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Vibrating wire (VW) strain gauges are widely used for the evaluation of pipeline safety in extreme cold region. The develop-
ment of VW strain gauges for the low temperature environment is necessary because of the high cost of gauges sold in developed
countries. Thermistors embedded in the regular VW strain gauges and PT 100 sensors embedded in the gauges specially manu-
factured for this study have gone through credibility tests for temperature measurements. The use of PT 100 is recommended at
low temperature environments because thermistors have low credibility at temperatures below -15°C. Strain measurements using
regular VW strain gauges also show low accuracies as temperature goes down. VW strain gauges manufactured using inconel
give high credibility of strain measurements at low temperatures. More reliable VW strain gauges for the low temperature envi-
ronment will be developed in the near future.
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Fig. 1. VW-strain gagues installed along the bottom of slopes.

Fig. 2. VW-strain gagues installed in the pipeline.
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Fig. 3. Conceptual diagram of allowable stress and strain based
designs for pipelines.
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Fig. 4. Comparison of measured temperatures to actual
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Table 1. Temperature differences (°C) measured from the thermohygrostat test.

Setting temperature (°C) Actual temperature (°C) Thermistor (Domestic) | Thermistor (Imported) PT 100
30 29.68 0.12 0.74 -0.72
20 20.07 -0.41 -1.25 -1.13
10 10.82 -0.65 -2.21 -1.25

0 0.88 -1.00 -2.85 -1.02

-10 -9.28 -0.80 -3.59 -0.78
-20 -19.74 4.01 0.02 -1.04
-30 -29.84 14.70 9.68 -1.01
-40 -40.02 26.74 23.14 -0.95
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Table 2. Properties of thermistor and PT 100.

Thermistor Pt 100
Operating range -100~300°C -250~850°C
Accuracy High, 0.1°C Very High, 0.03°C
Linearity Low High
Thermal response Medium Slow
cost Low~Moderate High
Noise problems Low Medium
Long term stability Medium High
Cost of measuring instrument Low High
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Fig. 5. Precision of thermistor and PT 100 sensors.
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Table 3. Elastic moduli (GPa) of specimens obtained from gauges and their error rates (%).

Temp. (°C) Strain Gauges A-Domestic B-Domestic C-Domestic D-Imported
20 220.6 215.1(1.9) 222.2(2.1) 288.0(32.3) 237.8(4.5)
10 220.0 216.2(3.1) 220.1(0.4) 289.9(31.2) 239.9(11.6)
0 220.4 217.5(0.3) 222.4(1.2) 293.9(33.7) 239.3(6.9)
-10 216.3 218.2(2.2) 226.3(4.7) 295.8(36.9) 241.7(10.2)
20 212.8 221.7(6.2) 230.6(7.9) 298.9(39.8) 244.7(13.9)
40
as | Table 4. Elastic moduli (GPa) of specimens obtained from VW
gauges for low temperatures and their error rates (%).
30 -+
Temp. Strain VW Gauges for | error rates
5 = e (°C) Gauges low temp. (%)
=21 --A=-B-Domestic 30 222.7 206.3 7.4
S 15 e GO0 20 2242 203.2 9.4
o ** D-Imported
10 7 i i 10 221.4 206.5 6.7
5 0 219.9 207.8 5.5
0 -10 216.6 210.4 29
0 50 100 150 200
PN -20 211.8 204.3 3.5
rain{ue)
-30 212.8 216.9 1.9
Fig. 8. Test results of vibrating wire strain gauges compared
with Kyowa strain gauges in -20°C. -40 209.2 202.4 33
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