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An Experimental Study for Characteristics Evaluation of Cement Mortar
Using Infrared Thermography Technique
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Abstract

Recently, NDTs (Non-Destructive Techniques) using infrared camera are widely studied for detection of damage and void in
RC (reinforced concrete) structures and they are also considered as an effective techniques for maintenance of infrastructures.
The temperature on concrete surface depends on material and thermal properties such as specific heat, thermal conductivity,
and thermal diffusion coefficient. Different porosity on cement mortar due to different mixture proportions can show different
heat behavior in cooling stage. The porosity can affect physical and durability properties like strength and chloride diffusion
coefficient as well. In this paper, active thermography which uses flash for heat induction is utilized and thermal characteristics
on surface are evaluated. Samples of cement mortar with W/C (water to cement ratio) of 0.55 and 0.65 are prepared and phys-
ical properties like porosity, compressive strength, and chloride diffusion coefficient are evaluated. Then infrared thermogra-
phy technique is carried out in a constant room condition (temperature 20~22°C and relative humidity 55~60%). The mortar
samples with higher porosity shows higher residual temperature at the cooling stage and also shows reduced critical time which
shows constant temperature due to back wall effect. Furthermore, simple equation for critical time of back wall effect is sug-
gested with porosity and experimental constants. These characteristics indicate the applicability of infrared thermography as an
NDT for quality assessment of cement based composite like concrete. Physical properties and thermal behavior in cement mor-
tar with different porosity are analyzed in discussed in this paper.

Keywords : NDT, Infrared thermography, cement mortar, porosity, quality assessment
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Table 1. Mix proportions for test

& Azl Fol| EE, Tl me wwe] J54 WIC | Flow | W C s Air
W} s B o) | (em) | (g/m) | (kgm’) | kgm’) | (%)
B ATE A9 Dakg Ve olgslel Zariee) ¥4 S SN S A N NI B WL
7loll ojd HE49E ISR Rl olg: 9, F714 ) 6 | 30 | 27 | a7 | 145 | 1
Table 2. Composition and properties of cement
Type Composition (%) Properties

Si0, | ALO; | Fe03 | Ca0 | MgO | SO; LOI Specfc Bla;;‘e S;“‘“% time

Ordinary Portland gravity | (em7g) (hour : min)

Cement .. .
” Initial Final
21.5 5.10 3.04 61.3 2.85 2.21 1.93 3.15 3,450 4:10 550
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Table 3. Properties of sand

Specific density | Absorption | Unit weight Fineness
(g/em?) (%) (g/em?) modulus
2.60 1.05 2.81 2.65

Table 4. Results for characteristics of cement mortar
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Fig. 1 Results of physical test results (strength, porosity, and chloride diffusion coefficient)

Table 5. Relevant thermal properties for steel, concrete, and air (Spicer et al., 1998)

Type Steel Concrete Air
Thermal conductivity (cal'sec™-cm™-°C™) 0.101 0.00449 6.262x107
Specific heart (cal-g™'-°C™") 0.120 0.513 0.240
Density (g:em™) 7.8 2.403 1.18x1073
Thermal diffusivity (cm?sec™) 0.108 0.00364 0.221
Thermal effusivity (cal-cm™-°C"sec™"’?) 0.307 0.0744 1.33x107
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Fig. 2 Test Equipments for Infrared Thermography
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Fig. 8 Heat variation on surface with different time
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