressive and 

flexural strengths may be related to the high SWCNT ratio. [47] Kang et al. investigated the strength of 

SWCNT-added cement composites at 0, 0,02, 0,04 and 0,06 wt% (based on cement weight). The positive 

effect of SWNT was observed in mixtures using dispersion additive. The maximum compressive strength 

was obtained for the composite containing 0.06% by weight of SWCNT. While Musso et al. [48] reported 

that functionalized CNTs had a negative effect on mechanical properties, they reported a significant 

improvement with both grown and annealed CNTs. 
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Figure 7. Compressive and flexural strength results. 

 
Figure 8. Linear relationship between compressive and flexural strengths. 

3.6. Microstructure Analysis Results 

Microstructure pictures of silica sand characterized by SEM at different magnifications are shown in figure 

9. In figure 9 (a), it is seen that silica sand particles form a high-density structure. On the other hand, it was 

observed that air voids were formed in the microstructure. It can be stated that SiO2, which is the main 

component of silica sand, provides a high level of binding in the cement mixture and influences the strength 

values of the concrete sample (figure 9 (b)). It is understood that the intertwined SiO2 particles have 

irregular shapes. The non-homogeneity of the particles can be attributed to the interparticle Van-der-Waals 

force and the tendency of the particles to agglomerate as reported by Saleh et al. [49]. The lack of porous 

structures in the morphology of the SS sample in high magnification SEM images (fig. 9 (c) and (d)) may 

be associated with Ca(OH)2 in the mixture. The presence of C-S-H gel formed by the hydration reaction 

was determined. Thus, it can be said that C-S-H formations are effective on the compressive and flexural 

strengths of the SS concrete sample. The association of C-S-H formations with high compressive strength 

can be attributed to the bond strength of the particles in the mixture. It is reported that silica sand fills the 

pores by reducing the Ca(OH)2 components and transforms the Ca(OH)2 crystals of silica sand into C-S-H 

structure [49]. In addition, the ratio of silica sand in the cement mixture of the SS sample prevented the 

increase in the pore size in the matrix and contributed to the formation of dense structure. Furthermore, 

Huynh et al. [50] reported that the silica content in the cement paste prevented the formation of cracks in 

the concrete sample. Accordingly, the absence of cracked structures in the SEM images of the silica sand 

filled SS sample can be attributed to the silica content in the cement mixture. 
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Figure 9. SEM images of SS sample at different magnifications. 

SEM images of the conductive concrete sample containing 0.2% by weight of SWCNT at different 

magnifications are shown in figure 10. The low magnification SEM image shows micro-crack formation in 

the cement matrix (figure 10 (a)). The resulting micro-crack can be associated with the decrease in 

compressive and flexural strength values of 0.2% SWCNT added to the silica filled concrete mortar. C-S-

H gel formations seen in figure 10 (b) morphology contributed to the compact structure in the sample. 

However, it can be said that the ettringite formations shown in the yellow dashed circle have a negative 

effect on the strength of the cement mortar. The enlarged SEM picture of the yellow dashed circle in figure 

10 (b) is shown in figure 10 (c). It is seen that ettringite phases are formed clearly. The magnified SEM 

morphology of figure 10 (c) shows prominent ettringite formations and SWCNTs shown in the red dashed 

circle (figure 10 (d)). It can be noted that SWCNTs dry conductive network forming electrical conductivity 

between components in cement mortar [14]. In addition, the C-S-H formations shown in the red dashed 

circle and the SWCNT fibers interlocked to form a compact structure. 

 
Figure 10. Microstructure of SS-CNT0.2 conductive concrete sample at different magnifications. 
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Figure 11 shows SEM images of a 0.3% SWCNT reinforced silica-filled cement mortar sample at different 

magnifications. As in the morphology picture of SS-CNT0.2 sample with 0.2% SWCNT additive, micro-

crack formation is observed in the low-magnification SEM image of SS-CNT0.3 sample. In the SS-CNT0.3 

sample, voids were formed in the morphology due to the increase in the amount of reinforcement 

component added to the cement mortar. The voids formed by the increase in the SWCNT content in the 

mixture caused the above-mentioned compressive and flexural strength values to decrease compared to the 

SS-CNT0.2 sample. It is seen that ettringite occurrences increase along the morphology in figure 11 (b). In 

addition, the presence of C-S-H products, which contribute to the increase in density in the microstructure, 

prevented a serious decrease in the strength values of concrete. Moreover, the CMC component shown in 

the green circle in figure 11 (b) improved the adhesion of the products in the cement mixture. Figure 11 (c) 

shows SWCNT fibers as well as C-S-H and ettringite components. In addition, it is seen that the SWNT 

fibers shown in the blue circle act as a bridging link between the hydration products. A high-magnification 

SEM image of the region shown in the black dashed circle in figure 11 (c) is given in figure 11 (d). Ettringite 

and C-S-H products are more prominent. In addition, the SWCNT fibers are seen to be clearer in the high 

magnification image and it has been confirmed that it forms conductive bonds between the hydration 

products. Nguyen et al. [5] reported that the fibers in the cement matrix effectively bond with the hydration 

products. Although the mechanical properties decrease with the increase in the SWCNT content added to 

the cement mixture in the above-mentioned strength test results, it can be said that SWCNT fibers contribute 

to the strength of the SS-CNT0.3 conductive concrete sample and improve its electrical conductivity 

properties. Furthermore, as stated by Hu et al. [16], very few SWCNTs in porous areas and their scattered 

clusters in the matrix caused a decrease in the mechanical strength of the SS-CNT0.2 sample. 

 
Figure 11. Microstructure of SS-CNT0.3 conductive concrete sample at different magnifications. 

Figure 12 shows the elemental analysis results of the EDS mapping process taken from the low 

magnification SEM image of the SS-CNT0.3 sample. Calcium (Ca), oxygen (O), carbon (C), silicon (Si) 

and magnesium (Mg) elements were detected in the EDS mapping of the 0.3% SWCNT supplemented 

sample. It is seen that silica sand and cement mortar are dispersed in every region of the sample. The 

homogeneous distribution of Ca and Si elements constituting the C-S-H component in the mapped 

microstructure can be attributed to its contribution to improving the compactness of the sample structure. 

The porous structures are seen in the black circles in the EDS mapping image shown in figure 12 (b). When 

the distribution of the carbon element in figure 12 (c) is examined on the mapping, it is seen that the 

mapping in figure 12 (b) does not exist in the porous structures. Thus, it can be said that the SWCNT fibers 

in the matrix are not very effective in closing the gaps in the morphology and as a result, they do not provide 
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the desired contribution to the mechanical properties of the concrete sample. On the other hand, it can be 

stated that the distribution of the carbon element throughout almost the entire morphology in EDS mapping 

contributes to the resistance reduction of the conductive concrete sample by forming a conductive network 

between the cement matrix components of the SWCNTs. 

 
Figure 12. Elemental mapping of SS-CNT0.3 sample. 

XRD patterns of SS, concrete sample is presented in the figure 13 quartz, calcite, and C3S phases were 

formed in the X-ray diffraction patterns of the SS sample. The compact structure formed by the hydration 

products described in the SEM analysis of the SS sample in the sample morphology can be associated with 

the crystal phases detected in the XRD analysis of the SS sample. In addition, it can be said that the silica 

sand in the SS sample has an improving effect on the mechanical properties of the concrete sample by 

affecting the microstructure in the cement mixture. C3S phase was formed with the hydration of minerals 

that harden the cement. It is seen that the crystals formed because of hydration are compatible with the 

SEM analysis results and these crystals have contributed to the strength of the concrete sample by filling 

the voids in the microstructure [49]. On the other hand, carbon, C3S, ettringite, portlandite phases are seen 

in the XRD analyzes of the conductive component samples produced with 0.2% and 0.3% SWCNT added 

to the SS sample. As seen in figure 13, the higher carbon peak intensity in the SS-CNT0.2 sample compared 

to the SS-CNT0.3 sample may be associated with the agglomeration of SWCNTs in the matrix. However, 

the higher C3S and portlandite peak intensities in the SS-CNT0.3 sample compared to the SS-CNT0.2 

sample confirms that the high SWCNT content in the cement mixture causes agglomeration in the matrix 

and the hydration products are dominant in the matrix. In addition, the reduction of calcite phases in the 

SS-CNT0.2 and SS-CNT0.3 samples can be attributed to the improvement of the structural properties of 

the samples [51]. 

 
Figure 13. XRD patterns of SS, SS-CNT0.2 and SS-CNT0.3 conductive concrete samples. 



248 Fatih DOĞAN, Heydar DEHGHANPOUR, Serkan SUBAŞI, Muhammed MARAŞLI / GU J Sci, Part C, 11(1):236-251 (2023)

  

4.CONCLUSIONS 

While electrical resistivity values increased rapidly in the first ages, the rate of increase decreased in 

advanced ages. The reason for this was the drying of the samples and the loss of water in their bodies over 

time. A positive effect of SWCNT on conductivity was observed, but more reasonable results were obtained 

when used with SF. According to the dynamic resonance test results, SWCNT and SF caused the damping 

ratio to improve. Proving each other, the UPV, Leeb hardness and density values decreased with the 

addition of SWCNT. This was due to void formation due to low machinability. The compressive and 

flexural strengths of mixtures containing only carbon nanotubes were significantly reduced compared to 

the reference sample, but the addition of steel fiber slightly improved the values. In SEM morphology 

analysis, it has been reported that the particles in the SS sample have irregular shapes and the particles form 

a compact structure by intermingling with each other. It was observed that the pore size increased, and 

crack formation was prevented in the microstructure of the SS sample, depending on the silica sand ratio. 

In the SEM images of CNT reinforced silica sand samples (SS-CNT0.2 and SS-CNT0.3), it was stated that 

the SWCNT fibers in the cement matrix contributed to the reduction of the electrical resistance of the 

sample by establishing a conductive bond between the hydration products. However, the SWCNT in the 

cement mixture was not very effective in improving the strength properties of the concrete sample due to 

poor bridging function in the matrix porous structures. Although the SWCNTs were not fully active in the 

porous structures in the EDS-mapping analysis, their distribution in morphology improved the electrical 

conductivity of the sample. The crystalline phases in the structure were determined by X-ray analysis of 

SS, SS-CNT0.2 and SS-CNT0.3 samples. Accordingly, it was understood that the microstructures in the 

SEM characterizations and the XRD results were compatible with each other. It has been explained that the 

carbon peak intensities determined in the XRD phase analyzes of the samples containing SWCNT in the 

cement mixture are effective on the strength and conductivity of the concrete sample. 
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