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The authors have presented very interesting results showing
excellent agreement between those predicted by the authors'
model (Chow et al., 1992) and the measured crater depths
obtained in several case histories of dynamic compaction
(DC). The paper indicates that the input parameters for the
soil model are obtained by correlation with the tip resistance
(qc) obtained from electric cone penetration testing (CPT).
The authors present a number of ®gures in terms of relative
density (Dr) against depth before and after ground treat-
ment. The numerical model appears to calculate changes in
Dr from an initial value interpreted from cone penetration
tip resistance. The ®nal value of Dr predicted by the model
also appears to agree very closely with the value of Dr

obtained by correlation with CPT testing conducted after the
®rst pass of DC. This agreement is surprising for the reasons
now outlined.

Cone penetration testing under controlled conditions in
calibration chambers has shown that the correlation between
qc and Dr is very dependent on the in situ lateral stress (e.g.
Houlsby and Hitchman, 1988). Baldi et al. (1986) recom-
mended the following formula to estimate relative density
based on calibration chamber test data:
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where C0, C1 and C2 are soil constants with values of 181,
0´55 and 2´61 respectively; ó9 is the mean effective stress in
kPa; and qc is the cone penetration resistance in kPa. At a
vertical effective stress of 40 kPa, this formula predicts that a
cone tip resistance of 8 MPa will indicate a Dr of 75% for
K0 � 0:5 and 62% for a K0 � 1:5.

In their 1992 paper, Chow et al. noted that DC changed
the lateral stress. It seems likely that the change in lateral
stress will be greater near the ground surface than at
depthÐthat is, K0 will decrease with depth, approaching the
normally consolidated condition at a depth which will
depend on the energy input during DC. As the authors'
model seems to include correlations with soil parameters
selected based on the estimated Dr, it would seem important
that this effect be taken into account.

It would be appreciated if the authors would indicate
whether their model is sensitive to this effect and whether
they account for changes in lateral stress when:

(a) updating soil properties in the model
(b) interpreting the Dr pro®le from the post-densi®cation

CPT results for comparison with analysis results.

In addition, it would be useful if the authors would give
some guidance as to the basis for selection of foundation
design parameters for the treated ground. Would their
model give an estimate of soil stiffness or would the design
parameters also be selected based on the interpreted dis-
tribution of Dr with depth?

Authors' reply

The authors thank the discussers for their interest in the
paper. As rightly pointed out by the discussers, the change
in lateral stress will be greater near the ground surface than
at depth during the improvement of the ground. This
change in the lateral stress is taken into account in the
numerical model in an approximate manner when updating
the soil properties after the impact of the pounder. Interpret-
ing the Dr pro®le from the post-densi®cation results is done
by relating Dr to the residual strains in the soil column
elements. The details of the procedure are given in Chow et
al. (1992). It is recognized that this is an approximation but it
is not possible to estimate these properties in a more
rigorous manner using this simple model. It is noted that the
computed pounder penetration, and degree and depth of
soil improvement are essentially governed by the non-linear
behaviour of the soil column, and are less sensitive to the
updating of the soil parameters of the soil springs and
dashpots.

The foundation design parameters for the treated ground
may be selected based on the interpreted distribution of the
friction angle and Dr with depth. It is noted that the
numerical model only gives the design parameters directly
beneath the pounder. Estimation of the lateral extent of the
ground improvement can be estimated using the procedure
reported in Chow et al. (1994). If the print spacing in the
dynamic compaction scheme is such that the ground is not
uniformly treated, some approximations will need to be
made when using standard bearing capacity theories.
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