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Infrared Thermal Imaging Detection of Surface Cracks in External
Insulation Layer of Building Exterior Wall
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'College of Information and Control Engineering, Xi’an University of Architecture and Technology, Xi’an 710055,
Shaanxti, China;
*State Key Laboratory of Green Building in Western China, Xi’an 710055, Shaanxi, China

Abstract The external insulation layer of a building’s exterior wall is widely used for energy conservation in buildings.
An infrared imaging detection method based on a three-dimensional heat transfer model for the surface cracks of the
external insulation layer is proposed to effectively detect the quality problems of the external insulation layer. First, with
the help of infrared thermal imaging technology, an experimental platform for surface crack detection of the external
insulation layer of building exterior wall was built to detect the surface crack of the external insulation layer. Then, using
ANSYS software, the three-dimensional infrared thermal imaging detection model for the surface cracks of the external
insulation layer of the building exterior wall was established, the model’s feasibility was verified, and the effects of crack
size and ambient temperature on the detection effect were simulated and calculated. The results show that the experimental
ambient temperature and crack size have the greatest influence on the temperature difference between the crack and non-
crack areas of the external insulation layer. When the ambient temperature remains constant, the crack width and thickness
grow, as does the temperature difference. With an increase in ambient temperature, the temperature difference also
increases gradually. When the ambient temperature is below 10 ‘C, the temperature difference changes gently; when the
ambient temperature exceeds 10 °C, the rate of temperature difference growth increases gradually with increasing ambient
temperature.
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Fig. 1 Three-dimensional model of infrared thermal imaging detection for polystyrene foam board. (a) Overall schematic of polystyrene

foam board; (b) model meshing
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Table 1 Main thermodynamic parameters of polystyrene foam board

Length /mm  Width /mm Thickness /mm

Specific heat capacity /
(Jokg K )

Density /  Thermal conductivity /
(kg'm *) (Wem K™

Absorption

coefficient /m ™"

750 600 40 1500

32 0.03 1
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Fig.2 Defect detection system of infrared thermal imaging
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Fig. 3 Field test results. (a) Material for field experiments; (b) infrared thermography
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layer under different working conditions
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Table 2 Calculation results of maximum temperature difference between crack and non-crack areas of insulation

Thickness of

Maximum temperature difference /°C

Width of crack is

Width of crack is

Width of crack is

Width of crack is

Width of crack is

crack /mm 20 mm 40 mm 60 mm 80 mm 100 mm

5 0.025 0.106 0.146 0.178 0.234
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30 0.249 0.328 0.378 0.436 0.548
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(a) 20-mm wide crack; (b) 40-mm wide crack; (¢) 60-mm wide crack
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