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Highly Accurate Non-Destructive Inspection of Cover and Corrosion of Reinforcing Bars

in Concrete Using an Electromagnetic Wave Radar

Shogo TANAKA*

Non-destructive inspection of the cover(depth) and corrosion of the reinforcing bars in concrete is very im-
portant to keep the strength of concrete structures. However, no effective methods have been developed until
now because of their difficulty and complexity. The paper proposes a creative method using an electromagnetic
wave (EMW) radar. This method utilizes effectively the signal propagation model, which the author previously
developed, and the Snell’s law. The paper also develops methods to accurately measure the dielectric constants
of concrete and corrosion in order to accurately measure the cover and the thickness of the corrosion. Lastly, the

validity of the method is demonstrated by a field test.
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Fig.1 Scanning of the electromagnetic wave radar
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Fig.3 Difference between the fundamental waves

IBWCRF SNEZEHRICZE INDR, 780 OB =
Y7 U—bhEREEEZRL, SFOERIBNTKHEL, O
REENZERIZESND. TOB, AFLOEAICLY
BAHERFE COASA, KFAITURELIRD.

WE, a7 U — MREICBT DREEE ro(t) , BRRHE
B O OREW % rp(t), AT D ORI % rq(t) &
THhiE (Fig.3 ), BRI L —XIZGONDIZERES y(t)
FRRTEF ML END (4 KHBEEF L)Y, 72721, Fig.3
ZRWT, BRAEOFIIBEDO L —F BN ZERETE
TOFEFEIL, ERERRESMG I L OFEATER 2> D ORI
1, EEOME B % o R L OR LTV S,

y(t) = coro(t — To) + cirp(t — T1)
+earg(t — T2) + carq(t — T5) (1)

22T To, Ty iEENENERE (REH) O OKHHE) 8L
BRI ZEBRIR D © O SRR OB IERR &, T 38 KO T
TN ENBEEEATER (2 A) 2> 5 OFHE OFEERERE
ERDOT. £72, c(0<i<3) IIEFEORBOELG W%
KT —KFEERBTH .

WE, (1) RTRDOEINLEFEHFETMTBNT, KEK
OARFERER To 13, V—F a7 U — NEmE COEREN

IZ—ETHDHZ LD, HOENPUDERICLVRDOND.
Ltwor Kb BRERMANT A —HTERIRESHE L
W2 DONATERF 5> & O SHHE OEBACEEREM T, Te, T
BROT X TORFEDO—IRFEEFRE ¢;(0<i<3) ThH 5.



FHH B B R AR

Lo T, EBOZERS §t) L7 AR y(t) Lo
IRE =y T Ty (ERLE) D

0 =cos™t ( ~(17, v) ) (2)
gl - 1yl

ERNETHENRT A= T;(1 < i <3) BEW (0 <
1 < 3) BRONIE, £DLXOBERRAEGGNI G O
W OEEGERE T 20T, YEBEHoNSI N d =
\/{(Tl/z)(c/\/gl)p C 2 () ICEWRE D LicAD.
e s V- NORFEERTHD. B, 27
U — NORBBERTHLN, ar s ) — MY B ThHR
X200 L EDOE)—WFERERAT L2 L2250, — I
FHERIT= 2 U — MR HIERE BRI E Ha 4
b3, arsU— hEREIGENHITNE L, BNEZAEE
K EEREBENZD—RICREND, Zo L &b, SIHTEE
FCOEMMRILFEEERTH D

€0 = [(I/Y)/ \/61(y)dy] (3)
0

EERATIUE, ELRUCERDARETHD. 2218, YV Ik
REEEE COMHRE (DFE Y, 2E&V) 2RKDT. BW—EEL L
To b EOEMMRIFEERD 5 VT —HED L X OWFHE
L, Bed 28050 ITEEONERTO (HEARLRESN
2D O) R ERIERF R Z I L, 750 L HEFE=RIC
DONTREFENZMS Z L ICLVRE D GEMIZEILR).
s, (2) ROREILIZIE L, Rlis— s A% {6} 15,
EAHEOFRIIC LY, FED T1,1,T5 ([Zxf L

c=WTly (4)
c = (60761762763)T
Yy = ((ZL 7’0),(37, 7’1),(37, 7'2), (g7r3))T (5)
W= [(ri-1,rj-1)]

IC X VRIS RD IS D 2 2, W (rier, mi—1) (1<
i,§ <4) & (1,j) BELTH4X4DTHTHS. LoT,
(2) XOKEIT T;(1<i<3) 12OV TOLEMEMIC T 2
EEw. 2720, (5) RieBWT, §g=g(t),ro =ro(t — To)
,ri=rp(t —T1), ro=rq(t —T2), rs=re(T —Ts) & L7=.
F72, (2), B)R2BITD (G,0), |- | HEAL FORNEE -
N ERKDTHR, EBRICEIREEZIY 7Y T EH D
LR EIND DT, BTV B ERTET D=7 U

RONFE - VAL LTHETAZ LIRS,

Fig.1 CIIEET A LT O P REZESTNDH, F
TEEFFIFATTHONELT L FRTRSTH L. F
SERIFAT TR Th, 4 LAL (15 L) IZFMAIESThH
T

3.2 FIEEDHZE

RITEIOER L TIE, BRI LT Lo (2272 LE) 1

9ok H18% 20104 129

orthogonally crossing bar

parallel bar

scanning line

Fig.4 Scanning of the electromagnetic wave radar
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Fig.12 Photograph of a reinforcing bar with little
corrosion (level A)

Fig.13 Photograph of a reinforcing bar with
an extraordinary corrosion (level D)
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Fig.14 Measurement of corrosion along the bars
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Table 2 Corrosion level automatically judged by the proposed method
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