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Table 2 Changes in Atterberg Limits due to Soil
Improvement(cf. =%, p.119)
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Liquid Limit (%) Plastic Limit(%)|  Index
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appreciatlon to the members of the Dis-

- 2ol &

wishes to

Al 2B B
writer extend  his
cussion Panel and participants of the sym-
posium for their keen interest in the sub-
ject matter. The writer extends special
thanks to Prof. Moon—soo Lee who has
done a thorough review of the paper and
presented several worthy comments which
are responded herein.

1), 2).Prof, Lee requested a supplemental
treatise on the mechanism relating to sur-
face explosion(Fig. 1—b)and underwater ex-
plosion (Fig. 1—¢), Prof, Lee further
indicated that Fig, 1—(a) and (d) would be
more effective than Fig. 1— (b) and(c).

Mechanism effecting the ground improve-
ment is the interaction between the impact
and vibration generated by the blast action
and the ground. The blast loading (impact
exerted to the

depends on the source mechanism which in

and vibration) ground
turn depends on the location of the charge
with respect to the ground surface. The
paper dealt primarily with deep explosion,
Fig. 1—a, as noted in the paper. The source
mechanism associated with deep explosion
is more complex and the mechanism in both
surface explosion and underwater explosion
may be deduced from that of deep explosion.

The blast load application to the ground
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in both surface explosion and underwater
explosion may be conceived analogous to
the impact and vibration caused by
pounding in dynamic compaction in the
sense that the loads are applied to the
ground surface. In surface explosion, much
smaller liquefaction zone would develop
around the source compared to deep ex-
plosion, and dynamic flotation would be a
more dominant factor than hydraulic
fluidization leading to liquerfaction because
the gases formed by the blast escape in-
stantly into the space outside the ground.
As in the case of crater blast, '.the ground
surface in the vicinity of the blast would be
loosened in surface explosion.

It is possible to avoid liquefaction in
underwater explosion by locating the charge
at an appropriate height above the ground
surface, while liquefaction is inevitable in
surface explosion. Effective scaled distance
and depth of the compaction zone will de-
pend on the water depth available above the
ground surface in both surface explosion
Outside the

in the absence of

and underwater explosion,
liquefaction zone or
liquefaction, the compaction is attributable
to elastic compression and relative displace-
ment of particles described in the paper.

No reported cases of either surface ex-
plosion or underwater explosion are avail-
able outside Russia. Russian experiences
(Ivanov, 1967) indicate that underwater ex-
plosion is more effective than surface ex-
plosion. This finding is in support of the
point raised in the paper that liquefaction
is not a benefit to soil densification.

The obvious advantage of both surface ex-
plosion and underwater explosion over deep
explosion is in the insignificant cost and

130 #9% H15-1998F 3 A

simplicity of installation of explosive
charges. As indicated by Prof. Lee, also in
the paper, surface explosion and underwater
explosion result in a singnificant waste of
the energy, thus are much less effective
than the other methods on the unit charge
weight basis.

3)Prof. Lee requested clarification of Egs.
(1) and (2) and the relationship of the
“layer —by —layer destruction of structure”
with these equations.

These equations are the- backbone of the
concept of layer —by—layer destruction of
structure put forth by Ivanov(10). His
basis was that the intergranular normal

stress at particle contacts, o, increases with
the effective vertical pressure and the pre-
vailing shearing resistance to overcome in
milliseconds delay blasts for initiation of
liquefaction is reduced when the effective
vertical pressure is reduced successively in
layers form the top down. The pressure
generated by blast, p in Eq. 2, is exponen-
tially proportional to cubic root of the
charge weight, and he demonstrated that its
major portion is taken up by pore pressure.
When ¢ is reduced, correspondingly smaller
pore pressure is required to overcome the
shearing resistacne or to lead into liquefac-
tion. It can be mathematically shown that a
fraction of a concentrated blast charge
weight is required in layer —by—layer
blasts

complish liquefaction to the same extent.

with milliseconds delays to ac-
However, as cited in the paper, many of the
case histories reported outside Russia did
not confirm the validity of the concept of
“layer —by —layer destruction of structure”,
and this is one of the main reasons which

prompted the writer to pursue the mechan-



ism from a differing perspective in the
paper.

4)In reference to Fig. 3, Prof. Lee
indicated that ground settlement is still
large beyond the 2.5m inflection point,
although the paper indicates the settlement
to be not large beyond the 2.5m limit in
successive blasts.

Fig. 3 was taken from Kummeneje and
Eide (15), and was interpreted by the
writer as discussed in the paper, Other
could be possible, The

paper states in page 134 “b) The ground

interpretations

settlement beyond the beginning of con-
vexity . .. is not significantly increased . . .
". This is different from saying that the
settlement is not large.

Regardless the difference in the literary
expression, an important observation that
can be made in Fig. 3 is that the settlement
increment per blast is much larger within
the concave portion(loosened zone) as
compared to the area beyond the inflection
point. The paper attributes the larger
settlement increment within the concave
portion to enlargement of the liquefied zone,
but not to corresponding increase in com-
pression of the soil mass.

5)Prof. Lee asked for examples of blast
densification verification in terms of :

a)relative density and dry density, and

b)penetration resistance or angle of
internal friction.

Any ground improvement work must be
verified by suitable methods. Literature
dealing with the verification techniques and
results of blast —induced ground improv-
ement is fairly extensive today.

a)In the beginning of blast application in

the U.S.A., before the age of penetration

tests, in—place density was measured in
excavated test pits and the results were
expressed in terms of relative density
(Lyman (19)). In

advances made in penetration testing, es-

recent years, the
pecially in cone penetration testing area, en-
able us to empirically determine the
in—place relative density(Ref. Bridaud, J.
and Miran, J —1991).

b)Again, penetration tests are commonly
used for verification of ground improve-
ment, and it is possible to empirically de-
termine the angle of internal friction. The
inventiora and improvement being made of
flat dilatometer, combined with the capa-
bilities of the new generation cone
pemetrometers, improve our ability to more
reliably estimate the angle of internal
friction in verification of blast —induced
ground improvement.

The writer would like to take this oppor-
tunity to mention that the paper was re-
grettably narrowed in scope than originally
contemplated due to the time constraint
and space limitation. Many of important
factors that appear to critically affect blast
densification of ground, such as the initial
void ratio, overburden pressure, and water
depth, among others, could not be treated.
However, the writer is comforted in a hope
that paper may serve as a frame for
attracting interest of others in this import-
ant area of deep in—place ground improve-
ment technology, and generate more knowl-
edge into filling the frame with essential
details.

Reference
Briaud, J., and Miran, J.(1991) “The Cone
Penetrometer Test”, The Federal Highway

Administration Washington, D.C.
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