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A Study on the Crack Depth Measurements of
Concrete by Tone—burst Flaw Detect Method

E. K. Han, I. G. Park and ]. S. Park, S. H. Lee

Abstract Recently, research on the non - destructive testing of concrete has been rapidly increasing

in relation with the quality, reliability, durability, and uniformity of concrete used in architectural structu-
res. In this paper, the most important problem is the attenuation phenomena on throughing the side

of concrete by ultrasonic wave, and applied tone - burst to decrease the attenuation in minimum. As

the result, the correlation between crack - depth and propagation - time, maximum - spectrum and out -
amplitude, in - frequency and maximum - spectrum are found to be excellent. The coefficient of each

are +0.975, +0.847, —0.718. The merit of tone - burst through this experiment is that the start of

reception wave is very excellent.
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Fig. 1 Wave form and frequency property of transmis-
sion pulse by ultrasonic detector used in diver-
sity:

Table 1. Representive of general property about ma-

terial of vibrating probe used in diversity
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Fig. 2 Type of transmission pulse and the frequency
property with parameter same as the transmis-

sion pulse shown by Fig. 1.
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Table 2. Composition of unit cubic of concrete

w/c = 0.6 Unit : Kg
Aggregate
Cement geree? Sand | Water
Coarse gravel | Fine gravel
256 360 637 839 159
3—1-2. El&X}

A¥ol AL A5 A9} A2 TiPBOso) 2, A5
259 @22 AREA 2¥994L ¥ 5 IS
Dry— Coupling(Silicon rubber &l oil & 447!
10000 MP9] ¥ o 2 &2 A TE Contact mediaS
g& Ao Eolv M)A BE FoZA F B
EAAYE B, 7H2F FFZFNAE AR gax
dzdo] A TEATH

Table. 39 &3] Algg el AL, Photo. 12
Lol Ao} AT TERlot},

Table 3.Low ~frequency ultrasonic probe used in the

experiment.
Type | Dimension of | Wave Mode} Central Ramarks
Oscillator Frequency
0.1Z40N| 40mm | Longitudinal | 44.55KHz | Normal
Wave Probe

Photo. 1& T Y] Z2Hd] A&3 g&x}ojt),

Photo. 1 Ultrasonic probe for concrete testing.
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Photo. 2 Specimen of concrete.
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Table 4. Equipments used in the experiment

NO I T E M SPECIFICATION
1 | Personal Computer N.E.C. PC-9801VM 16Bit CPU

2 | Power Amplifier HITACHI Max. 50W 20KHz—15MHz2
3 | Burst Wave Generator| HITACHI Sampling time 25 nseo
4 | Ultrasonic Probe HITACHI 0.1 Z 40N

5 | Ultrasonic Pre—Amp. | HITACHI M3010—2 20KHz—2MHz

40/60 dB
6 | Oscilloscope HITACHI V—670 60MHz
7 | Spectrum Analyzer ADVANTEST TR4171 10Hz—120MHz

Photo. 3ol 43FAE

Jeri ek

Photo. 3 Experimental apparatus.
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3-3. AExA
Ag7)719) AL ZAL Table. 59 EABIHCL

Table 5. Setting condition of equipments in the ex-

periment.

I TEM SETTING CONDITION

Amplitude @ 100%
P.R. F. 101 KHz
Wave Number © 1

Personal Computer
(Sofware : Condition
of Tone burst)

Attenuation : 0.0dB
Gain - 40dB

Power Amplifier

Pre—Amp.

Sweep time : 4 sec

Central frequency - 100 KHz
Frequency span . 200 KHz
Longitudinal axis level : 2 dB
Reference Level : 0.0 dB

Spectrum Analyzer

Oscilloscope Volts/Div. CH1(Trans.) : DC, 1V/Div.
CH2(Recep.) : DC, 0.5V/div.
CH3(Trigger) : DC
Time/Div. : 0.1 MS
3-4. Hguiy

=349 &8 cholop1yE Fig 8o EAISATH

Trigyer

(s

Spinm
Al

{Part of Tore burst)

Sprcimen ; Conerele | -

Fig. 8 Block diagram of measuring system.
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A2 BUe FA5 FASExEZ 2EH £498
FE5e 54N, 1¥L FFs= YUY edE=x
Zx 9@ 3% & F. F. T.(Fast Fourier Transform) ¥
PAA BAH3te 2H9EHoldFHo| AR FAHY gl
o,

4. 48z Y nF

4-1. AMEOAM P& 82IXI2] MAUMUA Table
AR A7 HEHE Table. 691 FAI3YEL

Table. 6 Unit and range of variable

Variable Name Unit Range
Crack—depth mm 20—100
In—frequency KHz 10200
In—Wave number 1-10

. —-5447D-3
In—Sine Area V sec e 02D—3
Out— Amplitude \Y% 0-6.02
Propagation time us 34—162
Maximum spectrum| dBm -12.84-16.7
Out —frequency KHz 22—1188

Table. 79l d8AF S FAAL.

o5 welZ - w2 - o3

£ dgdMe A1gH FF9A, 790, 49
Fa4, QY A5-E 47 WA A9 FA5Y e
AZ2ALGNA BAFee] AAAZ, AL
T &, 2HEY HAFA AN Y F4
FH5E TR

AYNA A48 B Evt2ER (sine 9459 X
envelope sine ¥3h) 9] Yol m4= 0%H 10
A2 Hek o

¥, Y8 F 4= 10KHz—200KHz2 Foy 283
AYo s A¥E gk A¥ZAY 4L 74 I
Z2AR Y, e 5, v2ER] WY F42
ool gt YA (2P A, AR FAF A,
2859 A /g ARl @A HAFEHE o
43t T3 £48 dof Ao #AE FH,

8 tlolEl & 8AAF X 1550 ESIER 1240070 9]
dlo]eto},

Table. 891 317 £44 2¢ A3E el

Table 8. Result of multi—regression solutions

Standard variable : crack depth (mm)

St x sete = ozl 3 Variable Partial Standard | F—Value | Partial
FBAS B dlolgt FAM 4 <At -=-,?$]’ Name Regre. Partial (Probability) | Correl.
TFEdZ o} ARAN(+0.975), AN 999 28 Coefficient | Regression Coeffic.
AF(+097D), YHFAEL A& (-0.718) (Standard Brr) | Coeffcient
. Wave —-0234 002338 | 0778 ~00225
7} o} ok FF AL Q o = X3 [) kv 22
}olF % ?}-Aa Attt 2ol 242k F@AFE Number (0756) 0378 |
Grapholl ZA 3T} In —0022 —003772 | 19020 —0.1104
Frequency (0.005) (0.00001)
Table 7.Matrix of correlation coefficient Ot ~os0 001354 | 1428 00504
Amplitude (0423) (0233)
Variable Name olo|lelewlelelole Propagation | 0775 -097541 | 29398 09748
Wave Number 1000] 0290|0285 0014| 0215-0467| 0977|0001 Time (©005) 0000
Out ~0018 —001245 | 3695 ~0.0489
In—Frequency 0290 1000}-0654| 0.099|-0298 0718 0282 0002 Froquency ©009) (00547)
Out—Amplitude  1-0285[-0654| 1.000|-0.098| 0.060| 084710296 |-0.067 Maximum -0033 ~001081 | 0662 -00207
Propagation Time | 0014{ 0039|-0098| 1000{-0061 [0.110{ 0012| 0975| | Spectrum (00n1) (0416)
Out—Frequeny | 0215/-0298] 0.060]-0061| 1.000] 0.184| 0208|0062 In 0067 002182 1 0663 0.0208
- Sine Area. (0.082) (0414)
Maximum Spectrum |-0467|-0718) 0847|-0.110| 0.148| 1000|0481 |-0081 po—— ey

Sine Area(xo. 001) 0977 0282(-0296( 0.012| 0208 |-0.481| L000|-0001

Crack—Depth 0001} 0.0021-0.067 | 0975-0.062-0.081|-0.001 | 1.000

AIC © 1.009248 D+04
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