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1 INTRODUCTION 
 
This session report summarises 9 papers on a range 
of penetration tests. The groupings given in Table 1 
can be considered, where the values indicate the num-
ber of papers covering the particular topic. 
 

Table 1 Groupings of papers at session 

 
General review comments are follows.  
(a) All session papers show incremental develop-

ments for existing test systems, i.e. no break-
through innovations. 

(b) All papers aim at getting cost down for geotech-
nical design, by adding geotechnical value and/or 
by equipment optimisation. 

(c) Several papers consider additional measurements 
for existing test systems, adding geotechnical 
value at relatively low cost. This is no surprise, 
considering the increasingly lower threshold for 
adding electronics and associated processing tech-
niques. 

(d) Many papers consider distinct applications, partic-
ularly soil response of low-permeability normally 
consolidated and slightly overconsolidated soils. 

(e) The cone penetration test continues to dominate as 
benchmark for in situ penetration testing.  
The sections below summarise the papers assigned 

to the conference session. Note that this session report 
relies on draft versions of the papers, as submitted by 

their authors. Final submissions may have included 
comments from the conference review committee.  

The selected sequence is according to last name of 
the first author. The selected figures are copies from 
the papers. Each section includes comments from the 
session reporter, below “Comments are as follows”.  

The opinions expressed in this session report are 
those of the session reporter. They are not necessarily 
shared by Fugro. 

2 CONTINUOUS-INTERVAL SEISMIC 
PIEZOCONE TESTING IN PIEDMONT 
RESIDUUM 

Agaiby et al. describe a comparison of measured in 
situ shear wave velocities vs derived from seismic 
cone penetration tests (SCPT) for continuous-push 
and discontinuous-push. Results from multi-channel 
analyses of surface waves MASW are also available. 
The test site comprises residual soils from in-place 
weathering of metamorphic and igneous bedrock. 
The soils range from micaceous fine sandy silts to 
silty fine sands. They are uniform to the investigated 
depth of 12 m; refer to Figure 1. The spread in vs in 
the upper few metres is attributed to testing having 
been conducted at various times. This allowed 
changes in pore water saturation and water level fluc-
tuations. 

The continuous-push SCPT system uses an elec-
tromechanical gear system as seismic source, gener-
ating uni-directional acoustic impact every 5 seconds. 
Acquisition of seismic signals takes place during 
cone penetration, thereby providing vs resolution in 
the order of 0.1 m depth intervals. The discontinuous-
push SCPT system requires a penetration interruption 
for acquisition of seismic signals. This allows left and 
right strikes and signal stacking. 

The authors focus on signal processing for the con-
tinuous-push SCPT system, according to the follow-
ing steps: 

ABSTRACT: This Report provides a short overview of the topics covered in nine papers submitted to one of 
the ISC´5 sessions on penetration testing. The reporter provides comments on each of these papers and these 
should be regarded as representing the opinion/interpretation of the reporter. 

 

Discontinuous penetration test 5

pore pressure dissipation 2

seismic downhole for shear wave velocity 1

torque/ rotation resistance 3

Monotonic push/ extraction 6

cone penetration test 6

T-bar penetration test 1

ball penetration test 2

sharp cone test 1

Free fall penetration test 2

Impact penetration test 2

Equipment hardware and data acquisition 3

Data processing/ interpretation model(s) 8

Field experience 6

Unconventional soils 3

Session Report: Penetration Testing 

J. Peuchen 
Fugro, Netherlands 

 
 

251



(a) Detrending of time series, i.e. a statistical opera-
tion for removing abnormal unexpected trends or 
any signal distortion such that the detrended raw 
data signals approach a baseline value 

(b) Filtering for noise and wavelet interference; the 
settings for bandpass filtering were applied on the 
basis of visual examinations of fluctuations in sig-
nals 

(c) Windowing to capture the zone of interest for 
shear wave velocity  

(d) Cross correlation in the time domain; this evalu-
ates time shift between to independent wavelets by 
finding the lag time corresponding to the maxi-
mum covariance or maximum cross correlation in 
the time domain 

(e) Cross-spectral analysis in the frequency domain, 
identifying correlation between two time series at 
given frequencies; the analysis provides a phase 
spectrum in the frequency domain allowing the 
calculation of time shifts and phase velocities be-
tween two different wavelets 

(f) Application of a 10th order running-mean filter for 
reduction of scatter, particularly zero-phase for-
ward and reverse digital filtering techniques.   

 
 

 

 

 

 

 

 

 

 

 

Figure 1. Comparison of derived shear wave velocities, where 
SCPTu refers to discontinuous-push and X to continuous-push 
testing. 

 
Comments are follows: 
(a) The continuous-push SCPT system offers oppor-

tunities for vs resolution in the order of 0.1 m depth 
intervals in a shorter time on site, compared to a 
discontinuous-push SCPT system. Reduction in 
on-site time can reduce overall cost of vs data.  

(b) Soil conditions for the test site are uniform. This is 
favourable for consistent derivation of shear wave 
velocities. It would be of interest to consider non-

uniform soil conditions. Unfortunately, this is not 
practicable for interpretation of any comparisons.  

(c) SCPT systems introduce steel “rod” into soil, for 
which the stiffness and velocity properties differ 
inevitably from those of the surrounding soil. The 
geophones are inside the rod. The precise travel 
path of acoustic waves in vicinity of the geophones 
remains unclear. Particularly, it may vary for non-
uniform soil conditions. 

(d) The authors claim that signals generated by the 
continuous-push SCPT are “more accurate with 
lower scatter” compared to the discontinuous-push 
SCPT. Presumably, this claim is guessed from the 
comparisons. The session reporter is not aware of 
published uncertainty analyses for vs from SCPT, 
regardless of system type.  

(e) It should be remembered that derivation of small-
strain shear modulus Gmax from vs includes a quad-
ratic relationship. Uncertainties in vs will be prop-
agated accordingly. 

2 CHARACTERISATION OF A NORWEGIAN 
QUICK CLAY USING A PIEZOBALL 
PENETROMETER 

Boylan et al. compare results from ball penetration 
testing BPT and cone penetration testing CPT in 
quick clay. The ball penetrometer has a diameter of 
60 mm or a projected cross sectional area 
A = 2830 mm2. The push rod is step-tapered with 
A = 1000 mm2 and A = 314 mm2. The ball includes 
button filters and pressure sensors for pore pressure 
measurement at the ball equator um and ball tip utip. 
The piezocone penetrometer has a cross sectional 
area of 1000 mm2 and includes a cylindrical filter and 
pressure sensor for pore pressure measurement u2 at 
the shoulder of the cone tip. 

Figure 2 presents BPT results. Quick clay is pre-
sent below a depth of about 8 m. It is defined by a 
remoulded undrained shear strength su-rem of less than 
0.5 kPa, i.e. almost liquid. Strength index tests indi-
cate a laboratory strength sensitivity St in the order of 
150 to 350. The water content, plasticity index and 
liquidity index are about 38%, 6% and 4 respectively. 

Ball resistance qball and net cone resistance qn in 
the quick clay increase with depth at average rates of 
about 15 kPa/m and 40 kPa/m respectively. The ratio 
of qball/qn is between 0.3 and 0.5. This low ratio is at-
tributed to a greater degree of soil remoulding for a 
ball penetrometer compared with a cone penetrome-
ter. The BPT ratio Δum/Δutip is in the range 0.6 to 0.7. 
At the ball tip position, the soil is in compression at 
all times and positive pore pressures Δutip are meas-
ured. At the equator position, the soil is subjected to 
shear stresses and the response in normally consoli-
dated to lightly overconsolidated clay results in posi-
tive excess pore pressures Δum during penetration.  
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Figure 2. BPT results (a) net ball resistance (b) excess pore pres-
sures (c) pore pressure parameters. 

 
Figure 3 compares interpretation of pore pressure dis-
sipation test results for BPTs and CPTs, in terms of 
coefficient of consolidation ch. The comparison in-
cludes interpretative results for cv derived from labor-
atory oedometer tests. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. Comparison of consolidation properties derived from 
BPT, CPT and laboratory oedometer; quick clay is below 8 m 
depth. 

Comments are follows: 
(a) The authors add to experience with ball penetra-

tion testing in unconventional soft clays, i.e. quick 
clays.  

(b) The presented test results may assist in future 
standardisation of BPT pore pressure measure-
ments. BPTs are standardised by ISO 19901-8 
“marine soil investigation”. This standard men-
tions BPT pore pressure measurement but pro-
vides no requirements for pore pressure measure-
ment including location(s) of measurement.  

(c) The authors mention that at least one cyclic BPT 
was carried out “to evaluate the symmetry of pen-
etration and extraction resistance and allow the 
data to be re-zeroed if necessary”. No results are 
presented. Clarification would be of interest about 
why/how symmetry would be obtained for pene-
tration and extraction resistance of a ball+push rod 
with limited symmetry in terms of soil flow. 

3 SOIL STRENGTH IN THE MURRAY 
RIVER DETERMINED FROM A FREE 
FALLING PENETROMETER  

Fawaz et al. describe design and application of a low-
cost free-fall penetrometer that allows manual opera-
tion in shallow water depth. The penetrometer has a 
mass of about 12 kg. The penetration part of the pen-
etrometer consists of circular disc as tip, with diame-
ter options in the range of 30 mm to 50 mm. Disc size 
affects penetration (Figure 4). The straight shaft is 
about 1.9 m long, with a diameter of 20 mm. The in-
strumentation is at the top of the penetrometer and 
consists of an IMU (inertial measuring unit) that in-
corporates a triple axis gyroscope, a triple axis accel-
erometer and a triple axis magnetometer producing 9 
degrees of inertial measurement. Logging rates of up 
to 750 Hz are feasible if vertical acceleration is rec-
orded only. The penetrometer was trialled in a river 
setting, using a small vessel and a hand-held rope. 
Achieved penetrations depend on size of tip selected 
and strength of the river sediments. Acceleration data 
are correlated to undrained shear strength using con-
ventional bearing capacity theory and allowances for 
rate effects and drag forces. Estimation of drag forces 
on the penetrometer and the rope is based on data ac-
quired just before the tip impacting the soil surface. 
Test results suggest a penetration limit equivalent to 
undrained shear strength of about 5 kPa to 10 kPa at 
a minimum water depth of about 5 m. 

Figure 4. Effect of disc diameter on penetration into soil. 

Comments are as follows. 
(a) Portability of the test equipment is an important 

advantage. The presented system has a total mass 
of about 12 kg. The authors report no information 
on required forces for recovery of the tool from the 
soil. Special measures may possibly be required. 
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(b) The relatively large area of the penetrometer tip al-
lows easier detection of the interface between wa-
ter and extremely soft soil, compared to a free fall 
penetrometer with a tip diameter equal to the shaft. 
Interface detection is a common issue with free fall 
penetrometers relying on acceleration measure-
ments only.  

(c) The time required for soil penetration was about 
0.5 s to 1 s. The authors report issues with low log-
ging frequencies. Tool modification for a logging 
frequency of 1500 Hz will probably be adequate. 

(d) The authors provide no information on data filter-
ing for ambient noise, e.g. noise arising from soil 
penetration and retrieval rope.  

4 STRENGTH ASSESSMENT OF FROZEN 
SOILS BY INSTRUMENTED DYNAMIC 
CONE PENETROMETER 

Kim et al. summarise results of laboratory experi-
ments with a portable dynamic penetrometer that is 
instrumented near its conical tip of 24 mm diameter 
as shown in Figure 5. The weight of the hammer is 
118 N and the drop height is 383 mm. The experi-
ments are conducted in a calibration chamber of 
0.5 m diameter and 0.4 m height. The calibration 
chamber contains a sample composed of 70% sand 
and 30% silt, compacted to an initial relative density 
of 60% and an initial degree of saturation of 10%. The 
chamber including its sample was subsequently fro-
zen to -5oC. Vertical stresses of 5, 10, and 25 kPa 
were applied during the freezing and penetrating 
phases. 

 
Figure 5. Instrumented dynamic penetrometer. 

 

The presented test results show penetration resistance 
expressed as 30.5 mm/blow, 2.0 mm/blow and 
1.4 mm/blow for the vertical stresses of 5 kPa, 10 kPa 
and 25 kPa respectively. The data acquired from the 
sensors allow derivation of force-time diagrams. 
These data provide further input for estimation of fro-
zen soil resistance. 
 
Comments are as follows. 
(a) Portability of the test equipment is an important 

advantage. The presented system has a total mass 
of probably less than 20 kg and can probably be 
manually operated by 2 persons. 

(b) The proposed system will probably require modi-
fication before use in practice. The blowcounts ob-
served in the laboratory indicate limited penetra-
tion capability, i.e. early penetrometer refusal in 
real-world frozen soils can be expected. Also, pen-
etrometer recovery should be considered for pene-
trations in the order of metres. Modification may 
compromise portability. 

(c) Consideration may be given to an additional set of 
instrumentation near the top of the penetrometer.  

(d) Further laboratory experiments covering a wide 
range of frozen soil conditions may eventually 
make instrumentation redundant. Correlations 
with blowcount may then be adequate for practice.  

5 ROTATION SPEED ANALYSIS IN SPT-T 
TEST BY TYPE OF SOIL  

Nuñez et al. present results of standard penetration 
tests (SPT) with an additional measurement of rota-
tional resistance expressed as maximum torque Tmax 
and residual torque Tres. Torque is applied to the SPT 
rods and sampler immediately after completion of the 
penetration phase of the SPT (Figure 6). The pre-
sented work focuses on the influence of rotational 
speed vT on Tmax and Tres. Results can be normalised 
to SPT N-value in blows/300 mm, i.e. Tmax/N.  

Test results are presented for 7 sites in Southeast 
Brazil, to depths ranging between 11 m and 27 m be-
low ground surface. One site shows marine organic 
clay. It shows N-values of 0 and 1 to a depth of 20 m 
below ground surface. This site is not considered fur-
ther in this session report. Residual soil conditions ap-
ply to 6 sites. N-values typically range between 2 and 
15. Tmax/N values are typically in the range 1 to 2 for 
Tmax expressed in kilogram-force-metre (kfgm) or 10 
to 20 when expressed in Nm. No information is pre-
sented on groundwater levels. Figure 7 presents se-
lected results including rotational speed. 

Rotational speeds were typically between 3 rpm 
and 9 rpm for N-values of less than 20. The test 
equipment approached practical torque limits for N-
values exceeding 20. The authors concluded no sig-
nificant influence of rotational speed on test results.  
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Computer
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Figure 6. Example of SPT torque measurement. 

Comments are as follows: 
(a) The SPT is a crude tool for estimation of soil 

strength and acquisition of SPT data points is time 
consuming compared to cone penetration testing. 
It is therefore commendable to conduct supple-
mentary measurements within a period of minutes, 
i.e. rotational resistance Tmax and Tres.  

(b) Measurement of rotational resistance Tmax and Tres 
requires a torque or force sensor. This introduces 
novelty for common SPT practice, namely require-
ments for metrological confirmation of measuring 
equipment according to ISO 10012 (measurement 
management systems) or equivalent. 

(c) An axial downward force applies to the sampler at 
the time of rotation. This force depends on ground-
water level and on the SPT assembly, including 
depth-dependent mass of rods. It may be of interest 
to consider the combined torsional and axial forces 
in interpretation of test results. 

6 CRITICAL APPRAISAL OF T-BAR 
PENETRATION TESTS 

Peuchen & Terwindt compare T-bar penetration tests 
(TBT),  ball penetration tests (BPT)  and cone  drift 

and associated bending influence on measurements, 
(2) sensitivity to torsional forces acting on T-bar, giv-
ing undetectable measurement error, (3) limited op-
portunity for enhanced test interpretation from pore 
pressure data.  

Items (1) and (2) are supported by uncertainty 
analyses in accordance with  ISO standard 19901-8 
“Marine Soil Investigations”. The uncertainty anal-
yses are for T-bar penetration resistance qm |Uqm| and 
CPT cone resistance qc |Uqc|. Figure 8 shows uncer-
tainties for T-bar results to be slightly better than for 
CPTs.  

The presented values for |Uqm| possibly represent 
first-ever calculation results.  

The authors suggest quantification of combined 
measurement data and interpretation uncertainties for 
TBTs, BPTs and CPTs, rather than comparing test re-
sults against a test standard designed for practice. 
“Analytic tests”, with idealised test conditions and 
geometry, can serve as a reference. 
 

 

Figure 8. Examples of uncertainty estimates for high-quality 
TBT and CPT systems and practices, non-drilling deployment 
and water depth of 1500 m. 
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Comments are follows: 
(a) There appears to be good reason for replacing 

TBTs with BPTs. The reason for a high ratio of 
TBTs to BPTs in offshore practice is a mystery.  

(b) The presented uncertainty analysis depends signif-
icantly on the seven component uncertainties, as 
shown in Figure 8. Particularly, limited 
knowledge is available for estimates of transient 
temperature influence UTEMP, bending moment 
and axial torsion acting on the penetrometer UBEND 
and UTORS. A change of these input parameters 
will significantly affect total uncertainty UTOTAL 
for T-bar penetration resistance qm. Further re-
search is recommended. 

(c) The session reporter is one of the authors of the 
paper considered here. Inevitable bias applies to 
the above comments. 

7 FREE-FALLING FULL-FLOW 
PENETROMETER FOR MARINE MATERIAL 
CHARACTERIZATION 

Pinkert presents an analytical approach to interpreta-
tion of free fall penetration tests in soft clays. Specif-
ically, the approach applies to a penetrometer 
equipped with a T-bar or ball. The T-bar or ball is in-
strumented to measure penetration resistance and ex-
traction resistance. The target parameter is undrained 
shear strength of very soft clays. This target is ex-
pressed as reference undrained shear strength su0 that 
applies to 1%/h axial strain rate in a laboratory mon-
otonic triaxial test. Values for su inferred from a free 
fall penetration test are expressed as su = fr fss su0, 
where fr and fss account for shear rate and strain sof-
tening effects. The paper focusses on soil viscosity μ* 
which is part of the calculation framework for fr and 
on strength sensitivity ST used for estimation of fss. 
The proposed analytical approach considers (1) su0 as 
either linearly increasing with depth with su0 = 0 at 
seafloor or a constant value for su0, as illustrated in 
Figure 9, (2) μ* as constant with depth and (3) ST as 
constant with depth. A value for μ* is first estimated 
from two data points with a significant difference in 
velocity values. A constant value for ST requires 
measurement of monotonic extraction resistance of 
the ball or T-bar. The author recommends further ver-
ification. 
Comments are follows: 
(a) Free-fall penetrometers offer opportunities for re-

duced deployment/ handling equipment and deck 
space, compared to the offshore benchmark, i.e. 
the cone penetration test CPT. The applicability of 
free-fall penetration tests is limited to soft clays 
and the target geotechnical parameter is typically 
undrained shear strength. 

 
 

 

Figure 9. Calculated velocity profiles of a free-fall ball pene-
trometer, with mass of 400 kg, ball cross sectional area 
A = 10 000 mm2, su0 = 1.5 z(m) kPa, and a range of m*, ST and 
initial velocity v0 values. 

(b) The author expands on existing calculation ap-
proaches for an equivalent laboratory undrained 
shear strength derived from free fall penetration 
tests. 

(c) The term “full flow” is used for the high-velocity 
penetration phase. Full flow does not apply in 
practice because of the inevitable presence of the 
shaft. The effect of such simplification is generally 
perceived as small. However, consideration should 
be also given to conditions of gap/cavity formation 
around the penetrometer at high velocity and asso-
ciated loss of tool robustness. Even at low veloc-
ity, gap/cavity formation will take place at shallow 
penetration. 

(d) The author recommends measurement of ball re-
sistance upon monotonic extraction. The measure-
ment of ball resistance upon extraction should be 
feasible if the system includes an accurate depth 
measurement system, for example relative to deep-
est penetration. It is not clear how a monotonic rate 
can be maintained in practice, i.e. for tool deploy-
ment from a heaving vessel. It may be possible to 
develop a calculation framework that allows vari-
able rates for tool extraction. 

8 EFFECT OF ROTATION RATE ON SHEAR 
VANE RESULTS IN A SILTY TAILINGS 

Reid highlights interpretation issues with vane shear 
tests (VST) for tailings consisting of sandy silts with 
up to 40% sand-sized particles (>75 µm), and finer 
zones with up to 30% clay-sized particles (<2 µm). 
Overestimates of undrained shear strengths are up to 
about a factor of two. The overestimates are attributed 
to partially drained soil response during vane rotation. 

The presented confirmatory work included direct 
simple shear (DSS) testing on specimen trimmed 
from piston samples, cone penetration testing (CPT) 
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and ball penetration testing (BPT). The author pro-
vides evidence for the DSS test results having been 
substantially affected by sample disturbance. The 
CPT results are generally presented as “reference”. It 
is implied that penetration of the cone penetrometer 
generated undrained soil response, using 
Nkt = qn/su = 10 and Nu = Δu/su = 5 (Figure 10). CPT 
pore pressure dissipation tests showed derived values 
for coefficient of consolidation ch in the range 
130 m2/year to 500 m2/year. Penetration results were 
obtained for BPTs at parts of the site that allowed 
penetration of the ball penetrometer with the equip-
ment as mobilised. The ball penetrometer had no pore 
pressure sensors. 

 
Figure 10. Summary of shear strength results (Reid) 

Comments are follows: 
(a) The reason for conducting VSTs in tailings proba-

bly relates to attempts at cost savings for site in-
vestigation, i.e. use of hand-held VST equipment 
versus operation of vehicle-mounted CPT equip-
ment. 

(b) The author confirms recommendations by other 
researchers, i.e. conducting VSTs at multiple rota-
tion rates when in doubt about undrained soil re-
sponse. 

(c) The presented challenges in integration of the var-
ious data sets illustrate common real-world prac-
tice. The engineer applies judgement for site vari-
ability, uncertainties in measurements, limited 
data sets and simplifications in models for deriva-
tion of parameter values. For example, the indica-
tions for substantial DSS sample disturbance are 
assessed according to expectations for the type of 
material tested. The actual results for intended un-
disturbed soil may approach those for reconsti-
tuted specimen conditions. This means that in situ 
structure/ cementation and soil unit weight may 
not be adequately represented. The reliability of 
the presented DSS undrained strength ratios 

(su/σ’vo in range 0.20 to 0.27) remains thus unclear, 
yet appears to fall within the expected range. Sup-
plementary laboratory measurements could be 
considered for undisturbed sample quality assess-
ment, for example volume change during initial 
oedometer loading.  

9 ANALYSIS OF INSTRUMENTED SHARP 
CONE TESTS IN A SENSITIVE CLAY OF 
QUEBEC  

Silvestri & Tabib derive in situ undrained shear 
strength and shear modulus from instrumented sharp 
cone tests (ISCTs) pushed into a pilot hole. The ISCT 
data (Figure 11) are compared with values derived 
from vane shear tests (VSTs), pre-bored and self-
bored pressuremeter tests (PMTs and SBPMTs), and 
cone penetration tests. The principal conclusion is 
that no reliable ISCT results can be obtained using a 
pre-drilling procedure. A self-boring device is recom-
mended. 

The setting for the comparison is an overconsoli-
dated stiff sensitive clay with VST undrained strength 
ratios su/σ’vo in the order 1.3 to 1.5 for the depth range 
of interest, 2 m to 6 m. The reported water content is 
about 70 % and the plasticity index is about 40 %. 
The water table is reported at 2.2 m.  

The penetrometer used for the ISCTs has a length 
of 86 mm + 340 mm, where the 86 mm lower section 
has a blunt tip and a constant diameter of 73 mm. The 
340 mm section has a low-angle taper. The lower di-
ameter is 73 mm and the upper diameter is 92 mm. 
The tapered section has 5 lateral pressure transducers 
(Figure 12). The penetration rate is 3.3 mm/s. This 
provides strain rates that are approximately equiva-
lent to pressuremeter testing. 

Derivation of ISCT undrained shear strength and 
shear modulus is similar to PMT and SBPMT inter-
pretation, e.g. use of a Tresca soil model. Two ratios 
are presented for suISCT / suVST: 2.6 and 3.7. A single 
comparison is presented for shear modulus at in situ 
stress conditions: GISCT / GSBPMT = 0.2. Speculation 
about reasons for these large difference includes (1) 
disturbance from pilot hole activities, (2) further dam-
age to the pilot hole by push of ISCT penetrometer 
with a blunt tip equal to the nominal size of pilot hole, 
(3) cemented and brittle soil at high lateral in situ 
stress (Ko >3.5), and (4) partially drained soil re-
sponse where undrained is assumed. 
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Figure 11. ISCP results, where pressure transducer 1 
has the lowest position in the penetrometer. 

 

 
Figure 12. Penetrometer used for ISCT. 

 
Comments are as follows. 
(a) The ISCP in pilot hole mode aims at deriving soil 

parameters similar to the PMT in pilot hole mode. 
For clays, the ISCP provides fast and continuous 
data compared to discontinuous PMT results.  

(b) Data confidence for the ISCT is low compared to 
SBPMT results. Development of a self-boring 

ISCT device may be of interest. Results may pos-
sibly approach those of SBPMTs, at (much) lower 
cost per data set per test depth. 

(c) The ISCP requires consistently reliable measure-
ment of total stress in penetration mode. This is a 
major challenge for tool designers. It will require 
consideration of a complex range of instrument is-
sues that can affect test results.  

10  CONCLUSIONS 

Comments reflecting the session reporters interpreta-

tion on each of the papers are provided individually 

in preceding sessions. 
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