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Analysis of Changes in Magnetic Hysteresis
Due to Localized Corrosion of Ground Anchor Tendon
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Abstract - In this paper, the change in magnetic hysteresis due to the occurrence of a localized corrosion of ground anchor tendon
was analyzed through electromagnetic field FEM(finite elements method). To observe the change in the magnetic hysteresis
that appear as the ground anchor tendon corrosion, 3-D modelings of corroded steel bars for 5 cases and an EM(elasto-magnetic)
sensor were conducted by setting the depth of corrosion as a experiment variable. Magnetic hysteresis curves were plotted
based on the results of FEM, and specific indexes were extracted from them. The simulation results show that the virgin curve
saturation point of the virgin curve decreased with the decrease in the effective cross-section area due to corrosion of tendon. As

a result, the permeability also decreased.

Keywords - Ground anchor, Tendon, Finite element method, Elasto-magnetic sensor, Non-destructive testing, Sectional damage,

Corrosion damage
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Fig. 1. Faraday’s laws of electromagnetic induction
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Fig. 2. Magnetic hysteresis loop
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Fig. 3. Magnetic properties change according to
ferromagnetic material corrosion
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Fig. 5. Experiment variables

Table 1. Tendon corrosion data for 5 cases

Ca D Effective section area L
* | (@ mm) (mm’) (mm)
1 13 132.67 0
2 11 94.99
3 9 63.59
25
4 7 38.47
5 5 19.63
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tion Typex 2|-&3+ AlEd o] 232, EM AlA A
A A% E 7+ Wol A phaseo] whE 7172 A5 Al
742 0 7 Sl 4= Utk Fig. 10914 & & Q% 13 2
Qo] AC(alternating current) 2 Q17folH T 9
of| ZF717go] Fg= 1L, o] = QI8 X1GA 7 Akt 23
FAof o] JA7HHTH
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Hrh 27] ANSYS AlEgo] oA = AA A5 5
et 32712 FEIE 2= AC Y-S 285k 32(1 cycle)
59 0.01% stepC &2 Z}7|0o|FH S &3 O Fig. 11
oM B % Q% Case 200419 AH7]0] 3 WP EEsH
A YEbYR] ¢ol, 12} Z Y input voltageE -10 V- 10V
Fig. 8. ANSYS MAXWELL 3D modeling 2 Z7HAA A Eg o] aE 35t rct.

Table 2. Parameters of the coil and winding (indoor experiment)

Coil Material Diameter Resistance Inductance Number of | Winding length | Winding width
(mm) Q) turns (mm) (mm)
Ist 1.2 2.36 7,268uH 360 30 1.2
Copper
2nd 0.2 10.3 417uH 258 200 0.2

6 S=T2EE] =R ABSE A1 S(BHU A|1825) 20231 2
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Table 3. Properties of Steel 1008
Mechanical properties Electrical properties
Yield ;trength Tens11ePstrength s Al Diameter Electrlcaeres1st1V1ty Een
Y u .
(MPa) (MPa) (kg/m) (mm) (Qom?/cm) (siemens/m)
285 340 7,872 13 0.0000142 2x10°
Table 4. Parameters of the coil and winding (FEA)
Relative Bulk Mass . . Winding | Winding
Coil | Material |permeability | Conductivity | density IDrEmRSY | NGRS Inductance D length width
. 5 (mm) ((9)) turns
i (siemens/m) | (kg/m’) (mm) (mm)
Ist 1.2 2.36 7,268uH 360 30 1.2
Copper | 0.999991 107/5.80 8,933
2nd 0.2 10.3 417uH 258 200 0.2

B [tesla]

0.0029
l 0.0027
0.0025

0.0023
0.0021
0.0019
0.0017
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0.0013
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0.0008
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0.0000

B [tesla]
0000037

looﬂmss
0000032

0.000030
0.000027

0000025
0000022
0.000020
0.000017
0.000015
0000012
0.000010

0.000007
0.000005
0000002
0.000000

Phase = 270deg I

Fig. 10. Finite element analysis simulation results
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Fig. 11. B-H loop (input voltage: 4V -4 V)
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Fig. 12. Input voltage (1st winding)
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Fig. 13. Induced voltage (2nd winding)
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Fig. 14. B-H loop transient report (rectangular plot)
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Fig. 17. Case 3 (D =9 mm)
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Fig. 18. Case 4 (D = 7 mm)
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Fig. 19. Case 1 (D =5 mm)
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Fig. 20. Saturation point depending on corrosion cases
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