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Measurements of Tensile Stress and Cross Sectional Area Loss of Tendon
by Means of Non-contact Movable Yoke

Changbin Joh, Jungwoo Lee, and Younghwan Park
Structural Engineering Research Institute, Korea Institute of Civil Engineering and Building Technology, Goyang 10223, Korea

Derac Son™
Dept. of Photonics and Sensors, Hannam University, Daejeon 34430, Korea

(Received 16 September 2017, Received in final form 19 October 2017, Accepted 19 October 2017)

In this study, We employed Villari effect of ferro-magnetic materials i.e., magnetic properties change on mechanical stress, to
develop nondestructive testing of tendons in bridges. To magnetize tendons, we constructed yoke with non-oriented Si-steel with
0.5 mm thickness sheet were laminated and 900 turns of enamelled Cu wire wound on the yoke. To measure magnetic induction and
magnetic potential, 10 turns B-Coil and 3225 turns H-Coil were used. Diameter 15.2 mm, 15 numbers of 7 wire strand, was used as
test tendon, and tension was applied to 7 wire strand up to 1300 MPa. Peak voltages induced from B-coil decreased linearly as tension
increased. Peak voltages induced from B-coil were increased when we applied magnetic potential increased from 3600 Aturns to 7200
Aturns. Loss of cross sectional area of tendon can be measured using both B-coil and H-coil with sensitivity down to 3 % loss of the

cross sectional area.
Keywords : tendon, NDT, magnetostriction, Villari effect, cross sectional area loss
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Fig. 1. (Color online) Internal of box girder in Jeongrung bridge.
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Fig. 2. (Color online) Measuring apparatus for the tension and the
cross sectional area loss of the tendon using non-contact yoke.
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Fig. 3. (Color online) Schematic diagram of the measuring system for the tension and the cross sectional area loss of the tendon using non-contact yoke.
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Fig. 5. (Color online) Induced voltages depend on the tensile stress
under magnetic potential of 3600 Aturns.
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Fig. 6. (Color online) Induced voltages depend on the tensile stress
under magnetic potential of 5400 Aturns.
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Fig. 7. (Color online) Induced voltages depend on the tensile stress
under magnetic potential of 7200 Aturns.
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Fig. 11. (Color online) Voltage induced from B-coil depends on the cross sectional area loss of the tendon.
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