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Abstract: This paper investigates the design of pile foundations for conventional buildings.
However, there are several methods to design pile foundations, which leads to confusion and
different outcomes. This problem is due to the soil parameters within geotechnics. This is solved in
different analytical calculation models (i.e. Eurocode 7 and Smith’s) and with the commercial
software programs (i.e. Deltares and Geo5). Despite the fact that Eurocode 7 is the legislation for
designing pile foundations, the results of other calculation methods are disseminated. First, the
results are analyzed by conducting a parameter study. Subsequently, the differences are examined
by decomposing the calculation formulas. Finally, a short study is performed on what would
happen if a homogeneous soil transitions into two layers. The acquired result shows that there are
differences between the calculation methods. When working with ground parameters, the analytical
method by Eurocode 7 tends to be the most conservative. On the other hand, in the cone resistance

value-based design, Deltares provides the most conservative output results.
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1. Introduction

Recently, there has been an increase in the
construction of high-rise buildings with a large
design load on the ground with an insufficient
bearing capacity, which creates a necessity for
using deep foundations. A pile foundation is a
deep foundation since pile foundations transfer
the load to a deep located bearing layer. This is
useful when the higher located layers have no
or little bearing
procedures for designing pile foundations have
been worked out in the Eurocode, which is
considered to be the legislation. The Eurocode

capacity. The standard

demonstrates foundations are
designed using benchmark exercises. Moreover,
it explains what methods can be used and
establishes boundary conditions, regarding the

design [1].

how pile

It is of interest to compare the acquired
results from the Eurocode with other calculation
methods. For this thesis, two software programs
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are used, namely Geo5 and Deltares. These
software programs claim to be in compliance
with the legislation. However, it is questionable
if this claim is trustworthy. Another analytical
calculation method, apart from the Eurocode, is
used for this comparison as well, which is
described in Smith’s book, by Ian Smith [2].

The aim of the present paper is to identify
the differences between the legislation and the
other calculation methods. Thus, the main
research question is: ‘What are the differences
between Eurocode 7 and other calculation methods,
for designing pile foundations?’. The findings
show that the results are different in several
cases. In the following chapters of the paper, we
will discuss the theoretical base for designing
pile foundations together with the research
design. Subsequently, the results are discussed
and the main research question is answered
within the framework of the conclusion. Lastly,
a short addendum is given, where three
foundation types, namely strip foundations,
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plate foundations, and pile foundations are
compared to each other when calculated in
different programs. This addendum is a
cooperation between two other final projects
and can be found in appendix A.

2. Theoretical base

This section briefly discusses the existing
literature, followed by the terminology and the
state of the art.

2.1. Literature review

contains three
different approaches that are used for designing
pile foundations. These approaches can be
classified as deterministic, probabilistic, and
semi-probabilistic methods,

This literature review

each with its
philosophy to satisfy the safety of the structure.
Evidently, to acquire this safety, the design load
must be smaller than the design resistance [3].

2.1.1. Deterministic method

The deterministic method is a system in
which no randomness is involved. With a given
starting condition or initial state, it will always
result in the same output. In this method, safety
is introduced with a global safety coefficient S,
shown in Figure 2.1, in order to compensate for
all uncertainties involved in the design [3].
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Figure 2.1: Deterministic method

2.1.2. Probabilistic method

The probabilistic method is a system that
assumes a small probability of failure that is
acceptable, shown in Figure 2.2. In this method,
a statistical analysis is executed in which each
variable is a probability distribution. The
probabilistic design predicts the flow of
variability, which the designer can use to reduce
the flow of random variation and improve
quality. However, this method requires plenty
of data and processing power [3, 4].

Benchmarking of single pile foundations, comparing Eurocode 7 with software programs

2 of 11

Applied

toed Strength

Force

Figure 2.2: Probabilistic method, example [4]

2.1.3. Semi-probabilistic method

Between the probabilistic and
deterministic methods, we distinguish the semi-
probabilistic method. In this method, safety is
introduced with partial safety coefficients,
which apply to the actions, soil parameters, and
resistances. The safety coefficients depend on

the used design approach [3].
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Figure 2.3: Semi-probabilistic method, with safety

coefficients applied to action (Eq.3) and resistances (Eq.4)

The design approach that is used depends
on the national annex, in particular in Belgium
design approach 1, combination 1 and 2 are
used. Combination 1 focuses on safety against
unfavorable load deviations, while
combination 2 focuses on safety against
unfavorable deviations of the resistance. For
pile foundations in Belgium, design approach 1
combination 2 is normative, where the
combination of partial factor values is as follows
[5, 6]:

DA1.C2: A2+ M1+ R4

2.2. Terminology

Currently, the deterministic method is
used to control calculations and as a quick
preliminary design method. The probabilistic
method is more suited for large projects, while
the semi-probabilistic method is ideal for
conventional buildings, which is the main target
of this study.

The semi-probabilistic method forms the
backbone of safety throughout all the
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Eurocodes. There are 10 Eurocodes each
containing information about their field of
interest, shown in Table 2-1. For this study,
Eurocode 7 is consulted, which uses Meyerhof’s
equation (1951) [5].

Table 2-1: Eurocodes and their fields of interest [5]

Eurocode: Basis of structural design EN 1990
Eurocode 1: Actions on structures EN 1991
Eurocode 2: Design of concrete structures EN 1992
Eurocode 3: Design of steel structures EN 1993

( )
( )
( )
( )
Eurocode 4: Design of composite steel and concrete structures  (EN 1994)
( )
( )
( )
( )
( )

Eurocode 5: Design of timber structures EN 1995
Eurocode 6: Design of masonry structures EN 1996
Eurocode 7: Geotechnical design EN 1997
Eurocode 8: Design of structures for earthquake resistance EN 1998
Eurocode 9: Design of aluminium structures EN 1999

The software programs, Deltares and Geo5,
are developed accordingly to Eurocode 7.
Deltares is a knowledge institute that focuses on
water and geotechnics. The institute released
several individual software programs [7]. Geo5
is a structural engineering software that can be
divided into several individual programs, in
which each program analyses a definite
structure type. For this thesis, the programs, D-
Foundations, by Deltares, and Pile, and Pile CPT
by Geo5 are utilised [8]. In Deltares the safety
factors have to be overruled, while in Geo5 they
have to be inserted manually because the
software program always uses combination 1
for design approach 1.

For D-Foundations and Pile CPT a CPT
profile must be inserted, while in the Pile
program, ground parameters need to be
inserted. three different
calculation methods exist to calculate the
bearing capacity in drained conditions [9]:

1. NAVFAC DM 7.2: uses a similar

calculation method as the Eurocode,

In this program

however, it is a publication from the
U.S. Department of the Navy.

2. Effective stress: has a different
calculation approach than the Eurocode
and uses effective stress, instead of the
cohesion.

3. CSN 73 1002: is a Czech standard in
which this method carries out the
calculation, accordingly to this
standard, while other coefficients are
not used.
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The fourth calculation method described
by Ian Smith in Smith’s book, Elements of Soil
Mechanics is based on Meyerhof’s equation
(1951), it has a similar approach as Eurocode 7
but does not apply any correlation factors [2].
This method will be referred to as: ‘Smith’s
method’ in this paper.

2.3. State of the art

In Belgium, two sources of theory are used
for determining the bearing capacity of a pile.
First of all, Meyerhof is used when ground
parameters are known, while De Beer is used
when a cone penetration test is performed.
However, these calculation rules can never be
an exact prediction of the load-bearing capacity,
due to a deviation between the predicted and
the real value [2, 3].

The equation of Meyerhof (1951) is used to
obtain the equations for the base and shaft
resistance of a pile. The problem of Meyerhof
can be found within the bearing capacity
factors. Scientists, such as
Meyerhof,
research into these factors, however different
results were obtained [2].

Berezantzev,

Vésic, and Hansen, conducted

The theory by De Beer is used to obtain the
base and shaft resistance of a pile as well. De
Beer himself is the founder of Belgian soil
mechanics, and his theory is widely used in
Belgium [3].

3. Research design

In this chapter, we discuss the problem, the
procedure, the dataset and the limitations used
to achieve the obtained results.

3.1. Model

Before starting with any calculations, a
model has to be defined. For this problem, a
simple model is used with homogenous soil, a
single pile, and a centric load acting at the top of
the pile.
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Figure 3.1: Calculation model

3.2. Procedure

In this study, the bearing capacity of a
single pile that is subjected to compression is
calculated using analytical calculation methods
(i.e. Smith’s and Eurocode 7) and software
programs (i.e. Geo5 and Deltares). This
calculation is conducted using the model given
in, Figure 3.1.

Now a parameter study is applied to each
calculation method for a cohesive and
cohesionless soil type, because their calculation
methods are different. Moreover, there are two
calculation methods when ground parameters
are known from either a cone penetration test
(CPT) or a standard penetration test (SPT),
resulting in four parameter studies:

Table 3-1: Conducted parameter studies

SPT CPT

Cohesive soil | SPT-Cohesive CPT-Cohesive

Cohesionless SPT- CPT-

soil Cohesionless Cohesionless

In each case study, shown in Table 3-2, the
influencing factors are modified, within a
specific range, to reflect their influence on the
bearing capacity. Each calculation method
within each parameter study is then compared
to each other, by plotting it in graphs.
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Following, an additional calculation is
conducted to investigate what happens when a
homogenous soil transitions into a two-layered
soil. This is conducted by using a similar soil
type with weaker or stronger ground
parameters. This soil replaces, in steps of one
meter, the original soil until a specific depth,
when no more influence on the bearing capacity
is noticed. This will conclude the research

procedure of this study.

The sub-category, SPT-Cohesionless, will
not be discussed as no benchmark exercise has
been issued by Eurocode 7. A different source
was consulted, but due to the fact that this
source uses no safety factors and no correlation
factors, suspicion arose. After performing the
calculation and comparing these to the other
parameter studies, it was concluded that this
method is not representable. Therefore, it will
not be discussed in the results and conclusion of
this paper [10].

3.3. Setup

To execute the procedure, a simple setup
must be determined. For this setup, the three
groups that define a foundation will be used,
namely the soil, the geometry, and the load.

3.3.1. Soil

In this study, two soil types are used,
namely ‘Sandy Clay’ (CS) and ‘Sand with traces
of Fines’ (5-F), in which clay is cohesive and
sand cohesionless. The parameters that are used
in the calculations are shown in Table 3-2.
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Table 3-2: Ground parameters for Sandy Clay (CS) and
Sand with traces of Fines (S-F), with the ranges of the

influencing factors.

Parameters CS | S-F |Range
Unit weight
185|175 /
Y (KN/m3)
Saturated unit
weight 205|195 17.5-30
Ysat (KN/m?)
Cohesion of soil
50| 0 0-120
c,(kPa)
Effective internal
friction angle 245|295 0-45
o' (©
Adhesion
06 | - 0-1.3
a()
Bearing capacity
coefficient 0.3 | 0.45 /
By )
Angle of dispersion
10 | 15 /
B )
Cone resistance 0.5-10 (clay)
5 125
q. (MPa) 10-25 (sand)

For the second calculation, a second soil is
added for each type. With clay, a softer type will
be added, while with sand more dense sand will
be added. The parameters that change are
shown in the following two tables.

Table 3-3: Fluctuating parameters for the transition to two

layers, for Sandy Clay (CS)

c, (kPa) | B, () q. (MPa)
Soft CS | 30 0.23 0.5
Firm CS | 50 0.30 5

Table 3-4: Fluctuating parameters for the transition to two

layers, for Sand with traces of Fines (S-F)

@' () q. (MPa)
Medium dense S-F 29.5 12.5
Dense S-F 31.5 25
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3.3.2. Geometry

For the geometry, a circular pile is chosen
with a diameter of 0.6 meters and the length of
the pile is 15 meters. For the parametric study,
the diameter fluctuates between 0.20 meters and
2 meters and the pile length between 0.20 meters
and 40 meters.

3.3.3. Load

Lastly, the load does not influence the
bearing capacity of pile foundations. However,
if a load is asked (in software programs), the
inserted value has no influence.

3.4. Limitations

To narrow down this study, a few
limitations, concerning the pile, the soil, the
bearing capacity factors, and the bearing
capacity were decided.

e  Thepileis asingle pile made from concrete.
It is a bored pile that is subjected to
compression. The pile shape and base
coefficients are equal to 1 and are not
mentioned in the equations.

e  The buckling potential of the piles is not
considered.

e  The soil is built up of one soil type, namely
clay and sand. The soil is in a drained
condition, thus all parameters will be
‘effective’. Because of this built up no
negative skin friction can be caused.

e The bearing capacity factors for the
analytical calculation methods will be
calculated using the equation of Meyerhof.

e The calculated bearing capacity is the
design bearing capacity and not the
calibrated bearing capacity. The calibrated
bearing capacity for
calculated by applying a 1.15 safety factor.

bored piles is

4, Results and discussion

This section will discuss the results
provided by the performed calculations, these
are the parameter study and the transition from
one to two layers. The curve progression tables
displayed in the following paragraphs are
derived from graphs. These graphs and the
graphs shown in this chapter can be found in
appendix B.
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4.1. Parameter study

To discuss all the results, each parameter
study is discussed separately. For each study, a
table is given, showing how all the curves
progress.  Subsequently, the calculation
formulas are given, and their differences are
explained. For an interesting curve progression,
a graph is disclosed.

4.1.1. SPT - Cohesive

In this parameter study, the CSN 73 1002
method only uses the Czech standard
coefficients, thus making their results not
representable. For the other methods, the
following curve progressions can be concluded,
shown in Table 4-1.

Table 4-1: Curve progressions of parameter studies for

each parameter and calculation method.

Smith’s Ec7 NAVFA | Effective
CDM 7.2 | Stress
Cys| Linear Linear Linear /
Cyp| Linear Linear Linear /
a | Linear Linear Linear /
¢@' | Tangent | Tangent |/ Linear
D | Hyp Hyp Hyp Hyp
L | Linear Linear Linear Hyp

*Hyp represents a hyperbolic progression of the curve

The following equations are used in the
calculations, shown in Table 4-2. The total
characteristic pile resistance is divided into the
characteristic base resistance Ryy and the
characteristic shaft resistance Rgy.

Table 4-2: Cohesive soil equations for ground parameters.

Smith’s Ec7 NAVFA | Effective
CDM 7.2 Stress
Rpk | NecypAp NcCu,bAb/ 9cu,pAp o' pNpdp
¢
Rgp | acysOsL | acys OSL/ acy,sOsL Bpo'yOsL
¢

When comparing these equations, the first
noticeable difference is the correlation factor ¢.
The correlation factor ¢ is only applied to
Eurocode 7. The second difference relates to the
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bearing capacity factor N. It is calculated using
Meyerhof, equation (5), for Eurocode 7 and
Smith’s, while NAVFAC DM 7.2 uses a constant
value of nine, and in the effective stress method
a different bearing capacity factor N, is used,
shown in Table 4-3.

Table 4-3: Range for N, and g [11]

Type of soil Por Ny B

Clay 25-30 3-30 0.23 - 0.40
Silt 28 - 34 20-40 0.27 - 0.50
Sand 32 -40 30 - 150 0.30 - 0.60
Gravel 35 -45 60 - 300 0.35 - 0.80

*Values of Np must be interpolated

N, = <(tan2 (45 + %’) * e”ta““”) - 1> xcotgp’ (5)

The last difference is related to the effective
stress method, which does not use the
undrained shear strength c,, but the effective
stress o'. This method can be split up in two
parts, effective stress without water (effective
stress) and effective stress with water (effective
stress w).

For the internal friction angle, shown in
Figure 4.1, an interesting progression is noticed.
Eurocode 7 and Smith’s method show a
tangential progression, while the effective stress
method is constant. However, in the range of
25-30 degrees a linear increase can be seen. For
Eurocode 7 and Smith’s method, the bearing
capacity factor is calculated using a tangent,
while for the effective stress the bearing
capacity factor is diverged from Table 4-3. This
results in a linear increase within the range of
25-30 degrees.

3000

2500

2000

- = Smiths
1500
—ECT

----- Effective Stress

Bearing capacity Rd,c (kN)

1000
------- Effective Stress w

500

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45
Angle of internal friction ¢ )

Figure 4.1: Parameter study of internal friction angle for
SPT-Cohesive

In the calculation for the length, shown in
Figure 4.2, the effective stress method has a
different progression than the other methods.
This is due to the fact that the effective stress
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method calculates the effective stress with the
depth of the pile. The length of the pile is also
used to calculate the shaft resistance, resulting
in a squared effect and a hyperbolic curve. For
the other methods, the length is only used once
and is not squared, resulting in a linear
progression.

8000

7000

§

§

= = = Smiths
— 7
— — NAVFACDM 7.2

g

LT e Effective Stress

Bearing capacity Rd,c (kN)

----- Effective Stress w

g

o 5 10 15 20 25 30 35 40
Pile length L (m})

Figure 4.2: Parameter study of the pile length for SPT-

Cohesive

4.1.2. CPT - Cohesive

In this parameter study, Smith’s method
has no calculation process in which CPT profiles
are used. For the other methods, the following
increases can be concluded, shown in Table 4-4.
Table 4-4: Curve progressions for each parameter and

calculation method.

Ec7 Pile CPT D-
Foundations

q. Linear* | Linear* Linear*

b | Hyp Hyp Hyp
L Linear | Linear Linear*

*Linear with a small discrepancy; Hyp represents a

hyperbolic progression of the curve

The following equations are used in the
calculations, shown in Table 4-5. The total
characteristic pile resistance is divided into the
characteristic base resistance Rpy and the
characteristic shaft resistance Rgy.

Table 4-5: Cohesive soil equations for CPT profiles.

Ec7 Pile CPT D-
Foundations
Rp g Appp /{ ApPyp f{ Apgpay /'f
Rgp 0 Lps/f O 'I'lr’.s‘,)!T O;Lgg asff

In these calculations, the correlation factor
is applied in each method. The equations for
Eurocode 7 and Pile CPT are the same, while in
D-Foundations the equation is slightly different.
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For the characteristic base resistance, the unit
base resistance py, is calculated using (6):

C, mean+ C, mean
Pp = 0-5ap (% + qc,III,mean) (6)
Where:
a, = installation factor of the pile type
Qcxmean = 9o, Whichis also qp

For the characteristic shaft resistance, the unit
shaft resistance ps is calculated using (7)
DPs = qcz0s )
Where:
Qcz = qc ; @s = installation factor of the shaft.

The installation factor of the shaft for D-
Foundations is a different value than in
Eurocode 7 and Smith’s. For the friction
resistance (g is referred to Table 4-6.

Table 4-6: Calculation of friction resistance g, [6]

Soil q. 7% or q, Ry
(MPa) () (MPa) | (%)
Clay 1-4.5 n*p =1/30 3-6
>4.5 gs = 0.150
Loam 1-6 n*p = 1/60 2-3
>6 gs = 0.100
Sandy clay/loam 1-10 n*p=1/80 1-2
Sand/loam with clay | >10 qs =0.125
Sand 1-10 n*p =1/90 <1
10-20 | g, =0.110+0.004 * (g, -10)
>20 q, =0.150

An interesting progression can be seen in
the cone penetration parameter study, shown in
Figure 4.3.

6000
5000

4000

3000

EC7
@= ePile CPT

2000 = — = D-Foundations

Bearing capacity Rd,c (kN)

,_\
1)
S
1S3

Figure 4.3: Parameter study cone resistance g, for CPT-

Cohesive

For the three curves, a linear progression
can be noticed with a kink. In Eurocode 7 and
Pile CPT, this kink finds its origin in the
calculation process of the unit base
resistance py,. In D-Foundations the kink is due to
the fact that at a cone resistance q. of 4.5 and
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higher, the friction resistance qs stays the same.
This is because clay with a higher cone
resistance do not occur. In D-Foundations the
friction resistance at a cone resistance below 1 is
equal to 0, resulting in a decrease in bearing
capacity at 0.5 MPa.

The graph can be split into two zones:
zone 1 where the bearing capacity is almost
equal, and zone 2 in which the bearing capacity
diverges.

Zonel:q, <3
Zone 2:q. > 3

For each zone, a parameter study is conducted
on the length and the diameter. In zone 1 the
bearing capacities slowly diverge with a small
difference increasing with the parameter. In
zone 2 a similar progression is found as in
zone1l, but with a bigger dispersion. The
parameter study of the diameter is shown as an
example.

4000

3500

w
<]
S
S

2500

2000

Ec7
1500 = =pPile CPT

— — — D-Foundations

Bearing capacity Rd,c (kN)
S
IS]
S|

wu
=}
S

o

0 02040608 1 12 1,4 1,6 1,8 2

Pile diameter D (m)
Figure 4.4: Parameter study of the pile diameter with a qc
value of 2MPa for CPT-Cohesive

12000
10000
8000

6000 Ec7

= apile CPT
4000
= = = D-Foundations

Bearing capacity Rd,c (kN)

2000

0 02040608 1 12 14 16 1,8 2
Pile diameter D (m)

Figure 4.5: Parameter study of the pile diameter with a qc

value of 5MPa for CPT-Cohesive

4.1.3. CPT - cohesionless

In this parameter study, Smith’s method
has no calculation for bored piles using CPT
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profiles. The following curve progressions are
found for the remaining calculation methods:
Table 4-7: Curve progressions for each parameter and

calculation method.

Ec7 Pile CPT D-
Foundations
q. | Linear* | Linear® Linear”®
Hyp Hyp Hyp
L Linear | Linear Linear*

*Linear with a small discrepancy

For this soil type, the same calculation
formulas are used as shown in Table 4-5.
Although, the parameters within the equations
change. For the wunit base
resistance p, and shaft resistance pg are
derived from a table [5], while these factors are
still calculated using (6) and (7) for the Pile CPT
program. In D-Foundations nothing changes,
except for the friction resistance qg, in which
now sand is used instead of clay, shown in Table
4-6.

Eurocode 7,

For the cone resistance q. arange of 10-25 MPa
is used. Table 4-6 shows us that for sand a
calculation can be made below 10 MPa, but in
the tables from Eurocode 7, no values are given
below 10 MPa. This results in the following
graph, Figure 4.6.

3000

—. 2500 e

2000

1500 2 — @

«= =Pile CPT
1000
= = = D-Foundations

Bearing capacity Rd,c (kN

500
0

10111213 14 1516 17 18 19 20 21 22 23 24 25

Cone resistance qc (MPa)

Figure 4.6: Parameter study cone resistance g, for CPT-

Cohesionless

Eurocode 7 has a linear increase until a
cone resistance of 15 MPa, and after this, almost
no upsurge is determined. Between Pile CPT
and D-Foundations, a small difference can be
noticed below 20 MPa, while at 20 MPa and
higher the same bearing capacity is found.
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4.2. Transition from one to two layers

To show the transition from one to two
layers, Figure 4.7 is used as a reference. In the
graph the ground transitions from a stiff sandy
clay to a soft sandy clay, shown in Table 3-3.

3000

N
@
o
S

)
=1
S
S

—Ec7
== ePjle CPT

i
=)
S
S

— — — D-Foundations

Bearing capacity Rd,c (kN)
@
S
S|

[
=]
S

o

01234567 891011121314151617181920
Depth of soft clay (m)

Figure 4.7: Transition from firm to soft clay for a CPT

profile

When the soft sandy clay reaches higher
depths than the pile length, the resulting
bearing capacity for D-Foundations is almost 0.
For Eurocode 7 and Pile CPT, the resulting
bearing capacity is only a fraction of the original
bearing capacity. During the transition, an
almost linear decline is noticed for all three
methods. The difference is due to the fact that
D-Foundations applies a correction at a higher
cone resistance, and below a cone resistance of 1
no friction resistance is taken into account.

For the other studies, a similar curve
progression is concluded, but depending on the
ground parameters, different bearing capacities
are found.

5. Conclusions

In this section, a conclusion is described in
which a final answer to the main research
question ‘What are the differences between
Eurocode 7 and other calculation methods, for
designing pile foundations?’ is given. Table 5-1
shows a summary of which method to use in
what situation.

Table 5-1: Summary of which calculation method to use

Parameter Calculation method
SPT - Cohesive All Eurocode 7
CPT - Cohesive All D-Foundations
CPT - Cohesionless | Length<13m All
Length>13 m D-Foundations
Diameter £ 0.8 m All
Diameter > 0.8 m Eurocode 7
qc <11 MPa Pile CPT
11MPa < gc< 19 MPa | D-Foundations
19 MPa < qc Eurocode 7
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5.1. SPT — Cohesive

For clay soils, the Eurocode can be seen as
a safe method in every case, which may indicate
that the Eurocode is conservative. When
comparing it to the other analytical calculation
method, Smith’s, we can conclude that the
Eurocode is safer, because Smith’s does not
apply a correlation factor.

For the Pile CPT program, the bearing
capacity of NAVFAC DM 7.2 is located in
between the results of Eurocode 7 and Smith’s.
This method is safe, however, not quite like the
Eurocode. The effective stress method can be
used when there is groundwater, otherwise
very high bearing capacities are found in
comparison to the other methods. When
reaching a high pile length the effective stress
method becomes unusable, namely for lengths
bigger than 20 meters.

5.2. CPT — Cohesive

For clay soils, Deltares can be seen as the
safest method. When acting within normal
ranges of cone resistance, zone 1, all three
methods are safe to use. When the cone
resistance is located in zone 2, Deltares makes a
good correction, while Eurocode 7 and Pile CPT
do not.

5.3. CPT - Cohesionless

For sandy soils, Deltares and Pile CPT show
many similarities, while Eurocode 7 diverges.
This divergence results in a safer solution for
higher diameters, while for higher lengths a less
safe solution is presented by Eurocode 7. In the
case of the cone resistance parameter, Pile CPT
is the safest below 11 MPa, while between 11
and 19 MPa D-Foundations is safer. However, at
higher values above 19 MPa, Eurocode 7 is the
safest method. The diameter is the most
influencing parameter, thus when the diameter
is bigger than 0.8 meters, it is preferred to use
Eurocode 7.

5.4. Transition into two layers

When a soil
homogeneous soil to a two-layered soil, the total
bearing  capacity
increases/decreases with a linear progression.

transitions from a

slowly or rapidly
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The rate of decrease or increase depends on the
influenced parameter and its magnitude. The
curve increases when it transitions into a more
bearing soil, while it decreases when it
transitions into a less bearing soil.

5.5. Future research

For future research many studies can still

be done, a few are sorted below:

e on other types of piles, namely timber
and steel.

e on different soil types, such as gravel,
peat, and silt.

e on the influence of the bearing capacity
factor, when working with different
calculation methods.

e on a tensile or horizontal load.

e a ground setup where negative skin
friction is possible.

Appendix A

In this addendum, a brief study about the
comparison of three foundation types, namely
strip foundations, plate foundations, and pile
foundations, is disclosed. In this comparison,
the same setup is used in the analytical
calculation method of Eurocode 7 and both
software programs: Deltares and Geob.

1000 kN

v

uﬁI -
< o =24,5°

Im ¢'=14kPa
=185 kN/m?
Eurocode 7 Deltares | GEO5
[kPa] [kPa] [kPa]
Strip 419.03 307.66 419.03
Plate 419.03 402.21 419.03
Pile 463.04 / 570.00

When we compare the bearing capacity of
strip foundations and plate foundations, we can
deduce that both for the analytical calculation of
Eurocode 7 and the numerical calculation of
Geo5, the results are identical. The bearing
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capacity calculated for the two foundation types
in Deltares differs considerably. This is due to
the fact that in Deltares, an infinitely long strip
foundation is used, which results in shape
factors equal to 1 (the length appears in the
denominator in the formula). As a result, the
bearing capacity of the strip foundations is
lower than the bearing capacity of the plate
foundation.

For the comparison of pile foundations
with the two other foundation types, the
difference is found in the fact that pile
foundations ground  safety
coefficients, in higher bearing
capacity. When calculating the bearing capacity

don’'t use
resulting

for pile foundations, a shaft and base resistance
is taken into account, while the two other types
of foundations only take into account the base
resistance, resulting in a higher bearing capacity
as well.

Appendix B

This appendix can be found digitally in the
folder appendix B.
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