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The Detection of Stone Breaking Caused by Freeze-thaw Cycles

Using a Sing-around Measurement of Ultrasonic Sound

——Studies on the Deterioration of Stone Caused by
Freeze-thaw Cycles and Its Preservation (II[)——

Sadatoshi MIURA, Masami FUKUDA and Tadateru NISHIURA

The breaking of a small stone sample (Tuff) caused by freeze-thaw cycles was
detected by sing-around measurement of ultrasonic sound. The measurement system
was automatically controlled by a computer. The velocity of ultrasonic sound (Vp)
through the stone sample and the temperature of the sample (t) were recorded by a
printer and stored in a floppy disk. When a freeze-thaw cycle was completed, a
graph showing the relation between Vp and t was drawn by a plotter (Fig. 2).

The condition of the experiment :
1. Sample : Tuff (30 mm diameter, 3 — 5 mm thick)

4 pieces

treated by synthetic resin (silane)
6 pieces——untreated
* for the experiment, samples were saturated by water and dipped in kerosene

9. Ultrasonic sound : 0. 5 MHz (sing-around measurement)

3. Cooling & heating : from +4 to —12°C and vice versa

The effectiveness of silane was certified by measuring Vp changes of samples. Vp
of a treated sample did not change so much after 5cycles of freeze-thaw, while Vp
of an untreated sample largely decreased (Fig. 8), and some were broken inte two
pieces (Fig. 9).

The main advantage and disadvantage of the sing-around measurement are as
follows :

1. Advantage

Vp of the small sample such as a husk deteriorated by an -air pollution can be
measured by this method. The strength of the sample may be estimated from Vp.

2. Disadvantage

If the sample is a heterogeneous stone, the variety of the rock composition is not
negligible for the Vp measurement of a small and thin sample. For example, Vp of
Tuff measured by the sing-around method differs from Vp measured by another method
using a thick sample of the same Tuff, because the later Vp value is averaged along the
path of the sound. To avoid this Vp variance, the sing-around measurement for a

heterogeneous stone should be done taking several samples from the same stone.



