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Abstract:The development of nanomaterials in recent years has allowed for the analysis of the possibility of 
modifying or improving the physical and mechanical properties in concrete manufacturing. Initially, a 
methodology for the dispersion of nanomaterials was established to homogenize the mixtures. Samples were 
prepared with varying amounts of MWCNT ranging from 0.05% to 0.25%, in combination with the SNS 360 
system at 1% and 2%, alongside a control mix without nano-additions. The samples were fabricated using 
ordinary Portland cement (OPC) maintaining a water/cement ratio of 0.55. The results indicated a 30% 
improvement incompressive strength and xx% in tensile strength at 28 days. High compressive strengths were 
obtained 3 days after its manufacture, acting as an accelerator. At the same time, 
increasing the percentage of nano materials reduced the slump value and workability. In addition, the 
permeability decreased significantly compared to standard concrete.Therefore, the concrete mixture with two 
nanotechnology-based materials demonstrates significant advantages over conventional concrete by being 
more resistant to compression, traction, exhibiting lower permeability, and achieving high compressive 
strengths in less time 
Keywords: Graphene nanotubes, Portland cement, Nanotechnology, Soil Nano Stabilization, Physical 
mechanical properties 
 

1 Introduction 

The production of concrete represents one of the primary industrial activities worldwide, solidifying its position 
as the most important construction material for centuries. This material stands out primarily for its physical and 
mechanical properties, which facilitate the construction of durable and resilient structures. However, concrete 
manufacturing entails considerable challenges related to energy consumption, manufacturing processes, 
environmental effects, and potential implications for human health [1].Despite the advantages of conventional 
concrete, it also has limitations, especially in terms of long-term strength and durability. In this context, it is 
necessary to explore alternatives that can address current engineering problems through research. In this way, 
we would not only face the challenges mentioned above, but we could also solve part of these problems through 
innovation in new materials.Nanotechnology has shown its applicability in different fields, such as civil 
engineering [2]. Recently, the construction industry has been investigating how it can improve its traditional 
materials with the contribution of this technology.Research has been conducted using water nanobubbles that 
contribute to increased mechanical properties and durability.[3-4]. An outstanding example is the addition of 
nanomaterials, such as carbon nanotubes (CNTs), to Ordinary Portland Cement (OPC). This intervention has 
imparted superior properties to the material, marking a significant milestone in materials science [5-6].The 
carbon nanotube (CNT) is a fullerene with a tubular structure derived from hexagonal carbon walls, with 
nanometric dimensions in diameter and micrometric dimensions in length[7]. It is primarily distinguished in two 
variants: single-walled (SWCNT), with a single layer of graphene, and multi-walled (MWCNT), composed of 
multiple concentric layers of graphene[8-11] (Figure 1). 
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Figure 1. Conceptual illustration visually depicting single-walled carbon nanotubes (SWCNT) and multi-walled 
carbon nanotubes (MWCNT).) [12] 

The MWCNT, due to its excellent mechanical properties and conductivities, has shown to enhance those of 
cementitious composites in various applications [13]. Recent research underscores that the integration of 
MWCNT into cementitious matrices induces notable transformations in their inherent properties. For instance, 
an increase in compressive strength has been observed, ranging between 20% and 41%[14-19]. Regarding 
flexural strength, data suggest enhancements ranging from 25% to 33% [20-25]. In the context of tensile 
strength, a variable of utmost importance, reported advancements fall within the range of 20% to 31% [15], [26- 
28]. Simultaneously, MWCNT-reinforced composites have demonstrated increased resistance to freeze-thaw 
cycles, optimizing their durability within a spectrum ranging from 26% to 57% [23-33]. Concerning 
permeability, results show a substantial reduction, directly favoring the service life of structures [34-39]. Global 
durability, on the other hand, has experienced notable strengthening, exhibiting greater resistance in the 
presence of sulfates and under low-temperature conditions [40-43]. In terms of fire resistance, it is noteworthy 
that concrete enriched with MWCNT exhibits a significant increase in its mechanical properties when reaching 
temperatures above 300°C, accompanied by reduced flame spread, contributing to resilience and structural 
safety [44-48]. 
Simultaneously, the SNS 360 System stands out as an advanced solution in soil nano-stabilization. Comprised 
mainly of cationic surfactants of plant origin, the system presents two essential chemical components, a liquid 
nano formulation (NLF), and another solid nano formulation (NPF). Various studies have confirmed their ability 
to enhance the physical and mechanical characteristics of native soils, reaching optimal levels of stabilization. 
Their action focuses on reducing the surface tension of water in the fine soil particles, thus limiting their wetting 
ability [49]. Although its original development was focused on soil stabilization, this material has demonstrated 
its versatility by finding prominent applications in various fields of civil engineering, providing relevant 
solutions in large-scale projects [50-61]. An emerging hypothesis suggests that by combining the waterproofing 
properties of the SNS 360 with the addition of multi-walled carbon nanotubes (MWCNT), we would obtain 
concrete with superior strength and durability. 
This work focuses on studying the physical and mechanical properties of structural concrete designed for a 
specific strength of 21 MPa from mixtures incorporating different percentages of Graphene Nanotubes and the 
SNS 360 System. This study aims to establish the combined effects of these nano-additions. 
 
2Materials and methods 

2.1 Cement and Aggregates 

For the preparation of the samples in this investigation, Ordinary Portland Cement (OPC) was used as the 
binding agent, in accordance with ASTM C150 [62]. The physicochemical characteristics of this cement are 
detailed in Table 1. It is worth mentioning that the aggregates selected for this study are in accordance with 
ASTM C136 [63]. 
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Tabla 1. Physicochemical characteristics of the cement  

Tests  Type Value  Unit Test standards  Results Ref 

Chemical Requirements   

MgO Max 6.0 % 

ASTM C114 

2.1 

[88] SO3 Max 3.0 % 2.8 

Loss on ignition Max 3.5 % 3.1 

Insoluble waste Max 1.5 % 0.6 

Physical requirements   

Air content   Max 12 % ASTM C185 8 [89] 
Fineness, specific 
surface   

Min  2600 
cm2/g ASTM C204 4000 [90] 

Autoclave 
expansion  

Max  0.80 
% ASTM C151 0.07 [91] 

Compressive 

strength             
3 days Min  12.0 Mpa 

ASTM C109 

29.4 

[92] 7 days  Min  19.0 Mpa 36.6 

28 days Min  28.0 Mpa 45.3 

Vicat Setting 

Time         
Initial setting   Min  45 Minutes ASTM C191- 

13 
139 

[93] 
Final setting   Max 375 Minutes 250 

 

The properties of fine and coarse aggregates are presented in Table 2, Table 3; Figure 2, Figure 3. 
Tabla2. Sieve analysis of fine aggregates  

Sieve  Retaining 
Weight 

Comulative 
retaining 

Passing  
Passing 

(%)  
ASTM C33 
requirement 

Pulg. (mm.) 

1/2" 12.700 0 0.0 0.0 100.0 100 100 

3/8" 9.500 4.04 0.8 0.8 99.2 100 100 

Nº 04 4.750 19.01 3.9 4.7 95.3 95 100 

Nº 08 2.360 31.92 6.5 11.2 88.8 80 100 

Nº 16 1.180 81.01 16.5 27.7 72.3 50 85 

Nº 30 0.600 92.028 18.7 46.4 53.6 25 60 

Nº 50 0.300 108.91 22.2 68.6 31.4 10 30 

Nº 100 0.150 58.3 11.9 80.4 19.6 2 10 

fund   104.822 21.3 101.8 -1.8     
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Figure 2. Gradation curve of fine aggregates. 
 

Tabla3.Sieve analysis of coarse aggregates  

Sieve  Retaining 
Weight 

Comulative 
retaining 

Passing  
Passing 

(%)  
ASTM C33 
requirement 

Pulg. (mm.) 

2" 50.00 0.0 0.0 0.0 100.0   
1 1/2" 38.00 0.0 0.0 0.0 100.0 100.0 100.0 

1" 25.00 7.0 0.1 0.1 99.9 90.0 100.0 
3/4" 19.00 997.0 14.3 14.4 85.6 40.0 85.0 
1/2" 12.70 4250.0 61.2 75.6 24.4 10.0 40.0 

3/8" 9.52 1360.0 19.6 95.2 4.8 0.0 15.0 
Nº 04 4.75 330.0 4.7 99.9 0.1 0.0 5.0 
Nº 08 2.36 0.0 0.0 99.9 0.1 0.0 0.0 

Nº 16 1.19 0.5 0.0 99.9 0.1 0.0 0.0 
Fondo   5.6 0.1 100.0 0.0     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Gradation curve of coarse aggregates. 
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2.2 Nano-Additions 

Hydroxylated multi-walled carbon nanotubes (MWCNT) in powder form were used. he manufacturer's 
datasheet from Nanjing XFNANO Materials Tech Co.,Ltd does not establish toxic properties for living 
organisms or the environment. The physical specifications of these nanotubes are detailed in Table 4. On the 
other hand, SNS 360 is a plant-based surfactant agent; its relevant properties are found inTable5. 
 

Table 4. Properties of carbon nanotubes (MWCNT) 

Parameters  Valor  

Outer diameter 10-30 nm 

Inner diameter 5-10 nm 

Tube length 10-30 μm 

C content >95 wt% 

Specific surface area >110 m2/g 

Apparent density 0.14 g/cm3 

Tap density ~2.1 g/cm3 

Conductivity >100 S/cm 
 

Table 5. Properties of Soil Nano Stabilization (SNS 360) 

Characteristics  Specification  Analytical Method 

Appearance/color granulated solid Visual 

Color Gray Visual 

Density at 20°C 0.84 - 0.92 g/ml Maquilador Method 

pH (70°C) 5.5 - 7.5 Maquilador Method 

 

2.3MWCNT Dispersion Method 

The proper dispersion of CNT (carbon nanotubes) is vital in determining the characteristics of nanocomposites. 
These nanomaterials tend to aggregate due to attractive forces, such as Van der Waals forces, which complicates 
achieving a uniform distribution in the mixture [64-69]. The same difficulty arises when attempting to disperse 
these nanomaterials in cement-based compounds. Attempting to mix CNT directly into cement paste while 
mixing is not practical, as the cement begins to thicken rapidly after water addition [70-74]. To fully utilize the 
properties of these nanomaterials, an effective dispersion method is needed to counteract their natural tendency 
to aggregate. A common technique is ultrasonication, often in combination with other methods [75-79]. The 
effectiveness of this technique depends on various factors, such as duration, type of ultrasonic device, and the 
quality and quantity of MWCNT (multi-walled carbon nanotubes) used. 
In the research, mixtures have been established using different amounts of MWCNT relative to the weight of the 
cement, and a soil stabilizer, SNS 360, has been used at concentrations of 1% and 2%. Detailed specifications of 
these mixtures can be found in Table6. 

Table 6. Proportions For Concrete Mixes with MWCNT And SNS 360  

Mixes Ratio  Cement SNS 360  MWCNT 

 w/c Kg/m3 % % 
     

PI-001 0,55 460 - - 

PI-002 

0,55 460 1% 

0.10% 

PI-003 0.25% 

PI-004 0.05% 

PI-005 

0,55 460 2% 

0.05% 

PI-006 0.10% 

PI-007 0.25% 
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2.3 Sample Preparation 

To prepare the mixtures, MWCNT were first weighed and added to water, briefly stirred with a glass rod to 
achieve initial predispersion. Subsequently, ultrasonication was applied to ensure proper dispersion, operating 
the device at a power of 120 W and a frequency of 40 kHz for 45 minutes at a temperature of 35°C. Figure 4 
illustrates this mixing process in action. 
 
 
 
 
 
 
 
 

 

 

 

 

 

Figure 4. MWCNTs dispersion procedure. 
 
The MWCNT, except in the standard mixture without additions (PI-001), were dispersed using ultrasound in 
20% of the mixing water for one hour to achieve homogeneous dispersion. Figure 5 shows the exact process of 
concrete preparation. Then, the concrete was poured into cylindrical molds of 6"x 12" and prisms of 6"x 6"x 22" 
to evaluate its mechanical properties. Simultaneously, a physical evaluation of fresh concrete was conducted. 
Finally, molding and curing of the samples were carried out following ASTM standards C109 [80] and C348 
[81]. 
 

 
Figure 5. Concrete Preparation Process 

 
As indicated earlier in the sample preparation, ASTM standards C109 and C348 have been considered. These 
standards establish the environmental conditions under which the samples should be prepared. Figure 6 shows 
the temperature record during the preparation of each sample design. The ambient conditions did not exceed 
32°C.  
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Figure 6. Concrete temperature vs. ambient temperature 
Figure 7 shows a photograph taken with a scanning electron microscope. In the 3µm scale photograph, the 
homogeneous distribution of the nanotubes can be observed. These materials, due to their nature and size, tend 
to form agglomerates. It can be seen that each of the nanotubes is individually arranged in the matrix. 
Additionally, it is also observed that the MWCNTs maintain their intact structure, meaning they have not 
fractured after the application of ultrasound.  
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. scanning electron microscope image of the concrete matrix with MWCNT. 
3Results 

3.1 Physical Properties 

To define the physical parameters of the concrete manufactured with different proportions of additives and the 
control sample, a total of 320 samples were analyzed in the laboratory.  
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3.1.1 Slump of fresh concrete 

The control mixture, PI-AI-001, without additions of CNT or SNS 360, exhibits optimal workability, with a 
slump exceeding7.62cm. However, upon incorporating CNT and SNS 360 into the mixtures, a decreasing trend 
in workability is evident. For instance, mixture PI-AI-007, which contains the highest proportion of CNT 
(0.25%) and 2% SNS 360, shows the lowest slump value, indicating a significant decrease in fluidity compared 
to the reference mixture, as illustrated in Figure 8. 
 
In Figure 8, the slump (CM) values for the different percentages of additives and the control sample are 
displayed. It is observed that the highest slump appears in the control sample with an average value of 10.16 cm, 
with the highest measured value being 11.32 cm and a minimum value of 9.88 cm, with a standard deviation of 
1.2 cm. Conversely, the lowest slump was measured in the sample with the highest percentage of addition, with 
an average value of 8.89 cm, presenting a maximum value of 9.46 cm and a minimum value of 8.27 cm, with a 
standard deviation of 1.36 cm. 80 slump measurements have been analyzed. 
The difference between the average slump values of the control sample (10.16 cm) and the sample with the 
highest nano-additive content (8.89 cm) is 1.27 cm. This reduction in workability does not limit the ability to 
handle samples with lower slump, making it unnecessary to incorporate additives to increase workability.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. Slump values of SNS 360 with MWCNT. 
It is observed that by increasing the percentage of SNS 360 in the mixes, there is a partial reduction in 
workability caused by CNTs. This observationaligns with the hypothesis that water can be trapped between 
CNT agglomerates, reducing its availability to contribute to concrete flowability. This characteristic is 
attributable to the high specific surface area of the nanoparticles and their surface tension properties. The 
hydrophobic nature of CNTs causes water to adhere to them, limiting the interaction with the concrete matrix 
and thus affecting workability [82-84]. 
3.1.2 Trapped Air Content 

Air content in the concrete was determined using the pressure method, according to ASTM C231 [94]. Figure 9 
highlights the behavior of entrapped air for different combinations of additives. The standard concrete, PI-AI-
001, exhibits an entrapped air percentage of 2.0%. However, upon incorporating different proportions of 
MWCNT and SNS 360, a reduction in entrapped air is observed, reaching values close to 1.75% for mixtures 
PI-AI-003 and PI-AI-007. Contrasting these results with those obtained in Figure 8, it is perceived that the 
standard mixture exhibits superior workability with a slump exceeding 3 inches. Mixtures with additions, on the 
other hand, show a decrease in fluidity, which could be correlated with the lower amount of entrapped air. 
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Figure 9. Air content of concrete with addition of MWCNTS and SNS 360 
 
According to the data, mixtures containing 1% of NPF tend to have a lower amount of trapped air compared to 
those containing 2% of NPF. This observation could be attributed to the interaction of the nanotubes with SNS 
360, modulating the amount of air incorporated in the concrete [8]. The interaction between MWCNT and water 
could reduce the amount of water available for concrete fluidity, directly impacting its workability and the 
amount of trapped air. These conclusions are consistent with previous studies that have analyzed the behavior of 
concrete mixtures with nanomodified additives. According to Sldozian et al., the introduction of nanoparticles 
into concrete can modify the physical and mechanical properties of the material, including workability and 
trapped air [85-87]. 
3.2 Mechanical properties 

3.2.1 Compressive Strength Tests 

Results regarding the compressive strength of different concrete mixtures with the addition of MWCNT and 
NPF are shown in Figure 10. The strength was measured at 3, 7, 14, and 28 days of curing. The control mixture 
(CS-001) exhibits an upward trend in average compressive strength as the curing time is extended, reaching 288 
kg/cm2 at 28 days.This test is conducted following the guidelines of ASTMC-39 standard. 
Upon breaking the concrete specimens according to different mixtures and days of breakage, it was observed 
that the standard deviation values are higher for specimens subjected to simple compression in the early days 
after the production of the specimens (4.24 Kg/cm2) with a maximum breakage value of 146 Kg/cm2 and a 
minimum of 140 Kg/cm2, and lower for specimens tested at 28 days (1.36 Kg/cm2), with a maximum breakage 
value of 291 Kg/cm2 and a minimum of 285 Kg/cm2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 10. Compressive strength of concrete samples at different ages 
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When incorporating 0.1% MWCNT + 1% SNS 360 (CS-002), a significant increase is observed, with a value of 
332 kg/cm^2 at 28 days. Similarly, mixtures with 0.25% MWCNT + 1% SNS 360 (CS-003) and 0.05% 
MWCNT + 1% SNS 360 (CS-004) showed strengths of 315 kg/cm^2 and 284 kg/cm^2, respectively. It is 
noteworthy that by increasing the amount of SNS 360 to 2%, the strengths tend to approach or exceed the 
standard, with the most notable case being the mixture with 0.25% MWCNT + 2% SNS 360 (CS-007) reaching 
350 kg/cm^2 at 28 days. Comparing the data with previous studies, coherence is found with research where 
CNT was added to concrete mixes, reporting an increase in strength of approximately 7% to 20% for additions 
of 0.01% to 0.03% of CNT [25, 85]. Similarly, our study aligns with findings indicating an increase of up to 
20% when similar percentages of nanostructured additives are included in concrete mixes. 
Tensile Strength Tests 

The tensile strength of various concrete mixes is an essential property that determines their ability to withstand 
tensile forces without fracturing. In the conducted study, different types of concrete with variations in their 
compositions were analyzed, as shown in Table 7, to understand how the additions of MWCNT and SNS 360 
affect their tensile strength during different curing stages (3, 7, 14, and 28 days).This test is carried out 
following the ASTMC-496standard [95] 

Table 7. Effect of MWCNTs and SNS 360 on the compressive and splitting tensile strengths of concrete 

Cod. Concrete Type 
Tensile Strength (kg/cm2) 

3 days 7 days 14 days  28 days 

TR-001 Control  18 17 22 32 

TR-002 0.10% MWCNT + 1% SNS 360 21 22 26 30 

TR-003 0.25% MWCNT + 1% SNS 360 17 25 29 31 

TR-004 0.05% MWCNT + 1% SNS 360 17 23 26 31 

TR-005 0.05% MWCNT + 2% SNS 360 20 25 24 27 

TR-006 0.10% MWCNT + 2% SNS 360 20 23 24 31 

TR-007 0.25% MWCNT + 2% SNS 360 22 23 28 30 
 
Initially, it is observed that the control mixture, known as TR-001, exhibited tensile strengths of 18, 17, 22, and 
32 kg/cm2 respectively during the mentioned curing phases. These values serve as a reference point to evaluate 
the performance of the other experimental mixes. 
Figure 11 represents the results where mixture TR-002, with a composition of 0.10% MWCNT + 1% SNS 360, 
showed strengths of 21, 22, 26, and 30 kg/cm2 throughout the curing period. Although it initially exhibits higher 
tensile strength than the control mixture during the first 14 days, by day 28, the tensile strength of the control 
mixture surpasses this experimental mixture. 
A similar trend is observed in other mixtures, such as TR-003 and TR-004, where despite presenting comparable 
or even higher strengths in the initial stages of curing, by day 28, they fail to surpass the control mixture. 
Mixture TR-007, with 0.25% MWCNT + 2% SNS 360, although initially having a high strength of 22 kg/cm2 at 
3 days, ends with a strength of 30 kg/cm2 at day 28, still lower than the control mixture. 
From this observation, it can be inferred that while the additions of MWCNT provide initial benefits in the 
tensile strength of concrete mixtures, the presence of SNS 360 does not seem conducive to maintaining or 
improving this strength over time, particularly when compared to the control mixture. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11. Effect of MWCNT and SNS 360% on tensile strength of concrete  
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EnsayoPermeabilidad (ASTM D2434-19) 

In the UNE-EN12390-8 permeability test, water penetration was analyzed in different concrete samples. 
Samples M-01 and M-02, which are standard concrete, showed average penetrations of 24.17 mm and 25.29 
mm, respectively, both within the maximum acceptable limit of 50 mm for mass or reinforced elements. 
Samples M-03 to M-05, with variations of MWCNT, but all with 1% NPF, showed a gradual decrease in 
penetration: 21.79 mm, 21.09 mm and 20.41 mm. Samples M-06 to M-08, with 2% NPF and MWCNT 
variations, had penetrations of 19.29 mm, 14.94 mm and 14.14 mm, respectively, values that also meet the mean 
acceptable limit of 30 mm for bulk or reinforced elements. This trend suggests that increasing MWCNT and 
SNS 360 improves the impermeability of the concrete. All samples met the established criteria, demonstrating 
the quality and resistance of the concrete to water penetration. 
 

Table 8.Effect of MWCNTs and SNS 360 on water penetration resistance. 
 

Cod.       

N° 

Concrete Type 

(kg/cm2) 

Age Time 

Face 

Max. penetration 

(mm) 

(Days) 
(72 ± 2 

Hours) 
Average 

PER-01 Standar Mix  28 72 
A 

24.73 
B 

PER-02 
 0.1%MECNT + 

1%SNS360 
28 72 

A 
21.79 

B 

PER-03 
 0.25%MWCNT 

+ 1%SNS360 
28 72 

A 
21.09 

B 

PER-04 
0.05%MWCNT 
+ 1%SNS360 

28 72 
A 

20.41 
B 

PER-05 
 0.05%MWCNT 

+ 2%SNS360 
28 72 

A 
19.29 

B 

PER-06 
 

0.10%MWCNT+ 
2%SNS360 

28 72 
A 

14.94 
B 

PER-07 

 

0.25%MWCNT 

+ 2%SNS360 

28 72 
A 

14.14 
B 

 
In the comparison of permeability tests according to Colombian standards NTC 4483 and UNE-EN12390-8, 
similarities in procedures and results are observed. NTC 4483 uses cylindrical specimens of 6" diameter and 12" 
height, evaluating permeability at 0.5 MPa. Varying the levels of Carbon Nanotubes (CNT) affects the depth of 
water penetration: at 28 days, significant reductions are recorded with additions of 5.00%, 10.00%, and 15.00% 
CNT. In the UNE-EN12390-8 test [84], it is observed that the addition of MWCNT and 1% NPF decreases 
penetration, while with 2% NPF and different MWCNTs, penetrations are further reduced. These results suggest 
that the uniform dispersion of nanoparticles improves the homogeneity and compaction of concrete, reducing 
water penetration. Both tests indicate that certain additions can improve the impermeability of concrete, 
demonstrating its resistance and quality against water penetration. 
 

3.3 Chemical Characteristics 

In Figure 12, a photograph taken with a scanning electron microscope at a scale of XXX microns can be 
observed. Based on the results obtained from the X-ray Diffraction (XRD) test and the spectrometer, a matrix 
consisting mainly of silica (SiO2), alumina (Al2O3), as well as calcium (Ca2+) and magnesium (Mg2+) can be 
observed. Additionally, the structure and arrangement of the nanotubes can be observed. The effectiveness of 
the dispersion process applied with a thermostatic bath and ultrasound can be verified. It is evident that the 
nanotubes are intact, with no breakage due to possible excess ultrasound. In Figure 12 the peaks of the detected 
elements in the tested sample are shown. A higher percentage of Si, O, Al, Na, and Ca can be observed.  
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Figure 12. Energy dispersive spectroscopy test on a concrete sample. 

 

 

5 Conclusions 

1. In the present investigation, the physical and mechanical properties of concrete made with different 
percentages of graphene nanotubes (MWCNT) and a nanotechnology-based soil stabilizing system 
(SNS 360) were studied. The nanomaterials were incorporated into the mix at different times and 
applying different methodology to ensure their dispersion and homogenization in the mix. The 
graphene nanotubes were dispersed with ultrasound at a power of 120 W and a frequency of 40 kHz for 
45 minutes at a temperature of 35°C. The SNS system was directly incorporated into the mixture. 

2. Concrete specimens were manufactured with different percentages of MWCNT and SNS 360. It was 
observed that the higher the amount of MWCNT, the lower the workability of the fresh concrete.  

3. After performing simple compression and indirect tensile tests on the concrete specimens, it was 
observed that the PI-007 mix caused a 30% increase in compressive strength. In addition, it presents a 
very high tensile strength at three days (22 kg/cm2) and increases up to 30 kg/cm2 at 28 days. It is 
observed that the tensile strength of the standard mix exceeds that of the experimental mix. Therefore, 
the nanomaterials do not contribute to an increase in tensile strength.  

4. The concrete samples showed notable variations in compressive strength during the 28-day period. The 
control sample (CS-001) had a strength of 288 kg/cm² at the end of the four weeks. When MWCNT 
and SNS 360 were incorporated, significant differences were observed. In particular, sample CS-007, 
with 0.25% MWCNT and 2% SNS 360, showed strengths reaching 350 Kg/cm² at 28 days, an increase 
of 21.5% with respect to the control sample. 

5. As for the permeability values, the sample that showed the lowest water penetration in 72 hr of testing 
was PER-07, which corresponds to 0.25% MWCNT and 2% SNS360. This penetration value is 
equivalent to a permeability of 2.27x10-7 cm/sec, which means that the material developed belongs to 
the so-called "low permeability media". 

6. The developed material is characterized mainly because it is composed of Si, Al, O, Ca and C. 
According to the X-Ray Diffraction test. 

 
Funding information: No funding involved. 
Author contributions: All authors have accepted responsibility for the entire content of this manuscript and 
approved its submission. 
Conflict of interest: The authors state no conflict of interest. 
 
References 

 

[1]  Z. Sun, Z. Wan and S. G. Sachs, "Compatibility of carbon nanotubes in concrete with air entrainer and 
superplasticizer," Construction and Building Materials, vol. 364, no. 129944, 2023.  



Preliminary Study of Structural Concrete made with the addition of multi-walled Carbon Nanotubes and Soil Nano Stabilisation 360 System  
 

1021 
 

 

[2]  H. Qiu and J. Yang, "Chapter 2 - Structure and Properties of Carbon Nanotubes," in Industrial Applications 

of Carbon Nanotubes, Micro y Nanotecnologías, 2017, pp. 47-69. 

[3]  B. Yahyaei, G. Asadollahfardi and A. M. Salehi, "Study of using micro-nano bubble to improve 
workability and durability of self-compact concrete," Structural Concrete, pp. 1-14, 2020.  

[4]  G. Asadollahfardi, P. MohsenZadeh, S. F. Saghravani and N. mohamadzadeh, "The effects of using 
metakaolin and micro-nanobubble water on concrete properties," Journal of Building Engineering, vol. 25, 
p. 100781, 2019.  

[5]  P. Zhang, J. Su, J. Guo and S. Hu, "Influence of carbon nanotube on properties of concrete: A review," 
Construction and Building Materials, vol. 369, no. 130388, pp. 1-18, 2023.  

[6]  M. Du, H. Jing, Y. Gao, H. Su and H. Fang, "Carbon nanomaterials enhanced cement-based composites: 
advances and challenges," Nanotechnology Reviews, vol. 9, no. 1, pp. 115-135, 2020.  

[7]  L. Lu, D. Ouyang and W. Xu, "Mechanical Properties and Durability of Ultra High Strength Concrete 
Incorporating Multi-Walled Carbon Nanotubes," Materials, vol. 9, no. 6, p. 419, 2016.  

[8]  M. Choudhary, A. Sharma, S. A. Raj, M. T. H. Sultan, D. Hui and A. U. M. Shah, "Contemporary review 
on carbon nanotube (CNT) composites and their impact on multifarious applications," Nanotechnology 

Reviews, vol. 11, no. 1, pp. 2632-2660, 2022.  

[9]  W. Zhang, W. Zeng, Y. Zhang, F. Yang, P. Wu, G. Xu and Y. Gao, "Investigating the influence of multi-
walled carbon nanotubes on the mechanical and damping properties of ultra-high performance concrete," 
Science and Engineering of Composite Materials, vol. 27, no. 1, pp. 433-444, 2020.  

[10]  Z. Zhao, T. Qi, W. Zhou, D. Hui, C. Xiao, J. Qi, Z. Zheng and Z. Zhao, "A review on the properties, 
reinforcing effects, and commercialization of nanomaterials for cement-based materials," Nanotechnology 

Reviews, vol. 9, no. 1, pp. 303-322, 2020.  

[11]  S. Naganathan, C. S. J. Singh, Y. W. Shen, P. E. Kiat and S. Thiruchelvam, "Nanotechnology in Civil 
Engineering - A Review," Advanced Materials Research, vol. 935, pp. 151-154, 2014.  

[12]  V. Choudhary, B. Singh and R. Mathur, "Carbon Nanotubes and Their Composites," in Syntheses and 

Applications of Carbon Nanotubes and Their Composites, Japón, Intech, 2013, pp. 1-10. 

[13]  B. Y. Jayakumari, E. N. Swaminathan and P. Partheeban, "A review on characteristics studies on carbon 
nanotubes-based cement concrete," Construction and Building Materials, vol. 367, no. 130344, pp. 1-11, 
2023.  

[14]  I. Singh, A. K. Rehni, P. Kumar, M. Kumar and H. Y. Aboul-Enein, "Carbon Nanotubes: Synthesis, 
Properties and Pharmaceutical Applications," Fullerenes, Nanotubes and Carbon Nanostructures, vol. 17, 
no. 4, pp. 361-377, 2009.  

[15]  B. Xiang, R. Cheng, J. Zhu, Y. Zhou, X. Peng, J. Song and J. Wu, "MWCNTs dispersion adopting GA and 
its application towards copper tailings-based cementitious materials," Scientific Reports, vol. 13, no. 16081, 
2023.  

[16]  A. Hassan, H. Elkady and I. G. Shaaban, "Effect of Adding Carbon Nanotubes on Corrosion Rates and 
Steel-Concrete Bond," Scientific Reports, vol. 9, no. 6285, 2019.  

[17]  E. Hala and H. Ahmed, "Assessment of High Thermal Effects on Carbon Nanotube (Cnt)- Reinforced 
Concrete," Scientific Reports, vol. 8, no. 11243, 2018.  

[18]  K. Liew, M. Kai and L. Zhang, "Mechanical and damping properties of CNT-reinforced cementitious 
composites," Composite Structures, vol. 160, pp. 81-88, 2017.  

[19]  A. J. N. MacLeod, W. P. Gates and F. Collins, "Durability Characterisation of Portland Cement–Carbon 
Nanotube Nanocomposites," Materials, vol. 13, no. 18, p. 4097, 2020.  

[20]  Y. Zhang, Y. Qin, Z. Guo and D. Li, "Research on Performance Deterioration of Multi-Walled Carbon 
Nanotube–Lithium Slag Concrete under the Coupling Effect of Sulfate Attack and Dry–Wet Cycles," 
Materials, vol. 16, no. 14, p. 5130, 2023.  

[21]  L. Joseph, M. K. Madhavan, K. Jayanarayanan and A. Pegoretti, "High Temperature Performance of 
Concrete Confinement by MWCNT Modified Epoxy Based Fiber Reinforced Composites," Materials, vol. 
15, no. 24, p. 9051, 2022.  

[22]  G. Liu, H. Zhang, J. Liu, S. Xu and Z. Chen, "Experimental Study on the Salt Freezing Durability of Multi-
Walled Carbon Nanotube Ultra-High-Performance Concrete," Materials, vol. 15, no. 9, p. 3188, 2022.  

[23]  X. Guan, S. Bai, H. Li and J. Ou, "Mechanical properties and microstructure of multi-walled carbon 
nanotube-reinforced cementitious composites under the early-age freezing conditions," Construction and 

Building Materials, vol. 233, no. 17317, 2020.  



Sol Estrella Espinal Bonilla, Ruiz-Pico Angel Antonio, Luyo CaychoClemente Alfredo   

 

1022 
 

[24]  S. K. Adhikary, Ž. Rudžionis, S. Tučkutė and D. K. Ashish, "Effects of carbon nanotubes on expanded 
glass and silica aerogel based lightweight concrete," Scientific Reports, vol. 11, no. 2104, 2021.  

[25]  S. Song, Y. Niu and X. Zhong, "Study on dynamic mechanical properties of carbon nanotubes reinforced 
concrete subjected to freeze–thaw cycles," Structural Concrete, vol. 23, no. 5, pp. 3221-3233, 2022.  

[26]  F. Gao, W. Tian, Y. Wang and F. Wang, "Effect of the dosage of MWCNT's on deterioration resistant of 
concrete subjected to combined freeze–thaw cycles and sulfate attack," Structural Concrete, vol. 22, no. 
51, pp. E955-E965, 2021.  

[27]  Y. Zhang and W. Xia, "Enhancing effect of carbon nanotubes on the performance of concrete containing 
surface-treated fly ash cenosphere," Construction and Building Materials, vol. 406, no. 133322, 2023.  

[28]  Y. Yao and H. Lu, "Mechanical properties and failure mechanism of carbon nanotube concrete at high 
temperatures," Construction and Building Materials, vol. 297, no. 123782, 2021.  

[29]  D. Wang, X. Wang, A. Ashour, L. Qiu and B. Han, "Compressive properties and underlying mechanisms 
of nickel coated carbon nanotubes modified concrete," Construction and Building Materials, vol. 319, no. 
126133, 2022.  

[30]  T. Shi, Z. Li, J. Guo, H. Gong and C. Gu, "Research progress on CNTs/CNFs-modified cement-based 
composites – A review," Construction and Building Materials, vol. 202, pp. 290-307, 2019.  

[31]  A. Carriço, J. Bogas, A. Hawreen and M. Guedes, "Durability of multi-walled carbon nanotube reinforced 
concrete," Construction and Building Materials, vol. 164, pp. 121-133, 2018.  

[32]  M. O. Mohsen, R. Taha, A. A. Taqa and A. Shaat, "Optimum carbon nanotubes’ content for improving 
flexural and compressive strength of cement paste," Construction and Building Materials, vol. 150, pp. 
395-403, 2017.  

[33]  S. Xu, J. Liu and Q. Li, "Mechanical properties and microstructure of multi-walled carbon nanotube-
reinforced cement paste," Construction and Building Materials, vol. 76, pp. 16-23, 2015.  

[34]  A. Hawreen, J. Bogas and A. Dias, "On the mechanical and shrinkage behavior of cement mortars 
reinforced with carbon nanotubes," Construction and Building Materials, vol. 168, pp. 459-470, 2018.  

[35]  S. Mehran, B. Patrick and M. S. Jalali, "An experimental study on mechanical and thermal properties of 
structural lightweight concrete using carbon nanotubes (CNTs) and LECA aggregates after exposure to 
elevated temperature," Construction and Building Materials, vol. 346, no. 128376, 2022.  

[36]  D. Byron, A. P. Heitman, J. Neves, P. P. d. Souza and P. S. d. O. Patricio, "Evaluation of properties of 
polymer concrete based on epoxy resin and functionalized carbon nanotubes," Construction and Building 

Materials, vol. 309, no. 125155, 2021.  

[37]  W. Xia, S. Lu, E. Bai, J. Xu, T. Wang and K. Lin, "Strengthening and toughening behaviors and dynamic 
constitutive model of carbon-based hierarchical fiber modified concrete: Cross-scale synergistic effects of 
carbon nanotubes and carbon fiber," Journal of Building Engineering, Vols. Volume 63, Part A, no. 
105482, 2023.  

[38]  D. Hwangbo, D.-H. Son, H. Suh, J. Sung, B.-I. Bae, S. Bae, H. So and C.-S. Choi, "Effect of nanomaterials 
(carbon nanotubes, nano-silica, graphene oxide) on bond behavior between concrete and reinforcing bars," 
Case Studies in Construction Materials, vol. 18, no. e02206, 2023.  

[39]  D.-H. Son, D. Hwangbo, H. Suh, B.-I. Bae, S. Bae and C.-S. Choi, "Mechanical properties of mortar and 
concrete incorporated with concentrated graphene oxide, functionalized carbon nanotube, nano silica 
hybrid aqueous solution," Case Studies in Construction Materials, vol. 18, no. e01603, 2023.  

[40]  S. Khan, S. Ashraf, S. Ali and K. Khan, "Experimental investigations on the mechanical properties and 
damage detection of carbon nanotubes modified crumb rubber concrete," Journal of Building Engineering, 

vol. 75, no. 106937, 2023.  

[41]  T. Wang, J. Xu, E. Bai, Y. Lv and G. Peng, "Research on a sustainable concrete synergistic reinforced with 
carbon fiber and carbon nanofiber: Mechanical properties, durability and environmental evaluation," 
International Journal of Hydrogen Energy, 2023.  

[42]  C. Runzhuo, Y. Junfen, L. Guoxin, Z. Qun and N. Mengdie, "Durability performance of multi-walled 
carbon nanotube reinforced ordinary Portland/calcium sulfoaluminate cement composites to sulfuric acid 
attack at early stage," Materials Today Communications, vol. 35, no. 105748, 2023.  

[43]  T. M and R. V, "A study on durability characteristics of nano-concrete," Materials Today: Proceedings, 

Vols. Volume 80, Part 3, pp. 2360-2365, 2023.  

[44]  S. J. Mosallam, H. P. Behbahani, M. Shahpari and R. Abaeian, "The effect of carbon nanotubes on 
mechanical properties of structural lightweight concrete using LECA aggregates," Structures, vol. 35, pp. 
1204-1218, 2022.  



Preliminary Study of Structural Concrete made with the addition of multi-walled Carbon Nanotubes and Soil Nano Stabilisation 360 System  
 

1023 
 

 

[45]  G. Yuan, J. Hongwen, Z. Zefu, S. Xinshuai, L. Luan and F. Guangping, "Roles of carbon nanotubes in 
reinforcing the interfacial transition zone and impermeability of concrete under different water-to-cement 
ratios," Construction and Building Materials, vol. 272, no. 121664, 2021.  

[46]  G. Yuan, J. Hongwen, Z. Zhenlong, S. Xinshuai and L. Luan, "Influence of ultrasonication energy on 
reinforcing-roles of CNTs to strengthen ITZ and corresponding anti-permeability properties of concrete," 
Construction and Building Materials, vol. 303, no. 124451, 2021.  

[47]  J. Wang, S. Dong, S. D. Pang, C. Zhou and B. Han, "Pore structure characteristics of concrete composites 
with surface-modified carbon nanotubes," Cement and Concrete Composites, vol. 128, no. 104453, 2022.  

[48]  X. Cheng, W. Tian, J. Gao, J. Guo and X. Wang, "Grey entropy analysis of strength and void structure of 
carbon nanotubes concrete under the coupling of sulfate attack and freeze-thaw cycles," Construction and 

Building Materials, vol. 358, no. 129462, 2022.  

[49]  M. Shahpari, P. Bamonte and S. J. Mosallam, "Use of carbon nanotubes in the retrofitting of reinforced 
concrete beams with an opening and the effect of direct fire on their behaviour," Construction and Building 

Materials, vol. 346, no. 128376, 2022.  

[50]  ch33engineering, "Manual SNS 360," Lima, 2022. 

[51]  D. S. Vijayan, P. Devarajan and A. Sivasuriyan, "A review on eminent application and performance of 
nano based silica and silica fume in the cement concrete," Sustainable Energy Technologies and 

Assessments, vol. 56, no. 103105, 2023.  

[52]  A. Arora, B. Singh and P. Kaur, "Performance of Nano-particles in stabilization of soil: a comprehensive 
review," Materials Today: Proceedings, Vols. Volume 17, Part 1, pp. 124-130, 2019.  

[53]  S. Chen, P. Ni, Z. Sun and K. Yuan, "Geotechnical Properties and Stabilization Mechanism of Nano-MgO 
Stabilized Loess," Sustainability, vol. 15, no. 5, p. 4344, 2023.  

[54]  S. Thomas, S. Chandrakaran and N. Sankar, "Nanocomposites are state-of-the-art in the field of ground 
improvement- a review," Materials Today: Proceedings, Vols. Volume 65, Part 2, pp. 877-882, 2022.  

[55]  G. Kannan and E. R. Sujatha, "A review on the Choice of Nano-Silica as Soil Stabilizer," Silicon, vol. 14, 
p. 6477–6492, 2022.  

[56]  A. A. S. Correia and M. G. Rasteiro, "Nanotechnology Applied to Chemical Soil Stabilization," Procedia 

Engineering, vol. 143, pp. 1252-1259, 2016.  

[57]  N. Ghasabkolaei, A. J. Choobbasti, N. Roshan and S. E. Ghasemi, "Geotechnical properties of the soils 
modified with nanomaterials: A comprehensive review," Archives of Civil and Mechanical Engineering, 

Vols. Volume 17, Issue 3, pp. 639-650, 2017.  

[58]  J. Krishnan and S. Shukla, "The behaviour of soil stabilised with nanoparticles: an extensive review of the 
present status and its applications," Arabian Journal of Geosciences, vol. 12, no. 436, 2019.  

[59]  A. A. S. Correia, P. D. Casaleiro and M. G. B. Rasteiro, "Applying Multiwall Carbon Nanotubes for Soil 
Stabilization," Procedia Engineering, vol. 102, pp. 1766-1775, 2015.  

[60]  H. Niroumand, L. Balachowski and R. Parviz, "Nano soil improvement technique using cement," Scientific 

Reports, vol. 13, no. 10724, 2023.  

[61]  C. B. Dudley, "Standard Specification for Portland Cement," in ASTM Standards and Test Methods, United 
States, ASTM INTERNATIONAL, 2022, p. 9. 

[62]  C. B. Dudley, "Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates," in ASTM 

Standards and Test Methods, United States, ASTM INTERNATIONAL, 2020, p. 2. 

[63]  R. J, A. F, M. JR, D.-L. JL, C.-M. GM, C. Á and C. M, "Use of Nanomaterials in the Stabilization of 
Expansive Soils into a Road Real-Scale Application," Materials, vol. 13, no. 14, 2020.  

[64]  N. L. C. L. M. K. N. M. Alireza Tabarsa, "Laboratory investigation and field evaluation of loess 
improvement using nanoclay – A sustainable material for construction," Construction and Building 

Materials, vol. 158, pp. 454-463, 2018.  

[65]  Y. Gao, J. Luo, Z. Li, F. Teng, J. Zhang, S. Gao, M. Ma, X. Zhou and X. Tao, "Dispersion of carbon 
nanotubes in aqueous cementitious materials: A review," Nanotechnology Reviews, vol. 12, no. 1, p. 
20220560, 2023.  

[66]  Z. S. Metaxa, S. Boutsioukou, M. Amenta, E. P. Favvas, S. K. Kourkoulis and N. D. Alexopoulos, 
"Dispersion of Multi-Walled Carbon Nanotubes into White Cement Mortars: The Effect of Concentration 
and Surfactants," Nanomaterials, vol. 12, no. 6, p. 1031, 2022.  

[67]  Y. H. W. X. P. L. D. Z. Leonard Chia, "Carbon nanotube (CNT) reinforced cementitious composites using 
carboxymethyl cellulose (CMC) treatment for enhanced dispersion, mechanical, and piezoresistive 



Sol Estrella Espinal Bonilla, Ruiz-Pico Angel Antonio, Luyo CaychoClemente Alfredo   

 

1024 
 

properties," Construction and Building Materials, vol. 377, p. 131104, 2023.  

[68]  Y. Gao, H. W. Jing, S. J. Chen, M. R. Du, W. Q. Chen and W. H. Duan, "Influence of ultrasonication on 
the dispersion and enhancing effect of graphene oxide–carbon nanotube hybrid nanoreinforcement in 
cementitious composite," Composites Part B: Engineering, vol. 164, pp. 45-53, 2019.  

[69]  M.-E. Stogia, A.-E. Dimou, G. Maistros and N. D. Alexopoulos, "Investigation of multi-walled carbon 
nanotubes aqueous dispersions via electrical impedance spectroscopy," Materials Today: Proceedings, 

2023.  

[70]  T. Peng and I. Chang, "Uniformly dispersion of carbon nanotube in aluminum powders by wet shake-
mixing approach," Powder Technology, vol. 284, pp. 32-39, 2015.  

[71]  P. Li, L. Chen, H. Ma, G. Pan and Z. Sun, "Spatial distribution characteristics and microscopic mechanisms 
for enhancing mechanical properties of MWCNTs in recycled coarse aggregate shotcrete," Construction 

and Building Materials, vol. 364, p. 129927, 2023.  

[72]  K. Kishore, A. Pandey, N. K. Wagri, A. Saxena, J. Patel and A. Al-Fakih, "Technological challenges in 
nanoparticle-modified geopolymer concrete: A comprehensive review on nanomaterial dispersion, 
characterization techniques and its mechanical properties," Case Studies in Construction Materials, vol. 19, 
p. e02265, 2023.  

[73]  L. Assi, A. Alsalman, D. Bianco, P. Ziehl, J. El-Khatib, M. Bayat and F. H. Hussein, "Multiwall carbon 
nanotubes (MWCNTs) dispersion & mechanical effects in OPC mortar & paste: A review," Journal of 

Building Engineering, vol. 43, p. 102512, 2021.  

[74]  J. Hilding, E. A. Grulke, Z. G. Zhang and F. Lockwood, "Dispersion of Carbon Nanotubes in Liquids," 
Journal of Dispersion Science and Technology, vol. 24, no. 1, pp. 1-41, 2007.  

[75]  S. Hongyu, C. Binmeng, L. Bo, T. Shengwen and L. Zongjin, "Influence of dispersants on the properties of 
CNTs reinforced cement-based materials," Construction and Building Materials, vol. 131, pp. 186-194, 
2017.  

[76]  J. Abraham, S. Thomas and N. Kalarikkal, "Dispersion and alignment of carbon nanotubes in polymer 
matrix," in Handbook of Carbon Nanotubes, India, Springer Nature, 2022, pp. 743-759. 

[77]  M. Yaghobian and G. Whittleston, "A critical review of carbon nanomaterials applied in cementitious 
composites – A focus on mechanical properties and dispersion techniques," Alexandria Engineering 

Journal, vol. 61, no. 5, pp. 3417-3433, 2022.  

[78]  M. R. Du, H. W. Jing, W. H. Duan, G. S. Han and S. J. Chen, "Methylcellulose stabilized multi-walled 
carbon nanotubes dispersion for sustainable cement composites," Construction and Building Materials, vol. 
146, pp. 76-85, 2017.  

[79]  B. Zou, S. J. Chen, A. H. Korayem, F. Collins, C. Wang and W. H. Duan, "Effect of ultrasonication energy 
on engineering properties of carbon nanotube reinforced cement pastes," Carbon, vol. 85, pp. 212-220, 
2015.  

[80]  C. B. Dudley, "Standard Test Method for Compressive Strength of Hydraulic Cement Mortars (Using 50 
mm [2 in.] Cube Specimens)," in ASTM Standards and Test Methods, United States, ASTM 
INTERNATIONAL, 2024, p. 11. 

[81]  C. B. Dudley, "Standard Test Method for Flexural Strength of Hydraulic-Cement Mortars," in ASTM 

Standards and Test Methods, United States, ASTM INTERNATIONAL, 2021, p. 6. 

[82]  S. J. Chen, C. Y. Qiu, A. H. Korayem, M. R. Barati and W. H. Duan, "Agglomeration process of 
surfactant-dispersed carbon nanotubes in unstable dispersion: A two-stage agglomeration model and 
experimental evidence," Powder Technology, vol. 301, pp. 412-420, 2016.  

[83]  A. H. Korayem, M. R. Barati, S. J. Chen, G. P. Simon, X. L. Zhao and W. H. Duan, "Optimizing the degree 
of carbon nanotube dispersion in a solvent for producing reinforced epoxy matrices," Powder Technology, 

vol. 284, pp. 541-550, 2015.  

[84]  T. Takahashi, S. Tsubo, K. Inoue, R. Suzuki, H. Murata and M. Tachibana, "Effect of dispersibility of 
carbon nanotubes on the hardness and thermal properties of polyphenylene sulphide/carbon nanotube 
composites obtained using solution mixing and melt blending methods," Materials Science and 

Engineering: B, vol. 295, p. 116579, 2023.  

[85]  I. S. M. V. A. M. M. L. P. S. L. S. R. S. A. D. F. U. Esequiel Mesquita, "Investigation of the electrical 
sensing properties of cementitious composites produced with multi-wall carbon nanotubes dispersed in 
NaOH," Journal of Building Engineering, vol. 77, p. 107496, 2023.  

[86]  J. N. P. Mudasir, "The effect of water cement ratio on the characteristics of multi-walled carbon nanotube 
reinforced concrete," Materials Today: Proceedings, Vols. 43, Part 6, pp. 3852-3855, 2021.  



Preliminary Study of Structural Concrete made with the addition of multi-walled Carbon Nanotubes and Soil Nano Stabilisation 360 System  
 

1025 
 

 

[87]  M. A. T. M. J. R. A. A.-M. A. I. J. L. N. H. C. Y. Hamzeh Marwan Allujami, "Mechanical properties of 
concrete containing recycle concrete aggregates and multi-walled carbon nanotubes under static and 
dynamic stresses," Case Studies in Construction Materials, vol. 17, p. e01651, 2022.  

[88]  C. B. Dudley, "ASTM C1141/C1141M-15," in ASTM Standards and Test Methods, United States, ASTM 
INTERNATIONAL, 2024.  

[89]  C. B. Dudley, "Standard Test Method for Air Content of Hydraulic Cement Mortar," in ASTM Standards 

and Test Methods, United States, ASTM INTERNATIONAL, 2020, p. 4. 

[90]  C. B. Dudley, "Standard Test Methods for Fineness of Hydraulic Cement by Air-Permeability Apparatus," 
in ASTM Standards and Test Methods, United States, ASTM INTERNATIONAL, 2024, p. 9. 

[91]  C. B. Dudley, "Standard Test Method for Autoclave Expansion of Hydraulic Cement," in ASTM Standards 

and Test Methods, United States, ASTM INTERNATIONAL, 2010, p. 3. 

[92]  C. B. Dudley, "Standard Test Method for Compressive Strength of Hydraulic Cement Mortars (Using 50 
mm [2 in.] Cube Specimens)," in ASTM Standards and Test Methods, United States, ASTM 
INTERNATIONAL, 2024, p. 11. 

[93]  C. B. Dudley, "Standard Test Methods for Time of Setting of Hydraulic Cement by Vicat Needle," in 
ASTM Standards and Test Methods, United States, ASTM INTERNATIONAL, 2021, p. 8. 

[94]  C. B. Dudley, "Método de prueba estándar C231/C231M," in ASTM Standards and Test Methods, United 
States, ASTM INTERNATIONAL.  

[95]  C. B. Dudley, "Standard Test Method for Splitting Tensile Strength of Cylindrical Concrete Specimens," in 
ASTM Standards and Test Methods, United States, ASTM INTERNATIONAL, 2017, p. 5. 

 
 
 




