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In this paper, a system is proposed that discriminates mortar including sea 

sand by using microwave patch antennas. The composites with sea sand have 

vital importance in construction engineering industry because ionised steel 

reinforced composites could cause life threatening damages. Firstly, to 

analyse mortar including sea sand, 0%, 25%, 50%, 75% and 100% chlorine 

ionised sea sand containing concrete samples were produced and relative 

complex dielectric measurements were conducted. In addition, two 2.45GHz 

patch antennas were designed in microwave simulator and also it was 

integrated to the concrete models. Furthermore, simulated results show that 

this approach could be used as a sensor with nearly 30MHz resonance shifts. 

Finally, proposed system was supported by experimental investigation. This 

type of configuration has many advantages as easy design, easy fabrication, 

cheap and flexible to non-destructive cement based composite measurements. 

Keywords: 
Ionised concrete 
Microwave antenna 

Sensor 

 

Klor İyonize Harcın Doğrudan Analizi ve 2,45GHz Antenler ile Sensör Uygulaması 

Araştırma Makalesi  ÖZ 

Makale Tarihçesi: 
Geliş tarihi: 14.03.2022 

Kabul tarihi:05.10.2022 
Online Yayınlanma: 04.12.2023 

 

 Bu makalede, mikrodalga yama antenleri kullanarak deniz kumu içeren 

çimento harcını ayırt eden bir sistem önerilmektedir. Deniz kumu kullanılan 

kompozit betonlar çelik takviyeli yapılarda kullanıldığında hayati tehlike 

oluşturabilecek hasarlara neden olabileceğinden inşaat mühendisliği 

sektöründe büyük bir öneme sahiptir. Öncelikle deniz kumu içeren çimento 

esaslı kompoziti analiz etmek için %0, %25, %50, %75 ve %100 klor iyonize 

deniz kumu içeren beton numuneleri üretilmiş ve relatif kompleks dielektrik 

ölçümleri yapılmıştır. Ayrıca mikrodalga simülatöründe 2 adet 2.45GHz 

yama anteni tasarlanmış ve beton modellere entegre edilmiştir. Ayrıca, 

simüle edilmiş sonuçlar, bu yaklaşımın yaklaşık 30MHz rezonans 

kaymalarına sahip bir sensör olarak kullanılabileceğini göstermektedir. Son 

olarak önerilen sistem deneysel araştırmalarla desteklenmiştir. Bu tip 

konfigürasyon, kolay tasarım, kolay imalat, ucuz ve esnekten tahribatsız 

çimento bazlı kompozit beton ölçümlerine kadar birçok avantaja sahiptir. 
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İyonize beton 
Mikrodalga anten 

Sensör 
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1. Introduction 

 

Cement-based composites are the most common building materials used because of their mechanical 

properties. It is reported that approximately 25 million tons of concrete were produced and used 

worldwide in 2016 (Xiao et al., 2017). It is foreseen that the need for concrete, which has become a 

part of civil life, will not decrease. Due to the advantages, it offers, the need for concrete will increase 

with increasing population. Thus, maintenance and repair are very important for concrete (James et al., 

2019).  

The majority of the buildings today consist of reinforced concrete structures. The deterioration of this 

material is usually caused by chemical and physical effects due to environmental conditions such as 

acid attack, sulphate attack, fire and chlorine ions penetration (Angst, 2019). Corroded steel bars cause 

internal pressures in their embedded structures. In addition, corrosion of the reinforcement would 

cause a decrease in the strength of the reinforced concrete structure as there would be an effective 

diameter reduction in the reinforcement (Bilcik and Holly, 2013).  

Chlorine ions lead to the breakdown of the passive oxide film on the steel bars in the concrete, in other 

words, the corrosion begins in a shorter time. For corrosion of the steel, moisture, oxygen and chlorine 

ion penetration into the reinforced concrete is sufficient. Iron ions and chlorine ions react with water to 

form ferrous hydroxide and hydrochloric acid. Corrosion is severely exacerbated by the conversion of 

this hydrochloric acid into chlorine and hydrogen ions. Chlorine ions enter the cement-based structures 

through additives, sea sands, aggregates etc. Detecting chlorine content in the concrete structure would 

help reduce the risk of deterioration of reinforced concrete structures. It is very important to keep the 

chlorine ion leaking into the reinforced concrete or in the concrete mixture under control. The 

maximum chlorine content that can be kept in reinforced concrete structures is determined in 

international codes (ACI committee 222, 2001; JGJ 52-2006, 2006; Song et al., 2019). These amounts 

are strictly limited. 

Due to various materials such as chemicals, de-icing salts, sea water and sea sand, chlorine ion can 

penetrate the reinforced concrete structure (JASS 5, 1993). While designing impermeable concrete to 

limit the ions leaking into the concrete structure (Zhang et al., 2020), it is possible to prevent corrosion 

by coating the reinforcement inside the concrete (Cui et al., 2019). It is also an effective method to 

limit the amount of chlorine contained in the mix materials in the concrete structure. 

Just as it is important to limit the chloride content in reinforced concrete structures, it is also necessary 

to carry out inspections in these structures. Risks such as non-compliance or ion leakage into the 

structure may be encountered. Chemical analyse is one of the methods to determine chloride content 

and penetration depth quantitatively (ASTM C1152, 2012; ASTM C1218, 2017). Some of others are 

estimation of diffusion coefficient using steady state methods and measuring partial conductivity of 

ions (Lu, 1997; Zheng et al., 2018), electrical migration techniques, probabilistic methods (Sun et al., 

2019), laser ablation inductively coupled plasma mass spectrometry method (Bonta et al., 2016), etc. 
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(Arya et al., 1987; Stanish et al., 1997; Lee et al., 1998; Zhang and Xi, 2016; Zhou et al., 2017; 

Watanabe et al., 2019). 

In the past decades electromagnetic analysis are widely used as a non-destructive test method due to 

its advantages such as low-cost, reliability, time-saving and safety. The electromagnetic tests are based 

on the relationship between the waves coming from a transmitter to the receiver or the wave from the 

transmitter to the transmitter. The test is performed by taking into account the losses, reflections, 

transmissions or absorptions of the waves during the tests. Moisture content, hydration mechanism, 

carbonation, high temperature, aging, dispersion of fibres, strength, water content is determined by 

electromagnetic test methods in literature recently (Guihard et al., 2018; Kim et al., 2018; Dexing et 

al., 2018; Dérobert et al., 2018; Shen et al., 2019; Teng et al., 2019). 

In this study, electromagnetic based a novel sensor was designed for the detection of chlorine ions in 

cement-based structures. Cement-based composites containing different amounts of sea sand were 

produced. The composites were tested with designed sensors. Finally, a correlation between chlorine 

content of the composites and output from the antenna was established. 

 

2. Production of Ionised Concrete Samples 

 

Ordinary Portland cement, crushed fine aggregate having 2.6 specific gravity and 4 mm maximum 

grain size, sea sand having 2.7 specific gravity and 4 mm maximum grain size and tap water were used 

to prepare cement-based composites. For all mixtures cement: aggregate: water ratio was kept constant 

as 1:2.47:0.485. A control sample was prepared with the above ingredients except for sea sand. Other 

samples were prepared by displacing sea sand and crushed fine aggregate by weight in the cement-

based composite.  

In order to produce cementitious composite, aggregate and cement were dry mixed in the first stage, 

then water was added and mixed. The mixing by a pan type revolving mixer was continued until a 

homogenous mixture was obtained. The prepared mixture was poured into 10 cm in diameter and 5 cm 

high cylindrical moulds for sensor application. The composites were separated from the moulds after 

24 hours of pouring.  Then the samples were air cured for additional 27 days before the analyses. 

 

3. Relative Dielectric Constant Measurements of Ionised Concrete Samples 

 

The relative complex dielectric constants of five different samples, which were 28 days air-cured, 

were measured by using Agilent PNA-L network analyser as illustrated in Fig.1a. The measured 

samples are containing 0%, 25%, 50%, 75% and 100% sea sand in their ingredients. According to 

measurements, there are dielectric constant differences between five samples as given in Fig.1b. As 

seen, there are significant differences in dielectric constants; the 0% sea sand included sample has 

relative dielectric constant about 1.5 in 1-6GHz band. Moreover, the 25%, 50%, 75% and 100% sea 

sand included samples have mean 1,8, 2.7, 3.2 and 3.7 dielectric constants, respectively. These linear 
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differences caused by ionised particles because these ionised particles change electrical properties of 

concrete samples (Foudazi and Donnell, 2017). 

 

 
Figure 1. a. Complex dielectric value measurement of samples and b. real part of dielectric values of 

five different samples 

 

 

4. Sensor Design by Using 2.5ghz Patch Antennas 

 

The measured relative complex dielectric constant values were imported to the finite integrated 

technique-based microwave simulator and then cylindrical concrete samples, which has 5cm radius 

and 5cm height, were created by using the imported relative dielectric constants for simulation studies. 

In the microwave simulation program, open boundaries were set and numerical analysis were done and 

a discrete port was connected to each antenna to excite antenna elements. In addition, antenna 

dimensions were given in Fig.2a and antenna S11 characteristics and radiation patterns were also 

given in Fig.2b and Fig.2c. Moreover, two 2.45GHz patch antennas were designed and integrated to 

the concrete samples as illustrated in Fig.2d to discriminate the composites. 2.45GHz operating 

frequency is one of the most used frequency band in many applications such as medical and 

communication applications, this is the aim of choosing 2.45GHz centre frequency in this study. In 

antenna design, FR-4 dielectric material is used in substrate layer and copper is used as resonator and 

ground plane parts. In addition, as shown in Fig.2e, transmission resonance frequencies of patch 

antennas have a good resonance shifts between 2.36GHz and 2.44GHz with 8dB transmission values. 

This resonance shift is nearly linear and about 20MHz resonance differences were obtained in each 

two transmission values. This resonance shifts allows us to use this process in sensing application 

(Altintaş et al., 2019). As a result, the centrally located 2.45GHz patch antenna is used as a sensor 

structure in discrimination of sea sand which causes life threatening damages in constructions. 
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Figure 2. a. Antenna dimension, b. antenna S11 characteristics, c. antenna radiation pattern, d. 

concrete setup and e. transmission values 

 

5. Experimental Investigation 

 

Designed two 2.45GHz patch antennas were fabricated by using LPKF-E33 circuit printer and 

fabricated antennas are given in Fig.3 by using copper covered FR-4 dielectric plates. Moreover, feed 

connectors were soldered to the antennas as shown in figure. In addition, Agilent PNA-L network 

analyser was used in experimental investigation. Before the experimental processes, vector network 

analyser was calibrated to increase the accuracy of measurements. Experimental setup is shown in 

Fig.4, two fabricated patch antennas were connected to the coaxial probes. As shown in figure, each 

patch antennas were located in each side faces of cylindrical concrete samples. Five different concrete 

samples were investigated and each transmission values were recorded. 

 

Figure 3. Fabricated antennas 
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Figure 4. Sample measurements 

 

6. Results and Discussions 

 

The experimentally measured transmission values between patch antennas in integration of composite 

samples are plotted and given in Fig.5. According to experimental measurements, nearly a linear 

resonance shifts were obtained between the frequencies of 2.550GHz and 2.665GHz. With the 

reference sample which does not include sea sand, the transmission frequency is 2.665GHz as seen in 

figure and also composites including 25%, 50%, 75% and 100% sea sand have resonances at 

2.625GHz, 2.595GHz, 2.570GHz and 2.550GHz respectively. These resonance differences could be 

used in sensor application to discriminate mortar including sea sand because this is a vital problem in 

civil engineering applications. These different resonances caused by the different relative complex 

dielectric values of chlorine content of the samples. 

 

Figure 5. Transmission values of 5 different concrete samples 
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In this study, antenna-based mortar sensor structure is proposed to detect chlorine ionised sand 

particles in the concrete composites. As mentioned before, ionised sand particles especially chlorine 

ions cause corrosions in construction materials so, therefore that situation causes many destructive 

results in earthquake cases unfortunately. According to sensory model of this paper, proposed model 

has high sensibility capacity and it has many advantages such as easy fabrication, easy integration and 

cheap. 

 

7. Conclusions 

 

In this manuscript, we propose a sensor system that discriminates mortar including sea sand to prevent 

destructive effects in construction industry. Chlorine ionised sand particles are very important because 

they cause corrosions in steel reinforced constructions and these undesired situations are also 

important for human life in constructed buildings. Firstly, five different concrete samples were 

produced by 0%, 25%, 50%, 75% and 100% chlorine containing sands. Moreover, relative complex 

dielectric constants of produced samples were measured by vector network analyser and measured 

values were imported to the electromagnetic simulator. According to imported relative dielectric 

constants, cylindrical samples and two 2.45GHz patch antennas were modelled and simulated. 

Resonance frequency shifts of antenna transmission values show that mortar including sea sand could 

be detected by this approach. Finally, simulation results are supported by experimental measurements, 

fabricated samples and patch antennas tested in microwave laboratory. According to experimental 

approaches, there are nearly 25MHz resonance differences hence this shows proposed system can be 

used in civil engineering application with high accuracy. 
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