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Application of Impact Echo Method to Civil Engineering Fields
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Abstract : Many nondestructive test methods used for metallic materials have some limit in application to concrete
materials due to their heterogeneity. Impact echo method utilizes the resonance frequency of reflected seismic waves from
defects or the boundary between two materials and can be applied to investigate the interior of concrete structures. In
this study, a field data acquisition system for the impact echo method was assembled and field tests under various
conditions were performed. The impact echo method was applied for investigating thickness/defects/backfilling of concrete
structures/tunnel lining/airport pavement. The applicability of the impact echo method to the civil engineering field was

substantiated by providing results within 10% errors.
Keywords : Impact Echo Method, Non Destructive Test.

M B

HkeF (impact echo method)o]# 21917 0 2 WA wlo]
22 At} 240 Walt EAlske AAEoY
AW WAHE @S ol8afE wsha) 2abil
2aels Yy £4A ) T 2A0) AL
TAE 722 YR Ev A Ao 1
W22] cracks, delaminations, voids, honeycombing,
debondings} 72 ZAte| X|e} i 271& AH s
AHgE 5 Gl SN Ag Jbs PRBE B2 24
A, w2zt AE, B, 9, HA 5224 giREe] ER
F2E Fgo| 7bssht Al ATH FRL PAE
AL e B AL A ol B9 3 olslvt é—r’ﬂ'

o)},

L |o
)

ATAQ FHE AL PHO2XE FolY, =8 Ex
YRS AT Fof S AR 22 o] By 229
Akt oje} A2 W Eo] & AFHRE 23 e A

T k

BF B2 A7) Wgo] Hashm B AR WHAE AFe] F

*2000d 7€ 319 H

59| BAIZ opINAVIE Bk Ha A
g opja} Tk Alse) BA YR m}%—
#lolth, M)A, thermography, 3% 5
ol A=slo] g}, 1 FAME m EER=NE 7}211
ov] 7b¢ del SR QE HTE 2AY 2FHe
A Eolne] SETe] Aol 7122 T Yor HES
\:I:H _T'_x]HJ H]—a‘]:l?‘j _,] /q] 7]-7(" H]—\:ﬂ _E __rL,E‘l-‘é gb]\q_

B}sw.,ﬂqw ¥ 3l= W3] (transducer) T 71AIEQ &
Aol ofsiA] A EHOEFH WHE Avpect fer] Ee
7NAAR FA0] AMRERE o, o] WHE zH7} abERiakg
(pulse-echo method) T 7 HIsk o2k 7 B2}, 194060
Zo] S8 o, 98 AHET Qe 287} shenay
_. .__5] :-_/}:o]q_ ,_a]./\EI_,,} 71—0 e 1§-_], %z1_4 ]ﬂ]_j_]»_],] =
Abl] g4 o2 AMEE I glovt EATES] FAV |E- A
¥ ZAIE B BAE AT FIYE o, 2 olRE
Ehe BEadA o= ldto] Fu(100 kHz ©]%)e] &8
7} wE2A ZHsh7] wEolt

£ AToE ZAuPEe 9 2

125

-

ARYE A2 7}

1) BNAMEG) 71€AF2(Hyundai Institute of Construction Technology)



538 FoloH

Pl Nesta oy 7K sl 8% A8 Sk
238 Boplqg SN A8 154 9 dANE
wol gz B,

=

SHurEol fa|

FANPHL WA FAo oJste] WAE 22 vl
2 A7t Fig. 19 =AIHO] Stk &
oM 22 7] e epHol 9gk 71AF 54
5 WA 7| o] S¥Hu= B9 YRS F3sitirt Wi
of Agtojut WAl FHeA BhAlE o] HEokRr), Whalg)
o] W7t AR Ao AXE mE|d 7S A7 3
SolAle] Wl 2k Qoo AT o WEkd 4 Ynt
Ebe ERs Wel A% i dojdel 29 Aloldiel &
Hoje) ths Wk 47189l B2 oA o Fuls
2 EGolA] HA mebd 4 il o] & o] 85t Ul Fe]
AREE BrFtAV Age] 9XE AAT 4 Utk
YR Agte] &4 R} 94X e T2E F4 B #
& YRS AT A wE A Gl 3} Fu
& dAelne) N—*JEEH R ﬁgmom o] el

B P

oo
A = R ]

&Or

S Adde E
A1 FEjo] B2 %O]"’q 7&@'94 EA| JF Y fx]ol &

gt

Tmpact Transducer

Data Acquisition System and

Computer
Waveform Spectrum
3
$ £
£ =
= 2
Time Frequency

Fig. 1. Principle of impact echo method (Sansalone and Streett,
1997).
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Fig. 2. Schematic diagram of impact echo test in a plate. (a) P
wave multiple (b) wavelet.
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Table 1. Size of iron balls

HE 27 (mm)
1 17.5
2 14.2
3 12.6
4 9.5
5 8.8

Fig. 3. Impact echo data acquisition system. (a) Dynamic Signal
Analyzer (b) impact source (c) transducer (d) signal conditioner.

Fig. 4. Hammers & iron balls used for impact source.
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Fig. 5. Result on the concrete slab of laboratory floor.



f1=3.60

¢ 10 20 30 40
Frequency (kHz)

Fig. 6. Result with the concrete block madel.
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Fig. 7. Result of void test with the concrete block model.
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Fig. 8. Result with the concrete wall.
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Fig. 9. Result with the concrete wall sand-backfilled.
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Fig. 10. Result at the station 47+275.
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Fig. 11. Result at the station 47+265.



Ry gople] FANHY S5 %9

47+260 47+270 47+280

Fig. 12. Result of the GPR survey at 47+260~47+280.

k=

Fig 122 22 Ao sad Aot AY AAE B
AT = Hh AN AR ARl Y At
LT AFAE AT 474275 A A M = A E 2ol
93 AR B FY AJEl7E Saste] dAAlule] wiapde) &
AR FAIT 474265 AIM e BFS HE A= Q%
FAZE FoldF £AE Alolo] FHFORYE oy|E 7
g b0l FEEkA Bola 9l

BFE =5 5 2 e =4
_‘5}“1‘01] Y, ¢¥ B LE53 7-2 Fgo] EAl8lz 9
ZF20] Ar}d sp5o] AEsPE BT}t £4E T
°l FoRIth SRR 9| &4 9] Alarsl A FH o] Yt
A e 7}?<1i F l__i %%AOJ o] Ay A

Ads M}ﬂ T A Z!HR@} A\fa—% ;_%éi %vﬂ EX
o Al Ag3le] 1 Be 7heA S RaEsith

A ALF) e QAFATY HE R AP =
FEFRA BF=9) T/ B AL el
AN PSS AR TY B YR

o >(E

ET]
ofAE EZ (10 cm) ot ET AR 6om)
a5y —» ola® EE HE 9 cm)
k22 7% (10 em) 9 3w
ZHd okag AF AR (10 cm)
E1" N N | SR .

AN AF A em) || oz ia s2 (10 om)

=
A

Bz 71%F (20 cm)
#4 7% (35 cm)

Bz 713 (35 cm)

=4 FEFE

Fig. 13. Cross-sectional view of the runway of Incheon Int. airport.

27F Fig. 13°] Weht 3ok H4971%
1%94 ZHE% A HS’Jr "l“ﬂ—if‘i *1”11 Wﬂﬂﬂ

Ff}(tack coatmg)ol, E] 0}/\:’ 7] J/} }\]UﬂE 01-24;%31
Z Alololl= xekql F®(prime coating)e] Z47F A2l H o

o @

Aol A QT ofAE ¢ AHE =
Z2HE $Eule] £25 4% A3, ofAFE W AlHES] £
ot &%= 7k7F 3500 2 3,900 m/s ©)3iTh.

S

A ZAQOE ARESt] SAWERY A
8-S RS Fig. 14011 Yeht 9 AF Axtsre) )
o] 32 34,6, 9.2, 159 kHzy’t HtE 9t 7 =2
F3E(15.9 kHz)e oFaE B3/7152 AA N A3
8 Fo)M, F7+ 37 FIF9.2kHzye oF=E 7154
Fo AR EAlsks Zabd FZHA, 22 s
o 37 k4.6 kHzys 4] 7)12/mR 712e] AW
A Ztzh op71E Ao g ). AN 7% Bx 7159 A
S5 22 ANEATE Ao Y=t thE
NS Alkle 2025 E ofAFT H3(T) % 713(T)
ALE

Bgo] BT AFFOZNE UA) HAH ofxze] T

Al OlAE EE/0IAE 7|15 BA
A fr= 15.9 kHz
Ty = 10.6 cm

@

cokx@ IS/ 715 B
fr= 9.2 kHz
Tp,= 183 cm

C:H47|8/2% 7|15 A
fr = 4.6 kHz
Tg = 38.6 cm

0 10 20 30 40
Frequency (kHz)

Fig. 14. Result on the runway shoulder.

Table 2. Summary of result on the runway shoulder
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Fig. 15. Result on the main runway.
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