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{ Summary

Purpose

The primary objectives of this study is to develop an innovative seismic performance
evaluation methodology for old/existing buildings considering the condition assessment
results from Multi-physics and Data—fusion non—destructive evaluation methods, which will
improve rationality and reliability of structural performance evaluation results. For the
purposes, this study includes following three main tasks;

= Task 1: Development of a practical technique for seismic performance evaluation of
reinforced concrete (RC) buildings considering the results of condition assessment of
structures

= Task 2: Development of a Multi-Physics Non-destructive evaluation (NDE) and
monitoring technology

= Task 3: Development of data fusion algorithm of Multi-physics NDE sensors

Contents

Year 1 (TRL Level 5) : Deriving and building basic technology

e |nvestigation and analysis of conventional seismic performance evaluation methods for
RC buildings seismic (literature reviews)

« Development of an innovative seismic performance evaluation technology for existing RC
buildings

* Investigation of NDE methods for condition assessment of RC member (literature review)

e Configuration of NDE methods for evaluation of concrete deterioration from multi-physics
sources (hardwares and analysis algorithms)

e Sensitivity Analysis of NDE methods with the severity of deterioration

Establishment of the relationship between the mechanical properties of materials and the

individual NDE parameters (laboratory material experiments)

Year 2 (TRL Level6) : Developing core technology

* |dentification and improvement of seismic performance evaluation technology through
accelerated deterioration test and structural loading tests of RC members (beams and
columns)

* Development of seismic performance evaluation technology in conjuction with condition
assessment

* Development of measurement model for evaluating concrete material properties
(compressive strength, elastic modulus) [GPR, IE, SASW, UPV]

¢ Development of measurement model of steel corrosion condition and reinforcing steel -
concrete adhesion condition [ER, GPR, USW]

* Monitoring of Multi-physics non-destructive test parameters during the accelerated
deterioration test of RC members

e Statistical characterization of individual NDE parameters

* Development of heterogeneous data convergence algorithm using machine learning
technigue and verification through comparison with experimental results

Year 3 (TRL Level 8) : Developing practical technology

e Development of evaluation method by application to test bed and improvement through
feedback

e Establishment of nonlinear precision analysis method

» Development of existing RC building seismic performance evaluation standard (draft)
considering nondestructive technology based condition evaluation

e Performance evaluation of the multi-physics NDE method through test bed and
improvement through feedback

e Development of standard manual and condition evaluation criteria for Multi—-physics
non—destructive testing

¢ Improvement of the Multi-physics and Data fusion NDE method through feedback

e Development of a standard manual and a condition evaluation standard for the
Multi-physics and Data fusion NDE method

Develop
ment
results

<Classification of development results>

Bio resources New variety
Journal Tech compou Bio
Patent |Report| Equipment | nical |Software PO io-infor Informa
paper nd ) resourc . Product
note mation tion
es
Results
Y Y Y Y
(N/Y)




Expected
Contributi
on

Plan for application

[Technology] The integrated seismic performance evaluation method eases to evaluate
the seismic performance of existing building considering the quantitative aging
deterioration that is difficult or impossible to achieve by the conventional seismic
performance evaluation method

[DB construction] Systematic DB of high quality fundamental data for advanced analysis
and decision algorithm using statistical analysis and artificial intelligence techniques
[Application to smart maintenance strategy] Multi-physics and Data fusion—-based NDE
technology can be expanded to the safety management of various future buildings
[Education] Fostering high—level manpower of master's and doctoral level by reflecting
structural diagnosis technigues utilizing advanced measurement and analysis technology
into undergraduate and graduate curriculum and promoting research exchange with other
disciplines

[New Business model] Establishment of diagnostic system (equipment, software) using
multi-physics and data fusion and development of relevant seismic performance by
training expert of seismic performance evaluation of structure using result of condition
evaluation

Benefit

[Industry and Business] Establishes global standards for the condition assessment and
seismic performance of RC buildings based on multi-physics and data fusion, and
contributes to securing global competitiveness in related fields

[Academia] By establishing academic research foundation and cultivating excellent
manpower, non—destructive diagnosis technology of RC building can be improved to
world—class level, and optimization of diagnosis—maintenance work is realized by
applying development technology to other academic fields.

[International collaboration] By jointly developing concrete structure diagnosis
technology and sharing cutting—edge information through international cooperation
projects with excellent universities and research institutes abroad, it will be able to
stand at the forefront of research and development of world—level structure diagnosis
system.

[Economy] Reduce the economic cost compared with the existing safety evaluation
method by accurate condition assessment and seismic performance evaluatio

[Public safety] Improvement of social contrast level against earthquake disaster through
development of seismic reinforcement and seismic reinforcement method development
by developing customized optimal seismic reinforcement guidelines for public facilities.

Keyword
S

Multi-physics Data fusion

Condition Reinforced Seismic
Assessment Concrete Performance
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[O& 2-8] The relationship between static elastic modulus of concrete in the OD and SSD conditions

= A(2-10) & Al(2-11)0IA Ol HFO0UA DedE 5683F2 2232lE MIXUHA= EJ,0D2t Es,0D2 H=It Ho
101 JPH2 g2 20l= d2 2 AH A0l e H==2 EDI(EE ZCIE ER)0l 2H 2AE6H 2= E42
SOHEC S+2o Jdee sEHEH2 3 Fedis20 0 2 e 20l X222 LR
» [ 2-9]2 EHYH BHAEA SEE LA SEEHS 2HE E0F1D JUCH EHAH
ZICIENAN HEHEH 2 SEFS A2l 2H(EJ,O0D-Es,OD)= Eellls, EAMEN0A 2HI(Ed,SSD-Es,
SSD)= 2810|182 HAIGILH 232lE SJR0l Wet 22 G2 JISE MEotAL, Al(2-12)~Al(2-14)=
JIEARXSO0| MOHE HEtdH =2 SEEAISS 2AHAS E0HF1D JA2MH, [OE 2-9]00 &H HAIGHA
Ct.
E, =0.83E, (Lydon and Balendran, 1986) (2-12)
E =12E5,-19 (BS, 1985) (2-13)
446.09E; .
=——_ (Popovics, 1975) (2-14)
60 ;
o ODMIX1
o ODMIX2
50 o opwmixs |
w * 0D MIX4
% 50 A ODMIX5
<> ® SSDMIX1
S 45 ™ SSDMIX2 P
5 ¢ SSDMIX3 T
3 *  SSD MIX4 "y
2407 4 ssowmixs ,.// #2707
8 Line of equality a7
3 35 |- — —-Lydon and Balendran [1986] et 1
3 ||~~~ Popovics [1975] DT
g 30 [ BS 8100 Part 2 [1986] P ]
© 2 o I
o ? e
T 20+ T i
» P T
T
15 e i
10 //J /'{ 1 st 1 1 1 1 1
10 15 20 25 30 35 40 45 50

Dynamic elastic modulus of concrete [GPa]

[O& 2-9] The relationship between static and dynamic elastic modulus of concrete
» SO EEESAE(ZHAL, EAHAENS 232IE SAMUA, JI&E HAR2XE0| Motsh Ao Metd s &
o J

|Z=A02 =S MEtEH 22D 0l HFR0AM S&= HEFEH 2 22 RMSE(root mean sq

=



ot

2-2]0l Hel

5
RMSE —\/”

=)

i

uare error)

(2-15)

)2

i

Es.mcasurod

N

i

s;predicted

t0|11, Eis,measured

JJ

04D M Eis,predicted

Al
Ay

Ct. Lydon and Balendran

£ 20lgt

2ol &

AH
=

dl

%

Rd
ol
=z

RO

KIr
U

Ol & 2.0GPalllA

S=Z 0o

(Al 2-12)1t Popovicsal (Al 2-14)

2.35GPa2l RMSEE E QLI €05l Lydon and Balendran 4/2 ODAEHUI A, Popovics A2 SSD

cENAM O

2-2] RMSE between measured— and predicted static elastic moduli of concrete

1T
e

[

0| —|©
w3.7.1.
Di|O |y
‘©
a
S
w
%)
=
[
o|lw |
8o ¥ |
ol |~
o)
Y
(/2]
|
2 |lo|<|w
= | — | — | —
s
 |lo|o| o
= Ww|w|w
Ke)
=
©
3
o
w

O M 2ACIE SAINC BHAEHS

b

S
=

ChH SF2 232IE bH

ol
AS

(Fc,OD)ECt 2

H=24HES Sot0 Fc,0D02 Fc,SSD

H
nO
il
ol

'.

-

L

EH Ofl A

'.

<0
il
Ril

S|

(Fc,SSD)=

=

Ak

ol
160

&

210
A —|

00

A
=

, 5EFS MIXOIA &2 2&

U=

ol
00

oD

o

Rl
"

Ol

1l
£l

ol

(@]
i00
380

2 LIEHSCH

(2-16)

Fe, 85D = 0.98 Fe, OD — 1.802 [Mpa], R2 =0.94

o
T o
-
>
=
S o
L ocll o
° =7 &>
5 &E
NV BRSNS PO}
XXXXX2%3
L =S==2==0Jm| | o
N H ©
N i
N o o< x D i
/VV i
N °
L N 4R
N,
\
v N\
N,

L N 4 o
\. ©
<

AN
.,
\
L N |w
N
¥
* o
N
L \, \m
\
* \\ <
N
&
N o
L N 48
X
N
- \ 4 o
N
L )
=
I I 1 I I I I 1 I o

o o o o o o o o o o o

o » [ce] ~ © w0 < @ N ~

-

[edIN] uonIpUOD ASS Y} Ul 8}210U09 JO YiBualls aaissaidwo)

Compressive strength of concrete in the OD condition [MPa]

[0& 2-10] The relationship between compressive strength of concrete in the OD and SSD conditions

(O 2-11]

e}
i)
s

(2-17)



=
[

°|0IotH = APUIA

tRe0, [O8 2-11]01 LIEHH

xr

0IIM a% be A2

¢}

2-3]0il Hel

I

o}

- - - - - Bestfit cuver for the F,, and V,, relation
Best-fit cuver for the F, and V.. relation

- - - - - Bestit cuver for the F, and Vrelation
Bestfit cuver for the F, and Vg relation

Fe0 and Vg, relation
Fss0 and Ve, relation
Fe0 and Vs, relation
Fese and Vi, relation

0
[
O
[

o
»

n o v O 1y o 1’|y O v o v o
© ©OW N~ M~ © O v u < < O o™

[edIn] @1810u09 jo yibuass anissaidwo)

v
N

o
N

3000 3500 4000 4500 5000 5500

2500
Wave velocity of concrete [m/s]

The relationship between compressive strength of concrete and ultrasonic pulse wave velo

1500 2000

1000

[OE 2-11]

cities(P— and S—-waves) of concrete in the OD and SSD conditions

i

L+EFLH

tOIE

K

3

i0J
iR

u

EHOll ket <

},

20
Y

oot 2

L

CHEF 10%0ILHZ

2+

oJ
iy

ol

=0 As
T T

o ==& 232 E9 Fc VP 232E2 U

SEHON ket

Ll

Rl
RO
iy

o]

H0

i
s
=

Hi

ur

ol
0

)

Ll

-

ol
0
ol
[l

Ol Fcet VSl 2

[all

o)

F

EEZE

3

(O 2-11]01 A

oHEtEICH

Jl M=0lct

ol

EY

H
o

Gy

1
J

ol
ol
00

0l

4

PIISE 2 HIWokK,

ol
R

Kk

RO
_

ot LCH.

°] RMSEE &2l

=2c

y

o]
=

0l
ol

—_

(W)

(2-18)



HIJlE & JIEHEAXNS0| Hetst 2HAS 2E06HUTH

f

By = 00770 4/F, (KCI, 2012) (2-19)

Eypps = 00430 JE (ACI 318, 2014) (2-20)

Euns = (p,/2300)1 (3320 {/F, +6900) (ACI 363, 1984) (2-21)

By rap = 220003/F /10 (ENV1992-1-1, 2014) (2-22)

E, =k k,33500(F./60)"(p,/2400)>  (Noguchi et al., 2009) (2-23)

= [H 2-4]0lM & (2-2), A (2-14) (Popovics, 1975)12t A1(2-23) (Noguchi et al. 2009)2 ZT&ez R&E

LSLC-HMUHMET2AAHAS SHSOIASH BHLYEHUNA 6.6 MPa, EHAEHUA 4.3 MPall RMSERIE 2

o, 2=gts & & 0i=stes 208 &9 SPOE'IIDF &S| BHEO (et ISAY SFE Aetati= &0I8
Jads BUCH, 0148 EH0I M RMSE &2 SItAIDl= Q0] &1 USS 2 = UL

[E 2-3] Summary results of regression analyses for relating compressive strength and ultrasonic pulse velocity

Wave types [km/s] a b R2 RMSE [MPa]
VP,OD 0.043 4.96 0.93 4.40
VP,SSD 0.151 5.29 0.99 0.96
VS,0D 0.466 5.38 0.90 4.89
VS,SSD 0.319 5.82 0.99 1.83

[E 2-4] RMSE(root mean square error) between measured- and predicted compressive strength of

concrete
RMSE [MPa]
Equation relating Equation relating Es—Ed

Fc-Es Eq. (13) Eqg. (15)

oD SSD oD SSD
Eq.(19) 14.6 10.5 18.1 14.8
Eq.(20) 15.0 12.0 17.2 14.3
Eq.(21) 11.3 7.2 14.8 1.4
Eq.(22) 28.4 22.1 30.1 24.6
Eq.(23) 11.8 11.5 6.6 4.3

Note: R2: coefficient of determination, RMSE: root mean square error between measured and predicted compressive strength
of concrete.

o
=]

©
=]

@
o
T

-
o
T

60 |
50 -
40 ® o
30| .

20

O Using Eq. 23 and Eq. 15: OD conditoon | |
® Using Eq. 23 and Eq. 15: SSD conditoon
Line of equality

Measured compressive strength of concrete [MPa]

10

0

. . . . n n
0 10 20 30 40 50 60 70 80 90 100
Predicted compressive strength of concrete [MPa]

[OE 2-12] The relationship between compressive strength of concrete and ultrasonic pulse wave veloci
ties(P- and S—waves) of concrete in the OD and SSD conditions
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[0& 3-2] Linear elastic traction—separation law

&4k @Il (damage evolution)= &4 Al D=0 S8 = 22 240| Moltle 84S ZT86tH, Abag
usOliide=E &8 & HIWYE Sz HEEE = /UL, 2 HFANMN=E =4 MIIE 822 JIESIH i8S =
SSIHS. 6, I OlUX = ASEUA ¢22 232|EQt 22 &2 MJF oGS e 8BS ol=
ot Ct.
2 HMAE 22 L 232IES M2 HER2 8H HEOZ JIEGHH cHAS £sald ], Ol AI2E 23
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[O& 3-3] Experimental bond-slip behavior
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ASZIS HIEOZ AA AMEE =D 24 2 22 22HsS 242 [E 3-1]10 [E 3-2]0 ZAlotCH Tt
OiUXI=E & Z2UAM M= Hiet 201 I Alel HRIE Ao, 0l 2 [O8 3-3]0A ZAlot=s HHe}
20| 2 5.8 mmUlA I IF SI/ASS & %= UL
[E 3-1] Initial stiffness for Cohesive behavior (MPa/mm)
Knn KSS Kﬂ
D10-Mix1-13
732.828 20.938 20.938
D10—-Mix1-21
726.989 20.771 20.771
D10-Mix1-23
605.175 17.291 17.291
[E 3-2] Nominal stress for Cohesive behavior (MPa)
Nominal stress Nominal stress Nominal stress
Normal—only First direction Second direction
D10-Mix1-13
12.432 12.432 12.432
D10-Mix1-21
9.936 9.936 9.936
D10-Mix1-23
12.818 12.818 12.818
OIIM, 232IE-E2 HY I s AolMd [E 3-2] 0lA AFZE iD= S 22 HES Sol
O HICHoIRCH AEgoz d2 vt ol kgf (kg force)© N (newton) SHR2 B&EH S, 0| &S LAl 2
HoZ HEZ ot T, S8 HEZ 2ot 3XAC ASEME 22 ol Rz HEGl=s B8 HSE
S UGHACH
- - Dxmxl
T4 = xtxz (3-3)
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7 14, 282 THEAIE=S & o 25 =HoIRUC
2 YN 253 e= 72 B 19.09MPa, 142 B 23.35MPa, 282 E 24.79MPa £ LIEIS2H, 8 &
A YF2ET= 7Y B 20.15MPa, 142 7 21.65MPa, 282 H# 24.27MPa & LIEHSCH
I 4-2] AEHM 232 E s
SEGYY
ZACIESR S M 2RI SaZ sdx
BEZ3CE 25mm 24MPa 150mm
A2t Ui Bt = (kg/m3)
=-Z & Mbl
AHIE = &3 TH == M =E3HAl
Jot=S .
0.3kg/m30| ot
B2 S - 454+1.5%
367 174 871 919 2.94
I 4-3] & AEH 253
72 =2t (MPa) 14 A=2 T (MPa) 28 or=2AE(MPa)
F-7d-1 19.61 F-14d-1 24.64 F-28d-1 24.27
F-7d-2 18.69 F-14d-2 23.13 F-28d-2 23.97
F-7d-3 18.96 F-14d-3 22.29 F-28d-3 26.14
Average 19.09 Average 23.35 Average 24.79
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Casses Bonding factor(3) . Dissipation degradation
Load(kN) | Deflection(mm) | Energy(kN-mm)
factor(¢)%
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Case —2 0.9 84.7 114.9 8756.35
Case -3 0.8 84.3 112.57 8553.4
Case 4 0.7 82.7 111.37 8305.69
Case -5 0.6 81.4 111.41 8288.73
Case —6 0.5 85.8 109.6 8179.35
Case —7 0.45 84.6 105.16 7908.5
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Case —9 0.43 82.5 94.92 7033.94
Case -10 0.42 81.6 87.38 6352.08
Case —11 0.41 80.6 83.46 6093.76
Case —-12 0.4 79.1 81.05 5828.68
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(mV) + 100 : Regression Eq.
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(0.36-P3)" +101 : Regression Eq.

based on analysis results.
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« Xoidel SFYHCP)2 X2 R4 Jis4s odts SHYYRR, 2X20AM 5&d 22 ¢
ZclES 300 E21 ClampE ¢Z = JIEXI(Cu/SO4)E 0IS5HH HBU BF Al MAXE
=dett. ASTM C87601 =5t S8 = =oAL

o NESNHOIHY(GPR)2 ASSIASl mini GPR &HIE AFSot0 2.7GHz =t BAE 0|25t0 E22
d2lE UWRe 2 2 & A HIUXIE S&otRALH

o MEIF ERHII(SWT)E 48002 MFIF (IME 232IE HE0 X A2l & 50kHz SIS 0I5t

Z23dclE 87 =St 5= & B-scan O0I0IXE FSFotRAL. AtES HBl= ACSYSASl A1040 MIRA
ZHIE Ar=ZotAUCH

(e) HCP =%

0
0T
IS

o S AIBEQ AIZ20 ¥MI Y9d =SsuweE [O8 2-30]0 20 WARE AXM, O 2
DECZ Jls FME =A&2 SO0IYCH 0leig tZ2MeE WR EZ22I2UEE 2R =& € B4 &
3t SC2 ESots BES JHXD UCH DAL HIIHY AEHEI 28 0HM= 23elE EHEIIE ot
O MStH0IH &IIA, HJIststS Bl ZAE EotAllle 2502 Qo 0 S0l LAetC

« o0 Al2E HILIUBAIES Solks AZM OtZH0l et S8 £ el S0 Uolds Eotg
= AJAKXL, W E22C2E AEH0l U= B0l 0AS0l JAATH

* ER, HCPS| EIIE ?loiME 2dclE HU0 SE8 =201 2Z500otH, HCPE UWF E20 &=
Ol TICIOFEICEH. il Ot Mo ZEe2 WRBJelEs Y=Jt 0, &l MESC AE=S0 oA
= e 22 & 30 oAM= MetHO0IACH

« = test-bed AES0 oAM= HEItsg HILNUBALE SWT2 GPR &0t HItE MHoHULCH
SWT Bots dHIIE 280ot0 WR2 23clE2 AEHE Botg = U2H, GPR2 HXIIIIE Sol
B2 ds & R HES dEsS 8itg = UL
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« [O& 2-33]2 & S8 B-scan O0l0IKIE UEIUO, 2 {AXl, 2023 L 40| SO HBE 28 4 U
on, LBl sty AHZ JIEN EFUHE E2 Hizez & Iﬂ%% solgt o= QURALCE.

e [E 2-5]2 GPR Amplitude valuelll (12 248 HIIEE B0=C 2A20 = Precess Soll 20HA
H=SE2AS2 24 1.28%~6.59%=Z UEIGCH Sol 220 fXe HMIEI-C6 JIS2 2EAS0| 6.382
=Z=CH Ol= a8 & gl 5 M20Ict HHEH, HHE-C4 JIsS g JIs2U AR §5H
0| 2HO 2 2 JIS0l Hlol =2 6.59 EAIS8S LIEFHULC.

(b) HME-C2 (c) BMZ-C4 (d) HME-C6
; ,\M
(e) &O{&I-CH (f) & &-B2 (g) 2{&I-C3 (h) %'JOP&'—C4
[0& 2-33] GPR B-scan image
[E 2-5] GPR Amplitude value M2 24lg ZI}

Location Column Number GPR Amplitude Value Corrosion Level[%]
M XSS C1 210127 1.90
M XSS c2 215808 1.52
SMII XSS C3 201088 2.50
M XS5 C4 173184 4.36
MY ES5tn C5 219520 1.28
M XSS C6 142720 6.38
SHE =SS0 C1 198784 2.65
St &l =Ss&tn Cc2 194656 2.93
BIO &l =SSt C3 211584 1.80
StHE =S&tn C4 139584 6.59

3. Data Fusion2 S&t B4l 0= 28 L 202E g

o 2XEE0 £TE Cube ASEMUAMN SHE HIIIYZA QIS 249 AIZIZHH I QXIS D BAIE9 &
22AAHE TE06IMH, Gaussian Process Regression(GPR)ES &&8 Machine LeaningE Zol A8H
Multi-shpysics BILIHAIE S8t R4 s 22 Y d02ES HLot A &.

e =2 AWM= Matlab T2 I 0IA Gaussian Process Regression(GPR)E &&5t 248 s 24
S Y & MN2oUH, RES0A Multi-physics HIIIDZAIE &206l0 2Z32IEWH Y= 22 2
Aol AN HNE Sl ISBAS8ES TS50 02 Sof X2 Multi-physics Bl Z A AHEH
HOL 2N2ESS MG
FAE s 2 2Nes Y
[0 3-1]2 Multi-physcis HITIZAIE E&st 248 s 22 & 2025 SEZ0 CHoll LIEHH
Ch. (a) 248 0= 21025 8858 EH 2 a3 1, 2AE 0 8= Cube AEHMOU e AEA
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.= dElME B
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=
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| Multi-physics H| k1| Z4 A

—
pen |

S

v

HITF ZAF IR £ 5 |

le—1
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sag

£z | :
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l

| AH| TZZ Multi-physics H|IF| ZH AL

S

—
u

l Gaussian field
| S SAYAS Lol5 2 -
l Inputs
| SABOSRY N |
(a) RBAE s 128 38 (c) G
[O& 3-1] Multi-physics HII} 2 Al 228 2AE

Data & Parameter
HCP, EIS, UPV)E &/ AIGtH NDT parameter 5J4Al
TE=& NDT ParameterE

CEotRULH

H|Z}2| HAF Parameter

bl & Al
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o
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(a8 3-1]0 W

olZst:
3t He EFLH

o AT

S MEO CHoll KHAISIH Lt

Z 183t E TEAH 2

Multi-Physics

Selection of Data and

Choose Regression

Train Regression

Assess Regression

INPUT PARAMETERS

COMBINATIONS

1 Parameter 2 Parameters

1 : 1 !
: | 11 HCPonl :
1 . only
i NDT Parameters ! 1 2. ERonl 6. HCPandRp |
y
i ! i | 7. HCP and S-Wave 1
! 1. P-W. | 3. Rp only 8. HCP and P-Wave '
l - F-Wave | 1 4. P-Wave only : !
: g EéWave ! »: 5. S-Wave only I
i 4 HCP ! i 3-4 Parameters E
I 5. Rp | 19. HCP and Rp and P-Wave I
! | '10. HCP and Rp and S-Wave '
| | 111. HCP and P-Wave and S-Wave !
: ! 112. HCP and Rp and S-Wave and P-Wave I
! I 113. HCP and Rp and S-Wave and P-Wave and Rp |
(b) Date input & Parameter & & &
[O& 3-2] Gaussian Process Regression S&8&% % Data &
@ Multi-physics HIIHD AL SAIQIX}; &bzt Zut & 24

Validation Model Option Model Model Performance
(a) Gaussian Process Regression 22 &%

OUTPUT PARAMETER

NDT Parameters

1. Corrosion Level

g

Parameter &&H 1}
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[E 3-1]= Cube A& M(D10, D13, D19, D22) HILIUZ AL QUK SAS9] AL2A2H O ZUE LIEHH
ACH Ar22ZHHAH SA0 JAX Pearson Correlation AnalysisE &&06t0 Z2UE T==otAULCH.
SAE "It AL Z2UE 29 HCP2F Rp 240l CHsh A2t2AHID0F R=0.705, R=-0.7042 =2 &=
ZHE ZERCH HCPe =2 HEAOC ZUE 2= HIIIUBAIZ M A2 2 Z2U0A= 24
S AZAAHE U=z H2=Z UEILIHH, Rp 2 &0 U BASZE e RAlg 210 2HE 2t
d8o2 LEe NEZ E8LH, 2 AE0A d22HI Ys AS o = US.
HID 2 AN OIXS 2tHM= HCP2F Rp 82 R=-0.78122 =2 A2AAHE BHFUS. FEHUA F
2 EE5= HCP g2 28060 sE838E0] (gXE Aoz RAZ Rp g2 3 AAHLES
BUHZFI0 2AES2S HSole ANEZ AISE 4= ASAHOZ THoHE
[E 3-1] Cube AEAH(D10, D13, D19, D22) HIIIDZ AL QUK SAISO| A2
HCP ER Rp P-wave S-wave Corrosion
HCP [mV] 1.000 - - - - -
ER [KQ-cm] -0.326 1.000 - - - -
Rpl[kRcm?2] -0.781 0.084 1.000 - - -
P-wave [m/s] (50 kHz) 0.127 0.286 -0.220 1.000 - -
S—-wave [m/s] (40kHz) -0.168 0.436 0.035 0.155 1.000 -
Corrosion [%] 0.705 0.015 -0.704 0.330 -0.117 1.000
Q@ BAs s 22 2 2 =24
[12 3-2]2 Gaussian Process RegressionS &8t Cube 2EH (D22 Mix1) BAMS 22 2Z2UE
LIEFWHCH (a) Gaussian Process Regression Z 1t table2 NDT parameter X80l [IE RMSER R?E
LIEHH DY, (b) & X BAED 6= 248 Hw OeHZ= HCP, Rp, P-wave, S—-wave, ER2l X& 0l CH
St il JdeH=ZE ULEFHCE.
g 3-2] (a) Gaussian Process Regression Z 1t tabledld= HCP, Rp, P-wave, S—-wave, ERSl =
810l RMSE= 1.5121, 2 A2 R?=0.942 =2 ZUUA2 BHFALL. 0l= XSHHO2 Multi-physics
HIIDZAIE 2050 SASS M=ols 280l JHEHIILEAIE &80t A20 o aUE0|ets
Z2IUE BH=0
i Processv g " .
RMSE (Mix1D22) 18 D
Combination RMSE R2 ol
HCP only 51193 034
ER only 2.4785 0.85 g
Rp only 50139 037 » ‘
P-Wave only 6.7222 -0.13 g ° °
S-Wave only 6.1296 0.06 g .
HCP and Rp 5.0583 0.36 g,
HCP and S-Wave 4.0268 0.59 j
HCP and P-Wave 6.1724 0.04 e /
HCP and Rp and P-Wave 5.7883 0.16 . .
HCP and Rp and S-Wave 5.1521 0.33
HCP and S-Wave and P-Wave 6.8946 -0.19 2
HCP and Rp_and P-Wave and S-Wave_ 6.1822 0.04 . /
IHCP and Rp and P-Wave and S-Wave and ER| 15121 094 i P T
True response
(a) Gaussian Process Regression 21 table (b) &H 2420 s 2A2 Hluw dd=
[O& 3-2] Cube AEM(D22 Mix1) 2Al0s 24 H}
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