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A Study on the Statistical Distribution of Ultrasonic Velocities
for the Condition Evaluation of Concrete Wide Beam
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Abstract : The ultrasonic pulse velocities of pressure, shear, and Rayleigh waves ( P-, S-, and R- waves) have been used for the condition
evaluation of various concrete structures, but the statistical distribution according to the wave type has not been studied clearly in view of
data reliability and validity. Therefore, this study analyzed the statistical distribution of P-, S-, R-wave velocities in concrete wide beams
of 800 x 3100 mm (width x length) with a thickness of 300 mm. In addition, we investigated an experimental consistency by the
Kolmogorov-Smirnov goodness-of-fit test. The experimental data showed that the R-, S- and P- wave velocities in order have better
statistical stability and reliability for in situ evaluation because R- and S-waves are less sensitive to confinement and boundary conditions.
Also, good correlations between wave velocities and strength and modulus of elasticity were found, which indicate them as appropriate
techniques for estimating the mechanical properties.

Key Words : ultrasonic pulse velocity (UPV), P-wave, S-wave, R-wave, condition evaluation, concrete structures, statistical
distribution
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Fig. 1. Distribution of displacement and energy in P—, S—, and
R—waves from a transient load on a half space for v=0.25",
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Fig. 2. Test schemes for the P—, S—, and R—wave measurement,
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Fig. 3. Phase velocity dispersion curves determined by MASW

. A density of 2250 kg/m3, an elasticity of 23 GPa, and a fixed

Poisson’s ratio of 0,167 are assumed for the concrete structures,
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Fig. 6. A planar view of test point grid for the S—wave
measurements,
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Fig. 7. A planar view of the four test paths for R—-wave
measurement by the MASW test,
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Table 1. Results of the statistical analysis for P—, S—, and R— wave velocities

Specimen W1 W2 W3 W4 W5 W6 W7 W8 Total avg.

Sample size 24 24 24 24 24 24 24 24 24

Powave Avg. (n)* 3471 3359 3275 3327 3272 3263 3274 3341 3323
Std (o)** 232 231 207 302 157 153 176 122 197

Cov 6.70% 6.90% 6.30% 9.10% 4.80% 4.70% 5.40% 3.70% 5.90%
Sample size 15 15 15 15 15 15 15 15 15

Avg. (n)* 2157 2137 2060 2117 2095 2101 2080 2087 2104
Swave Std (o)** 69 39 32 50 49 69 47 75 54

Ccov 3.20% 1.80% 1.60% 2.40% 2.30% 3.30% 2.20% 3.60% 2.60%
Sample size 4 4 4 4 4 4 4 4 4

Rewave Avg. (n)* 1853 1847 1864 1858 1874 1874 1867 1872 1864
Std (o)** 31 34 27 19 25 11 25 15 23

Cov 1.70% 1.80% 1.40% 1.00% 1.30% 0.60% 1.30% 0.80% 1.30%

Avg(n) * = average velocity (mvs), Std (0) ** = standard deviation (mvs), COV*** = coefficient of variable (= o/ 1 X 100 [%)]).
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Table 2. Comparison of dynamic moduli from ultrasonic and
static tests

Goodness-of-fit test

Type of Specimen

wave Samples | Dmax | D5% | p-value Probability

Distribution

P WI-W8 192 0.17 | 0.097 | 2.19E-05
S WI-W8 160 0.18 | 0.122 | 4.88E-04
R WI-W8 32 0.16 | 0.234 | 322E-01 | Normal
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Table 3. Comparison of dynamic moduli from ultrasonic and
static tests

Ultrasonic test Static test
Type of Samol E
wave | S30PIES | Avg | Edu v | fek | Ec | Ed Tror
(m/s) | (GPa) (GPa) | (GPa) | (GPa)

WI-W8 | 3323 | 22.80 | 0.16 | 14.8 | 17.7 | 21.3 |7.01%
WI-W8 | 2014 | 22.67 | 0.16 | 14.8 | 17.7 | 213 |6.43%
R | WI-W8 | 1864 | 2255 | 0.16 | 14.8 | 17.7 | 213 |5.86%
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