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ABSTRACT

This document discusses the time range to optimize and understand infrared thermography results when
used on damage detection for flexible pavement. A monitoring activity was performed during 14
continuous hours (5:00 a.m. to 7:00 p.m.) for four study areas in a centrally located avenue in
Cochabamba City, Bolivia. This activity evidenced an effective time range to take thermographic images
from 11:00 a.m. to 4:00 p.m. Damage visualization by differential colorimetry in thermograms at
different times was also verified. This test enables locating areas where a detailed inspection may be
performed. As a limitation, its sensibility to changes under environmental conditions is evident.
Keywords: infrared thermography, flexible pavement, inspection.
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Analisis de la variabilidad horaria para la deteccion de dafos en pavimentos
flexibles usando termografia infrarroja

RESUMEN

En este trabajo se discute el rango horario para optimizar e interpretar los resultados de la
termografia infrarroja cuando es utilizada en la deteccion de dafios de pavimentos flexibles. Se
realiz6 un seguimiento de 14 horas continuas (5:00 a.m. a 7:00 p.m.) para cuatro zonas de estudio
en una avenida céntrica de la ciudad de Cochabamba, Bolivia. El seguimiento evidencié un rango
horario 6ptimo para la toma de imagenes termogréficas de 11:00 a.m. hasta las 4:00 p.m.; también
se constato la visualizacion del deterioro mediante la colorimetria diferenciada en los termogramas
a diferentes horas. Este ensayo permite localizar las &reas en las que se puede efectuar una
inspeccion detallada. Como limitante se tiene su sensibilidad a cambios en las condiciones
ambientales.

Palabras clave: termografia infrarroja; pavimento flexible; inspeccion.

Analise do melhor horario para a deteccdo de danos em pavimentos flexiveis
usando termografia infravermelha

RESUMO

Este trabalho discute o intervalo de tempo para otimizar e interpretar os resultados da termografia
infravermelha quando é usada para detectar danos em pavimentos flexiveis. Um acompanhamento
de 14 h continuas (5h as 19h) foi realizado para quatro areas de estudo em uma avenida central na
cidade de Cochabamba, Bolivia. O acompanhamento mostrou um intervalo de tempo ideal para a
obtencdo de imagens termograficas a partir das 11h até as 16h. A visualizacdo da deterioracao
também foi verificada pela colorimetria diferenciada nos termogramas em diferentes momentos.
Este teste permite localizar &reas onde uma inspecdo detalhada pode ser feita. Como limitagéo
observa-se a sua sensibilidade as mudancas nas condi¢es ambientais.

Palavras-chave: termografia infravermelha; pavimento flexivel; inspecéo.
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1. INTRODUCTION

Road infrastructure works are very important for socioeconomic development in any country, since
they allow for mobilization of people and goods (Vyas et al., 2019). However, these works suffer
damages (fissures, deformation, delamination, etc.); therefore inspection, maintenance and
reconditioning activities are required in order to guarantee their useful life and provide optimal
service conditions (Solla et al., 2014).

In Bolivia, road maintenance and conservation started when the Bolivian-American Cooperation
Road Service (Servicio Cooperativo Boliviano Americano de Caminos-SCBAC) was founded in
1955 (Lovera, 2017). Later, in 1961, National Road Service Agency (Servicio Nacional de
Caminos - SNC) was created. This entity was in charge of managing and maintaining roads all over
the country. In 2006 it was replaced by Bolivian Road Administration Agency (Administradora
Boliviana de Carreteras - ABC) according to Law 3507 (Bolivia, 2006a), whose institutional
mission is to integrate the country by planning and managing the Main Road Network (Red Vial
Fundamental - RVF) (Bolivia, 2006b). ABC activities include: planning, management, study and
engineering, construction, maintenance, preservation and operation for RVF and its access roads
(ABC, 2011).

Despite standards and institutions in charge of road conservation, a great percentage of roads show
visible issues in Bolivia, mainly on flexible pavement (Los Tiempos, 2016, 2019; Opinion, 2018).
Timely care for road maintenance and/or rehabilitation exceeds capacity of pertinent entities such
as ABC. This situation is caused by lack of inspection techniques. Many main roads, mostly in
cities, are not properly inspected to minimize of traffic interruption. This aspect avoids appropriate
evaluation and diagnosis of current conditions on flexible pavement. Therefore, actions taken for
rehabilitation are incorrect or improvised in many cases.

Some methods for infrastructure inspection in both concrete or flexible pavement bridges and roads
are bibliographically available (Rehman et al., 2016; Janku et al., 2019; Dong et al., 2016). The
most widely used method is the ground-penetrating radar (georadar) (Khamzin et al., 2017;
Fernandes & Pais, 2017; Tosti et al., 2018). Nevertheless, a direct contact with infrastructure and
interrupting vehicle traffic are required. Hence, techniques for an inspection without traffic
interruption and remotely efficient are required. Accordingly, infrared thermography rises as an
alternative for this purpose. This technique does not required direct contact with the inspected
subject and may be performed at different distance rates. (Baggathiappan et al., 2013; Rocha et al.,
2017).

Although inspection studies for pavement using infrared thermography are available (Garrido et
al., 2018; Golrokh and Lu, 2019), bibliography related to flexible pavement is scarce (Solla et al.,
2014; Lin et al., 2018; Vyas et al., 2019). Therefore, evaluating capacities and limitations -as an
inspection method for flexible pavement mostly in situ is still required, since reported information
is experimental and has been applied in different places.

In this sense, this document is intended to discuss a time range to optimize and understand infrared
thermography results when used for damage detection on flexible pavement, considering two
sections of San Martin Avenue in Cochabamba City, Bolivia as a study case. This selected section
is characterized by showing high vehicle traffic and jam as well as damaged flexible pavement
(Los Tiempos, 2016).
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2. INFRARED THERMOGRAPHY

Thermal radiation is the type of electromagnetic radiation that comprises heat transference and it
is emitted as a consequence of energy transition in molecules, atoms and electrons. The intensity
of infrared radiation emitted by a body depends on the temperature of its surface. Thereby, it is
considered that any body whose temperature is above absolute zero (0 K) emits infrared radiation
(Rochaet al., 2017).

Thermal energy irradiated by an object is expressed according to the energy emitted by a perfect
radiator called a black body or ideal emitter (Cengel, 2003).

The human eye may see radiation in the electromagnetic spectrum between 0.4 — 0.7 um (visible
spectrum), the infrared band ranges 0.9 — 14 pum, equipment being necessary for its detection.
Thermographic cameras, used for inspection, work in this infrared band. The ratio between
electromagnetic radiation and temperature is explained through Stephan-Boltzman Law equation
(1) (Baggathiappan et al., 2013).

W=c*e*T* (1)

Where W is radiation intensity (w/m2), ¢ is Stephan — Boltzmann Constant (5.67*10-8 W/m2*K4),
¢ is surface emissivity, and T is temperature measured (K).

3. PROCEDURE

In order to meet the objective intended in this article, a monitoring activity during 14 continuous
hours was performed on July 20 to 27, 2020. Thermographic images were taken every hour,
considering midday as a time axis, meaning 7 hours before and 7 hours after were considered.
Monitoring time range was from 5:00 a.m. to 7:00 p.m.

Two sections were considered as case study: the first was located on San Martin Avenue between
Jordan and Sucre Streets, where Palace of Justice is across from 25 de Mayo Market, and the second
was on San Martin Avenue between Heroinas Avenue and Colombia Street where many stores and
optical shops are located.

Each study section was divided in two areas to take thermograms. Figure 1 shows the areas where
thermografic images were taken. Area 1 is located on the corner of San Martin Avenue and Jordan
Street on the southeastern sidewalk, where panoramic images of the whole sidewalk were taken.
Area 2 is located in the middle of Section 1: San Martin Avenue between Jordan and Sucre Streets
on the eastern sidewalk. Area 3 is located in the intersection of San Martin Avenue and Heroinas
Avenue on the central green space. Area 4 is located in the middle of Section 2 on San Martin
Avenue between Heroinas Avenue and Colombia Street.
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Figure 1. Areas to take thermografic images.

The equipment used was a CAT S60 equipped including an FLIR integrated camera, whose
characteristics are detailed in Table 1.
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Table 1. S60 MyFLIR specifications.
Thermal and visual camera including MSX
Pixel size: 17 mm. Spectral range: 8 to 14

Thermal Sensor

mm.

Thermal Resolution 80 x 60

Visual Resolution 640 x 480

HFOV/VFOV 46° £ 19/35°+£1°

Image Frequency 8,7 Hz

Focus Fixed 15 cm — Infinite

Integrated in Shutter Automatic/manual
Radiometry

Dynamic scene range -20°C - 120°C

+5°C 0 +5%
Difference percentage between ambient
temperature and scene

Precision ) -
60 s applicable after start when unit is

located between 15°C and 35°C, and the
scene is located between 10°C and 120°C.
Thermal Sensitivity (MRDT) 150 mK

Source: FLIR (2016)

Thermograms resulting from monitoring (including a 1-hour interval) were processed and analyzed
by FLIRTools program.

Besides being a tool that facilitates inspection reports, FLIRTools edits and analyzes images
quickly, for this program has an option to adjust and modify parameters and enables scaling
temperature ranges and/or change colorimetry according to any scenario relevant to the study.

4. RESULTS

Results submitted are dated July 22, 2018, because it enabled detection of thermal gradients and
data repeatability. It is worth mentioning that due to technique sensitivity to environmental
conditions (intermittent cloudiness and rain) many days were interrupted or excluded for this
activity.

Thermograms for all four areas were analyzed in a visual manner, in the first intances, and then in
a quantitative manner,in order to determine the optimal range for data collection to detect damage
in flexible pavement. At the same time, qualities of FLIRTools were analyzed for the benefit of
proposed technique.

4.1 Visibility of damage on paving surface in thermographic images

After in situ monitoring, damage visibility in thermografic images was verified. Figure 2 shows
Area 4, and Figure 3 shows the corresponding thermogram.
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34.9°C

26.0°C

Figure 3. Thermal image for Area 4.

Figure 2 shows transversal (B) and longitudinal (A) cracking, crocodile leather texture (C), and
aggregate detachment (D) among other defect appearances. Figure 3 shows the thermographic
image of previously mentioned area, where varied colorimetry can be seen. This evidences a
previous relation to damages observed in Figure 2.

It can be noticed that the thermographic image in Figure 3 shows the temperature ranges on the
right side; this range varies from 26°C to 34.9°C. Yellow with white tendency areas represent high
temperatures and blue with black tendency areas represent low temperatures. This color pallet may
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be modified at user convenience. However, no uniformity in asphaltic pavement is observed, since
cold and hot areas are distinguished.

4.2 Variation in thermographic images at different times

Differential colorimetry in Area 1 at different times of the day was visually analyzed under the
same temperature range with FLIRTools program. Figure 4 shows thermographic images in Area
1 during three different times and under the same temperature range. This temperature was 23°C
as the maximum and 16°C as the minimum range. Figures 4a, 4b y 4c represent 7:00 a.m., 1:00
p.m. and 6:00 p.m., respectively.

Figure 4. Visibility of
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When observing thermographic images related to digital images, it can be noticed that Figure 4b,
representing 1:00 p.m., shows flexible asphalt showing different temperatures on its surface, unlike
Figure 4a (7:00 a.m.) that shows no difference in pavement temperatures. Figure 4c (6:00 p.m.)
shows that only some areas in pavement reveal temperatures close to maximum value, according
to temperature range established.

4.3 Determining optimal time range during daytime to take thermographic images

In order to determine optimal time range to take thermographic images, temperature difference in
two sections with different characteristics was used in order to obtain a differential that might be
evaluated by a graphics.

In order to obtain the difference in temperatures, the equation (2) was used, which is an expression
proposed in bibliography for a qualitative and quantitative analysis of results (Washer et al., 2010;
Farrag et al., 2016; Rocha et al., 2017).

AT=Tc - Tf @)

Where AT is the differential or thermal gradient (°C), Tc is the temperature of damaged area in the
study (°C), and Tf is the temperature of an area other than the damaged one (°C).

Figures 5, 6, 7 and 8, show temperature variation during monitoring period for two points with
different characteristics. Each figure shows results for each of all four analyzed areas, this is to
distinguish the thermal differential or temperature gradient (AT).
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Figure 5. Temperatures in Area 1.
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Figure 8. Temperatures in Area 4.

Figure 9 shows temperature differential (AT) for all four areas regarding time as well as ambient
temperature and relative humidity. Maximum values for thermal gradients given between 11:00
a.m. and 4:00 p.m. are shown. It can also be seen that between 5:00 a.m. and 8:00 a.m., differential
values are minimal, being this an ineligible period for an appropriate analysis. The period from
4:00 p.m. to 7:00 p.m. shows small differential values, due to cooling process (evening). Once solar
radiation is absent, heated sections tend to balance with the environment (Washer et al., 2010),
Figure 4c. It can be observed that the best period is between 11:00 a.m. and 4:00 p.m. because a
greater differential in temperature is present, which enables visualization of defect appearances in
thermograms. This is consistent with other investigations indicating that whenever thermal
gradients are higher, defect appearances are detected (Solla et al., 2014; Farrag et al., 2016; Rocha
etal., 2017).

Regarding thermal gradient behavior with ambient temperature and relative humidity, it can be
observed that maximum gradients occur when ambient temperature is high and relative humidity
is low. Otherwise, when ambient temperature is low relative humidity is high, lower thermal
gradients are present, 5:00 a.m. to 8:00 a.m., which confirm this technique is sensitive to
environmental conditions (Rocha & Pdvoas, 2017).

Even though this article was only applied in a single period of the year, this technique may be used
in any season. Solar exposure and a high ambient temperature are required. Nevertheless, optimal
periods for inspection will change according to the season, depending on times of exposure to solar
radiation and ambient temperature (Washer et al., 2010).
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Figure 9. Temperature gradient in all four study areas.

5. CONCLUSIONS

Implementing infrared thermography to detect damage in flexible pavement generate positive
results. This test may be considered as a preliminary non-destructive inspection method since it
can analyze large areas in small intervals of time. However, these periods are limited during
afternoon hours. The optimal range found for inspection was from 11:00 a.m. to 16:00 p.m.

This technique may detect invisible anomalies, showing an impacted section, but not the type or
extent of damage. This aspect requires a detailed inspection where other studies and tests may
accurately determine the type and nature of damage reflected by colorimetry in a thermogram.
This technique shows low thermal gradients on cloudy days as opposed to sunny days including
high temperatures. Sudden temperature changes during monitoring activities reveal discontinuous
data that are detrimental to analysis of damage behavior in flexible pavement, most of all regarding
preliminary inspections. Implementing active infrared thermography and other non-destructive
tests may reduce these uncertainties and generate more objective results.
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