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At present, prestress detection is a worldwide problem. Corrosion has an important impact on the accuracy of the stress detection
results of prestressed tendons. Once the steel strands in service is corroded, stress corrosion will occur, which seriously affects the
safe operation of the prestressed structure. Based on the LC electromagnetic resonance circuit to detect the prestressing force of
steel strands, this research has been successfully applied to the detection of the corrosion rate of steel strands, which lays the
foundation for the nondestructive detection of the healthy state of steel strands in the existing structure. In this study, the steel
strands were regarded as an external inductor embedded in the LC resonance circuit. After the steel strands was corroded, its
electromagnetic characteristics would change, and this change was manifested by the resonance frequency. In this paper, the
regular change of the resonance frequency caused by the change of the inductance of the steel wire after corrosion was explained
theoretically, and a theoretical model of the relationship between the electromagnetic resonance frequency and the corrosion rate
was established. In this study, it was proved through experiments that the LC electromagnetic resonance method can accurately
detect the overall corrosion degree of bare steel stranded wires, and a fitting formula for corrosion detection of steel stranded wires
was established. ,rough the analysis and exploration of the test data and test phenomena, it has been found that the action
mechanism of the stranded wire decreases with the increase of the corrosion rate and the inductance thereof, which leads to the
increase of the resonance frequency. ,e discovery of these laws will provide an improved basis for the prestress detection of in-
service steel strands by LC resonant circuits and make the method to be further applied to practical engineering.

1. Introduction

Prestressed structure has the characteristics of reducing
structural cracks and improving the bearing capacity of the
structure. But a long time working in a complex environ-
ment will lead to the corrosion of prestressed reinforcement
in prestressed bridge; under the action of stress, the steel
strands is prone to stress corrosion, which will have a very
adverse impact on the safety of the structure. ,erefore, it is
very important to find out the corrosion condition of the
prestressed steel strands in the bridge [1–5].

At present, acoustic emission, stress wave, and ultrasonic
wave are the common methods to detect corrosion of

prestressed tendons. Huo et al. use a piezoelectric ceramic
transducer to linearly correlate the peak value of the stress
wave with the times reversal operation of the stress wave,
indicating the feasibility of using time reversal to monitor
the corrosion of steel bars [6]. Cheng et al. [7] uses the new
noncontact capacitive sensor to measure the thickness of
various steel rust layers. ,is method is more sensitive to
larger diameter steel bars and has a higher volume expansion
ratio. Climent et al. [8] found that when the microcracks in
the steel bars are caused by corrosion, the ultrasonic exci-
tation of a sudden center frequency is accompanied by the
generation of higher harmonics in the output signal. Srir-
amadasu et al. [9] continuously monitors the corrosion state
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of steel bars in concrete beams by generating and receiving
ultrasonic guided waves from piezoelectric wafer sensors
attached to the steel bars. At the same time, Sriramadasu
et al. [10] also used the ultrasonic guided wave to detect the
wave packet of the corrosion center of the steel bar and used
the two different wave packets to propose the damage index
method, which can be successfully used to monitor the
pitting degree and strength of the steel bar.

K. Reichling and M. Raupac βl [11] developed the
German anode ladder system, which uniformly has six single
anodes in different depths in concrete. ,is method can be
used to judge whether the steel bar is corroded based on the
resistance change, macro current change, or potential
change generated when the steel is corroded. Yang et al. [12]
introduced the metal magnetic memory technology into the
rust detection of the steel inside the concrete and located the
rust area according to the magnetic field change information
on the surface of the rusted test piece and at the same time
semiquantitatively evaluated the degree of corrosion. ,e
use of the improved half-cell potential method in China to
detect corrosion of concrete poles can, to a certain extent,
eliminate the interference of external factors on the rust
potential and accurately reflect the corrosion information of
steel inside the concrete [13]. Gao et al. [14] designed the
MCD steel corrosion detection sensor. ,e test results show
that the absolute error of the measured corrosion rate and
the true value of the sensor is less than 1%, which can truly
represent the corrosion degree of the steel. At the same time,
Jin et al. [15] will use the MCD sensor built-in reinforced
concrete beam.,e accelerated corrosion test shows that the
time-varying curve of the calculated corrosion rate of the
sensor can reflect the dynamic change of steel corrosion in
concrete.

At present, the team has achieved some results in the
previous research of nondestructive testing of prestressed
steel strands based on LC electromagnetic resonance circuit.
Zhang et al. [16–18] proved that steel stranded wires have
good electromagnetic characteristics in LC resonant circuits
and established a theoretical model between the resonance
frequency and stress of steel stranded wires. It has been
verified through experiments that the detection method can
accurately detect the stress of the steel strands, and the effect
of the length of the steel strands on the resonance frequency
was established [19, 20].

At present, the detection of effective prestress in
structures is still a worldwide problem, and there is no
mature and accurate method for nondestructive testing of
effective prestress in active prestressed structures. ,e main
reason for this problem is the state and environment of steel
strands in the structure. ,is analysis of environmental
effects on the prestress detection of steel strands is essential.
On the basis of the above research, the researchers carried
out testing of steel strands closer to the actual engineering
status. In this study, the steel strands under no stress was
corroded. It has been experimentally analyzed that the
resonance frequency f of steel strands will increase with the
increase of its corrosion rate η. In the theoretical derivation
process and analysis of experimental data, it was found that
the reason for the above rule is that the inductance of the

steel strands will decrease with the increase of the corrosion
rate. At the same time, the laws discovered in this article will
be applied to the research of LC electromagnetic resonance
circuit in the prestress detection, which will make the ap-
plication of the method of the laboratory to the actual en-
gineering one step further. Compared with other corrosion
detection methods, detecting the corrosion rate of steel
strands using the LC electromagnetic resonance circuit is
simpler, more convenient, and less expensive. Moreover, this
method can simultaneously detect the prestress of the steel
strands. ,e researchers believe that this method will pro-
vide a new way for the accurate detection of the health state
of prestressed tendons in the existing structure.

2. Theoretical Model

2.1. Detection Principle of LC Resonant Circuit. ,e LC
circuit is also called a resonance circuit or a tuning circuit.
,e circuit is connected by an inductor L and a capacitor C.
In the resonant circuit designed in this test, a steel stranded
wire was used as a substitute for the original inductance, and
an external fixed capacitor element was used to form an LC
oscillation circuit, as shown in Figure 1.

We can know from electromagnetic theory, assuming
that the LC resonant circuit resonates without any energy
loss, the inductive reactance XL exhibited by the inductor L
of the oscillating circuit is equal to the capacitive reactance
XC exhibited by the capacitor C:

XL � XC. (1)

,e expression of the inductance XL and inductance XC
of the capacitor can be expressed as follows:

XL � 2πfL, (2)

XC �
1

2πfC
. (3)

where f is the oscillation frequency of the LC resonance
circuit, L is the inductance of the steel strands, and C is the
fixed capacitance in the circuit.

,erefore, the simultaneous formulas (1)–(3) can be
used to obtain the relationship between the resonant fre-
quency f and the inductance L of a steel strands wire as the
inductance of an LC resonant circuit:

2πfL �
1

2πfC
. (4)

,e following formula can be obtained by sorting for-
mula (4):

f �
1

2π
���
LC

√ . (5)

2.2. Corrosion Detection Principle of Steel Strands Based on
Electromagnetic Resonance. ,e steel strands in practical
engineering application is a structure formed by twisting 7
strands of steel wire, and each steel wire will become a spiral
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structure. ,erefore, in the study, we regarded the steel
strands as a spiral coil (as shown in Figure 2).

When the steel strand is regarded as a spiral coil, its
inductance is as follows:

L �
μ0μrN

2S

l
, (6)

where L is the inductance of a straight section of a straight
wire, N is the spiral coil turns, l is the strand length, S is the
wire cross-sectional area, μ0 is the vacuum permeability, and
μr is the relative magnetic permeability of ferromagnetic
materials.

According to the analysis of formula (5), it can be known
that the magnitude of the resonance frequency f is affected
by the magnitude of the inductance L in the resonance
circuit. It can be seen from formula (6) that the inductance L

of the steel strands is related to its cross-sectional area S and
length l. Because the length of the stranded steel wire in the
prestressed concrete structure after anchoring is unchanged
during service, the effect of the length l on the inductance L

is not considered. When it is assumed that the permeability
of the steel strands does not change during corrosion, the
inductance L of the steel strands is only related to its sec-
tional area S. So, we can correlate the cross section of the
steel strands with the resonant frequency. ,e reduction
amount of the cross-sectional area S of the reinforcing bar is
different under different corrosion rates, so different cor-
rosion rates ηwill cause different changes in the frequency of
the strand.

According to GB/T50082-2009, the calculation of the
corrosion rate is as follows:

η �
M1 − M2

M1
× 100%, (7)

where η is the average degree of corrosion of steel strands,
M1 is the quality of the original sample (kg), and M2 is the
quality of the sample after corrosion (kg).

Because the cross-sectional area of the corroded steel
strands cannot be directly measured, the average cross-
sectional area is calculated by the amount of corrosion. ,e
calculation formula is as follows:

Average cross section

S � S −
103 M1 − M2( 

D
. (8)

where S is the nominal sectional area of original sample,
mm2, and D is the material density, kg/m3.

,e simultaneous formulas (7) and (8) are as follows:

S � S −
103M1η

D
. (9)

Substituting formula (9) into formula (6), we get

L �
μ0μrN

2 S D − 103 × ηM1( 

Dl
. (10)

Formula (11) is obtained by combining formula (10) and
formula (5):

η �
S D

103 × M1
−

Dl

4 × 103 × π2μ0μrf
2cM1N

2. (11)

In formula (11), it can be seen that the corrosion rates η
and f in the resonance circuit of the prestressed steel strands
as an inductor show a proportional relationship. We will
verify this relationship in later experiments.

3. Experiments

In this test, all 1860 steel strands with a length of 1m and a
diameter of 15.2mm were used for accelerated electro-
chemical corrosion. Corroded steel stranded wire is used as
the inductance element in the LC electromagnetic resonance
circuit to connect the circuit, and the relationship between
the corrosion rate and the resonance frequency is detected.
According to the specification GB/T5224-2014, the char-
acteristics of the steel strands are shown in Table 1.

3.1. LC Electromagnetic Resonance Detection System. ,e
MC1648 oscillation chip is used in the electromagnetic
oscillation circuit in this device. ,e signal conditioning
module and voltage comparator chip use LM393. Figure 3
shows the schematic diagram of the LC resonance circuit. L1
is the steel strands connected to the oscillating circuit at both
ends, C1, C2 are the power supply filter capacitors, C3 is the
input filter capacitor, C4 is the resonance capacitor, and R1 is
the matching resistor.

Working principle of LC resonant circuit: with capacitor
in the circuit as energy storage element, the inductor begins
to charge when the capacitor begins to discharge; when the
capacitor is discharged, the inductor is fully charged and the
voltage in the inductor reaches the maximum value and the
electric field energy in the capacitor is all converted into the
magnetic field energy in the inductance coil. After that, the

C

R

L
a

b

Figure 1: LC oscillation circuit diagram.
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inductance L1 starts to discharge and the capacitor C1 is
gradually charged. When the capacitor voltage reaches the
maximum, the charging is completed and the inductor is
discharged. At this time, the magnetic field energy of the
inductive coil is completely converted into the electric field
energy in the capacitor. ,e circuit will be cycle repeated in
accordance with the above process, and an oscillating cur-
rent appears in the circuit. ,is periodic change in electric
and magnetic fields is called electromagnetic oscillation; in
the process of electromagnetic oscillation, the electric energy
stored in the capacitor C1 and the magnetic energy stored in
the inductance coil L1 are continuously converted to each
other.

3.2. Construction of Electrochemical Corrosion System.
,e electrochemical corrosion device used in this test is
shown in Figure 4. From the diagram, it can be seen that the

positive pole of the regulated DC power supply is connected
to the steel strands. ,e steel strands and the conductor are
welded to ensure the stability of the connection between
them. Solder the lead connected to the negative electrode to
the copper plate in the corrosion tank. Due to the smooth

(a) (b)

Figure 2: Comparison of inductance coil and prestressed steel hinged wire structure.

Table 1: Steel strand parameters.

Structure Nominal diameter
(mm)

Cross-sectional area
(mm2)

Intensity level
(MPa)

Maximum load of the entire steel
strands (kN)

Elongation
(%)

1× 7 standard
type 15.2 140 1860 260 3.5

C3
0.1μF

C2
10μF

10k

R1

C5
0.1μF

0.1μ

C4

L1
1m

C1
1μ

R
1k

L
.

C
0.1μF

R2
.

VCC

GND

OUT

GND

U1

1

14

3

12

5

10
7 8
9

6

11

4

13

2+

+
+

+

+

Figure 3: LC resonant circuit schematic.

Steel strand

Cu

5% NaCl

Electrolyzer

Steady current
DC power supply

Figure 4: Electrochemical corrosion device.
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surface of the copper plate, punch the edges of the copper
plate before welding. ,is way can ensure good electrical
conductivity between the copper plate and the conductor
during the corrosion process.

At the same time, the device is equipped with a 2.5%
NaCl solution as the electrolyte of the device. [21] verified
that the corrosion rate was the highest in the NaCl solution
with a concentration of 2.5% when accelerating corroded the
reinforcement in the laboratory.

3.3. Test Process. Before this test, 18 prestressed steel strands
with a length of 1m were intercepted. 2.5% NaCl solution is
prepared and placed in the test tank ( and ).

(1) All steel strands shall be numbered, and each 3 steel
strands shall be divided into one group and 6 groups
in total. ,e grouping is shown in Table 2.

(2) Before each group of steel wire is corroded, the LC
resonant circuit is used to detect and record the
frequency data detected within one minute and take
the average value. Each group of steel strand is placed
on an electronic scale and weighed to take the av-
erage M1.

(3) ,e electrochemical corrosion device is connected,
the weighed steel stranded wire is placed in the
corrosion tank, and the stabilized DC power supply
is used for corrosion (Figure 5).

(4) After that, the steel strands are taken out every 10
hours for cleaning, rust removal, and drying, and
then an electronic scale is used to weigh and record
the average mass M2;

(5) ,e rusted steel strands are connected to the reso-
nance circuit for detection, and the resonance fre-
quency measured in one minute is recorded and the
average value is taken.

(6) Repeat the above test steps.

In the corrosion test shown in Figure 5, the researchers
accelerated the corrosion of the stranded wires in parallel. In
[22], it is proved that, in the electrochemical accelerated
corrosion test, the parallel connection corrosion method is
more effective. Figure 6 shows how the LC electromagnetic
resonance detection system works. After the power supply,
the LC electromagnetic resonance circuit will input the
electromagnetic signal to the steel strands and the frequency
meter in the system displays the frequency data on the
frequency meter after detecting the resonance frequency of
the steel strands and transmits the resonance frequency to
the computer through Bluetooth for data processing.

3.4. TestData. Each group of 3 prestressed steel strands with
a length of 1m was placed in an electrochemical corrosion
device, the resonance frequency was measured every 10
hours, and the average data were recorded as shown in
Tables 3–8.

In these six sets of test data, the researchers performed a
frequency test of 1 minute on each strand and took the
average value as the resonance frequency of this strand test.
Although the length of each strand is the same, there may be
differences in the strands, so in order to test the accuracy of
the data, the frequency data of each group of 3 strands is
averaged.

4. Experimental Results and Data Analysis

4.1. Data Analysis. ,e average values of the real average
corrosion rate and resonance frequency of the steel strand in
the six groups of test data are counted in Table 9 and plotted
in the same diagram, as shown in Figure 7. It can be seen that
the data from six experiments show the same law.,at is, the
corrosion rate of steel strands has a positive correlation with
the square of its resonance frequency. ,e above phe-
nomenon is in accordance with the relationship between the
corrosion rate of the steel strands and the square of the
resonance frequency as shown in formula (11). ,is proves
that the theoretical relationship between the corrosion rate
of steel strands and the resonance frequency derived in 2.2 is
correct. ,rough data analysis and Figure 8, the following
conclusions can be drawn.

(1) As the corrosion rate η of the steel strands increases,
the resonance frequency f obtained by the LC
resonance circuit will increase accordingly. It can be
obtained that there is a quadratic relationship be-
tween the corrosion rate η and the resonance fre-
quency f.

(2) From the conclusion (1) and formula (5), we can see
that the increase in resonance frequency must be
caused by the decrease in inductance. From the
inductance formula (10) derived in Section 2.2, it can
be seen that the increase in the corrosion rate of the
steel strands causes its inductance L to decrease. An
analysis of the true corrosion rate and resonance
frequency of the steel strands reveals that there is a
certain relationship between the increase in the
resonance frequency of the strand Δf and the in-
crease in the corrosion rate Δη.

(3) Table 10 lists the variation of the resonance fre-
quency for each 1% increase in the corrosion rate of
the steel strands. ,erefore, the researchers believe
that when the 1m long stranded steel wire is placed
in the LC resonant circuit for detection, the fre-
quency changes by 1.40 kHz and its corrosion rate
increases by 1%. However, whether there is a similar
relationship among other lengths of steel strands
needs to be verified by further tests.

Fit and process the six sets of test data (as shown in
Figure 8) are used to obtain the fitting formula:

η′ � 1.821 × 10− 5
f
2

− 2.495. (12)
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Taking formula (12) as the core formula of the LC elec-
tromagnetic resonance circuit detection system, the calculation
result of this formula is regarded as the detection corrosion rate
of the steel strands detected by this testing system.

4.2. Error Analysis. Compare the detected rust rate obtained
from the LC electromagnetic resonance system tested with
the real rust rate in Table 11.

At the same time, the standard error corresponding to
each test was calculated. In order to facilitate data com-
parison, the measured corrosion rate and the actual cor-
rosion rate calculated by the fitting formula are plotted in
Figure 9. From the chart, we can see that the detected
corrosion rate is smaller than the true corrosion rate, which
shows that there is a certain error in the detection results.
,e smaller standard deviation value in Table 11 indicates
that the deviation of each test data is smaller. After careful

Table 2: Steel strand grouping table.

Classification Number of steel strands
First group 1 2 3
Second group 4 5 6
,ird group 7 8 9
Fourth group 10 11 12
Fifth group 13 14 15
Sixth group 16 17 18

Figure 5: Corrosion diagram of steel strands.

Resonant circuit

Frequency meter
Regulated DC
power supply

Steel strand

PC

Figure 6: LC electromagnetic resonance detection system detection diagram.
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Table 3: Test data of the first group of steel strands.

True rust rate (%)
Average true rust rate

(%)

Resonant frequency f (kHz)
Average frequency

(kHz)Steel strands
1

Steel strands
2

Steel strands
3

Steel strands
1

Steel strands
2

Steel strands
3

0 0 0 0 371.234 370.263 368.959 370.152
2.06 2.11 2.13 2.1 371.124 372.532 371.129 371.595
4.01 3.98 4.16 4.05 372.896 373.124 373.091 373.037
6.33 6.45 6.42 6.4 375.122 374.864 373.454 374.48
7.92 7.93 7.94 7.93 376.113 376.023 375.633 375.923
10.30 10.37 10.31 10.34 377.210 376.981 377.904 377.365
12.45 12.72 12.63 12.6 378.684 379.022 378.789 378.808

Table 4: Test data of the second group of steel strands.

True rust rate (%)
Average true rust rate

(%)

Resonant frequency f (kHz)
Average frequency

(kHz)Steel strands
4

Steel strands
5

Steel strands
6

Steel strands
4

Steel strands
5

Steel strands
6

0 0 0 0 371.104 370.383 368.405 369.964
1.97 2.07 2.26 2.1 370.994 372.652 370.575 371.407
3.97 3.94 3.76 3.89 372.766 373.244 372.537 372.849
6.29 6.41 5 5.9 374.992 374.984 372.9 374.292
7.88 7.89 8.83 8.2 375.983 376.143 375.079 375.735
10.26 10.33 9.02 9.87 377.08 377.101 377.35 377.177
12.41 12.68 10.7 11.93 378.554 379.142 378.164 378.62

Table 5: Test data of the third group of steel strands.

True rust rate (%)
Average true rust rate

(%)

Resonant frequency f (kHz)
Average frequency

(kHz)Steel strands
7

Steel strands
8

Steel strands
9

Steel strands
7

Steel strands
8

Steel strands
9

0 0 0 0 371.144 370.143 369.676 370.321
1.93 2.11 2.38 2.14 371.034 372.412 371.846 371.764
3.93 3.98 4.72 4.21 372.806 373.004 373.808 373.206
6.25 6.45 5.6 6.1 375.032 374.744 374.171 374.649
7.84 7.93 8.17 7.98 376.023 375.903 376.35 376.092
10.22 10.37 8.21 9.6 377.12 376.861 378.024 377.335
12.37 12.72 11.81 12.3 378.594 378.902 379.435 378.977

Table 6: Test data of the fourth group of steel strands.

True rust rate (%)
Average true rust rate

(%)

Resonant frequency f (kHz)
Average frequency

(kHz)Steel strands
10

Steel strands
11

Steel strands
12

Steel strands
10

Steel strands
11

Steel strands
12

0 0 0 0 371.044 370.193 370.317 370.518
2.01 1.99 2.18 2.06 370.934 372.462 372.787 372.061
4.01 3.86 5.03 4.3 372.706 373.054 374.749 373.503
6.33 6.33 4.14 5.6 374.932 374.794 374.212 374.646
7.92 7.81 7.67 7.8 375.923 375.953 376.391 376.089
10.3 10.25 8.73 9.76 377.02 376.911 379.562 377.831
12.45 12.6 9.63 11.56 378.494 378.952 380.376 379.274
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analysis and comparison of the data in Table 11 and Figure 9,
we can get a new conclusion (4):

(4) From the results, the reason that the true corrosion
rate is higher than the calculated corrosion rate is
probably due to the corresponding change in the
magnetic permeability of the steel strands under the
effect of corrosion. It can be seen from formula (11)
that the calculation of the lower corrosion rate may
be due to the decreases in the magnetic permeability
of the steel strands after corrosion. ,at is, the
magnetic permeability μ of the steel strands will
decrease as the corrosion rate η increases.

From the direct comparison of the corrosion rate of the
42 test groups and the actual corrosion rate, it can be seen
that the difference between the corrosion rates of the two
groups is only over 1%. Significance analysis of 6 groups of
test data at 0.05 significance levels and the analysis data are
given in Table 12. It can be seen from Table 12 that the sum
of squared residuals for the six trials is small, and the larger
R2 in the table proves that the regression effect of the fitting
formula is better. From the results of the significance test, it
can be seen that the test results are more reliable.

According to the above analysis, there is a certain error
in the detection of the corrosion rate, and the main reasons
for the error are as follows:

(1) In formula (6), the researchers only considered the
influence of the change in the cross-sectional area S

of the steel strands on the inductance L after cor-
rosion, the influence of corrosion on the magnetic
permeability of steel strands is not considered. ,e

main reason for not considering the permeability is
that the permeability is greatly affected by the en-
vironment, and secondly, there is no simple and
accurate method to detect the permeability.

(2) Although researchers try to maintain the stability of
the environment during the test, due to the high
sensitivity of the LC electromagnetic resonance
detection system, the device is greatly affected by the
external environment and the test results will in-
evitably be affected by external factors.

(3) ,e frequency drifts may also be the cause of the
error. ,e error of the frequency of the steel strands
detected in the LC electromagnetic resonance system
will cause the accumulation of errors due to the
influence of the frequency drift.

5. Conclusions and Prospects

In this paper, the electromagnetic resonance detection
system uses the steel strands as the external inductance, and
the change in the inductance characteristics of the steel
strands after corrosion is displayed in the form of a reso-
nance frequency. From Section 2.2, it can be known that the
change of the cross-sectional area of the steel strands after
corrosion will cause the change of its inductance and then its
resonance frequency. ,is process shows the causal rela-
tionship between the corrosion rate and the resonance
frequency of the corroded steel wire as the external in-
ductance in the LC electromagnetic resonance detection
system. ,e experiment proves that the LC electromagnetic
resonance method can effectively detect the overall

Table 7: Test data of the fifth group of steel strands.

True rust rate (%)
Average true rust rate

(%)

Resonant frequency f (kHz)
Average frequency

(kHz)Steel strands
10

Steel strands
11

Steel strands
12

Steel strands
10

Steel strands
11

Steel strands
12

0 0 0 0 371.044 370.193 370.317 370.518
2.01 1.99 2.18 2.06 370.934 372.462 372.787 372.061
4.01 3.86 5.03 4.3 372.706 373.054 374.749 373.503
6.33 6.33 4.14 5.6 374.932 374.794 374.212 374.646
7.92 7.81 7.67 7.8 375.923 375.953 376.391 376.089
10.3 10.25 8.73 9.76 377.02 376.911 379.562 377.831
12.45 12.6 9.63 11.56 378.494 378.952 380.376 379.274

Table 8: Test data of the sixth group of steel strands.

True rust rate (%)
Average true rust rate

(%)

Resonant frequency f (kHz)
Average frequency

(kHz)Steel strands
16

Steel strands
17

Steel strands
18

Steel strands
16

Steel strands
17

Steel strands
18

0 0 0 0 371.024 370.433 368.384 369.947
1.85 1.89 1.66 1.8 370.914 372.702 370.554 371.390
3.85 3.76 3.79 3.8 372.686 373.294 372.516 372.832
6.17 6.23 5 5.8 374.912 375.034 372.879 374.275
7.76 7.71 7.93 7.8 375.903 376.193 375.058 375.718
10.14 10.15 10.01 10.1 377 377.151 377.329 377.160
12.29 12.5 11.39 12.06 378.474 379.192 378.143 378.603
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corrosion degree of steel strands and provides a new method
for corrosion detection of steel strands in prestressed
structures.

After conducting electrochemical accelerated corrosion
of steel stranded wire and connecting it to the LC resonance
circuit experiment, we have reached the following
conclusions:

(1) ,e resonance frequency of the steel strands detected
by the LC resonance circuit has a positive correlation
with the corrosion rate, the resonance frequency will

increase with the increase of the corrosion rate, and
the frequency change and the corrosion rate are
characterized by a quadratic function relationship.

(2) ,e value of the inductance in the steel strands will
decrease as its corrosion rate increases.

(3) ,e permeability of the steel strands decreases as the
corrosion rate increases.

(4) When the length of 1m steel stranded wire is placed
in the LC resonant circuit, the corrosion rate in-
creases by 1% for every 1.40 kHz frequency change.
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Figure 8: Data fitting diagram.
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Table 10: Resonance frequency increment at unit corrosion rate.

Numbering Test one Test two Test three Test four Test five Test six Average value
Δf 1.456 1.378 1.421 1.320 1.433 1.393 1.40
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Although the team has made some progress in the
prestress detection using the system in the early stage, the
detection of corrosion of steel strands based on LC elec-
tromagnetic resonance circuits is still in its infancy. In the
future research, we will carry out the detection of the cor-
rosion of steel strands in the structure ,e research lays the
foundation for the system to accurately detect the stress state

and corrosion state of the prestressed tendons in the pre-
stressed structure in the future.

Data Availability

,e data used to support the findings of this research work
are included within the article.
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Figure 9: Comparison between calculated corrosion rate and real corrosion rate.

Table 12: Reliability analysis of measuring corrosion rate.

Test number Sum of residuals R2 Significant test value |t| Significant level
Test one 0.19851 0.99803 55.16149 Significant
Test two 0.08707 0.99906 79.68127 Significant
Test three 0.12596 0.99863 66.2417 Significant
Test four 0.1923 0.99775 51.6377 Significant
Test five 0.29552 0.99686 43.68697 Significant
Test six 0.09359 0.99903 78.43202 Significant
Note: the significance level α� 0.05, the number of curve points per sample is 7, n� 7; critical t value: tα/2 (n− 2)� 2.5706.
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