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Reliability Improvement of In-Place Concrete Strength
Prediction by Ultrasonic Pulse Velocity Method
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Abstract

The ultrasonic pulse velocity test has a strong potential to be developed into a very
useful and relatively inexpensive in-place test for assuring the quality of concrete placed in
structure. The main problem in realizing this potential is that the relationship between
compressive strength and ultrasonic pulse velocity is uncertain and concrete is an
inherently variable material. The objective of this study is to improve the reliability of
in-placel concrete strength predictions by ultrasonic pulse velocity method. Experimental
investigation was carried out to examine the effects of factors such as water-cement ratio,
cement content, s/a rate, and curing condition of concrete. Accuracy of the prediction
expressed in empirical formula are examined by multiple regression analysis and linear
regression analysis, and practical equation for estimation the concrete strength are
proposed. Multiple regression model uses water-cement ratio, cement content, s/a rate, and
pulse velocity as dependent variables, and the compressive strength as an independent
variable. Also, linear regression model is used to only pulse velocity as dependent variables,

Comparing the results of the analysis, the proposed equation expressed highest reliability
than other previous proposed equations.
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Table 1 Physical properties of cement

Compressive strength
(kgf/cm®)

3days | 7 days |28 days

Fineness | Specific | Stability
(cm%/g) | gravity | (%)

3,488 3.15 0.08 224 308 404

Table 2 Physical properties of fine and coarse aggregate

Specifi .
Type of g?:g;;; Absc;rptlon FM
aggregate (SSD) (%)
Fine Agg. 2.59 0.67 2.99
Coarse Agg. 2.62 0.35 -
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Table 3 Mix proportions

5/ W/C =055 W/C=050 W/C =045
a
o |, Sl W S G | W, S G | w S G Remarks
T | tke/mD)  (kg/m?) | (kg/mY) | (kg/m®) | (kg/m?) | (kg/m®) | (kg/m®) | (kg/m™) | (kg/m®) | (kg/m®)
280 154 7911 | 11472 | 140 806 | 11688 | 126 8209 | 11904
41 | 340 187 | 7356 | 10667 | 170 | 7537 1093 | 153 | 7719 | 11193 C“res n
water
400 220 680.1 9862 | 200 7014 | 10172 | 180 7228 | 10481
340 187 7715 | 10305 | 170 790.5 1056 | 153 809.5 | 1081.3 {Cured both
43 in water
400 220 7133 | 9528 200 735.7 9827 | 180 758 | 10125 | and in air
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Table 4 The coefficient of relationship for individual

factor
Water-Cement| Cement | S/g .
Ratio Content | rate Velocity
Water-Cement 1
Ratio
Cement
Content 0 1
S/a rate 0 0.327 1
Pulse Velocity -0.61 0.064 [-0109 1

Table 5 The equation of multiple linear regression

Coefficient {Std. Error|t-Value | Sig. Level
Constant | -163555 | 211.314 | -8.626 0.0000
W/C ratio -1.955 0.7953 | -2.458 0.0184

Cement - ) )

content 0011 | 0.0603 | -0171 0.8654

S/a rate -1.720 2779 | -0.619 0.5393
Pulse

velocity 49292 | 29223 | 16867 0.0000

R-squared =0.935
R-squared (Adj) =0.929
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Table 6 The Equation of linear regression

Coefficient | Std. error | t-value | Sig. level
Constant -2000 99.870 -20.034 0.0000
Julse - saron | 23416 | 22974 | 0.0000

R-squared =0.925
R-squared( Adj) =0.923

y = 53796x - 2000 R’ = 09247

0 i
37 38 39 4 41 42 43 44 45 46
Puise Velocity{km/sec)

Fig. 5 The Linear regression curve

F.=537.96V,— 2000

o714, V,=2&3 £=(km/s)
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Table 7 Analysis of variance for regression

DF Mean of F-ratio | P-value
square

Sum of
square

Multi-linear
Regression

Error 11546.44 | 40 288.66

Total 17810287 | 44

Linear-
regression

Error 13416.43 | 43 312.01
Total 1781029 | 44

**Statistically significant at the 99% level of
confidence

16655643 | 4 | 41639.11 | 14425 | 0.0000**

1646864 | 1 11646864 | 527.82 |0.0000**
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Table 9 The Results of six equation analysis

Multi-linear Linear JBI Kim's RFK Oh's
Example Pulse equation equation | equation | equation | equation | equation
No. velocity Percentage within £20% of Measured Strength(%)

Ex(1) 11\\4/1::: 3‘;3 100 100 625 50 0
Ex(2) I;//[[?;‘ jgg 85 75 30 70 10
Ex(3) I;\A/:rf igi 75 68.75 50 138 625 125
Ex(4) 1;’1;: ‘;zz 833 58.3 417 833 0
Ex(5) 1;\/1/[?:: ;3? 75 66.67 58.3 417 50 0
Ex(6) !m’: ;32 88.89 88.88 33.33 1111 66.67 0
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