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ABSTRACT

PURPOSES : The purpose of this study is to provide the method of how to measure the coefficient of thermal expansion of concrete using
temperature compensation principle of electrical resistance strain gauge.

METHODS : The gauge factor compensation method and thermal output(temperature-induced apparent strain) correction method of self-
temperature compensation gauge were investigated. From the literature review, coefficient of thermal expansion measurement method based on
the thermal output differential comparison between reference material(invar) and unknown material(concrete) was suggested.

RESULTS : Thermal output is caused by two reasons; first the electrical resistivity of the grid conductor is changed by temperature variation
and the second contribution is due to the differential thermal expansion between gauge and the test material. Invar was selected as a reference
material and it’s coefficient of thermal expansion was measured as 2.12 % 10°m/m/C . by KS M ISO 11359-2. The reliability of the suggested
measurement method was evaluated by the thermal output measurement of invar and mild steel. Finally coefficient of thermal expansion of
concrete material for pavement was successfully measured as 15.45 % 10°m/m/C .

CONCLUSIONS : The coefficient of thermal expansion measurement method using thermal output differential between invar and unknown
concrete material was evaluated by theoretical and experimental aspects. Based on the test results, the proposed method is considered to be
reasonable to apply for coefficient of thermal expansion measurement.
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Table 1. Coefficient of Thermal Expansion of Invar

10

20 30 40 50
Temperature, C

Manufacturer and Measured Steel Strain Data

Trial Temp. Range, C CTE, u m/m/C
Test 1 0~ 60 1.90
Test 2 0 ~ 60 2.30
Test 3 30 ~ 70 2.16
Average 2.12
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Fig. 3 Coefficient of Thermal Expansion Test
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Table 2. Calculation of CTE using Temperature
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T/O, 1 m/m T/O, x-m/m|Temp. | CTE,
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time, hr C (A) o
Invar |Steel Invar|Steel| (A} |m/m/C
14.5 151 -9 8.3
19 249 | -5 | 475 |-400| 4 39.2 | 12.43
20 -273 | -6 49
25 138 -6 | 9.7 | 411 0 |-39.3| 1242
Average 12.43
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Fig. 7 Thermal Outputs with Temperature Variation
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Table 3. Calculation of CTE using Temperature
Correction Principle of Electrical
Resistance Strain Gauge (Concrete)

T/0O, # m/m T/O, # m/m |Temp| CTE,
Elapsed | (Raw data) |T8MP:|  (Delta) | © 1
time, hr C (A) |m/m/

Invar |Conc Invar | Conc A} im/m/C

14-15 151 26 | 83

18-19 | 249 | 134 | 47,5 |-400| 108 | 39.2 | 15.08

20-215 | 273 | 159 | 49

24-25 188 | 315 | 9.7 | 411 |-127.5/-39.3| 15.82

Average 15.45
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