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ABSTRACT

In the construction industry, tests such as compressive strength, density porosity, and water absorption porosity
are frequently used to determine material properties. In general, experimental studies are divided into two
categories: destructive and non-destructive testing methods. According to the common consensus, destructive
testing methods produce more dependable results than non-destructive testing methods. However, it is not possible
to reuse the samples in destructive tests, and there are difficulties in taking samples from the building whose
construction process has been completed. In addition, the experimental implementation of destructive tests creates
time and cost disadvantages. Within the scope of this study, destructive and non-destructive experiments have
been carried out on alkali-activated concrete composites, which have attracted interest as sustainable
environmentally friendly composite building materials in recent years. Compressive strength, density, porosity,
water absorption, etc. traditional test methods have been associated with electrical resistance measurements.
Electrical measurements have been taken with the MEGGER equipment, and resistance values have been directly
correlated with the other parameters. The positive results indicate that different structures of materials used in the
construction industry can be evaluated regardless of sample size or localization.
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Cimentosuz Kompozitlerde Tahribatli ve Tahribatsiz Testlerin
Elektriksel Direng ile Iliskilendirilmesi

Oz
Ingaat sektdriinde, malzeme ozelliklerini belirlemek icin basing dayanimi, yogunluk, su emme ve prozite gibi
testler siklikla kullanilmaktadir. Genel olarak deneysel ¢aligmalar tahribatli ve tahribatsiz muayene yontemleri
olarak iki kategoriye ayrilir. Ortak gorilise gore, tahribatli muayene yontemleri tahribatsiz muayene yontemlerine
gore daha giivenilir sonuglar tiretir. Ancak tahribatli testlerde numunelerin tekrar kullanilmasi miimkiin olmamakta
ve ingaat siireci tamamlanan binadan numune alinmasinda zorluklar yasanmaktadir. Ayrica tahribath testlerin
deneysel olarak uygulanmasi zaman ve maliyet agisindan dezavantajlar dogurmaktadir. Bu ¢aligma kapsaminda,
son yillarda siirdiiriilebilir ¢evre dostu kompozit yapt malzemeleri olarak ilgi goren alkali aktivasyonlu beton
kompozitler iizerinde tahribatli ve tahribatsiz deneyler yapilmistir. Basing dayanimi, yogunluk, prozite, su emme
vb. geleneksel test yontemleri elektriksel direng Olgiimleriyle iliskilendirilmistir. MEGGER ekipmani ile
elektriksel dl¢imler alinmis ve direng degerleri diger parametrelerle dogrudan iligkilendirilmistir. Elde edilen
olumlu sonuglar, insaat sektoriinde kullanilan malzemelerin numune boyutu veya lokalizasyondan bagimsiz olarak
onerilen yontemle degerlendirilebilecegini gdstermektedir.

Anahtar Kelimeler: Alkali aktivasyonlu kompozit; Elektrik direnci, Tahribatsiz test
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. INTRODUCTION

The harmful effects of global warming are increasing in parallel with the development of industry [1, 2].
Besides, the construction sector is held directly or indirectly responsible for a significant part of global
warming [3]. Pozzolans and industrial wastes used as cement substitutes contribute to reducing cement
production quantities. However, this practice is not sufficient. The need for alternative solutions for this
sector, which is held responsible for 8% of CO, emissions, has been increasing gradually. In recent years,
studies on the production of building materials from different wastes by using alkali activators have
increased [4-12]. Alkali-activated composite products may have different physical and mechanical
properties compared to cementitious composites due to the variety of materials entering the mixture [13].
The most commonly used methods for determining mechanical properties include compressive strength,
flexural strength, splitting tensile strength, and so on. In addition to mechanical properties, density, water
absorption, porosity, etc. physical properties are also among the most basic properties of building
materials [14]. Changes in material properties affect mechanical and physical properties as well as
electrical properties [15, 16]. Defects such as capillary spaces, microstructural cracks, pore solution etc.
in the material can affect the electrical conductivity [17, 18]. Micro cracks and defects may occur during
or after the production process in composites that have a heterogeneous structure such as building
material[19]. Tests used to classify building materials are often associated with these defects.

A change in any parameter in a matter or system causes changes in different parameters. Therefore from
the changes in the physical properties of the matter, evaluations can be made about the different
properties. The electrical properties of each of the natural or artificially produced materials also differ
according to the other. The electrical characteristics of materials may vary depending on the effects of
different stresses to be applied to the material [20-22]. If the material undergoes permanent deterioration
due to the applied stress, the change in the electrical characteristic of the material may be permanent. In
this case, the change can be associated with the rating of the degradation of the material. However, the
material may deteriorate during the process of applying stress and return to its former state when the
stress is removed. In this case, the temporary changes in the electrical characteristics of the material
allow making sense of the applied stress.

One of these methods is the electrical resistivity measurements of the structures [23, 24]. In this method,
the relationships between the mechanical properties of the building material, the porosity or void ratio
in the material and/or the additive ratios can be determined [25-27]. Resistivity is not affected by the
size and geometry of the sample for a homogeneous structure. However, it is not always possible to
provide absolute homogeneity for structures such as mortars, concrete with additives and alkali activated
composites. Therefore, testing on a particular sample may not always describe the overall structure.
Instead, it may be necessary to test on more samples. However, this time, problems arise in terms of cost
increase and sustainability.

In this study, we aimed to measure the resistance of the structure directly instead of the electrical
resistivity. For this purpose, we preferred the MEGGER measurement system, which is used to measure
very large resistance values. In this way, the resistance values of not only samples but also larger
structures can be measured directly.

Thus, the obligation to produce samples suitable for the measurement system is eliminated, and the
resistance values taken from the measurement points of the structure of the desired shape and size are
directly used. Therefore, more generalized results regarding the structure can be produced. Based on the
preferred approach, the relationship between the electrical properties and strength properties of
sustainable environmentally friendly alkali-activated composites has been investigated, in this study.
Four different alkali-activated composite mixtures containing ground granulated blast furnace slag
(GGBFS), zeolite, aggregate, NaOH (sodium hydroxide), and Na,SiO; (sodium silicate) have been
prepared. Prepared fresh alkali-activated composite mixtures have been placed in cube molds (70,7 mm)
with the help of vibration. Samples with different mix properties have been subjected to activation
temperatures of 90°C and 120°C for 20 hours. Compressive strength, water absorption, porosity, density,

2284



and electrical resistance measurements have been performed on the specimens left to water cure for 28
days after the activation temperature.

[I. THEORETICAL DESCRIPTION AND
MEASUREMENT SYSTEM

During the preparation of alkali activated composites, it is desired to have as homogeneous a mixture as
possible as shown in Fig. 1(a). In this case, since the resistivity (p) values in each region are equal to
each other, the resistance values (R) in the equi-sectioned regions are also equal to each other,
theoretically. Therefore, equations (1) and (2) can describe the model in Fig. 1(a). Where d is the length
and S is the cross-sectional area of the sample, and n is the number of equi-sections. However, this is
hardly possible in practice. In such structures, there are cracks and voids at micro levels, or fractures
under stress can also be observed as shown in Fig. 1(b). Or the fabricated building sample may differ
from one another in terms of its properties or additive material, as in Fig. 1(c). Therefore, the resistivity
values at each small volume location will also be different. This will change the resistances in the equi-
sections. Therefore, the total equivalent resistance value of the realistic model R, _,; will differ from the
total equivalent resistance value obtained with the theoretically homogeneous sample R;_,,.

pd
Rl = ? B and R1 = = Rn—l = Rn (1)
Rl—)TL = - (2)

For a realistic model;
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Figure 1. Different alkali activated composites, (a) theoretically homogeneous structure; (b) cracked structure;
(c) robust but different types of alkali activated composite.

Testing of the proposed approach is possible with MEGGER equipment where high resistances can be
measured. It is normally used for testing grounding and/or high electrical insulations in electrical
systems. Meggers have a structure that can produce DC voltage between 250V and 5000V. These
voltage values are applied to the resistance value to be measured and It is possible to measure up to 5
Tohm by applying the largest value. In Fig. 2, the measuring setup is presented. Prepared alkali-
activated composite samples are placed between pertinaxes, one surface of which is covered with
copper. Thus, full contact with the sample surface is ensured. The surface area of the pertinaxes (0.03m?)
has been kept wider than the sample in order to take the measuring tip. After connecting the determined
connector tips to the MEGGER device, tests have been carried out under 1000V DC voltage.
Measurements have been recorded at the end of the 15th second from the moment the voltage has been
applied for each sample. The materials required for the mixture have been prepared according to the
values determined as a result of the trial mixtures carried out before. NaOH has been first turned into an
aqueous solution during the preparation of alkaline-activated concrete mixes. More detailed information
about NaOH and Na;SiO3 can be obtained from previous studies [4, 7-13]. Then, coarse and fine
aggregates have been placed in the mixer and mixed until a homogeneous distribution is obtained.
Afterward, GGBFS and zeolite have been added to the mixer sequentially, and the mixing process has
been continued. Finally, the process has been completed with the addition of alkaline activators. The
fresh alkali-activated concrete mixtures obtained have been placed in molds with the help of vibration,
and their upper surfaces have been covered for temperature activation and placed in the oven. . In order
to examine the effect of activation temperature on physical and mechanical properties, the specimens
were subjected to 2 different activation temperatures (90°C and 120°C for 20 hours). After the activation
process that lasted for 20 hours under constant temperature, it has been taken out of the molds and taken
into the standard curing pool. The standard curing process has been applied for 28 days. After the curing
period, mechanical, physical, and electrical measurements have been carried out.
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Figure 2. Experimental study stages

[1l. MEASUREMENT RESULTS AND EVALUATIONS

The resistance values obtained by the proposed method have been obtained for different alkali activated
composite types. Then, the relationships between these measurement results and conventional test
methods have been examined. In alkali-activated concrete mixtures, decreases in electrical resistance
values have been observed with the increase of the zeolite ratio, as shown in Fig. 3. The ideal activation
temperature is one of the most important parameters for strength development, depending on the
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properties of the materials entering the mixture in alkali-activated composite mixtures. It has been
reported in previous studies that the activation temperature contributes to the polymerization process [7,
9,13, 28].
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Figure 3. Measured resistance values of different samples

When Figure 4 is examined, it is seen that the maximum compressive strength value is obtained from
mixtures with a 10% zeolite replacement rate. It can be concluded that the activation cure temperature
is an important parameter for alkali activated composites [7] and the ideal activation temperature for
this study is 90 C. The electrical resistance values of the samples with high compressive strength also
reach high values. There is a substantial correlation between compressive strength and electrical
resistance levels. And this correlation is shown in Fig. 5(a). This positive correlation has been obtained
by considering only the data independently of the sample types. It is noticed that the positive association
between the compressive strength values and the electrical resistance values is related to the water
absorption values of the material and hence the pore distribution (please consider figures 5(a) and (b)
together). Fig. 5(b) depicts an inverse relationship between the water absorption value and the measured
resistance values.
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Figure 4. Compressive strength values of different samples
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Figure 5. Correlations for different samples: (a) between measured resistance value and compressive strength
values; (b) measured resistance value and water absorption values

Surface graphs have been drawn to better define the relationship of the measured parameters with the
samples, in Fig. 6. Fig. 6(a) proves that the resistance value and the porosity are negatively correlated.
This graph clearly shows that as porosity increases, compressive strength falls. In Fig. 6(b), the water
absorption rate, compressive strength, and porosity parameters have been compared on the surface plot.
As expected, the water absorption rate changes in a positive relationship with porosity. In addition, a
very similar situation is observed between the values of water absorption and compressive strength.
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Figure 6. Surface plots, (a) measured resistance — compressive strength — porosity; (b) water
absorption — compressive strength — porosity
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V. CONCLUSION

Within the scope of this study, sustainable environmentally friendly alkali-activated concrete composite
mixture designs have been carried out. Additionally, the relationships between electrical resistance
values and physical and mechanical properties of cementless composites produced from hybrid wastes
were examined. Mechanical and physical tests have been carried out on alkali activation concrete
composites prepared with 4 different mixing ratios of zeolite, with GGBFS which is an important waste
of the iron and steel industry. Compressive strength, density, porosity, water absorption, and electrical
resistance measurements have been correlated with each other. MEGGER device has been used for
electrical resistance measurement. The results obtained as a result of the experimental study are
summarized below.

* It has been concluded that there is a strong relationship between the compressive strength test results,
which is one of the destructive testing methods, and the electrical resistance values.

* Moreover, the strength values in alkali-activated concrete have been shown to decline as the zeolite
replacement ratio increases.

* It has been concluded that the proportions and chemical compositions of the materials entering the
mixture for cementless composites with alkali activation hybrid binders have a significant effect on the
physical and mechanical properties.

* It has been observed that maximum pressure and electrical resistivity values can be obtained at low
porosity values.

* |t has been concluded that the activation temperature has a significant effect on the physical and
mechanical properties of alkali-activated composites.

* It has been inferred that determining the optimum activation temperature is an important parameter
for strength development, especially in cement-free composites, due to the difference in the physical
and chemical properties of the hybrid materials entering the mixture.

ACKNOWLEDGEMENTS: This study was supported within the scope of Diizce University Scientific
Research Projects Support Program. Project Number: 2021.21.08.1226.

V. REFERENCES

[1] N. Wunderling et al., "Global warming overshoots increase risks of climate tipping cascades in
a network model," Nature Climate Change, vol. 13, no. 1, pp. 75-82, 2023.

[2] R. Wu, Z. Tan, and B. Lin, "Does carbon emission trading scheme really improve the CO2
emission efficiency? Evidence from China's iron and steel industry,” Energy, vol. 277, p. 127743, 2023.

[3] H. Elhegazy et al., "An exploratory study on the impact of the construction industry on climate
change," Journal of Industrial Integration and Management, online, doi:10.1142/S2424862222500282,
pp. 1-23, 2023.

[4] U. Yurt and F. Bekar, "Comparative study of hazelnut-shell biomass ash and metakaolin to
improve the performance of alkali-activated concrete: A sustainable greener alternative,” Construction
and Building Materials, vol. 320, p. 126230, 2022.

[5] H. R. Gavali, A. Bras, P. Faria, and R. V. Ralegaonkar, "Development of sustainable alkali-

activated bricks using industrial wastes,” Construction and Building Materials, vol. 215, pp. 180-191,
2019.

2290


https://doi.org/10.1142/S2424862222500282

[6] G. F. Huseien and K. W. Shah, "Durability and life cycle evaluation of self-compacting concrete
containing fly ash as GBFS replacement with alkali activation," Construction and Building Materials,
vol. 235, p. 117458, 2020.

[7] G. Dokuzlar, B. Diindar, and U. Yurt, "Effect of recycled asphalt waste on mechanical properties
of alkali-activated mortars," Proceedings of the Institution of Mechanical Engineers, Part E: Journal of
Process Mechanical Engineering, Online, doi:10.1177/09544089231191621, 2023.

[8] U. Yurt, "An experimental study on fracture energy of alkali activated slag composites
incorporated different fibers,” Journal of Building Engineering, vol. 32, p. 101519, 2020.

[9] U. Yurt, "High performance cementless composites from alkali activated GGBFS,"
Construction and Building Materials, vol. 264, p. 120222, 2020.

[10] U. Yurt, B. Diindar, and E. Cmar, "Investigation of Sulfuric Acid Effect in Geopolymer
Concrete," Diizce University Journal of Science and Technology, vol. 8, no. 2, pp. 1548-1561, 2020.

[11]  U. Yurt and M. Emiroglu, "The Effects of Curing Condition on Geopolymers Incorporating
Zeolit," Academic Platform-Journal of Engineering Science, vol. 8, no. 2, pp. 396-402, 2020.

[12] U. Yurt, "Effect of Curing Temperature on Fracture Properties of Alkali-Activated Fiber
Concrete," Osmaniye Korkut Ata University Journal of The Institute of Science and Technology, vol. 5,
no. 1, pp. 176-188, 2022.

[13]  U. Yurt and M. Emiroglu, "Alkali Aktivasyonlu Kompozitlerde Hibrit Baglayicilarin Etkileri,"
Beton 2023 Hazir Beton Fuari ve Kongesi, Istanbul, Tiirkiye, Nov. 8-10, 2023,

[14]  H. Ulugdl, M. F. Giinal, I. O. Yaman, G. Yildirim, and M. Sahmaran, "Effects of self-healing
on the microstructure, transport, and electrical properties of 100% construction- and demolition-waste-
based geopolymer composites,” Cement and Concrete Composites, vol. 121, p. 104081, 2021.

[15] P. Payakaniti, S. Pinitsoonthorn, P. Thongbai, V. Amornkitbamrung, and P. Chindaprasirt,
"Effects of carbon fiber on mechanical and electrical properties of fly ash geopolymer composite,”
Materials Today: Proceedings, vol. 5, no. 6, Part 1, pp. 14017-14025, 2018.

[16] M. Kupke, K. Schulte, and R. Schiiler, "Non-destructive testing of FRP by d.c. and a.c. electrical
methods," Composites Science and Technology, vol. 61, no. 6, pp. 837-847, 2001.

[17] C. Shi, "Effect of mixing proportions of concrete on its electrical conductivity and the rapid
chloride permeability test (ASTM C1202 or ASSHTO T277) results,” Cement and Concrete Research,
vol. 34, no. 3, pp. 537-545, 2004.

[18] P. Gao, J. Wei, T. Zhang, J. Hu, and Q. Yu, "Moadification of chloride diffusion coefficient of
concrete based on the electrical conductivity of pore solution,” Construction and Building Materials,
vol. 145, pp. 361-366, 2017.

[19] P. Duchene, S. Chaki, A. Ayadi, and P. Krawczak, "A review of non-destructive techniques
used for mechanical damage assessment in polymer composites,” Journal of Materials Science, vol. 53,
no. 11, pp. 7915-7938, 2018.

[20] H. Liu, K. Liu, Z. Lan, and D. Zhang, "Mechanical and Electrical Characteristics of Graphite
Tailing Concrete,” Advances in Materials Science and Engineering, vol. 2018, p. 9297628, 2018.

2291



[21] X. Quan et al., "Influence of iron ore tailings by-product on the mechanical and electrical
properties of carbon fiber reinforced cement-based composites,” Journal of Building Engineering, vol.
45, p. 103567, 2022.

[22] Y. Ding, Z. Chen, Z. Han, Y. Zhang, and F. Pacheco-Torgal, "Nano-carbon black and carbon
fiber as conductive materials for the diagnosing of the damage of concrete beam,” Construction and
Building Materials, vol. 43, pp. 233-241, 2013.

[23] L. Li, Q. Zheng, S. Dong, X. Wang, and B. Han, "The reinforcing effects and mechanisms of
multi-layer graphenes on mechanical properties of reactive powder concrete,” Construction and
Building Materials, vol. 251, p. 118995, 2020.

[24] A. O. Monteiro, P. B. Cachim, and P. M. F. J. Costa, "Electrical Properties of Cement-based
Composites Containing Carbon Black Particles,” Materials Today: Proceedings, vol. 2, no. 1, pp. 193-
199, 2015.

[25] J. H. Kim, H.-K. Yoon, and J.-S. Lee, "Void ratio estimation of soft soils using electrical
resistivity cone probe," Journal of Geotechnical and Geoenvironmental Engineering, vol. 137, no. 1,
pp. 86-93, 2011.

[26] R. Ranade, J. Zhang, J. P. Lynch, and V. C. Li, "Influence of micro-cracking on the composite
resistivity of Engineered Cementitious Composites,” Cement and Concrete Research, vol. 58, pp. 1-12,
2014.

[27] H.K.Kim, . W. Nam, and H. K. Lee, "Enhanced effect of carbon nanotube on mechanical and
electrical properties of cement composites by incorporation of silica fume," Composite Structures, vol.
107, pp. 60-69, 2014.

[28] S. Celikten, M. Saridemir, and I. O Deneme, "Mechanical and microstructural properties of
alkali-activated slag and slag + fly ash mortars exposed to high temperature," Construction and Building
Materials, vol. 217, pp. 50-61, 2019.

2292



