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SUMMARY

1. Title

A Study on Development of Web-based Automation Stress Measurement

Svstem for Steel Rib And Commercialization

II. Research Purpose

Lately, It is becoming a problem that is aging of infrastructure constructed

on high-growth period by crack and deformation.
Especially, corrosion and cracks in structure greatly reduces the strength of the
structure. It is important to understand the stress level of the current state in
order to stability for evaluation of the structure. Also, It is a huge advantage in
terms of maintenance when considering life cycle costs if can be identify on
stress state of before structure damage. Therefore, direct and easy Equipment
for stress state measurement of structure is required.

Currently, the development of new materials is thriving. But most of the
structural materials and machinery parts are steel products. Steel products by
characteristics of materials will be occurred stress by manufacturing and
assembly. And that stress has remained as residual stress. Also, fracture
strength of material is affected residual stress.

Measurement methods in the stress and residual stress are several kinds of
it. But both methods of general classification are as following. The first method
is strain gauge stress measurement method and other things are nondestructive
stress measurement methods using X-ray, ultrasound, magnetostriction effect.
Stress measurement on strain gauge method has widely used method because
that is possible the measurement on high resolution. But the first method is
difficult to measured of stress. because strain gauge will be installed in
following conditions; without stress caused by external force, and residual
stress. While other things are very useful on the measurement of residual stress
and stress of old construction. Equipment of X-ray used the nondestructive
stress measurement method is very large size. So transportation is very hard.
And it is become the measurement of stress on any place in construction. Also
ultrasonic and magneto-striction effect methods are progress satisfactorily on
research. But that is difficult of commercialization as yet. From among these,

magneto-striction effect method i1s light weight and small to one thing relatively



to others. So that is able to simply measurement of non destructive anywhere.
The purpose of study is development of magnetic anisotropy sensor for
non destructive stress measurement of steel rib and development of Web-based

Stress Measurement System.

(1) Development of magnetic anisotropy sensor for non destructive stress
measurement of steel rib.

(2) Development of Web-based Stress Measurement System.

M. Contents of research

In this study, it is the study about the development of Web-based
Automation Stress Measurement Svstem for steel rib and commercialization.

That is as follows;

(1) Survey and analysis of non destructive stress measurement methods on
geotechnical structures.

{2) Established the concept of non destructive stress measurement method
using magnetic anisotropy Sensor.

(3) Development of the magnetic anisotropy sensor for non destructive
stress measurement of steel rib.

(4) Development of visualization program to measurement result by
magnetic anisotropy Sensor.

(5) Evaluate the applicability and Verification on developed sensor by
laboratory experiment.

(6) Development of web-based stress measurement management program
for magnetic anisotropy sensor.

(7) Evaluation and commercialization on development technique through

on-site measurements.

IV. Result of research and development.

As the result, it were developed those are Korean magnetic anisotropy
sensor measurement svstem, visualization program and web-based stress
measurement management program for magnetic anisotropy sensor. And it is
made the non destructive stress measurement manual(temporary earth retaining

structure, anchor and bridge). Result of the study is as in the following;



C Magnetic anisotropy sensor and measurement system for stress
measurement on steel rib.

C Web-based stress measurement management program on magnetic
anisotropy sensor.

C Non destructive stress measurement manual on steel rib.

V. Plans to utilize of research and development result

The study development result to have watched magnetic anisotropy sensor
using a non-destructive stress measurement technique for steel structure bridge,
tunnel timbering, temporary earth retaining structure, water gate, and steel
structure, including the pre-stress of the initial stress by nondestructive test
apparatus and maintenance systems. New steel structure if you want to
determine the safety of the residual stress(Material on admission, at the
completion of factory production, upon completion of the hypothesis) in a
nondestructive mensurable, an installed steel structure of the safety and repair,
reinforce, and if you want to check the effects of all sorts that arising under
load conditions total stress (residual stress+dead load+stress caused by loading)
can be measured by the residual stress. In addition accidents, disasters, and so
transformed by the steel structure of the safety check and if you want, modify
the occurrence of partial non-destructive stress can be measured by, temporary
earth retaining structure and the tunnel timbering, earth anchor axial force
information construction, and would like to conduct If, safety determine occurs
for the nondestructive stress measurement can bhe carried out with. If the steel
structure of the stress measurements, as usual manual process and requires a
lot of work but mav need to simplify the process, temporary earth retaining
structure and the tunnels, bridges, such as safety and durability of steel
structure and of the construction phase is complete, evaluate and maintain,
management can contribute to improving the economics of technology. Future
expected to use of maintain and management with fallout shelter, basement
sports facility, basement garage. Also expected to distribute directly estimating
the stability of suspension bridge such as passed mountain chain, bottom of
river, seabed. Especially, magnetic anisotropy sensor can easily identify the
current state of stress which considers residual stress at steel structure that
stress measurement sensor 1s not installed, so we found that magnetic

anisotropy sensor can be applied at maintenance of steel structure conveniently.
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<E 3-2> AAEEAEA Y st=Alst A

- & 1st Test 2nd Test 3rd Test 4th Test 5th Test
=D = =D = =]
0.75t Loading |0.5t Loading |0.75t Loading |0.75t Loading |0.5t Loading
1.50t Loading |1.0t Loading [0.75t Unloading |1.50t Loading |0.5t Unloading
2.25t Loading |[1.5t Loading |1.50t Loading |2.25t Loading |1.0t Loading
2.27t Loading |2.0t Loading |1.50t Unloading |2.75t Loading |1.0t Unloading
2.25t Unloading [2.5t Loading |2.25t Loading |2.25t Unloading |1.5t Loading
ot 1.50t Unloading |3.0t Loading [2.25t Unloading |1.50t Unloading |1.5t Unloading
= |0.75t Unloading |3.5t Loading |2.75t Loading |0.75t Unloading |2.0t Loading
T 0.00t Unloading |4.0t Loading |2.75t Unloading |0.00t Unloading [2.0t Unloading
_ 4.5t Loading 2.5t Loading
ot 5.0t Loading 2.5t Unloading
=S 3.0t Loading
2 3.0t Unloading
3.5t Loading
3.5t Unloading
4.0t Loading
4.0t Unloading
4.5t Loading
4.5t Unloading
(2) A2

B g et
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& —=—20t Loading
Z -150 —=—20t Unloading
% 25t Loading
-200 2.5t Unloading
3.0t Loading

-250

—-300

—-350

~—+-38.0t Unloading
~—% 3.6t Loading
—©—3.5t Unloading
-~ 4,0t Loading
—=—4,0t Unloading
—=—45t Loading
—+— 45t Unloading
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—=— 0.5t Loading

0 0.5t Unloading
—¢—1.0t Loading

-50 —%—1.0t Unloading
—— 1.5t Loading

. —100 —t—1.5t Unloading
ko —=—2,0t Loading

Z -150 —=—20t Unloading
% 25t Loading

-200 2.5t Unloading
3.0t Loading

-250 ~—><—3.0t Unloading
—— 3.5t Loading

-300 —©—3.5t Unloading
4,0t Loading

-350 —=—4.0t Unloading
—=—45t Loading

—+— 45t Unloading
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50 —— x|

—&— 0.5t Loading

0 0.5t Unloading
—¢—1.0t Loading

-50 —*%—1.0t Unloading
—8— 1.5t Loading

. —100 —+—1.5t Unloading
> —=—20t Loading

Z -150 —=—20t Unloading
% 25t Loading

-200 2.5t Unloading
3.0t Loading
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10 0.5t Unloading

1.0t Loading
8 —*%—1.0t Unloading

~ 6 | —e— 1.5t Loading
o —+—1.5t Unloading

= 4 —=—2.0t Loading
70% ) 2.0t Unloading

o—— L\V<.\ S 2.5t Loading
0 L 5 v.:\ o 2.5t Unloading

) — \??j 3.0t Loading
3.0t Unloading

_a4 3.5t Loading
3.5t Unloading

-6 40t Loading
0 3 6 9 12 15 18 | =40t Unloading
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—=—0.6t Loading
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- 4.0t Loading
—=—4.0t Unloading
—=—4.5t Loading
—* 4.5t Unloading

2 7Azete) ¥@

<aY3-12> Fx| 3
(F$ AR HF 8 - X84 $96)

Ot-4.6t Z&4(XLT)_S2hy

88(MPa)

—+— 0t SAP
—=—0.6t_SAP
1.0t_SAP
—<—1.6t_SAP
—*—2.0t_SAP
—o—2.5t_SAP
——3.0t_SAP
—=—3.5t_SAP
—=—4.0t_SAP
4.6t_SAP
0t MIDAS
0.6t_MIDAS
~—1.0t_MIDAS
~ 1.56t_MIDAS
—©—2.0t_MIDAS
- 2.5t MIDAS
——38.0t_MIDAS
—=—3.6t_MIDAS
—+—4.0t_MIDAS
~ - 4.5t_MIDAS
—— 7|
—=—0.5t Loading
0.5t Unloading
1.0t Loading
—*—1.0t Unloading
—e— 1.6t Loading
——1.5t Unloading
—=—2.0t Loading
—=—2.,0t Unloading
2.5t Loading
2.6t Unloading
3.0t Loading
~ 8.0t Unloading
~ 3.5t Loading
—©—8.5t Unloading
~ 4.0t Loading
—=—4,0t Unloading
—=— 4.5t Loading
|-+ 4.6t Unloading|

36




Ot-4.5t XM stctAofl e S Wt $=x(54

800.00

600.00

400.00

200.00

(BdW) 28

—400.00

—600.00

—800.00

St A o )

1A

S

<29 3-14>

5th Test

o O N © 1w ¥ oo o

(Ww) i

t&(tonf)

ojo|ctA ‘

| —+—# 9l (mm) —=—SAP2000

A4 gk Wl

o mE

=
=3

&)}

<1g 3-15> A

el

2

14 Ashe}

B

3

e A

3|

I, $4 3.5tonfe

wAe 2

ol
{Ho

B

olo

%

+o]

3|

ol-&% 3

d71&°l e

dofl A &

pugl
R

bREE A SEA) g

3
T

< Al o

oW

o
oh

——
o

ofp

o
Ho

"

& g%l A &

W o

of o

B 3

37



Q1 A7) o]

H
H

Egz vy 28 23 7]

EEEEE

TR

'53:

38



2. 2A ARA vy SHASS AT AToFAAAA AL

71 A &

€ Az 7AN

o}
M

W
M
T
(]

p—

K

p—

- _71_

ol

o
;oO
M.u_.O
To-

A
)

o 7FA7F AR F 7EHE

o

ajo

ol
Ho

7

._lr,”
i

N
—

o
el

X
N
EE

SEEE

2 UEHE

AolAE L 74

ol

E27b wob e AREStAL 3l W olA

=
=

of <l

o 9F

H71 wE

3|

L;L

=N
==

2
S

ze)

24 7

] 343

vg MEE AAE F

&

3]

9 249 A=E 5y

BN

N
B

oo

M

T
i
W
TN
N

AwEE 24T 5

S 5o
=

<)

o] = 7
2}7] ¥ & & 7H(Magnetostriction effect)& o] &

o
=

v XA

1o
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=
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£
T

&7

o

A

t EKIBE 9T AEds HaHG: 9d nads daEst 2
L2 o HSAAT S o8 AW AE HEtd # ol F ol & FFE
g2 =43stgch 1980 W oA WA Kashiwaya S(1985)2 AAH
(demagnetization method)&  Ftste] & 9 Ar]4 FEHBAX
(hysteresis) & AAsHon, B ZE L Z(lift-off)e] FIS 1A &1 $HE&

o]
= &3 s LSt
H o] A FopollA AT WAHAMNE o83 &
# T #okoll A AbEd7t slow BE AdAGANA o
e = @FASo] 7Hs el Bl A vh(Akutagawa &, 2003; Sakai
ZF 224 Al (ferromagnetic  substance)E A3 magnetization) A1 Z ] 7 X}"é Aol 7+
)& AAl(magnetic field)e] A7]d wet 22 (magnetic circuit) WF o= Zo|7}t
oF7F W3k, o]l Zole WistE 7] ¥ (magnetostriction)o] 2t 3t Z ol
e A7IHES A3E A7l Wk FaAsA wFsch Asd ot AUwY
o] 54l @atx e, ArAPo] AsE LFoR Foutd Fo ArAFPo|Tt
3o, A7 Ee] Agg wgo g o R xr|wigoelet o). Aron) #
= A (steeD= Asp7E HA Ao 7ol BATTE F Aol Qg Ho| &
AEtH =7 o] z3ha wako 2 o} T3S (magnetic permeabﬂlt\)O] 0}
A, oleld FAEe] WEE F4357] A Ao BAAAATE EE&EH L
A7 ol AAM = vhFE TR/ XHOPhtﬂ, ATolA AL AL 4% ‘31—’?
H(AA 2em, o] 3em)ol™, 4= WA 47 €9 2d(Core-D)¥ A=A
(Core-E)o] ZAA Qth. =19 3-163% 7151-1_. SHNHE zosd ISP EY T2
SGEHEE, A% T AD)L xUF FAE(u)o] vid FAE(p )BT AXER
d83Zd(Core-E)ol AFE ZE¥ EEFH Y& AFH9 gRE2 Jd A=
AH EE AR FAE9 i}o](u —u,)& Q& golA b, polA EZ 3}
=

24F BFH o] EFAL(Core-D)oll FEHFIE E2 Hdo] s At

=
=
3

Core-E

e

-

060

AL

Magnetic permeability — px> py
Amount of magnetic flux (E1—=D1 — D2 - E1) > (E1 - D2 - D1 — Ez)

<28 3-16> A7|o] A A9 =727
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)
Ky
e

A ZAHE HAGNV)E b5 ADFH Zo] Axtdn.
V=Nu,—u,) (D

o714 N& IAFAEL] AVIFH B, ArleldAdM et sE5AEY A T
o8] el Aol
HEAE FAES oA (u,—u,)

2 o Qs 22 d4AE 7.

rlo

AustE 2%9 ¥ (6,0 ) HHFE

V=K( ,—0 ) (2)

o714 K= §83EE 24 2 A8 A 54 F
= £ 4 5 o9, Ao
g 4 7 Ao = AA el o8 A=Az diste] A

il 180°9 F71& 7HAl= ZA<U(cosine) ARE YEYH oF (33} Zo]

of o3 BeA= &
o

Z':
o o] ola) g
2

|

O

V=K( [ —0,)cos20d (3)

! 2ol Ag3e FEHolW, o= AN VTS F3
1 Olﬂr. »Wiel %4 f% ol 1@ 29 HAE WFo=
o A MAE (0°, 45°, 90°, 135°9] 4w oz FAAA ZHAYe] v}t HE=

ge 7%, 0 W 7] owmﬂ Aol Wgol #8389 Wolu Y
Hel ZeHR (0,-0)% TE & Atk B ASARe] F43= gHHE 2=
= ASE ATRAANE HANA 44 ASE 2AT Aot AT

<39 3-17> A7]olAd A A e Hn

O+
U
ofk
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o A7 QA E o] &7 HIBI SEAS A" ARAR AAE)

A7 | BAEAME ol & v FHAS Ax" ALE A 13 AAEE A
ZhstAtTh 12k AAFOR e ZR2EE OF 3-18d4 HE uRef Zo] AA
(D)ol 25mme] 3, Eol(H)7F 40mmel 45 dFF o2 AFsdvt. 2T A7MASd
ACYV, 60Hz9] AHES ol&stsler, 2HAYS S8 Adte] 13 3-19914
B wkel o] Digital multimeter UT60E(UNI-TREND INTERNATIONAL
LTD.)E °|&3st% o, RS-232C Serial $41& ©| &3t PC 415 stith

12 A AE Az & A @AM zhol Eﬂ*EE AAG A3, YAl 4
A FAHBmMV olshEo AW wE SHAYY A7 A7 He] =HA
SHAFAE 4E3 F4o] o

_;z
=
1

O

_V‘io
Mo

A H ol TSI

<I¥ 3-18> 1&4 A AEF =218

<9 3-19> A7jolAd AlA SAHA AR (1A A AE)
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gh. A7) AME o &5 Y] SHEAS A" N2 AAE)

=

121 A A9 %Zﬂ AL Bestr] 9938k Function GeneratorE ©]-&3t] <l7FA

T

b W FuE AS(20Vpp, lkHz) FAsgeorn, AR =AHzES A7) &)

H
OscilloscopeE ol &3l 2EAY &4 4 Fu+ 248 S5 =3 7141y

Band Pass FilterE o] &3te] 1kHz g 3 Fa+-2 e st

<a¥ 3-20> A7|o|HMAAAN SHA R (2R AAF)

22k Al AE AF = AUAZS s A3, & AAEF HE EEHAGS
F3ti oy, 71414 Band Pass Filtere] A2 <13 ey FaA € =
tzplell o) gk @ 27F AshA BB Aol EAE AT

o A7l A AAE o] 88 vl SHAZ Axw ALEH AAE)

12 A AES FAS T 234 AAFS ol&F A, EAFHC] =EEH 3
28 A AEE AFstAT 32 AAIE iR WEs d¥Rd S4 ZrEe 9
3-2194 R wpel o] A7 (D)ol 30mme]x, Eol(H)7F 60mmel 45 dFFo
2 AA AR e, oF AYge Adstr] fste] ZEaE Bl W £
g 71E ARES dEstd WA g3ste] a9 3-22014 B wkel Zo] z7)
AN ZARE 1 roq BY 1wEE U Jle A2 1% gAS
th 19 3-238 7)o H A AN A A A" 33 AAZTE RAFT 9

a4
o
(e

_1]}1-
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[Magnetic Anisotropy Sensor Systeml]

AR — MAS Probe
T (R-4pin) |
Signal Generator(1kHz5Vpp) Signal Amplifier
2% — T i
Regulator Band Pass Filter
1 (adapter) } (BNC)
AC220V 60Hz A/D Converter
| (RS-232)
PC

A
X
o
o
[N-)
[F6]
\V
2
N
£,
ok
o>"
ri;
X
o

A2 (EAF A A F)
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3. A AuA WA SHAS Zead AR

B ATNE Arlol e BET ATEE $UAS AxW U IT A5Y T
22 Q719 fABY As" AERA FAAH]AE Fa) Aelq FHAA A
22498 43, w2 B4 - A - Grlsel ARE TH sy SHe| vk 5
3, ATEE AN AZIAN(Q/EERE), AZARY ANBGASETH 37
), A9 FRE ABAGABY ALY FARE)EL FTHOR NG
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Mre ZEoade Ao BHANE o gitel 348 A ARAY £ AZ
A3 ge NG Zade Bae] ANRoE FAT 4 gou, FAL T3
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71—145" EEZ%Q] 7]‘—5-‘% Eizﬂ}‘é-‘ﬂ /g?g:}, -?r])‘(]‘:g %7§Eﬂo]]ﬂ x{;(o]., 7&.%_01]

$HPEIA A8 P ASAY BH, AT ASHlE Y= %

B Tzage EUe B9 AN 23 el % Zedey

=
8
3ostel @ 47 ASAT WHE ded FGT £ YRE AeEc

e i
)

45



A—Diractian

41,914

244

Clsziizn Joh

HE AR .

o @ Lo hamzaam hntl) ) 22 s
I§E B oA §AETE D300 LEEk
R B o R R T e o R e

B rivramenr sredsme e Lrhpima B0 oo WINEE- THIR. BP0 - 1]

Magnetic Anisotropy Measurament Systam
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>

4. AT B ANE o] &7 AR LHAT &

A7)0l e dele ASAEL] FAEo] SEAHA wet WHstsi= AL AA
g olgdte] SHAYCR SAsE Yot M e¥dds $HOR A
71 flete] AAvie 2EAGH §499 #AEHAE, K2 43S $ato] A
EZEEhofof gt

7h. SS400 BEe] AT BA
(1) 48ha

AT SHAEEKIE EE317] At Arlo] g AA et ZEFJIA oA
o] gl 17 3-2604 HE niel zo] A sEAsANE L

AbEE AR ol AatEE dubrRg
FAZAAQA SM490S Al83tR o, AlEHS F
7, annealing)% 3 gAY dHYE FA & A Y (non-annealing) &=
FAT AlFHEY Ad
Al el FAd A 92 150m Hojz X Hef] 2902
& doH, stedAE éE‘n’ﬂ‘ﬂ?‘ﬂ o| x| o] E34 %7@7}% gHo] g
o A EZ H AdtelES 20kNeE AAs A7 0kN, 5kN, 10kN, 15kN,
20kN®] A= AstE AA }Oﬂ‘i} AGHAAA FEL 25 WA7|AFY 2EHY
AlelA & ol g3le] ZH3F o, EFALGL Ao ANE FAHEAY. 19
3272 ZEH A NA(S/G e A7 oA ANMAS)e] SHAAE et vt

R

2
ot
e
ok
i
il

éiLﬂ}Nﬂmlm
o
My
=
ok
ol
;‘j
F“

o.>L

<HE 3-3> MU AY R FIT

SS400 AlgH®

Size (L)1,000mmx (B)180mmx (T)28mm
A4S SS400(&t =& 2450, QI & 2F & :425Wa, HAIE:23%)
ANEEHO 3tet 2 & (%)

C Si Mn P S
0.16 0.31 1.33 0.013 0.005
SM490 AlE&H

Size (L)1,000mmx (B)180mmx (T)28mm
SM490(& =2t £:245MWa, QI &2t &:425MWa, HAIZ:23%)
ANEHO 324 (%)
C Si Mn P S
0.17 0.29 1.47 0.016 0.003
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j26mm
[ ] f25mm
SPECIMEN——> [ i T | . £
150mm 150mm osinin
G.L 25,
880mm 15mm
<a¥ 326> F}EAFANE nAL <a® 327> AAM 4 4 S99

(2 Agds R 24

= o=

2 A3 Ad, HEE AoARE FHd FEIY AU WAMAR SHE EFF
Ao AARAE EE57] HAdt] AR, Ao WA AN 2o AP EFE AolHA
FAo SHIH Aol A EHAGE Husgon, F HAZ JFHAE
AL 8o EEXE B39 A HAZ EEALT $EPLE FA BY
sto] ARAAES BAsg o, nprLo g sEUAY SEAYGH ¥ JFg
£ ol&3sty FAFEAE FA3ATE AVIA S/GL~S/GAE HRGE 2EHIA
A Z2AZE BAE Aoln, S/G5~S/G8L FHstRE ~EFHA A =AHZE %
AlgE Aeolth, 183 MAS1I~MAS32 Zadd A7jo|dddla S-S EAT
Aol MASS~MAS8S Z#sti 7)ol AA S gkS ZAI Zlolth
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Load(kN)

25

2 +S/G1
=S/G2
s - S/G3
E ~~S/G4
32 ~-S/G5
S 10
+-S/G6
. ~S/G7
—5/G8
0 1 1 1

-150 -100 -50 0 50 100 150 200 250

Stress(MPa)

<IE 3-29> stEdAE S/G &7 #H(SS400, Non-annealing)

25
20 L T
—+MI1
\ =NM?2
15
M3
—=M4
10
—+=MS5
M6
5
0 1
0.0 0.5 1.0 1.5 2.0

Output Voltage(V)

<Y 3-30> FEFwAE MAS =74 7HSS400, Non-annealing)
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150

100 =
% + OkN
50 —
= m5kN
o ] [ I
% 0 - i e 10kN
w
E m [ ] |
7 50 L “ 15kN
A © 20kN
-100 -
-150 ' '
0.0 0.5 1.0 1.5 2.0
Output Voltage(V)
<719 3-31> 35 EAE 8- -F8HdY £ 32(SS5400, Non-annealing)
150
100 N
K M
- 50 \ \\ -=M?2
gj :
-+ M3
=R N
Z \ —M4
5 -50 ==M5
\\ e
-100 .
_150 L L L
0.0 0.5 1.0 1.5 2.0
Output Voltage(V)
<29 3-32> SAHAAE 8- -F=HdY £32(S5400, Non-annealing)
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150

y=-232.0x%+ 547.5x%- 464.0x + 148.0
o | b R?=0.885
50
=
=
F 0
@
£
v
-50
-100
-150
0.0 0.5 1.0 1.5 2.0

Output Voltage(V)

<29 3-33> &¥-S¥HdY 3AE4(SS400, Non-annealing)

150

y=-396.9x%+908.5x%- 681.3x+185.0

2=
100 R*=0.974

50

Stress(MPa)
(e

-100 ¢

-150

0.0 0.5 1.0 1.5 2.0
Output Voltage(V)

<29 3-34> Ha $H-FHAY I HAEA(SS400, Non-annealing)
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20 N ~+S/G1
=S/G2
~+S/G3

15
~=S/G4
~-S/G5

10
~-S/G6

S ~~S/G7
—S/G8
0 1 1 1

-150 -100 -50 0 50 100 150 200 250

Stress(MPa)

<19y 3-35> shEdAE S/G =74 ¢H(SS400, Annealing)

25
20
—+MI1
=NM?2
15
M3
M4
10
—+=MS5
M6
5
0
0.0 0.5 1.0 1.5

Output Voltage(V)

<29 3-36> stEwhAlE MAS 23 7HSS400, Annealing)
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150

100 Ky
X 3 + OkN
50
= ® 5kN
- m R | |
% 0 e 10kN
§ -
& 50 - < 15kN
o * 20kN
_100 (!
-150 : :
0.0 0.5 1.0 1.5
Output Voltage(V)

<a¥ 3-37> stEdAd 8- AY X (SS400, Annealing)

150
100
50 =M2
£
E 0 —-=M3
: —M4
A 50 ~=MS5
M6
-100
2150 |
0.0 0.5 1.0 15

Output Voltage(V)

<I¥ 3-38> AAE $H-2HAY £ 3(SS400, Annealing)
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Stress(MPa)

Stress(MPa)

150

100

50

-100

-150

y=-5926x3+1158x?-236.2x+121.4
R*=0.951

0.0 0.5

1.0 1.5 2.0

Output Voltage(V)

<79 339> $E EHAY

150

3] A £ (SS400, Annealing)

100 .

*

50 .

-100

-150

y=-100.3x3+216.0x>- 311.9x+137.5
R*=0.978

0.0 0.5

1.0 1.5 2.0

Output Voltage(V)

<a¥ 3-40> Hi $H-FE€HAY 3 7EA(SS400, Annealing)
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Load(kN)

25

20 , i ~+S/G1
-S/G2
s ~+S/G3
% ~S/G4
=]
g ~-S/G5
310
~-S/G6
~S/G7
5

—S/G8

O 1 1 1
-150 -100 -50 0 50 100 150 200 250

Stress(MPa)

<% 341> stxdAE S/G 7 3H(SM490, Non-anealing)

NN
NV E
RN o
N

0.0 0.5 1.0 1.5
Output Voltage(V)

<29 3-42> 5 AlE MAS 23 7H(SM490, Non-anealing)
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150

100
B X X * OkN
- 50 = SKN
gf L ] u
% 0 - G 10kN
§ (I
& 50 - < 15kN
R * 20kN
-100 ‘ =
-150 : :
0.0 0.5 1.0 1.5
Output Voltage(V)

<Y 3-43> FEdAE SE-EFF A & E(SM490, Non—anealing)

150

100
CoNUN -
50 =M2
\\ ‘\ M3
x \ ~M4
-50 ==M>5
\ M6

-100

-

Stress(MPa)
(]

-150 :

0.0 0.5 1.0 1.5
Output Voltage(V)

<Y 344> SAHAAE $H-FHAY F3E(SM490, Non-anealing)
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150

y=-19.79x3-106.6x*+ 57.50x + 58.73
100 . . . R?>=0.758

50
=
S

z 0
&
=
)

-50

-100

-150

0.0 0.5 1.0 1.5 2.0
Output Voltage(V)

<9 3-45> $H-EHAY 3

150

&4 (SM490, Non-anealing)

100

50

Stress(MPa)
(e

-100

-150

y=-852.9x3+2272.x2- 2114 x+675
R*=0.995

0.0 0.5

1.0 1.5 2.0

Output Voltage(V)

<a¥ 3-46> BT $EH-EHAY

57

3] 7 4 (SM490, Non-anealing)




25

-+S/G1
20 >
-5/G2
-+S/G3
15
~8/G4
~8/G5
10
-+-S/G6
S ~+S/G7
—S/G8
0 1 1 1
2150 -100 -50 0 50 100 150 200 250

Stress(MPa)

<Y 347> st AlE S/G 78 $H(SM490, Anealing)

25
20 5
~+Ml
=M2
15
M3
~~M4
10
~+MS5
M6
5
0
0.0 0.5 1.0 15

Output Voltage(V)

<29 3-48> stsHAlE MAS &7 7H(SM490, Anealing)
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150

1.5

® SkN

10kN

< 15kN

* 20kN

M1
-=M?2
M3
M4
-+=M35
M6

100 £ i
X >

50 ——
£ " I
E 0 + L
% [ | ]
g ]
250

-100 —

-150 ' :

0.0 0.5 1.0 1.5
Output Voltage(V)

<ILE 3-49> s dAd SH-E=EAY £ £(SM490, Anealing)

150

. JARENN

50
= .
S \\ \
s x .
w
Z \\
E
|7s] -50 \\\

-100 >y >

-150 :

0.0 0.5 1.0
Output Voltage(V)

<329 350> FAAAE H-SH AL £ F(SM490, Anealing)
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Stress(MPa)

Stress(MPa)

150

y=279.1%*-704.0x>+349.7x +22.32
R*=0.836
100 " .
50
0
-50
-100
-150
0.0 0.5 1.0 1.5 2.0
Output Voltage(V)
<71d 331> ¥ -FHAY 324 (SM490, Anealing)
150
y=-2256x3+543x2- 608.0x +238.2
100 R2=0.998
50 ¢
0
-50
-100
-150
0.0 0.5 1.0 1.5 2.0
Output Voltage(V)

<Y 352> Hit $EH-FHAY 3 FAFA(SM490, Anealing)
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. Non-destructive Evaluation of Stress in Bent Pipe by Magnetic

Anisotropy Sensor - Out-of-Plane Bending

: Shoichi IIMURA & Yoshiki SAKAI
P 2006
DA S o

gto] stolzetelel A&t eHeozA WY, A
, =3l ?

off oo

%, B9, A

I AS 5 dE dol= gAS SHAA A7) oA
ol g714<le vEhlia glom FE gl olaf 2 FHo o3 TA
st S8Rt SR F A5 S HIY 2 FH AxA & &
go] 7S HEMAT

. Non-destructive Method for Bending Stress Evaluation of

Linepipe using a Magnetic Anisotropy Sensor

' Yoshiaki SAKAI & Hiroyuki UNISHI

20043
ANEE ol 8% wiTel ¥ 24 s1%d dekdd 1 24 Aelsh
NRE BR RN B E §8 24 29, & 2

. Applicability of Stress Measurement Technique using

Magneto-Strictive Effect of Welded Structures

: MURAI Ryosuke <
: 2003
D EHE FEREC ZEste A9 JHAY §¥He digte A gH S o

88 AW AR 9 dAne AF 98 24 AW, A 4 @A

o 28 24 A9 YAk

92



o =XA 4 7|H
=4 Wz
W) W hEtn EEFety
o HEV|ZF : 2010. 03. 11(&) ~ 03. 13(E)
o 7] i Aw  HAAARAL] &5 AF E oy Fofe] B AT
AARE 7HA2 dE %%4 (FF)IAAFTAT LY Sakurai
Shunsuke A%, #|th&2] Akutagawa Shinichi w59 &

Asted @1 F5a

93



1. A4 WER&D 22w Fo T2 T 2006

2. IT7Fe8t7) &R A A WA 2 http//www.ntis.go.kr

3. 4F, A&, £33, kS, 2008, “kAFAE V& HAA e §3, IR
5

10.

11.
12.
13.
14.
15.
16.

17.
18.

19.

E3+3] % A56d A6%, pp.19-30

vlo] &l 7 g] o} http://www.baytech.cokr/1_0/1_7/1_7.htm
e £, 2008, “HAARA Al e el #wek HET, 2008 A 23 @A
ArA YRl pp.l-84
Bkl 2000, “BlEAHA 72 g o] &3 SESH", AR AF R AL 27 A
A, http: //“ ww.kosha.net

Al A, http//www .moleg go.kr

B, 2006, “AIsHE FABAS AFAHGH, 2004, H&SEAAEAAL

Zo, 2004, “Fo] FAIA AS] BAR D A, RTEEACHY

=], pp.o-15
SFH, AT, olF, 2001, “A5HE EEd A FAREAZY EAHE 24 FH
AL, S FRENTESE =3, Vol 5. Nod, pp.161-167
£, oA, 2008, “HALAZ=F "
T3 AAE7E htp//www.ege.cokr/rnd/F_02_01.asp
]

ol Alo] &l http://ejtech.net/newsite/html/Business01_6.htm

A9, 2005, “FRIABEEE o] &3 HE AFASAET

B, w4, 1996, “Mexstd i AZAe 7FAd #F A7, qE
F, A 164, AM-13%, pp.47-39

=53]
E5 AW G AE]) A http://www kipris.or.kr
S FZEXTEE S, 2006, “AlstTERE GHASF o|EY AFT, Fu|AH, pp.

Al Feldman, J.B McRae, 1999, "5th International Symposium on Field
Measurements in Geomechanics”, 1999, pp.95-100.

. Campbell Scientific. Inc. http://www.campbellsci.com
. Campbell Scientific Ltd http://www.campbellsci.co.uk
. Clough, G. W., Smith, E. M., and Sweeney, B. P., 1987, “Movement Control

of Excavation Support Systems by Iterative Design”, Found. Eng. Vol.2,
ASCE, Proc. of Congress, pp.869-834
Franklin, J.A. 1976, "An Observation Approach to the Selection and Control

94



20.
26.

28.

29.

30.

31.

32.

33.
34.

35.

36.

38.

of Rock Tunnel Linings, Shotcrete for Ground Support”, ASCE, pp. 556-596
John dunnicliff, 1993, "Geotechnical Instrumentation for Monitoring Field
Performance”, pp. 39-40

KANE GeoTech, Inc. htp://www.kanegeotech.com

Kenji O1, Tsuneaki Shimura, Lee Jaeho, Shinichi Akutagawa, 2004, "A Study
about Non-Destructive Stress Measurement of Load in Tunnel Support
Structures at A Large-Scale NATM Tunnel”, Memoirs of Construction
Engineering Research Institute No.46 pp.99-111

. Lambe, T. W., 1970, “Braced Excavation”, Proceedings of the Speciality

Conference on Lateral Stresses in the Ground and Design of Earth-Retaining
Structures, ASCE, pp.149-218

Peck, R. B., 1969, Deep excavations and tunneling in soft ground,
Proceedings 7th International Coference Soil Mechanis and Foundation
Engineering, Mexico, State-of-the-Art Volume, pp.225 290

Roctest Co., LTD (Canada),
http://www.roctest.com/index.php?module=CMS&id=47

Sakurai, S., 1997, "Lessons Learned form Field Measurements in Tunnelling”,
Tunnelling and Underground Space Technology, Vol.12, No.4, pp.453-460
Terzaghi, K. and Peck, R. B., 1967, "Soil Mechanics in Engineering Practice”,
2nd Edition, John Wiley and Sons, pp.394-413

Tovoko Elmes Co., LTD htp://www.elmes.co.jp/service/doboku01.html

Tokyo Sokushin Co., LTD http://www.to-soku.co.jp/business.htm
Applicability of Stress Measurement Technique using Magneto—Strictive
Effect to Welded Structures -~ MURAI Ryosuke 9], YE 841353 =FF A
2148 A43., pp.532-538, 2003

Magnetostriction Stress Measurement on Dynamic Stress of Bridges and
Sensitivity Calibration of Steel used for Bridges— MURAI Ryosuke ¢, ¢4+
2353 =54 A224 A3z, pp.4ll-416, 2004

Linearization Method of Output vs. Stress in Stress Measurement using
Magnetic Anisotropy Sensor - Kenji KASHWAYA & Hiroshi SAKAMOTO,
dEZu gy @A =53 Al 539 25, 2004

7. Non—destructive Method for Bending Stress Evaluation of Linepipe using a

Magnetic Anisotropy Sensor— Yoshiaki SAKAI & Hirovuki UNISHI, < 5] 3}
@A A33HE 123, 2004

Non-destructive Evaluation of Stress in Bent Pipe by Magnetic Anisotropy
Sensor — Out-of-Plane Bending - Shoichi IIMURA & Yoshiki SAKAI, 4 &
Hl g3 4} =23 Al 558 11%, 2006

95



39.

40.

45.

46.

. ANAGET L AA S8, AE

CHEZ 4 4338 Aasdd 38 a7, 454, 2498, AT

Magnetoresistive sensors for Non-destructive Evaluation — A. Jander, C.
Smith and R. Schneider, 10th SPIE International Symposium, Conference
5770

Magnetic Studies of Residual Stress in Iron and Steel Induced by Uniaxial
Deformation — Seiichi ABUKU, Japanese Journal of Applied Physics Vol.16
No.7, 1976

5 A Abebe] =8 1988.02

el =dd, 199

CHIFA B e HA AT, olsH, 2715, B HAEE A, Vol.24

No.1, 2004.02

A7) Aol BEFA FE RE S, FRAAIEFRATY,
http://www.reseat.re.kr

T B ASAYE 52 S5 AFEY ESAHRH MY A tup//

www.Kipris.or.kr

96



i

e}
IT

712

&
oy g,

%)

3. =7kt




A7 )R AN E ol A2 vt SHAS/E(Y

e

oJ
1l

M
Hr

2011.11

)OI IHX 2 &t



A7 | FZANE ol FTEZ29 v SHASIE(QD)

1.4 £

M2 Aol o] Z2dA APFHL N

Ik B AFS A9 E4F AxT

AsA HH EA" $HE [F SHOE dob AR FHF=d FFE vAA Ao AA4
=

28 9 AFLYL FPsE PHe ¢ A AT F o

2% AFol AA#T: 9

(strain gauge)Z S89 ®WIE A PG XA, &3, A7
effect) 5% ©]&3% vHlay &4 FAHAYHL=Z UEg 4 v} A= FEE 2 £ 7He
st7] wiidel 2] AREE G e ol ARt 9 H o §HEolY IFEHol glv AHA mg

]

2EHJANAE FH] $HE SAMk st ool s v TR o Ao 5=

ro{l
.
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@
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@
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&
[
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=}

Bgol gout olZ A% APt A% APAL At o] F A/NAIEAE o]§F ¢9 =3 ]
e the 274 gAd ula) F@oln Ao, LA ATl Baw TR $HE W%
oz 248 & Ad

B ool s A7l AAE ol &3 BAY W SAAZI A vake 7 &gt

2. A71o1 YA A A 2] A7

AR EHE ol &

o

8 23 4R 74 2 ASA BE SN HFIL 3887 9

| HZEHAA o]E ARG F¥HE SAGUT Abuku(1976) AN F 7HE FE&sta
AZtE] = 2p7) o] A Al A (magnetic anisotropy sensor)& A7 /&3l th ArlolwA AA & Fik
A% 197D 222 Havstes g8 R4S daHr o glor S A7 & o)
ZA7lelde yEd o o]F o]&dtd [REHS FAHSAUTE 1980l EfMEHA

Kashiwaya 5(1985)2 4 A% (demagnetization method)& #<tate] o] o3 =717 3] 2H
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A7 | FZANE ol FTEZ29 v SHASIE(QD)

A A(hysteresis)E& A AZFGed, FJZE 2 Z(liftoff)o] IS T A g1 £HE 2HE F

PR s
A2 Sof A4 RorA AT lHAHANE o 58 $8 23 JMe It 4B T Rop

A AR 7E om BE AMEGNA olfEHe ZANEAMIE D dEiAs FAZo] 7t
o] 88 H vl (Akutagawa 5, 2003; Sakai &, 2000).

22 A (ferromagnetic  substance)E  AF3l(magnetization) A1 2 ® A=A A JhsiE =4
(magnetic field)9] A|71<] wa} A Z(magnetic circuit) W3F o2 Zol7} k7t HE=H), ol#d 2
olo] W3tE #7|¥ ¥ (magnetostriction)o] 2} 3t Zolo] st A7|HPFL 255 Al7]= wHEk
FasA AFETH Azl wet A7|AF e EAdo] EepA e, A|AFe] A wIFoR &
A g ArIHPelet &M, ArIHF o] Aste WIFoR ZojgW o Ar|HFPolg Frh
Bliron)d & ZA(steel= #A87E =™ Ao A7IAFE o] LAY S Aol AFEH A
3t 27| o] Al Weko 2 Zoju} BAE(magnetic permeability)e] Zolx|H, o]lzst =3}

&0 "EE SAHE7] s A7 A7 FEHTL I

1% 22 $E4HE nestd d5HEY FALCEEE, 4S5 FF FR)E xWH¥E BAE
HA2Ld(Core-E)l AFE ™ EZFH U2 AH
o dREL Ad Az A E,E FAT FAEY Hol(p,—p)= Aste ECA D, D,

AX E,Z gaFE B o] 87 Y(Core-D)l FEHFIE Z2] Aol LA A doh

Core-E

»!
o
g
e
\ "ﬁ

T TN
rane

sy .. e e v
AT LTI 7
4

Magnetic permeability  px> py
Amount of magnetic flux  (E1—D1 — D2 — Ei1) > (E1 — D2 — D1 — E2)

EEBE M EE PR B

FEFdAA FAHE FHHMV)S TS A 2ol AdE
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LAl AA e EEel o8] g8
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=245 sty FAANAELS e
(cosine) AEZ Uetu™ tg 2(3)7 Zo] e
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F9ddS 180°9 F71E THAE

A7NAM o, oy FAFAE AEehe=

olFE Zolth sAel ZHygold
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