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Proceedings: Second International Conference on Recent Advances in Geotechnical Earthquake Engineering and Soil Dynamics,

March 11-15, 1991, St. Louis, Missouri, Paper No. 11.35

A Study of Blast Pressure from Underwater Borehole Blasting

T.S. Thandavamoorthy
Assistant Director, Structural Engineering Research Centre,
Madras, India

SYNOPSIS: The paper presents an experimental study conducted under laboratory conditions on the
measurement of the pressure waves transmitted into water that are radiated from following the
detonation of an explosive charge buried in a block. In order to simulate full scale blasting
operations at sea, small explosive charge of 1.8g PETN was buried in a concrete block and
detonated wunder water. Information concerning the test set-up, instrumentation, type of
explosives used, scaling factor and measurement of pressure is briefly described. The paper also
presents analysis of the test results in the form of FFT’s and Transfer functions and details of
its importance to practical blasting operations at sea using buried explosive charges.

INTRODUCTION

Underwater borehole blasting in hydrotechnical measure the peak pressures produced at the
construction practice, for example, dredging around surface by the detonation of shallow
operations with pressure charges, destruction of buried explosive charges. Schmidt (1975) has
underwater structures etc. has now become a presented pressure data from measurements wusing
common practice. Under these circumstances, the 1/100 scale models as a result of an
shock wave radiated from the buried charge, investigation of underqground explosion.
transmitted in water and impinging on the

structures in the vicinity may set the structure

under wvibration. In order to calculatec the
amplitude of vibration of the structure and to
work out the safe distance from the <charge
magnitude of the shock pressure and its spectral

characteristics are required.

At present whatever information available on the
propagation of pressure waves is mostly related
to the explosion of freely suspended charge
underwater and its radiation in fluid medium or
the detonation of charge buried in elastic half-
space and its radiation in the solid medium.
Much work was concerned with the explosive
charges freely suspended in water. Cole (1948)
and Kim and Binder (1965) have shown that the
shock pressure emanating from a charge freely
suspended in water is characterised by very
sharp rise to a peak value followed by a rapid
decay. Bjorno and Levin (1976) have taken
measurements of pressure waves underwater at a
short range from the detonation of small amounts
of chemical explosives. Gaspin et al (1972)
have presented pressure-time records from
underwater detonations of 35.60-, 213.60-, and
4450-N(8-, 4B-, and 1000-1b) explosive charges.
Poche (1972) has reported the measurements of
shock wave peak pressure underwater produced by
exploding small (0.133N/13.5 gr) detonators at
ranges from 0.3 to 27m (1 to 90 ft).

a

As regards the shock wave arising in the
bedrock, Hisatake et al (1983) and Valliappan
and Ang (198R8) have also stated that the shock
pressure emanating from an explosive charge
buried in rock is characterised by an increase
to a peak pressure and followed by an
exponential decay of it. Morris (1974) has
presented an experimental program conducted to
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As regards the coupled problem of the radiation
into water from a charge detonated in underlying
hedrock, Gil "'manov (1984) has conducted
experimental investigation to study the
formation of a water shock wave from underwater
borehole blasting, but his work was mainly
related to estimating the safe distancec for the
safety of ichthyofauna. There is no other
information available regardinag the

characteristics of the formation and propagation

of shock waves due to wunderwater borehole
blasting. This aspect is of great importance,
since most of the other factors controlling the
propagation and effects of shock waves, such as
the safety of underwater structures are well
understood. With this objective in mind a
laboratory experiment was carried out for the
first time to measure the shock pressure
underwater and its spectrum due to the
detonation of a buried charge.

EXPERTMENTAL PROCEDURE

The experiments were conducted in AB Wood
Laboratory of the Institute of Sound and
Vibration Research, University of Southampton.
This experiment conducted relates to the
measurement of blast pressure underwater due  to

the detonation of a 1/10 scaled high ecxplosive
charge of different delay both freely suspended
under water and also buried in a 1/10 scaled
mode] of a submerged concrete block under
laboratory conditions. The scaling factor for
laboratory condition of test was selected based
upon the principle of similarity. A  scaling
factor of 10 was selected in this test. The
explosive wused in the experiments was an 1ICI
medium strength detonator with a 1.8 g charge of
PETN. No.2 and 5 delay detonators were used in



this experiment. The shape of the charge  was
cylindrical with a diameter of 8 mm and a length
of 80 mm. Two types of tests were conducted.
First the scaled high explosive charge with No.2

and 5 delay was suspended freely in water. A
total of 17 tests were conducted in this
category to verify statistically the
similarity of the shock wave profile and to
create a data base. In the second test the
charge was buried in a submerged concrete
block. The main object of burying the charge
in the concrete block was to study the
reduction in the intensity of the water shock
wave due to burial of the charge. In this
category two types of boreholes were used. One
10mm diameter and 78mm deep hole and the other
20mm diameter and 90mm depth of hole. The aim
of this exercise was to study the effect of bad
blasting practice. A total of three tests in
each category of hole size were performed at
different times. The test set wup and the
associated instumentation are shown in Fig.l.

The instrumentation wused in this experiment
consisted of a piezoelectric hydrophone with a
natural frequency of 150kHz., a capacitor pad to
bring the sensitivity of the output of the
hydrophone within the input —range of the
transient capture and a computer. The
explosives were fired by means of a blasting
machine. The pressure wave in the water
resulting from the detonation of explosive was
digitally recorded using the spherical
piezoelectric hydrophone and analyzed wusing a
proprietory software. In the first category of
test first one hydrophone situated at 0.5m from
the —charge was employed to measure the shock
pressure. In the sccond case, two hydrophones,
at 0.5m and the other at 1lm from the charge were
used to measure the resulting shock pressure.
The measurement al 1lm was used primarily to
check the scaling law for the detonators used in
the test. More details of the experimental
procedure are given elsewhere
(Thandavamoorthy,1990a).

PRESENTATION CF  RESPONSE
FUNCTIONS AND DISCUSSION

SPECTRA, TRANSFER

The measured pressure-time histories of freely
suspended charges and buried charges were qiven
in detail in other papers of the writer.
(Thandavamonrthy 1990a, Thandavamoorthy 1990b).
A ftypical pressure-time history for a freely
suspended  charge is  shown in Fig. 2. As  a

measure
Fig. 3
made
seen

resuld
peak

rapid
initial

of the repeatability of  the

illustrates several of the recordings
overlaid on the same scale. It may bhe
that there is qood repeatabilitly  of
S . Following rapid initial rise to a
pressure of the ocder of 7MPa, there is
decay of pressure. The duration of

peak is of the order of O0.3ms.
should be cautioned, however, that the
history presented does not fully represent
actual pressure wave arising in the water
the natural response of the hydrophone
similar order to the duration of the recorded
wave. In the context of this paper, however,
where the results are prescnted finally as
Transfer Functions relating the spectcrum of a
buried charge to that of a freely suspended
charge, this is of secondary importance since
the effect 1is superimposed equally on all
measurements and are cancelled when estimating
the Transfer Function. A typical pressure-time

results,

a

a

time
the
since
13 of
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history of a buried charge is shown in Fig.4.
The reduction in the level of peak pressure due
to burial of charge is illustrated in Fiqg.5.
Figure 6 illustrates a typical FFT of the 8ms
pressure~time history of a freely suspended
charge. The ordinate is the pressure spectral
level in dB i.e., 1Pa per Hz. and the abscissa

is the frequency on a logarithmic scale.
be seen that the spectrum of the
history for

It may
pressure-time
the freely suspended charge is broad
and flat, with little change in level occurring
within the frequency range of interest. As is
expected from the repeatable time histories, the
spectra are reasonably repeatable with little
variation occurring in their mean levels. Some
degree of oscillation about a mean level occurs;
it 1is suggested that this is due to the
interference of spectrum of reflections with
that of the direct arrival.

The typical response spectrum of 8ms pressure-
time history of a buried charge is shown in
Fig.7. In this case also the ordinate
represents the pressure spectral level in dB.,

1Pa per Hz. and the abscissa
a logarithmic scale. Here also the spectrum is
broad and flat. There is considerable change in
level within the frequency range of interest.

The average spectra of several of the pressure-
time recordings both for freely suspended charge
and for buried charge were computed. An overlay
of average spectra of freely suspended charqges
and buried charges is given in Fig.8. This
figure illustrates quite clearly the
repeatability of the spectra of buried charges
and also the substantial reduction in the peak
level of the pressure due to burial of charg

is the frequency on

es.
From the average spectra of freec and buried
charqges, the Transfer Functions werec computed
dividing the average spectra of buried charge by
tbat of the free charge. Fiqure 9 illustrates

an overlay of the transfer functions of buried
charges in small-hole and big-hole cases. This
is quite clear from Fig.9 that the transfer
functions of these two cases are similar and
also repeatable. The apparent shift in  the
frequency 1is due to some problems in the
plotting routine of the proprietory software.

CONCLUSIONS

From the above study, the following conclusions
can be drawn:

(1) The pressure wave from buried charqges is
reduced  substantially from thal  occurring for
freely suspended charages. The impltication of
this statement is that for buricd charges a
substantially laraer charge size  is  allowable
for a agiven damage level than would be the casce
for a freely suspended charge. Safe stand off
distances and charge sizes calculated by means
of parameters bascd on measurements performed on
a frecly suspended charges will be very

conservative.

(2) The reduction in the level of peak pressure
due to burial of charge is of the order of 12
over that of free charge.

(3) The spectral level of burial of charge is
reduced by 9 to 12 dB over that of free charge.

(4) Too large a hole compared to the size of
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the charge constitute a bad blasting practice.

It is sugyested that furlher experiments need to
oe conducted by varying the distance of the
wydrophone from the charge and also increasing
the depth of Dburial of charge before any
concrete recommendations can be made.
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