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Study on Reaction Rate of the Non-Explosive
Demolition Agent
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1. INTRODUCTION

Calcium-oxide has been used as a demolition
agent in fracturing rock. An agent has great advan-
tages over an explosive in that it causes no vibra-
tion, thus avoiding damage to adjacent structures.
But application of the non-explosive demolition
agent is a time-consuming job, especially in winter.
At an environmental temperature of 0C, it may
take several days for the agent to complete the
reaction and crack the rock or concrete. This long
time hampers the extensive application of the non-
explosive demolition agent. Essentially, this prob-
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lem is related to the reaction rate of the demolition
agent with water.!? The objective of this research
is to characterize the reaction rate of the demolition
agent under different environmental conditions and
to enhance the understanding of the demolition
agent.

2. TEMPERATURE CURVE UNDER
IDEAL THERMAL INSULATION CONDI-
TION

To measure the reaction rate of an agent, an ap-
paratus has been built. To control the reaction rate,
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the apparatus, under quasi-thermal insulation con-
dition, has been designed to perform the experi-
ment under water. The apparatus consists of four
parts . number 1 represents the container ; 2, the
mixture ; 3, thermal meter ; and 4, thermal insula-
tion materials. In this experiment, the following te-
sting conditions were used to measure the reaction
rate of agents .

1. The mixture mass m;=>600 g
2. Hi/D<L1/2
3. H=(1~2)H,

The heat loss ¢ of the apparatus is a function
of time and inner and outer differences of tempera-
ture. Based on the results of the experiment, heat
loss ¢ of the apparatus can be expressed as:

do(t)
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Where Ti(t) and T, are the temperatures of the
inner and outer side of the apparatus, re-
spectively ; L is the heat loss coefficient
of the apparatus and equal to 0.0057 cal/
(s.C).

Since L is very small, according to the energy
conservation law, the temperature curve T; under
ideal thermal insulation conditions can be obtained
by adding the temperature change caused by heat
loss to T., the temperature of mixture measured
by the device under quasi-thermal insulation condi-

tions :
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Fig. 1. Ideal temperature measuring apparatus.
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Tci(t) = Tca(t) + L j! [Tca(t) - Te] dt (2)
miCy 0

Where T. is the environmental temperature, and
¢; is the specific heat capacity of the mix-
ture.

At different environmental temperatures, the te-
mperature curves of the mixture under ideal ther-
mal insulation conditions are shwon in Fig. 2. Fig.
2 shows that the reaction rate of the demolition
agent is obviously dependant on the environmental
temperature. The reaction rate of the agent at 35C
is about five times as fast as the reaction rate at
4C.

3. TEMPERATURE CURVE IN BORE
HOLE
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Fig. 2. Temperature of the mixture under ideal insu-
lation condition at different environmental te-
mperature.
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Fig. 3. Measured temperature of the mixture in bore
hole (R=1.1 cm and T,=28%) and tempe-
rature under ideal condition.



The temperature of the mixture of agent and wa-
ter in bore hole can be known either by measuring
directly with a thermal couple, results shown in
Fig. 3, or by solving the following equations 4 to
8.

Consider a hole within the rock containing a mi-
xture of the agent. The general equation to describe
the heat conduction is as follows .

0T v, 20k
ot p2C2

ViTx, v,z t)  (3)

where, k; and c; are rock thermal conductivity,
and rock specific heat capacity ; p; is the
rock density and T(x, y, z, t) is the tem-
perature in rock.

Because of the axial symmetry of a cylindrical
hole located in the center of a large piece of rock,
the above equation (3) can be expressed as the
equation (4) by using a cylindrical coordination sys-
tem. Equation (5) represents the initial conditions
of the experiment. Equations (6) and (7), which re-
present hole wall conditions and condition of rock,
respectively, describe the boundary conditions of
the experimental set-up. The energy conservation
equation in temperature and heat form can be exp-
ressed as equation (8).

Equations (4) to (8) are derived to consider the
mode of a single hole of heat source in infinite
rock/concrete, since both rock and concrete are
non-conductors of heat. In most cases, the space
between two bore holes is about 40 cm or larger,
thus the thermal effects between two holes can be
ignored from the stand point of heat conduction.
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Fig. 4. Temperature of the mixture in different size
of bore holes (T,=28<).
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where p, is the density of mixture, T, (t) is the
temperature of the mixture in bore hole,
Q(z) is the heat generating rate of the
mixture and can be expressed, from the
temperature curve under ideal insulation
condition, as a function of Q (t)=Bc; T,*
(t), B is the coefficient and a>1.

Since it is impossible to get the exact solutions
of equations (4) through (8), numerical solutions
can be obtained by changing the above equations
into forms of differential equations and by using
a computer.

One of the useful solutions resulting from equa-
tions (4) through (8) is that the temperature of the
mixture in different sizes of bore holes, shown in
Fig. 4, and other conditions are the same. Fig. 4
shows that, at the environmental temperature of
28T, if a 6 cm diameter hole is used, the demoli-
tion agent will blow out from the hole ; for a 5
cm diameter hole, the agent might blow out ; and
for the hole with a diameter of less than 4 cm,
the agent will not blow out. In theoretical analysis,
hole size of 3.8 to 44 cm may be recommended
for use. At higher environmental temperatures,
such as 38T, even using a bore hole of 4 ¢cm, equa-
tions (4) to (8) reveal that the agent still will proba-
bly blow out of the hole. On the other hand, at
a lower environmental temperature of 4C, even
using a bore hole with a diameter larger than reco-
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mmended size, equations (4) to (8) demonstrate
that the agent might not blow out of the hole.
Another important use of equations (4) through
(8) is to show, from the solutions, how the reaction
rate of the demolition agent with water in bore
hole is dependent on different environmental tem-
peratures and can be explicitly known. Under ideal
thermal insulation conditions, it is known that, as
above mentioned, the reaction rate of the agent at
35C is about five times as fast as the reaction rate
at 4C. From the solution of equation (4) to (8),
it is known that the reaction rate of the agent in
bore hole at 35T is about twenty eight times as
quick as the reaction rate at 4C. This means that,
in bore hole case, the reaction rate of the demoli-
tion agent is more closely related and more depen-
dent on the environmental temperature than the
case of ideal thermal insulation conditions. At a
4C environment, about ninety six hours are requi-
red for the agent to complete its reaction with wa-
ter. This is one of the main reasons why using
the non-explosive in winter is a time consuming
job. The amount of time which is needed for demo-
lition agent to complete its reaction at different en-
vironmental temperatures is shown in Fig. 5.

4. EXPANSIVE PRESSURE CURVE

The expansive pressure curves were obtained by
using metal pipe 28 mm in diameter and 300 mm
long (Fig. 5). The demolition agent was placed in-
side of the pipe 5 the pipe was then placed in the
environmental chamber to simulate the tempera-
ture. At this time, the expansion rate of the pipe
was measured to detect the internal pressure of
the agent. The curing time, which is needed for
the demolition agent to reach the maximum expan-
sion pressure, is listed in Table 1.

From Fig. 5 and Table 1, it can be determined
that the increment rate of expansive pressure of
the demolition agent and the time needed for the
agent to reach the maximum expansion pressure
are also basically dependent on the environmental
temperature. Reaction rate of the agent observed
at lower environmental temperatures has not only
shown the pressure increase rate to be much slo-
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Fig. 5. Expansion pressure and environmental tem-
perature.

Table 1. Time needed to reach maximum expansion
pressure.

Environ. 5 10 15 20 25 30 35

Temperature(C )

Time(hours) 102 64 42 28 18 8 4

wer, but also the magnitude of the corresponding
peak expansion pressure to be much less than that
found at a higher environmental temperature. The
results of this experiment indicated that the appli-
cation of the demolition agent in winter is ineffi-
cient and also uneconomical, another concern.

5. ANALYSIS

Basically, the increment rate of expansion pres-
sure is dependent on the reaction rate of the de-
molition agent with water. Therfore, factors which
affect the reaction rate of the agent, such as compo-
sition, grain size, types of admixtures, environmen-
tal temperature, and etc., must be carefully consi-
dered for better results.

Comparing the temperature curve under the
ideal thermal insulation conditions of Fig. 2 to the
expansive pressure curve of Fig. 5, it has been ob-
served that the time is needed to complete the rea-
ction at thermal insulation condition is much shor-
ter than the time which is needed to reach the
maximum expansion pressure for actual application.
For example, at 35C, it only takes about 20 minu-



tes to complete the reaction at thermal insulation
condition, but it takes about four hours to touch
the maximum expansion pressure for actual appli-
cation case. Then what is the explanation for so
much time difference found for the two condi-
tions ?

At thermal insulation condition, nearly all heat
is used to increase the temperature of the reacta-
nts, agent and water, so as to cause the mixture
temperature to reach as far as 220C . It is discove-
red from the thermal insulation reaction test that
the reaction rate is critically dependent on the rea-
ctant’s temperature, which can be expressed as fol-
lows :

_ d(Ca0)

RS TG &)

This relationship makes the reaction goes extre-
mely fast at relatively higher temperatures and, su-
bsequently, makes that the reactant’s temperature
also increases extremely fast, and so on. Thus, the
reaction is completed in a very short time.

On actual application, most of heat generated by
the reaction is absorbed by the rock, concrete, and
other surrounding media, and only a small portion
of heat is used/consumed to increase the tempera-
ture of mixture. The mixture temperature grows
very slowly, and the mixture reaction performance
is very slow, especially in winter. Therefore, it re-
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quires a longer time to complete the reaction and
to reach the maximum expansion pressure.

6. CONCLUSION

1. The reaction rate of the demolition agent is
obviously dependent upon the environmental tem-
perature.

2. At different environmental temperatures, a dif-
ferent size of bore hole must be considered.

3. Reaction rate of the agent, at lower environ-
mental temperature, demonstrates not only the
pressure increase rate to be slower, but also the
magnitude of the corresponding peak expansion
pressure to be much less than the one at higher
environmental temperatures.

4. The increment rate of expansion pressure is
dependent upon the reaction rate of the demolition
agent with water.
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