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ABSTRACT: The Standard Penetration Test (SPT) is a ubiquitous test undertaken during ground investigations in the UK 

(and worldwide). In UK geotechnical practice the Stroud relationship is often used to estimate undrained shear strength using 

the plasticity index and the SPT blow count. Increasingly geotechnical engineering is adapting to the presence of open-data 

which can be used to re-evaluate and update design rules. This paper makes use of data from various literature sources and 

data obtained from archived AGS files, which store digital ground investigation information in an industry standard format. 

AGS files were obtained from the British Geological Survey’s (BGS) National Geoscience Data Centre (NGDC) to compare 

test results with the original Stroud relationship. This work quantifies the potential parameter variation that may be 

encountered when estimating undrained shear strength using the SPT across six geological deposits. This allows for 

improved risk mitigation during the design process and, while the existing relationship remains in line with the new results, 

this highlights the possibility of material specific correlations. 
 

RÉSUMÉ: L'essai au pénétromètre dynamique (SPT) est un essai omniprésent lors des études du sol au Royaume-Uni (et 

dans le monde entier). Dans la pratique géotechnique britannique, la relation de Stroud est souvent utilisée pour estimer la 

résistance au cisaillement non drainé en utilisant l'indice de plasticité et le nombre de coups du SPT. L'ingénierie 

géotechnique s'adapte de plus en plus à la présence de données ouvertes qui peuvent être utilisées pour réévaluer et actualiser 

les règles de conception. Cet article s'appuie sur des données provenant de diverses sources de littérature et sur des données 

obtenues à partir de fichiers AGS archivés, qui stockent des informations numériques sur l'étude du sol dans un format 

standard industriel. Les fichiers AGS ont été obtenus auprès de l'Institut d'études Géologiques Britannique (BGS) du Centre 

National de Données Géoscientifiques (NGDC) afin de comparer les résultats des tests avec la relation originale de Stroud. 

Ce travail quantifie la variation potentielle des paramètres qui peut être retrouvée lors de l'estimation de la résistance au 

cisaillement non drainé à l'aide du SPT dans six gisements géologiques. Cela permet d'améliorer l'atténuation des risques au 

cours du processus de conception et, bien que la relation existante reste conforme aux nouveaux résultats, cela met en 

évidence la possibilité de corrélations spécifiques aux matériaux. 
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1 INTRODUCTION 

Many geotechnical design parameters are difficult to 

obtain directly during routine design work due to the 

need for complex and/or time-consuming field or 

laboratory tests. Therefore, practitioners often use 

published correlations to estimate more complex 

parameters (e.g. undrained shear strength, su; shear 

modulus, G) from those parameters which are more 

readily available. The Standard Penetration Test (SPT) 

is commonly used in this context (e.g. Terzaghi et al. 

1996, Reid and Taylor, 2010) and a number of authors 

have attempted to obtain correlations which relate 

plasticity index (IP) and SPT blow count (N) to the su 

parameter for fine-grained soils. 

1.1 Skempton (1954) 

Skempton (1954) presented the following empirical 

correlation for su measured with field vane (su,FV) 

normalised by the effective overburden pressure (σ′v0): 
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In Skempton (1957) further data were added, and 

Mayne (2013) gave the following regression 

coefficients proving similar to the original regression 

result (R2 = 0.946, n = 19): 

 

 

As detailed in Wood (1990, pp. 302-305) data from 

Bjerrum (1973) were used by Mesri (1975) to question 

the dependence of su/σ′v0 on IP. Mayne (2013) showed 

regressions fitted to data from Ladd and DeGroot 

(2003) showing weaker correlations linking su/σ′v0 to 

IP (%) for other shear modes (e.g. direct simple shear, 

DSS; triaxial compression, TC; and triaxial extension, 

TE). The significance of IP on su parameters for fine-

grained soils will be discussed in this paper. 

1.2 Stroud (1974) 

Past studies (e.g. Sowers 1954 and de Mello 1971) had 

linked soil strength parameters to SPT-N. Stroud 

(1974) then proposed the following estimation for the 

su of insensitive clays and soft rocks, mostly from 

unconsolidated undrained triaxial compression tests 

(therefore expressed here as su,UU): 

 

 

where f1 is an empirical factor that Stroud (1974, 

p. 369) noted ‘is a constant essentially independent of 
depth and of discontinuity spacing, although it may 

vary in some way from site to site according to the 

characteristics of the material being tested’. The 

parameter f1 ranges from 3.1 to 7.6 for the soils studied 

by Stroud (1974) and Stroud and Butler (1975), who 

showed that f1 varies with IP for the studied clays. 

However, the lack of a statistically derived trend was 

noted by Reid and Taylor (2010). 

Further studies using the SPT to estimate su include 

Hara et al. (1974), Terzaghi et al. (1996), Sivrikay and 

Toǧrol (2006) and Tan and Ramli (2023). The SPT has 

also been used to estimate various other geotechnical 

design parameters, e.g. soil stiffness (e.g. Hara et al. 

1974, Rocha et al. 2023) and stress ratios that result in 

liquefaction (e.g. Seed et al. 1985). Seed et al. (1985) 

recommended using a standardized energy ratio to 

‘correct’ raw SPT-N values: a value of 60% was 

advised. This corrected SPT parameter (N60) was also 

supported by Skempton (1986) who also 

recommended a correction for overburden pressure 

denoted as (N1)60. Stroud (1989) then recast the plot 

from Stroud and Butler (1975) with f1 = su/N60. 

Following Stroud (1974), Stroud and Butler (1975) 

and Stroud (1989), f1 is essentially a ‘site’ parameter 

which is derived site-by-site by assuming the su with 

depth trend has the same gradient as the SPT-N versus 

depth data. This means that f1 is averaged and that 

individual locations on a site may deviate from the site 

value. Also, the IP value may not be available at each 

SPT-N:su test pair and hence the f1 value is related to a 

representative IP value in the original work of Stroud 

(1974) and Stroud and Butler (1975). 

White et al. (2019) recently presented a revised 

method for the calculation of f1; essentially f1 values 

are calculated for specific pairs of su and SPT-N values 

which can then be arithmetically averaged across a 

geological unit. However, White et al. (2019) retained 

the method of averaging these f1 values for each site. 

The analysis of nine sites presented in White et al. 

(2019) suggested an increase in average representative 

f1 values for London Clay from 4.4 to 5.7, the cause of 

which was attributed to changes in the SPT test since 

the original Stroud (1974) paper. 

1.3 Open data sources 

The challenges of data sharing in the geotechnical 

community have been reviewed in Gilder et al. (2021). 

Considerable open data is available from the British 

Geological Survey’s (BGS) National Geoscience Data 

Centre (NGDC), which has been used in various UK 

research projects (e.g. Thorpe and Terrington 2023). 

The BGS NGDC provides archived files in AGS 

format (described in AGS 2017) detailing the results 

of ground investigations across the UK. So far, 54 

projects have been found with SPT-N, su and IP data 

(project references are not reported here for brevity). 

1.4 Study Aims 

Following the observations in Reid and Taylor (2010) 

regarding the lack of detailed statistical analysis in the 

UK studies reviewed in Section 1.2, the authors have 

used open AGS data from the BGS NGDC to 

investigate if: 

• this data can be used to calculate f1 values for 

UK soils to verify the proposed range provided 

by past studies and provide statistical measures; 

• the increased f1 for modern SPTs in White et al. 

(2019) can be extended to other deposits; 

• the data statistically supports the link between f1 

and IP over geological deposits (rather than 

project sites); and 

• alternative parameters, such as depth, show a 

more statistically significant correlation with f1. 

This paper presents the preliminary results of this 

study, focussed on the first two points listed above. 
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2 DATA PROCESSING 

Python software was used to combine AGS data files 

from multiple projects. Following White et al. (2019), 

each triaxial test result was paired with the nearest SPT 

test from the same borehole to form an SPT-N:su pair. 

These were then used to calculate f1 values, and the 

nearest IP value was assigned to this result. 

Additionally, the SPT was required to be in the same 

geological unit and undertaken within 1.5m of the 

triaxial test and the IP value had to be obtained from a 

sample within 3m. Note that these preliminary results 

do not include investigation into the sensitivity of the 

proximity between SPT-N, su and IP values; suitable 

SPT corrections could not be applied; and no outliers 

were excluded. 

A significant proportion of the data was sourced 

from linear infrastructure projects such as the A14 

Cambridge to Huntington project and the Thames 

Tideway Tunnel. In these cases, it was not intuitive to 

average values over a whole project or split them into 

sites. This highlights the problems with performing a 

statistical analysis based on data grouped by sites with 

different amounts of information. Instead, this data has 

been grouped only by geological deposit. Excluding 

non-glacial superficials, six deposits were found to 

have enough data to analyse using this approach. 

3 RESULTS 

Table 1 shows the summary statistics for the f1 and IP 

values obtained in each of the six geological deposits. 

The mean values are plotted in Figure 1 and compared 

to the tabulated UK data from Stroud (1974), Stroud 

and Butler (1975) and White et al. (2019). Note that 

the Mercia Mudstone data were not based on triaxial 

tests and were therefore excluded, and the geological 

deposits were renamed according to BGS (2023). 

 

 
Figure 1. f1 vs. IP values compared to tabulated UK data. 

Table 1. f1 and IP summary statistics by geological deposit. 

n=number of points, μ=mean value, P25= 25th percentile, 

and P75=75th percentile, COV=Coefficient of Variation. 

Geology n param. P25 μ P75 
COV 
(%) 

London 

Clay 

283 f1 (kPa) 3.0 4.3 5.4 46 

IP (%) 40 44 49 16 

Lambeth 

Group 

89 f1 (kPa) 1.3 3.0 3.7 100 

IP (%) 22 29 36 35 

Oxford 

Clay 

94 f1 (kPa) 2.9 5.8 6.7 83 

IP (%) 29 34 37 18 

Ampthill 

Clay 

36 f1 (kPa) 3.8 5.4 6.4 47 

IP (%) 38 41 45 13 

Gault 

Clay 

31 f1 (kPa) 2.6 4.5 5.0 62 

IP (%) 43 45 48 8 

Glacial 

Till 

72 f1 (kPa) 3.3 5.1 6.6 57 

IP (%) 16 21 25 31 

 

The following observations are made from these 

preliminary results: (a) the mean f1 values show a 

similar range to the original dataset by Stroud (1974) 

and Stroud and Butler (1975); (b) the coefficient of 

variation for f1 is relatively high in each deposit; (c) the 

mean f1 = 4.3kPa for London Clay is notably lower 

than in White et al. (2019); and (d) no strong evidence 

of the correlation between f1 and IP was found. 

4 SUMMARY AND CONCLUSIONS 

This paper presented the preliminary results of a study 

investigating f1 values for UK soil deposits. In total, 54 

projects were analysed to obtain 605 suitable 

datapoints in six geological deposits. A similar 

variation of f1 values to that indicated in the Stroud 

(1974) and Stroud and Butler (1975) results was found. 

Summary statistics were provided quantifying the 

variation by deposit. The f1 values for London Clay 

were generally closer to those from Stroud (1974) than 

the newer results from White et al. (2019), suggesting 

that the proposed higher values should be supported 

with site-specific data before use. The methodology 

presented here can be refined further to investigate the 

suitability of correlating f1 with IP and other 

parameters. However, due to the inherent variability of 

SPT and UU triaxial tests, significant scatter is 

expected and engineers should exercise caution when 

relying on correlations between these parameters. 

This study shows how open data can be used to re-

examine the variability of geotechnical design 

parameters and highlights the importance of increased 

data sharing (Gilder et al. 2021). This correlation is in 

common use in UK geotechnical practice and 

improved confidence could represent considerable 

cost savings and sustainability gains. 
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