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Abstract 

Measuring moisture content in construction materials is extremely important both for professional practice as well as for research. However, this 

is a very complex task, especially when long-term minor destructive measurements are desired. The time-domain reflectometry (TDR) technique 

is frequently used for soil moisture measurements, but its application in construction materials is considered a relatively new method, particularly 

for low-porosity building materials. In this paper, the challenges of using the TDR technique for moisture content measurement in construction 

materials, as well as its major advantages are discussed. In addition, the TDR method was tested in two different materials: limestone and solid 

brick. The obtained results suggest that the TDR technique is suitable for moisture content measurements in both materials, encouraging future 

applications and further developments.  
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Nomenclature 

𝜀𝑎𝑝𝑝 Apparent relative dielectric permittivity [-]  

W Moisture content [kg/m3] 

1. Introduction 

There is a wide variety of techniques available for moisture content determination. In practice, often non-destructive techniques 

are used, but they only provide surface moisture content measurements. To fully characterize the moisture content distribution in 

a construction element, material sampling is required, and as a consequence successive measurements cannot be repeated at the 

same point. Furthermore, many common moisture methods can only be employed in the laboratory and are not suitable to be used 

on-site, due to the requirements of the equipment involved, as happens with the nuclear magnetic resonance method (NMR) or 

with the radiation attenuation techniques, such as X-ray, neutron absorption, and 𝛾-ray attenuation method [1]. The TDR technique 

can be seen as a solution to overcome these limitations, since it allows continuous long-term minor destructive monitoring of 

moisture contents in the study element, in-depth and with a portable equipment. However, there is scarce information about its 

performance in hard low-porosity building materials. In addition, the lack of appropriate conversion functions between the direct 

output of the TDR technique, the apparent relative dielectric permittivity (ɛapp), and the moisture content of building materials (W) 

is commonly recognized as one of the major obstacles to its current use in construction materials. Indeed, the empirical conversion 

functions proposed for soils are mostly not suitable for building materials and there is no standardize calibration procedure to 

obtain appropriate conversion functions, W(ɛapp), for construction materials. 

2. TDR application in construction materials  

In this paper, the TDR technique was applied in small samples of limestone and solid brick. The main purpose was to test the 

suitability of the technique to detect moisture content variations in these materials and to present a calibration process, suitable 

for construction materials, using the gravimetric method as a reference. Figure 1 shows, as an example, the used limestone sample 

and Figure 2 the main steps followed during the gravimetric calibration. The same procedure was followed for the solid brick.  

      
a b a b c 

Figure 1. Sample preparation: a) steel auxiliary guide; 

(b) final drilled limestone sample.  

Figure 2. Gravimetric calibration steps: (a) water immersion; (b) sample weighing; (c) TDR 

measurement after moisture content redistribution in the completely waterproofed sample. 
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3. Results and discussion  

Table 1 shows the relation between the moisture content measured gravimetrically and the apparent relative dielectric permittivity 

obtained for limestone and solid brick, and Figure 3 shows the respective reflectograms. A detailed description of the 

reflectograms’ definition and how the ɛapp value is obtained through them can be found in [2]. The results reveal that the TDR 

technique is suitable to detect moisture content variations in both materials. However, the difference between the ɛapp value for the 

dry and saturated limestone is lower than the one obtained for solid brick (Table 1). This is mainly due to the inferior porosity of 

limestone. Indeed, the performance of the TDR technique for low-porosity building materials has greater challenges than for high-

porosity building elements, because the technique may be poorly sensitive to detect smaller moisture content variations. That is 

why most of the TDR applications in construction materials refer to highly porous building elements, such as gypsum or calcium 

silicate [3]. In spite of that, the results obtained for limestone proved that the technique is capable of detecting even small moisture 

content variations (∆ɛapp=0.6 for ∆W=14.5 kg/m3). 

Table 1. Relation between the moisture content measured gravimetrically and the apparent relative dielectric permittivity for limestone and solid brick. 

 Limestone (sample volume=0.0007332844m3) Solid brick (sample volume=0.0016449091m3) 

Sample mass (kg) W (kg/m3) 𝜀𝑎𝑝𝑝(-) Sample mass (kg) W (kg/m3) 𝜀𝑎𝑝𝑝(-) 

Dry in oven 1.8917 0 6.8 3.3748 0 3.2 

Moist 1.9023 14.5 7.4 3.5209 88.8 5.4 

Saturated 1.9146 31.2 8.4 3.6403 161.4 8.9 
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Figure 3. TDR reflectograms acquired for different moisture content values: (a) limestone; (b) solid brick. 

In the near future, the relation between W and ɛapp will be established for more points than the ones presented in Table 1, in order 

to adjust a calibration function for limestone and solid brick. In addition, the calibration process will be repeated for different 

samples to evaluate the reproducibility of the results. This task is especially important since the quality of the TDR measurements 

is strongly influenced by the contact between the probe and the material. Any air gap present between the probes’ rods and the 

material will compromise the measurements, which complicates the probes’ installation process. Indeed, drilling regular holes 

without producing large air gaps can be a challenge for hard materials. Therefore, this reiteration is useful to validate and obtain 

more robust results, particularly for low-porosity building materials, where the sensitivity range of the TDR technique is smaller.  

4. Conclusions 

Monitoring moisture content in building materials is a complex subject, which is still the focus of ongoing research. Despite the 

wide use of the TDR technique for moisture content measurements in soils, its application in construction materials still faces 

many challenges. The lack of appropriate conversion functions between the measured ɛapp values and the moisture content for 

building materials, W(ɛapp), is one of the biggest. Indeed, the experimental determination of these conversion functions through 

the proposed gravimetric method is a very time-consuming task, since the moisture content needs to redistribute and become 

homogenous in the sample to obtain a valid relation between W and ɛapp (Figure 2 c)). However, for a widespread use of the 

technique in practical engineering applications, a database with several calibration functions for different porosity building 

materials is required. Only then, the process of measuring the moisture content with the TDR technique would become fast and 

attractive. Regardless some obstacles, the TDR technique promises to be a minor destructive solution to continuously monitor the 

moisture content over time, with the advantage of allowing in-situ applications. The good results obtained for limestone and solid 

brick are very encouraging for the TDR application in other low-porosity building materials and for further developments.  
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