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This research delves into the evaluation of the suitability of ultrasonic pulse velocity as a diagnostic

tool for early detection of frost damage in concrete. The investigation involves the measurement of

E-mail : hgchoi@knu.ackr compressive strength and ultrasonic pulse velocity concerning the depth of freezing for individual

mortar specimens, followed by an analysis of their microstructure and their interrelation. The findings

indicate a consistent decrease in both compressive strength and ultrasonic pulse velocity with

Received : January 8, 2024 increasing freezing depth. Furthermore, a correlation between compressive strength and ultrasonic

Revised :February 5,2024 pulse velocity concerning the depth of early frost damage is established. Consequently, the study asserts

Accepted : February 7, 2024 the potential of utilizing the ultrasonic pulse velocity method for early detection of frost damage in
concrete, with prospects for quantifying the depth of damage through further research endeavors.
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Table 1. Experimental plan

Conditions of experiments

Curing before Freezing

Specimen® Freezing depth . Freezing time ~ W/C C:S Measurement items
(mm) freezing temperature )
(h) (°O)
Plain Non-frozen - - - * Flow and Air content
FD-00 0 * Visual observation
i * Ultrasonic pulse velocity
FD-03 30 0.5 1:3 » Compressive strength
6 -10 24 o
FD-06 60 Pore SIZC' distribution
» Cumulative pore volume
FD-10 100 « SEM

a) FD : Freezing Depth
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Figure 1. Low temperature exposure procedure
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Figure 2. Methodology for ultrasonic pulse velocity test
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Figure 5. SEM images relative to freezing depth and curing age(x1,000)
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Figure 7. Correlation between compressive strength and ultrasonic pulse velocity

Table 2. Estimation formula for compressive strength using ultrasonic pulse velocity

Materials Research Society of Japan[24] F,=0.0102V, = 11.7
Architectural Institute of Japan[25] F,=0.0215V, — 62.0
Atici[26] F = 0.0316e"0013
Mohammed et al.[27] F = 0.7586¢20008 V2
Trtnik et al.[28] F = 0.0854¢"0012882 7,
Khan[29] F, = (0.0005208 V)’
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