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Characterization of Ultrasonic Wave Propagation in Stressed Concrete Using

Coda Wave Interferometry

Jiyong Lee

Department of Safety Engineering, Graduate School,

Pukyong-National-University

Abstract

In this study, acoustoelastic effect of ultrasonic coda wave in concrete is
analyzed using coda. wave inteferometry technique. Static stress state in
concrete structures should . be monitored for safety.-assessment as it can be
changed due to physical~and“environmental actions.during their service life. In
current static stress monitoring techniques for concrete structures, reference
stress should be reset with sensor replacement, which is problematic in
quantitative assess ment of static stress change. Coda wave means a
reverberation components of ultrasonic waves appearing after large dominant
wave component passed. The study did ultrasonic-measurements on a water
cement ratio and find aggregate ratio depending on the state of static stress.

It showed that time delay increased in the water cement ratio and rate of



increase of time delay was almost the same in the find aggregate ratio.
The result showed that it is applicable for the Coda wave iterferometry
technique to find out behavioral characteristics for ultrasonic waves depending

on the concrete stress state.
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2.2 Coda Wave Interferometry

Coda wave interferometry(CWI) 7|H-S %3 A Al coA Coda

wave T332 2po]lE z= 7|Eo|t} [9]. Coda waver Z7]° AEH+= I
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o7 W&o L&3FebA § 9 (Acoustoelastic effect)e] W=7 Ballistic
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2.3 Doublet Technique
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& A 12].

Fig. 2.3 Doublet technique [9]



Mz g2 F 2135742 Time lagEs 47] 9184 Coda wave +37HS th4

o] sub 7Fo® FaEF F, Zb sub Rtel e cross correlations )
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Table. 3.1 Z3E 82 A

ZAYE FEEA A&
E-AHE A
< # o #] 7 (mm) (%)
HE 0.4 50
Case 1 25 0.45 50
A E 0.5 50
HE 0.45 30
Case I 25 0.45 40
a9 E 0.45 50

Table. 3.13 2ol -ZFA&0°] 50%=E LA ~E/AHE uv|7F &
Case I ¥} E/AWE vl 0452 dAsta #=A&0] UE Case IS F

742 9] Caseol| thair] =es 23S 349k,

5.9 7hzxla} FAldE FAF A7 54kHz9)

B
dlo
I
N

FX1& PulseE 717} 54kHz$l Af
¢l 4= 10cycle & AU o 7]o] hanning windows Z &3}
input waveZ= Function Generator(wfl973) = &AAI3}al ©]= power
amp(HSA4014) 2 &3t oW, =412 low-noise preamplifier (SR560)%

ZZ3 % lus DA 02 SmsE ASaA A,

_14_



Load
¥
Scume ———— Raosher
Yy J

= |
—| Conerste |—

1
Load

Power J Function |___

Amplifier | Generator

| Liow-Moise
Preamplifier

A/D

Cnnvertl.;[_:__- —

352 UTMA500HDX hydraulic universal testing machine)2 ©]-&3}

o zgse]l Azt WFT FHon U HE% Ao, FEe

¥R
=
15
oo
L)
4
N
=
o)
o

3.0MPa*-H ¥ 4.0MPa 7F2-0.1MPa® 573k

& TANZ GHCAAN 259 AS AEes FASA

_15_



Fig. 3.6 =53 ¥©¥=#F Fig. 3.7 Stressed concrete
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E/AWME 17 0420 A ES 7t &= wWE Time advance #<
Table. 417 &3 7 ghs A9 S9H & o] 88kl y=ax+be] 29 FH

2 aEs v,

Table. 4.1 E/AHE 8] 040 w2 3-8 <o wE Time advance

Stress(MPa) Time advance(us)
3.1 0
3.2 0
33 1
3.4 1
3.5 2
3.6 3
3.7 3
3.8 3
3.9 4
4.0 4
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Table. 41014 ®%o] &Ho] 32MPaZkA & 71582 3.0MPa} o]
Time advance™ §IAIRF HA} &= o] F7letHA Time advance®=
A ow AAE= As Fdd + vk 2HA Time advance®| 7F ¥
ste&S AAIS] dolr 7] fsiA A IFAHS o]&ste] Fig. 463 2o
TA] sk olu F e w22 StressE xZ kil Time advance #
S vy e W y=4624x-1428 o S THAE AL ST F 9l
ol R-square< 0.9375 %= 7FA7] wiol A7 S A& 249

WA 2 0 2 Time advance?] =7FA3 &S =418 5 T}

©

w ~

N

Timda delay(micro sec.)

| | | | |
3 3.1 3.2 33 34 35 3.6 37 3.8 39 4
Stress(MPa)

2 ! ! ! !

Fig. 4.6 Z/AHE H] 049 advance® A3 3]
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E/AHME B]7F 04591 ZAgES 7} g8 o] mME Time advance i<
Table. 42 o]31 A& FJAWS o] &3o] y=ax+be] A9 ez iz

g =Asgh

Table. 4.2 E/AWME. H] 045 W& &8 F=of wWE Time advance

Stress(MPa) Time advance(us)
3.1
3.2 5
3.3 6
34 6
3.5 8
3.6 8
3.7 8
3.8 X
39 X
4.0 X
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E/AHME 1]7F 059 Z2PES] 7t §Ho| wE Time advance it
Table. 43 ©o]a1 A& JJAHS o] &3}o] y=ax+be] A9l ez iz

= EAEA T o]u] R-squares 0.8791 o]t}

Table. 4.3 E/AWME-H] 05 W& 32 FFo wWE Time advance

Stress(MPa) Time advance(us)
3.1 2
3.2 %
3.3 3
34 2
3.5 5)
3.6 5)
3.7 6
3.8 6
39 X
4.0 X
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Table. 44 ZFFAE 30%°] W &8 S w2 Time advance

Stress(MPa) Time advance(ys)
3.1 0
3.2 1
3.3 2
34 2
3.5 3
3.6 4
3.7 4
3.8 4
39 D
4.0 5)

o] wj Ao WAL StressE x2 ok Time advance #< yehal 3f
A= W y=5443x-16.33 ¢ A} Fo] ysith R-square®] #2 0.9501=
7FA17] wiiEell Fig. 410 2 o] A4 3|7 S o] &3 Hde WA ow

Time advance®] W3l&S Fds 4+ 9
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v A=A 40%

=/AHME H7F 04503 zhEA & o] 40%%] ZAES] 74 S &

Time advance #2 A3 FJAWS o] &3] y=ax+he] A4 = 1

Azg wAS .

Table. 45 Z+rZF A& 40%0° W& $2 4o & Time advance

Stress(MPa) Time advance(us)
3.1 0
3.2 1
3.3 1
3.4 2
3.5 2
3.6 3
3.7 4
3.8 4
39 X
4.0 X
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