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Analytical Study on Evaluation
of Tile Separation and Crack Depth of Concrete by Elastic Wave Nethod

Kazuo YAMADA

In this study, the relationships between frquency responses and defects in concrete, such as
the tile separation and the crack , were discussed analytically by using a 2-dimensional finite
element method, as the fundamental investigation to establish a new non-destructive technique pre-
dicted from the frequency characteristics of elastic wave propagating through concrete. The
analysis of elastic wave propagation and the frequency response analysis were applied. Following
results were obtained in this study:

1) The frequency responses calculated by using the results of analyses on elastic wave propa-
gations are in good agreement with the results of frequency response analyses , except a slight
difference of response in the high frequency range

2) The situations of tile separation can be predicted exactly from the changes of frequency
characteristics in the whole frequency range, and especially in the low frequency range

3) The frequency components in the high frequency range significantly diminish with the in-
crease of crack depth. The general frequency characteristics , however , are hardly affected by
the crack in concrete.

4) The first and maximum resonant frequencies gradually decrease with the increase of crack
depth. But there are several resonant frequencies independent of the crack deptha nd the ampli-

tudes at those resonant frequencies are stable to crack depth.
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Table 1 Mechanical properties of consituent materials.
(a) Analysis-1I.

NEBEHEEER—-1(a)IicRdo Matell'ials Young's modulus | Poisson’s | Density
(2) WHi— T : KRRHIH, 320 — Mgk Uk (ilhgt/ed) | ratio | (g/es’)
Concrete 3.34 0.18 2.31
Mortal 2.51 0.18 2.07
4 4 qbl\‘ Tile 0.20 0.18 2.13
(b) Analysis-1II.
. Young's modulus | Poisson’s | Density
Yaterials (x10%kgf/cm?) ratio (g/cn®)
Mortal 2.96 0.18 2.16
Concrete 3.34 0.18 2.31
D
AN AN

(a) Analysis-I.

(b) Analysis-1II.

Fig. 1 Example of analytical model.
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Fig 2 Frequency responses calculated by using
detected waveform.
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Fig. 3 Results of frequency response analysis.
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Fig. 4 Frequency responses for separate portion of tile.

Fig.5 Typical mode of responses (w=0 cm).
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Fig. 6 Typical modes of responses (w=2 cm).
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Fig. 7 Typical modes of responses (w=6 cm).
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Fig. 8 Frequency responses of cracked mortar
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Table 2 Result of analysis for frequency response (Crack width=0.5mm, mortar).

Depth = 0 cm | Depth =2 cm |Depth =4 ca |Depth=6cm |Depth=8ca
Order
fq Rs fq Rs fq Rs fq Rs fq Rs

1 4.6 [0.0108| 4.4 [0.0129| 4.2 |0.0057( 3.6 {0.0198] 3.0 |0.0028

2 8.2 0.4473| 8.2 |0.4903| 80 |0.3150| 80 [0.3869| 8.0 |0.3412

3 8.8 [0.1985| 8.8 |0.2057| 8.6 |0.2556| 8.6 {0.5966| 8.4 |0.4186

4 9.2 |0.4481| 9.4 [0.4495| 9.4 |[0.4189| 9.2 |0.6088| 8.0 |O0.2905

5 - — - - 9.8 |0.3048] 9.8 [0.2296] -- ——

6 10.8 |0.3464 | 10.6 |0.1889) 10.6 |0.0227| 10.6 {0.0161| 10.2 |O0.3095

7 - — - --—— | 11.8 {0.5310{ 11.2 |0.6238| 10.8 |0.3838

8 12.2 |0.6132 | 12.2 |0.5332| 12.2 |O0.6867 | -- -—= - -

9 13.6 [0.9526| 13.6 [0.8564| 13.0 |1.0160 12.4 |0.6696| 12.4 |0.7248
10 - - - —- | 13.6 |0.4355| 13.6 |0.4980| 13. 0. 6672
11 15.4 |0.0865| 15.4 [0.1155| 15.4 {0.1072| 15.4 }0.0853| 15.4 |0.0141
12 | 16.2 |0.1130] - == - - - - - -
13 | 17.4 |1.0000| 17.0 |0.5589 | 16.6 |0.3386| 16.4 |0.2639) 16.4 |0.2602
14 - --——- | 18.6 |0.0538| 18.2 |0.2107] 17.8 |0.0954) 17.6 |0.5314
15 - - - -——= 19.4 |0.1092( 19.0 |0.0912 - -—=
16 | 20.6 |0.2980 | 20.6 |0.2905( 20.8 |0.3510 | 20.8 |0.3425] 20.8 |0.3446
17 - ---- | 22.4 (0.0797] 21.8 [0.1961} -- - -- -
18 - --—- | 23.8 {0.0170| -- -=-- - ---- | 23.6 |0.0289
19 | 24.8 |0.1022| 25.4 {0.1059 25.0 |0.1036( 24.8 |{0.0688| 24.8 |{0.1071
20 | 27.8 |0.3377| 27.8 [0.3450 | 27.8 |0.3858| 27.8 |0.3175| 27.6 |0.2098
21 29.6 [0.2614| 29.2 |0.2392| 29.2 |0.2245| 30.0 |[0.3897| 28.6 |O0.1602
22 - ---= | 30.0 |0.2236| -- - - == - -—
23 31.4 [0.2865( 31.4 [0.2434( 31.4 |0.3649| 31.6 |0.4000{ -- —
24 34.0 |0.0336| 33.0 [0.0992| 34.4 |0.0776| 33.2 |0.2873| 31.2 |0.2859
25 36.2 |0.0386| 36.2 [0.0300| 36.4 [0.0744| -- --— | 36.2 |0.0439
26 - - - -—-- 1 39.4 |0.0438) -- - - -
27 - - e -—-—- | 41.2 [0.0484| -- - - -
28 - ———= — -—- | 45,2 [0.1491] -- - - -
29 | 46.2 |0.2054| 46.6 |0.2638| 46.8 |0.1379 | 46.6 |0.3057 | 46.0 |0.1398
30 - --=- - - - - - ---- ] 54.4 |0.0186
31 60.2 {0.1113| 60.6 [0.1722| 60.8 {0.1902| 60.6 |0.1781| 60.2 |0.0411
32 70.4 |0.1786 | 69.8 [0.1483| 67.6 |0.0929 | -- ---- 1 70.8 |0.0111
33 - - - — - ---- | 75.8 |0.0051| -- e
34 - - - -—— | 80.4 |0.0037| 82.0 |0.0010] 81.2 |0.0008
35 - ---- | 94.2 (0.0006{ 95.2 {0.0003| -- R - -t

[Notes] fq: Frequency (kHz),
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