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The Effect of Material Present in the Void for Thermography Inspection in Concrete Rilya 

Rumbayan Abstract: In the previous study by the author, a numerical model to predict 

the thermal contrasts resulting from subsurface voids (i.e. delaminations) in concrete 

under a given set of environmental conditions was developed using the finite element 

method. The model was verified using the experimental test data, and the results 

indicated that the model could be an effective tool to support the thermography 

inspection of the concrete.  

 

In this present study, the use of the verified model to evaluate the effects of materials 

present in the void created by the delamination expected to influence the detectability 

of the subsurface voids. The effect of this parameter on the thermal contrast developed 

on the surface above a subsurface delamination was assessed under a specific set of 

environmental conditions. The results indicated that air-filled void produced a significant 

thermal contrast compared to water-filled void, ice-filled void, and epoxy adhesive-filled 

void. Keywords : Delamination, thermal contrast, thermography, void materials. I.  

 

INTRODUCTION Thermographic imaging technique provides a practical tool for the 

detection of subsurface delaminations from a distance without direct access to the 

surface; however, the effectiveness of the technique is highly dependent on 

environmental conditions at the time, and prior to, when a thermal image is captured. 

The thermal gradient in the concrete that results from certain environmental conditions, 

such as solar loading, drives conductive heat transfer in the concrete that is disrupted by 

subsurface delaminations, resulting in variations in surface temperature (i.e. thermal 

contrast) that are used to identify the location of subsurface damage in the thermal 

image. The previous study by the authors was proposed an analytical model of 

environmental effects on thermal detection of subsurface damage in concrete.  



 

A 3 dimension (3D), nonlinear, numerical model of transient heat transfer was developed 

using finite element analysis to examine the environmental effects on thermal response 

of simulated subsurface voids in a large concrete block. The effects solar radiation, 

ambient temperature variation, and wind speed on the thermal images of a concrete 

block model with subsurface voids were presented. The model performance was 

evaluated by comparing the thermal contrast of the model results with those reported 

from a previous experiment study.  

 

It was found that the model developed was sufficiently accurate to provide a useful tool 

for predicting the thermal contrasts in response to subsurface in the concrete, and 

provide a tool to support practical thermographic inspection [1]. Also, in the previous 

study, the authors was evaluated the effect of varying void depths and void thicknesses 

on thermal contrast, to develop a simplified estimation of void depth from the 

measured thermal contrast. The result shown that the maximum thermal contrast 

decreased exponential by a constant multiple of 0.98 as the void depth increased and 

the maximum thermal contrast increased nonlinearly with increasing thickness of the 

void [2].  

 

The objective of this study was to evaluate the effect of another key parameter expected 

to influence the detectability of the subsurface voids, such as material in the void. The 

effect of different materials contained in the delamination void was evaluated. Modeling 

was completed for an air-filled void, a water-filled void, an ice-filled void and an 

epoxy-filled void on thermal contrast. The capabilities and limitations of thermography 

technique were evaluated based on the thermal contrast data results from the 

parametric studies.  

 

Understanding how these various parameters affect the thermal contrast was the key to 

successful implementation of thermographic inspection. II. THEORY AND RESEARCH 

METHOD A. Basic Principles of Thermography Inspection in Concrete Thermography 

employs infrared sensors to detect thermal radiation emitted from objects and creates 

an image of surface temperatures based on the emitted radiation. The energy of 

emitted radiation is described by the Stefan Boltzmann Law, which stated that the power 

radiated by a body is directly proportional to the fourth power of its absolute 

temperature as (1).  

 

???????? = ??????4 (1) in which ? is infrared emissivity of the object, ? is Stefan 

Boltzmann constant (5.67 x 10-8 W m-2 K-4), and T is the surface temperature of the 

object. In concrete, as shown in Fig. 1A, subsurface voids such as delaminations interrupt 

heat flow producing localized differences in the surface temperature [3]. These localized 



variations in surface temperature effect the total infrared radiation emitted from the 

surface. For example, as concrete warms in daytime, the surface temperature of a 

delamination is higher than the temperature of the sound concrete. The location of 

subsurface voids can be identified by analyzing the surface temperature variations 

[4]-[6].  

 

These surface temperature variations were examined in terms of thermal contrast, as 

shown in Fig. 1B, to perform quantitative analysis of data in the study. Thermal contrast, 

?T, was defined as (2). Fig. 1 (A) Schematic of the thermography technique to detect a 

void based on surface temperature differences (i.e. thermal contrast), and (B) Surface 

temperature and thermal contrast as a function of time [1] the epoxy is generally 

considered applying directly to the substrates for bonding concrete.  

 

??? = ?????????? ? ???????????? ???????????????? (2) where Tvoid is the surface 

temperature above a void area and Tsound concrete is the surface temperature in the 

intact area of the concrete [6]. It can be seen that the thermal contrast curve has a 

maximum thermal contrast (?Tmax) at a distinct time (tmax). In this study, the maximum 

thermal contrast was only considered for evaluating the capabilities and limitations of 

the model for determining the subsurface voids under a variety of field test parameters 

based on given weather conditions.  

 

The effective use of quantitative infrared (IR) thermography for subsurface void 

detection and void characterization in concrete requires the study of the transient heat 

transfer phenomenon. Theoretically, this phenomenon could be solved using direct 

computation of the theory of diffusion or using numerical analysis. The theory of 

diffusion in isotropic homogeneous material is governed by the Fourier equation as (3). 

???? = ?? ? ?2 ?? (3) These materials contained in the void have different thermal 

conductivity, heat capacity, and density in comparison to the sound concrete.  

 

Among these properties, thermal conductivity is a main property affecting temperature 

contrast between the void area and the sound area. Since the thermal conductivity of air 

is considerably lower than that of concrete, the significant temperature differences 

between a thin delaminated area and the thicker sound concrete can be expected when 

the material contained in the void is air. In another hand, since the thermal conductivity 

of water is not significantly lower than that of concrete, clear thermal differences at 

water filled voids would not be expected for steady state.  

 

However, for transient case, the thermal contrast can be produced because of the 

differing heat capacity of water and sound concrete [8]. C. Method Similar to the 

previous study by the author [1], in this study, finite element method (FEM) was used to 



perform 3D transient heat transfer analysis of a concrete block with a subsurface void 

under the actual weather conditions (solar ???? ??,??,?? radiation, ambient temperature 

and wind speed).  

 

The in which ?=k/?Cp is the thermal diffusivity which indicates how fast a material 

changes temperature; k is the thermal conductivity; ? is the density; Cp is the specific 

heat; T is the temperature; t is time and ?2 is the Laplacian operator. This equation 

shows that the temperature at any point in the material changes with time during 

transient heat flow [7]. B. Material Contained in the Delamination Air-filled void is the 

most commonly postulated model as a material contained in subsurface delamination. 

However, in the field application, the material which fills a delamination is not 

necessarily air.  

 

Other possible void-filling materials are water, ice, and epoxy used to repair concrete. 

Water filled voids would be expected under saturated concrete surface. The water turns 

ice in the delamination when temperature drop below freezing [8]. In the case of 

deteriorated concrete, parametric studies were conducted using the FEM to evaluate the 

effect of key parameters expected to influence the detectability of the subsurface voids, 

for the purpose of providing an analytical tool to study potential testing procedures of 

thermography in the field.  

 

The FEM was the selected analytical tool for predicting the thermal response of the 

model in a variety of different key parameters, including materials contained in the 

delamination void, which may be encountered in the field. All analyses were simulated 

using COMSOL Multiphysics software. A model of a concrete block with a variety of 

materials contained in the delamination void was proposed. Five different materials 

present in the void including air, water, ice, epoxy and Styrofoam were analyzed.  

 

The Styrofoam filled void was included in this case such that the resulting thermal 

contrasts from the model and the experimental data could be compared. Table 1 shows 

the material properties for each material Table 1. Material Properties Involving Different 

plus the material properties of the sound concrete that was used for simulation in this 

case. The thickness of the void was 13 mm for all simulations. Materials Contained in the 

Void and the Sound Concrete Material k Cp ? [W/(m °C)] [J/(kg °C)] [kg/m3] Void (air) 

0.024 700 1.2 Void (styrofoam) 0.027 1300 35 Void (water) 0.6 4200 1000 Void (ice) 2.2 

2050 915 Void (epoxy) 1.24 1200 1530 The sound concrete 1.8 1000 2300 Three days of 

weather data, that were obtained from the previous experimental study, were simulated 

as boundary conditions [1]. Solar radiation was simulated only at the front surface of the 

concrete block.  

 



Convective cooling was simulated at the front surface and the bottom surface of the 

concrete. The four other surfaces were treated as adiabatic. All simulations were run 

using 10 minutes time step over a period of three consecutive days. The purpose was to 

allow the concrete block reaching its thermal inertia for transient heat flow. In the 

further analysis, data results of the final 24 hours in the last day were only used. The 

initial temperature of the concrete block was taken as same as the initial surface 

temperature obtained from thermocouple measurement in the experimental test. The 

model was meshed using tetrahedral meshing feature from the COMSOL Multiphysics 

software.  

 

The “extra fine” element size was selected as a balance between computational 

economy and accuracy in the solution [1]. III. RESULTS AND DISCUSSION Fig. 2 shows 

the time varying thermal contrast as a function of materials present in the void for 51 

mm deep void. The results showed that when the void was air filled, the substantial 

difference in thermal conductivity (k) between air and concrete (Table 1) supported 

expectations of significant thermal contrasts between a void area and the sound 

concrete.  

 

Since the thermal conductivity of water, ice, and epoxy adhesive was not substantially 

different than that of concrete, the thermal contrasts of these materials in the void were 

not more pronounced. In addition, the results showed that the differing specific heat 

(Cp) of air and styrofoam would be expected to produce a small difference in the 

thermal contrast. There was a small difference in thermal contrast among water, ice, and 

epoxy. However, it can be noted that the thermal conductivity of the material in void 

dominated the thermal contrast behavior. Fig.  

 

2 The Time Varying Thermal Contrast as a Function of the Materials Present in the Void 

A characteristic maximum of thermal contrast for different materials contained in the 

void could be summarized in Fig. 3 for 25 mm, 51 mm, 76 mm and 127 mm deep void. It 

can be seen clearly that the maximum thermal contrasts for air filled void and styrofoam 

filled void were detected easily than the others filled materials. Fig. 3 Effect of Void 

Material On The Maximum Thermal Contrast IV. CONCLUSSION This paper focused on 

the evaluation of the effect of key parameters expected to influence the detectability of 

the subsurface voids, such as material in the void.  

 

The analysis was performed using finite element analysis to evaluate the effect of 

different materials contained in the void. The results from the study of the effect of 

different materials contained in subsurface void (i.e. delamination) demonstrated that 

air-filled void produced a significant thermal contrast compared to water-filled void, 

ice-filled void, and epoxy adhesive-filled void. The differences of the thermal contrast for 



each material in void arose from different thermal behavior due to different properties 

of heat conduction and/or specific heat compared to the thermal properties of the 

sound concrete.  

 

Based on the results of these studies, it was concluded that the model developed 

provided valuable information on the expected responses and possible limitations of 

using thermographic technique to detect subsurface voids in concrete bridge. 
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