
 

 

 

1 INTRODUCTION 

The site investigation facilities of the geotechnical research group at Trinity College Dublin (TCD) in-

clude a 20 tonne CPT truck, purchased in 1996, which has been used to characterise many of the soil 

deposits in Ireland (Faulkner et al. 1998). Within the greater Dublin region, the primary superficial de-

posit is a lodgement till, known colloquially as Dublin Bolder Clay (DBC). The genesis of DBC has 

been reported by Farrell et al. (1995) and Skipper et al. (2005) and its geotechnical properties by Long & 

Menkiti (2007), among others. The DBC deposits comprise a brown layer (BrDBC), typically 2–3 m in 

thickness, overlying a black layer (BkDBC), typically 4–12 m thick. BkDBC material is a very stiff, 

slightly sandy slightly gravelly silt/clay of low plasticity, which can contain frequent lenses of dense 

sands and gravels (Long & Menkiti 2007). BrDBC material arises from the weathering processes affect-

ing the upper levels of the underlying BkDBC (Farrell et al. 1995) and is usually firm/stiff in consis-

tency. DBC material has high unit weight of ~22.5kN/m
3
 (Long & Menkiti 2007). The DBC deposits are 

highly over-consolidated (they were deposited under ice sheets more than 1km thick), with reported 

over-consolidation ratios of 15–30 and coefficient of earth pressure at rest values of 1.5 (Kovacevic et 

al. 2008) and 3.0 (Lawler et al. 2011). DBC material is significantly stiffer (and stronger) than other 

well-characterised tills documented in literature; e.g. approximately 6–8 times stiffer than typical Lon-

don Clay and ~5 times stiffer than typical Cowden till from the east coast of the UK, at least at a lower 

strain range (Long & Menkiti 2007). Significant mechanical effort is required to excavate DBC material. 
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Sivakumar et al. (2013) have reported some anchor pullout tests performed in BrDBC along with de-

tailed site investigation, including a CPT sounding. High stone content and strength often make good-

quality undisturbed sampling extremely difficult. Triple-tube rotary techniques or block sampling 

(where access permits) have been used but these are expensive and time consuming. Hence present site 

investigation practice in DBC deposits for routine design generally involves standard penetration tests 

(SPTs), with typical SPT N values of 50 ± 30 typical of the uppermost 10m depth of the BkDBC layer 

(Lehane & Simpson 2000). 

As reported in much literature, use of CPT technology provides the ability to collect larger amounts 

of high quality data in order to develop detailed profiles of soil strength, stiffness and other properties 

along with detailed cross-sections highlighting thin continuous layers, which ultimately impact on de-

sign decisions (Dasenbrock et al. 2010). Since DBC deposits often contain water-bearing sand/gravel 

lenses, the CPT would be especially helpful in providing a continuous soil profile, detecting seams of 

geomaterials that may otherwise be missed by the SPT, for which the stratigraphic detail (particularly 

horizontal variation across a site) is comparatively crude and imprecise. The detection (if present) of 

these coarse lenses is important; for instance in relation to slope stability and dewatering considerations 

for steep slopes/deep excavations in such deposits. 

CPT has been successfully used for investigating glacial till deposits; for instance offshore CPT was 

extensively used for investigating heterogeneous glacial till deposits (undrained strength, su, of typically 

250kPa to > 1MPa) encountered in connection with the Storebælt Link project, Denmark (Steenfelt & 

Sørensen 1995). These till materials included gravels, cobbles, boulders as well as lenses and layers of 

sand/gravel. In Ireland, however, use of CPT technology in DBC deposits is still rare and no serious 

study has been performed using the CPT in these deposits or of the relationship between CPT cone tip 

resistance, qc, and undrained strength, su, for DBC deposits. There is also the issue of what is the labora-

tory su of DBC material. Reported CPT data for DBC is limited to work performed by the TCD group 

and reported by Faulkner (1998), Faulkner et al. (1998) and Sivakumar et al. (2013). The main reasons 

given for the lack of use of the CPT include DBC deposits being considered as difficult ground (hard 

ground conditions/obstructions; i.e. soil contains many stones/cobbles and occasional boulders), limited 

penetration depths achieved and lack of experience with equipment and data interpretation. As reported 

by Steenfelt & Sørensen (1995) for Danish tills, cone damage can occur and breakage and complete loss 

of cones is a distinct risk for such deposits. There is also the potential risk of invalid data because, un-

known to the CPT operator, penetrometers may be damaged slightly or malfunction in such difficult 

ground conditions. To minimize the potential for cone damage, methods suggested by Lunne et al. 

(2002) are adopted, namely having a presence of mind to realize there may be cobbles/boulders and that 

sharp spikes in the qc profile and (or) rapid changes in inclination (> 1
o
/m push) should terminate the 

hole. In instances where the location has a particularly difficult horizon that has been identified before-

hand (e.g. from SPT soundings), predrilling/boring to just below this depth may be prudent before com-

mencing CPT testing. 

This paper brings together the body of knowledge and experience in the use of piezocone tests in 

DBC deposits, including some original data from a highway embankment constructed of DBC material. 

The 3 DBC sites investigated by the TCD group to date are Clonee (Faulkner 1998, Faulkner et al. 

1998), the TCD Santry Sports Grounds (Sivakumar et al. 2013) and Finglas, Dublin. The study also in-

vestigates the value of the cone factor, Nkt, used to deduce undisturbed strength from measured qc val-

ues. 

 

 

 

 



2 EXPERIMENTAL METHOD 

The subsurface investigation consisted of CPTu and SPT at the Clonee site and light cable-percussive 

drilling and unconsolidated-undrained triaxial compression tests (cell pressure of 100kPa and strain rate 

of 2%/min) for the Santry site. The CPT involved using a standard cone (10 cm
2
 face area) and penetra-

tion rate of 20mm/s, with readings logged every 2cm. However for the first testing of this type at the 

Clonee site, a reduced cone penetration rate of ~5 mm/s was adopted. This reduction in rate, while hav-

ing a relatively small influence on qc (Faulkner et al. 1998) gave the CPT operator adequate reaction 

time to halt the cone advancement when a cobble/obstruction was encountered (i.e. sudden increase in qc 

value), thereby preventing overstressing of the cone load cells. Pore pressure, ubt, was measured at the 

shoulder of the cone. The triaxial compression tests were performed on ‗undisturbed‘ samples (recov-

ered using open-drive sampling tubes) and reconstituted specimens, 100-mm diameter by 200-mm high. 

The reconstituted specimens were prepared by standard Proctor compaction of material retrieved at its 

natural water content (close to plastic limit) using the clay-cutter. At the Santry site, the material had 

water contents of 8–13% and stone contents (particles > 20 mm in size) of 5–15% over the depth range 0 

to 2m. Lightweight dynamic penetrometer testing using the Mackintosh Probe (BS1377: Part 9 (BSI 

1990)) was also trialled but the test data were of little value (predicting excessively high su values and 

with considerable scatter) and hence are not presented in this paper. 

3 EXPERIMENTAL RESULTS AND ANALYSIS 

Figures 1, 2 show typical profiles of qc, sleeve resistance, fs, and friction ratio Rf (= qc/fs) obtained from 

CPT testing at the Clonee, Santry and Finglas sites. The CPT data were heavily scattered with large dips 

and peaks in an inconsistent pattern. Part of these anomalies can be expected to be related to the high 

stone content and part may be assumed to originate from seams of sand/gravel present. For instance, at 

the Santry site, the drillers log recorded a water-bearing stone/gravel seam at between 0.8 and 0.95m 

depth, with the transition boundary between BrDBC and underlying BkDBC noted at 2.0m depth, ap-

proximately coincident with the standing groundwater table level. Features of the Santry qc profile are 

consistent with these field observations, with a spike in qc values at between 0.8–0.95m depth, and the 

transition boundary at 2.0m depth almost unequivocally identified by the CPT as a sudden significant 

increase in qc and fs values (Figs. 1a, b). However, without the drillers log, it would generally be difficult 

to distinguish between these possibilities, as is the case for the Clonee and Finglas sites (Figs. 1a, 2a). 

Nevertheless, despite significant scatter, there is a clear trend of qc (and hence strength) increasing 

with depth for both sites, with measured qc values consistent overall with the typical range of 15±5 MPa 

reported by Lehane & Simpson (2000) for the uppermost 10m depth of the BkDBC. These high qc val-

ues (and N values reported later in the paper) are indicative of very hard or dense over-consolidated de-

posits. Values of Rf typically ranged 3–5%. Measured CPT pore pressures, ubt, at both sites were nega-

tive (typical of heavily over-consolidated clay), presumably on account of the strong tendency of DBC 

material to dilate when sheared undrained (Long & Menkiti 2007). For instance, at the Santry site, pore 

pressures of as low as –78kPa developed over the 2.5m penetration depth (see Fig. 3). There was a sig-

nificant reduction in suction pressure at ~0.85m depth, coinciding with the presence of the water bearing 

stone/gravel seam reported in the driller‘s log. A slight reduction in suction pressure occurred in the vi-

cinity of the BrDBC–BkDBC interface, which was also the location of the standing groundwater table 

recorded onsite. 

 



 

 

Figure 1. CPT profiles for DBC deposits at Clonee and Santry sites: (a) tip resistance qc; (b) sleeve resistance fs; 

(c) friction ratio Rf . 

 

Faulkner (1998) and Faulkner et al. (1998) reported that normalised DBC data plotted on Robertson‘s 

(1990) soil behavioural type classification charts suggested a very stiff sand to clayey sand material; i.e. 

soil type 8. They pointed out that such a description does not reflect the very low in-situ permeability of 

DBC material seen in practice; e.g. coefficient of permeability of 10
-9

–10
-11

 m/s for intact BrDBC (Long 

& Menkiti 2007). Classification of DBC deposits should improve with increased CPT usage, with in-

creased likelihood of delineating the BrDBC and BkDBC layers from one another and from coarser 

seams/features on the basis of CPT tests alone. 

Figure 4 presents data from 9 CPTu tests performed in the core of a 3.2m high roadway embankment 

at Finglas, Dublin. The fill material, a mixture of BrDBC and BkDBC materials, was relatively homo-

geneous although some tests still had to be terminated early (indicated by solid circles in Figure 4a). In 

this case, the spiky nature of the CPT profiles presumably occurred mainly on account of stones present 

and not due to distinct stone/gravel seams or larger cobble/boulder obstructions usually present in intact 

DBC deposits. Hence some mathematical smoothing of the data seems reasonable, with the lower bound 

for the 9 qc profiles defined by qc (in MPa) = 0.5z + 2; where z (in meters) is the depth below ground 

surface level (Fig. 4a). 
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Figure 2. CPT profiles for DBC deposits at Finglas site: (a) cone tip resistance qc; (b) sleeve resistance fs; (c) fric-

tion ratio Rf . 

 

 

 

Figure 3. Pore pressure profile from CPT test in DBC deposit at Santry site. 
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Figure 4. CPT profiles for 3.2m high embankment of DBC material: (a) cone tip resistance qc; (b) sleeve resis-

tance fs; (c) friction ratio Rf . 

 

Figure 5 shows peak undrained strength against depth profiles inferred from CPTu data for the Clonee 

and Santry sites. Also included in this figure are measured undrained triaxial compression (TC) 

strengths for the Santry site as well as strength values inferred from limited SPT data reported for the 

Clonee site by Faulkner (1998) and Faulkner et al. (1998). The values of SPT N generally increased with 

depth, with Faulkner et al. (1998) reporting much of the apparent variability occurring on account of 

drilling disturbance and the influence of gravel seams/cobbles. With a typical plasticity index of 13% 

(Long & Menkiti 2007), a factor of 6 was inferred between SPT N (blows/300mm) and su for DBC ma-

terial using Stroud‘s (1989) empirical correlation. The CPT su profiles were estimated from measured qc 

values, applying a cone factor, Nkt, value of 15 (average value for lodgement tills reported by Lunne et 

al. (2002)), which appears to produce a reasonable fit with the SPT su values (Fig. 5). Note CPT su data 

are also consistent with TC su values for samples, although the latter generally tend to provide a lower 

bound on account of some inevitable specimen disturbance and scale effects. Referring to Figure 1b, the 

TC su values measured for the reconstituted specimens generally tend to provide a lower bound for CPT 

fs, again on account of scale effects but also because particles larger than 20mm had been removed be-

fore compaction to produce the test specimens. 
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Figure 5. Strength profiles measure in triaxial compression (TC) and inferred from CPTu (Nkt = 15) and SPT data. 

 

The Nkt value of 15 deduced in the present study is consistent with values of 15 (Santry site) and 17 

(Clonee site) reported for DBC by Sivakumar et al. (2013) and Faulkner (1998) respectively. It is prob-

able that the BrDBC and BkDBC layers have different Nkt values, as suggested by Faulkner et al. (1998). 

Given the limited data available in all of these studies, an Nkt value of 20 would provide some conserva-

tism for design. In the case of the DBC embankment at the Finglas site (qc increasing from 2.0 to 3.6, 

Figure 4a), an Nkt of 20 would infer a lower bound su range of 100 to 180kPa. 

CONCLUSIONS 

This study demonstrates that a 20 tonne truck with standard piezocone setup can be successfully used to 

characterise Dublin Boulder Clay: a stiff lodgement till. Overall qc and fs increased with depth (Rf  range 

3–5%) although the CPT data were heavily scattered, with large dips and peaks in an inconsistent pat-

tern on account of high stone content and possible frequent dense sand/gravel lenses present. Limited 

penetration depths were sometimes achieved on account of occasional cobble/boulder obstructions en-

countered. Measured CPT pore pressures, ubt, were negative. Inherent features were identifiable, includ-

ing: 

(i) Significant increases in qc and fs values occurred at the transition boundary between the brown 

and underlying black DBC layers; 

(ii) Coarse seams caused significant reductions in suction pressures. 

A tentative cone factor, Nkt, value of 15 was suggested for deducing peak undrained strength from qc 

measurements in DBC deposits. The confidence to predict the feasibility of obtaining commercial bene-

fits from relevant and reliable CPT results for a particular project site will increase with greater experi-

ence of CPT testing in DBC deposits. However in the interim, a combination of different ground inves-

tigation techniques is recommended for reliable site characterisation. 
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