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ABSTRACT: Cone Penetration Test (CPT) is one of the most popular in-situ test. Testing procedures and cone geometry 

are fixed by international well-recognized standards; usually a cone with an apex angle of 60° and a tip cross-section of 

10 cm2 has been recommended. The use of mini-cone is not considered by these standards and its use was recommended 

by various researchers in order to enhance the capability of identifying thin layers. This paper shows and compares the 

experimental results obtained by using a standard cone and a mini-piezocone. Tests were carried out at Calendasco (Pia-

cenza-Italy) in a natural soil deposit mainly consisting of clayey – sandy silts. Grain size distribution with depth was also 

available. Other tests were carried out at Cavezzo (Modena-Italy) where liquefaction-induced phenomena were observed 

during the 29th May 2012 seismic sequence. The purpose was to investigate capabilities and limitations of mini-piezocone 

and to explore the possibility of obtaining a better prediction of soil stratigraphy in thin layered deposits.  
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1. Introduction 

Cone penetration test (CPT) provides crucial data for 

the preparation of the geological/geotechnical model of 

the shallow subsurface [1, 2]. However, the spatial reso-

lution of cone tip resistance (qt) and sleeve friction (fs) 

measurements is still limited by the physical volume of 

soil around a cone tip (zone of influence) that influences 

these measurements. The dimensions of this zone of in-

fluence depend on the cone size and the strength of the 

soils. In particular, Lunne et al. (1997) [3] experimentally 

observed that the tip resistance senses the presence of an 

interface at a distance from the interface which increases 

as the material stiffness raises. Moreover, in the case of 

stiff layers, the target tip resistance was measured only 

for a layer thickness of 10-20 cone diameters, while for 

soft layers a thickness of 1-2 diameters was enough. As a 

consequence, in case of stiff thin layers the tip resistance 

could be underestimated. This has implications in some 

challenging issues of CPT interpretation as transition 

zones and thin layers identification [4, 5, 6]. CPT inter-

pretation is affected by large uncertainties especially for 

deposits containing multiple thin layers, as a result of the 

deposition of sediments related to intermittent flows 

leading to alternating sand and clay layers quite frequent 

in alluvial settings, in particular channel and levee facies. 

In order to improve CPT capabilities, possible solu-

tions can derive by the application of methodologies for 

thin layer correction [5]. The use of a mini-cone test 

(mini-CPT) could also represent a suitable solution. 

International standards such as ASTM D5578 [7] and 

ISO 22476-1 [8] define testing procedures, cone geome-

try and accuracy/repeatability requirements for testing 

with electric cone or piezocone. Usually a cone with an 

apex angle of 60° and a tip cross-section of 10 or 15 cm2 

is recommended. The use of mini-cone is not considered 

by these standards. In any case, various authors devel-

oped and used mini-cones for different purposes [6, 9, 10, 

11, 12].  

The identification of thin layers is also difficult in 

boreholes with fluid circulation. The use of water could 

result in the misinterpretation of thin layer of sand or silt. 

On the other hand, the use of undisturbed sampling tech-

niques in sandy soils, which would help the recognition 

of thin layers, is sometimes difficult and very expensive 

(e.g. gel push and freezing). The CPT tests therefore re-

main extremely useful for the identification of thin lay-

ers. 

The purpose of the present study is to compare couples 

of standard and mini cone tests carried out at some test 

sites in the po Plain. The capabilities and limitations of 

the mini-cone have been investigated for a better identi-

fication of thin soil layers. 

2. Test areas 

Two test sites were selected in the Po Plain (Northern 

Italy) (Fig. 1). The test site A is located at Calendasco 

(province of Piacenza,) and it is characterized by Holo-

cenic deposits of the Po river consisting of unsaturated 

silty clay and sandy silts (CL) with intercalated thin lay-

ers of sand (thickness 13-35 cm) to a variable depth from 
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6.6 to 8.6 m. At greater depths a gravelly layer is present. 

The water table is 9.5 m below the ground surface.  

The test site B is located at Cavezzo (Province of Mo-

dena) on the right side of the Secchia river (Fig. 1). The 

shallow lithostratigraphic succession at Cavezzo is char-

acterized by alluvial deposits including interbedded fine 

silty-clayey sediments with marker layers rich on peat 

and interbedded sands and silty sands. These shallow de-

posits (down to 30 m in depth) are due to the sedimenta-

tion of the Secchia river. The Cavezzo area, where the 

tests were carried out, was characterized from the engi-

neering geological point of view through investigations 

in the framework of the LIQUEFACT Horizon 2020 pro-

ject [13]. The tests were carried out in silty-sandy soils 

with thin layers (silty layers in sandy soils and sandy lay-

ers in silty soils) corresponding to the recent alluvial 

plain and to the fluvial channel. The borehole executed in 

the area shows clay with sand and sand mixtures (silty 

sand and sandy silt, CL, fine contents = 24-50%, IP = 8) 

in the upper 5 m and sand and silty sand from 5 to 10 m 

(fine content FC = 15-28%). The water table depth is 2,10 

m (March 2019). The liquefaction-induced ground sur-

face manifestations after the May 29th 2012 earthquake 

with 5,8 Magnitude [14, 15] are located along a buried 

abandoned riverbed of the Secchia River that was active 

during Roman and Medieval times until the 13th century. 

 

 
Figure 1. Geographical location of the test sites. 

3. Equipments 

Penetration tests were carried out by using a Pene-

trometer, standard piezocone (CPTu) and mini-piezo-

cone. All the equipments were provided by Pagani Ge-

otechnical Equipment (Piacenza – Italy). CPTu tests were 

carried out through a Pagani Penetrometer model TG63-

150kN and according to ASTM D5778; the acquisition 

system/datalogger was TGAS-08. Silicone oil was used 

for saturation of the filter.  

In this study, the mini-cone tip area (base area) was 2 

cm2, (16 mm in diameter) the friction sleeve area was 50 

cm2 and the cone apex angle was 60 degrees. The net area 

ratio of the miniature cone was 0,8. The mini-cone was 

pushed into the soil at a relatively constant rate of v = 2 

cm/s. This involves a different normalized velocity VN = 

v/(dcv) between standard and mini piezocone, where d is 

the cone diameter and cv the coefficient of primary con-

solidation [16]. Anyway, the possible effects of such a 

difference appear negligible. Lower force is required to 

push the mini-cone into the soil [9] and a smaller and 

lighter vehicle is necessary compared to the standard 

CPTu test. This fact provides a greater mobility and site 

accessibility [17]. The maximum axial load experienced 

during the mini-cone tests was approximately equal to 

0,9 kN. The mini-cone tip resistance and sleeve friction 

were recorded at depth intervals of 1 cm. Table 1 sum-

marizes the full-scale output of measuring sensors. 

Table 1. Full scale output of sensors 

Measurement 

channel 

Full scale output Precision 

Tip resistance (qc): 30 MPa 0.005 MPa 

Sleeve friction (fs) 0.5 MPa 0.04 kPa 

Pore Pressure (u2) 2.5 MPa 0.04 kPa 

 

In the test site A, two test series were performed. The 

first series consisted of 8 pairs of mini and standard tests 

that were carried out at the Pagani Geotechnical Equip-

ment test field (Fig. 2). In addition, the penetrometer was 

used to retrieve Shelby tube samples. Samples were re-

trieved from three locations (A, B and C in Fig. 2). As for 

locations A and C, the maximum depth of 2.5 m was 

reached. At B location, a depth of 3.0 m was reached. The 

soil was sampled continuously every 0.50 m. Grain size 

distribution of the sampled soil was carried out at the Ge-

otechnical Laboratory of the University of Pisa. Grain-

size curves were usually determined every 0.1 m. 

 

 
Figure 2. Test design of site A. 

 

In the test site B, three pairs of CPTu and mini-CPTu 

were performed by Pagani Geotechnical Equipment at 

Cavezzo. They reach the depth of 10 m for the test 1 and 

2 and 5 m for the test number 3 (Fig. 3). In this paper, 

only the results for the pairs CPTu2 – mini-CPTu2 were 

analyzed. 

 
Figure 3. Test design of site B. 

4. Comparison of results 

The tip resistance (qc) for different pairs of standard 

CPTu – mini-CPTu performed at Calendasco are com-

pared in Figs. 4-5. It is worth remembering that borehole 



A is close to CPTu1 – mini-CPTu1, borehole B is close 

to CPTu4 – mini-CPTu4 and CPTu5 – mini-CPTu5, 

while borehole C is close to CPTu8 – mini-CPTu8. 

 

 
Figure 4. Comparison standard CPT vs mini-CPT in correspondence of the borehole A in the test site A. 

 
 

Figure 5. Comparison standard CPT vs mini-CPT in correspondence of the borehole C in the test site A. 

 



 

 

 
Figure 6. Comparison standard CPT vs mini-CPT in correspondence of the borehole B in the test site A. 

 

 
 

Figure 7. Comparison standard CPT vs mini-CPT in correspondence of the borehole in the test site B. 

 

The soil mainly consists of silt (50 % on average) and 

clay (30 % on average). In borehole A, a thin layer of 

silty sand is present between 2,37 and 2,5 m (thickness of 

13 cm) (Fig. 4). The largest percentages of granular soil 

(from fine sand to medium gravel) were observed in bore-

hole C where the granular fraction was from 30 to 70 % 

(thin layers of silty sand between 1,65 and 2 m – 35 cm- 

and between 2,17 and 2,33 m – 18 cm) (Fig. 5). No thin 

layers were observed in borehole B. 

Occasionally large discrepancies in terms of qc or fs 

between standard and mini cone can be observed (Figs. 

4-5). Anyway, the comparison in terms of qc (Figs. 4-5) 

suggests the following observations: 

• in some cases, differences are negligible (but 

they can also reach 1-2 MPa); 

• in other cases, these differences may disappear 

and the qc profiles from both types of tests may 

perfectly overlap after a simple vertical trans-

lation; 

• differences are not systematic; 

• differences do not seem linked to the soil grain 

size; 

• generally, qc(standard) is less than qc(mini). 

The comparison between standard and mini cone test 

results in terms of fs suggests the same observations as 

for qc (Fig. 6). It is possible to conclude that the spatial 

variability more than the systematic effect of the tip ge-

ometry can be considered responsible of the observed dif-

ferences. On the other hand, large values of the tip re-

sistance especially in the shallower layers may be a 

consequence of desiccation phenomena which makes un-

reliable the use of conventional classification charts [18, 

19]. For the test site B, the comparison between standard 

and mini cone test results in terms of qc (Fig. 7) suggests 

the following considerations: 



• from 0,8 to 3,2 m: silt with clay, low 

differences; 

• from 3,8 to 4,6 m: (silt with clay, sandy clay 

silt, clay sandy silt with interbedded clay silt 

and fine sand with silt) the differences are neg-

ligible (qc(standard) < qc(mini)), ( = 0,5-0,8 

MPa); 

• from 4,6 m to 6 m: silty fine-grained sand, 

strong differences between qc(standard) and 

qc(mini) ( = 2MPa) and qc(standard) > 

qc(mini); 

• from 6 m to 9,8 m: strong differences between 

qc(standard) and qc(mini) ( = 2MPa) and 

qc(standard) < qc(mini). 

The differences seem to be related to differences in 

grain size and in particular to the presence of sandy lay-

ers. For the test site B, the comparison between standard 

and mini cone test results in terms of fs do not evidence 

any particular correlations. Generally, from 0,8 m to 4,6 

m fs(standard) > fs(mini) ( < 50kPa), whereas from 4,6 

m to 9,4 m the differences are smaller and fs(standard) < 

fs(mini). Soil Behaviour Type Index (Ic) represents the ra-

dius of concentric circles that define the boundaries of 

soil type. It is possible to identify the transition from one 

soil type to another using the rate of change of Ic. When 

the CPTu is in transition from sand to clay, the Ic will 

move from low values in the sand to higher values in the 

clay. Robertson and Wride (1998) [20] suggested that the 

approximate boundary between sand-like and clay-like 

behavior is around Ic = 2.60. Hence, when the rate of 

change of Ic is rapid and is crossing the boundary defined 

by Ic = 2.60, the cone is likely in transition from a sand-

like to clay-like soil or vice versa. Thus, profiles of Ic can 

provide a simple means to identify these transition zones. 

The comparison between the Ic values by standard and 

mini cone (Fig. 8) evidences for the test site A that 

Ic(mini) = Ic(standard) except for thin layers of sand 

where Ic(mini)  Ic(standard). The thin layer from 2,17 

and 2,35 m is not identified by standard CPTu, which pre-

sents two peaks of Ic that do not correspond to the right 

depth of the thin layer, on the other hand the mini-CPTu 

recognize the depth of the thin layer. The comparison of 

Ic(standard) vs Ic(mini) for the test site B highlights dif-

ferent behaviors between the layers as for qc but with a 

different meaning. In the first layers till 2,7 m Ic(mini) = 

Ic(standard); at depth between 2,7 m and 4,6 m the be-

havior is different and Ic(mini) < Ic(standard); from 4,6 m 

and 9,8 m Ic(mini) ≥ Ic(standard) (Fig. 9). It seems that 

the differences in term of Ic are stronger in the layer be-

tween 2,7 m and 4,6 m, where the mini-cone is able prob-

ably to identify thin layers of sand. After comparing qc, fs 

and Ic of standard and mini CPTu the thin layer correction 

proposed by Boulanger and De Jong (2018) was applied 

to all the standard CPTu and mini-CPTu that were per-

formed in the test sites A and B using the software CPeT-

IT v.3. 

For the test site A, the thin layers of the borehole A 

(from 2,37 m to 2,5 m) and from boreholes C (from 1,65-

2m) are not detected by standard CPTu. The application 

of the thin layer correction to standard CPT does not im-

prove the identification, except for the thin layer from 

2,17 to 2,35m which is identified, but a wrong depth (Fig. 

10). Mini-CPTu identify the thin layers except for the 

thin layer of borehole C between 1,65-2 m. The correc-

tion of mini-CPTu doesn’t improve the identification 

(Fig. 10).  

For the test site B, the correction of the mini-CPTu im-

proves the identification of thin layers of sand between 

2,7 and 4,6 m (Fig. 11). In particular, mini-CPTu recog-

nizes a thin layer of sand between 4 and 4,25 m. From 6 

to 9,8 m, mini-cone also evidences sand layer containing 

silty layers. The correction of standard CPTu improves 

the identification, but in most cases the depth does not 

matches that identified from boreholes. Also, in this case 

the application of the thin layer correction to mini-CPTu 

does not improve the results. 

 
Figure 8. Test site A: Ic standard vs Ic mini. 



 

 

 
Figure 9. Test site A: Ic standard vs Ic mini. 

 

 
Figure 10. Test site A: thin layer correction applied to standard CPTu8 and mini-CPTu8. Close up of the depth between 1,5- 2,6 m and comparison 

with the grain size. 

 



 
 

Figure 11. SBTn plot for the test site B: thin layer correction. 

 

 

5. Conclusions 

To overcome the standard CPT test drawbacks in iden-

tifying/characterizing thin soil layers, the use of a mini-

cone test (mini-CPT) represents a suitable solution. The 

work investigated the capabilities and limitations of the 

mini-cone for a better identification of thin soil layers and 

improvement of liquefaction analysis in layered soil de-

posits. Two test sites representative of different condi-

tions were selected: site A (Calendasco) is characterized 

by thin layer of sand in silty clay, in unsaturated condi-

tions; site B (Cavezzo) represents thin layers of silty mix-

tures in sandy soils and sandy layers in silty soils, the 

soils are saturated and liquefaction phenomena occurred 

during the seismic sequence of 2012. The thin layers have 

thickness from 10 to 35 cm. 

The comparison of qc(standard) – fs(standard) and 

qc(mini) – fs(mini) highlights that generally not system-

atic differences exist, even if generally qc(standard) < 

qc(mini). In some cases, differences of qc are not negligi-

ble (1-2 MPa) and are not related to differences in grain 

size but they depend on the spatial heterogeneity. Similar 

conclusions can be drawn as far as fs is considered. In 

both the test sites thin sandy layers are characterized by 

Ic(mini) ≤ Ic(standard), with a ratio of the Ic index as low 

as 0.88. This allows us to conclude that the mini-cone is 

certainly a valid alternative to the standard in identifying 

thin sandy layers. 

Thin layers are generally not detected by standard 

CPTu and for the study case, the thin layer correction 

looks ineffective, as the thin sandy layers are not identi-

fied, or their depth/thickness does not match the borehole 

evidences. On the other hand, in both sites, thin layers are 

generally detected by mini-CPTu. For obvious intrinsic 

reasons, the correction doesn’t apply to the mini-cone. 

The advantages of the use of mini-CPT can be sum-

marized in the more detailed stratigraphic logging; in the 

correct thin layers identification. Mini-cone seems to be 

very promising for shallow investigations in soils with 

multiple thin layers (shallow landslides, liquefaction in 

shallow horizons, etc…). Another advantage is the fact 

that smaller and light vehicle is necessary compared to 

the standard CPT test. 
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