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Abstract. This paper sums up of the determining analysis of the measuring location of Tren
using a thermocouple during the thermography tests. The results will be used as a reference for
testing reinforced concrete corrosion by thermography method. The value and position of T
are affected by the distance between the heat source and the test objects. To study the effects of
heat source magnitude variations on concrete surface temperature, the heat source is used as
two halogen lamps of 500 watts each fitted at a distance of 30-50 cm. The concrete surface
temperature results of quantitative image processing method are compared to the experimental
test results. The results showed good accuracy, which was seen from most errors <3% and the
maximum error is < 5%.

1. Introduction

Rebar corrosion can be detected by determining the temperature distributions on the concrete surface
using an infrared camera [5]. Active thermography has been established as a method for quality
monitoring [3]. Influences of rebar corrosion is to reduce its cross-sectional area and thermal
coefficient of reinforced concrete around the rebar. Active infrared thermography requires an external
source of energy to induce a temperature difference between defective and nondefective areas in the
specimen under examination [4, 7]. When active thermography testing is carried out indoor, the effect
of heat source radiation to variations room temperature will be dominant, meanwhile, room
temperature fluctuations will continue to occur. As a result, there is difficulty in finding the
measurement location of T value as a correction factor.

Internal heat gain can be caused by the appliances, people, and lighting. Meanwhile, external heat
gain is due to heat conduction, heat radiation, and heat gain because of ventilation [9]. Outside air
temperature affects the heat transfer process in the room, through conduction mechanism in the wall.
This research uses a 1000 watt halogen lamp as a heat source. The optimum irradiates were produced
at a 10cm distance with a varied height between 200Wm™ to 1200Wm™ [9]. Heat transfer that occurs
by radiation, conduction, and convection mechanisms. The amount of heat transfer cause of
convection depends on the heat transfer coefficient (/4.). Based on the results of research James Oliver
Smith [8], 4. is dependent on wind speed (v) as equation 1.

he = 6.22 + 8.73 V0652, (1)
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As indoor, so v = 0, then A, = 6.22 (W/m’K). Furthermore, based on the basic formula for heat
transfer, radiation has the greatest effect. This will occur until the heating process is complete. This
means that using halogen lamps as a heat source gives a dominant effect on the heat transfer process.
The reflected temperature (75.) used correction this noise. The amount of radiation received by an
infrared camera sensor is also influenced by the transmission factor (7), temperature (7um), and the
object's emissivity (&s). The total radiation energy (W) received by the infrared camera sensor is a
combination of object radiation and environment (atmosphere). The total radiation received by the
camera like equation (2) [10].

Wtot = £,p;.T.0 (Tﬂb}-}4 +(1- Eﬂ,b}-}r. o {T,Ef:}4 + (1 —=17). 6 (T )* (2)

The transmittance of the atmosphere estimated using the distance from the object to the camera and
the relative humidity [11]. The atmospheric transmission is close to 1.0 when the survey distance is
small (e.g., a common distance for active IRT is from approximately 3 to 5 m). So the temperature of
the object (7os) only requires the measurement of emissivity and reflected temperature [10]. T, is the
same as the atmospheric temperature (7,) for an object with high emissivity in most cases [10].
According to the handbook from FLIR Camera, T, is the same as Tums [1], S0 Tren can be written as
equation (3).

4
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The thermogram is an interpretation of the heat energy received by infrared camera thermal sensors
still contains noise. Some studies thermography NDT methods for corrosion of reinforced concrete as
observed by Seunguk Na and Inkwan Paik (2019); David Im, et al. (2018); Hideki Oshita, et al. (2017)
and Naouar L and Sougrati B (2013) use qualitative techniques for processing thermogram. In this
research, represented a method for finding the position of the installation of the thermocouple around
sources of heat, so the temperature is at that position as the value 7. to correct the noise on the
thermogram. At the end of the paper, presented experimental testing that appeared good accuracy.

2. Materials and methods

Emissivity (&) value of dry concrete is used 0.95 for this research [2]. Room temperature
measurements were carried out using a data logger that was placed using the grid method per 10 cm.
Halogen lamp was placed parallel to the lamp. The test carried out in the room described in figure 1.
The variables used in this study are object distance (dob;), the lamp axles (diamp), heating time (thear),
ambient temperature (Tam), and distance camera (dcam).
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Figure 1. Laboratory room site plan



The Fourth International Conference on Sustainable Infrastructure and Built Environment
March 8-9, 2022

The Tusm value in this study used 1 (one) value is 30.6 © C as the initial temperature during testing
(T7). The others variable is deam = (30 + dobj) cm; diamp 1s 30 cm and 35 cm. The test concrete used 20
MPa with dimensions of 10 cm x10 ¢cm x 15 cm placed at a distance of 30 cm, 40 cm, and 50 cm in
front of the heat source as showed in figure 2.
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Figure 2. Testing the distribution of room temperature using the grid method.

Testing parameters in this research as in the table (1). Thermography testing uses a FLIR E8-XT
camera with 240x360 pixels. Thermal acquisition uses the sequence recording method at a speed of 15
fps. The measurement of the concrete surface temperature during the heating phase is carried out at 2
(two) thermocouple points. Benchmarking temperature used results of thermocouple values that
mounted in concrete.

Table 1. Test code samples by the test object distance parameter

Code dcam (cM) dobj (CmM) diamp (CM)
T60-30 60 30 30
T70-30 70 40 30
T80-30 80 50 30
T60-35 60 30 35
T70-35 70 40 35
T80-35 80 50 35

The location of the 7T,.; determined based on the temperature distribution contour. To easy
application during the experimental test, the location of the 7}.; value measured at a distance of 10 cm
in front of the halogen lamp and measured vertically from lamps 1 and 2. Tests were carried out at #se.
=800 s - 1800 s with time intervals of 50 s. All the tests conducted three times.

3. Results and discussions
3.1. Tren value results

Shown in figure 3, there is noise which results in concrete surface temperature difference between the
results of the thermography test and the thermocouple at the same moment. This is because of the
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influence of the atmosphere between the test object and the IR camera. These factors affect the value
of rand Tren in equation 2, resulting in changes in the value of Toy;. The Tren Value analysis is based on
the results of the curve fitting equation of concrete surface temperature and used equation 4 with
exposure time from theat = 800 s — 1800 s. Used Wiot = &obj. 0. T%ot and Trot = Tin; t = theat; Tobj = Ttc SO
the equation (3) becomes :

T gobj.a.Ttﬁ —e;obj.O'.Tt;1 (4)
refl (1—8 ).O' '

obj

T and Ty described surface temperature data from thermocouples and thermography measurement.
The value of T, is proportional to #w... Because the radiation process from halogen lamps will
continue, the concrete surface will continue to absorb heat energy. Curve fitting of 7. value carried
out by Matlab software. The figure (3) and (4) shown the T,.n value increasing at T60-30 is small than
at T70-30 and T80-30. The distance between the object to the light source (d,s;) affects the magnitude
of free space between the heat source to object.
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Figure 3. 7. during the heating phase at several dca» and djamp =30 cm
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Figure 4. Trefl during the heating phase at several de.» and diamp = 35 cm

3.2. Tren location based on heating time
Results of Trn location analysis used to find the thermocouple installation, where the temperature
value will a noise correction parameter when quantitative analysis of the image. Trn location analysis
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based on a vertical distance above the lamp 1 and 2 to the temperature contour lines at Tren value,
which was 10 cm in front of the lamp (heat source). Analyzes were carried out for object distances of
60, 70, and 80 cm from the infrared camera. The average location result analysis of the T test point
according to heating time is shown in figure (5) and (6).
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Figure 5. T, position of upper side from Lampl at several dean and diamp
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Figure 6. T, position of upper side from Lamp 2 at several dcan and diump

The results of the analysis showed 7. locations at T60-30 were closer than the others. It’s
acceptable, as lighting illuminance is inversely proportional to the square of the object’s distance to
the light source. Therefore, the closer the object is to the lamp, the smaller the gradient of room
temperature distribution in the concrete. Increased room temperature followed by an increase in
temperature of the concrete surface. This makes the 7. position tend to remain constant for the
irradiation time from t = 800 - 1800 seconds. 7. layout is 6 cm above the lamp for T60-30
meanwhile, T70-30 cm is quite various (from 7 cm until 18 cm) and T80-30 cm camera is at a
distance of 18 cm. But 7. layout will change if diump is 35 cm).

4. Experimental results
This test would check the reliability of the analysis result determination of Tn temperature test sites to

image noise correction. The Trn value used to remove noise because of atmospheric conditions by
equation 2, so Topj as [11]:
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Experimental testing was carried out by placing 2 thermocouples on the object to measure the
surface temperature (7%), and 2 thermocouples placed at the top of each halogen lamp to measure T.p.
Thermocouples to measure 7. are installed at a distance of 10 cm in front of the lamp, with a vertical
distance according to the results of the analysis of the 7T,.; location on the contour line of the room
temperature distribution. Based on the regression analysis can results trendline of change equation of
concrete surface temperature and room temperature (7,.s) according to irradiation time (¢), when ¢ = i
and t expression as ear, SO

pr}'(i} _ :lll Eob_;l'- a. Tr?z (l} - {1 - Eob_;l'}' o {Traﬂ}4 (5}

Eﬂb_;l"c"_

Based on figure (7), it can be seen that the temperature shift of the concrete surface between before
and after being corrected.
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Figure 7. Surface temperature of concrete before and after noise correction

Error of analysis written as :

T::- b_;l'(i} - Ttr: (1}
T (i)

AT,,.(i) = [ }xiﬂﬂ% (7)

The results of the error analysis are depicted in below. The results show good accuracy, this can be
seen from the average AT., error percentage is < 5% as shown in figure (8).
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Figure 8. The percentage of AT, at heating phase at several dc.,» and diamp

5. Conslusions

The Tren value is greatest while the object is placed at a distance of 30 cm, dcam is 60cm, and diamp =
30cm. The Ten can measured by thermocouples is placed at 6 cm above lamp 1 and lamp 2.
Meanwhile, the distance object is farther from the heat source, the further away the thermocouple must
be installed. The closer distance of an object to the heat source, so will increase and result in smaller
room temperature gradations.
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