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1 PAPER REVIEWS 

The first paper considered is the one by Premstaller, 
describing a project in Austria on the shores of the Zell 
am See. A deep basement was required to be con-
structed right next to an existing hotel to create under-
ground car parking, and initial conventional thoughts 
were that 10 boreholes would be necessary. However 
the author carried out a desk study which showed that 
the site was contained within an alluvial fan, shown in 
Figure 1, and also produced may previous borehole 
logs. This allowed the author to characterise the site 
based ion that pre-existing data, and have a very good 
idea of the nature of the soils to be expected which, in 
turn, meant that he could reduce the new investigation 
to only two CPT profiles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Alluvial delta with existing investigations from Prem-

staller 

 
 

 
This would appear to be a very efficient way of char-
acterising this particular site. The CPT profiles were 
processed through commercial interpretation software, 
and showed very uniform conditions over the 25 m 
depth, which must have contributed to the successful 
use of jet grouted columns to create retaining walls and 
to underpin adjacent structures. 

The second paper, by Failmezger, Sedran and Mar-
chetti, demonstrates the advances that have been made 
in site characterisation in the last 75 years although, 
unfortunately, many sites do not take advantage of 
them as much as this one. The work was done for a 
replacement highway bridge and, when the original 
bridge was constructed in 1939, the soil was tested in 
situ by driving a 25 mm diameter steel pipe with a 68 
kg drop hammer, obviously predating the SPT. The 
river bed conditions being investigated for the founda-
tions of the new bridge comprised about 15 m of mud 
and very soft to soft clay overlying stiff to hard clay, 
and this time appropriate techniques were used for the 
varying soil conditions. 

Conventional drilling with telescopic casing was 
used to deal with issues from the floating barge, the 
depth of water, and the very soft seabed, and SPT tests 
were carried out. IN addition a fixed piston sampler 
was used to retrieve samples of the very soft and soft 
clays, with a Denison piston sampler used for the stiff 
to hard clays. Within the standard boreholes pressure-
meter testing (PMT) was also carried out, with a mo-
nocell pressuremeter, which was calibrated for both 
membrane resistance and system compressibility. 
Vane shear testing was also carried out, with a large 
vane in the very soft to soft clays, but even the smallest 
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vane exceeded the available torque in the stiff to hard 
clays. 

A direct push seafloor system was used to push CPT 
cones and DMT probes, without needing to worry 
about buckling in the string through the water. How-
ever, the mud and soft clay provided so little resistance 
that the cone had to be supported in order to penetrate 
at 20 mm/s, and the limited lateral restraint was gener-
ally a constraint on the testing, which reached depths 
of 30 to 41 m against a target of 55 m. DMT testing 
was also carried out, and a lot of details are provided 
of the special drilling techniques used to reach the re-
quired depths. 

Seismic tests were also carried out with the DMT 
seismic module, determining the shear wave velocity 
profile, from which shear modulus could be calculated 
for comparison with the empirical relationships with 
DMT pressures and cone resistances, and also the re-
sults of the PMT tests, as shown in Figure 2. 

Figure 2. Constrained modulus determined by various methods, 
from Failmezger et al. 

 
Another of the more detailed papers with regard to site 
characterisation is that by Schofield, who was involved 
with a housing development over a brownfield site in 
Melbourne. The profile consisted of demolition debris, 
some of which was contaminated from the previous in-
dustrial use, over compressible soils including recent 
deposits and the infamous Coode Island Silt. This was 
carefully investigated with CPTu and DMT testing 
(see Figure 3), together with some rapid dissipation 
tests to examine permeability. The proposed treatment 
to allow construction of 3 storey housing without the 
need for piled foundations included High Energy Im-
pact Compaction for the demolition fill and Port of 

Melbourne Sands, where present, and surcharge load-
ing to consolidate the softer sediments. 

Obstructions within the site formed by old piled 
foundations were a potential problem, also dealt with 
by surcharge loading. A trial was carried out on a test 
pad, which confirmed the rates of consolidation pre-
dicted from the rapid dissipation tests, which in any 
event covered a range of three orders of magnitude. 
To check the success of the HEIC method, post treat-
ment CPT cone tip resistances were compared with 
pre-treatment values, and in addition geophysical test-
ing was carried out both before and after treatment us-
ing the MASW signal processing technique. 

Although this is an interesting paper, and a saving 
of about $10 million in foundation costs is claimed by 
avoiding piles for the 300 townhouses, there remain 
some questions about the surcharge loading. OCR val-
ues were derived from the CPT testing and from the 
DMT testing, and gave values of about 2. It is not clear 
whether this applies to the upper compressible layer of 
Unnamed Recent Alluvium, which appears to be be-
tween 2.5 and 3.5 m below the site surface, or to the 
Coode Island Silt which was deeper but up to 13 m in 
thickness. The author also states that the test pad ap-
plied a surcharge pressure of 50 kPa, which is on the 
low side for surcharges but plausible. However, it is 
then stated twice in the paper that the actual surcharge 
was originally planned at 7.5 kPa for a period of 9 
months, which does not seem to be reasonable, as this 
is unlikely to have exceeded the pre-consolidation 
pressure with an OCR = 2. It was later stated that the 
surcharge pressure was increased to 20 kPa and then to 
45 kPa, which would have a better chance of exceed-
ing the p’c, although surcharge periods were corre-
spondingly reduced to only 1 month, which could be 
possible with high horizontal permeability. The sug-
gestion that exceeding p’c will lead to an increase in 
t90 also indicates some confusion since , generally, ex-
ceeding p’c will lead to a change from Cs to Cc which 
will influence the magnitude of the consolidation, but 

Figure 3. Thickness (m) of CIS with CPT qt < 1 MPa, from
Schofield 
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will not automatically affect cv and ch which control 
the rate of consolidation and the time factor. 

Although all four papers reported on here deal with 
case histories of foundations, they are very different 
from each other in so far as one deals with micro-piles, 
one with a deep excavation, one with design of bored 
and driven piles, and one with foundations on rock. 
This last, by da Silva and Coutinho, also looks at site 
characterisation by both geophysical and mechanical 
methods, in order to build geological and geophysical 
models, in some complex geological conditions in 
Brazil where tropical weathering can extend to depths 
of 50 m below the “top of rock”. It is noted that this is 
not within the experience of engineers working in tem-
perate climates, but can have a profound effect on the 
performance of deep foundations in tropically weath-
ered zones, such as South America, Australia, southern 
Africa and South East Asia. The paper points out that 
classification of weathering alone is necessary but not 
sufficient as it oversimplifies the relevant factors. 

On the site which is the subject of the paper, inves-
tigative holes were drilled using conventional tech-
niques, and also with “a rock drill, normally deployed 
for rock blasting”. This is taken to mean a rotary per-
cussive drill, typically mounted on an air driven 
tracked rig. This sort of drilling is especially useful in 
weathered rock profiles, where the presence of boul-
ders formed as corestones can be very misleading, es-
pecially with regard to the founding level of bored 
piles. In previous times, before they were outlawed by 
health and safety regulations, the toe level of hand dug 
caissons was generally confirmed by rotary percussive 
drilling through the base to confirm that the exposed 
rock was massive, and not a floating corestone. 

Figure 4. Load settlement curve for rock socket from Silva et al. 

 
From the laboratory test results it is inferred that there 
is a relationship between porosity and strength, sug-
gesting that porosity is an indicator of weathering, 
while absorption is an indicator of the variability of the 
rock mass. The results of the “rock drilling” are also 

compared with the conventional drilling, and found to 
have a reasonable correlation. 

These results were then considered in relation to the 
design of rock socketed piles, and compared with the 
results of a static load test and also a dynamic load test. 
The working load of the pile was 130 tonnes, with a 
length of 10 m of which half was the rock socket, and 
two diameters were given, 410 and 300 mm, the latter 
assumed to apply to the rock socket. 

The test load was taken up to twice the working load 
and, as might be expected for a rock socketed pile, 
there was no indication of reaching failure or even 
yield, with a final pile head displacement of only 3.38 
mm, and a residual settlement after all load had been 
removed of only 0.25 mm, as seen in Figure 4. If half 
of the load were carried in the soil and the other half at 
the base of the rock socket, the elastic shortening alone 
might be expected to be about 6 mm.  

The dynamic load test verified an ultimate capacity 
in excess of 350 tonnes, but this was still at a theoreti-
cal displacement of only 9 mm, which could not be 
considered a true ultimate capacity for a 410 mm di-
ameter pile. The test had to be stopped because of ex-
cessive compressive stress on the pile from the 3780 
kg drop weight causing damage. It would appear that 
more dynamic tests were carried out, but these were 
not reported other than saying that 86% of those tested 
showed an ultimate capacity of twice the working load, 
with the remaining 14% close to this value, and all at 
relatively small displacements. Reference is made to 
possible savings in piling cost by reducing rock socket 
penetration, but these are not quantified or applied, nor 
is it explained how these may be related to the “rock 
drilling”. 

The paper by Buttling looks at pile design using two 
limit state design standards, the European Standard of-
ten known as EC7, and the Australian Standard AS 
2159-2009. It does so though examining two separate 
case histories, one in Bangkok using a lot of deep 
bored piles under a common mat foundation for three 
high-rise towers, and one in Queensland using driven 
precast piles for structures within a water treatment 
plant. Because these are past projects, and because 
there is a reasonable amount of soil and pile testing 
data available for both, it has been possible to “wind 
the clock back” and carry out the design according to 
several of the available methods within each standard, 
and thereby to compare the outcomes. 

OneOne of the aspects that makes this difficult with 
regard to EC7 is that it is, in effect, an incomplete code 
since, in order to deal with conflicting requirements 
from different nation states within Europe, it requires 
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a number of matters to be dealt with in National An-
nexes, which makes the standard, in effect, unique to 
each country. The author, not practising in any of these 
countries, was not experienced in the use of any Na-
tional Annex, so opted to apply the blanket require-
ments of the base document. 

Figure 5. SPT profile for Bangkok site from Buttling. 

The site in Bangkok was characterised with SPT N val-
ues, which seems to be unfortunately common in eve-
ryday practice, in spite of the excellent advanced meth-
ods being discussed at this conference. CPTu testing 
was also available, but could not penetrate to the 
depths required for large diameter bored piles. Since 

Bangkok has been subject to a lot of major develop-
ment in the last 40 years, not only of high-rise build-
ings but also significant amounts of infrastructure, es-
pecially elevated expressways, there has been a very 
useful amount of soil investigation and pile testing car-
ried out, and a lot has been published in regional con-
ferences and by the Asian Institute of Technology. 
This has allowed the development of local empirical 
rules relating shaft friction to SPT N value, for exam-
ple, based on a significant database of experience. 
Comparisons are made between the use of individual 
boreholes in design, the “model pile method”, and the 
use of borehole data to determine design lines which 
are then applied across the site. They are also made for 
design using static load tests, since several were avail-
able. It is found that all methods gave very comparable 
results, with appropriate cognisance being given to in-
creased uncertainty. 
The EC7 methods were then also applied to the project 
from Queensland. In this CPT testing was also availa-
ble from the site, but not over the depth required to 
provide founding support for driven piles. There was 
also no static load testing, although there were 15 dy-
namic load tests, 5 of which were subject to signal 
matching (CAPWAP) analysis. Again the results of 
different methods were found to be reasonably compa-
rable. 
AS 2159-2009 was then applied to the same two pro-
jects, although strict comparisons are difficult because 
of the differing load factors used associated with the 
two standards. The Australian Standard appeared to 
give higher design resistances, as shown by Table 1: 

The next paper in this group is quite unusual with 
regard to site characterisation, since it does not relate 
to any particular site, but rather to the characterisation 
of sites in general. It is the paper by Barvashov and 
Boldyrev, which makes strong reference to the limited 
volume of soil affected by a foundation which is nor-
mally sampled, suggested at less than 10-6, and also to 
the small fees typically paid for soil investigation, 
which, it is suggested, are between 5 x 10-4 and 1 x 10-

3 of the construction cost. While the reporter acknowl-
edges that these sort of proportions may well be appli-
cable to projects in Russia, and notes that he has been 
admonished for suggesting a spending of 1.7 x 10-3 on 
site investigation for a capital infrastructure project 
here in Australia was excessive, and that 5 x 10-4 
should have been enough, he also believes that inter-
polation between investigation points is a perfectly ac-
ceptable and recognised international practice, and 
does not justify description as “inflation”. 
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Table 1: Comparison of the results from the two codes 

 

Site 

With or 

without 

testing 

Code 

EC7 – Rc,k 

(kN) 

AS2159 – 

Rd,ug (kN) 

Bangkok 

No testing 11,526 12,464 

With static 

load testing 

With dy-

namic test-

ing 

11,434 

14,736 

15,277 

20,630 

Queensland 

No testing 2,121 2,379 

With dy-

namic test-

ing 

2,017 2,017 

 
In relation to the prediction of settlement of structures, 
the paper goes on to suggest a statistical approach to 
building on a heterogeneous soil. The profiles of E, c’ 
and φ’ proposed are as shown in Figure 6, but it is 
noted that, while the profile of E seems to be similar to 
some real data from DMT testing, included in the data 
to show heterogeneity, the other data has been ran-
domly generated because “real data” was not availa-
ble. 

Figure 6. Vertical profiles of E, c’ and φ’ used in Barvashov et al. 

 
A number of problems seem to exist with this concept. 
One is that it is based on Winkler springs, as com-
monly used by structural engineers in conjunction with 
structural models, but which fail to take account of the 
continuum which is soil. Another is that, in the random 
generation of data, no account has been taken of cor-
relation distance so that both c’ and φ’ are seen to os-
cillate about their mean values in an unrealistic man-
ner. 
It is also worthy of note that, while the authors are 
scathing of geologists and geotechnical engineers who 
interpolate between measured points, referring to it as 
inflation, they seem quite happy to accept extrapola-
tion in values of subgrade modulus, a process gener-
ally regarded as much less safe than interpolation. 
They apply their method to the determination of tilt 
along two axes of a theoretical 20 x 40 m structure cre-
ating a load of 300 kPa, with either 5 boreholes (one at 

each corner and one in the centre) or 9 boreholes (3 x 
3), but appear to show that, while the predicted tilt in 
the X-direction for 9 boreholes is about 2/3 of that for 
5 boreholes, in the Y-direction it is 5 times greater. 
This defies logic and, while the application of statisti-
cal methods to geotechnical engineering in general and 
site characterisation in particular is to be applauded, 
there seems to be quite a lot of additional work re-
quired before this method could be applied in practice. 
A form of ground improvement using granular inclu-
sion is described in the paper by Unver, based on a 
conceptual design for a proposed project in Turkey. 
The shopping centre is planned to have 12 separate 
blocks of varying proportions but only a single storey. 
Unfortunately the site characterisation in this case 
must be considered below standard. The main issue 
has been the very soft nature of a layer of clay between 
4 and 9 m in thickness beneath the site. Unfortunately, 
as too often happens in these situations, the site inves-
tigation appears to have been carried out with more 
consideration of cost than of the value of the data ob-
tained. As a result the Standard Penetration Test was 
used, with 18 out of 25 test results giving an N value 
of zero, which is also equal to the value of the infor-
mation. It is worthy of note that the weight of one 
standard rod, together with the anvil and a split spoon, 
even without the hammer placed on the anvil, will pro-
duce an end-bearing pressure of nearly 350 kPa, which 
will require an undrained shear strength of between 
about 35 and 65 kPa to resist penetration, depending 
on whether the bearing capacity is nearer to 5 or 9. As 
soon as the hammer is placed on the anvil, prior to lift-
ing, the required undrained shear strength increases to 
between 75 and 125 kPa. It is therefore clearly not pos-
sible to estimate the undrained shear strength of very 
soft and soft soils using this test, so it is also not pos-
sible to presume an undrained shear strength of “5 – 10 
kPa at most”. Many of the in situ tests to be discussed 
at this conference will give much more meaningful re-
sults, and it is to be hoped that, in the further investi-
gation “using more advanced site investigation tech-
niques” proposed for the final design stage, such test 
methods will be employed. 
Given the very low presumption of undrained shear 
strength, it is not surprising that conventional stone 
columns, which rely on some confining pressure com-
ing from the surrounding soil (Greenwood and Kirsch, 
1983), were found to provide insufficient bearing ca-
pacity even for the single storey buildings. Unver has 
therefore proposed to post-grout the columns to create 
a form of pile, about 60 cm in diameter, and relying 
upon the end-bearing on the underlying stiff strata for 
support. 
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The layer of soft clay will also be subject to consid-
erable settlement under both the building load and also 
the weight of about 2 m of fill to be placed over sur-
rounding areas to raise the ground levels. Unver has 
calculated these at between about 250 and 350 mm, 
which are considered unacceptable. While the grouting 
of the columns may reduce the settlement under the 
buildings, it is also proposed to use geogrid reinforced 
fill over the same columns under filled areas to reduce 
their settlement. 

No mention has been made of any trials, so it is not 
known how the grout will be introduced into the col-
umns. Typically, even though clean granular material 
is used to form columns, by the time they are installed 
in soft soils the voids are all filled, which will make it 
difficult for grout to permeate in a post-grouting pro-
cess. This will also need to be considered in the final 
design stage, and load testing of trial columns must be 
recommended before committing to construction. 

The paper by Mehdizadeh is an unusual paper on 
some load testing on small groups of micropiles. This 
is a special technique on which raking galvanised steel 
pipes 40 mm in diameter are driven into the ground at 
an unspecified rake that looks to be about 3 (V) to 
1(H), to depths of between 1200 and 2000 mm. Be-
cause the tops of the pipes are located by and guided 
through a steel pile cap, the whole procedure is 
claimed to be very quick, with no concrete required, as 
illustrated in Figure 7. 

It must be said that this arrangement is unusual, 
since it is more common for raking piles to be used to 
minimise pile moments in favour of axial forces, 
whereas the opposite is happening here, with vertical 
loads being turned into moments in the piles. Since 

they are steel tubes their moment capacity is probably 
adequate, but some special study is probably war-
ranted to measure how the bending in the piles varies 
with applied load and how the soil supports those non-
axial forces. 
A total of four tests were carried out, each being in 
both tension and compression, and the reaction was 
provided by a further four similar pile groups of a 
larger size. The tests were carried out in Victoria, 
about 1,700 km south west of here and, although the 
reference to site characterisation was very limited, the 
soil conditions were described as between 300 and 700 
mm of fill over a high plasticity clay which was soft at 
its upper surface but was claimed to become very stiff 
at 5 m depth. Pile depths were limited to 2 m. Some 
soil properties were provided. 
Load/settlement curves were provided for each test, 
which clearly show a stiffer response for the tension 
loads than for the compression loads, apart from the 
first test on the pile denoted as SF100-1200, where the 
compression test was carried out first. It is perhaps un-
fortunate that the influence of a test in one direction on 
a subsequent test in the opposite direction, even after a 
delay of 2-3 days, has not been considered in the anal-
ysis, since the results clearly seem to indicate this. It 
may also explain the note that SF300-1200 did not fol-
low the pattern of increasing capacity with increasing 
length and number of piles, since its ultimate tension 
load does appear to exceed the ultimate tension load of 
SF100-1500. 

Attempts have been made to determine the ultimate 
capacity in compression, based on extrapolation of 
load settlement curves on tests not taken to failure by 
a number of authors. Since these were based on the as-
sumption of a single vertical pile, it is not clear why 
any of them should apply to a group of slender raking 
micropiles, so that requires some further explanation. 
It would also be interesting to note if any tendency was 
observed for the pile cap to rotate under axial load, as 
a result of the raking piles applying a torque. It is also 
noted that theoretical bearing capacity in compression, 
and pullout capacity in tension, have been determined, 
the latter including a contribution from passive re-
sistance, although no detail has been provided as to 
how these were calculated. It is further agreed that 
some numerical modelling, which can be calibrated by 
these static load tests, would be very useful in examin-
ing the influence of various parameters. 

In the Ground Improvement Case Histories section, 
the paper by Du and Shahin is unusual, since it has no 
mention of site characterisation, and does not seem to 
relate to any particular site or case history. It describes 
a method for compacting a layer of liquefiable soil, at 
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some depth below the surface, to form a raft which, it 
is claimed, allows construction of a variety of struc-
tures over the raft while avoiding liquefaction. The 
compaction is achieved by driving construction debris 
out from the bottom of a steel tube, in a manner similar 
to a Franki pile, although it does not use fresh concrete. 
The compacted bulbs are claimed to compact the sur-
rounding soil, reducing its liquefaction potential in the 
process, and to link up to form a raft. 

 
Figure 8. Cross section of two bulbs with compacted soil zone, 

from Du and Shahin. 

 

Although it is claimed that there is a patent application 
out on this process, it is not at all clear what novelty 
has been introduced, since it has long been known that 
compaction reduces the potential for liquefaction, and 
this can be achieved by a variety of dynamic tech-
niques, such as vibrocompaction or vibroflotation, and 
dynamic compaction or dynamic replacement, as well 
as the Franki pile technique referred to. No actual case 
histories are reported, but it is suggested that the pen-
etration of the hammer over the last three blows can be 
used as a form of quality control, even though the ham-
mer may be out of sight inside the steel casing. 

The last paper in this summary report also makes no 
reference to site characterisation, being related only to 
some 1g model tests in a laboratory in relation to the 
response of a piled raft system. Some physical proper-
ties of the marine clay used in the tests are provided 
but, since it appears to be a natural marine clay from a 
site at Dahej in Gujarat, it is not clear how relevant 
they are after the clay has been remixed at its Liquid 
Limit, and then consolidated under 80 kPa for an un-
specified length of time. 
An illustration is shown of a single pile and a small 
square of four piles under a 160 mm square model raft, 

and it appears that loads have been placed on (i) an 

unpiled raft, (ii) a piled raft with one or four piles, and 

(iii) something called a pile group with one or four 

piles, although it is not clear what this looks like. 
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Figure 9. Load vs Settlement for a raft, a group of four piles, and 

a raft with four piles, from Shah et al. 

Although reference is made to the use of piles in piled 
rafts as settlement reducers, that principle does not ap-
pear to have been used here. An essential feature of 
settlement reducing piles in piled rafts is that the raft 
on its own has sufficient bearing capacity, allowing the 
piles to be designed only as settlement reducers, and 
with an appropriately low factor of safety (Poulos 
2001). As clearly seen in Figure 9 that is not the case 
with these model piled rafts, since the unpiled raft, 
shown by the blue line, has an ultimate capacity about 
10 times less than the piled raft. 
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