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A Study on Estimation of the Internal Defect in Concrete
using Elastic Wave Traveltime and Linear Traveltime Interpolation
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Abstract
It is difficult to predict the conditions inside of a concrete structure, and therefore it is important to perform

non-destructive tests to investigate these conditions. In this study, two concrete specimens were prepared. One
was a filled concrete specimen, and the other included cubic rubber in its central part. We measured the
traveltimes between pairs of shooting point and receiving point using vibration. Then we developed an algorithm

to predict the inner part conditions from the traveltimes and applied it to the experimental results. From the

analytical results using the elastic wave traveltimes, it will be possible to estimate conditions inside concrete.
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Table 1 Mix proportion of concrete

Air Unit content [kg/m’]
Gmax- | ywc9%) | Content
[mm] [%] W C S G AE
15 62.6 5 176.1 281.3 799.7 1012.0 0.563
Table 2 Material properties
Density ig.loss | Specific Surface Setting
Cement [g/em’] [%] Area [em?/g] Quantity of Starting TErmination
Water [%] Time[h-m] Time [h-m]
Ordinary Portland) 5 1 2.00 3350 27.5 2-20 3-30
Cement
Aggregates Type Location F.M. Density [g/lcm’]|  Absorption
Fine Aggregate Mountain sand Gifu 2.75 2.56 1.8%
Course Aggregate Crushed stone Gifu 6.82% 2.65 1.2%
Concrete Water Reducing Ratio Bleeding Rate Quantity Settling Time leferfence.
Admixture [%] [%] Startlng Te.rmlna‘qon
Time[min] Time [min]
AE Water
Reducing Agent 13 >7 +20 10
* Include grain diameter of 15-20mm
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Fig.3 Traveltime observation system overview

Fig.4 Arrangement of accelerometers (unit in [mm])

Table 3 Observed traveltimes [pus] between No.6 and receiving points (Slab A)

No. 01 02 03 04 05 06 07 08 09 10 11 12
10° 130 120 95 75 60 (SP) 80 80 100 135 125 135
130 120 85 75 55 (SP) 60 75 85 125 125 130
”0° 130 130 100 90 65 (SP) 65 90 95 140 145 150
130 115 85 65 60 (SP) 55 70 90 110 120 130
30° 120 110 80 60 40 (SP) 60 70 90 110 120 130
140 130 90 60 60 (SP) 80 90 100 130 130 140

22.5[MPa] (e=2218ulF), FIHABHIECRENL 24.14[GPa] 3 15
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Table 4 Observed traveltimes [ps] between shooting points and receiving points (Slab A)

No. 01 02 03 04 05 06 07 08 09 10 11 12
SP=02 38 (SP) 58 128 119 135 153 154 136 129 109 73
SP=03 80 72 (SP) 66 78 101 136 141 136 139 130 100
SP=04 113 120 61 (SP) 36 70 116 129 139 148 153 129
SP=05 133 123 85 48 (SP) 88 132 121 145 156 161 146
SP=06 145 139 101 90 81 (SP) 73 80 103 135 137 131
SP=07 156 153 136 126 131 64 (SP) 40 83 116 131 137

Table 5 Observed traveltimes [ps] between shooting points and receiving points (Slab B)

No. 01 02 03 04 05 06 07 08 09 10 11 12
SP=02 40 (SP) 58 118 110 121 152 164 132 121 113 73
SP=03 68 52 (SP) 54 66 89 123 133 133 135 121 85
SP=04 107 119 55 (SP) 40 80 116 131 138 159 154 125
SP=05 126 112 67 35 (SP) 63 111 117 134 164 163 138
SP=06 130 123 89 67 60 (SP) 60 74 95 130 124 133
SP=07 156 152 123 111 108 56 (SP) 32 60 105 118 128

SP SP

® Pointwith known traveltime

O Pointwith unknown traveltime

Fig.5 Outline of linear traveltime interpolation method
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Fig.7 Analytical results of raypath and slowness distribution in the specimen (Slab A)
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Fig.8 Analytical results of raypath and slowness distribution in the specimen (Slab B)
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