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Reliability Evaluation for Prediction of Concrete Compressive Strength through
Impact Resonance Method and Ultra Pulse Velocity Method
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Abstract

Non-destructive testing (NDT) methods are widely used in the construction industry to diagnose the defects/strength of the
concrete structure. However, it has been reported that the results obtained from NDT are having low reliability. In order to resolve
this issue, four kinds of NDT test (ultrasonic velocity measurements by P-wave and S-wave and the impact resonance methods by
longitudinal vibration and deformation vibration) were carried out on 180 concrete cylinders made with two kinds of mix
proportions. The reliability of the NDT results was analyzed and compared through the measurement of the actual compressive
strength of the concrete cylinders. The statistical analysis of the results was revealed that the ultrasonic velocity method by S-wave
is having lowest coefficient of variation and also most capable of stable observation. Analytical equations were established to
estimate the compressive strength of the concrete from the obtained NDT results by relating the actual compressive strength.
Moreover the equation established by the ultrasonic velocity method by S-wave had the highest coefficient of determination.
Further studies on the stability of non-destructive testing depending on various mixing conditions will be necessary in the future.
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et al., 2013). 2.2 2ady
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Table 1 Mix proportions
Mix for G pax Slump w/B S/a Unit mass (kg/m’)
(MPa) (mm) (mm) (%) (%) C W S G FA Slag AE
30 30 o 150 45 45.9 259 173 777 934 58 69 2.32
o]
40 40 30 45.6 357 165 714 868 94 99 3.58
Note : f..= the target strength; FA = fly ash; Slag = blast furnace slag and AE = air entraining agent
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Fig. 1 Impact resonance method

(b) S—wave

(a) P—wave

Fig. 2 Ultra pulse velocity method
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Fig. 3 Set—up for compressive strength test



Table 2 Summary of statistical analysis (f,)

c

Table 3 Summary of statistical analysis (£,)

Age Mix No. N i Ccov Age Mix No. N I COvV

) Mix 30 30 7.17 458 ) Mix 30 30 13.2 3.98

Mix 40 30 21.1 3.60 Mix 40 30 23.3 247

L Mix 30 30 10.1 412 By Mix 30 30 175 4.37
[MPa] ! Mix 40 30 29.1 3.09 [GPa] ! Mix 40 30 25.9 2.10
o8 Mix 30 30 19.3 4.05 o8 Mix 30 30 23.7 3.67

Mix 40 30 44.9 3.49 Mix 40 30 30.3 2.18

Note: N=the number of accepted samples used for the statistical analyses;
p=average strength of samples and COV=coefficient of variation
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Table 4 Summary of statistical analysis (%)

Age Mix No. N 7 COV
Mix 30 30 14.1 5.37
¥ Mix 40 30 23.0 2.52
Ey Mix 30 30 17.0 4.93
[GPa] ! Mix 40 30 25.2 2.30
Mix 30 30 22.9 3.81
2 Mix 40 30 29.5 2.35
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Fig. 4 Relationship between dynamic elastic modulus and
compressive strength
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Table 5 Summary of statistical analysis (V)

Age Mix No. N y COV
, Mix 30 30 3150 2.57
Mix 40 30 3839 1.38
A Mix 30 30 3407 2.25
7
[m/s] Mix 40 30 4056 1.01
i Mix 30 30 3967 1.41
Mix 40 30 4300 0.81

Table 6 Summary of statistical analysis (V)

Age Mix No. N © COoV
; Mix 30 30 1553 2.42
' Mix 40 30 1911 0.91
v Mix 30 30 1700 2.15
: 7
[m/s) Mix 40 30 2039 0.84
o8 Mix 30 30 1934 1.38
Mix 40 30 2190 0.81
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Fig. 6 Analytical results of the coefficient of variation

Table 7 Result of normality test of data

Mix No. fer vy Vi £y Ey
i (n;—e;)? Mix 30 2.55 3.18 4,74 2.38 5.69
=1 € Mix 40 6.96 5.10 3.45 4.44 7.96
Mix 30 0.64 0.53 0.31 0.67 0.22
P—value
Mix 40 0.14 0.28 0.47 0.35 0.093

Note: n;=observed frequencies and e;=theoretical frequencies
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