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Abstract

This study entailed an investigation of a tensile stress measurement method for prestressed concrete (PSC) tendons by utilizing external

magnetization. The target of this study are PS structures that have been constructed and in use. An optimal external magnetization based

elasto-magnetic (EM) sensor was designed using finite element analysis considering various factors, such as coil arrangement and size, that
could influence the PS tendons inside the PSC girder. The residual tensile stress resulting from the external magnetization of the girder was

then determined. Further, theoretical verification was performed using the numerical and material data used in the finite element analysis for

sensor design. The calculated values of strength of magnetization at the target location were matched with the finite element analysis results.

Thus, the designed sensor and the feasibility of magnetizing the tendons inside the PSC I-girder using an EM sensor were validated.
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e PSC ) Aol 11 S8 ATk $IF 9l ABHEM 71¥ A%

WAFsho] e o) 71382 m U e 2)a1= 3 (Halvonik ef dl.,
2013), SA7|NY FIS S|Ho R § Ap|eky olgE A
(magnetoelastic inductance) Al A S A 2}5}o] 7349 714+
< BYE Y= W (Zhang ef al., 2022) 50| A = ATt G
A% AAE o g3k mU B 7)Y Et o) o] §53 Qe
dl, ~E a0l ol5) Ae] T 0] %S ol gt WHAIel fiber
Bragg grating(FBG) %4)2] 44 447} 22 o] o]45)
3 o m(Yao et al., 2021), HIEl ]+-of fiber Bragg grating
(FBG) B4 9] 414 A2 Zeato] 148 48
B Y 5l= A7) 8% v} Qltk(Shen et al., 2018). 3 FBG
3 A 0] A9 Ml A7} core wireo]] W AE PC AE S E S A&+
ho] 712212 U B 2 5H 0 0(Kim ef al., 2015), T Ltol7}
AR aLegol] A-goto] e AEFAE QO 2 Y HEE R
Elgshe 77 F A= A ei(Kimer al., 2022). Z|2ofl= 4
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Fig. 1 PSC Type | girder and sensor modeling
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Table 1 Material Information for Modeling PSC I-Girders and Sensors

Permittivi Bulk Mass

Material /Pemeabil? Conductivity| Density

v (siemens/m) | (kg/m’)

Sensor Head | Nickel alloy 11 1040190 794937
Coil Copper 1/0.999991 | 58000000 8933

Girder Concrete 9.79796/1 | 1.7094e-05 239165
Steel Steel 1008 |1/B-H Curve| 2000000 7872

Sheath | SAVANIZEd | b Curve| 5774710 | 784984

Steel
Tendon |Carbon Steel | 1/B-H Curve| 5899600 784984

Table 2 Current set value and number of turns applied to the coil
(2 pairs of 8 left and right)

number of turns

600

current set value (A)

left 1 left 2 right_1 right 2

[1=18=-7218| 11=18-7.218 |11 =18=-7.218 |11 =18=-7.218

[2=17=38.19 |12=17=-38.19 | 2=17=38.19 |12=17=-38.19

3=16=-90.93 | I3=16=90.93 | 13=16=-90.93 | I3 =16=90.93

14=15=59.67 |14=15=-59.67| 14=15=59.67 |14 =15=-59.67
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Fig. 2 The strength of the magnetic field generated by the sensor
and intensity of the magnetic flux density reached at the tendon
(Arranged in two pairs, eight each on the left and right sides)
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Fig. 3 The strength of the magnetic field generated by the sensor
and intensity of the magnetic flux density reached at the tendon
(Arranged in two pairs, eight each on the left and right sides)
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Table 3 Current set value and number of turns applied to the coil
(4 left and right)

number of turns

486
current set value (A)
left right
I1=-25 I1=-25
12=10 12=10
13=10 13=10
4=-25 4=-25
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Fig. 4 The strength of the magnetic field generated by the sensor
and intensity of the magnetic flux density reached at the tendon
(Four each arranged on the left and right sides)

Table 4 Magnetic flux density at the target position according to
the arrangement

Tendon position Fig. 2, 3 arrangement | Fig. 4 arrangement

No. 1 (top) 1mT 10mT
No. 2 (middle) 1mT 6mT
No. 3 (bottom) 0.93mT -
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Fig.5 Synthesized magnetic field at point P around a multi-coil
array (a) x - z plane (b) x -y plane
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Table 6 Calculation results of the synthesized magnetic field

L
T | 1
G [ i 0 reflecting the effective permeability x = 6.0456 at each point
PES EESEEEEEEE .
- 3 [ i Variables &1 72 %= B4
; o ; 0.168 (m) | 0.245 (m) | 0.587 (m) | 0.692 (m)
— -9 5 p, (radial distance
g i i . 0.168 (m) | 0.245 (m) | 0.587 (m) | 0.692 (m)
Nl E R ; from solenoid 1)
H | :
! i ! dial dist
i ] | i— o (radial distance | o 1 0,000 (m) | 0342 (m) | 0447 (m)
: ; ; from solenoid 2)
] i 1 [P
: i py (radial distance
: i . ) 0.322 (m) | 0.245 (m) | 0.097 (m) | 0.202 (m)
N3 Iy : i i from solenoid 3)
H [ :
’ i [ p, (radial distance
: [ 5 from solenoid 4) 0.567 (m) | 0.490 (m) | 0.148 (m) | 0.043 (m)
i i
- I E ¢, (azimuth from
Nyl : T i ! } 180° 180° 180° 180°
: . ! solenoid 1)
\ i -hv i
; A | : ¢, (azimuth from | -, 0° 180° 180°
solenoid 2)
Fig. 6 Magnetic fields at four specific points on the central axis ¢, (azimuth from . . . .
around multi-coil arrays solenoid 3) 0 0 180 180
. . . . ¢, (azimuth from
Table 5 Fixed variables used in the calculation . 0° 0° 0° 0°
solenoid 4)
Fixed variables Value )
ztsnls‘nfnd 10331 x
t, (vacuum permeability) 47 x 107 (H/m) (Synthesized | 0.0072(T) | 0.0107(T) | 0.0060 (T) |, 14 &S
R (radius of the solenoid) 0.075 (m) magnetic field
L (length of the solenoid) 0.1 (m) ' ] o A Hol 1] o
=] Al & AT z}7]10 Sl=
z (distance between arrays and central axis) 0.27 (m) TFEM AN = S50l of s A d A o] A7l ol o) Mshs &
[e] O = o)
1, (current from solenoid 1) -25(4) 3-A7 O1ES ol 8ot AR A o A8 El= S HE + AT
I, (current from solenoid 2) 10 (A) 7 A oFS A B M 8o ] A E el A= et
I, (current from solenoid 3) 10 (A) f&3H4S o 85te] PSC AT fellA] AR 2717
I, (current from solenoid 4) -2.5(A) PSC At Y Ho] PS HIEA7IR] G3FS & 4= Q= Y vz Y
NV, (number of turns for solenoid 1) 468 (turns) 2715 AAskaLAr st e, ol 24 A= §3l vl W= <
NN, (number of turns for solenoid 2) 468 (turns) A2 EM AN S 2-8-5t0] PSC 19 7 B Wi |l o] 2}
N, (number of turns for solenoid 3) 468 (turns) 7} 7S Bl B 45 ol mES 222 o
NV, (number of turns for solenoid 4) 468 (turns) ot e
n, = N,/ L (turn density of solenoid 1) 4680 (turns /m)
n, = N,/L (turn density of solenoid 2) 4680 (turns /m) 1) 23 Af2} A B 92| 2k o Ao} Al 2|l of A= 8427k
ny = N,/ L (turn density of solenoid 3) 4680 (turns /m) A sl =o] =27], o) T 4, 7ok A7 52
n, = N,/L (turn density of solenoid 4) 4680 (turns /m) fakrt Fasty AE 7HA S5 22 2110
A O
A A 10mT L] A7 AT 5= Adok= AL 35 A, PSC F-2&0] HThi 5917} 9] 5 215} A| 2285 A
stalct. A EHA 91791 |l 4ﬂ$ﬂﬂﬂ*ﬂ4ﬂﬂﬂﬂP
e 132 Mgstgom, ofol Agle] wre 2]
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