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ABSTRACT  

The success of numerical analysis relies on several factors, with one crucial aspect being the accurate determination of 

constitutive model parameters. Extracting these parameters directly from in-situ tests has several advantages, such as cost-

effectiveness and minimal soil disturbance. However, obtaining soil parameters directly from in-situ tests is not feasible, 

as empirical correlations are used to interpret them. An ongoing research project aims to create an automated parameter 

determination (APD) framework using a graph-based approach to determine constitutive model parameters from in-situ 

tests. The process involves using two spreadsheets as input: the first defines the parameters, while the second specifies 

the correlations used to compute them. The system then generates connections between the parameters and computes 

values for each one. The paper discusses the validation of the correlations database used by the system, which includes 

over 100 correlations for deriving parameters for various soil types. The framework determines parameters based on cone 

penetration tests (CPT), dilatometer tests (DMT), and in-situ shear wave velocity measurements. The system's output is 

compared to values interpreted from laboratory tests. To collect data for this validation, a web-based application 

"Datamap" was employed, which stores and categorizes geotechnical data. The validation process utilized data from the 

Norwegian GeoTest Sites (NGTS), specifically the NGTS-silt project. The parameters were calculated based on CPT, 

DMT, and in-situ shear wave velocity measurements. Ongoing research aims to evaluate the accuracy of the derived 

parameters and expand the system's capabilities to include additional in-situ tests.  
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1. Introduction 

The development of soil constitutive models has led 

to advanced models that can simulate soil behaviour 

more accurately than simple models. However, one 

drawback of using advanced models in numerical 

analysis is the increased number of required parameters 

compared to simple models. Calibrating and determining 

these parameters requires laboratory tests, such as triaxial 

and oedometer tests. These tests may not always be 

available in all projects, especially in the early design 

phases. 

An alternative method for determining soil 

parameters is by conducting in-situ tests. In-situ tests are 

relatively cheaper and faster than laboratory tests, and 

soil sampling is not required. However, it is not possible 

to assess the parameters directly from the results of in-

situ tests. Therefore, several correlations have been 

developed over the years to link the in-situ measurements 

to different soil parameters. The existence of several 

correlations for a given parameter can result in a scatter 

in the obtained values. This scatter is mainly attributed to 

the applicability of the correlations. Some correlations 

are only valid for specific soil types, while others are only 

valid for specific site conditions, such as the 

overconsolidation ratio. 

Several guides are available in literature for 

interpreting in-situ tests, such as (Kulhawy and Mayne 

1990; Schnaid 2009), (Lunne et al. 1997; Mayne 2014; 

Robertson 2015) for cone penetration test (CPT), and 

(Marchetti et al. 2001) for dilatometer test (DMT). Other 

attempts to assess constitutive model parameters based 

on very limited soil data has been presented by 

Brinkgreve et al. (2010), where the parameters of the 

Hardening Soil Small Model (HSsmall) (Benz 2007) 

were determined by using only the relative density. 

Automated parameter determination (APD) is an 

ongoing research project that aims to create a tool for 

determining constitutive model parameters based on in-

situ tests. The parameters are determined using a graph-

based approach that incorporates graph theory principles 

(Van Berkom et al. 2022; Marzouk et al. 2024). The 

project's primary objective is to establish a transparent 

and adaptable framework for parameter determination. 

The first objective is achieved by displaying how the 

parameters are computed based on the available 

information. The second objective is ensured by allowing 

the system users to incorporate their expertise, for 

example, by selecting the correlations.  

Van Berkom et al. (2022) illustrated the framework 

and graph-based approach. The framework currently 

consists of three main workflows for determining 

parameters: CPT, DMT, and shear wave velocity 

measurements. The CPT-based workflow was used to 

determine soil parameters for one of the Norwegian 

GeoTest Sites (NGTS), a soft clay site in Marzouk et al. 

(2023a). While the DMT-based workflow was used to 



 

evaluate soil parameters for the same site in Marzouk et 

al. (2023b). This paper employs all three main workflows 

to evaluate soil parameters for the silt site of NGTS. The 

results are then compared to reference values. 

2. Test site 

2.1. Datamap 

Datamap is a web application designed to collect, 

classify, and store geotechnical data in an organized 

manner. Its purpose is to make geotechnical data 

accessible and available to researchers, as well as to 

provide them with the opportunity to create and share 

their projects. It can be accessed through 

www.geocalcs.com/datamap (Doherty et al. 2018). 

2.2. Norwegian GeoTest Sites (NGTS) 

The Norwegian Geotechnical Institute (NGI), the 

Norwegian University of Science and Technology 

(NTNU), SINTEF Building and Infrastructure, the 

University Centre in Svalbard (UNIS), and the 

Norwegian Public Roads Administration (NPRA) 

established five GeoTest Sites (NGTS) in Norway 

between 2016 and 2019 (L’Heureux and Lunne 2020). 

Each site corresponds to a different soil type, including 

clay, silt, quick clay, sand and permafrost. 

2.3. Halden silt site 

Halden is situated in Southeastern Norway, around 

120 km south of Oslo. It spans an area of approximately 

6000 m² and has a predominantly flat topography. The 

site has been thoroughly characterized by combining the 

results of various geological, geophysical, and 

geotechnical site investigation tools (Blaker et al. 2019). 

Based on the geological history of the site, there is no 

evidence of any loading events. Therefore, it can be 

inferred that the soil at the site is likely to be geologically 

normally consolidated, with the exception of some 

surface weathering, desiccation, and aging (Blaker et al. 

2019). 

The evaluation of soil stratification was based on 

geophysical, in-situ, and laboratory testing. Four soil 

units, numbered Unit I to Unit IV, were identified. Unit I 

extends to a depth of approximately 4.5 to 5 m and 

consists of medium dense silty, clayey sand with some 

organic material. Units II and III extend down to a depth 

of approximately 15 to 16 m. The material (Units II and 

III) is characterized as clayey silt and is separated into 

two units based on the results of in-situ tests. However, it 

is regarded as the same material with the same geologic 

origin. Unit IV contains low to medium strength clay. 

Bedrock is typically encountered at a depth of 21 m. The 

groundwater table is situated at a depth of approximately 

2 m (Blaker et al. 2019). 

Fig. 1. presents the in-situ tests selected as input for 

APD. The results of the selected CPTu (HALC 11 in the 

project) in terms of the corrected cone tip resistance (𝑞𝑡), 

sleeve friction (𝑓𝑠) and pore pressure measurements (𝑢2) 

are shown in Figs 1(a-c), while the results of the selected 

seismic dilatometer test (SDMT) (HALD01 in the 

project) in terms of the corrected pressure readings (𝑃0 

and 𝑃1) and shear wave velocity (𝑣𝑠) are shown in Figs 

1(d-e). The four different soil units are highlighted in the 

figure. 

The selected CPTu had a 10 𝑐𝑚2 compression cone 

with 150 𝑐𝑚2 friction sleeve and the pore pressure 

transducer was located in the 𝑢2 position. In Units II and 

III, the 𝑞𝑡 plots at approximately 1 MPa. In the deeper 

parts of Unit III, 𝑞𝑡 increases from 1 to 2 MPa (at around 

16 m). 𝑃0 and 𝑃1 are scattered above 5 m. However, the 

results are more consistent in the silt and clay layers 

(Units I, III and IV). The profile of shear wave velocity 

was recorded at intervals of 0.5 m. The results indicate an 

increasing trend from approximately 110 m/s at a depth 

of 2 m to about 200 m/s at a depth of 16 m (Blaker et al. 

2019). 

 

 
Figure 1. Results of selected in-situ tests, (a-c): CPT results (profiles of 𝑞𝑡, 𝑓𝑠 and 𝑢2), (d): DMT results (𝑃0 and 𝑃1); (e): 𝑣𝑠 

profile from the SDMT. 

http://www.geocalcs.com/datamap
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3. Automated Parameter Determination 
(APD) 

The framework of APD is discussed in detail in the 

following publications: Van Berkom et al. (2022), 

Marzouk et al. (2022), Marzouk et al. (2023a) and 

Marzouk et al. (2023b). In summary, the framework 

comprises several interconnected modules that link raw 

measurements to constitutive model parameters. The 

APD system is developed using the Python programming 

language. 

Using the CPT-based workflow as an example, 

module 1 is a CPT reader, importing raw data for further 

interpretation. In the 2nd module, the stratification is 

carried out according to one of Robertson's soil behaviour 

type (SBT) charts (Robertson 2009; Robertson 2010; 

Robertson 2016). The stratification is achieved by one of 

the implemented stratification algorithms or manually by 

the user. The stratification algorithms are not discussed 

in this contribution as the stratification of the in-situ tests 

was carried out manually in this study. After evaluating 

the layers, the in-situ measurements are averaged to 

determine the representative value for each layer. The 3rd 

module utilises the averaged measurements to determine 

the state of the layer, specifically the overconsolidation 

ratio (OCR) and coefficient of earth pressure (𝐾0). The 

computed OCR and 𝐾0 values can be considered as initial 

values at this stage, and their computation is based on 

correlations selected by the user. Module 4 is the primary 

module of the framework, implementing a graph-based 

approach to compute soil parameters using the outputs of 

modules 2 and 3. Similarly, module 5 assesses 

constitutive model parameters. This paper compares the 

computed soil parameters from module 4 to reference 

values at the test site, and therefore does not consider the 

transition to module 5. 

The graphs are generated using the user's provided list 

of correlations. In accordance with APD terminology, the 

terms 'correlation', 'formula', 'equation', and 'rule of 

thumb' are replaced with the term 'method'. This term is 

chosen because there are multiple ways to determine the 

parameters. To generate the graph, two CSV files 

containing the methods (list of correlations) and 

parameters are required. The two files have a unique 

format that requires the definition of several properties. 

The file format is explained in more detail in the 

publications mentioned above. The system provides a 

standard database of over 100 methods and parameters.  

Users can modify, edit, and extend this database. The 

system generates links connecting methods and 

parameters and computes the value(s) of different 

parameters using the two CSV files. 

The following three subsections discuss the main 

differences between the three primary workflows (CPT, 

DMT and shear wave velocity), as well as the initial 

parameters that need to be computed before accessing the 

graph-based approach (module 4).  

3.1. CPT-based workflow 

To determine the total (𝜎𝑣) and effective (𝜎𝑣
′) vertical 

stresses required for computing CPT parameters (e.g., 

normalized cone resistance), an initial estimate of the unit 

weight is necessary. Therefore, it is crucial to determine 

the unit weight at an early stage. Subsection 4.1 discusses 

the methods for determining the unit weight. 

In addition to the initial unit weight, some normalized 

CPT parameters are computed such as the pore pressure 

parameter ratio (𝐵𝑞), normalized cone resistance 

corrected for stress level (𝑄𝑡𝑛). The definition of these 

CPT parameters is illustrated in several CPT guides, such 

as Robertson (2015). 

The initial parameters mentioned above, including the 

initial unit weight, do not need to be defined in the 

methods CSV file. The system calculates them internally 

and they act as source parameters, similar to CPT raw 

data.  

The validity of CPT methods for different parameters 

is determined based on the SBT of Robertson's 2010 SBT 

chart, as presented in Table 1. For instance, if a method 

is only applicable to sands, it is assigned a validity of 

SBT(567). This approach enables the system to 

distinguish between methods suitable for fine-grained 

and coarse-grained soils. 

 

Table 1. Definition of SBT according to Robertson 

(2010). 

3.2. DMT-based workflow 

Similar to the CPT-based workflow, some initial 

DMT parameters are needed (e.g., to use Marchetti’s soil 

type and unit weight chart). Additionally, an initial 

estimate of the unit weight is necessary to calculate the 

total and effective stresses. Subsection 4.1 discusses the 

methods for determining the unit weight. The DMT 

parameters are calculated as follows: 

• Material index 

 

𝐼𝐷 =
𝑃1−𝑃0

𝑃0−𝑢0
      (1) 

 

• Dilatometer modulus 

 

𝐸𝐷 = 34.7(𝑃1 − 𝑃0)    (2) 

 

• Horizontal stress index 

 

Zone Soil Behaviour Type (SBT) 

1 Sensitive fine-grained 

2 Clays – organic soil 

3 Clays: clay to silty clay 

4 Silt mixtures: clayey silt & silty clay 

5 Sand mixtures: silty sand to sandy silt 

6 Sands: clean sands to silty sands 

7 Dense sand to gravelly sand 

8 Stiff sand to clayey sand (overconsolidated) 

9 Stiff fine-grained (overconsolidated) 



 

𝐾𝐷 =
𝑃0−𝑢0

𝜎𝑣
′      (3) 

 

The validity of DMT methods for different 

parameters is determined based on Marchetti’s chart, as 

presented in Table 2. For instance, if a method is only 

applicable to clays, it is assigned a validity of SBT(2). 

Table 2. DMT SBT according to Marchetti’s chart 

(Marchetti and Crapps 1981). 

3.3. Shear wave velocity-based workflow 

The motivation of implementing the shear wave 

velocity-based workflow is to accurately determine the 

small-strain shear modulus (𝐺0). Previous experience has 

shown that correlations of shear wave velocity are prone 

to uncertainties. 

The main challenge in implementing the shear wave 

velocity-based workflow within the APD framework lies 

in the stratification. APD computes parameters based on 

layers, while in-situ shear wave velocity measurements 

are recorded in larger intervals (0.5 to 1 m) compared to 

CPT (1 or 2 cm) and DMT (20 cm). This may result in 

layers without 𝑣𝑠 measurements, thus the workflow 

would be unusable for the entire analysis. To overcome 

this limitation, several approaches are currently being 

considered. Machine learning models could be used to 

predict additional shear wave velocity points, thereby 

filling in the missing data. Alternatively, a site-specific 

approach could be employed, where several CPT 𝑣𝑠 

correlations are compared to the in-situ shear wave 

velocity profile and the correlation with the least error is 

selected to predict the missing points. These approaches 

are still under investigation and are not considered in this 

contribution. In this study, in-situ shear wave velocity 

measurements were available for all layers in the 

analysis. 

4. Parameter interpretation 

The unit weight (𝛾𝑡), undrained shear strength (𝑠𝑢), 

constrained modulus (𝐸𝑜𝑒𝑑) and small-strain shear 

modulus (𝐺0) were assessed using the three different 

workflows (CPT, DMT and 𝑣𝑠). The methods chosen for 

these parameters, based on different in-situ tests, are 

presented in Table 3. It should be noted that there are 

many more methods available in the APD database. The 

methods presented in Table 3 have been selected to 

illustrate the workflow and show the potential of APD. 

Validating the output of the methods database by 

comparing it to reference values interpreted from 

laboratory tests is part of ongoing research. Additionally, 

a statistical module is currently in development to aid in 

selecting the representative value for different 

parameters. 

4.1. Unit weight 

As mentioned in subsection 3.1, an initial estimate of 

the unit weight is required to calculate the total and 

effective vertical stresses. Any method can be used to 

compute this initial value. Table 3 presents the methods 

selected to compute the unit weight for the three different 

workflows. In this study, Eq. (5) was used to compute the 

initial unit weight for the CPT workflow, while Eq. (8) 

was used for the DMT workflow. Since the 𝑣𝑠 add-on is 

an extension of the CPT workflow, Eq. (5) is also used as 

the initial unit weight for the 𝑣𝑠 workflow. This unit 

weight was also used for calculating 𝜎𝑣
′  in Eqs. (14-15). 

4.2. Strength parameters 

Table 3 also presents the selected methods used to 

determine the undrained shear strength (𝑠𝑢). Bearing 

factors for net tip resistance, excess porewater pressures, 

and effective cone resistance are denoted by 𝑁𝑘𝑡, 𝑁𝛥𝑢, 

and 𝑁𝑘𝑒, respectively, in Eqs. (17-19). Several 

researchers concluded the 𝑁𝑘𝑡 and 𝑁𝑘𝑒 vary inversely 

with 𝐵𝑞 , while 𝑁Δ𝑢 varies directly with 𝐵𝑞  (Mayne et al. 

2023).  

4.3. Stiffness parameters 

The 1-D constrained tangent modulus (𝐸𝑜𝑒𝑑) is often 

used to predict settlements. The methods selected for 

computing 𝐸𝑜𝑒𝑑 are presented in Table 3. The value of 

𝛼𝑀 for Eq. (28) is presented for the case of soil behaviour 

type index (𝐼𝑐𝑛) > 2.2 and 𝑄𝑡𝑛 < 14, as all the layers 

evaluated for the CPT analysis had 𝐼𝑐𝑛 values greater than 

2.2 and 𝑄𝑡𝑛 less than 14. The correction factor 𝑅𝑀 for Eq. 

(29) is presented for the case of 𝐼𝐷 ≤ 0.6, as all the layers 

evaluated for the DMT analysis had 𝐼𝐷 less than 0.6. 

Similarly, the DMT correlation for the small-strain shear 

modulus (𝐺0) is presented in Eq. (40) for the case of 𝐼𝐷 ≤
0.6. 

5. Results  

The previous subsection presented methods for 

determining soil parameters for the CPT and SDMT 

shown in Fig. 1. In this study, CPT and SDMT results 

were averaged every 1 m (manual layering), and these 

values were used as input for the analysis. The focus was 

solely on the geological Units II and III, where silt was 

encountered. The averaging process resulted in 11 layers 

for the CPT, DMT, and 𝑣𝑠 profiles. A few measurements 

indicating that 𝑃1 < 𝑃0 for the DMT results were filtered 

out to avoid affecting the interpretation of the DMT 

parameters. 

Performing DMT in silty soil can cause partial 

drainage due to the expansion of the DMT membrane, 

which can affect the DMT readings and lead to errors 

when deriving parameters using typical DMT 

correlations (Marchetti and Marchetti 2016). To correct 

for these effects, methods such as the one presented in 

Schnaid et al. (2018) can be used. However, it was not 

possible to correct the DMT readings for partial drainage 

effects due to the absence of time data for the DMT test 

conducted at this site. 

 

Zone Soil Behaviour Type (SBT) 

1 Mud / Peat 

2 Clay 

3 Silt 

4 Sand 



 

 

 

 

 

Table 3. Selected Methods 

Parameter Workflow Method Author 

𝛾𝑡 

CPT 

𝛾𝑤[0.27(log 𝑅𝑓) + 0.36(log 𝑞𝑡/𝑝𝑎) + 1.236]                 (4)* Robertson and Cabal (2010) 

19.5 − 2.87 [
log(

9000

𝑞𝑡
)

log(
20

𝑅𝑓
)

]                                                         (5) 
Lengkeek and Brinkgreve 

(2022) 

26 −
14

1+[0.5 log 𝑓𝑠+1]2                                                             (6) Mayne (2014) 

0.254. log (
𝑞𝑡−𝑢2

𝑝𝑎
) + 1.54                                                   (7) Mayne et al. (2023) 

DMT 

from Marchetti’s chart                                                        (8) Marchetti and Crapps 

(1981) 

𝛾𝑤. 1.31 (
𝑃1

𝑝𝑎
)

0.161

                                                                (9) 
Ozer et al. (2012) 

𝛾𝑤. 1.35 (
𝑃0

𝑝𝑎
)

0.159

                                                              (10) 
Ozer et al. (2012) 

𝛾𝑤. 1.32 (
𝑃1

𝑝𝑎
)

0.091

(
𝑃0

𝑝𝑎
)

0.0733

                                             (11) 
Ozer et al. (2012) 

𝛾𝑤. 1.47 (
𝐸𝐷

𝑝𝑎
)

0.045

                                                              (12) 
Ozer et al. (2012) 

𝑣𝑠 

8.31 log 𝑣𝑠 − 1.61 log 𝑧                                                    (13) Mayne (2001) 

4.17 ln 𝑣𝑠1 − 4.03                                                           (14)# Mayne (2007) 
6.87𝑣𝑠

0.227

𝜎𝑣
′0.057                                                                              (15) Burns and Mayne (1996) 

4.96 + 5.97 log 𝑣𝑠                                                             (16) Duan et al. (2019) 

𝑠𝑢 

CPT 

𝑞𝑡−𝜎𝑣

𝑁𝑘𝑡
 ; 𝑁𝑘𝑡 = 10.5 − 4.6 ln(𝐵𝑞 + 0.1)                             (17) Mayne et al. (2023) 

𝑢2−𝑢0

𝑁Δ𝑢
; 𝑁Δ𝑢 = 7.9 + 6.5 ln(𝐵𝑞 + 0.3)                                  (18) Mayne et al. (2023) 

𝑞𝑡−𝑢2

𝑁𝑘𝑒
 ; 𝑁𝑘𝑒 = 4.5 − 10.66 ln(𝐵𝑞 + 0.2)                          (19) Mayne et al. (2023) 

DMT 

0.12(𝑃0 − 𝜎𝑣)                                                                   (20) Cao et al. (2016) 

0.09(𝑃1 − 𝜎𝑣)                                                                   (21) Cao et al. (2016) 

0.22𝜎𝑣
′(0.5𝐾𝐷)1.25                                                            (22) Marchetti (1980) 

0.018𝐸𝐷                                                                            (23) Kamei and Iwasaki (1995) 

0.35(0.47𝐾𝐷)1.14𝜎𝑣
′                                                           (24) Kamei and Iwasaki (1995) 

𝑣𝑠 

0.152𝑣𝑠
1.142                                                                       (25) Agaiby and Mayne (2015) 

0.021𝑣𝑠
1.52                                                                         (26) L’Heureux and Long (2017) 

0.016𝑣𝑠
1.50                                                                         (27) Duan et al. (2019) 

𝐸𝑜𝑒𝑑  

CPT 𝛼𝑀(𝑞𝑡 − 𝜎𝑣) ; 𝛼𝑀 = 𝑄𝑡𝑛 ; for 𝐼𝑐𝑛 ≥ 2.2 & 𝑄𝑡𝑛 < 14       (28) Robertson (2009) 

DMT 
𝑅𝑀𝐸𝐷 ; for 𝐼𝐷 ≤ 0.6 ; 𝑅𝑀 = 0.14 + 2.36 log 𝐾𝐷             (29) Marchetti (1980), 

(Marchetti et al. 2001) 

 𝑅𝑀𝐸𝐷 ; for 𝐼𝐷 ≤ 0.6 ; 𝑅𝑀 = 0.6 𝐼𝐷
−0.8                               (30) Oberhollenzer (2022) 

𝑣𝑠 0.00010𝑣𝑠
2.212 (𝐸𝑜𝑒𝑑  𝑖𝑛 𝑀𝑃𝑎)                                          (31) L’Heureux and Long (2017) 

𝐺0 

CPT 

𝑣𝑠 = (10.1 log 𝑞𝑐 − 11.4)1.67(𝑓𝑠/𝑞𝑐 × 100)0.3                (32) Hegazy and Mayne (1995) 

𝑣𝑠 = 3.18𝑞𝑐
0.549𝑓𝑠

0.025                                                       (33) Hegazy and Mayne (1995) 

𝑣𝑠 = [𝛼𝑣𝑠(𝑞𝑡 − 𝜎𝑣)/𝑝𝑎]0.5 ; 𝛼𝑣𝑠 = 10(0.55𝐼𝑐𝑛+1.68)           (34) Robertson (2015) 

𝑣𝑠 = 1.75𝑞𝑐
0.627                                                                 (35) Mayne and Rix (1995) 

𝑣𝑠 = 6.53(𝑞𝑐 − 𝜎𝑣)0.461                                                   (36) Mayne and Rix (1995) 

𝑣𝑠 = 0.831𝑄𝑡𝑛 (
𝜎𝑣

′

𝑝𝑎
)

0.25

𝑒1.786𝐼𝑐𝑛                                      (37) 
Hegazy and Mayne (2006) 

2.78𝑞𝑐
1.335                                                                         (38) Mayne and Rix (1993) 

DMT 

7.5 𝐸𝐷                                                                                (39) as mentioned in Tanaka and 

Tanaka (1998) 

26.177𝐾𝐷
−1.0066𝑀𝐷𝑀𝑇  ; for 𝐼𝐷 < 0.6                                   (40) Marchetti et al. (2008) 

2.97. (
1

𝐼𝐷
) . (

𝑃𝑎

𝜎𝑣
′)

2/3

. 𝑀𝐷𝑀𝑇                                                 (41) Choo et al. (2019) 

𝑣𝑠 𝜌𝑣𝑠
2                                                                                    (42)  

* 𝑅𝑓 is the friction ratio (𝑅𝑓 = 𝑓𝑠/𝑞𝑐 100%), 𝑞𝑡 is the corrected cone resistance and 𝑝𝑎 is the atmospheric pressure 

# 𝑣𝑠1 is the effective stress-normalized shear wave velocity (𝑣𝑠1 = 𝑣𝑠/(𝜎𝑣
′/𝑝𝑎)0.25) 

 



 

 
Figure 2. Comparison between APD and interpreted values at Halden silt test site. 

 

The total unit weight was also assessed from direct 

measurements (Blaker et al. 2019). Fig. 2a displays the 

measured unit weights and the unit weights obtained 

from the three workflows. The blue, green, and red 

shaded areas represent the range of values obtained from 

the CPT, DMT, and 𝑣𝑠 workflows, respectively. The 

blue, green, and red lines with circle markers correspond 

to the average value of the selected methods for the three 

workflows (CPT, DMT and 𝑣𝑠). The circle markers 

indicate the mid-depth of the 11 thin (1 m thick) layers. 

None of the selected methods were able to predict the 

measured unit weight. The methods used for the 𝑣𝑠-based 

workflow produced the highest values for 𝛾𝑡. This 

indicates that caution should be exercised when 

determining unit weight from correlations. 

𝐸𝑜𝑒𝑑 was determined from oedometer tests, either 

from incremental loading (IL) tests or from constant rate 

of strain (CRS) tests. The tested samples were obtained 

from block samples (Blaker et al. 2019).  Fig. 2b shows 

that the CPT and 𝑣𝑠-based workflows produce good to 

reasonable estimates for 𝐸𝑜𝑒𝑑. However, 𝐸𝑜𝑒𝑑 obtained 

from the DMT-based workflow (using Eqs. (29-30) for 

𝑅𝑀) underestimates the reference values in this particular 

case. This underestimation is most probably attributed to 

the partial drainage effects. One consequence of the 

partial drainage is that the difference between the two 

DMT readings is too low leading to low values of 𝐼𝐷 and 

consequently 𝐸𝑜𝑒𝑑  (Marchetti and Marchetti 2016). 

Reference 𝐺0 values were assessed using several 

SCPTs and one SDMT. An approximate unit weight of 

19 𝑘𝑁/𝑚3 and 20 𝑘𝑁/𝑚3 was used for Units II and III, 

respectively. The results are shown in Fig. 2c. The blue, 

green, and red shaded areas represent the range of values 

obtained from the CPT, DMT, and 𝑣𝑠 workflows, 

respectively. It is evident that the 𝑣𝑠-based workflow 

output would provide the most accurate prediction of 𝐺0. 

The difference between the 𝑣𝑠-based workflow output 

and the reference values interpreted from the SDMT is 

attributed to the unit weight used (Eq. (5). In general, the 

𝐺0 values obtained from the CPT-based workflow tend to 

underestimate the in-situ 𝐺0 values. However, some CPT 

methods showed a reasonable fit at the top of Unit II and 

at the bottom of Unit III. Similar to the CPT-based 

workflow, most of the values obtained from the DMT-

based workflow underestimate the reference 𝐺0 values. 

However, the upper limit of the values shows reasonable 

agreement with the in-situ 𝐺0 values. This confirms that 

it is recommended to use the 𝑣𝑠-based workflow to 

accurately determine 𝐺0. 



 

The “reference” 𝑠𝑢 values were obtained from 

undrained anisotropically consolidated triaxial (CAUC) 

tests and direct shear (DSS) tests. All the reference values 

presented in Fig. 2d are derived from block samples 

(Blaker et al. 2019). The blue, green, and red shaded 

areas represent the range of values obtained from the 

CPT, DMT, and 𝑣𝑠 workflows, respectively. The output 

of the CPT-based workflow is in reasonable agreement 

with the values interpreted from the CAUC tests. The 

values of 𝑠𝑢 interpreted from the 𝑣𝑠-based workflow fall 

between the reference values from the CAUC and DSS 

tests.  The upper limit of the values obtained from the 

DMT-based workflow corresponds with the values 

derived from the DSS tests in Unit II. However, in 

general, the values are underestimated. 

The influence of the initial unit weight on the 

determined parameters was investigated by using 

representative values determined from laboratory tests 

for Units II and III.  The predictions from the DMT-based 

workflow did not improve when representative unit 

weight values were used. This indicates that the 

underestimation of the values for different parameters is 

most likely due to the partial drainage effects.  

To assess the OCR, it is necessary to reliably interpret 

the preconsolidation stress (𝜎𝑝
′ ') from oedometer tests. 

However, this can be challenging in silts such as the 

Halden silt. Despite this, the geological history of the test 

site area is well understood and indicates that the silt is 

normally consolidated (Blaker et al. 2019). The OCR 

values obtained from the DMT-based workflow indicate 

that both silt units are normally consolidated. However, 

the OCR values obtained from the CPT-based workflow 

suggest that they are slightly overconsolidated. This 

indicates that correlations for OCR in particular should 

be used with caution. 

6. Conclusions 

APD is a framework for determining parameters that 

relies on a graph-based approach to evaluate soil and 

constitutive model parameters based on in-situ tests. The 

main motivation is to provide assistance in the early 

stages of projects, especially when limited soil data is 

available. At this stage, “relatively inexpensive” in-situ 

tests, such as CPT and DMT, are executed prior to a full 

laboratory testing programme. The goal is not to 

substitute laboratory tests with in-situ tests. The final 

design will still require improvement of the soil and 

constitutive model parameters. This is because APD aims 

to automatically connect the determined parameters to 

finite element (FE) software for numerical analysis. 

This study presents APD's predictions for four 

different soil parameters at a silt test site in Norway. Silts 

and other intermediate soils pose a challenge as they are 

difficult to sample, and less information is available for 

selecting appropriate values for engineering properties 

compared to sands or clays. Many methods used to 

predict parameters for silts were originally formulated for 

clays. This can increase uncertainty in the derived values 

for different parameters. Further research includes 

validation on sites with well-defined drainage conditions. 

Fig. 2 displays the lower and upper bounds, along 

with the average, for the three workflows using selected 

methods. Using the average as a representative value for 

different parameters is questionable because it might take 

into account inaccurate methods. This is currently the 

biggest challenge due to the large number of methods and 

the wide range of values obtained. A statistical add-on is 

being developed to assist in selecting the representative 

value. However, apart from the unit weight, the obtained 

values align well with the reference values. Ongoing 

research includes automatically combining the results of 

the analysis of different APD workflows (CPT and 

DMT), performing analysis for other test sites, expanding 

the system by adding more in-situ tests, and validating 

the output. 
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