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Development of Prediction Methods for Temperature Distribution
and Fractured Volume in Granite Under Microwave Radiation

Hidetoshi TAKAHASHI*
Hirokazu ISHIHAR A #*

Toshifumi UMETANT*#*
Taketo SHINOHARA *+#

Synopsis
Before putting the microwave rock excavation method to practical use,
amount of rock to be fractured by this method and the cost must be estimated.,
For the cost estimation a study was necessary to estimate the amount of rock to
be fractured by a larger magnetron, However, the 350 kW magnetron is the
largest one available at this moment, and computer simulation seemed to be only
the possible way to estimate them. Mechanism of rock fracture by microwave )
radiation is considered that thermal stress caused by microwave heating leads
thermal fracture of rock. But, it is very difficult to simulate the mechanism of
fracture in a computer, Therefore, a new approach was developed in this study.
H consists of two steps; the first step simulates the temperatuze rise in rock under
the microwave radiation and the second step calculates volume of rock fractured
by the microwave radiation.
(1) Simulation of temperature rise
The heat generation by the microwave radiation is determined based on
the experimental data on the assumption that the heat generation is pro-
portional to the power of magnetron. The temperature rise in rock is
simulated in a computer with F.EM. With this simulation program, the
temperature distribution in rock can be obtained, The applicability of this
simulation was confirmed with the experimental data with 50 kW power,
Then, the simulation was carried out for conditions up to 2000 kW power
and 60 minute duration. According to the simulation, heating efficiency
(ratio absorbed by granite to radiating energy) increases with increase of
radiating power.
(2} Prediction of amount of fractured granite
From the experimental data, a relationship between the temperature and
the strength of granite had been established. On the other hand, it is known
that granite of which strength is less than 1000 kgf/cm? can be dredged
with a large pump dredger. Therefore, such granite of which compressive
strength has decreased below that level is considered to have been fractured,
Using the temperature rise simulated by the previous program and the above
mentjoned relationship, the volume of fractured granite can be estimated.,
The simulation was conducted in case of granite (10 m in diameter and
10 m in depth). The results are as follows: The volume of fractured granite
increases with increase of the radiation power and the duration time. When
the total radiating energy is kept constant, the fracture efficiency is better
in the case of higher power than the case of longer duration time,
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