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ABSTRACT: Accurate estimation of axial pile capacity is crucial in geotechnical engineering, with Cone Penetration Test with pore 
pressure measurement (CPTu) data playing a key role in pile foundation design. However, the quality of pore pressure measurements 
can influence the reliability of capacity predictions. This study investigates the impact of pore pressure measurement quality on axial 
pile capacity by comparing predictions based on poorly saturated (B* = 0.84) and high-quality (B* = 1.0) CPTu data. A parametric 
analysis was conducted to assess variations in base resistance, shaft resistance, and total axial capacity across different pile geometries 
for a specific stratigraphic condition containing multiple soil layers. The pile capacity was estimated using a CPTu based method 
proposed by Niazi and Mayne (2016). The results indicate that the total axial capacity can be up to 6% higher when using poorly 
saturated data, with base resistance exhibiting the largest discrepancy, differing by up to 10%. The findings emphasize that the effect 
of pore pressure quality on axial capacity estimation varies with soil type and pile design method, as greater excess pore pressure is 
anticipated in soft soils, whereas in granular materials, where cone resistance dominates, the effect is less significant. Additionally, 
different design methods may yield varying capacity estimates. Overall, while the impact of pore pressure quality on axial capacity 
predictions remains moderate for the conditions analyzed, it can become more significant in complex stratigraphy. These findings 
highlight the necessity of high-quality CPTu data for reliable pile design, particularly in deep foundations. 

KEYWORDS: CPTu, pile capacity, piezocone saturation, Skempton’s B-value. 

 
1 INTRODUCTION 

Accurate site characterization is essential for geotechnical 
engineering, as it provides the basis for reliable design and 
construction of underground structures, such as deep 
foundations. This is achieved through a combination of field 
and laboratory testing, which determines the spatial distribution 
and engineering properties of soils and rocks. The reliability of 
subsurface characterization depends not only on the type and 
number of tests performed but also on the accuracy and 
consistency of the data they produce, as both field and 
laboratory methods are subject to inherent uncertainties 
(Orchant et al., 1988; Kulhawy and Trautmann, 1996; Kulhawy 
and Phoon, 1999; Phoon et al. 1995). Field tests offer 
significant advantages, including continuous stratigraphic 
profiling and direct assessment of in situ conditions. They are 
also faster and cost-effective compared to laboratory testing. 
However, they introduce greater uncertainty due to the 
necessary transformation models because they do not measure 
strength parameters directly and have less well-defined 
boundary conditions. In contrast, laboratory tests are performed 
under controlled conditions, minimizing measurement 
variability, but they require high-quality undisturbed samples, 
which can be difficult and costly to obtain, especially in sandy 
soils. 

The piezocone penetration test (CPTu) is a widely used 
field method, providing continuous records of cone resistance 
(qc), sleeve friction (fs), and pore pressure (u2). CPTu is 
primarily employed to characterize stratigraphy and obtain key 
soil strength and stiffness parameters (Lunne et al., 1997). In 
addition to these applications, CPTu offers a direct 
measurement of pile capacity, as it directly correlates the 
measured cone resistance, sleeve friction, and pore pressure 
with axial capacity estimations for deep foundations. Several 
empirical formulations and correlations exist in the literature 
for predicting the axial capacity of a pile based on CPT(u) data 
(e.g., Clausen et al., 2005; Eslami and Fellenius, 1997; Lehane 
et al., 2005; Niazi and Mayne, 2016) However, the majority of 
these methods use only qc and fs measurements and do not 
include pore pressure measurements, which can provide crucial 
insights into soil behaviour. Niazi and Mayne (2016) propose a 
method that incorporates all three CPTu measurements (qc, fs, 

and u2), along with the soil behavior type (SBT) index (Ic), 
offering a more comprehensive evaluation of pile capacity. The 
method was developed from a database of 153 load tests on 
various pile types at 52 different sites, ensuring its applicability 
across diverse ground conditions. Furthermore, Heidari and 
Ghazavi (2021) demonstrated the superior performance of this 
approach in predicting the axial capacity of piles in sandy and 
mixed soil deposits, similar to the stratigraphic conditions 
considered in this study. Their comparative analysis, which 
evaluated 25 CPT- and CPTu-based methods against field static 
load test results, demonstrated the improved accuracy of this 
method in predicting pile capacity. The axial capacity of a pile 
is the sum of the shaft resistance (Qs), developed along the pile-
soil interface, and the base resistance (Qb), mobilized at the pile 
toe. 

Pore pressure, in particular, is crucial for soil behaviour 
interpretation, especially in fine-grained soils, but its reliability 
depends on proper saturation of the porous element and 
transducer, as well as the rate of penetration. Incomplete or lost 
saturation has long been recognized as a major source of 
uncertainty in CPTu measurements (Lunne et al., 1997; 
DeBacker et al., 2022).  Inaccurate pore pressure readings can 
misrepresent soil behaviour, leading to errors in distinguishing 
between drained and undrained conditions, misclassification of 
fine-grained soils, and incorrect estimation of key parameters 
such as undrained shear strength and consolidation 
characteristics. Recent advances in this area have introduced the 
use of Skempton’s B-value, traditionally applied in triaxial 
testing, as a means to quantify the saturation level of the pore 
pressure measurement system in piezocones before testing 
(Rocchi et al., 2023). The same authors demonstrated the 
impact of pore pressure measurement quality by performing 
two CPTu tests in mixed soil conditions (fine over coarse-
grained soils), one with proper saturation and one with poor 
saturation (Rocchi et al., 2024). The study showed that even 
slightly incomplete saturation (B*=0.84) led to lower measured 
pore pressures than those measured at full saturation (B*=1.0), 
resulting in soil misclassification and incorrect estimation of 
geotechnical design parameters. Thus, pore pressure 
measurement quality is not only vital for accurate site 
characterization but also has a significant impact on the 
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reliability of geotechnical design, particularly in estimating 
axial capacity for deep foundations. 

This study aims to quantify the impact of poor-quality 
CPTu data resulting from inadequate filter saturation on the 
axial capacity of a single pile. To achieve this, two CPTu tests, 
one with proper saturation and one with poor saturation, are 
incorporated into the analysis. The method proposed by Niazi 
and Mayne (2016) is utilized to predict the axial capacity of a 
single pile for varying pile lengths and diameters, highlighting 
the influence of data quality on foundation design. 

 
2 MATERIALS AND METHODS 

2.1 CPTu testing  

The two CPTu tests analyzed in this study were carried out as 
part of an investigation into the impact of tip saturation on 
CPTu data quality (Rocchi et al., 2024) at the Boretto test site. 
The site is adjacent to a river embankment and the stratigraphy 
accordingly presents a stratified soil profile consisting of 
interbedded fine- and coarse-grained layers, overlaying a main 
aquifer at 16 m depth. The groundwater table was located at 3 
m depth. One test was conducted with a fully saturated porous 
filter element (B*=1), while the other was performed with 
seemingly the same saturation procedure but resulted in 
B*=0.84. In order to prevent desaturation while penetrating the 
shallow unsaturated soil layer above the water table, pre-
drilling to a depth of 3 meters was carried out for the CPTu test 
with fully saturated conditions, ensuring penetration occurred 
only under saturated conditions. In contrast, the CPTu test with 
partially saturated conditions was initiated from the ground 
surface, resulting in partial saturation of the porous filter as 
penetration began above the groundwater table. Figure 1 

illustrates the CPTu measurements of the two tests utilized in 
this study, along with the interpreted stratigraphy based on the 
Robertson classification scheme (Robertson, 2009), showing 
notable differences in the recorded measurements of the pore-
pressure. 

Additionally, the strength parameters, including the 
undrained shear strength (cu) and angle of shearing resistance 
(φ'), were estimated based on the two tests, and the results are 
illustrated in Figure 2. The cu was calculated using the formula: 

𝑐௨ ൌ ሺ𝑞௧ െ 𝜎௩଴ሻ/𝑁௞ (1) 

This estimation was applied to all layers with an Icn value 
greater than 2.6 (SBTn 4 and 3). Nk was assumed to be equal to 
10 in both cases, which is a reasonable assumption for slightly 
overconsolidated clays, such as those encountered at this site 
(with an overconsolidation ratio, OCR = 2). The angle of 
shearing resistance was estimated using the equation proposed 
by Mayne & Kulhawy (1990) for sandy layers, specifically 
applied to soils with an Icn value less than 2.6. For silty and 
clayey layers, where the Icn value exceeds 2.6, the equation 
proposed by Senneset et al. (1989) was used. Additionally, the 
application of the Senneset et al. (1989) equation was restricted 
to soils where the normalized pore pressure (Bq) fell within the 
range of 0.1 to 1. In Figure 2, the results from the angle of 
shearing resistance estimations are shown. The data for sandy 
layers (Icn < 2.6) is represented by the dashed lines (Mayne & 
Kulhawy, 1990), while the data for silty and clayey layers (Icn 
> 2.6) is represented by the solid lines (Senneset et al., 1989). 
Only the results from high-quality data are shown, as the Bq 
values in the CPTu test with B* = 0.84 were outside the valid 
range due to incorrect pore pressure measurements. 

 

Figure 1: Comparison of CPTU profiles for fully saturated conditions (Β*=1.0) and partially saturated conditions (Β*=0.84). 
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Figure 2: Comparison of undrained shear strength and angle of 
shearing resistance with depth, estimated based on CPTu data 
for fully saturated conditions (Β*=1.0) and partially saturated 
conditions (Β*=0.84). Dashed lines: Mayne & Kulhawy (1990) 
for sandy layers; solid lines: Senneset et al. (1989) for 
silts/clays. 

2.2 Axial Capacity Estimation 

The axial capacity of a single pile was estimated using the 
method proposed by Niazi and Mayne (2016), which builds 
upon the UniCone direct piezocone approach by Eslami and 
Fellenius (1997). Even though the purpose of this method 
should be seen in the context of preliminary design, it shows 
good general performance (coefficient of determination of 93% 
for the shaft resistance) and it allows to evaluate the effect of 
pore pressure measurements’ data quality on pile capacity 
independent of pile material, loading direction, loading 
procedure, and installation. The mathematical formulations for 
estimating Qs and Qb are  

𝑄௦ ൌ 𝐶௣ ∙ න 𝑓௣
௅

଴
𝑑𝑧,𝑤ℎ𝑒𝑟𝑒 𝑓௣ ൌ  𝐶௦௘ ∙ 𝑞ா௚,௦௛௔௙௧  

𝐶௦௘ ൌ 10ሾ଴.଻ଷଶ∙ூ೎ିଷ.଺଴ହሿ 

 

(2) 

𝑄௕ ൌ 𝑞௕ ∙ 𝐴௕ ,𝑤ℎ𝑒𝑟𝑒 𝑞௕ ൌ  𝐶௧௘ ∙ 𝑞ா௚,௧௢௘  

𝐶௧௘ ൌ 10ሾ଴.ଷଶହ∙ூ೎ିଵ.ଶଵ଼ሿ 

(3) 

Where, 

𝐶௣: is the circumference of the pile 

𝐶௦௘: is the shaft correlation coefficient 

𝐶௧௘: is the toe correlation coefficient 

𝑞ா: is the effective cone resistance defined as  𝑞௧ െ 𝑢ଶ 

𝑞ா௚,௦௛௔௙௧: is the geometric average of 𝑞ா corresponding to the 
embedment length of the pile 

𝑞ா௚,௧௢௘: is the geometric average of 𝑞ா over the influence zone 
around the pile base. The influence zone extends from 4Dp 
below the pile toe to 8Dp above when the pile is installed from 
weak soil into dense soil. Conversely, when the pile is installed 
from dense soil into weak soil, the influence zone extends from 
4Dp below the pile toe to 2Dp above. 

A parametric study was conducted to evaluate the axial 
capacity of piles with varying diameters (𝐷௣) and lengths ሺ𝐿௣). 
Pile diameters ranged from 0.4 m to 1.5 m, while pile lengths 
varied between 3.5 m and 20 m. Since one of the CPTu tests 
commenced at a lower depth, the comparison was restricted to 
ensure that the influence zone did not extend beyond the initial 
depth of the shorter test (𝐿௣ െ 8 ∙ 𝐷௣ ൒ 3.3 𝑚). This approach 
prevented the inclusion of data points that were unavailable in 
the other dataset, ensuring a consistent basis for evaluation. 
Additionally, the influence zone below the pile toe was 
constrained to remain within the 20 m depth limit of the CPTu 
data, ensuring that all computed values were based on measured 
data (𝐿௣ ൅ 4 ∙ 𝐷௣ ൑ 20 𝑚). For each pile configuration, the 
shaft and toe resistances were estimated using Equations (2) and 
(3), allowing for the calculation of the total axial capacity. The 
differences in capacity between the two datasets were then 
quantified using the relative difference, defined as the absolute 
difference between the capacities obtained from the two CPTu 
datasets, normalized by the capacity derived from the reference 
CPTu data (B*=1.0). 

3 RESULTS 

The results of the parametric study emphasize the influence of 
pile geometry and stratigraphy on axial pile capacity. To 
evaluate the effect of data quality, we compared the differences 
in base resistance, shaft resistance, and total axial capacity 
using poorly saturated CPTu data (B*=0.84) versus high-
quality data (B*=1.0). Figure 3 shows the relative differences 
for these components, highlighting that base resistance exhibits 
the largest discrepancy, with a maximum difference of 10.3%. 
In comparison, the variation in shaft resistance reaches 6.3%, 
while the total axial capacity differs by approximately 6%. 
These variations can be explained by the relative contributions 
of shaft and base resistances to total capacity. For piles with Dp 
≥ 1.0 m and Lp ≤ 10 m, base resistance accounted for over 40% 
of the total axial capacity. In contrast, for slender piles with Dp 
≤ 0.6 m and Lp ≥ 15 m, shaft resistance contributed more than 
75% to the total capacity. Given that shaft resistance typically 
represents the dominant factor in axial capacity, the observed 
changes in total capacity are largely driven by variations in 
shaft resistance. This explains the modest overall changes in 
capacity, since a large part of the pile is in coarse grained soils, 
and the fact that discrepancies in estimated capacities are most 
prominent for longer piles, as pore pressure deviations increase 
below 12 m depth. For shorter piles in uniform soil layers, the 
differences between the two datasets are minimal, typically 
below 3%. However, in longer piles intersecting different 
layers, the discrepancy can double reaching up to 6%.  

While these variations are modest, they show a clear 
correlation with poor saturation. Therefore, a grater impact may 
be expected in certain stratigraphic profiles. Furthermore, it is 
unknown the extent played by poor saturation in the data used 
by Niazi and Mayne (2016), and they warn about the potential 
impact on the pile capacity estimate introduce by poor 
saturation of piezocone. 
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4 CONCLUSIONS 

This study presents an effort to quantify the impact of pore 
pressure measurement quality on the axial capacity of piles by 
comparing predictions based on poorly saturated (B* = 0.84) 
and high-quality (B* = 1.0) CPTu data. The results 
demonstrated that discrepancies in base and shaft resistance 
lead to variations in total axial capacity, with base resistance 
exhibiting the largest differences (up to 10%), followed by shaft 
resistance (6%), and total capacity (6%). It is crucial to note that 
poor saturation leads to an increased predicted capacity, hence 
an unconservative/unsafe design. The differences in predicted 
capacity were found to be more pronounced in deeper layers, 
particularly for longer piles (Lp ≥ 15 m), where increasing pore 
pressure deviations below 12 m contributed to larger 
uncertainties. However, it is crucial to emphasize that these 
findings are specific to the stratigraphic conditions analyzed in 
this study. Additionally, the impact of data quality on axial 
capacity estimates is pile design method-dependent, as different 
design methods may result in varying magnitudes of 
discrepancy. This study employed a method that has been 
demonstrated to be one of the most effective for predicting axial 
pile capacity in mixed soil conditions, ensuring a reliable basis 
for comparison. In softer soils, where greater excess pore 
pressures are expected, the impact of data quality on capacity 
predictions is anticipated to be more significant. In contrast, for 
granular materials, where cone resistance is relatively high 
compared to pore pressure, the correction to the tip resistance is 
less pronounced, likely leading to smaller discrepancies. This 
study demonstrates the importance of considering CPTu data 
quality when evaluating axial pile capacity of deep foundations, 
where stratigraphic effects are more influential.  
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Figure 3: Variation of the percentage difference in shaft resistance, base resistance, and axial pile capacity with pile diameter and length. 
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