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Application and Improvement of Surface Wave Transmission Technique
for Measuring the Crack Depth in Reinforced Concrete Members
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Abstract In order to assess the existing infrastructures, it is required to measure the crack depth of concrete
members. This paper considers the surface wave transmission technique to measure the crack depth. In special, we
demonstrate the effect of reinforced bar on surface wave propagation and conclude that the surface wave
transmission technique has only the minor error by the reinforced bar. In addition, we propose and validate the
optimal window size for eliminating various reflection waves from the boundary of members.
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Table 1 Configuration of concrete specimens
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Specimen Label Mix-Proportion (w:c:fa:ca:sp)* Age (month) Crack Depth (mm)
EP00 0
EP05 5
— 0.38:1:1.55:2.11:0 34 o
EP44 44
EROO 0
ER20 0.54:1:2.13:2.96:0.001 4 20
ER40 40

* w: water, ¢ cement, f: fine aggregate, c: coarse aggregate, sp: super plasticizer.

** max aggregates size : 19

mm
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Table 2 Test specimen description for determining the material properties
Label [ XwXh (mm) p (kg/mY | Vi, (m/s) Vg (m/s) v () E (GPa)
EP 404x400x152 2300 3940 2250 0.171 33.2
ER 402x400x147 2440 4100 2300 0.194 37.2
Re-bar diameter = 10 mm 7850 - - 0.300 200
Table 3 Numerical configuration for considering the effect of a reinforced bar
crack depth
diameter (mun) crack-free
d =10 mm d =20 mm d = 30 mm d = 40 mm
- NP0O NP10 NP20 NP30 NP40
10 NR0O NR10 NR20 NR30 NR40
2 NT00 NT10 NT20 NT30 NT40




v g3 A4 E 3R] A 28 A A 2 & (200813 4€) 169

% 0}93‘:]'- T
Wi F3A 5
2(bys} 2ol <
2d gk
AR FaFor RAbet, 4
AR Ad4(n) Al FHE AT-8E

} 1. T
Fd(notchye] AL wdlstd

3G F ok olel wel, FFEVR SFFA
QP FE A LAY magE w@el A
ALY HEZH) AE(a)o]Th,

F(t)=a « sin’ (—t) (13)

o714, Kim 5[9]2 Azt
22 22 F gl= 72
phenomenon)ol] 2]3+ QA& Fo)7] HilAe £4
A9 AF AFE 4 o)Fom AT E FHE}
Atk wA FAH7MR o xHs AE &

As) 4 AF AAFRE o83 TR 3§

Al

dn
o
L
ko
[
iy
A
Ao

al
A&

=< AREAY. ZEATLE
Fop4(oF 15 kHzo| F4] I
& JHEE v 4¥8& %611 Z&A17 100 ps
2R3 Hh wAo R, Hop #AA A&
14-E fl8iA fetase ARETE A4 ARS8t
L Ago] ALEHEE Table 20 wa} A3t

\*

IS
]

HU\(

O

X
a3 ]

w

2. 4

o

R

?.

iy

321, HEHO 53 A

B AFoxe Fig 394 2 4 e 3
|3l BH 2 AES Yy 4, A

o

a:

Fig. 3  Experiment setup for
transmission coefficient

measuring

258 o831 AF 6 mme] Fehay H(plastic
bl @pIgeEA 52 ARG 4 35 o
o 2e AL wjAe] EA)A 1545 KHzo)
w4 g9 ARG A4ES 12 eg, BE
Sz 15an oldel Ea e RAdAN w6z
(Lamb wave)9] 7]EXE
dejms 41 ARG =A LA
A8 gone 3 FERErE B kHz ool
3 dB Fa4 8 ¥l 560 kHz?l 7H&5EA
(accerelometer; PCB 352A60)%} ©oj& FFA7|E
A% F4d ZAA(signal conditioner; PCB480B12)&
AHgEte  EAsIAT. SAE ofdEI AsE
100 MS/s £ %9} 8bits =z TxEszd <+
AE TR Efo] A (digitizer; NI-USB5133)E  ©]&3}
o A=Ak

AN A=, FE dabge] S gl
71 93l Fig 200Al9k Zo] AL ZAE A
ZhE g e, AME Yo EREH 100 mme}
300 mm ol o] RAIAT. olsh e A
9 7He wEes A A3 D ARE 47 53
A 7pAEke 20 MHz &R Fo42 250 usEe
g539ch

2= 0)

x 2

>

4

&
T

x

I

@

&=
A
‘I‘O]

o
:1_4

S

lﬂ

Z9E Rajold Ewzhel  T(NPOD,
NT00)-& Fig. 4o YeERAATH
A 7R A 25, 718k2](geometric damp-

ingz e} ZHAFOIA gel gold mwsie B

Zo| RS ZaTe HA & & Aok £, A

2ol mwezwE aAddde @ o3
Ve 2

(AzTﬁz 7?1’22%5:150 mm ) el €]

Fol= Byat, 159 AAHA AFele &
o]Z Ro|x|e gerh ol AZow s LAY}
T £3E YR AHute] iek(scattering) © & <
5] NROO 2 NT00 Az ZFo] R A =



170 WAY, BAE, AES, W

o o Atk w¥, 2o A%o] ALSFE
HEEA7} FolA WA HZo| 28 vialule] o
o] AXNI ¥ £x% wWglAS 3

Azt 77k Aol e BAY MM A AH
HE 2 Fohe HIHE 7Y YA BW
gzt ok 50 psel] WA Zggch olF FW B A
H, aga dolA skbE A A9rE AA g
By HErk Ao Ae FAFo] ZHa 7H4
57 wEeg ok 180 usollA] Hoje HlmE &
HhAtgbe 322 WA jbE ddeas 448
ot npR7IA 2 CAHAA 58 ASME o
350 us F-ollA S BRALEhe] ZhHA]o] AT
718 EHS EAHE TE8 FHAstAEA T
T AUt AA itk §EH, T AA Abe],
Z 7} 9o 232 200 mm Ao 30 mm Zo]¢]
TEo] X of 72 ¢ 2 TAYE FAelA

o] ¥W9 B L Fig 59 2rh FEo] ¢S we}
spR7EA R cheket whAleE ARl EA)3hW, Fig
15 -
N T NPOO
3 Side-reflection | ===Nroo
T E ———NTO0 |
05}
=)
30
3
<
05t
A
Y% 1 2 3 y 5
Time (sec) X 10-4
(@)
15
1
05
)
g .
g
<
05
4
155
Time (sec) M 10.4
(b)
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