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Abstract— The present study evaluates the surface temperature of concrete specimens subjected to an aggressive environment 

using passive infrared thermography. Specimens of ordinary concrete (OC) and sulfate-resistant concrete (SRC) were 

analyzed. The maximum, minimum and average surface temperatures, as well as the temperature range (ΔT), were determined 

for each specimen. A statistically significant effect of the storage environment on the average surface temperature (Tavg) was 

established (F(1,8) = 22.93; p = 0.001; ηp² = 0.741). The obtained results confirm the applicability of thermography as a 

comparative non-destructive method for monitoring changes in the surface thermal behavior of concrete specimens. 
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I. INTRODUCTION 

Concrete is widely used as a structural material for the construction of floors, manure alleys, channels and other facilities in 

livestock buildings. Its condition is considered important for the durability of structures as well as for hygiene, movement 

safety and animal health. Concrete surfaces are required to provide mechanical resistance, ease of cleaning and sufficient slip 

resistance [1]. 

The operating environment in livestock buildings is characterized by high humidity and prolonged contact with manure, urine, 

feed residues and cleaning water. As a result, concrete is subjected to complex chemical and physical effects [2]. Changes in 

the cement matrix, increased porosity and gradual deterioration of the surface layer may be caused by organic acids, ammonium 

compounds, sulfates and manure decomposition products [3], [4]. Additional effects may be induced by microbial activity in 

the presence of moisture and organic matter [5]. 

For the assessment of these changes, methods that do not affect the integrity of the investigated elements are required [6]. 

Infrared thermography (IRT) is considered an applicable non-contact and non-destructive method in which infrared radiation 

emitted from the surface is converted into a temperature field. Differences in the thermal response of concrete may be associated 

with changes in thermal conductivity, heat capacity, density, porosity and moisture content [6], [7], [9], [12]. The method is 

applied to identify thermal anomalies associated with internal inhomogeneities, voids, delamination and changes in moisture 

conditions [8], [10], [11]. 

In passive infrared thermography, no additional thermal excitation is applied and the natural temperature response of the 

material is recorded. The obtained results may be influenced by moisture content, ambient temperature, air movement, 

measurement distance and measurement angle. Therefore, measurements are required to be performed under as uniform 

conditions as possible and the interpretation of the results should be based primarily on quantitative temperature parameters 

[6]–[8]. 

Based on the reviewed scientific literature, no studies involving the application of infrared thermography to concrete elements 

subjected to manure exposure were identified. 
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The aim of the present study was to perform a comparative assessment of the surface thermal behavior of ordinary and sulfate-

resistant concrete specimens after storage in manure using passive infrared thermography. 

II. MATERIALS AND METHODS 

Cubic concrete specimens with dimensions of 150 × 150 × 150 mm were used in the study. Two types of concrete were 

investigated: ordinary concrete (OC) and sulfate-resistant concrete (SRC). For each concrete type, a control group (A) and an 

experimental group (B) were established. The experimental specimens were stored in semi-liquid manure for six months while 

the control specimens were maintained under laboratory conditions without exposure to external aggressive agents. 

A Laserliner ThermoCamera HighSense infrared thermal imaging camera was used to perform non-contact measurements and 

quantitative analysis of the surface temperature field of the concrete specimens. 

The main technical characteristics and measurement parameters used during the thermographic investigation are presented in 

Figure 1. 

   

FIGURE 1: Infrared thermal imaging camera used and main parameters of the thermographic 

measurements. 

Before each thermographic examination, a visual comparison between the control and experimental specimens was performed. 

The distance between the camera and each concrete specimen was approximately 1 m with a measurement angle of 

approximately 90° and an emissivity coefficient of ε = 0.97. Eight consecutive thermal images of the upper surface were 

recorded for each specimen. The maximum (Tmax), minimum (Tmin) and average (Tavg) surface temperatures were obtained 

from each thermogram. The temperature range was additionally calculated as ΔT = Tmax − Tmin. 

The thermograms and temperature profiles along the diagonal D–D′ (Fig. 2) were processed using Laserliner QuickReporting 

Editor Plus software. Statistical analysis was performed using IBM SPSS Statistics 27 through two-way analysis of variance 

(ANOVA) with each individual concrete cube considered an independent experimental unit. 

Research hypotheses: 

 H1 – The average surface temperature (Tavg) is affected by the storage environment. 

 H2 – The magnitude of this effect is dependent on the type of concrete used. 

III. RESULT AND DISCUSSION 

The preliminary visual assessment showed that the control specimens were characterized by a relatively light-colored and more 

uniform surface while darker and non-uniform coloration and local changes in surface texture were observed in the 

experimental specimens. At this stage, no clearly pronounced macroscopic cracks, delamination or significant material loss 

were detected. Therefore, the visual assessment was considered preliminary and should be interpreted together with the 

thermographic and statistical results. 

The average temperature parameters of all independent specimens, including Tmax, Tmin, Tavg and ΔT, are presented in Table 

1. 
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TABLE 1 

MEAN TEMPERATURE PARAMETERS OF ALL INVESTIGATED CONCRETE SPECIMENS 

Concrete type Group Cube Tmax (°C) Tmin (°C) Tavg (°C) ΔT (°C) 

OC Control 1 15.71 14.01 14.51 1.7 

OC Control 2 18.11 16.41 17.01 1.7 

OC Control 3 19.81 18.31 18.81 1.5 

OC Experimental 1 20.51 18.91 19.81 1.6 

OC Experimental 2 21.01 19.61 20.21 1.4 

OC Experimental 3 21.01 19.61 20.11 1.4 

SRC Control 1 17.71 15.91 16.41 1.8 

SRC Control 2 15.21 13.41 13.91 1.8 

SRC Control 3 13.11 11.11 11.71 2 

SRC Experimental 1 20.91 19.71 20.11 1.2 

SRC Experimental 2 20.71 19.21 19.71 1.5 

SRC Experimental 3 20.21 18.71 19.21 1.5 

Note: The presented values are arithmetic means calculated from eight consecutive thermographic measurements for 

each independent concrete cube. 

The obtained data showed differences between the control and experimental specimens for both concrete types. For ordinary 

concrete (OC), the average surface temperature (Tavg) ranged from 14.51 to 18.81 °C in the control group and from 19.81 to 

20.21 °C in the experimental group. For sulfate-resistant concrete (SRC), a wider temperature range was observed in the control 

specimens from 11.71 to 16.41 °C. After storage in the aggressive environment, Tavg increased to 19.21–20.11 °C. Along with 

the increase in Tavg, a tendency towards lower maximum temperature differences (ΔT) was observed, particularly in SRC. 

This indicated a more uniform surface temperature field at the time of measurement. The observed differences could not be 

independently interpreted as a measure of the degree of deterioration but could serve as a comparative indicator of changes in 

the surface thermal response. 

For a more detailed illustration of the changes in the surface temperature field, representative thermograms and temperature 

profiles along the diagonal D–D′ (Fig. 2), obtained and processed using Laserliner QuickReporting Editor Plus, are presented. 

 

FIGURE 2: Representative thermograms of ordinary concrete (OC) and sulfate-resistant concrete (SRC) 

specimens: (a) control specimens and (b) experimental specimens. 
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As shown in Figure 2, a shift in the temperature field towards higher values was observed in the experimental specimens of 

both concrete types. For the representative pair of OC specimens, an increase in the average surface temperature from 17.0 to 

20.2 °C was recorded while for SRC an increase from 13.9 to 19.7 °C was observed. Therefore, a more pronounced temperature 

change was observed for SRC in the thermographic images. The thermograms were used for illustrative purposes and confirmed 

the direction of the observed changes. However, statistical conclusions should be based on the results obtained from all 

independent specimens. 

The temperature profile along the diagonal D–D′ for a representative pair of OC specimens is presented in Figure 3. 

 

FIGURE 3: Temperature profile along the diagonal D–D′ for representative ordinary concrete (OC) 

specimens. 

For OC, the temperature profile of the experimental specimen was consistently shifted above that of the control specimen along 

the entire diagonal. An average temperature difference of approximately +3.32 °C was observed along the profile. This was 

consistent with the difference in Tavg obtained from the representative thermograms. The shapes of both curves remained 

relatively similar. This indicated that the observed change was mainly associated with an overall increase in temperature rather 

than an isolated local deviation. 

The temperature profile along the diagonal D–D′ for a representative pair of sulfate-resistant concrete (SRC) specimens is 

presented in Figure 4. 

 

FIGURE 4: Temperature profile along the diagonal D–D′ for representative sulfate-resistant concrete (SRC) 

specimens. 
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For SRC, a greater difference between the control and experimental temperature profiles was observed along the entire 

diagonal. The average temperature difference between the profiles was approximately +6.03 °C. This was consistent with the 

greater increase in Tavg observed for SRC and supported the hypothesis that the aggressive environment may induce a more 

pronounced thermal response due to possible interactions involving the additives used in sulfate-resistant concrete. 

The mean values and standard deviations of Tmax, Tmin, Tavg and ΔT for each group are summarized in Table 2. 

TABLE 2 

MEAN VALUES AND STANDARD DEVIATIONS OF SURFACE TEMPERATURE PARAMETERS BY GROUP 

Concrete 

type 
Group n 

Tmax, °C mean ± 

SD 

Tmin, °C mean ± 

SD 

Tavg, °C mean ± 

SD 

ΔT, °C mean ± 

SD 

OC Control 3 17.88 ± 2.06 16.25 ± 2.15 16.78 ± 2.16 1.63 ± 0.12 

OC Experimental 3 20.85 ± 0.29 19.38 ± 0.40 20.05 ± 0.21 1.47 ± 0.12 

SRC Control 3 15.35 ± 2.30 13.48 ± 2.40 14.01 ± 2.35 1.87 ± 0.12 

SRC Experimental 3 20.61 ± 0.36 19.21 ± 0.50 19.68 ± 0.45 1.40 ± 0.17 

Note: n – number of independent concrete cubes in each group; SD – standard deviation. 

The trends identified above (Table 1) were confirmed by the statistical analysis of the data. For ordinary concrete (OC), the 

mean Tavg increased from 16.78 to 20.05 °C, corresponding to an absolute difference of 3.27 °C and a relative increase of 

19.5%. For sulfate-resistant concrete (SRC), an increase in Tavg from 14.01 to 19.68 °C was observed, representing a difference 

of 5.67 °C or 40.4%. In the experimental groups, considerably lower standard deviations were observed compared to the control 

groups. Therefore, the storage environment was associated not only with an increase in the mean surface temperature but also 

with more consistent temperature values among the individual specimens. 

A comparison of the mean surface temperatures of both concrete types depending on the storage environment is presented in 

Figure 5. The values are illustrated as group means for the control and experimental specimens. 

 

FIGURE 5: Comparison of mean surface temperature (Tavg) by concrete type and storage environment. 

For both concrete types, a higher mean surface temperature (Tavg) was observed in specimens stored in the aggressive 

environment compared to the control specimens. For ordinary concrete (OC), an increase in Tavg from 16.78 °C in the control 

group to 20.05 °C in the experimental group was recorded, representing a difference of 3.27 °C. For sulfate-resistant concrete 

(SRC), an increase in mean Tavg from 14.01 °C to 19.68 °C was observed, corresponding to a difference of 5.67 °C. 

As shown in the graph, the effect of the storage environment was observed for both concrete types, with a more pronounced 

temperature change recorded for SRC. This indicated that after six months of storage in the aggressive manure environment, 

an increase in the surface temperature response was observed. 

The boxplot diagram of Tavg according to the storage environment is presented in Figure 6. This provides a summarized 

representation of the data distribution. 
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FIGURE 6: Distribution of mean surface temperature (Tavg) by storage environment. 

The boxplot diagram showed a clear shift in the distribution towards higher surface temperatures in the experimental specimens. 

A wider range and greater dispersion of values were observed in the control group while a more compact distribution was 

recorded in the experimental group. This graphical pattern was consistent with the expectations for H1 and suggested a 

statistically significant main effect of the storage environment. 

The profile of mean Tavg values by group is presented in Figure 7, allowing the possible interaction between concrete type 

and storage environment to be assessed. 

 

FIGURE 7: Mean surface temperature (Tavg ± SD) of ordinary concrete (OC) and sulfate-resistant concrete 

(SRC) specimens according to the storage environment. 

An upward trend from the control to the experimental environment was observed for both lines in Figure 7, confirming the 

overall effect of storage in the aggressive environment. The SRC line started at a lower initial temperature and showed a greater 

increase. However, the differences between the slopes of the two lines did not provide clear graphical evidence of a statistically 

significant interaction. Therefore, the graph suggested a possible trend rather than conclusive evidence supporting H2. 
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A boxplot diagram showing the distribution of Tavg for each combination of concrete type and storage environment is 

presented in Figure 8, providing additional information to the interaction profile. 

 

FIGURE 8: Distribution of mean surface temperature (Tavg) according to concrete type and storage 

environment. 

Figure 8 shows that the lowest values were observed in the SRC-A group while the highest values were recorded in the OC-B 

and SRC-B groups, where the two experimental combinations were found to be close to each other. Under control conditions, 

considerably greater dispersion among the specimens was observed, particularly for SRC. This may explain why the interaction 

between concrete type and storage environment did not reach statistical significance despite the greater temperature increase 

observed for SRC. 

Before the interpretation of the two-way model, the assumptions of normality and homogeneity of variances were examined. 

No statistically significant deviation from normality was detected by the Shapiro–Wilk test (W = 0.891; p = 0.122) and no 

significant heterogeneity of variances was established by Levene's test (F = 2.358; p = 0.148). Considering the small number 

of independent specimens (n = 3 per group), the obtained results were interpreted with caution. However, the application of 

two-way ANOVA was considered appropriate. 

The results of the two-way analysis of variance (ANOVA) for Tavg are presented in Table 3 to statistically evaluate hypotheses 

H1 and H2. 

TABLE 3 

TWO-WAY ANALYSIS OF VARIANCE (ANOVA) OF TAVG FOR 12 INDEPENDENT CONCRETE CUBES (N = 12) 

Effect SS df MS F p ηp² 

Concrete type 7.363 1 7.363 2.821 0.132 0.261 

Storage environment 59.853 1 59.853 22.932 0.001 0.741 

Concrete type × environment 4.32 1 4.32 1.655 0.234 0.171 

Error 20.88 8 2.61 — — — 

Note: SS – sum of squares; df – degrees of freedom; MS – mean square; F – F-statistic; p – level of statistical 

significance; ηp² – partial eta squared. Results were considered statistically significant at p < 0.05. 

The results presented in Table 3 showed a statistically significant main effect of the storage environment on the average surface 

temperature (Tavg), F(1,8) = 22.93; p = 0.001; ηp² = 0.741. Therefore, H1 was statistically supported. Storage in the aggressive 

environment was associated with changes in the surface temperature of the concrete specimens. An increase in mean Tavg 

from 15.40 °C in the control specimens to 19.86 °C in the experimental specimens was observed, corresponding to a difference 

of +4.47 °C or approximately +29.01%. 
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No statistically significant main effect of concrete type was established (p = 0.132). Similarly, the interaction between concrete 

type and storage environment was not statistically significant, F(1,8) = 1.655; p = 0.234; ηp² = 0.171. Therefore, H2 was not 

statistically supported despite the greater increase observed for SRC (+5.67 °C; +40.4%) compared to OC (+3.27 °C; +19.5%). 

The conducted study demonstrated that passive infrared thermography can be successfully applied as a comparative non-

destructive method for monitoring changes in the surface thermal behavior of concrete specimens subjected to an aggressive 

environment. The differences established between the control and experimental specimens indicated a clear influence of the 

storage environment on the thermal response of concrete. An increase in the average surface temperature was observed for 

both investigated concrete types after six months of storage in semi-liquid manure. 

The statistically significant effect of the storage environment on the average surface temperature (Tavg) was confirmed by the 

statistical analysis. However, the dependence of the observed temperature changes on concrete type was not statistically 

demonstrated with the present sample size. The greater temperature change observed for sulfate-resistant concrete (SRC) 

should be considered a trend that requires further investigation over a longer period. 

The obtained results indicated that additional information on the condition of the concrete surface layer could be provided by 

thermographic analysis. However, temperature changes should not be interpreted independently as a direct measure of the 

degree of deterioration. For a more comprehensive assessment, the obtained results should be compared with data from other 

non-destructive and physical-mechanical tests. 

IV. CONCLUSION 

Based on the conducted study, the following main conclusions were drawn: 

 High technical repeatability was demonstrated by passive infrared thermography, with a coefficient of variation of 

Tavg below 1.1% for all investigated concrete specimens. 

 After six months of storage in an aggressive manure environment, statistically significant changes in the surface 

temperature parameters were established. A pronounced effect of the storage environment on Tavg was recorded, 

F(1,8) = 22.93; p = 0.001; ηp² = 0.741. 

 An increase in the average surface temperature (Tavg) from 16.78 to 20.05 °C was observed for ordinary concrete 

and from 14.01 to 19.68 °C for sulfate-resistant concrete. However, a statistically significant interaction between 

concrete type and storage environment was not established. Therefore, the greater temperature change observed for 

sulfate-resistant concrete may be considered a possible response associated with its specific composition and 

interactions with the aggressive environment. 

 The observed temperature changes cannot be independently considered a quantitative indicator of the degree of 

concrete deterioration. The obtained results may provide preliminary information on the general condition of the 

concrete specimens. Further investigations using additional testing methods are required to evaluate changes in their 

mechanical properties. 

RECOMMENDATION 

Passive infrared thermography may be applied as a comparative non-destructive method for monitoring changes in the surface 

thermal behavior of concrete specimens. However, the obtained results should be interpreted in combination with other non-

destructive and destructive testing methods. 
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