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ABSTRACT
A non-contact and non-destructive geotechnical exploration method is proposed to detect
underground cavities in the back of the concrete wall structure by measuring the temporal
variations of the wall surface temperature using the infrared camera. The experimental and
numerical analyses are conducted to verify the applicability of this method. The results show that
the underground cavities covered by the concrete plate which has a thickness thinner than about
10cm can be detected by the temporal variations of the spatial temperature distribution based on
the thermal images of the plate surface captured by the infrared camera.
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INTRODUCTION
For the safety of retaining structures, the appropriate construction and maintenance of their back
fillings and drainage facilities are to be ensured because of the excessive lateral earth pressure by
accumulated ground water in the back. Soil erosion caused by damages and deteriorations of the wall
drainage systems can develop underground cavity in the back of the wall as illustrated in Fig. 1.
Collapse of such a soil cavity can initiate unexpected settlement of the backfill ground and property
damages nearby the wall structures. (Lee et al., 2015; Williams-Milano, 2013; SCRD, 2015; Zhiqing
et al., 2003; Kim, 2009)
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Figure 1: Schematic diagram of an underground cavity development
at the damaged wall drainage
A number of non-destructive investigation methods, which can be applicable to detect such
underground cavities, are already developed (Park et al., 2015; Do et al., 2007): Elastic wave surveys
(seismic refraction method, sonar method, surface wave method, ambient vibration measurement, etc.
and electromagnetic wave surveys (electric resistivity method, induced polarization method, selfpotential method, ground penetration radar, magnetoelectric method, AMT, CSAMT, EM method,
etc.). Those techniques are generally based on the elastic or electromagnetic wave propagation
through soils. Carefully secured coupling between the transducers and the tested objects should be
required to obtain the testing results suitable for the appropriate engineering decision. However, it is
not easy to be achieved under usual field measurement conditions and if not, it becomes a main
reason for the measurement uncertainty.
In this study, the infrared thermography technique is introduced to identify underground cavities
by measuring the temporal variation of the temperature on the concrete wall surface. The infrared
thermography technique is a measurement and visualization of the surface temperature of the object
for analysis and diagnosis using thermal images captured by infrared cameras. This technique has
been used for such various scientific and engineering purposes as weather forecasting, ocean
temperature monitoring, safety inspections of building structures and so on (Lee, 2004). Recently, this
infrared thermography technique is integrated to geotechnical engineering applications: Detection of
the cavity behind the shotcrete wall, structural inspection of concrete retaining walls and shotcrete
reinforced slope, monitoring of rock surface weathering, and so on (Guo et al., 2013; Hui, 2012; Choi
et al., 2004). The laboratory experiments and numerical simulations are conducted and analyzed as
described in the following sections in order to verify this infrared thermography technique.
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EXPERIMENTAL SETUP
A square column shaped polyethylene mold, 50cm wide and 100cm high, is prepared as shown in
Figs 2 and 3. The mold is separated into two parts. A set of four pin heaters is instrumented inside the
upper part of the mold and each pin heater is located at every corner of the mold and away 10cm from
the mold wall. The pin heaters are controlled by the temperature measured at a PT-100 thermometer
which is 15cm away from the pin heater to adjust the heating condition. An infrared camera is
installed on the top of the upper mold and can capture thermal images of the object through the hole
on the top. The features of the camera used in this study are listed in Table 1. The monitored
specimen is prepared in the lower part of the mold. In order to simulate a concrete wall structure
covering a soil deposit with an underground cavity, the lower space is divided into two with an iron
plate. A space is filled with dry standard sand by air pluviation method to have a certain void ratio
range between 0.70 and 0.72 and the other space remains empty with air. The top of the specimen is
covered with a concrete plate. The covering plates with various thicknesses of 3cm, 5cm, 7cm, 10cm
and 20cm are manufactured. The engineering and thermal characteristics of the tested materials are
summarized in Tables 3 and 4. T-type thermocouples are attached on the plate surface to measure the
surface temperature directly and calibrate the thermal image results. In Figs. 2 and 3, the point A
indicates the center of the area, which has an empty space to simulate an underground cavity behind
the concrete plate, and the point B indicates the center of the area, which has a sand deposit behind
the plate.
The pin heaters are operated to keep the temperature at the PT-100 to be 100 degree in Celsius. It
is observed that the surface temperature is not changed much with time after heating about 15 hours
and the heating condition is kept three more hours to check the thermal changes, and then the heaters
are turned off and the mold and the specimen are cooled down by the room temperature which is
about 15 degree in Celsius about 6 hours. The surface temperature of the concrete plate is monitored
and recorded during the whole testing process.

a) Schematic diagram for
b) Photograph of
the testing mold
the testing mold
Figure 2: Schematic diagram and photograph of the testing mold
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Figure 3: Schematic diagram and photograph for the concrete plate

Table 1: Characteristics of the infrared camera used in this study (FLIR, 2014)
Feature
Thermal Image Resolution

160 X 120 pixels

Spatial Sensitivity

2.72 mrad

Temperature Sensitivity

< 0.07℃

Measurable Wavelength

7.5 ~ 13 ㎛

Measurable Temperature Range

0℃ ~ 650℃

Table 2: Engineering Characteristics of the tested sand (Kim, 2014)
Label

Specific
Gravity

Water
Content (%)

D50
(mm)

Cu

Cz

emax

emin

Jumunjin
Standard
Sand

2.67

0

0.56

1.53

0.94

0.92

0.60
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Table 3: Thermal properties of the tested materials (after Kim, 2014; Goodfellow, 2015;
Johnston, 1981; Peter J. R. and Ann H., 1969)
Thermal conductivity
(kJ/m·hr·℃)

Volumetric heat capacity
(kJ/m3·℃)

Thermal
diffusivity (m2s-1)

Jumunjin standard Sand

0.25 ~ 4.00

1380

0.20 x 10-3
~2.4 x 10-3

Granite (rock)

6.12 ~ 14.40

2128

2.87 x 10-3
~6.77 x 10-3

Concrete

3.60 ~ 6.48

2010

1.79 x 10-3
~3.22 x 10-3

Polyethylene

0.33 ~ 0.52

1900~2300

0.17 x 10-3
~0.22 x 10-3

Air

0.09 ~ 46.8 x 104

1.26

71.43 x 10-3
~371.43 x 103

TESTS AND RESULTS
Fig. 4 displays the comparison between experimental and numerical results of temperature
changes at the points A and B of the concrete plate during the heating up and the cooling down
processes. The temperature distribution during the testing is computed using the computer software
TEMP/W (GEO-SLOPE, 2013) and compared with the laboratory testing results as shown in Figs. 4
and 5.
At initial heating, the point A where the cavity is located behind the wall shows a faster build-up
of the surface temperature than the point B where soil is filled behind the wall. Then, heat energy loss
through the cavity results in a lower temperature at the point A after about 3 hour heating. We
confirm no more significant changes in the monitored surface temperature after about 15 hour
heating, and then the heaters are turned off and the mold is cooled down with the room temperature
which is about 15 degree in Celsius. It is observed that the point A shows much faster temperature
drop during this cooling sequence because the more heat energy reserved in the soil deposit rather
than the air delays the temperature drop of the area where no cavity is located.
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A: Area without cavity
A (thermal images)
A (computed)

B: Area with cavity
B (thermal images)
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Figure 4: Temporal variations of surface temperature at the points A (area without cavity) and B
(area with cavity) on the 3cm thick concrete plate
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Figure 5: Temperature distribution computed using TEMP/W
Fig. 6 shows the temporal variations of the temperature distribution of the concrete plate surface
captured by the thermal images. The images show visual discrimination between the areas with the
underground cavity and without the cavity: Higher surface temperature on the area without the cavity
during both of heating and cooling sequences as discussed previously. Such a visual discrimination of
the thermal images can help the engineers to identify underground cavities covered by concrete wall
structures.

0 Hours

2 Hours

17 Hours

24 Hours
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3cm thick
plate

7cm thick
plate

20cm thick
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Figure 6: Temporal variations of the surface temperature distribution of the concrete plates with
different thicknesses captured by the thermal images

Fig. 7 compares the surface temperature measured at the points A and B on the concrete plates
with different thickness. Regardless of the concrete plate thickness, the tendency of the surface
temperature change with respect to the location of the cavity is the same. However, the thicker plates
require more time to be heated to a certain temperature and the surface temperature differences
between the points A and B decrease because of overwhelmed thermal diffusion inside the concrete
plate.
Fig. 8 displays the surface temperature differences between the points A and B measured at the
ends of the heating sequence and the cooling sequence with respect to the concrete plate thickness.
During the cooling sequence, the heat energy restored in the soil deposit delays the temperature drop
which makes the differences in the surface temperature about 10 to 20% greater than the end of the
heating sequence. Simple curves can be drawn to show the effect of the concrete plate thickness on
the underground cavity identification as shown together in Fig. 8. This line suggests that such surface
temperature measurements can be used as an indicator of an underground cavity covered by the
concrete walls thinner than 10cm.
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A: Area without cavity B: Area with cavity
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B (3cm thick)
A (7cm thick)
B (7cm thick)
A (20cm thick)
B (20cm thick)

Surface Temperature [℃]

60

45

30

15
0

6

12
Time [Hrs]

18

24

Figure 7: Temporal variations of surface temperature for concrete plates with different thicknesses
captured by thermal images
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Figure 8: Comparison of the maximum surface temperature difference between the points A and B

Vol. 21 [2016], Bund. 16

5474

CONCLUSIONS
A non-contact and non-destructive geotechnical exploration method is proposed to detect
underground cavities in the back of the concrete wall structure by measuring the temporal variations
of the wall surface temperature using the infrared camera. For the verification of this method, the
experimental and numerical analyses are conducted. The following conclusions can be drawn based
on the results.
Differences of thermal characteristics of air and soil deposit bring the spatial differences in
surface temperature of the concrete wall covering a soil deposit with an underground cavity. Even
exposed to the same heat source, the wall surface covering the underground cavity shows lower
temperature than the surface without the cavity behind the wall because of the lower thermal
diffusivity of the air in the underground cavity. Such surface temperature differences become greater
during the cooling sequence due to the reserved heat energy in the soil deposit.
Such thermal differences with respect to the underground cavity location get reduced with the
thicker concrete walls by the overwhelming thermal diffusion inside the wall. Based on the
experimental study on the plates with the thickness from 3cm to 20cm, the surface temperature
comparison can be an indicator to detect the underground cavities covered by the concrete wall
thinner than 10cm in this study.
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