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Correlation between Longitudinal Wave Velocity and
Strength of Early-aged Concrete
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ABSTRACT

The usage of nondestructive testing on early-aged concrete leads to enhanced safety and
allows effective scheduling of construction, thus making it possible to maximize the time and
cost efficiencies. In this study, a reliable nondestructive strength evaluation method for
early-aged concrete using the longitudinal wave velocity is proposed. Compression tests were
performed to examine factors influencing the velocity-strength relationship of concrete, such
as water-cement (w/c) ratio, fine aggregate ratio, curing temperature, and curing condition.
The test results show that a change in the w/c ratio and curing temperature has minor effect
on the velocity-strength relationship. However, curing condition significantly influences the
velocity-strength relationship of early-aged concrete. Moreover, the longitudinal wave velocity
increases with decreasing fine aggregate ratio. It is concluded from this study that the
strength evaluation of early-age concrete can be achieved by a nonlinear equation which
considers the effects of curing condition and fine aggregate ratio.

Keywords : nondestructive test, impact-resonance test, compressive strength, early-aged concrete, curing,
fine aggregate ratio.
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Fig. 1 Schematic diagram of impact-resonance
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Fig. 2 Typical measurement (a) waveform of acceleration and
(b) amplitude spectrum obtained from @ 100%200 mm
cylinder
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Table 1 Curing conditions of specimens

Curing Condition

Details

Moisture (A)

Specimen was placed in a water bath at 10, 20, and 30 T until the testing date.

After casting, specimen was covered with wet-burlap for 3 days followed by exposure to

Drying (B) ambient temperature of 23 £5 T and humidity of 5010 % until the testing date.
Table 2 Mix proportion of five concrete mixtures {kg/m®
. Aggregate S/a Air
Mix Type Water Cement Conrse T %) (%) W/C Remark

Cl 185 320 1041.4 696.9 41 5.0 0.58 Lab.
Cc2 185 350 1008.3 703.1 41 5.0 0.53 Lab.
C3 185 370 1016.2 680.8 40 5.0 0.50 Lab.
C4 185 400 1032.0 691.0 40 5.0 0.46 Lab.
C5 177 375 932.0 791.0 46 3.0 0.47 Remicon
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Fig. 3 Velocity-strength relationship under
curing condition A
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Fig. 4 Velocity-strength relationship under
curing condition B.
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Tabie 3 Coefficient in the Equation (2)

Curing Curing S/a Constant Coefficient
Condition Temp.(C) (%) a b b ke
10 40~41 1.0
36~37 0.98
A 20 40~41 1.0* 1.0*
415 0.024* 1.79* 102
30 40~41 1.0
B - 40~41 1.04 1.0
* Coefficient in basic equation
Table 4 Test resuit of plain concrete slab
Type Age (day)
1 2 3 7 14 28
Slab (s) 3.418 3.631 3.682 3.791 3.818 3.920
V (km/s) Core (c) 3.250 3.523 3.570 3.648 3.671 3.708
(s=c)/s X 100 4.9 3.0 3.0 3.8 39 5.4
£ (MPa) Core 13.7 18.3 19.4 21.5 22.1 26.4
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