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F.1. Introduction

Taspie+ module is used to simulate the behaviour of all types of single deep foundations,
under axial loads, taking account or not of the surrounding soil volume, when this element
belongs to a group or a network. This deep foundation element is called pile to simplify
matters.

The calculation is based on the transfer function notion (laws establishing the relation
between, on the one hand, the shaft friction and the displacement of the pile and, on the
other hand, the base resistance and the displacement). The transfer function notion was
originally presented by Coyle and Reese (ASCE, 1966). It is generalised in Taspie+
considering both:

« The relative pile-soil displacement instead of the absolute displacement of the pile
both for the friction and for the base reaction which especially enlarges its field of
application,

- Its extension to soil prisms of same section, placed above pile head or under its base.
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F.2. Theoretical aspects

F.2.1.

Notations

Below, the following notations are used:

Cr
Ds

Vs
2H

F.2.2.

Relaxation coefficient used in a backfill type calculation
Equivalent diameter of foundation from a perimeter point of view
Equivalent diameter of pile from section point of view
Pressuremeter modulus of layer

Young's modulus of pile

Fraction of total load applied to head of model which is directly supported by pile head
Strain modulus representative of soil

Height of a model layer (soil and pile characteristics constant)
Pile perimeter

Pile-soil unit shaft friction (called gg in Taspie+ users' interface)
Limit stress under pile base

Normal force in pile at depth z

Load vertical resultant transmitted to soil at depth z

Section of computational domain (S = Sy(z) +Ss(z)) for all z values
Pile section at depth z

Additional soil section at depth S

Pile settlement at depth (2)

Average settlement of soil at depth z

Relative displacement: w(z) = y,(z) — ys(2)

Shear against pile

Pile unit weight

Soil unit weight

Total height of computational domain

Principle of model

Two calculation models can be adopted (Figure F.1):

Model limited to the deep foundation element (la): the interaction with the
surrounding soil is assumed to be entirely described by the chosen transfer laws.
However, a settlement of the soil around the pile can be taken into account in the
form of an imposed settlement profile which remains independent of the calculation
result. The pile axis can have any orientation;

Model containing the deep foundation element and the associated soil elementary
mesh (1b). The interaction between these two domains is taken into account which
means that the pile behaviour is affected by the settlement of the surrounding soil and
that the soil settlement also depends on the distribution of the forces in the pile. The
pile axis is necessarily vertical.
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la: Pile model alone 1b: Pile model and associated soil cylinder

Figure F.1 : Model of pile alone and model of pile and associated soil cylinder

Model 1a can be used to establish:
e The loading curve of a single pile in a medium where the settlements are neglected;

e The loading curve of a single pile when the soil settlement profile in the pile axis is
assumed known and independent of the load applied to the pile. This case be that:
o of a pile made from the bottom of an excavation which passes through layers
submitted to extension;
o a pile passing through layers submitted to a swelling phenomenon,;
o a pile installed in a soil medium which settles under the action of external
factors (loads on surface or drawdown).

Model 1b is used to study the behaviour of a periodic pattern within a group of identical piles.
This applies notably:

e to The study of an elementary mesh of the reinforcement of a soil by vertical rigid
inclusions:

o under a slab in association with an intermediary layer acting as load transfer
platform; the loading conditions at head can often be compared in first
approximation to an imposed displacement condition (the internal strains of
the slab being negligible compared with the absolute settlements, the
settlement on underside of slab being considered uniform over mesh width);

o under a backfill. This case is that of backfills on piles ("piled embankment").
The loading conditions at head are generally those of a uniform imposed
stress at mesh head.

e to The study of the elementary pattern of a mixed foundation associating a slab and
piles directly connected to it.

o Taspie+ model applies in a privileged manner to piles placed in the central
part of the work if the centre-to-centre distance in the two directions remains
near to an average value;

o it can also apply to peripheral piles provided certain simplification assumptions
are made.
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F.2.3. Formulation

The formulation of the equations of the problem is explained in the most general case of
model 1b: pile and associated soil volume.
F.2.3.1 General assumptions

e Only the axial loads in the pile are considered,

e The geometry of the problem is assumed at radial symmetry: the pile and the
associated soil elementary volume are compared to cylinders of equivalent geometry;

e Theload is also assumed at radial symmetry;

e The loads applied to the model are represented by the total load applied at head and
the weight of added layers (not present in initial state);

e The model is assumed periodic which means that shear is null on the outer vertical
faces;

o The studied mesh is defined by its dimensions in two orthogonal directions;

e The geometry of the pile (and of any associated soil upper and lower volumes) is
defined by horizontal layers (diameter for a circular section or section and perimeter
for an irregular section).

F.2.3.2 Equations governing model equilibrium

The equilibrium equations express the conservation of the forces in all model horizontal
sections (origin of depths is fixed at top of model).

Note:

e The notation is lightened for all the input data which is defined per layer (deletion of
identification index of each layer);

o "Pile" indifferently designates the deep foundation element and the upper or lower soil
volumes possibly extending it.

Figure F.2 : Interaction between the two domains of model 1b (pile and associated soil cylinder)
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In pile:
dQ,(2) =(z p+7,5,)dz (1
In soil:
dQ,(2) =(~z p+7.s,)dz (2)
T represents the shear developed at pile-soil interface by interaction of the two domains.

vs designates the unit weight of the layers which did not exist in initial state and participate in
the loading of the model.

Equations (1) and (2) lead to the conversation of the forces in the complete model:

dQ,(2)+dQ(z) =y, s, +7.5. )z (3)
The pile settlement and the average soil settlement meet the following additional equations:

z

dy,(z) =Q”—()dz (4)
Sp EP
Q(2)

dy.(z2) =—=-"dz 5

¥:(2) =g (5)

S S

E,(z) is Young's modulus of the material constituting the pile.

Es(z) designates the apparent strain modulus of the soil for an applied loading level. Taking
the model periodicity assumption into account, this modulus can be compared to an
oedometric modulus in the case of compressible soils (null lateral strains at model edges).

Equation (5) showing the vertical resultant of the loads applied to the soil enables an
estimation of the average soil settlement at depth z.

The interaction between the two domains (pile and additional soil volume) is assumed as
entirely described in each layer by a transfer function expressing the dependency of shear t
with the relative displacement between the two domains:

r=1(y,~¥s) (6)
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F.2.4. Transfer functions

The transfer functions relevant to shear can be defined in any way by the user in the form of
a set of value pairs (w;, 1) or with reference to semi-empirical formulations based on
pressuremeter modulus Ey and shaft friction gs which have been proposed by Frank and
Zhao (1982) or Monnet (2000).

F.2.4.1 According to Frank and Zhao (1982)

A transfer law for the friction and a law for the stress under the base are defined.

q

T

gy [T e
| - 'K, /5
~ | K /5
q./2 L /
K, /K,
0 w 0 w

Figure F.3 : Friction and base resistance mobilisation laws (Frank and Zhao, 1982)

For bored piles in fine soils:

K, = 2Ey, and K, = LIE, (7
D, D,
For bored piles in granular soils:
K, = 08E, and K, = 48Ey (8)
D, D,

If there is no specific experimental data, the same rules are retained for driven piles in fine or
granular soails.

F.2.4.2 According to Monnet (2000)

T=q.W.(2-w/w,)/w,

T Linear law
S g =G.wR
(qS i »
/ | T=q,
\
|
0 — "

Figure F.4 : Friction mobilisation laws (Monnet, 2000)
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(9)
Where

Wy =0,

1.5
%, (10)
Ew
This formulation is obtained by comparing the shear modulus G of the soil to E\/3a.
F.2.4.3 Negative friction case
In Taspie+, the transfer function notion is applied to relative displacement w = (y, — ys) rather
than to absolute displacement.

When soil settlement ys is higher than pile settlement y,, friction is negative.

The negative friction mobilisation as a function of the relative settlement is the same as in the
positive domain, to within weighting coefficient y, defined by the user, which is applied not
only to the friction but also to the displacement. As Figure F.5 shows, the limit points are
displaced according to a homothety of factor y but the slope of the straight lines is
unchanged.

When weighting coefficient is taken as equal to 1, the mobilisation curves t(w) are
symmetrical with respect to the origin.

“yw3

- W
w
.92
-1q, -v.q3
Mobilisation law defined by Frank and Zaho method Mobilisation law defined bv Frank and Zaho method

Figure F.5 : Extension of friction mobilisation laws for negative relative displacements

F.2.5. Resolution

F.2.5.1 General resolution method

To solve the nonlinear system constituted by equations (1), (2), (4), (5) and (6), Taspie+
module is provided with two additional calculation kernels:

e Main kernel: matrix resolution by finite elements;
e Secondary kernel: step-by-step resolution by finite differences.

The main kernel (matrix resolution) applies to configurations where the transfer curve
corresponds to an increasing monotone function with a single plastification plateau (last
plateau). This covers most cases.

In cases where the transfer curve includes one or more decreasing plateaux (degradation,
fatigue...), the matrix formulation of the main kernel is no longer valid and the secondary
kernel (step-by-step resolution) is automatically used.
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F.2.5.2 Single pile model (model 1a)
The equation system (1), (2), (4), (5) and (6) is completed by the following boundary
conditions:

e Value Q,(0) of load applied at pile head;

¢ Mobilisation curve of stress under pile base;

e Possible definition of an imposed settlement profile ys(z) around the pile.

The solution obtained guarantees the compatibility of the settlements with the mobilised
friction and the load taken at base.

The calculation gives the distribution of the normal force at all points, the settlement and the
shaft friction for the load applied. The results are completed by the loading (or extraction)
curve of pile at head (load-displacement) up to failure.

F.2.5.3 Pile + associated soil model (model 1b) — calculation at imposed stresses
(backfill type)

The equation system (1), (2), (4), (5) and (6) is completed by the following conditions:

¢ Value Q(0) of total load applied at top of model;

e Fraction of total load supported directly by head of pile domain (factor Eqp);

e Mobilisation curve of stress under base of pile (domain);

¢ Null settlement condition at base of soil domain.
The loading studied also includes the weights of the layers of the profile declared added with
respect to the original state. These layers (total thickness XH;) are at the origin of the volumic
forces which increase the total resultant of the forces applied to the quantity model (ZHy)).S, i

designating here only the added layers and S the section of the model (studied elementary
mesh surface).

The solution obtained guarantees compatibility at all points of the pile/soil settlement
differential with the mobilised friction and the load taken at base.

The calculation gives, for the studied loading condition, the distribution at all points of the
normal force and of the settlement developing in the two pile and soil domains and the shaft
friction distribution at the interface of the two domains.

F.2.5.4 Pile + associated soil model (model 1b) — calculation at imposed strains (slab
type)
The equation system (1), (2), (4), (5) and (6) is completed by the following conditions:
¢ Value Q(0) of the total load applied at top of model;
e Pile settlement equality condition and soil settlement at model head: y,(0) = y(0);
e Mobilisation curve of stress under base of pile (domain);
¢ Null settlement condition at base of soil domain.

The slab type calculation is different from that of backfill type by the fact that load transfer at
head of model between pile and soil, represented by factor Eqp, is a result and not problem
data. This factor is automatically sought to meet the head settlement equality condition.
Thus, a slab type calculation corresponds to several "backfill" type calculations done
according to a dichotomic search process.

The loading studied also includes the weight of the profile layers which are declared added
by the user with respect to the original state. These layers (total thickness XH;) are at the
origin of the volumic forces which increase the total resultant of the forces applied to the
quantity model (ZHy).S, i designating here only the added layers and S the section of the
model (studied elementary mesh surface).

12/110 June 2015 issue - Copyright @ Foxta v3 - 2011



(’ terrasol

TASPIE+ — Foxta v3 user's manual

setec

In a slab type calculation, the load transfer platform is generally to be processed as an added
layer unless a previous backfill was done.

The solution obtained guarantees, on the one hand, the equality of pile settlement and of soil
average settlement at model head and, on the other hand, the compatibility, at all points, of
the pile/soil settlement differential with the mobilised friction and the load taken at base.

The calculation gives, for the total loading condition studied, the distribution at all points of
the normal force and of the settlement developing in the two pile and soil domains and the
shatft friction distribution at the interface of the two domains.

F.2.6. Validity domain

F.2.6.1 Validity of choice of maximum friction values
The maximum friction values are defined by the user for each layer.

Generally, for piles or inclusions, these maximum values must be chosen with reference to
the maximum values deduced from pile axial loading tests conducted according to an
identical methodology in layers with comparable geotechnical properties. If there are no
direct experimental references, the values generally adopted are those of the French
application standard for Eurocode 7 relating to deep foundations (NF P 94 — 262).

In applications addressing reinforcement under a backfill or load transfer layer, the pile
element is assumed extended by a cylinder of section identical to the pile head to which the
backfill or load transfer layer properties are assigned (E modulus, unit weight y). It must be
checked that the max value gs adopted for this layer remains compatible with the state of the
stresses around the pile. It is therefore recommended to compare the (s values of the
maximum friction and t of the mobilised friction on the elements of the fictive pile with the
average vertical stress values between inclusions.

It is suggested that the maximum value gs(z) = os(z) is adopted along the pile; this
assumption is indeed equivalent to the choice of recommended value Ktand = 1 to process
by the Combarieu negative friction theory the cases of backfills above piles or inclusions.

In applications processing soil reinforcement, the consistency of the maximum friction values
gs introduced with the stress state in the soil must be checked in the part submitted to
negative friction. This leads to checking that the following condition is met:

gs < Ktand o’ (11)
where:
e Ktand : negative friction coefficient applicable to the considered layer
e .vertical stress in the soil calculated at same level

A graphic wizard facilitates this data consistency check.
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F.2.6.2 Validity of choice of strain modulus Es values

Modulus E; defined for each soil layer is a secant modulus which expresses the relation
between the average additional vertical stress in the soil and the settlement of this layer:
Ay, Ao,

S

12
AZ E (12)

S

Generally, the validity of modulus Es must be assessed with regard to strain level ¢, of each
layer when a more sophisticated behaviour law is known. In the compressible layers and on
account of the conditions imposed on the outer faces of the studied volume, the stress/strain
relation can be described directly from an oedometric law:

S/ [ R A . A (13)
Az (l+e) o, ) ([A+e,) o,

Over the height of the load transfer platform or the backfill above the pile, the strain
conditions can be compared to oedometric conditions: especially near to the head of the
inclusions where shear mobilisation t causes a substantial rotation of the stresses. As these
layers are generally less compressible than the underlying soils, the distinction between
Young's modulus and oedometric modulus can however most often be ignored with regard to
the respective settlement values expected on the height of the platform and the height of the
compressible soil.

The concentration of stresses above the pile head can also lead to differentiate between the
value of the attributed module, over the height of a backfill layer, in the soil domain (low value
os) and in the pile domain (high value os) when the material concerned reveals a marked
dependency of the strain module with the stress level.

F.2.6.3 Check of consistency of stress state in platform

In compliance with ASIRI recommendations, the consistency of the stresses calculated on
inclusion head and the soil at same level must be checked with regard to the shear
characteristics assigned to the load transfer layer (or the backfill, if there is no specific load
transfer layer).

Ginc < Ng Osoil’ + € N¢ (14)
Where:
. Ginc . Stress on inclusion head
e Osi . Mmean stress on soil at head level
o C : possible intergranular cohesion of the material constituting the platform

Ny and N, Prandtl bearing coefficients, must be evaluated for the friction angle value of the
blanket in critical state.

When this check does not give satisfactory results, the load transfer layer modulus in line
with the inclusion must be reduced (without modifying the one assigned to the same layer,
between the inclusions) until compatible constraints c;,.’ and oy’ are obtained.

This iterative procedure consists in defining a secant modulus of the platform, above the
inclusions, compatible with the plasticity criterion which is expressed by relation (14).
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F.2.7. Extension of model 1b under pile base

For a soil reinforcement (use of model 1b), it may be recommended to choose a geometry for
the pile domain such that its equivalent diameter is practically null (very low non-null value) in
the sections located at more than 1.5 D, under the pile base (D, equivalent diameter at pile
base). These arrangements, based on the ratio existing between the mobilisation curves of
base and of friction, according to Frank and Zhao, in effect ensure that the mobilised force at
pile base is integrally transmitted to the soil domain at more than 1.5 D, under the pile base
and that under this depth the section of the soil domain becomes equal to that of the
calculation mesh.

It is necessary to assign to the pile domain section located less than 1.5 D, under the real
base of the pile a negative friction gs such that the maximum resultant on the cylinder of
height 1.5 D, is equal to the maximum resultant under the inclusion base [(nDp2/4 )X gg]. This
condition is achieved with: gs* = q,/6.

Dp
/ T T h i
i * 15D

ap as”| Es I P
Dp
fquasi
nul

Studied geometry Adapted geometry of pile

domain under base

Figure F.6 : Extension of model under pile base

F.2.8. Bearing capacity calculations

In all cases, the program calculates the following regulatory bearing capacity values
(according to standard NF P 94 262):

¢ Maximum values of ultimate loads of friction and of base (without weighting);
e Maximum value of critical creep load (without weighting);

e The allowable loads at SLS (in quasi-permanent and characteristic combinations) and at
ULS (in fundamental and accidental combinations).

These calculations are done for the complete length of the pile (all soil layers are taken into
account).

For a pile and associated soil medium type calculation, the program searches for the
elevation where the load in the pile is maximum (neutral plane), calculates the ultimate load
and the maximum creep load (according to the rules of standard NF P 94 -262) for the pile
section placed under this elevation and displays the overall safety available with respect to
the maximum load obtained.
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F.2.9. Estimation of stiffnesses at pile head

For a "single pile" type calculation, a calculation of equivalent stiffness at pile head is done
both for the service load applied at head and for a load equal to 70% of the maximum creep
load. The latter is used by default as input parameter for pile group calculation in Groupie+
module. The stiffness is expressed as the ratio of load at pile head and corresponding
displacement.

For a pile and soil cylinder associated with soil type calculation, the equivalent surface
stiffnesses are estimated for load Q(0) defined by the user. The surface stiffness at the pile is
obtained by dividing the stress at head of the pile domain by the displacement at head of the
pile domain and the surface stiffness at the soil domain by dividing the average vertical
stress applied at head of the ground domain by the average settlement at this level.

The ASIRI recommendations explain how to exploit the surface stiffnesses thus obtained to
establish a simplified equivalent stiffness distribution around each inclusion and between the
inclusions capable of supplying a representative estimation of the moments in the slab. This
equivalent surface stiffness distribution can be used in a Tasplag model of the slab to
establish the loads to which it is submitted under the applied loading.

F.2.10.Estimation of additional loads in slab (model 1b)

The results of the Taspie+ model can be used to evaluate the additional loads in the slab due
to the presence of inclusions. These are to be combined with those obtained from a slab
calculation on equivalent homogenised soil.

The calculation principle consists in comparing the behaviour of the slab in standard section
to the behaviour of an equivalent circular plate clamped at edge (by symmetry) and
submitted to the application of an overload g, on its upper face and to the reactions of the
reinforced medium (0, Os) on its lower face as shown on the figure below.

do

A
m PERRTEHEER

O,

| R |
r p

Figure F.7 : Result of outside forces applied to slab

The equivalent radius of the plate representative of the slab in an elementary mesh is directly
related to the mesh pitch in each direction "a":

R=a/x
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The reactions of the reinforced medium on underside of slab are broken down into two parts:

e Reaction at inclusions g, assumed to develop on an impact radius "ry", usually
calculated considering a distribution of the stresses at 1h/5v in the platform body from
the inclusion head to the slab underside;

¢ Reactions between inclusions 05 taken as equal to the stress applied to the soil
obtained from Taspie+ model.

The load conservation equation allows value of o,to be obtained:
Op X I'p? + 05 X (R?- 152 = (o X R?

The equilibrium is then solved by applying the plate theory. For this, refer to the analytical
formulas given in the "Engineer's Techniques C0265 — 5 and 6". The calculation of these
loads is covered by a "slab moment" wizard described in F.3.9.4.

F.2.11.Bibliographical reference

Eurocode 7

NF P94-262 (french norme)
ASIRI

Frank, 1982

Cuira/Simon (Alexandrie 2009)
Cuira/Simon (Paris 2013)
Dias/Simon (Paris 2013)
Simon JNGG (2012)

Simon (Edinburg)
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F.3. USER'S MANUAL

In this chapter, we give:

e The Taspie+ module input parameters.
Certain zones can receive only data with a physical signification (for example, a soll
strain modulus Esy; must always be strictly positive).

The Taspie+ calculation parameter input window includes 6 tabs. The data to be
completed in each tab depends sometimes on certain choices made by the user: for
example, the data to be completed for a "single pile with or without imposed soill
settlement" calculation is not the same as for a "pile + associated soil mesh"
calculation.

Note: It is possible, in the Taspie+ model, to process a single pile, or several piles
corresponding to different pile configurations for a given project (see chapter F.3.1
below).

¢ The results supplied by Taspie+ module. Here again, they depend in part on the data
entered by the user and, especially, the calculation type.

This chapter does not detail the user interface itself and its handling operations (buttons,
menus, etc.): these aspects are addressed in part C of the manual.

F.3.1. Pile management

Taspie+ module allows one or more piles to be processed within the framework of a given
Foxta project but the user can work on only one of these piles at a time: the "active" pile is
displayed above the tabs of the data input window.

e When Taspie+ module is first opened for a given project, the module includes only
one pile (Pile 1/1). The user must therefore complete this first pile and can then, if
necessary, create additional piles (see below);

¢ When an already completed Taspie+ module is opened, the pile displayed by default
is pile 1/n (n being the total number of piles already created in the module). It is then

possible to select another pile, add piles or delete piles.
([

General settings

ailile: | & Imposed settlements | % Load |

General parameters

Figure F.8 : Pile management in Taspie+ module
The operations which can be done on piles in Taspie+ module are as follows:

e Add a pile: click }!‘ button: Foxta adds a new pile to the project, independent of the
previous one, with the same input fields. Its number will be automatically
incremented;

e To duplicate current pile, click |_!| button: Foxta adds a pile identical to current pile to
the project. The data is duplicated in this new pile but remains modifiable;

. . -
e To delete current pile, click button;
e To display next pile or previous pile, click E or button.
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As stated previously, work can be done only on one pile at a time: the procedure is therefore
to select the required pile, complete/modify its data, start the calculation then display the
results for this pile. The user can then select another existing pile or create another pile and

repeat these steps.

The chapters below describe the use of Taspie+ for a given pile.

F.3.2. "Parameters" tab

mII
=3 Reference elevation : 0.0 m

-100m

120m

oz

<
> E Pile 112 : Single pile without forced settlement E

[ Perameters | @ Layers | Pie | & Saliple |  imposed selemerts | & Load |

(2][e/(&]

General settings

General ps

Calculation tile | Single pile without forced settlement

Calculation

v
YT
4 A
d L
4 A AN

Single:pile calculation, with or without
imposed soll settlement,
defined by user.

Calculation of a pie + associated soi
mesh (rigid inclusions, group of pis...)

Reference elevation (m)

Calculation

o (' see resuts )
\z‘ { < Start calculation ) (s Se= resuls )

Figure F.9 : "Parameters" tab

Syglb‘ Nomination Visible ke
Pie 2]

= s @

F.3.2.1 "General parameters" box

Give calculation title.

F.3.2.2
Select:

"Calculation mode" box

e Either "Single pile calculation, with or without imposed soil settlement, defined by

user";

e Or "Calculation of a pile + associated soil mesh (rigid inclusions, group of piles, ...).

F.3.2.3

Give the reference elevation (m).

"Framework" box

A summary table of the general parameters is given below:

Designation Units Default value Display condition Ma\?acljligory

Title - - Always Yes

Calculation mode - Single pile Always Yes

Reference elevation m 0,0 Always Yes
Table F.1 : General parameters summary
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F.3.3. "Layers" tab
This tab is used to define layers: the characteristics to be completed in the table vary with the
type of calculation chosen: see subchapters F.3.3.1 and F.3.3.2.

IMPORTANT: by Taspie+ convention, the bottom of the pile is assumed to be at the level of
the bottom of the last soil layer defined. Therefore, the soil cross section must be stopped at
bottom of pile (except in certain "pile + associated mesh" cases which require an extension
of the model under the toe of the piles, also check chapter F.2.7).

Foxta offers the possibility of recording the soil layers in the project soil database and/or in
the soil global database by clicking button.

This allows soil layers to be recorded with their parameters and avoids having to input them
again when creating a new pile in Piecoef+ module or another Foxta project.

Use of soil database is described in detail in part C of the manual.

F.3.3.1 Calculation of a single pile (with or without imposed soil settlement)

<
3| [] pie 11 -5 e 1] EE
= (o raramaters | © Loy | i | @ Seitpie |  mposetsetimerts | 9 Losa |
Sl
Z
e Name Colo pase n
o i
1 Layer 1 [ 500 10
2 Layer2 [ 7.9 4
m)I
= Reference clevation : 0.0 m
i 50m
7.0m
5
A | [
Symb. Nomination Visible SIlCY [SYRIeS Layers number: 2 ™
i (Sl (S [§ petabase |
Divisions number : 13 ]
u Pile £
Calculation——————————————
=] Soil & \z‘ [ & Start caloulation ) (- See resuls ) E
- v

Figure F.10 : "Layer" tab for a calculation of a single pile with or without imposed soil settlement

A summary table of the layer definition parameters is given below:

Designation Units Default Dlsp_lay Mandatory Local checks
value condition value
Name of layer - "Layer i" Always Yes -
Colour of layer - Default Always Yes -
colour

7- laver base 1 m lower Values strictly

el.evgtion m than layer Always Yes decreasing
base above with depth

n: number of

layer - 10 Always Yes >0

subdivisions

Table F.2 : Summary of parameters required for soil definition -
"Single pile" type calculation
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F.3.3.2
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Figure F.11 : "Layer" tab for a calculation of a pile + associated soil mesh

The data defined for the single pile is also required here (see Table F.2).

The following additional data is also required for this type of calculation:

Designation Units Default Dlsp_lgy Mandatory Local checks
value condition value

Possible values:

Soil behaviour: - Elastic Always Yes elastic or
oedometric

Esoi: layer strain kPa - If elastic behaviour >0
modulus
Csl.(1+e°): Swelling - 0 If oedometric behaviour 20
ratio
C°/(1+PT°): . . - 0 If oedometric behaviour =20
Consolidation ratio
t.: Overconsolidation No units if
¢ >0, in kPa if 0 If oedometric behaviour -
parameter <0
¥ (Ory): et unit kN/m?® - Always Yes >0
weight of layer
State of layer (see ) I Possible values:
chapter F.2.5) Existing Always Yes given or existing

Table F.3 : Summary of parameters required for soil definition -
"Pile + associated mesh" type calculation

The "net" unit weight of the layer is to be input as a function of the position of the ground

water table:

table.

Input total unit weight in case where layer is located above ground water table;
Input buoyant unit weight in case where layer is located under at top of ground water
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The layer strain modulus must be chosen with reference to the stress path which can be
anticipated: in particular, in compressible layers, choice of an "oedometric" type behaviour
seems more suitable.

By convention, for an oedometric behaviour, the over-consolidation parameter t. is
interpreted as follows:

O

-t = 'p if input value is positive (t. > 0);
2 v0

-t :—(a'p—a'vo) if input value is negative (t. < 0).

F.3.4. "Pile" tab

This tab allows the definition of the pile itself: geometry, implementation mode and strain
modulus. The choice of certain characteristics conditions the type of data required.

F.3.4.1 "Piletype" box
Details of possible selections are given below (see screen copies in chapter F.3.4.2).

Designation Units Default Dlsp_lay Mandatory Local checks
value condition value

: : Possible values:
Implemen_tatlon - . Without Always Yes with or without
mode of pile displacement .

displacement
Type of pile Circular Possible values:
section - section Always Yes circular or_|rregular
section

Figure F.12 : Summary of parameters required in "Pile type" box

F.3.4.2 "Pile parameters” and "Pile definition in each layer" boxes

2 screen copy examples are given below illustrating various combinations of circular/irregular
section and constant modulus/diameter or not along the pile.

In a circular section case, the section is assumed "solid" and the diameter alone is sufficient
to define the exact geometry of the pile in each layer (that is to calculate the perimeter and
section).

For an irregular section, give the pile perimeter which will be used for the calculation of the
force due to shaft friction and the pile section which will be used for the pile axial stiffness
calculation (ES) and for the base resistance.

Also, pile inclination in "Pile parameters" box can be modified only for a "Single pile" type
calculation. For a "Pile + associated mesh" type calculation, the inclination is automatically
fixed at 0° (vertical pile only).

For parameters given as constant along the pile by the user in "Pile parameters" box, define
their values in this box and the value is automatically transferred (not modifiable) into the
table below (as shown on Figure F.14).

However, for parameters not ticked as constants along the pile, the user must complete the
parameter value for each soil layer (Taspie+ automatically takes the list of layers defined in
previous tab, as shown on Figure F.13).
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Figure F.13 : "Pile" tab for a circular section single pile,
variable modulus along the pile calculation
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Figure F.14 : "Pile" tab for a "pile + associated mesh" calculation with an irregular section pile
and constant characteristics along the pile
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The table below summarises the pile definition parameters as a function of selected section
type (circular or irregular) and calculation type:

Designation Units Default Dlsp_lgy Mandatory Local checks
value condition value
Modifiable only for
o "single pile" type
Pile inclination ° 0 Always Yes calculations

-90 °<incl < 90°

Epile: YOung's modulus

. kPa - Always Yes >0
of pile
D: section diameter m - I C|rc_ular Yes >0
section
P: section perimeter m - I |rregular Yes >0
section
S: section m2 - : wregular Yes >0
section

Table F.4 : Summary of parameters required for pile definition

Tip: It is possible to first tick the "Constant modulus along the pile" box, enter the value most
often used, then untick said box and modify only the layers with different values.

F.3.5. "Soil/pile" tab

This tab is used to define the shaft friction mobilisation laws and the base resistance term. It
has three different boxes.

F.3.5.1 "Mobilisation law for the shaft friction of the soil and the base resistance”
box
In the drop-down list, select one of the mobilisation laws proposed:
o From pressuremeter values (Frank and Zhao law). Also see chapter F.2.4.1;
e From pressuremeter values (Monnet law). Also see chapter F.2.4.2;
e Point by point input.

This choice will apply both for the shaft friction and for the base resistance term and will
condition the data displayed in the 2 boxes below.

Subchapters F.3.5.2 and F.3.5.3 describe the data to be input according to the chosen
mobilisation laws.

Whatever the chosen behavioural law, the graphical part represents either the shaft friction
mobilisation law (cf. Figure F.15) or the mobilisation law of base resistance (cf. Figure F.16),
or the 2 (cf. Figure F.17).

The default display corresponds to the active frame (for example, when working in the
"Definition of the mobilisation law of the base resistance" frame, the mobilisation curve of
base pressure is displayed), but it is possible to force the display on the required curve or
curves thanks to the tick boxes located under the curves.

For the shaft friction mobilisation curves, the curve displayed corresponds to selected layer
(the legend under the curve confirms the concerned layer, see Figure F.15).

Also, the curves are displayed only when the corresponding data is completely input and
valid.
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Figure F.15 : "Soil/pile" tab
<
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+
ap=1iyp) curve Soil/pile interface
1100 Mobilisation law for the shaft friction of the soil and the base resistance.
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5
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w
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@
I
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-
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100
[}
000 001 002 003 004 005 008 007 008
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Element: Wizards
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Figure F.16 : "Soil/pile" tab: display of gp = f(yp) curve
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qE=ly) curve of the layer “Layer 2"

5 B B OB & B8 & 4 8

45 - mobilised shat Tieton (kPa)

o

o1 e [3 n
v~ Flleisoll relatlve satlemant (m)

ase resistance (kPa)

B

o

G0 op oe2 om ooa ogs o om one
- Pllaisoll relativs Seiamant 31the pils tos (m)

T\ ae-ivm) curva

va

Pile 1/1 : Single pile

[ @ Parameters | o Layers | @ Fie | @ Soipie | o Imposed settlements | o Load |

(#] (@]

Mobiisation law for the shaft friction of the soil and the base resistance.

Soil/pile interface

[From

data (Frank & Zhao law) [+ | ‘

- Definition of a shaft friction mobilisation law from

% Type of soil
Pl —

25,00[Fine soil

Definition of the mobilisation law of the base resis

Law type

Base resistance prassure(kPa) 10000[S]
s [v]

. = V‘m
rEE—r—
Figure F.17 : "Soil/pile" tab: display of 2 curves gs=f(y) and qp = f(yp)
F.3.5.2 Shaft friction mobilisation law

Also see chapter F.2.4.

F.3.5.2.1 Frank and Zhao law
T

4,

q./2

0

w

Figure F.18 : Frank and Zhao friction mobilisation law

For this law, the shaft friction mobilisation is defined in the "Definition of shaft friction

mobilisation law" box.

The first 2 columns of the table of this box are precompleted as a function of the definition of
the layers done previously. The number of lines is limited to the number of layers declared in

the "Layers" tab.

Definition of a shaft friction mobilisation law from pressuremeter data

z
[m]

Name

Eu
[kPa) [kPa)

=00 2,50E0)

25,00

Type of soil

Fine soil

7,00 1,00E04)

50,00

Granular soil

Figure F.19 : "Definition of shaft friction mobilisation law" box — Frank & Zhao law
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The table below summarises the friction parameters to be completed for the Frank & Zhao
law:

. . . Default Display Mandatory
Designation Units value condition value Local checks
N° - - Always Yes )
Automatically
Z: bottom level of m ) Always Yes completed
the layer
Em: pressuremeter kPa _ Always Yes >0
modulus
Gsi: Unit shaft kPa - Always Yes >0
friction
Fine Possible choices:
Soil type - . Always Yes fine soil or granular
soll soil

Table F.5 : Summary of parameters required for friction definition (Frank & Zhao law)
F.3.5.2.2 Monnet law

T=q,W.(2-w/w,)/w,

Loi linéaire
- g,=G.w/R
q ~—
| T=q,
|
|
0 ) o
U s2G
Linear law

Figure F.20 : Monnet friction mobilisation law

For this law also, the shaft friction mobilisation is defined in the "Definition of a shaft friction
mobilisation law" box.

As above, the first 2 columns of the table of this box are pre-completed as a function of the
definition of the layers done previously. The number of lines is limited to the number of layers
declared in "Layers" tab.

Definiticn of a shaft friction mobilisation law from pressuremeter data

[m] [kPa] [kPa]
-5,00 2,50E03 25,00

0,30

-7,00 1,00E04 50,00

0,25

Figure F.21 : "Definition of a shatft friction mobilisation law" box — Monnet law
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A summary table of the friction parameters for the Monnet law is given below:

Designation Units Default Dlsp_lgy Mandatory Local checks
value condition value

N° - - Always Yes )

7 b ovel Automatically

: bottom leve } Completed

of layer m Always Yes

Ew:

pressuremeter kPa - Always Yes >0

modulus

Gsi: unit shaft kPa - Always Yes >0

friction

a: Menard's

rheologic - - Always Yes O<as1

coefficient

Table F.6 : Summary of parameters required for friction definition (Monnet law)

F.3.5.2.3 Point by point input mobilisation laws

In this case, the parameters are input via the "Point by point definition of a shaft friction
mobilisation law" box.

Input a set of value pairs (y = pile/soil relative settlement; g5 = mobilised unit friction) for each
layer defined.

"Layers reminder" box:

e Select a layer (from those previously defined) to define the gs = f(y) law for this layer.
Note: A gs = f(y) law must be defined for each layer.

"gs = f(y) law" box:

¢ Input required set of value pairs (y; gs)-
Note: Click E‘ button to add a line to the table.

- Point by point definition of a shaft friction mebilisation law
Layers reminder gs=f{y) law

Mame Zbase N® ¥
[m] [m] [kPa]

25,00

1 1,56E-03
2 9,36E-03

50,00

Figure F.22 : "Shaft friction mobilisation law definition" box — Point by point input
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A summary table of the friction parameters is given below:

Designation Units Default Display condition Mandatory Local
value value checks
=0and
y: pile/soil relative m _ Always Yes _ strlctly
settlement increasing
values
gs: mobilised unit friction kPa - Always Yes 20

Table F.7 : Summary of parameters required for friction definition — Point by point input
For each layer, the gs = f(y) law must include at least one point different from the origin.

Reminder: If the shaft friction mobilisation law for at least one of the layers includes a
decreasing or constant intermediary plateau, Taspie+ will automatically change to step-by-
step calculation mode (see chapter F.3.8).

F.3.5.3 Mobilisation law of base resistance

The mobilisation law of base resistance is defined in the "Definition of the mobilisation law of
the base resistance" box.

F.3.5.3.1 Frank and Zhao and Monnet laws

For these 2 laws, Taspie+ automatically generates a law with three plateaux of Frank and
Zhao type (Figure F.3) the construction of which is controlled by four parameters (see
chapter F.2.4.1):

e Pressuremeter modulus considered for the last layer of the model;

e Equivalent diameter of pile section in the |last layer of the model,

e Base resistance pressure gy to be defined by the user;

e Soil type to be considered for the base behaviour to be chosen by the user.

Definition of the mobilisation law of the base resistance

Base resiztance pressure(kPa) 1000,0 E
Law e

Figure F.23 : "Definition of the mobilisation law of base resistance” box — Frank & Zhao or Monnet laws

A summary table of the parameters required is given below:

Designation Units Default Dlsplgy Mandatory Local checks
value condition value
Base resistance KkPa i Always Yes 20
pressure qp
Granular Possible choices:
Law type - Soil Always Yes granular soil or fine
soil

Table F.8 : Summary of parameters required for definition of mobilisation law of
base resistance (Frank & Zhao or Monnet laws)
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Note: For a characterisation from pressuremeter (resp. penetrometer) values, the base
resistance pressure gy is taken as equal to k; x ple (resp. k¢ X qce), where k;, (resp. k) is the
pressuremeter (resp. penetrometer) bearing factor and pl. (resp. gce) is the net equivalent
boundary pressure (resp. base resistance) under the foundation base in the sense given in
standard NF P 94 262.

F.3.5.3.2 Point by point input mobilisation laws

If the base resistance mobilisation law is input point by point g, = f(y), the user inputs the
mobilisation curve values according to the same principle as for shaft friction (see chapter
F.3.5.2.3).

Definition of the mobilisation law of the base resistance

N kPal [kPa]

1 3,10E-03 1500,00
2 1,87E-02] 3000,00

Figure F.24 : "Definition of mobilisation law of base resistance" box — Point by point input

A summary table of the parameters required for the calculation is given below:

Designation Units Default Display condition Ma\?;ﬁteory

Local checks
value

> ,
yp: relative pile/soil 2 0 and strictly

settlement at base m il Always Yes increasing
values
gp: base resistance KkPa ) Always Ves .0

pressure

Table F.9 : Summary of parameters required for definition of mobilisation law of
base resistance (point by point input)

gp = f(y) law must include at least one point different from the origin.

Reminder: If the mobilisation law of base resistance includes an decreasing or constant
intermediary plateau, Taspie+ will automatically change to step-by-step calculation mode
(see chapter F.3.8).

F.3.6. "Imposed settlements” tab

This tab is accessible only for a "Single pile" type calculation.
¢ Tick the box if you want to "Activate defined settlement".

If a imposed settlement is defined, the soil/pile shaft friction and the base resistance are not
functions of the pile settlement alone but of the relative pile/soil settlement.

F.3.6.1 "Soil imposed settlement profile" box
This box is only accessible if "Activate imposed settlement” tick box has been activated.

The soil imposed settlement values to be defined by default at elevations representative of
the head of the various layers and at the bottom of the model (that is n+1 where n designates
the total number of layers).

By convention, the settlement is taken as positive downwards.
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| <) FIIe‘U‘\ SIHgIenlleE @@El
= ‘\' © Parameters | o Layers | o Pie | o Soimie [ mposed setiemerts | O Load | !
User-imposed soil settlement
[ Activate imposed settlement
I T | [i] 0,00 [ti] 7,00E-02|
: | = ol
zcm)I ) ‘ ‘
\ <
Sy;lb Homination Visible 3
1 me m Calculation —————————————————————
= ® & (| st G
Figure F.25 : Example of user-imposed soil settlement
A table summarising the parameters to be completed is given below:
. . . Default : . Mandator Local
Designation Units Display condition y
value value checks
N° - - Always Yes _
7 ol : f calculat Automatically
. elevation of calculation
. m - Always Yes completed
point
Ys: imposed soll
settlement at this m - Always Yes -
elevation
Table F.10 : Summary of parameters required for definition of imposed soil settlement
F.3.6.2 Imposed soil settlement import wizard

Taspie+ module allows soil imposed settlement profiles to be imported from a Taspie+,
Tasseldo or Tasneg calculation by clicking @‘ button.

"Import directory" box:

By default, when the wizard is opened, Foxta tries to find a file to be imported in the directory
where current project is found. If this directory does not contain the file required, click Browse

button.

"Import from Taspie+" tal

b:

In the left-hand box, select the file to be imported.

The following are displayed on the right:
e Calculation date (as a reminder);
e Pairs (z; ys): elevations/settlements to be imported.
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Imposed soil settlement import wizard

[ Import directory

Z:\Logiciel TS\02 - Foxta\Foxta v3\Projets\Taspie\PIEUX ISOLE | (

Pieux isolé (File 1)

Import from Taspie+ | Import from Tasseldo | Import from Tasneg |

Calculation date | Mardi 21 aofit 2012 11:40:48

zl ¥, values to import

0.0/0.004418

-0.5/0.004373

D>

<C

Figure F.26 : Imposed soil settlement import wizard from Taspie+

"Import from Tasseldo" tab:

Imposed soil settlement import wizard

[ Import directory

Z\Logiciel TS\02 - Foxta\Foxta v3\Projets\TASSEL 02 | (

I Import from Taspie+ | Import from Tasseldo | Import from Tasneg |

TASSEL 02

C ion date |Lundi§jan-.-iar20121?:52:45

Calculation point |Ca|culabun point #3 (0.347;1.97,0.0)

Settlement type | Elastic settlement 1D

Elastic 10

Z==

Elastic settlement 30
0.0 == 0.002422 | pedometric settlement

-1.0==0.00241

0.002184
0.002184
0.001533
0.001933
0.001611
0.001611
0.001252
0.001252

<C

Figure F.27 : Imposed soil settlement import wizard from Tasseldo

In the left-hand box, select the file to be imported.

The following are displayed on the right:

Calculation date (as a reminder);
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e The Tasseldo calculation points available in selected file: select required calculation
point in drop-down list;

e Settlement type: in drop-down list, select the settlement values to be imported: elastic
1D, elastic 3D or oedometric;

o Pairs (Z; y): elevations/settlements to be imported.

"Import from Tasneq" tab:

In the left-hand box, select the file to be imported.
The following are displayed on the right:
e Calculation date (as a reminder);
e Pairs (Z; y): elevations/settlements to be imported.

Wil Imposed soil settlerment import wizard *

Import directory
“Z:\Lugiciel TS\02 - Foxta\Foxta v2\E Tasneg\EXEMPLEA | . )‘

[ Import from Taspie+ | Import from Tasseldo | Import from Tasneg ]

Exemple1

Calculation date [ Lundi 7 janvier 2013 11:30:02 |

Z == settlement values to import

Figure F.28 : Imposed soil settlement import wizard from Tasneg
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F.3.7. "Load" tab

F.3.7.1 For a"Single pile" type calculation

F.3.7.1.1 Definition of top load

e Enter the load applied at pile head (kN). This load is taken as positive towards the
bottom (compression). A negative load can be defined. This corresponds to a
calculation of a pile submitted to tensile loads (at head).

H File 1/1 : Single pile E @ @ E

[ @ Parameters | @ Layers | @ Pie | o Soilfie | < Imposed setiements | © Load

Load

oF

[Top load (KN} 2000 Z]

Modify advanced parameters.

z (mlI
o Reference elevation : 0.0 m

o

Si-

Calculation

9
{  Start calculation ) (3 See resulis )

.
:

Figure F.29 : "Load" tab for a Single pile calculation

F.3.7.1.2 Advanced parameters

( mediysavanced parameters.. ) putton allows the following parameters to be controlled:

o Tolerance: this parameter controls the relative accuracy of the iterative process
managing the nonlinearity of the mobilisation laws;

e Steps number: this parameter controls the number of points comprising the load
curve;

e Negative skin friction coefficient: this weighting factor, by default equal to 1.00, is
applied in zones where friction is negative (see chapter F.2.4.3).
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The default values proposed are to be conserved in most cases (and a button allows the
advanced parameters to be reinitialised at default values if necessary):

Ml Advanced parameters wizard

Tolerance (m)

Steps number

-~
‘ 1.UUE-U4‘ ‘
-

~
| 002
-

X

shaft friction coeff.<0

1.00‘ ‘

-~
-

( Walues by default j

Close )

Figure F.30 : Advanced parameters wizard for a "Single pile" calculation

Designation of Units Default Dlsp_lgy Mandatory Local checks
parameters value condition value
Tolerance (or relative
accuracy of calculations) m 1,0E-04 Always Yes i
Steps number - 100 Always Yes 1 <x <1000
Shaft friction coeff.<0:
negatl\_/e skin fr_|c_t|on - 1,0 Always Yes Coeff >0
weighting coefficient (also
see chapter F.2.4.3)
Table F.11 : Advanced parameters, single pile case

F.3.7.2 "Pile + associated soil mesh" calculation case
F.3.7.2.1 "Mesh parameters" box
The data to be defined is as follows:
Designation of Units Default Display condition Mandatory Local
parameters value value checks
Mesh element
dimension along X m 1.0 Always ves >0
Mesh element
dimension along Y m 1.0 Always Yes >0
Mesh element load kPa 0,0 Always Yes >0

Table F.12 : Mesh parameters ("pile + associated mesh" calculation case)
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F.3.7.2.2 Calculation type: Slab

In an "Imposed strain (slab type)" type calculation, settlement is assumed as uniform at top
of mesh (case of a slab on rigid inclusions for example). Taspie+ in this case allows the

distribution of the stresses between pile and soil to be determined (also see chapters F.2.2
and F.2.5.4).

Pie 111 Single pile E E| @ E

[ @ Parameters | & Layers | & Pie | & Soillpile | & Inposed setfemerts |9 Load

Load

Mesh parameters.
Mesh element dime:

e T
Mesh eementdimensionsboay (1 [ 1m[3]

Calculation type @ imposed sirain (slab type)

Wodify advanced parameters.

Figure F.31 : "Load" tab of a pile + associated soil mesh type calculation of Slab type

A help figure is available to explain calculation type choice by clicking associated ]z\ button:

Qpi/e
Q.wll W
AAAAAAAVAAAARARAARAL
* Imposed stresses calculation
(Qyite » Quoir) nser-prescribed
+ Imposed strain calculation
(Qpite » Quoir) SOt by program to obtain )
(pile/soil) settlements equality at the top of mesh
«—
Mesh

Figure F.32 : Help figure —Choice of Slab/Backfill calculation type

F.3.7.2.3 Calculation type: Backfill

In an "Imposed stress (backfill type)" type calculation, the user imposes the distribution of the
stresses at top of mesh (also see chapters F.2.2 and F.2.5.3).

For the backfill type calculation, additional data must be defined, that is the egpile parameter:

e egpile: Fraction of total load on mesh applied at pile head. This fraction is a decimal
number between 0 and 1 included.

The value proposed by default is egpile = pile section/mesh section. This corresponds
to a uniform loading condition at top of mesh.

The egpile value can be modified to meet specific situations: in this case, choose
"Manual entry". For example:
o egpile = 1: indicates that complete load applied will be transmitted to the pile;

o egpile = 0: translates the fact that the pile is not loaded at head. The complete
load applied is taken by the soil.

36/110 June 2015 issue - Copyright @ Foxta v3 - 2011



c’ terrasol

TASPIE+ — Foxta v3 user's manual

setec
P TEE
[ & Parameters | Layers | @ File | & Soifie | O Imposed settlements | O Load
Mesh ps
=
Mesh element dimension along X (m)
Mesh element dimension along Y (m}
Mesh element load (kPa) 4003
| Calculation type @ Imposed stress (backfil type) |v H
&,pike efficiency @ 091|7
s
© By defaut ® Manual entry
Hodify advanced parameters...

Tl

Figure F.33 : "Load" tab of a Pile + associated soil mesh calculation of Backfill type

A help figure is available to
associated || button:

Wi Help for the eQpile parameter X

Oy

YYyyywyy

YYYYvvyy

Qpiie + Qsor';’

mesh —

_ Qpife
eQ =—

= mesh

R EEE—

Mesh

Figure F.34 : Help figure — Meaning of egpile parameter

F.3.7.2.4 Advanced parameters

explain the meaning of the egpile parameter by clicking the

The advanced parameters are accessible by clicking ( odity acvanced parameters.. ) putton.

A table summarising the advanced parameters for a "pile + associated soil mesh" calculation

is given below:

Designation of : Default . . Mandatory | Local

Units Display condition
parameters value value checks
Tolerance (or . m 1E-04 Always Yes -
convergence criterion)
Steps number - 100 Always Yes 1<x<1000

Table F.13 : Summary of advanced parameters for a "pile + associated soil mesh" calculation
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bl Advanced parameters wizard x

-~
Tolerance (m) ‘ 1.UUE—U4‘V‘

Steps number ‘ 100‘

( Values by defautt ) ( Close j

Figure F.35 : Advanced parameters wizard for a
"pile + associated soil mesh" calculation

F.3.8. Standard calculation/Step-by-step calculation

As stated in chapter F.2.5.1, Taspie+ has 2 additional calculation engines.

The choice between the 2 calculation engines is done automatically by Taspie+ as a function
of the input data.

In most cases, the main calculation engine (matrix solving by finite elements) is the one
used. Here, we will refer to this situation by the term "standard case".

However, in the case where the transfer curve includes one or more decreasing plateaux, the
secondary calculation engine will be used. This case occurs in the case where the user:

e chooses point-by-point input mobilisation laws;

¢ and defines at least one of the mobilisation laws (shaft friction for one of the layers or
base resistance) as being not strictly increasing: e.g. a constant intermediary plateau
or a decreasing plateau as shown on figure below.

Here, we will refer to this situation by the term "step-by-step calculation". When Taspie+
identifies this situation, certain additional parameters are required (mainly in the advanced
parameters of the "Load" tab).

The specificities of the parameters for a "step-by-step" calculation are defined in the
following subchapters.
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q q
| A jq
¥ ¥ W
Increasing mobilisation curve == Mon monotone mobilisation curve == iterative "step-by-step”
matrix resolution (standard case) resolution (secondary calculation engine)

F.3.8.1 "Parameters" tab - Printing type

For step-by-step calculations, the "General parameters” box includes additional data: printing
type.

[ @ Parameters | @ Layers | @ Pie | @ Soifpile | @ Imposed setilements | @ Load |
f

General settings

General parameters

Calculation title | Single pile |

Printing type Printing limited to the converged result 1 v

Reduced printing
Detailed printing

| Printing limited to the converged resuft |

Figure F.36 : "Parameters" tab — "Step-by-step" calculation case

Possible choices for printing type are shown on the figure above. The choice proposed by
default is printing limited to the converged result.

F.3.8.2 "Layers" tab - Limitations

For a step-by-step calculation, the following limitations are to be taken into account:
e Total number of layers must be 25 maximum;
e Total number of subdivisions along the pile must be 500 maximum.
However, for the "standard" calculation case, there is no limit on the total number of layers or

subdivisions.
F.3.8.3 "Soil/pile" tab - Limitations

For a step-by-step calculation, the base resistance pressure must be strictly higher than
zero. Put a numerically low value (0.1 kPa for example) in situations where the total base
resistance can be neglected.

F.3.8.4 "Load" tab

For step-by-step calculations, the advanced parameters window includes additional
parameters with respect to the standard case described previously:
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F.3.8.4.1 Single pile case — Tensile load case

For a step-by-step calculation, the program does not automatically cancel the total base
resistance for a pile submitted to tensile loads. In this case, the user must enter a numerically
very low base resistance pressure (0.1 kPa for example).

F.3.8.4.2 Single pile case — Advanced parameters

The additional advanced parameters displayed are those of the "Calculation range" box.
They are detailed below:

§iil Advanced parameters wizard X
|Tn|erance (m) [ 1,00E-04[ 2]
|Steps number | 1UU| c"

- Ci ion rang N\
-
YPmin (m} 1,00E-08
-
vPmax (m) 7,05E-02
| @ By default (O Manual entry

shaft friction coeff.<0 [ 1,00 2]

( Values by default j ( Close j

Figure F.37 : Advanced parameters wizard — Step-by-step calculation (single pile)

Designation of Units Default Display condition Mandatory Local
parameters value value checks
YPmin: minimal value

of the tip

displacement to take m 1.0E-08 Always Yes >0
care of

YPmax: maximal Last value of

vglue of the tip m mobilisation Always Yes > YPMin
displacement to curve of base

observe resistance

Table F.14 : Parameters of Advanced parameters wizard — Step-by-step calculation (single pile)
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F.3.8.4.3 "Pile + associated mesh" of slab type calculation case - Advanced
parameters

\ill Advanced parameters wizard X

‘Tnleranca m [ 1,00e-04] S

‘Steps number | 1[|El| C ”

T ion rang
~
Y Pmin (m} 1,UUE—UE‘ H
~

" Pmiax (mj) 5,19E01
® By default @ Manual entry
r Calculation parameters with prescribed displacements (slab type)
-~
XKmin D,D‘ ‘
-
-~
Kmax ‘ D,D?&DD‘ ‘
-

F-
NxStep ‘ 100 /
-
4

[ Values by defautt j [ Close ]

Figure F.38 : Advanced parameters wizard — Step-by-step calculation
(pile + associated mesh - slab type)

The additional parameters of the "Calculation range" box are the same as those described
above for the single pile (chapter F.3.8.4.1).

The additional parameters of the "Calculation parameters with prescribed displacements
(slab type)" box are as follows:

Designation of Units Default Display Mandatory

-, Local checks
parameters value condition value

YPmin: minimal value
of the tip displacement m 1.0E-08 Always Yes >0
to take care of

Settlement
_ . calculated

YPmax: maximal value for soil

of the tip displacement m . . Always Yes > YPmin
without pile

to observe
under stress

Qmesh

Xmin: lower bound of
the slab settlement m 0 Always Yes -
range to be studied

Xmax: upper bound of
the slab settlement m = YPmax Always Yes > Xmin
range to be studied

NxStep: number of

0 < Nxstep =
calculation steps

- 100 Always Yes 10°

Table F.15 : Parameters of Advanced parameters wizard — Step-by-step calculation
(pile + associated mesh, slab type)
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F.3.8.4.4 "Pile + associated mesh" calculation case of backfill type — Advanced

parameters
il Advanced parameters wizard *
[Tolerance (m) | 1,006-04[ 2|
|Steps number | 1DD|$"
@Iatinn rang \
/ |YPmin (m) | 1,DDE-DS| - " \
Pmax (m) 5,19E01
® By default (O Manual entry
r Calculation parameters with imposed stress (backfill type)
NrStep | 4uu|:|
CoefR | u,9|:|
NyMin | 1 uuu|:|
Nchange | 20|:|
\CDEmein | u,7|j/
\\\, 7
[ Values by default j [ Close j

Figure F.39 : Advanced parameters wizard — Step-by-step calculation
(pile + associated mesh - backfill type)

The additional parameters of the "Calculation range" box are the same as those described
above for the single pile (chapter F.3.8.4.1).

The additional parameters of the "Calculation parameters with imposed stress (backfill type)"
box are as follows:

Designation of Units Default D|sp_I{;1y Mandatory Local checks
parameters value condition value
YPmin: minimal value
of the tip displacement m 1.0E-08 Always Yes >0
to take care of
Settlement
) . calculated
YPmax: maximal value for soil
of the tip displacement m . . Always Yes > YPmin
without pile
to observe
under
Stress Qmesn
NrStep: maximal
number of iterations to 0 < Nrstep <
calculate the settlement i 400 Always ves 1000
of soil cylinder
CoefR: relaxation
coefficient. Defines the
convergence of - 0.9 Always Yes 0<CoefR<1
successive imposed
settlement profiles
around pile (*)
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Nymin: number of
steps adopted from
iteration 2 and following
to scan the interval of
displacements at
bottom

- 1000 Always Yes 0 < Nymin < 10°

Nchange: number of
iteration from which the
scan interval is
redefined as a function
of choice of CoefYmin
and the divisions
number becomes
Nymin

0 < Nchange <

- 20 Always Yes 1000

0 < CoefYmin <

CoefYmin m 0.7 Always Yes 1

(*) Imposed settlement (n+1) = CoefR x imposed settlement (n) + (1-CoefR)*calculated
settlement (n)

Table F.16 : Parameters of Advanced parameters wizard — Step-by-step calculation
(pile + associated mesh, backfill type)

F.3.9. Calculation and results

F.3.9.1 Calculation

The calculation can be started from any tab provided the tabs are correctly completed, that is
when they are all marked by a green tick (for example: | & Layers ).

The tabs are marked by a red cross (for example: ) until correctly completed
(missing or nonconforming data with expected values).

To start the calculation, click (& Start caleulation ) button.
To display the calculation results, click (¥ See results ) button.

The window below is then displayed and proposes various types of results accessible after a
Taspie+ calculation:

e 2 types of numerical results: formatted results and result tables;
e 3 types of graphical results: loading curve, main results and complementary results.
Note: The loading curve is accessible only for "Single pile" type calculations.

e 1 calculation wizard for evaluation of loads in slab (this is accessible only for a "pile +
associated soil mesh" type calculation).

IMPORTANT: The results are given along the pile in the local coordinate system of the pile
(on abscissa with respect to pile head) and not in elevations.
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Results Calculated : 0 second ago (Calculation date : Jun 13, 2016 3:52:53 PM)

Numerical results

Formatted results Resutt tables

Graphical results.

NS TS

Loading curve Main results Complementary results

Figure F.40 : Results window

F.3.9.2 Numerical results

F.3.9.2.1 Formatted numerical results — Case of a "Single pile" type calculation

Programme Taspier vZ.4.1 (c) TERRASOL 2014
File : R:i\lLogiciels\FoxXta\FoXta va\Manuels et exemples\Manuels Foxta v3\F - Taspier\Traduction ENG\exemples VEE\TASPIE+ EXEMPLE 1\Taspie+ exemple 1[TP]-1.bli
calcul réalisé le : 13/06/2016 & 16h07

y ¢ Terrasol

Calculation title : Pieu is0lé sans tassement imposé

Caractéristiques géométriques

Inclinaison du pieu () : 0.00
Couche Cote Longueur &léments Diametre Diametre Section Perimetre
(section) (perimetre)
0.00
1 -4.00 4.00 10 0.600 0.600 0.283 1.885
2 -10.00 6.00 20 0.600 0.600 0.283 1885
3 -12.00 2.00 10 0.600 0.600 0.283 1.885
T12.00

Mise en place sans refoulement

caractéristiques mécaniques

couche cote Frottement module module Paramétres oedométriques
Timite du pieu du sol Cs/(1re0)  Cc/(1+e) tc G ou 6" iG
0.00
1 -2.00 20.00 0.100E+08  0.100E+11 0.00 ©
H -10.00 50.00 0.100E+08  0.100E+1l 0.00 o
E -12.00 120.00 0.100E+08 0. 100E+11 0.00 ©
qpl = 2500.00

Lois de mobilisation

Couche 1 cotes : 0.000 a -4.000
Em = E000. asl = 20.00
mobilisation frottement y as === Frank et zhao (sol fin for&)

Figure F.41 : Formatted numerical results (reminder of data)
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The formatted results contain:

e A reminder of the data (Figure F.41): geometrical characteristics, characteristics of
soil layers, details of mobilisation laws.

e The bearing capacity calculations (Figure F.42, also see chapter F.2.8), with the
following regulatory values (according to standard NF P 94 262):

v' Limit values of total shaft resistance and total base resistance (without
weighting);

v' Limit value of critical creep load (without weighting);

v Allowable loads at SLS (in quasi-permanent and characteristic combinations) and
at ULS (in fundamental and accidental combinations).

These calculations are done over the complete length of the pile (all soil layers are
taken into account).

CAPACITE PORTANTE

Capacité ultime du pieu Qlim = 5439.78

frottement Qs1
pointe apl

353.43
196.35

Charge de fluage du pieu Qc

345.58

---- CHARGES ADMISSIELES SELON LA NORME NF P 94 262 ----

A partir de 1a méthode pressiométrigue

) (2) )
ELU-FOND 395.10 324.54 227.18
ELU-ACCT 434.61 357.00 249.90
ELS-PERM 248.35 204.00 142.80
ELS-CARA 303.54 249,33 174.53
A partir de 1a méthode pénétrométrigue

) (2) )
ELU-FOND 385.05 313.35 227.18
ELU-ACCT 423.56 344.69 249.90
ELS-PERM 242.03 156.397 142.80
ELS-CARA 295,82 240,74 174.53

(1) : Pieux non ancrés dans la craie
(2) : Pieux ancrés dans la craie
(2) : Pieux de catégorie 10,15,17,18,1% et 20

Figure F.42 : Formatted numerical results — Bearing capacity

e [For each calculation elevation, the results table details (Figure F.43):

Pile settlement (m);

Soil settlement (m);

Force in pile (kN);

Additional force taken by soil (kN) (with respect to state of initial stresses);
Mobilised shaft friction (kPa);

Acyie (kPa): stress in pile (force/section);

Ao (kPa): additional stress in soil with respect to initial vertical stress.

AN N NI N AN

Taspie+ also displays the maximum value (max+) and minimum value (max-) for each
column at bottom of table.
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E1ément cote tassement tassement effort effort frottement dsigma dsigma
pieu so1 pieu s01 Tatéral pieu so1
001 o. 0.000E+00 0.100E+04 0.000E+00 0.2008+02 0.354E+04 0.000E+00
001 o 0.000E+00 0.385E+03 0.1518+02 0.2008+02 0.348E+04 0.1518-08
002 o 0.000E+00 0.585E+03 0.1518+02 0.2008+02 0.348E+04 0.151E-08
002 o 0.000E+00 0.570 0.302E+02 0.200E+02 0.343E+04 0.3026-08
003 o 0.000E+00 0. 0.302E+02 0.200E+02 0.343E+04 o
00z o 0.000E+00 0. 0.4528+02 0.2008+02 0.338E+04 o.
004 o 0.000E+00 o. 0.452E+02 0.200E+02 0.338E+04 o.
004 o 0.000E+00 0. 0.603E+02 0.200E+02 0.332E+04 o
005 0.7 0.000E+00 0. 0.603E+02 0.200E+02 0.332E+04 o
005 o. 0.000E+00 0. 0.2008+02 0.327E+04 0.7
006 o. 0.000E+00 0. 0.200E+02 0.327E+04 0.7
006 o 0.000E+00 0. o 0.200E+02 0.322E+04 o
007 o. 0.000E+00 0. 0. 0.2005+02 0.322E+04 o.
007 0.6 0.000E+00 0. o. 0.2008+02 0.3168+04 o.
008 o. 0.000E+00 0. o 0.200E+02 0.316E+04 o.
008 o 0.000E+00 0. o 0.200E+02 0.311E+04 o
009 o. 0.000E+00 0. 0. 0.2005+02 0.311E+04 o.
009 o. 0.000E+00 0. o. 0.2008+02 0.308E+04 o.
010 o. 0.000E+00 0. o 0.200E+02 0.306E+04 o.
010 o 0.000E+00 0. o 0.200E+02 0.300E+04 o
011 o. 0.000E+00 0. 0. 0.3358+02 0.300E+04 o.
o011 o. 0.000E+00 0. o. 0.3338+02 0.254E+04 o.
012 o. 0.000E+00 o. o 0.333E+02 0.294E+04 o.
012 o 0.000E+00 0. o 0.331E+02 0.287E+04 o
013 o. 0.000E+00 0. 0. 0.3318+02 0.287E+04 o.
013 o. 0.000E+00 0. o. 0.3308+02 0.280E+04 o.
014 o. 0.000E+00 o. 0.207 0.330E+02 0.280E+04 o.
014 o 0.000E+00 0.226E+03 0.328E+02 0.274E+04 o
015 o. 0.000E+00 0.2268+03 0.3288+02 0.274E+04 o.
015 o. 0.000E+00 0.244E+03 0.326E+02 0.267E+04 o.
oie o. 0.000E+00 0.244E+03 0.326E+02 0.267E+04 o.
o016 o 0.000E+00 0.263E+03 0.324E+02 0.261E+04 o
017 o. 0.000E+00 0.2638+03 0.3248+02 0.261E+04 o.
017 o. 0.000E+00 0.281E+03 0.323E+02 0.254E+04 o.
o018 o5 0.000E+00 0.281E+03 0.323E+02 0.254E+04 o
018 o. 0.000E+00 0. 0.2995+03 0.321E+02 0.248E+04 o.
15 & oo o 025 “8.500 6.531E-02 G.000E+00 0.424E+03 0.311E+02 0.204E+04 0.
o ol 5:000€00 o: Gee  mao0  ossicos  oloosei 5 SBies  omei:r  ooeios o
o o o o 026 -8.800 0.5156-02 0.000E+00 0.5585+03 0.342E+03 0.3105402 0.197E+04 0.
22 2 9:Jooero0 o 027 -8.800 0.515-02 0.000E+00 0.558E+03 0.442E+03 0.3108+02 0.157E+04 0.
o o 0: pooero0 o 027 0.509E-02 0.000E+00 0.541E+03 0.459E+03 0.309E+02 0.191E+04 0
o o 0: 00000 o 028 0.509E-02 0.000E+00 0.541E+03 0.459E+03 0.3095+02 0.191E+04 0
02 5 e 3 028 0.503E-02 0.0008+00 0.5238+03 +03 o. 0.185E+04 0
o2 2 9: Jooero0 o 025 0.503E-02 0.000E+00 0.523E+03 0.477E+03 o 0.185E+04 o
o2 o 0: pooero0 o 029 0. a38E-02 0.000E+00 0.506E+03 0.494E+03 o o. o.
0z o 0: 00000 o 030 0.4385-02 0.0008+00 0.5068+03 0.454E+03F o. 0.
o K o oooEree O emEm: 0w o. 0.000E+00 0.489E+03 0.511E+03 o 0.
oz 2 9: pooero0 0392t | om o 0.000E+00 0.489E+03 0.511E+03 o o.
b AI00E -5 S3EY 031 o. 0.0008+00 0.4618+03 0.5338+0F o 0.1638+04 0.
032 o. 0.000E+00 0.461E+03 0.539E+03 0 0.163E+04 0.
032 o 0.000E+00 0.433E+03 0.567E+03 o 0.153E+04 o.
022 o. 0.000E+00 0.4228+02 0.567E+02 0 0.1526+04 0.
033 o. 0.000E+00 o. 0.595E+03 0 0.143E+04 0.
034 o 0.000E+00 0.595E+03 0 0.143E+04 o.
034 o. 0.000E+00 0.6226+02 0 0.1226+04 0.
035 o. 0.000E+00 0.6238+03 0 0.1338+04 0.
035 o 0.000E+00 0. 0 0.124E+04 o.
036 0 0.000E+00 0. 0 0.124E+04 0
036 o 0.0008+00 0.6 o 0.114E+04 0
037 o. 0.000E+00 0. 0 0.114E+04 o
037 o 0.000E+00 o. o 0.104E+04 o
0zs o. 0.0008+00 0. o 0.104E+04 0
038 o. 0.000E+00 0 0 0.543E+03 o
039 0.4 0.000E+00 o 0.943E+03 o
033 o. 0.0008+00 : o 0.846E+03 0
040 o. 0.000E+00 7 0.7 0.846E+03 o
040 0. 468E-02 0.000E+00 0.788E+03 0.729E+02 0.748E+03 0.7
tassement tassement effort effort frottement dsigma dsigma
pieu pieu sol Tatéral pieu
max+ 0.765E-02 0.000E+00 0.100E+04 0.788E+03 0.743E402 0.354E+04 0.788E-07
ma— 0. 468E-02 0.000E+00 0.212€+03 0.000E+00 0.200E+02 0.748E+03 0.000E+00
RAIDEUR EQUIVALENTE
charge Déplacement Raideur
——— Sous une charge égale i 70% de 1a charge de Tluage 820.05 0.00505 0.162E+06
——— Sous 1a charge définie par 1'utilisateur 1000.00 0.00765 0.131E+06

Figure F.43 : Detailed formatted numerical results and equivalent stiffnesses for a single pile calculation

The equivalent stiffnesses (Figure F.43, also see chapter F.2.9): for the service load

applied at head and for a load equal to 70% of the limit creep load, Taspie+ gives:

v" A reminder of the load taken into account (kN);

v' Pile head displacement calculated under this load (m);

v' Equivalent pile head stiffness (kN/m): this is the ratio between the pile head load
and the corresponding displacement.

The stiffness for the load equal to 70% of the limit creep load is used by default as
input parameter for a pile group calculation in Groupie+ module.

F.3.9.2.2 Formatted numerical results — "Pile + associated mesh" calculation case —
Slab type calculation

The formatted results include the same information as for the single pile (see chapter
F.3.9.2.1), except:

An additional section concerning the geometry of the elementary mesh and the load
applied to the mesh (Figure F.44), and a reminder of the calculation type (calculation
at imposed strains for a slab-type calculation), and the found EQpile value (part of
total load applied to the pile).

Indeed, for a slab-type calculation, the EQpile value is a result of the calculation (and

not data as for a backfill-type calculation).
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Maille élémentaire 2.000 m = 2.000 m
surface 4. 000 Rayon équiwalent 1.125
Contrainte /maille E0.000 Charge totale 320,000

Calcul & déformations imposées

Tolérance des calculs : 0.10E-02
Fondération frottement négatif : 1.000
FEFTRRRETRRERETRR R
#wkEsn| UTION* #%%
FTEFRRREFRARERRR R
[ EQpieu trouveé : 0.723 ] au bout de 0l4 iterations
Ecart relatif |yp(0l-yws(0)|/|wp(0])|= 0.4E-03

Figure F.44 : Formatted numerical results — Pile + associated mesh, slab type
(information related to mesh)

o At end of file, the "Equivalent stiffnesses” section has been replaced by the section
shown on Figure F.45. We find:

v The unreinforced soil settlement;

v For the pile: the settlement at pile head (m), the load at pile head (in kN and in
proportion with respect to the total load, moreover, we find for the proportion the
value of EQpile), the corresponding stress at pile head and the corresponding
surface stiffness (kPa/m, see chapter F.2.9);

v' For the soil: the average settlement at surface (m), the load taken by the soil (in
kN and in proportion with respect to the total load), the average corresponding
stress on surface and the corresponding surface stiffness (kPa/m, see chapter
F.2.9);

v" A summary of the loads in the pile (or the inclusion):
maximum stress S_max (kPa) reached in the inclusion;
elevation z(m) at which S_max is reached (critical point);
maximum load Qmax (kN) reached in the inclusion;

safety with respect to creep load Q.(z): value Q.(z) (kN) and safety factor
F = Qc(2) / Qmax;

o safety with respect to breaking load Q((z): value Qi(z) (kN) and safety
factor F = Q|(z) / Qmax.

The values of Qc(z) and QI(z) are calculated below the critical point.

O

O

O

The equivalent surface stiffnesses are estimated for load Q(0) defined by the user. The
surface stiffness at the pile is obtained by dividing the stress at pile head of the pile domain
by the displacement at pile head of the pile domain and the surface stiffness at the soil
domain by dividing the average vertical stress applied to the pile head of the soil domain by
the average settlement at this level.

The ASIRI recommendations explain how to use the surface stiffnesses thus obtained to
establish an equivalent simplified stiffness distribution, around each inclusion and between
the inclusions, capable of giving a representative estimation of the moments in the slab. This
equivalent surface stiffness distribution can be used in the Tasplag model of the slab to
establish the loads to which it is submitted under the loading applied.
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(]33 -5.800 0.710E-02 0.120E-02 0.265E+03 0.946E+02 0.200E+02 0.211E+04 0.244E+02
083 -5.800 0.710E-02 0.120E-02 0.265E+03 0.946E+02 0.200E+02 0.211E+04 0.244E+02
0&3 -E.300 0.708E-02 0.703E-02 0.2E3E+03 0.971E+02 0.200E+02 0.203E+04 0.251E+02
o7o -5.300 0.708E-02 0.709E-02 0.263E+03 0,971E+02 0.200E+02 0.209E+04 0.251E+02
o7o -£.000 0.706E-02 0.201E-02 0.260E+03 0,926E+02 0.200E+02 0.207E+04 0.257E+02
071 -&.000 0.706E-02 0.201E-02 0.260E+03 0.986E+02 0.800E+02 0.207E+04 0.257E+02
o071 -£.100 0.704E-02 0.167E-03 0.2E0E+03 0.110E+03 0.800E+02 0.193E+04 0.283E+02
072 -£.100 0.704E-02 0.167E-03 0.2E0E+03 0.110E+03 0.800E+02 0.193E+04 0.283E+02
072 -6.200 0.702E-02 0.130E-0% 0.240E+03 0.120E+03 0.800E+02 0.191E+04 0.309E+02
073 -&.z00 0.702E-02 0.130E-0% 0.240E+03 0.120E+03 0.800E+02 0.191E+04 0.309E+02
073 -6.300 0.700E-02 0.902E-04 0.230E+03 0.130E+03 0.800E+02 0.1&3E+04 0.335E+02
074 -6.300 0.700E-02 0.302E-04 0.230E+03 0.130E+03 0.300E+02 0.183E+04 0.335E+02
074 -6.400 0.698E-02 0.467E-04 0.220E+03 0.140E+03 0.300E+02 0.175E+04 0.361E+02
075 -6.400 0.698E-02 0.467E-04 0.220E+03 0.140E+03 0.300E+02 0.175E+04 0.361E+02
o7E -G.500 0.&37E-02 0.150E-0F 0.210E+03 0.150E+032 0.200E+02 0.167E+04 0.287E+02
TAassEement Tassement effortc efforc frottement dsigma dsigma
pieu sal pieu 50l Tatéral pieu sol
max+ 0.274E-01 0.274E-01 0.293E+03 0.150E+03 0.800E+02 0.233E+04 0.387E+02
max- 0.697E-02 0.150E-07 0.210E+03 0.673E+02 -0.260E+02 0.167E+04 0.174E+02
y tete q tete % Sigma tete raideur surf.
(L (F) (FL-2] (FL-2]
Sans renforcement 0.1034
#vec renfarcement Fieu 0.0274 231.375 0.723 1541.224 67125.6
sol (moyennel 0.0274 83.625 0.277 22.875 833.7
Maille 320,000 1.000 &0.000

sollicitations dans 1'inclusion

- contrainte ma<imale S_max = 2325.4
- atteinte a cote z = -4.300

- charge maximale amax = 292.7
- sécurité par rapport & Qc(z) = 417.0 F= 1.42
- sécurité par rapport & Ql(z) = 595.6 F= 2.03

Figure F.45 : Formatted numerical results (solution) for a pile + mesh Slab type calculation

F.3.9.2.3 Formatted numerical results — "Pile + associated mesh" calculation case —
Backfill type calculation

The formatted results displayed for a backfill type calculation are almost identical to those of
a slab type calculation (see chapter F.3.9.2.2), except for the section concerning the mesh
and the calculation type.

Indeed, for a backfill type calculation, we find the "calculation at imposed stresses" indication,
and the reminder of the EQpile value (imposed by the user) and the corresponding load
distribution: average stress applied to the soil (kPa) and load applied at pile head (kN).

maille &lémentaire 3.000 m ® 3.000 m
surface 3. 000 Rayon égquivalent 1.693
Contrainte /maille 100. 000 Charge totale 900. 000

calcul & contraintes imposées

EQpieu 0.196
Contrainte /sol 82.157 Charge sur pieu 176.715

Figure F.46 : Formatted numerical results — Pile + associated mesh, backfill type
(information related to mesh)

F.3.9.2.4 Numerical results — Results table

The content of the results table is identical for the 3 calculation types (single pile, pile +
associated mesh/slab type and pile + associated mesh/backfill type).

Note: Mouse over the column header to obtain the meaning and the units of each term in a
tool tip.

We find, in the first columns of the table, the same results as those detailed for the formatted
results of chapter F.3.9.2.1 (part of the detailed results table), but also find additional
information for each calculation elevation:

e  Qs;m (kPa): unit shaft friction at soil/pile interface;

o AQmesn (KN): total added in mesh (addition with respect to the initial stress state);
®  Qmesh (kN): total force in mesh (pile + soil);

e 0, (kPa): initial vertical stress;
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® Onesn (KPQ): average stress in mesh (= Qnesn/mesh section).

However, this display includes neither the data reminder part nor certain results (especially
equivalent stiffnesses and bearing).

Export < Backto the index

X ypile ysoil Qpile gsmob opile Qsoil osoil qslim ‘AQmesh Qmesh | ov0 ‘ omesh ‘

Iml Im] [m} L] [kPa] [kPa] ey [kPa] [kPa] L} I [kPa] TkPa] 1
0,0 0,0201 0,0239) 1488, 23,6 2952 141,00 40,3 3 1640, 16400 0,0 410,00[A
0,3 0,0201 0,0232] 1520, 2644 302; 120,31 4039 3 1640, 1664, 6,01 416,00
0.3 0,0201 0,023 1520, 26,44 302 120,31 40,39 3 1640, 1664, 6,01 416,00
0,61 0,02 0,0226] 1538, 2319 3061 101,61 41,0 3 1640, 1683, 12,0 422,00
061 0,02 0,0226| 1538, 23,19 3061 101,61 41,0 3 1640, 1688, 12,0 422,00
[ 0,02 0,022] 1585, 19,99 308; 85,3 239 3 1640, 1712, 18,0 428,00
[E 0,02 0,022 1555, 19,99 308, 85,3 4239 3 1640, 1712, 18,0 428,00
1,21 0,0199) 0,0216] 1569, 1682 3121 71,4 4442 3 1640, 1738, 24,0 434,00
1,20 0,0199 0,0218 1569, -16,82 3121 71,40 4442 3 1640, 1735,01 24,00 434,00
1,51 0,0199) 0,0212] 1580, 14,09 3144 59,71 47,07 3 1840, 1760, 30,0 440,00
1,50 0,0199 0,0212 1580, -14,09 3144 59,71 47,07 3 1640, 1760,01 30,0 440,00
1,8 0,015 0,0209] 1580, ElE 316: 50,08 50,32 3 1640, 1784, 36,0 445,00
1,8 0,0159 0,0209) 1590, 11, 316 50,08 50,32 3 1640, 1784, 36,01 445,00
21 0,019 0,0208] 1598, 9,3 3179 4218 54,06 3 1640, 1808, 0 42,0 452,00
21 0,015 0,0208] 1598, 9,3 3179 218 54,06 3 1640, 1808, 2,0 452,00
241 0,019 0,0204 1604, 7,51 3191 35,82 58,24 3 1640, 1832, 43,01 458,00~
241 0,019 0,0204 1604, EE 3191 35,82 58.24) 3 1640, 1832, 48,01 458,00
27 0,0157] 0,0202 1608, 502 3202 30,73 6279 3 1640, 1856, 54,0 454,00
27 0,0197] 0,0202] 1608, 502 3202 30,73 6279 3 1640, 1856, 54,0 464,00
3,0 0,0157] 0,02 1613, 4567 321 2669 678! 3 1640, 1880, 60,01 470,00
3,01 0,0197] 0,02] 1613, E| 321 26,69 678! 3 1640, 1880, 60,01 470,00
3.3 0,0196] 0,019 1615, 35 3215 2359 727 3 1640, 1904, 66,01 476,00
3.3 0,019¢] 0,019 1615, EE 321§ 2359 72,7 3 1640, 1904,0 6,01 476,00
361 0,019 0,0198 1619, 261 322 21,27 78, 3 1640, 1928, 72,0 482,00
361 0,019¢] 0,018 1818, 261 322 21,27 78, 3 1640, 1928, 72,0 482,00
39 0,019 0,0197] 1620, 1,8 3224) 19,61 8361 3 1640, 19520 78,01 488,00
3.9 0,018 0,0187] 1620, 181 3224) 19,61 8361 3 1840, 1952, 78,0 483,00
420 0,019 0,0196 1621, 1,09 3226 18,52 29,3 3 1640, 1976, 01 84,0 494,00
421 0,018 0,018 1621, 108 3226 18,52 89,31 3 1640, 1576, 84,01 494,00
4,50 0,0194 0,0194 1622, 0,4 3227 17,95 851 3 1640, 2000,0( 90,0 500,00|
4,51 0,019 0,018 1622, 04 3227 17,85 851 3 1640, 2000,0 90,01 500,00
[E: 0,019 0,0193 1622, 021 32277 17,86 01,1 3 1640, 2024, 96,01 506,00
4,8 0,019 0,0183 1622, 021 3227 17,86 01,1 3 1640, 2024,0 96,01 506,00
5.1 0,019 0,0192] 1622, 0,8 3226 18,26 107,2 3 1840, 2043, 102,01 512,00
51 0,018 0,018 1622, 08 3226 18,26 107,2 3 1640, 2048, 102,0¢ 512,00
541 0,018 0,0191 1621, 154 322! 19,17 135 3 1840, 2072, 108,01 518,00
541 0,018 0,181 1621, 1,54 322 18,17 135 3 1640, 2072, 108,0¢ 518,00
571 0,0192) 0,019 161, 231 3222 2062 18,9 3 1840, 2096, 14,01 524,00
57 0,0192 0,019 1619, 231 3222 2062 1189 3 1640, 2096, 14,00 524,00/

Figure F.47 : Numerical results — Results table

F.3.9.3 Graphical results

F.3.9.3.1 Loading curve

The loading curve is accessible only for a single pile calculation.

It represents the settlement of pile at top (m) as a function of the load applied at pile head
(kN).

It is constructed automatically by Taspie+: the first point corresponds to a null load applied at
pile head. The last point corresponds to the application of 95% of the breaking load.
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Figure F.48 : Graphical results — Loading curves (single pile calculation)
By default, only the curve is displayed. A Show/Mask button on top right of the window
shows or masks the table of points calculated by Taspie+ to construct the loading curve.
F.3.9.3.2 Main results

The curves shown are almost identical for the 3 calculation types (single pile, pile +
associated mesh slab type and pile + associated mesh backfill type).
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Soil and pile settlement Pile/soil friction Total forces in pile and in soil Pile and soil average stresses
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H
18 18 ' s s
H
20 20 ! 20 20
25 25 i 25 25
a0 a0 ! a0 a0
|
~ as ~ as v ~ a5 ~ a5
£ £ ' £ £
I ap 2 4o - - 2 ap 2 ap
S S ! i S S
W a8 @ a8 | i @ a8 @ a8
2 2 ! i 2 2
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T 55 T 55 | i T 85 T 85
2 2 ! ! 2 2
3 &0 3 &0 i i 3 e0 3 e0
] w ! i w w
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= 8s X as l | X as * 85
! |
20 20 | N 20 20
05 05 ! ! as as
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0000 0002 0.004 0.008 0008 o 200 40 60 B0 1000 o 1000 2000 3000
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WinfMax bounds of pie setliements. WinfMax bounds of the mobiised shaft friction WinfMax bounds of the forces in the pike Winfliax bounds of the stress in the pie,
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Figure F.49 : Graphical results — Main results (single pile)
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Figure F.50 : Graphical results — Main results (pile + associated mesh)

The main curves present the graphical display of 4 types of results as a function of the local
abscissa of the pile x(m):

The settlements (m): pile settlement resulting from Taspie+ calculation and soil
settlement. Concerning the soil settlement, these are:
v The imposed soil settlement as defined in the data for a "single pile" type
calculation;
v The average soil settlement resulting from Taspie+ calculation for a pile +
associated mesh type calculation.
The pile/sail frictions (kPa): mobilised friction resulting from Taspie+ calculation and
shaft friction as defined in the data;
The total forces (kN): force in the pile and force taken by the sail;

The stresses (kPa): stress in the pile (force/section) and average vertical stress in the
soil between the piles (this is not calculated for a single pile type calculation).

The minimum and maximum values of the quantities represented are given under each

curve.
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F.3.9.3.3 Additional results

Clicking (7o the advanced resutts ) button displays the additional results. These are also directly
accessible from the result type choice window:

Back to the standard curves (« Backlnmeinda)
Soil stresses Pile /soil friction Forces in pile and in soil
0o 0o oo
. Use the following cel to display an addiional curve equal to Ktand x o,
a5 a5 i s
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a5 5 . s
i
20 20 ! 20
25 25 i 25
ET ET ' a0
~ a5 ~ a5 ' ~ a5
E E ' E
T a0 2 a0 P - 2 a0
@ ] ) ! ]
£ s £ s ! ! £ s
) 2 ! I )
& 50 & 50 ! & 50
< c ! c
T =5 T s I I T =5
2 2 ! ! 2
3 80 3 80 | i 3 a0
= = i =
™ ™ i ™
T 88 T 88 | ‘ T es
ke s i s
@ 70 2 70 ! ; @ 70
T o E s | ! E s
£ 20 £ &0 ! ! £ 80
= = i =
X a5 X a5 ! | X 85
! |
20 20 | i 20
a5 a5 : ! a5
I
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105 ELY-R R : 105
1
e ey ' 110
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Y ovmax "\ Average sl stress "\ Total force
V1,00 x average oV sail

Figure F.51 : Graphical results — Additional results

The main curves present the graphical display of 3 types of results as a function of the local
abscissa of the pile x(m):
e The stresses in the soil (kPa):
v o0 initial vertical stress in soil;

v' oyl final stress in soil resulting from Taspie+ calculation (corresponding to Os;
column of results table);

v oumax. average final stress in mesh (corresponding t0 Opesn COlumn of results
table).
e The pile/soil frictions (kPa):
v Mobilised friction: mobilised soil/pile friction resulting from Taspie+ calculation;
v' Limit friction: limit unit friction as defined by the user;

v" Average soil stress: final stress in the soil (corresponding to O, column of results
table);

v' Soil average Ktand x o,: previous curve multiplied by the Ktand value that the
user can modify on top right of window (default value equal to 1,0). Also see
chapter F.2.6.1 and example 4 of chapter F.4.4.

e The forces in pile and soil (kN):

v" Force in pile (Qpie);

v" Added force on mesh (corresponding to AQnesh COlumn of results table);

v' Total force in mesh (corresponding to Qmesn COlumn of results table).
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"Additional loads" in slab wizard

The results of Taspie+ model can be used to evaluate the additional loads in the slab due to
the presence of inclusions. These additional loads can be calculated by means of the "slab
moment wizard" accessible from the results window (external wizard):

Wil Assistant slab rmorment wizard

User parameters

Subgrade thickness (m) m f\
Diffusion slope A '{\
Poisson's ratio of concrete \ qrn
Intermediate parameters (automatically calculated)
s
Ry (m) * 0,50 Z
PEHHFEREET Y
. (kPa)* 5 ]
O (kPa) 256 qgo” :
Uil (kPa) * 207762 :
I
* (Douwble-click on a value fo edif it) ( Rezet ) i
Results. qpile |
M ortre (KNI 95,40 |
—)] Rmesh
Wy (RNl 2,11 R 0

Figure F.52 : Slab moment wizard

Upper part of the wizard window: additional data

Input (once more) the following additional data:

Centre

Subgrade thickness (that is, here, the load transfer platform), by default taken as
equal to thickness of first layer of model,

Diffusion slope (stresses in body of platform), taken by default as equal to 0,2
(LH/5V);

Poisson's ratio of concrete (between 0 and 0,2).

part of the wizard window: intermediary calculation parameters (see chapter F.2.10).

These parameters are automatically precalculated by the interface but can be modified by a

double

click:

Rn: equivalent radius of elementary cell, directly related to the mesh pitch in each
direction;

Ro: "impact" radius under slab at inclusions, calculated taking diffusion slope in
platform body into account;

gm: average stress applied to elementary cell (on slab surface), obtained from input
data;

Osoi- @verage stress transmitted to soil (on slab under face);

Opie: @verage stress (additional) applied at inclusions at slab under face (distributed
on impact radius Ry).

Lower part of wizard window: results

These

values are calculated as a function of previously input values (and cannot be

modified).
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o  Mcenre: moment in centre of elementary mesh;

e Megge: moment on edge of elementary mesh.

These two values (centre moment and edge moment) constitute an envelope [Miower, Mypper]
corresponding to the "mb" term in the sense of the calculation rules explained in the ASIRI
guide. These additional moments are to be combined with a slab calculation on
homogenised soil.

Note: The moments are taken as positive when the lower fibre is under traction.
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F.4. Taspie+ calculation examples

F.4.1. Example 1: Single pile

This first example deals with a cast-in-place single pile of 0.6 m in diameter and subjectted,

in a first step, to a load of 1000 kN.

In a second step, we will proceed to a calculation where the pile is also subjected to the

settlement of the surrounding ground.

Z (m)I

-4.0 m

-10.0m

-120m

F.4.1.1 Step 1: Single pile

F.4.1.2 Datainput
e Create a new project by clicking on the | & Layers | radio-button;

e Click on the button.
If Foxta is already open, click on “File“, then “New project “.

F.4.1.2.1 New project wizard

‘File” frame
e Click on the @ button to choose the work directory;
e Name and save the file.

‘Project” frame
o Define atitle for the project;
e Define a project number;
e Complete comments if necessary;
[ ]

Reference elevation : 0.0 m

Leave the "Use the soil database" box unchecked (for this example we will not use

the soil database), and click on the button.
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fal New project wizard X
New project
- File
File path (¥} | Faspie+\Traduction ENG\exemples VBE\Taspie+ exemple 1_ en. fxp K )
- Project
Project itle (*): | Example 1 |

Project number (*) :|TASPIE+ step 1

Comments :

(*) These fields are required EI Use the =oil databaze

(Back ) Net )

F.4.1.2.2 New project wizard: Module selection

In the "Modules to use" window, select the Taspie+ module and click on the

Create button:
Wil New project wizard >
Modules to use
Modules
3 2, '3 g i i
A4 er
- = - -
< v v
TASPIE+ PIECOEF+ TASPLAQ TASNEG
- B L
' I ™ ™ ™y
ey |
'
I
TASSELDO FONDSUP ) FONDPROF J L GROUPIE+
1 selected module(s) D Use the soil databaze l( Back ) ( Create )

Note:

Foxta allows the save of soil Iaiers in the soil database of the project and/or in the global soil

database by clicking on the ([§eattase | button.

This allows the user to save the soil layer parameters to reuse them without retyping again in
another module of the same project or in a new Foxta project.

The database will not be used in this example, but its use is described in detail in the section

C of the user’s manual.
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Piie 111 : Single pile

@ Parameters | s Layers | O Pis | @ Solipie | & imposed settisments | o Load |
F

#@E

~General p:

General settings

Calculation tile | Single pile

- Calculation mode

Y Yy

4 A
4 A 4 N

Single pie calulation, with or without Calculation of a pike + associated soil
P mesh (rigid Inclusions, group of ples. ).
defined by user. 9 . grouip of pi

ey

Calculation

S R
E‘ { 3 Start calculation ) (1 See resufis )

The input data window of Taspie+ is how displayed.

All data tabs should be now completed in the right zone of the screen.
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F.4.1.2.3 “Parameters” tab

Definition of the general parameters:

Pile 1/1 : Single pile El

[ Parameters | & Lavers | @ Pile | Sallile | Impased seftiements | @ Laset |

D6

- General p

General settings

Calculation tiie | Single pile

- Calculation

v
Y VwV
4\
4 L
4 A AN

Single: pile calculation, with or without
imposed soll settiement,
defined by user.

Calculation of a pile + associated soil
mesh (rigid inclusions, group of pikes...).

Reference elevation (m)

Calculation

\z‘ { = Start caleuiation ) (1 See resuts )

“General parameters” frame:

e Calculation title: Name it "single pile” for example.

“Calculation mode” frame:

" terrasol

setec

e Select the calculation type by clicking on the adequate button. In this example:

“Single pile calculation”.

“Framework” frame:
e Reference elevation: 0.00 m (head of the pile).

To shift to the next tab, click either on the name of the tab “Layers”, or on the E button.
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F.4.1.2.4 "Layers" tab

This tab allows the definition of the soil layer characteristics:
e The elevation of the base of each solil layer Z,s. (mM);
o The number of subdivisions n of each layer.

IMPORTANT: by Taspie+ convention, the bottom of the pile is assumed to be at the level of
the bottom of the last soil layer defined. Therefore, the soil cross section must be stopped at
bottom of pile (except in certain "pile + associated mesh" cases which require an extension
of the model under the toe of the piles, also check chapter F.2.7).

M Pile 111 : Single pile B @ @

[ @ Parameters [ Layers | @ Pie | & Soifpile | @ Imposed settlements | @ Load |
i

Layers data

Soil layers definit

2
W}

N n

1 Isandy cly I 00 0
Reference elevation : 0.0 m

F [clayey sand -10,00] E

3 [pense sana 12,00 10

Name Colour

zcm)I
=

-100m

o

-zom

Vi o

SF

o

Ssymb. Nomination visioe [ | |TF| | @ [ | || @

- LY L2 Layers number: 3 ﬁnmha&e i— m

Divisions number: 40 k]
J Pile ™
Calculaton —————————————————————

E Sel 54 E { s Start calculation ) (s See resulis )
_ v —

The input to use in this section is the following:

Layer Name Zpase (M) n
1 Sandy clay -4.00 10
2 Clayey sand -10.00 20
3 Dense sand -12.00 10

Note: in this case, the n values of discretisation correspond to a slicing of each soil layer into
calculation slices of 20 to 40 cm thick.
F.4.1.25 “Pile” tab

Via this tab, we will define the type of the pile and its parameters: in this example, the pile
characteristics (Young’s modulus Epe and diameter D) are constant along the whole length
of the pile.

“Pile type” frame:

¢ Implementation mode of pile: chose "Without displacement” (bored pile);
o Type of pile section: chose “Circular section”.

“Pile parameters” frame:

¢ Pile inclination: 0° (vertical pile);
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e Check the checkbox “Constant modulus along the pile (kPa)": Eye = 1.0E” kPa
(concrete, long term case);
e Check the checkbox “Constant diameter along the pile”: D = 0.60 m.

<
N Pie 1/1 - Single pie E @ @
1 [ @ Perameters | & Layers | & Pie | o Soilfile | & mposed setflemerts | & Load |
i !
|
Pi typ
z (m)I Implementation mode of pile : ‘E Without displacement ~
o Reference elevation : 0.0 m
Type of pie section Q Circular section
File p:
"~ Pile inciination (*} 00[2
[ Constant modulus along the pie (kPa) 1,00£07( 5
o 40m ) Constant dismeter along the pile (m) 060(2
I in each layer
] Z, E
C3 Hame base il o "
[m [kPa] [m 0
4,00 1,00£07| 0,60 E
| -10,00 1,00607] 0,60
. |[pensesand 12,00 1,00£07) 0,60
o 100 m
o -120m
o
o
v
o
o
op
RIES &
[« @ | ¢ ¢
i e o [ B R[&]
B Soil 4] Caleulation ———————————————————
o (3 See resutis )
= cubdivisions o E [ 2 Start calculation ) (- Se= resulis )

“Pile definition in each layer” frame:

The table in this tab is automatically filled in with the parameters entered in the previous tab
as the soil layers and their Z,.se, Young’s modulus and diameter of the pile (constant along
the pile in this case). Thus, this table is displayed as a reminder of the previous input
(however, when the Young’s modulus and/or the diameter are not constant along the pile, it
is proposed a manual input for each layer):

Name Zpase (M) Epile (kPa) D (m)
Sandy clay -4.00 1.00E07 0.60
Clayey sand -10.00 1.00E07 0.60
Dense sand -12.00 1.00E07 0.60

F.4.1.2.6 “SoillPile” tab
This tab allows the definition of the skin friction and base resistance mobilisation laws.

The skin friction mobilisation law we will use in this example is Frank and Zhao law built up
from the pressuremeter data. The limit skin friction is 20 kPa in sandy clay, 50 kPa in clayey
sand, and 120 kPa in dense sand.

“Mobilisation law for the shaft friction of the soil and the base resistance” frame:

o Within the dropdown list, chose “From pressuremeter data (Frank & Zhao law)”. It is a
by default choice.
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“Definition of a shaft friction law” frame:

The table is automatically filled in by the soil layers previously defined. The data to complete

for each soil layer are the following:

;) A S S S N B I .
0,000 0,002 0,004 0006 0008 0010 0012 0,014 0016
y - Pile/soil relative settliement (m)

| qs=f(y) curve of the layer "Dense sand"|

Symb. Nomination Visible
[ qs=f{y) curve i}
ap=flyn) curve [}

Base resistance pressure(kPa) 2500,0

Law type

Name Em (kPa) g« (kPa) Soil type
Sandy clay 5.00E03 20.00 Fine soll
Clayey sand 8.00E03 50.00 Granular soil
Dense sand 2.00E04 120.00 Granular soll
qs=f(y) curve of the layer "Dense sand" 3 e 111 - Single pie [ 1] ) (e
130 [ Perameters | @ Layers | U Pie | Soifplle | U Imposed settlements | & Load |
120 Soil/pile interface
Wobiisation law for the shaft frction of the soil and the base resistance.
i [ [ From pressuremeter sata (Frank & znao law) [v| ‘
g 100 ¢  Definiion o a shaft friction mubnsannma: from E
E o0 Py e [f;;] Type of soi
g & = = T =
T 70 o ; ]
=
a
g o
f.
(=} !
E 40!
3 30 | Definition of the mobilisation law of the base.
20 |
10 |

Opt Wizards
S[EREE]

Calculation

5 (& sults )
{ & Start caleulation ) (2 See results )

“Definition of the mobilisation law of the base resistance” frame:

The mobilisation law of the base resistance to choose here is Frank and Zhao for granular
soil with a limit resistance pressure of 2500 kPa (k;, x ple):

e Base resistance pressure: 2500 kPa;

Law type: “Granular soil”.
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qp=f(yp) curve

qp - mobilised base resistance (kPa)

(]
0.00 0.01 0,02 003 0.04 0.05
yp- Pile/soil relative setilement atthe pile toe (m)

1 qp=f(yp) curve

Options:
Symb. Homination Visible

as=fly) curve

ap=flyp) curve [l

F.4.1.2.7 "Imposed settlement" tab

o Let the checkbox “Activate imposed settlement” unchecked. In this part of the
example, we do not want to impose any settlement to the soil in-between the piles.

F.4.1.2.8 “Load” tab
This tab allows the definition of the loading conditions on top of the pile.

<
> Pie 1/1 * Single plle @ @
~d [ @ Parameters | O Layers | O Fie | & Soilbile | & Imposed setiements | 9 Load
|
zqm:I
o Reforence elevation : 0.0 m Fron toad (40) ‘ 0002
¢ Modify advanced parameters.
]
5 -4.0m
3
]
= 0.0m
= 120m
=
e
&
A
Symb. Nomination Visible
H' Fie ®
Calculation ————————————————
_ Soi ¥ [ & Start calculation ) (12 See results )
— v

o Top load: enter 1000 kN.

We will not modify the advanced parameters in this example (which means that the default
values are conserved).
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F.4.1.3

F.4.1.3.1 Calculation

Click on the ( ¥ Start calculation ) button-

To display the results formatted as tables and graphical views, click on the (¥ See results )

button.

Calculations and results

<@ Backto the data

Results Calculated : 3 seconds ago (Calculation date : Jun 13, 2016 5:49:23 PM)
Humerical resul:
[T
[
o ——
—
L
Formatted resulis Result tables
Graphical s

=

Hain resuts.

5
A

Loading curve

[

Complementary resutts

F.4.1.3.2 Graphical results

Main results

To the advanced results

(« Back to the index)

Soil and pile settlement

Pile/soil friction

Total forces in pile and in soil

Pile and soil average stresses

0,000 0,002 0,004 0,008

Settlement (m)

nts

Min/lax bounds of pike seftle

0,008

Win/Maz bounds of

Min/Max bounds of the for

[ 200 400 00

Total force (kN)

800

1000

Min/llax bounds of the stress in the.

00 00 00

05 as 05 05

10 10 10 10

15 15 15 15

20 20 20 20

25 25 25 25

30 a0 a0 30

- a5 ~ 35 ~ a5 - 35
E = £ E

L a0 L an B a0 L 40
2 ES 2 2

o a5 o a5 & a5 o a5
2 2 2 2

5 80 & 50 5 80 2 50
= = = =

T 55 T &5 T &5 T 55
8 3 8 8

S eo0 S a0 S 80 g 80
™ w ™ ™

T 85 T 65 T 65 T o5
S i=) o S

@ 70 o 70 @ 70 @ 70

& 75 S a5 & 75 £ 75

E =0 E =0 E =0 E =0

* a5 X as X a5 % a5

80 ET 80 80

85 e as 55

100 AOD - mim e 100 100

106 08| 105 108

i

110 RELEEE 110 110

15 18] 115 118

12 zg e 120 120

0 1000 2000 3000

Stress (kPa)

Min ;| 468E-03 m | max :[7.64E-03m

||| main :[20,00 kPa

|max :[72 25 kPa

]| min:[2126

| max :[1000 k¢

|| min:[728 pa

| max :[3537 Pa
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We note that:

e The maximum settlement of the pile is 7.64 mm. This value corresponds to the pile
head settlement while the base of the pile settles 4.7 mm. The imposed settlement of
the soil is null (as we didn’t define any imposed settlement in the input);

e The limit skin friction is entirely mobilised in the sandy clay (down to 4 m deep), and it
is partially mobilised within the clayey sand and dense sand.

e The force in the pile is maximum at top and it is equal to 1000 kN (the load applied on
top pf the pile). This force is dissipated in depth thanks to the lateral skin friction. At
the base of the pile, the force in the pile is 212 kN (base load), whereas the force
buried by the soil is equal to 788 kN (= 1000-212, sum of the mobilised skin friction
along the pile)

o the average stress in the soil is not calculated here (“single pile” calculation type). The
stress in the pile is equal to the force in the pile divided by its section: thus it
decreases by depth (3537 kPa at the top and 748 kPa at the base).

Clicking on the (Tothe advanced resutts ) button leads to display the stress curves in the soil,
pile/soil skin friction, and pile and soil forces:

In the case of our example of a single pile, the advanced results do not provide any
additional information.

Back to the standard curves (e‘ Backlnmamdex)

Soil stresses Pile/soil friction Forces in pile and in soil
0o 0o ] 00

. Use the following cellto display an additional curve equal to Ktand x o,
08 08 i 05

a0 0 ; 10

15 15 3 15

20 20 ' 20

25 25 H 25

a0 a0 . an
]

35 a5 a5

40 -4p -a0

45 45 45

5.0 50 50

55 55 55

8.0 50 60

85 85 65

7.0 70 70

75 75 75

80 80 20

X {m) (pile local coordinate system)
X (m) (pile local coordinate system)
% (m) (pile local coordinate system)

-85 -85 -85

0,0 90 a0

05 05 o5

10,0 B ] 100
-105 05| E 105
1o RITAI : 1o
s s : 18

—e L ! 120

-120 128 |
0ED 268 4EE 6E8 8E8 -100 -50 o 50 100 200 400 00 200 1000

Stress (kPa) Stress (kPa) Force (kN)
w0 "\ Mobilised shaft friction T\ File force
| oveale T Shaft friction T Added force
T ovmax "\ Average soil stress 7\ Total force

T 1,00 x average oV sail

To display the loading curve, click on the button then “Loading curve”.

This curve, available only for “single pile”, is automatically built up by Taspie+ for a load
varying from O up to 95% of the ultimate resistance.
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Loading curve Loading details————————
0,000 " R ———————RRRE, —
0.002 Load Set
L] m) |
0,004 502; 0,0026]~
5596 0,002
R 6201 0,0033
6836 0,0037]
0,008
750; 0,0042]
o010 820, 0,0050)
825 0,0051
0012
840 10,0053
0014 865 0,0057]
900, 10,0062
= oone 945 0,0069)
— ooe 1000, 0,0076|
o
= 1085, 10,0088}~
- f020 1069, 0,0085|
@ 022 10822 0,0088]
=2 11036 0,0091
S 0024 11337 0,0096]
5 mEe 172, 0,0101
£ 1219, 0,0108]
= ooz 1275, 0,0115]
o
13397 0,0129)
@ p,o30 : 4
12442 0,0130)
0,032 13579 0,0133)
1380,7] 0,013g]
o34 14126 0,0145]
0,038 14536 10,0154
15037 0,0164|
0,038 1562, 0,0180]
0.040 15672 0,012
1580,1 0,0192]
CEs 1601 8| 0,0217|
AE 1631,7] 0,0252]
1670,4) 0,0256]
o 100 200 300 400 500 800 700 500 s00 1000 1100 1200 1300 1400 1500 1600 1700 1800 1000 | 0,0350]
Load at pile head (kN
_1_ Loading curve

F.4.1.3.3 Numerical results

At the end of this file, the settlement value obtained under 1000 kN, as well as the equivalent
stiffness of the pile top can be consulted.

caractéristiques mécaniques

Couche Cote Frottement Module Module Parametres oedométriques
Timite du pieu du sol Cs/(1+20) Cc/(1+e20) 144 G ou G' iG
0.00
1 -1.00 20.00 0.100E+08  0.100E+11 0.00 0
2 -10.00 50.00 0.100E+08  0.100E+11 0.00 0
E -1z.00 120.00 0.100E+08  0.100E+11 0.00 0o
apl =  2500.00
Lois de mobilisation
Couche 1 cotes : 0.000 & -4.000
Em = 5000. as1 = 20.00
mobilisatrion frotrement y as === Frank et zhao (sol fin for&)
0.0008 10. 00
0.0036 20.00
Couche 2 cotes : -4.000 a -10.000
Em = 8000. as1 = 50.00
mobilisation frottement v as === Frank et zhao (sol granulaire foré)
0.0023 25.00
0.0141 50.00
Couche 3 cotes :  -10.000 a -12.000
Em = 20000. as1 = 120.00
mobilisation frottement y as +=: Frank et Zhao (sol granulaire foré)
0.0022 60.00
0.0135 120.00
mobilisation pointe ##2 Frank et Zhao (sol granulaire foré)
¥ ap ap
0.0078  1250.00 353.43
0.0463  2500.00 706.86

CAPACITE PORTANTE
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019 -6.400 0.568E-02 0. 000E+00 0.701E+03 0.299E+03 0.321E+02 0.248E+04 0.299E-07
019 -6.700 0.561E-02 2. 000E+00 0.683E+03 0.317E+03 0.320E+02 0.241E+04 0.317E-07
020 -6.700 0.561E-02 0. 000E+00 0.683E+03 0.317E+03 0.320E+02 0.241E+04 0.317E-07
020 -7.000 0.553E-02 0. 000E+00 0.665E+03 0.335E+03 0.31BE+02 0.235E+04 0.335E-07
021 -7.000 0.553E-02 0. 000E+00 0.665E+03 0.335E+03 0.31BE+02 0.235E+04 0.335E-07
021 -7.3200 0.547E-02 0. 000E+00 0.647E+03 0.353E+03 0.317E+02 0.229E+04 0.353E-07
022 -7.300 0.547E-02 0. 000E+00 0.647E+03 0.353E+03 0.317E+02 0.229E+04 0.353E-07
o022 -7.600 0.540E-02 0. 000E+00 0.629E+03 0.371E+03 0.315E+02 0.222E+04 0.371E-07
023 -7.800 0.540E-02 0. 000E+00 0.629e+03 0.371E+03 0.315E+02 0.222E+04 0.371E-07
023 -7.300 0.533E-02 0. 000E+00 0.611E+03 0.389E+03 0.314E+02 0.216E+04 0.389E-07
024 =-7.3900 0.533E-02 0. 000E+00 0.611E+03 0.389E+03 0.314E+02 0.216E+04 0.389e-07
024 -8.200 0.527E-02 0. 000E+00 0.593E+03 0.407E+03 0.312E+02 0.210E+04 0. 407E-07
025 -8.200 0.527E-02 2. 000E+00 0.593E+03 0.407E+03 0.312E+02 0.210E+04 0. 407E-07
025 -8.500 0.521E-02 0. 000E+00 0.576E+03 0.424E+03 0.311E+02 0.204E+04 0. 424E-07
026 -8.500 0.521E-02 0. 000E+00 0.576E+03 0.424E+03 0.311E+02 0.204E+04 0. 424E-07
026 -8.800 0.515E-02 0.000E+00 0.558E+03 0.442E+03 0.310E+02 0.197E+04 0.442E-07
oz27 -8.800 0.515E-02 0. 000E+00 0.558E+03 0.442E+03 0.310E+02 0.197E+04 0. 442E-07
027 -9.100 0.509E-02 0. 000E+00 0.541E+03 0.459E+03 0.309E+02 0.191E+04 0.459E-07
ozg -9.100 0.509E-02 0. 000E+00 0.541E+03 0.459E+03 0.309E+02 0.191E+04 0.459E-07
o028 -9.400 0.502E-02 0. 000E+00 0.523E+03 0.477E+03 0.307E+02 0.185E+04 0.477E-07
029 -9.400 0.503E-02 0. 000E+00 0.523E+03 0.477E+03 0.307E+02 0.185E+04 0.477E-07
029 -9.700 0.498E-02 2. 000E+00 0.506E+03 0.494E+03 0.306E+02 0.179E+04 0. 494E-07
030 -9.700 0.498E-02 0. 000E+00 0.506E+03 0.494E+03 0.306E+02 0.179E+04 0. 494E-07
030 -10.000 0.492E-02 2. 000E+00 0.489E+03 0.511E+03 0.305E+02 0.173E+04 0.511E-07
031 -10.000 0.492E-02 0. 000E+00 0.4839E+03 0.511E+03 0.743E+02 0.173E+04 0.511E-07
031 -10.200 0.489E-02 0. 000E+00 0.461E+03 0.539E+03 0.741E+02 0.163E+04 0.539E-07
032 -10.200 0.489E-02 0. 000E+00 0.461E+03 0.539E+03 0.741E+02 0.163E+04 0.539E-07
032 -10. 400 0.486E-02 0. 000E+00 0.433E+03 0.567E+03 0.739E+02 0.153E+04 0.567E-07
033 -10. 400 0.486E-02 0. 000E+00 0.433E+03 0.567E+03 0.733E+02 0.153E+04 0.567E-07
033 -10. 600 0.483E-02 0. 000E+00 0.405E+03 0.595E+03 0.73BE+02 0.143E+04 0.595E-07
034 -10.600 0.483E-02 0. 000E+00 0.405E+03 0.595E+03 0.73BE+02 0.143E+04 0.595E-07
034 -10.800 0.480E-02 0. 000E+00 0.377E+03 0.623E+03 0.736E+02 0.133E+04 0.623E-07
035 -10.800 0.480E-02 2. 000E+00 0.377E+03 0.623E+03 0.736E+02 0.133E+04 0.623E-07
035 -11.000 0.478E-02 0. 000E+00 0.350E+03 0.650E+03 0.735E+02 0.124E+04 0.650E-07
036 -11.000 0.478E-02 2. 000E+00 0.350E+03 0.650E+03 0.735E+02 0.124E+04 0.650E-07
036 -11.200 0.475E-02 0. 000E+00 0.322E+03 0.67BE+03 0.733E+02 0.114E+04 0.678E-07
037 -11.200 0.475E-02 0. 000E+00 0.322E+03 0.67BE+03 0.733E+02 0.114E+04 0.678E-07
037 -11. 400 0.473E-02 0. 000E+00 0.294E+03 0.706E+03 0.732E+02 0.104E+04 0.706E-07
038 -11.400 0.473E-02 0. 000E+00 0.294E+03 0.706E+03 0.732E+02 0.104E+04 0.706E-07
038 -11.600 0.471E-02 0. 000E+00 0.267E+03 0.733E+03 0.731E+02 0.943E+03 0.733E-07
039 -11.600 0.471E-02 0. 000E+00 0.267E+03 0.733E+03 0.731E+02 0.943E+03 0.733E-07
039 -11.800 0.469E-02 0. 000E+00 0.239e+03 0.761E+03 0.730E+02 0.846E+03 0.761E-07
040 -11.800 0.469E-02 0. 000E+00 0.233E+03 0.761E+03 0.730E+02 0.846E+03 0.761E-07
040 -12.000 0.468E-02 0. 000E+00 0.212E+03 0.7BBE+03 0.729E+02 0.748E+03 0.788E-07
tassement tassement effort effort frottement dsigma dsigma
pieu sol pieu sol latéral pieu so1
max+ 0.765E-02 0. 000E+00 0.100E+04 0.78BE+03 0.743E+02 0.354E+04 0.788E-07
max- 0.468E-02 0. 000E+00 0.212E+03 0.000E+00 0.200E+02 0.748E+03 0. 000E+00
RAIDEUR EQUIVALENTE
Charge Raideur
--- Sous une charge égale a 70% de 1a charge de Tluage 820.05 0.00505 0.162E+06
--- sous l1a charge définie par 1'utilisateur 1000.00 0.00765 0.131E+06

Table of results

This table allows the display of the values obtained at each elevation along the pile. The
export as MS Excel format allows the exploitation of the results.

(_Export )C« Back|nmemdex)
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X ‘ ypile. ysoil Qpile gsmob | opile ‘ Qsoil asoil qslim AQmesh Qmesh | ov. | smesh |

Iml Im] [m) L] kPa] kPa] Ty [Pa] [kPa] il |G} [kPa] kPa] [
0,0 0,007¢] 0,0 1000, 20,0 3537 0,0 0,0 E 1000, 1000,0 0,0 0,00[~
0,4 0,007 0,01 9849 20,0 3483 15, 0,01 21 1000, 1000,01 0,01 0,00|
04 0,007 [ 5649 20,0 3483 154 0,0 E 1000, 1000,0 [ 0,00)
0,81 0,0074 0,01 968,8 20,0 343( 30,16 0,01 21 1000, 1000,01 0,01 0,00|
0,3 0,007 [ 69,8 20,0 3431 30,16 0,0 E 1000, 1000,0 [ 0,00)
1.2 0,007 0,0 9548 20,01 377 4524 0,0 2 1000, 1000,0 0,0 0,00)
1.2 0,007 0,0 8548 20,00 3377 4524 0,0 E 1000, 1000,0 0,0 0,00)
1.8 0,0071 0,0 9397 20,0 3323 60,32 0,0 2 1000, 1000,0 0,0 0,00)
16 0,007 0.0 39,7 20,00 3323 60,32 0,0 E 1000, 1000,0 0.0 0,00)
2,01 0,007] 0,0 9246 20,0 3271 7541 0,0 2 1000, 1000,0 0,0 0,00)
2,0 0,007 0.0 5245 20,00 3271 7541 0,0 E 1000, 1000,0 0.0 0,00)
2.4 0,006 [ 2095 20,01 3217 20,48 0,0 E 1000, 1000,0 [ 0,00)
24 0,0068) 0.0 8095 20,00 3217 20,48 0.0 E 1000, 1000,0 0.0 0,00)
2,81 0,0067] 0,0 3944 20,01 3163 1056 0,0 E 1000, 1000,0 0,0 0,00)
281 0,0067] 0,0 8844 20,00 3163 1056 0,0 El 1000, 1000,0 0,0 0,00)
32 0,0066] 0,0 8794 20,01 311 1206 0,0 E 1000, 1000,0 0,0 0,00)
32 0,0066] 0,0 8794 20,00 311 1206 0,0 2 1000, 1000,0 0,0 0,00)
38 0,008 0,0 8543 20,01 3057 1357 0,0 E 1000, 1000,0 0,0 0,00)
36 0,006 0,0 8643 20,00 3057 135,71 0,0 2 1000, 1000,0 0,0 0,00]
4,01 0,008 [ 8492 20,0 3003 150,8 0,0 E 1000, 1000,0 [ 0,00)
4,0 0,006 0,01 848,23 33,52 3003 150,81 0,01 = 1000, 1000,01 0,01 0,00|
[E 0,0062) [ 8303 33,33 2937 189,7 0,0 E 1000, 1000,0 [ 0,00)
4,3 0,0062 0,01 8303 33,33 2937 169,71 0,01 = 1000, 1000,01 0,01 0,00|
[ 0,006 [ 8115 33,14 287 1885 0,0 E 1000, 1000,0 [ 0,00)
461 0,0062 0,01 8115 33,14 2871 188 5 0,01 = 1000, 1000,01 0,01 0,00|
43! 0,006 [ 7528 32,96 2804 207,21 0,0 E 1000, 1000,0 [ 0,00)
491 0,0061, 0,0 7928 32,9 2804 207,21 0,0 E 1000, 1000,0 0,0 0,00)
5.2 0,004 0,0 77432 32,78 2738 225,81 0,0 5 1000, 1000,0 0,0 0,00)
5.2 0,008 0,0 7742 32,74 2738 225,81 0,0 E 1000, 1000,0 0,0 0,00)
5,5 0,005¢) 0.0 755.7] 32,61 2673 2443 0,0 5 1000, 1000,0 0.0 0,00)
55 0,0059) 0,0 75,7 3261 2673 244,31 0,0 E 1000, 1000,0 0,0 0,00)
58 0,0058) 0.0 7373 32,44 2608 262,71 0,0 5 1000, 1000,0 0.0 0,00)
58 0,005 [ 7373 32,44 2608 262,71 0,0 E 1000, 1000,0 [ 0,00)
61 0,0058) 0.0 718, 32,28 2543 281,01 0.0 E 1000, 1000,0 0.0 0,00)
61 0,005 0,0 718, 32,2 2543 281,01 0,0 E 1000, 1000,0 0,0 0,00)
641 0,0057] 0,0 7008 32,12 2479 289,21 0,0 E 1000, 1000,0 0,0 0,00)
641 0,0057] 0,0 7008 32,12 2479 299,21 0,0 E 1000, 1000,0 0,0 0,00)
6,71 0,0056] 0,0 662.7] 31,96 2415 317.3 0,0 5 1000, 1000,0 0,0 0,00
67! 0,0056] 0,0 6827 31,96 2415 3173 0,0 E 1000, 1000,0 0,0 0,00/




‘; terrasol

TASPIE+ — Foxta v3 user's manual

setec

F.4.1.4 Step 2: Single pile with imposed settlement of the soil

We start again the same example as previous, but this time we will define an imposed
settlement of the surrounding soil.

z (m)I

nce elevation : 0.0 m

-100m

-120m

F.4.1.5 Modification of the input

To modify the input, click on the (4@ Backtothedata ) button.
Then “save your project as” with another name.

Note: it was also possible to duplicate the pile within the same project (see example 2).

F.4.1.5.1 “Parameters” tab

e Change the name of the calculation: “Single pile with imposed settlement of the soil”
for example.

F.4.1.5.2 "Imposed settlement” tab

e Check the “Activate imposed settlement” checkbox.

"User-imposed soil settlement" frame

It is proposed, for this example, to define the following profile of soil settlement ys:
e ys=4cm at elevation 0.0 m (at the surface);
e y;=1.5cm at elevation -4.0 m (at the base of the first soil layer);
e ys=0cm at elevation -10.0 m and below (at the base of the deeper soil layers).

Accordingly, the input data are the following:

N® Z(m) Ys (m)

0 0.00 4.00E-02
1 -4.00 1.50E-02
2 -10.00 0.00E00
3 -12.00 0.00E00

Copyright © Foxta v3 — 2011 — June 2015 issue 67/110
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Z(m)l
o]

<
> | ={ Pieu 1/1: Pieu isolé avec tassementimposé du sol |

© Paramétres

© Couthes

O Fieu | 9 Solfpieu 9 Chargement

FEE

Tassement du sol imposé par |'utilisateur

) Définir un profil de tassement imposé du sol

Profi de & du
N z s
0 0,00 4,00E-02] E
1 4,00 1,506-02] E
Z 10,00 0,00E00]
3 -12,00 0,00E00]

5
o

” op

ﬂ Pieu 5]

Lancement du ealcul

{ & Lancer le calaul 4 Voir les résultats

F.4.1.6

Calculations and results

Run again the calculation by clicking on the (¥ Start calculation ) button.

Pt

Project

My )G I

]

v

To the advanced results

(« Back to the index)

Soil and pile settlement

Pile /soil friction

Total forces in pile and in soil

Pile and soil average stresses

0.00 oot 002 003

Settlement (m)

T\ ile setlement
_L Soil imposed settlement

Min/Max bounds of pile settlements

Shaft friction (kPa)

"\ mobilised shat friction
T Shaft friction

Win/Max bounds of the mobilised shaft friction

Total force (kN)

"\ rile force
| soil force

Min/lax bounds of the forces in the pile

0o oo 00 0o
05 s 05 05
10 10 10 10
15 15 R 15
20 20 20 20
25 28 25 25
30 a0 a0 30
—~ a5 —~ a5 = g —~ 35
E E E E
& ap 5 .ap S .0 S a0
@ a5 @ a8 & 45 @ a5
a =) a a2
e 5 5o T 50 § se
5 s 5 s B 55 5 &5
8 3 8 3
S a0 S a0 8 &0 S .80
5 as T as T s T s
o =l =) o
o 70 @ 70 o 70 2 70
S a5 E 75 g 75 S 75
E 8.0 é 80 é 8.0 g 80
x 85 X 85 X 85 * a5
00 20 80 00
05 a5 05 05
100 100 0,0 100
05 105 08 105
10 110 110 110
18 18 115 115
120 120 120 120
200 © 200 400 600 8OO 1000 1200 0 1000 zooo 3000 4000

Stress (kPa)

T\ pile stress
_LAvarage soil stress

Min/Max bounds of the stress in the pile

Min :[1,18E-02 m | Max : [ 1,59E-02 m

Win :[-20,00 kPa | Max :[ 113,40 kpa

Min : 350 kN | Max :[1128 10

Min :[1379 kPa

| Max :[4055 kPa

We note that:

e The maximum settlement of the pile is 1.6 cm. It is obtained at the pile top, while the
pile base settles 1.2 cm (the settlement values have been doubled comparing to the
step 1). The imposed settlement of the soil is not null: it is equal to the imposed

settlement value defined as an input;

e Down to 4 m deep, the soil settles more than the pile, consequently a negative friction
(hanging effect) appears. From this depth downward, called “Neutral plane”, the pile
settles more than the soil and the friction becomes positive. The bearing capacity of
the pile shall be verified starting from the neutral plane.
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¢ Maximum force in the pile is not obtained at the pile top but at the level of the neutral
plane and is equal to 1148 kN: this value corresponds to the load applied on top
(1000 kN) + the sum of the negative friction mobilised above the neutral plane (148).

To display the loading curve, click on the button then on “Loading curve”. Note

that for a pile top load equal to zero, the settlement of the pile is different from zero: this is
due to the hanging effect of the soil settlement.

L o &g Backto the index
oaging de.

Loading curve

Settlement of pile at top (m)

o 100 200 300 200 s00 500 700 s00 e00 1 oo 1100 1 200 1300 1 400 1 500 1 800 1700 1 800 1 800
Load at pile head (kN)

The following table presents a comparison of the results of 2 different calculations (without
and with imposed settlement of the soil around the pile):

Settlement of Mobilised skin Force in the pile Stress in the pile
the pile (cm) friction (kPa) (kN) (kPa)
Min Max Min Max Min Max Min Max
Single pile
without
imposed 0.47 0.77 20 74 212 1000 748 3537
settlement of
the soil
Single pile with
imposed 118 | 1.60 | -20 | 113 390 1148 | 1379 | 4059
settlement of
the soil
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F.4.2. Example 2: Pile group and negative skin friction

This example illustrates how to deal with a group of piles submitted to negative skin friction.
The project is illustrated on the below figure. The group of piles is composed of 80 cm
diameter and 14 m long piles; they are embedded in a two-layer soil. Piles are placed in a
regular mesh of 2 m x 2 m, each pile bears a vertical load of 1500 kN.

1.5MN 1.5MN 1,5MN 1,5MN 1,5MN 1,5MN

+0.0 )

e
.
=]
-

Sandy clay g
CT™S

-12.0

|z

Sands and gravels

Circular piles
Diameter = 80cm

The following table shows the available geo-mechanical characteristics:

Layer Ziop (M) | v (KN/M®) | En (MPa) | P* (MPa) o | gqkPa)” | E (vPa)”
Sandy clay +0.00 20 5.0 0.6 0.67 30 15
Sandsand |5 o 20 20 2.0 0.33 120 120

gravels
*) E is the equivalent elastic strain modulus.

(**) gy is the limit unit skin friction (for a bored pile).

F.4.2.1 Datainput

e To create a new project, click on the @ New proect radio-button;

e Click on the button-

If Foxta is already open, click on “File”, then “New project “.
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F.4.2.1.1 New project wizard

“File” frame:

e Click onthe @ button to choose the work directory;

¢ Name and save the file.

“Project” frame:

Define a title for the project;
Define a project number;
Complete comments if necessary;

Leave the "Use the soil database" box unchecked (for this example we will not use

the soil database), and click on the ( Next ) putton.

fal New project wizard X
New project
- File
File path (*} ;| nents\Logiciele TerrasolFoxtav3\groupe de pieu\Plies network. fxp K )
- Project
Projecttitle (*): [ negative friction |

Project number (*) | negative fric‘tiun|

Comments :

(*) These fields are required EI Use the =oil databaze

(Back ) Net )

F.4.2.1.2 New project wizard: Module selection

(CCreste ) putton:

In the "Modules to use" window, select the Taspie+ module and click on the

Wil New project wizard

Modules

hs
Modules to use

L 4
-

<

TASPIE+ PIECOEF+

TASPLAQ

- A
¥y
TASNEG

Ty

FONDSUP
w )

TASSELDO

FONDPROF

1
!
I

GROUPIE+

1 selected module(s) D Use the soil databaze

( Back ) ( Create)

The input data window of Taspie+ is how displayed.

All data tabs should be now completed in the right zone of the screen.
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F.4.2.1.3 “Parameters” tab

Chose the "Pile + associated soil mesh" calculation type. The reference elevation is set by
default to 0.00m.

Pile 1/1 : Piles network E' @ @ E'

& Parameters | o Layers | & Pile |+ Solbpile | & Imposed settiemerts | & Load |

General settings

General parameters.

Calculation tite | Piles network

Calculation mode

Calculation of a ik + associated soil
mesh (rigid inclusions, group of pies...).

Framework

Refrence svaton () | 000]3]

Calculation

5 (= seeresuis)
E 3 Start calculation ) (- See resuls ) E

“General parameters” frame:

e Calculation title: "Pile group” for example.

“Calculation mode” frame:

e Select "Calculation of a pile + associated soil mesh ".

“Framework” frame:

e Reference elevation: 0.00 m.

F.4.2.1.4 "Layers" tab

Create two soil layers and define the corresponding parameters using the information given
within the below table.

REMINDER: by convention, in Taspie+ the soil model bottom level is defined same as the
pile toe level.

Name Z(‘;?Se N Behaviour Esoil (kP2) | y(kN/m?) State
Sandy clay | -12.00 40 Elastic 1.50E+04 20 Existing I.
Sandsand | 4400 | 19 Elastic 1.20E+05 20 Existing |.

gravels
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<) Pile 141 : Piles network E| @
[ Parameters | o Layers | o Pile | o Soimie | O Imposed settiements | O Load |
i
Layers data
on Sollk
o ‘ Name | Colour [2;11* ‘ n ‘ Behaviour li;:l ‘ Cal(1+e0) | Cel(1+e0) | te ‘ v | State
1 Layer 1 [ ] 1200 40 |Eestic [ 150604 0,000 0,000 0,00 20,00]Existing |
JI 2 |Layer2 -14,00 10 |Erastic | 1,20605 0,000[ 0,000] 0,00 20,00]Existing |

Reference elevation : 0.0 m

=
-12.0m
“14.0m
=
|
=3

e opt
~ -
Symb. Homination Visible e 2 o

1 o o Divisions number : 50
e
Calculation

= | Soil ™ E { 3 Start calculation

e b

>

F.4.2.1.5 "Pile" tab

LHOS

Piles are installed without displacement of the soil. The piles are circular and they have a

constant diameter of 80 cm and a Young’s modulus of 20 GPa.

o

Pile 11 : Piles network

[ @ Parameters | & Layers | & Ple | o Soiliplle | & Imposed seffiements | & Load |

()@ (&]

Pile definition

o Pie typ

"Pile type" frame:

¢ Implementation mode of pile: “Without displacement”;
e Type of pile section: “Circular section”.

"Pile Parameters" frame:

e “Constant modulus along the pile”: checked, Egie = 2.0E” kPa;
e “Constant diameter along the pile”: checked, D = 0.80 m.

implementation mode of pie ‘H Without displacement
Type of plle section a Circular section
)I Pie parameter:
o Reference elevation : 0.0 m =
Pie incination (* 00 3
[ Constant modulus along the pile (kPa) z,nnsn'r‘ 3
[¥) Constant diameter along the pie (m) D‘&ﬂ‘ 3
ol - Fie definion in each layer
o \ T \ \ o .
I 1kPe] Im i
Layer 1 ~12,00] 2,00607 0,80 E
Layer 2 -14,00] 2,00€07] 0,30
=
-120m
-140m
=
|
5
A
Symb. Nomination Visible
“ Pile [ci]
Calculation ————————————————————
= ® Eijferr== >
- v
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"Pile definition in each layer" frame:

Nothing to do, data are automatically filled in.

F.4.2.1.6 "Soil/Pile" tab

In this example, we choose to characterise the soil/pile friction by using a “Monnet” type
mobilisation law. This is a “hyperbolic” law based on the pressuremeter modulus and the
rheological coefficient.

The mobilisation of the base resistance pressure is modelled according to Frank & Zhao type
law for granular soils with an ultimate stress equal to 1.2 x 2000 = 2400 kPa.

H Iil Pile 112 - Piles network Izl IE @

[ @ Parameters | @ Layers | @ Pie | @ Soilpile | o Imposed settlemerts | @ Load |

qs=f(y) curve of the layer "Layer 2

ot Soil/pile interface
Mobiisation taw for the shaft friction of the 50il ad the base resistance,
120 From pressuremeter data (Monnet Law) [v]
110 Defintion of a shaft riction moblisation law from pressuremeter data
T 00| N = i
[ ame m [Pa] [kPa] B A
= 00! 12,00 5,00E03) 30,00 0,67| !
= 14,00 2,004 120,00 0.33
2 80
E i
&
@ 70
=
@ i
o 80
@
o i
= 50
=
S {
E 4
2 a0

Definttion of the mobiisation law of the base resistance
20

10

ol
0,000 0,001 0,002 0,003 0,004 0,005 0,00¢

) ‘ i Base resistance pressure(kPa) 2400,0
y - Pile/soil relative settlement (m)
—
qs=f(y) curve of the layer "Layer 2"
+
Elements Options Wizards
C=EhEmD ] Calculation
I O E  Start calculation ) (= Se= resulis )

"Mobilisation law for the shaft friction of the soil and the toe force" frame:

e Select in the drop-down list: “From pressuremeter data (Monnet law)”.

"Definition of a shaft friction mobilisation law from pressuremeter data" frame:

For different soil layers, input the following:
e Pressuremeter modulus Ey (kPa);
o Unit shatft friction qg (kPa);
¢ Rheological coefficient a.

Name Ew (kPa) gs (kPa) a
Sandy clay 5,0E+03 30 0,67
Sands and gravels 2.0E+04 120 0,33

"Definition of the mobilisation law of the base resistance" frame:
e Base resistance pressure: “2400” kPa;
e Law type: “Granular soil”.
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F.4.2.1.7 “Load” tab

This tab allows defining the mesh of the piles and the loading parameters on top of the
model. These parameters should be adjusted in a way that the whole load is transferred onto
the pile head. Consequently, it should be used an “imposed stress” calculation, combined

with egpile = 1.

Two help pictures are available in this tab by clicking on the @ buttons. They illustrate

respectively the selection of the calculation type and the eQ. parameter definition:

| @ Help for the cate

Ipile

yyvvyryy

WAAAAAAAS

Mesh

*Imposed stresses calculation
(Qyite » Quoir) nser-prescribed

« Imposed strain calculation
(Qyite » Quoir) sought by program to obtain
(pile/soil) settlements equality at the top of mesh

Help for the eQpile parameter X
Qph’e

Qso il

M LAAAAAAAS

Qmesh = Qph’e + Qsoﬁ

0

A-.-PI-JE

e, =

¢ 0

= mesh

Mesh

The load applied on top of the model should be provided as an average stress: in this case it
is calculated as 1500 kN/ (2 x 2) = 375 kPa.
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<
> Pie 111 Pl network | (o] @
[ Parameters | @ Layers | @ Pile | & Soifpile | & Imposed seftlements | & Load
in]
Mesh p:
JI Mesh element dimension along X (m)
| Referance elevation : 0.0 m
Mesh element dimension along ' (m)
Mesh element losd (kPa) 375.0[ S
| | Calculation type @ Imposed stress (backfill type) ‘v H
& pile efficiency @ 1,007
3
= © By defaut @ Manual entry
A20m
Hodify advanced parameters.
A40m
o
o
-
5
Symb. Hominat visible | @ || |k &
ymi lominatiol '\ ~
ﬂ P il
Caleuation —————————————————
=] Soil 54 Iz\ { @ Start calculation ) (s See resulls )
v —

“Mesh parameters” frame:

e Mesh element dimension along X: 2.0 m;
e Mesh element dimension along Y: 2.0 m;
e Mesh element load: 375 kPa.

“Calculation type” frame:

e Calculation type: imposed stress (backfill type).
“egpile efficiency” frame:

e egpile efficiency: 1.00 (manual entry).

F.4.2.2 Calculations and results

Click on the ( ¥ Start calculation ) button to run the calculations. Then click on the (¥ See results )

button to display the results.
Click on “Main results” to display directly the graphical output.

Note that the “Loading curve” graphical option is only available for a “single pile” calculation
type.

Based on the results, the following observations can be made:

e The maximal settlement is equal to 1.44 cm, and it is mainly due to the pile toe
displacement;

e The soil/pile friction is positive on the whole height of the piles but is only occurred
from 6 m deep downwards. This can be explained by a significant driving force
undertaken by the soil in between the piles until 6 m deep, which corresponds to the
uniform settlement until 6 m deep (soil and pile settlements are equal down to that
depth);

o The absence of negative skin friction implies that the stress is maximal at pile head.
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4| To the advanced resutts < Backto the index
Soil and pile settlement Pile/soil friction Total forces in pile and in soil Pile and soil average stresses

00 0o v oo 0o

05 05 ' a5 08

10 10 ' 10 10

'

5 s ! 5 18

20 20 ' 20 20

25 25 ' 25 25

30 a0 1 30 a0

a5 as ' a5 as
. 40 . A0 ' . 40 . 40
= E ' E E
g 48 5 45 ! & a5 § 48
2 50 9 s ! : 9 50 2 50
o @ . @ &
o B8 o 58 ; ' a 55 o 05
] I} I} ]
T 80 R ' T 50 T 80
E 85 Z 85 ' ! 2 88 2 88
3 3 ' 3 3
S 70 & ; ' g 7o S 7o
T 75 W 78 ! ™ 75 T 75
] O . o o
2 a0 2 o ; 2 80 2 g0
2 o ' . o 2
7 = 7 = i ' 7 = 7 e
= s0 = a0 ' = oo = 80

'

E a5 E a5 ' E o5 E s
X oo X 10p ; ‘ % 0p % 100

105 108 ' 108 105

'

11,0 110 ' 110 110

115 115 ; 15 15

12,0 120 pemmm-- - 120 120

125 125 25 125

13,0 130 130 13,0

135 135 135 135

14,0 B e 140 140

0.000 0,005 0010 0015 10 80 o E 100 0 500 1000 1500 0 50 1000 1500 2000 2500 3000
Settlement (m) shaft friction (kPa) Total force (kN) Stress (kPa)
T\ pile settlement T\ obilised shaft friction T\ Pile force T\ pile stress
_L Soil settlement % Shaft friction _1_5“ force _L Average soil stress

Min/Max bounds of pile seftlements. Win/Max bounds of the mobilised shaft friction Min/Max bounds of the forces in the pie Min/Max bounds of the siress in the pike
Min :[125€-02m | Max:[1,44E02m ||| Min:[0,43 kPa | Max:: [12000 kPa ]| | min :[63a | Max : [ 1500 || min :[1258 k7 | max :[ 2384 kP

F.4.2.3 Comparison with a single pile

It is interesting to compare the previous results to those that would be obtained for a single
pile. For that purpose, return to the data mode by clicking on the button, and

then on (4@ Backtothedata ).

F.4.2.3.1 “Parameters” tab

e “Duplicate the current pile” by clicking on @;

¢ Change the title to "Single pile",
e Change the calculation mode to “Single pile calculation”.

E File 212 : Single piles E @ E

f O Parameters | @ Layers | @ Pile | @ Sailipile | O Imposed settlements | & Load |

General settings
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‘) E Pile 2/2 : Single pile EI @ @
General settings
i ‘General p: et
Calculation title | Single pile
oo : CM]I Reference elevation ; 0.0 m
Calculation mods
v
A 4 v Yy
4\
‘E_ 4 A
20m 4 L a4 A
ngle pile calculation, with or without e e e
; -14.0m ﬂﬂB:ldW u‘s:rm it mgsh (rigid inclusions, group of piles...).
Fi
I oot Reference elevation (m)
! of
=] Soil ™ Caleulaion————————————————
- @l | @ G
F.4.2.3.2 “Load” tab
¢ Define the load value applied on pile head: 1500 kN.
The other parameters remain unchanged.
E Pile 2/2 : Single piles El El El El
|' & Parameters | & Layers | & Pile | & Soilipile | & Imposed settlements f & Load ]
Load

Top load (kM) [ 1500,0[ 2]

( Modify advanced parameters. )

F.4.2.4 Calculations and results

Run the calculation again by clicking on (¥ Start calculation ) and then on (¥ See results ),

Display the “Main results”.

The results are similar to the behaviour of a single pile with a positive shaft friction occurring
from the head downward and a maximum settlement of 4 mm approximately.

The assumption of a single pile conducts to more optimistic results with a settlement value
4 times lower than the one obtained by considering a group effect.
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To the advanced resutts

(u BackHo the \m‘le'x)

s00

Min/Max bounds of the forces in the pile:

Total forces in pile and in soil

1000

Total force (kN)

1500

X (m) (pile local coordinate system)

-100
105
110
118
120
125
130
135
140

Min/Max bounds of the stress in the pile-

Pile and soil average stresses

o 50 1000 1500 2000 2500 3000
Stress (kPa)

Soil and pile settlement Pile/soil friction
0 0 oo
'
05 05 ' 05
10 10 i 10
15 15 ] ] s
'
20 20 ' s 20
25 25 : ‘ 28
30 30 ' \ a0
'
as as ) ; £
. 40 . a0 : : . 40
\
5 as 5 s ' \ £ as
¥ 50 9 50 ! ; 9 s
& & . &
o 55 o 55 : ' o 85
(] i ' i
£ £ = ' ! £
E 85 E 85 ' ! E a5
2 2 ' | 2
3 70 3 70 : ' S
w75 W75 ' [ W 7s
3 g ' ! g
8 ag 8 ag , 8 ap
o o ' . o
g e g e d ' g e
= w0 = w0 ' Y = a0
'
i i N i
= g * g : ' X g
105 105 ' ! 105
'
110 110 ' ! 110
115 115 i ' 115
120 EETR R 3 i
125 12613 125
13.0 1301} 130
138 1as o 135
140 -14.0 e 140
o000 o001 0,002 0,003 0,004 a0 o 50 100 o
Settlement (m) Shaft friction (kPa)
WinMax bounds of pie settlements. Win/Max bounds of the mobiised shaft friction
Min:[2.28E-03 m | Max :[3 6803 m ||| min :[22,18 kpa | Max :[ 119,90 kpa ] || wtin < [137 ¢

| Max : [ 1500 ki

]| | min:[273 Pa

| Max :[2884 kPa.

Note that this time, with regards to a “single pile”, Taspie+ built up a loading curve going up
to 95% of the ultimate resistance. This value can be displayed by using the “loading curve”

button within the results window.

Loading curve

el e
0,002 ————
0,004
0,008
0,008
0010
0012
0014
0018
o008
0,020
0.022
0,024
0,028
0,028
0.0%0
0.032

0,034

Settlement of pile at top (m)

o.038
0.038
0,040
0,042
0.044
0,048
o048
0.050
0,052

0,054

o 100 200 200 400 500 B00 700 SO0 900 1000 1100 1200 1300 1400 16500 1600 1700 1800 1900 2000 2100 2300 2300 2400 2500 2600 2700 2200

Load at pile head (kN)

‘L_ Loading curve

< Back o the index

rLoading de... -
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F.4.2.5 Negative skin friction influence

We will now reiterate the previous calculations and this time we will consider a load of 40 kPa
applied onto the ground level between the piles.

15MN 1.5MN 1,5MN 1,5MN 1,5 MN 1,5 MN

40 kPa 40 kPa |40 kPa 40 kPa | 40 kPa
0.0 P g L L L L L

Sandy clay L
2m

-12.0

2m

Sands and gravels

Circular piles
Diameter 80 cm

F.4.2.6 Inputdata
Start again the previous project by duplicating once again the current pile:

e Change the title to “negative friction”;
¢ Change the calculation mode to "Pile + associated soil mesh".

At this stage you may check that Foxta indeed copied the whole data defined in the first part
of the example into the new pile. After that, switch to “Load” tab. The (Qmesh, €gpile)
parameters should now be adjusted to the new loading conditions:

e The Qgmesh average stress applied on top of the mesh element can be calculated as
follows:
Omesh = (1500 + 40 x (4 —t X 0.4%)) / 4 = 410 kPa

e The "egpile” parameter is calculated as the ratio of the force to be transmitted to the
pile (1500 kN) and the total load applied on the mesh:

egpile = 1500 / (410 x 4) = 0.914
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L H E Pile 3/3 : Negative friction E EI @ @

[ & Parameters | O Layers | O Fie | & Soiiile | & Imposed seiements & Load
i

Load

Mesh pi

)I Mesh element dimension along X (m)
Relt levation : 0.0

elerence slevation - 0.0 m Mesh element dimension along Y {m)

Mesh element load (kPa) a0[8

] | Calculation type @ Imposed stress (backfil type) |v H
& pile efficiency @ om| ™
L
=y : © By default @ Manual entry
-120m
Hodify advanced parameters.
-140m
le:
G
]
&
A
ﬂ Pie ]
Calculation —————————————————
= e i E { © Start calcuiation ) (.t See resuts )
v

F.4.2.7 Results
After running the calculation, the following results are obtained:

To the advanced resukts (« Back to the mda()

Soil and pile settlement Pile /soil friction Total forces in pile and in soil Pile and soil average stresses
0o 0o 0o 0o
s s 05 05
10 10 10 10
s s s s
20 20 20 20
25 25 25 25
30 30 30 30
as as as as
) ) Pt Pt
£ £ £ £
g -45 o -45 o -45 o -45
2 0 [T % 5o T 50
@ & & &
il 55 il 55 il 55 il 55
] ] ] ]
£ 80 £ 8.0 £ 6.0 £ 6.0
Z 85 £ 85 E 85 E 85
3 8 8 8
S 7o 3 70 3 70 3 70
T 75 w75 w75 w75
g [ [ [
2 ap 2 sapo 2 80 2 80
2 2 2 2
7 @0 7 90 7 90 7 90
= a0 = a0 = w0 = w0
E a5 £ a5 £ o5 £ o5
% 00 X 100 X oo X oo
-108 -108 -i0s -i0s
10 10 110 110
-115 -115 -115 -115
120 120 120 120
25 25 25 25
-130 -130 -130 -130
138 138 138 138
140 140 140 140
0.000 0.005 0.010 0.015 0.020 0.025 o 500 1000 1500 o 500 1000 1500 2000 2500 3000 3500
Settlement (m) shaft friction (kPa) Total force (kN) sStress (kPa)
T\ File settement T\ Mobilised shaft friction T\ Pile force T\ Pile stress
_L Soil settlement ' Shaft friction _st force _L Average soil stress
Winflax bounds of pie seftlements. Win/Max bounds of the mobiised shaft friction Win/lax bounds of the forces in the pile MinfMax bounds of the stress in the pic,
Min :[1,81E-02 m | Max :[201E02 m || min :[-28,65 kPa | Max :[ 120,00 kP2 ]| | wtin - [701 ¢ | Max - 1622 i || | min :[ 1384 kPa. | Max :[3227 kP

The results hereafter show that the negative friction occurs down to 5m deep approximately.
At this depth, an equal settlement plane is obtained. The settlement of the pile is increased
by 0.5cm comparing the previous case.

The display of the formatted results points out that the maximal stress in the piles is obtained
at 4.8m deep exactly and its value is 3.2 MPa, which is acceptable. However, the factor of
safety on the critical creep load is less than 1 and this is not sufficient to ensure the bearing
capacity of the foundation for SLS case. This brings us to propose the lengthening of the
piles.

Copyright © Foxta v3 — 2011 — June 2015 issue 81/110



TASPIE+ — Foxta v3 user's manual

[ G

terrasol

setec

% (Cconyat_) ((Copy ony the selection )

037 -11.100 0.184E-01 0.8226-02 0.137E+04 0.268E+03 0.300E+02 0.273E+04 0.767E+02 |2
038 -11.100 0.184E-01 0.8226-02 0.137E+04 0.268E+03 0. 300E+02 0.273E+04 0.767E+02
028 -11.400 0.184E-01 0.863E-02 0.135E+04 0.231E+03 0.300E+02 0.268E+04 0.832E+02
03 -11.400 0.184E-01 0.663E-02 0.135E+04 0.291E+03 0.300E+02 0.268E+04 0.832E+02
033 -11.700 0.183E-01 0.130E-02 0.133E+04 0.313E+03 0.300E+02 0.264E+04 0.897E+02
040 -11.700 0.183E-01 0.430E-02 0.133E+04 0.314E+03 0.200E+02 0.264E+04 0.837E+02
040 -12.000 0.183E-01 0.304E-02 0.130E+04 0.336E+03 0.300E+02 0.259E+04 0.961E+02
041 -12.000 0.183E-01 0.304E-02 0.130E+04 0.336E+03 0.120E+03 0.259E+04 0.961E+02
041 -12.200 0.183E-01 0.286E-02 0.124E+04 0.396E+03 0.120E+02 0.247E+04 0.113E+02
042 -12.200 0.183E-01 0.286E-02 0.124E+04 0.336E+03 0.120E+03 0.247E+04 0.1136+03
02 -12.400 0.1826-01 0.266E-02 0.118E+04 0.357E+03 0.120E+03 0.2356+04 0.131E+03
043 -12.400 0.182E-01 0.286E-02 0.118E+04 0.457E+03 0.120E+02 0.235E+04 0.131E+02
043 -12.600 0.1826-01 0.2436-02 0.112E+04 0.517E+03 0.120E+03 0.2236+04 0.148E+03
0as -12.600 0.1826-01 0.243E-02 0.112E+04 0.517E+03 0.120E+03 0.2236+04 0.1486+03
044 -12.800 0.182E-01 0.217E-02 0.106E+04 0.577E+03 0.120E+02 0.211E+04 0.165E+02
045 -12.800 0.182E-01 0.217E-02 0.106E+04 0.577E+03 0.120E+03 0.211E+04 0.165E+03
045 -13.000 0.1826-01 0.188E-02 0.100E+04 0.638E+03 0.120E+03 0.199E+04 0.182E+03
046 -12.000 0.1826-01 0.188£-02 0.100E+04 0.628£+03 0.120E+02 0.199E+04 0.182E+02
046 -13.200 0.181E-01 0.156E-02 0.342E+03 0.638E+03 0.120E+03 0.187E+04 0.200E+03
0a7 -13.200 0.181E-01 0.156E-02 0.9426+03 0.638E+03 0.120E+03 0.187E+04 0.200E+03
047 -13.400 0.181E-01 0.121E-02 0.882E+03 0.758E+03 0.120E+03 0.175E+04 0.217E+03
048 -13.400 0.181E-01 0.121E-02 0.882E+03 0.758E+03 0.120E+03 0.175E+04 0.217E+03
D48 -13.600 0.181E-01 0.838£-03 0.821E+03 0.819E+03 0.120E+03 0.163E+04 0.234E+03
049 -13.600 0.181E-01 0.838E-03 0.821E+03 0.819E+03 0.120E+03 0.163E+04 0.234E+03
043 -12.800 0.181E-01 0.423£-03 0.761E+03 0.875E+03 0.120E+02 0.151E+04 0.251E+03
050 -13.800 0.181E-01 0.433£-03 0.761E+03 0.879E+03 0.120E+03 0.151E+04 0.251E+03
050 -11.000 0.181E-01 0.939E-07 0.701E+03 0.939E+03 0.120E+03 0.139E+04 0.269E+03
= Tassement tassement effort effort frotrement dsigma dsigma
H pieu pieu so1 Tatéral pieu
max+ 0.201E-01 0.2396-01 0.162E+04 0.9395+03 0.1206+03 0.3236+04 0.269E+03
max- 0.181E-01 0.939E-07 0.701E+03 0.179E+02 -0.287E+02 0.139E+04 0.511E+01
y tete q tete % Sigma tete raideur surf.
w F) (FL-2) (FL-2)
Sans renforcement 0.3348
Avec renforcement Pieu 0.0201 1498, 960 0.914 2982.086  148172.9
sol (moyenne) 0.0239 141,040 0.086 40.328 1684.7
maille 1640.000 1.000 410.000 I~
Sollicitations dans 1'inclusion
- contrainte maximale  s_max = 3227.1
- atteinte i cote z = -4. 800
I _ sécurité par rapport i qe(z) = 1405.4 o.87 I
- sécurité par rapport & Q1(Z) = 2352.4 1.48 =
v

[u Back to the \ndm{]
~

In addition, advanced graphical results can be displayed to verify the compatibility between
the negative skin friction at the surface and the vertical effective stress by using an adequate
value for the k.tand parameter (see examples 3 and 4).

Back to the standard curves

(u Back to the \nda{)
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Use the following cell o display an addtional curve equalto Ktan x

Ktand
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F.4.3. Example 3: Slab on soil reinforced by rigid inclusions
This example deals with the case of a soil volume reinforced by rigid inclusions. We are
interested in a reinforcement by rigid inclusions beneath a heavily loaded slab.

The treatment of this exercice is mainly based on the Taspie+ module. A complementary
calculation using Tasplag will be illustrated for the evaluation of the “additional” forces within
the slab due to the presence of the inclusions.

F.4.3.1

The figure below illustrates the current study case.

Project presentation

Mean distributed load of 80 kPa

LU RN e
+0.0 Load transfer mattress
'2'0?
Clayvey silt ‘:2 m >
-6.0
50 cm

U Gravely sand

Rigid inclusions
Diameter = 40 cm

The above figure is to be completed by the following elements:

¢ The groundlevel is assumed to be at elevation +0.00. Water table is at elevation -
2.00;

e The slab is laid on a granular load transfer mattress of 50 cm thick;

e The inclusions are driven (with the displacement of the surrounding soil), and they are
embedded in the gravely sand (bearing layer);

e The inclusions are placed according to a regular grid of 2.0 x 2.0 m;

e The thickness of the slab is 25 cm. Applied load (80 kPa) corresponds to a SLS load
combination (characteristic) and it includes the dead load of the slab;

¢ The following table summarise the available geomechanical parameters:

Layer Zip (M) | ¥ (KN/m®) | Ew (MPa) | P*(MPa) | g (kPa)® | E (MPa)"

Granular | 4 59 20 15 . . 50

mattress

Clayey silt +0.00 19 2,5 0.3 20 5

Gravely -6.00 20 20 2.0 80 80

sand

* E is the vertical elastic strain modulus.
(**) gs IS the unit limit skin friction (soil/inclusion).
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Double-click on the Foxta icon to run the software, chose the type of connection and the

language. Then click on button.

At the beginning, Foxta proposes:
e To create a new project;
e To open an existing project;
e To open recent project.

In the case of this example:
o To create a hew project, click on the @ New project radio-button;

e Click on the button.

F.4.3.2.1 New project wizard

‘File” frame

e Click onthe @ button to choose the work directory;
e Name and save the file.

“Project” frame

Define a title for the project;
Define a project number;
Complete comments if necessary;

the soil database), and click on the (__Next ) putton.

f1l Mew project wizard X
New project
File
[ File path (*} ;| \F - Taspie+\Traduction ENG\exemples VBE\Taspie+ Example 3.fxp K )
r Project
Projectfitle (*):  |Example 3
Project number (*) :| Foxta v3|
Comments :
(*) These fields are required D Use the soil databasze ( Back o IC Next :1
b 7

Leave the "Use the soil database" box unchecked (for this example we will not use

84/110 June 2015 issue - Copyright @ Foxta v3 - 2011



‘; terrasol

setec

TASPIE+ — Foxta v3 user's manual

F.4.3.2.2 New project wizard: Module selection

Select the Taspie+ and Tasplag modules, then click on the (_ Create ) button.

111 New project wizard *
Modules to use
-Mndules
—————— == == ==
Y rr
- = - oA
« v v
TASPE+ PIECOEF+ TASPLAD L TASNEG
F3 2 i 2 ] 2 ] ™
T
Ty
!
I
TASSELDO FONDSUP FONDPROF GROUPE+
1 selected module(s) D Use the =oil database

( Back ) ( Create )

The input data window of Taspie+ is now displayed. All data tabs should be now completed

in the right zone of the screen.

F.4.3.2.3 “Parameters” tab

This tab allows the definition of the general parameters of the calculations.

Pile 1/1 - Initial calculation E

& Parameters | & Layers | @ Pile | O Soliplle | & Imposed setfiements | & Load |

(o] (@ &]

General parameters

General settings

Calculation title | Inital calculation

Calculation mod

Y vy
i

i

4\ 4 N

Single pile calculation, with or without
imposed soi settiement,
defined by user.

Framewor}

Calculation of a pile + associated soil
mesh (rigid inclusions, group of pikes...).

Reternce evaton (m | 05[]

Calculation

S (3 See resutts )
E {  Start caloulation ) (s Ses resufts )

“General parameters” frame

e Calculation title: "Initial calculation” for example.

“Calculation type” frame

Select "Calculation of a pile + associated soil mesh ".

Copyright © Foxta v3 — 2011 — June 2015 issue
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“Framework” frame

o Reference elevation: +0.50 m. In this case, the reference elevation corresponds to the
underside of the slab.

To shift to the next tab, click either on the name of the tab “Layers”, or on the button.

F.4.3.2.4 "Layers" tab

This tab is for the definition of the soil layers. Silt layer has been divided into 3 sublayers of
2 m thick each, in order to assign some parameters refined by depth. It is also necessary to
define a limit at elevation -2 (water table elevation) with the aim of using different unit weight
values for the silt layer distinguished between above and under the water table.

IMPORTANT: by Taspie+ convention, the bottom of the pile is assumed to be at the level of
the bottom of the last soil layer defined. Therefore, the soil cross section must be stopped at
bottom of pile (except in certain "pile + associated mesh" cases which require an extension
of the model under the toe of the piles, also check chapter F.2.7).

. ‘> PHeW:Inma\ca\cu\atmng @@E
I\' © Parameters | O Layers | o Pile | © Solpie | o Imposed setiements | & Loadl | !
u _ ) Layers data
I N Name Colour ?ﬂb}ﬁ n Behaviour ;Sp‘:‘] Csi{1+e0) | Cclf1:e0) e v State
Lo o N 20 7 e | ot ooqao o oo
3 Layer3 [ ] 4,00 20 Elastic 5,00£03 0,000 0,000 0,00 9,00 Existing I.
il o oo 5 e | awed oo uon sl oojowit
e -4.0
Symb. HNominai visivte [ c{:i u‘\ \-‘\ \‘iﬂ A Layers number: & = ™
; Al TEmAEE
= o )] G G |
Use the E\ button under the table to create soil layers one by one.
The input parameters are summarised in the table below:
Zbase :
Name (m) n Behaviour Esoil (kPa) y (KN/m®) State
Mattress 0.00 10 Elastic 5.00E+04 20 Added I.
Silt 1 -2.00 20 Elastic 5.00E+03 19 Existing .
Silt 2 -4.00 20 Elastic 5.00E+03 9 Existing I.
Silt 3 -6.00 20 Elastic 5.00E+03 9 Existing I.
Sand -6.50 5 Elastic 8.00E+04 10 Existing I.
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F.4.3.25 “Pile” tab

This tab allows the definition of the “pile domain”. This domain includes the inclusion itself
and the soil volume directly above the pile (extended from the pile cap up to the top of the
model).

<
e > Pie 111 nital calcuaton [ - | ) (e
[ & Parameters | & Layers [ & Fie | & Solipie | & Imposed settiemerts | & Load |
o I q 5 g |
Pile definition
-Pile typs
I Implementation mode of pile ‘H With displacement v
Type of pie section : Q Circular section
I - Pile
z ‘"”I Reference elevation : 0.5 m ‘ — |
o 0om a wdulus along the pike (kPa)
[ Constant diameter along the pile (m) ‘ nAn‘ :l
& 20m in each layer
Hame Frase Egiie D E
m [kPa] m] :
A -4.0m 0,00 5,00E04] 0,40 !
2,00 1,00E07] 0,40
. -4,00 1,00E07| 0,40
L 60m ) lavers 6,00 1,00E07] 0,40)
65m lLayer5 | 550 1,00E07| 0,40
]
=
|
o
s
lements Options.
Al @
X #
\ & LS L
) e i I EYENES
E Soil ] Caleulation ——————————————————
== o (= sults )
o Subdivisions ol El { = Start calculation ) (- See resuls )

“Pile type” frame:

e Implementation mode of pile: “With displacement”;
o Type of pile section: “Circular section”.

“Pile parameters” frame:

e Pile inclination: 0° (unable to modify: the modification is possible in the case of a
single pile only);

e “Constant modulus along the pile”: unchecked;

e “Constant diameter along the pile”: checked, D = 0.4 m.

“Pile definition in each layer” frame:

The strain moduli of the “pile domain” for each layer have to be defined here. These moduli
correspond to:

e The modulus of the mattress (50 MPa) in the first layer;
e The modulus of the inclusion’s constitutive concrete down to the base of the model
(10 000 MPa).

Note: to save time, it is possible to check “Constant modulus along the pile” option at first,
define the modulus value as 10 000 MPa, then uncheck the option and finally modify the
modulus value for the first layer only (50 MPa).

F.4.3.2.6 “SoillPile” tab

This tab allows the definition of the skin friction and base resistance mobilisation laws.

The skin friction mobilisation law to be use in this example is Frank and Zhao law built up
from the pressuremeter data. The limit skin friction is 20 kPa in silt, and 80 kPa in gravely

Copyright © Foxta v3 — 2011 — June 2015 issue 87/110



" terrasol

TASPIE+ — Foxta v3 user's manual

setec

sand. As the inclusion is virtually extended inside the mattress, the unit skin friction to be
defined for this layer corresponds to a “soil/soil” interface. For this layer, we consider a Frank
and Zhao law with a limitation at g5 = ktand.0,” where g, refers to the vertical effective stress
within the layer and ktand = 1. The value of G, is obviously a calculation result and not an
input data. For the first iteration, we consider g,/ = 80 kPa, which is the mean load applied on
top of the slab.

The mobilisation of the base resistance pressure is modelled according to Frank & Zhao type
law for granular soils with an ultimate stress equal to g, = kp x pI* = 2.0 x 2000 = 4000 kPa.

Please note that these suggested laws are strictly valid for a bored pile. Their use for an
inclusion installed with the displacement of the surrounding soil within sand and/or gravel
constitutes a pessimistic approach.

H Pile 1/1 : Initial calculation E @ @ EI

qs=f(y) curve of the layer "Layer 1" [ & Parameters | & Layers | & Fie [ & Solipie | & Imposed settiements | & Load |

Soil/pile interface

®
@

Mobilisation law for the shaft friction of the soil and the base resistance.

@
o

From pressuremeter data (Frank & Zhao law) | v |

=)
a

=4
o

Definition of a shaft friction mobiisation law from pressuremeter data

w
oL 85 z Eu %
= Name k1 el o Type of soi E
5 60 0,00 1,50£04. 80,00 Granular sail !
= 55 2,00 2,50E03) 20,00[Fine soil
E 50 4,00 2,50E03 20,00/Fine soil
= Layer 4 6,00 2,50E03 20,00[Fine soil
-5) 45 Layer 5 6,50 2,00E04/ 80,00 Granular soil
= 40
@
£ 35
2 30
E 2
& 20
Definition of the mobilisation law of the base resistance-
15
10
5
ol I S i _
0,000 0,002 0.004 0,008 0,008 0.01 Bose resistance pressure(Pa)
y - Pilefsoil relative settlement (m) R
qs=f(y) curve of the layer "Layer 1“|
N
Elements. Options Wizards
gs=fiy) curve m

Calculation

= — )
ap=Ffiyp) curve (m] \z‘  Start caleulation ) (1 See resuls ) E

"Mobilisation law for the shaft friction of the soil and the toe force" frame:

e Select in the drop-down list: “From pressuremeter data (Frank & Zhao law)”.

"Definition of a shaft friction mobilisation law from pressuremeter data" frame:

For different soil layers, input the following:
e Pressuremeter modulus Ey (kPa);
e Unit shatft friction qy (kPa);

e Soil type.
Name Ewm Jsi Soil type
Mattress 1.50E+04 80.0 Granular soll
Silt 1 2.50E+03 20.0 Fine soil
Silt 2 2.50E+03 20.0 Fine soil
Silt 3 2.50E+03 20.0 Fine soil
Sand 2.00E+04 80.0 Granular soll

“Definition of the mobilisation law of the base resistance” frame:

e Base resistance pressure: “4000” kPa;
e Law type: “Granular soil”.
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F.4.3.2.7 “Load” tab

This tab allows defining the mesh of the inclusions and the loading conditions on top of the
model.

<
> Pile 111 Iniial calculation E @ @ |i|
| @ Parameters | @ Layers | @ Pie | & Soilpile | & Imposed settlements [ @ Load
o
Load
N
Mesh p:
] =
Mesh element gimension along X (m)
=
o] 00m =
Mesh element load (kPa) 80.0] S
2 20m .
Calculation type Imposed sirain (slab type) v
N 40m Modify advanced parameters.
= -60m
65m
o
8
L
e
03
B
symb. Nomination Visible
[} Pile &
Calculaton ———————————————————————
E Soi @ E { @ Start calculation ) (1 See resulls )
o v —

“Mesh parameters” frame:

e Mesh element dimension along X: 2.0 m;

e Mesh element dimension along Y: 2.0 m;

¢ Mesh element load: 80 kPa. This corresponds to the mean stress applied at top of the
model.

“Calculation type” frame:

e Calculation type: imposed strain (slab type). Indeed, we are looking for the distribution
of the stresses between the “pile” and “soil” domains for the case where the
settlement value is equal for both domains.

We will not modify the advanced parameters and keep using the default values.

F.4.3.3 Calculations and results

F.4.3.3.1 Calculation

When the input data are correctly entered, click on the ( ¥ Start calculation ) button to run the
calculations. This button is accessible from all tabs.

F.4.3.3.2 Results

To display the results formatted as tables and graphical views, click on the (¥ See resulis )
button.

Copyright © Foxta v3 — 2011 — June 2015 issue 89/110



(’ terrasol

TASPIE+ — Foxta v3 user's manual

setec

"Graphical results" frame:

Click on the "Main results" button. This will allow you to access to the settlement curves, skin
friction values, forces and stresses for both of the “pile” and “soil” domains

The maximum settlement of the pile domain is 2.5 cm. 1.5 cm of the total settlement
occurred within the mattress.

The settlement curves demonstrate the development of two equal settlement planes:
e The first one is obtained at the base of the slab which is an input hypothesis,

¢ The second one, which is the “neutral plane”, is obtained at elevation -3.80 m (this
corresponds to -4.30 m in the local coordinates of the pile, used for the display of the
curves).

Above the neutral plane, the skin friction is negative and the soil settles more than the
inclusion (hanging effect). The elevation of the neutral plane matches also to the elevation
where the stress in the inclusion is maximum (2.45 MPa approximately).

To the advanced results (cq Back fo the mda()
Soil and pile settlement Pile/soil friction Total forces in pile and in soil Pile and scil average stresses
o 00 00 00
o N el J . -
10 10 ] 10 10
15 18 15 15
a0 a0 | _ a0 a0
E E ] £ E
2 2 Z 2
@ & & @
2 k) 2 2
T a0 T a0 a0 T a0
2 = 2 2
8 3 5 8
3 a8 3 as D 3 a8
" i ﬁ "
i ] g i
S ag S 40 5 49 S 4
1 e El 1
5 B B 5
s =45 Zas Zas
E ) E E
= 30 * 30 i < a0 = 30
55 55 55 55
80 80 80 80
85 L 85 85
70 e 70 70
0000 0005 0010 0015 002 002 @ 80 4 20 0 20 4 @ 8@ s 10 150 200 280 a0 ] 500 1000 1500 2000 2500
Settlement (m) Shaft friction (kPa) Total force (KN) Stress (kPa)
T\ Pile settement T\ mobilised shaft friction T\ Pile force T\ File stress
T\ soi settiement * Shaft friction | seilforce | Average soil stress
Min/lax bounds of pik setlements Miniiax bounds of the mobised shat friction Min/itax bounds efthe forces i the pie Minfax bounds of the Siress in he pie
Min:[724E03m | Max:[2.49E 02 m || | Min:[-80,00 kP | mMax : [80,00 kPa ]| Min:[185 K0 | Max :[308 Kt | Min:[14821Pa | Max :[2459 kP
ense - Tenasal [Project - 31024/ Exemple 3 10:56:36 - Galculation done with the Taspie+ module.

Additional results are also available by clicking on the ( To the advanced resutts ) button.

90/110 June 2015 issue - Copyright @ Foxta v3 - 2011



c’ terrasol

TASPIE+ — Foxta v3 user's manual

setec
L Back to the standard curves. g Back to the index
Soil stresses Pile/soil friction Forces in pile and in soil
00 00 00
Use the folowing cell o display an additional curve equal o Ktand x o,

0s 0s 08

10 10 10

18 18 15
.20 _ 20 .20
E £ £
2 Z L
2_ 25 % 25 % 25
2 2 2
T a0 T a0 I a0
E 2 <)
3 8 3
S a5 S 35 S a5
b b ®
3 3 3
5 .40 5.0 S a0
o o E
B B =
= = as a5
E I} 5}
= -5.0 x 50 x -50

55 55 55

80 80 ! 80

05 o5 PR o5

] : l
70 70 70
0 2 40 60 E0 100 120 140 180 180 S o o s 1o 0 0 40 s0 oo 700
Stress (kPa) Stress (kPa) Force (kN)
Lo T\ Mobilised shat friction T\ e force
| oveale % Shaft friction Y Added force
1 ovmax T\ Average soil stress T\ Total foros
V1,00 x average oV soil

The graph in the centre presents the superposition of the vertical effective stress in the soil
(in between the inclusions), the mobilised skin friction as well as the limit skin friction. In
particular, we can note that the concentration of the stresses directly above the inclusion lead
to a vertical stress in the soil, at its surface, inferior to 80 kPa applied by the slab.

Again in the mattress, we can see that the actually mobilised vertical shear (blue curve)
exceeds, in absolute value, the vertical effective stress (green curve): this is mechanically
unacceptable (see chapter F.4.2.6).

Consequently, the skin friction mobilisation law in the mattress should be corrected by using
the vertical effective stress obtained at mid-depth of the mattress (35 kPa approximately) as
the limit skin friction value.

F.4.3.4 Adjustment of the limit skin friction value in the mattress

Go back to the input by clicking on the button, then on the

(" & Backtothedata ) button.

F.4.3.4.1 “Soil/Pile” tab
e Modify the "q4" value assigned to the first layer: 35 kPa.

Pile 1/ : Initial calculation IZ’ El

|' O Parameters | T Layers | 7 Pile r T Soilipile ] O Impozed settlements | i Load |
f

Soil/pile interface

r Mobilization law for the shaft friction of the soil and the base resistance.

From pressuremeter data (Frank & Zhao law) | ¥ |
- Definition of a shaft friction mobilisation law from pressuremeter data
E,
Name = M % Type of soil "
[m] [kPa] [kPa] v
0,00 1,50E04] 35,00/Granular soil E
-2,00 2,50E03 20.00|Finesnil
4,00 2,50E03) 20,00[Fine soil
Layer -5,00 2 50E03 20.00|Fine s0il
Layer§ 5,50 2,00E04] 80,00{Granular soil
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F.4.3.4.2 Calculation
Run the calculations again by clicking on (¥ Start calculation ) then on (¥ See resus ).

By displaying the additional results, we check that this time the mobilised friction within the
mattress is limited to the vertical effective stress in this layer.

Back to the standard curves < Backto the index

Soil stresses Pile/soil friction Forces in pile and in soil

\ oo
\

Use the folowing cel to display an additional curve equal to Ktan x ,,

05

20 20 20

3
o

I
n
b
n

X (m) (pile local coordinate system)
PO :
i &

X (m) (pile local coordinate system)
&
X (m) (pile local coordinate system)
ety L .
&

]
o

50 50

o
w

&
o

&
m

—

o 20 40 ©0 80 100 120 140 160 180 ) -100 60 o 50 100 200 300 400 500 00 700
Stress (kPa) Stress (kPa) Force (kN)

4
o

L ovo "\ Mobilised shaft friction T\ ile force

_Lawa\c - _ shaft friction B | _ Added force

T _ ovmax _L Average soil stress _LTntaI force
- _ 1,00 x average oV sail

Now, we want to examine the mobilised skin friction in the compressible soil layer (silts). This
friction is negative down to the elevation -3.80 m, and it is limited to 20 kPa (in absolute
value) accordingly to the input data. Strictly speaking, it should be verified that this negative
friction is compatible with the vertical stress level 0,” by checking that its absolute value is
lower than ktand.o,’, with ktan® = 0.15 in this case (the ktand value should be selected, for
each case, in function of the pile type, installation method of the pile and the soil type).

e Use the corresponding box to input the ktand = 0.15 value.

This will add a new curve which shows that the |gs| < ktand.0,’ condition is not respected.
The limit negative friction should also be adjusted within the first four top meters of the silt
layer. Graphically, the limit to target is about 7.5 kPa in the first two meters and 10 kPa in the
two lower meters. Below that, the friction is positive and there is no adjustment to do.
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Back to the standard curves (« Back to the index)
Soil stresses Pile/soil friction Forces in pile and in soil
oo 00 0.0
\ Use the following cell to display an additional curve equalto Ktand x o,
05 a5 0s
\
10 10 10
-158 1.5 1.5
.20 .20 .20
E E E
) i) 2
9 25 2 25 @25
3 & &
-1 -1 -]
D 30 230 2 30
2 b=l 2
3 2 8
8 as 5 as 8 as
w w ™
i 3 3
L 40 £ a0 2 .ap
o o e
= B =
= as = as = as
5} =) £
x -50 x -5.0 x =50
55 5.5 55
o0 50 o0
-85 -6.5 -85
\
70 70 70
o 20 40 &0 80 100 120 140 160 180 200 300 500 00 700
Stress (kPa) Stress (kPa) Force (k)
| ovo "\ Mobilised shaft friction T\ File force
| oveale ' Shaft friction Y added foree
Y ovmax _L Average soil stress _LTalaI force
| 0,15 x average ov soil

F.4.3.5 Adjustment of the limit skin friction value in silt layers 1 and 2

Go back to the input by clicking on the button, then on the

( &g Back to the data ) button.

F.4.3.5.1

“Soil/Pile” tab

e Modify the "gq" values assigned to the silt layers 1 and 2 by using 7.5 and 10.0 kPa
respectively.

Pile 141 - Inttial calculation E

|‘ & Parameters | U Layers | 3 Pile r & Soilinile ] U Imposed seftlements \ & Load |

OCIE

Soil/pile interface

From pressuremeter data (Frank & Zhao law) | v |

Fﬂnbil‘satinn law for the shaft friction of the soil and the base resistan

Definition of a shaft frictien mobilisation law from pressuremeter data

Z

MName ml Pal [:;:il Type of soil
0,00 1,50E04| 35,00(Granular soil
-2,00 2,50E03 7,50|Fine soil
-4,00 2,50E03 10,00/Fine soil
Layer -6,00 2,50E03 20,00(Fine soil
Layerq 6,50 2,00E04 80,00(Granular soil

F.4.3.6 Calculations and results
Run again the calculations by clicking on (¥ Start caleulation ) than on (¥ See resuls ).

By displaying the additional results, we check that the mobilised negative skin friction within
the silt layers are now compatible with the vertical effective stress level for ktand = 0.15.
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A Back to the standard curves (« Back to the mda{)

X (m) (pile local coordinate system)

Pile/soil friction Forces in pile and in soil

Soil stresses

00 . 00
\ Use the follawing cell o display an addifional curve equal to Kiand x o,
a5 05
\
) Kans [ 015[S] x oy
1.0 -1.0
15 15

X (m) (pile local coordinate system)
0

2 (m) (pile local coordinate system)
@

55 55
80 8.0
a5 ) oie--- a5
L 70 7.0
0 20 4 0 @0 100 120 140 1e0 180 G0 a0 o o oo 00 s a0 s eoo 700
Strass (kPa) Strass (kPa) Force (kN)
w0 "\ mobilised sha friction T\ ile force
T oveale T Shaft friction T Added force

b ovmax _L Average soil stress _LTnta\ force

1 0,15 x average oV soil

Furthermore, we find out that it is also necessary to readjust the limit friction in the
mattress by rectifying it to 26 kPa (value of the vertical effective stress obtained at the
mid-depth of the mattress).

This correction leads to the final result presented in the next figure.

Back to the standard curves (c. Back o the mdexj

¥ (m) (pile local coordinate system)

Soil stresses Pile/soil friction Forces in pile and in soil

L] L]
\ I Use the following cellto display an addtional curve equal to Ktand x o,
05 - 05
\
10 0
15 15

¥ (m) (pile local coordinate system)
o

2 (m) (pile local coordinate system)
E

45 4.5
50 50
5.5 5.5
50 1 f o0
H
T
.
LE] P LK
] " !
] 1 H
\ H . H
70 70
o 20 40 60 B0 100 120 140 160 180 100 -50 o &0 100 200 300 400 500 800 700
Stress (kPa) Stress (kPa) Forece (kN)
oo "\ Mobilised shatt friction "\ File force
| oveale ' Shaft friction Y Added force

L ovmax _L Average soil stress _LTntaI force

| 0,15 x average o¥ soil

Go back to the results window and click on the “Formatted results”. This will show in detail
the input and output data as well as a summary of some key values:
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(_Tout copier ) { Copier uniquement la sélection G Retour
UeE =5.800 U.7ISE-OL U ZISE-UL U Z7OETT U.BISETULS U Z05EFTOZ U ZISETUF U Z3IETOL ~
067 =5.600 0.715E-02 0.215E-02 0.270E+03 0.895E+02 0. 200E+02 0.215E+04 0.231E+02 L
0&7 -5.700 0.712E-02 0.169E-02 0.26BE+0D3 0.921E+02 0.200E+0D2 0.212E+04 0.23BE+02
(=3 -5.700 0.712E-02 0.169E-02 0.26BE+03 0.921E+02 0.200E+02 0.212E+04 0.23BE+02
068 -5.800 0.710E-02 0.120E-02 0.265E+03 0.946E+02 0.200E+02 0.211E+04 0.244E+02
083 -5.800 0.710E-02 0.120E-02 0.265E+03 0.946E+02 0.200E+02 0.211E+04 0.244E+02
083 —5.300 0.708E-D2 0.709E-03 0.263E+03 0.971E+02 0.200E+02 0.209E+04 0.251E+02
070 -5.300 0.708E-D2 0.709E-03 0.263E+0D3 0.971E+02 0.200E+02 0.209E+04 0.251E+02
070 -6&.000 0.706E-D2 0.201E-03 0.260E+0D3 0.996E+02 0.200E+02 0.207E+04 0.257E+02
071 —6.000 0.706E-02 0.201E-03 0.260E+03 0.996E+02 0. 800E+02 0.207E+04 0.257E+02
071 -6.100 0.704E-02 0.167E-03 0.250E+03 0.110E+02 0. 200E+D2 0.1939E+04 0.2832E+02
072 -6.100 0.704E-02 0.167E-03 0.250E+03 0.110E+02 0. 200E+02 0.199E+04 0.283E+02
o7z —6.200 0.702E-02 0.130E-03 0.240E+03 0.120E+03 0. 800E+02 0.191E+04 0.303E+02
073 —-6.200 0.702E-02 0.130E-03 0.240E+03 0.120E+03 0. 800E+02 0.191E+04 0.303E+02
073 —6.300 0.700E-02 0.902E-04 0.230E+03 0.130E+03 0. 800E+D2 0.183E+04 0.335E+02
074 -6.300 0.700E-D2 0.902E-04 0.230E+03 0.130E+03 0. 800E+0D2 0.183E+04 0.335E+02
074 —-6.400 0.698E-02 0.467E-04 0.220E+03 0.140E+03 0. 800E+0D2 0.175E+04 0.361E+02
075 —-6.400 0.698E-02 0.467E-04 0.220E+03 0.140E+03 0. 800E+0D2 0.175E+04 0.361E+02
075 -6.500 0.697E-D2 0.150E-07 0.210E+03 0.150E+02 0. 200E+D2 0.167E+04 0.387E+02
tassement tassement effort effort frottement dsigma dsigma
pieu so0l pieu sol latéral pieu sol
max+ 0.274E-01 0.274E-01 0.293E+03 0.150E+03 0. 800E+0D2 0.233E+04 0.387E+0D2
max- 0.697E-02 0.150E-07 0.210E+03 0.673E+02 -0.260E+02 0.167E+04 0.174E+02
v tete Q tete 1 Sigma tete raideur surf.
w (F) (FL-2) (FL-3)
sans renforcement 0.1094
Avec renforcement Pieu 0.0274 231.375 1841.224 67128.6
501 (moyenne)| 0.0274 88. 625 22.875 833.7
Maille 320.000 £0.000
sollicitations dans 1'inclusion 0
- contrainte maximale S_max = 2329.4
- atteinte a cote z = -4, 300
- charge maximale qmax = S
- sécurité par rapport a Qc(Z) = 417.0 F= 1.42
- sécurité par rapport a Ql(Z) = 535.6 F= 2.03 A
v

In particular, Taspie+ provides, on an indicative basis, the settlement that would be obtained
without reinforcements (value obtained by an elastic and unidimensional approach): it is
about 11 cm. The use of a reinforcement by rigid inclusions allowed here a reduction of the
settlements by a ratio of 4 approximately, with a maximum settlement value of the reinforced
soil volume of 2.7 cm.

It is also interesting to reveal the stress “concentration” ratio right above the inclusion: “Slab”
effect lead to concentrate on top of the inclusions 72% of the total load.

The maximum stress in the inclusion is 2.3 MPa and it is reached at elevation -4.30 m.

F.4.3.7 Additional checks — Bearing capacity of the inclusions

Taspie+ assesses, at the end of each calculation, the safety factor F against the maximal
force in the inclusion and the critical creep load calculated below the neutral plane. Here we
have F = 1.42.

y tete Q tete % Sigma tete raideur surf.
(D] (] (FL-2) (FL-3)
sans renforcement 0.1094
Avec renforcement Pieu 0.0274 231.375 0.723 1841.224 67128.6
S0l (moyenne) 0.0274 BE. 625 0.277 22.875 833.7
Maille 320.000 1.000 80. 000
Sollicitations dans 1'inclusion
contrainte maximale S_max 2329.4
atteinte a cote z -4.300
charge maximale Omax z

o pnn
u

securité par rapport a QciZ)

sécurité par rapport a Ql(Z) 595.6 F= 2.03

e VL

417.0 F= 1.42]

Actually, this check is necessary only if the inclusions are intended to ensure the stability of
the structure. In our case, the required safety should be at least 1.1 for “SLS characteristic”
combination and at least 1.4 for “SLS quasi-permanent” combination (see French standard
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NF P 94 262). However, in the case where the inclusions are used only for reducing the
settlements, this check is not necessary.

F.4.3.8 Additional checks — Punching of the mattress

F.4.3.8.1 Calculation of the limit stress at top of the inclusions

For the applied external load, this check consists in the assessment of a limit value of the
stress on top of the inclusion that is compatible with the characteristics of the mattress
material. This limit value can be calculated by using the Prandtl diagram:

This diagram allows the expression of the limit value of the stress on top of the inclusion as
follows:

q; = N, 0o *
1+a(N,-1)
Where:
e o: "substitution" ratio (ratio between the inclusion section and the section of the
mesh);

e Ng: factor depending on the internal friction angle of the mattress;
e (o*: mean stress at the bottom of the mattress: go* = qo + Vs hyi.

Numerical application:

go* =90 kPa, o = 0.0314 and Nqg = 48.9 for an internal friction angle supposed to be 38°.
We obtain: g = 1760 kPa.

This value is to be compared to the stress actually applied on top of the inclusions resulting
from the Taspie+ calculation (for example, by displaying the formatted results file of the last
calculation that we run).
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Elément cote tassement tassement effort effort frottement dsigma dsigma
pieu sol pieu sol Tatéral pieu sol

ool 0.274E-01 0.274E-01 0.231E+032 0.885E+02 —0.105E+02 0.134E+04 0.223E+02
ool 0.256E-01 0.274E-01 0.232E+02 0.315E+02 —0.214E+02 0.185E+04 0.2236E+02
ooz 0.256E-01 0.274E-01 0.232E+02 0.315E+02 —0.260E+02 0.185E+04 0.2236E+02
ooz 0.2237E-01 0.274E-01 0.234E+02 0.937E+02 —0.260E+02 0.186E+04 0.242E+02
ooz 0.2237E-01 0.274E-01 0.234E+02 0.937E+02 —0.260E+02 0.186E+04 0.242E+02
oo3 0.21%E-01 0.274E-01 0.236E+03 0.360E+02 —-0.260E+02 0.133E+04 0.248E+02
oog 0.21%E-01 0.274E-01 0.236E+032 0.3c0E+02 —0.260E+02 0.138E+04 0.248E+02
oog 0.200E-0L1 0.273E-01 0.238E+032 0.982E+02 —0.260E+02 0.132E+04 0.254E+02
ons 0.200E-0L1 0.273E-01 0.238E+032 0.982E+02 —0.260E+02 0.132E+04 0.254E+02
ons 0.181E-01 0.273E-01 0.240E+032 0.100E+032 —0.260E+02 0.191E+04 0.253E+02
oone 0.181E-01 0.273E-01 0.240E+032 0.100E+032 —0.260E+02 0.191E+04 0.253E+02
oone 0.162E-01 0.273E-01 0.241E+032 0.102E+032 —0.260E+02 0.192E+04 0.285E+02
ooy 0.162E-01 0.273E-01 0.241E+03 0.103E+03 —-0.260E+02 0.1%2E+04 0.265E+02
ooF 0.142E-01 0.273E-01 0.242E+032 0.105E+032 —0.260E+02 0.192E+04 0.271E+02
oong 0.142E-01 0.273E-01 0.242E+032 0.105E+032 —0.260E+02 0.192E+04 0.271E+02
oong 0.122E-01 0.272E-01 0.245E+032 0.107E+032 —0.260E+02 0.195E+04 0.277E+02
oo 0.122E-01 0.272E-01 0.245E+032 0.107E+032 —0.260E+02 0.195E+04 0.277E+02
oo 0.102E-01 0.272E-01 0.247E+02 0.102E+032 —0.260E+02 0.196E+04 0.282E+02
010 0.102E-01 0.272E-01 0.247E+032 0.102E+032 —0.260E+02 o1ac 0 0.282E+02
010 0.836E-02 0.272E-01 0.248E+03 0.11ZE+03 -0.260E+02 0.288E+02
011 0.8236E-02 0.272E-01 0.248E+032 0.112E+02 —-0.750E+01 0.198E+04 0.288E+02
011 0.8234E-02 0.266E-01 0.24%E+032 0.111E+02 —-0.750E+01 0.198E+04 0.286E+02
o1z 0.8234E-02 0.266E-01 0.24%E+032 0.111E+02 —-0.750E+01 0.198E+04 0.286E+02
o1z 0.832E-02 0.260E-01 0.250E+032 0.110E+032 —-0.750E+01 0.193E+04 0.282E+02
o1z 0.832E-02 0.260E-01 0.250E+032 0.110E+032 —-0.750E+01 0.193E+04 0.282E+02
o1z 0.820E-02 0.255E-01 0.251E+032 0.102E+032 —-0.750E+01 0.200E+04 0.281E+02
014 0.530E-02 0.255E-01 0.251E+03 0.102E+03 —-0.750E+01 0. 200E+04 0.281E+02
014 0.828E-02 0.243E-01 0.252E+032 0.102E+032 —-0.750E+01 0.201E+04 0.278E+02
01t 0.828E-02 0.243E-01 0.252E+032 0.102E+032 —-0.750E+01 0.201E+04 0.278E+02
01t 0.826E-02 0.244E-01 0.252E+032 0.107E+032 —-0.750E+01 0.201E+04 0.276E+02
01& 0.826E-02 0.244E-01 0.253E+03 0.10FE+03 —-0.7E0E+01 0.201E+04 0.276E+02
0le 0.824E-02 0.238E-01 0.254E+032 0.108E+032 —-0.750E+01 0.202E+04 0.274E+02
017 0.824E-02 0.238E-01 0.254E+032 0.108E+032 —-0.750E+01 0.202E+04 0.274E+02
017 0.822E-02 0.232E-01 0.255E+03 0.105E+03 —0.7E0E+01 0.203E+04 0.271E+02
ol1g 0.822E-02 0.232E-01 0.255E+032 0.105E+032 —-0.750E+01 0.202E+04 0.271E+02
ol1g 0.820E-02 0.z227E-01 0.256E+032 0.104E+032 —-0.750E+01 0.204E+04 0.2E63E+02
o132 0.820E-02 0.z227E-01 0.256E+032 0.104E+032 —-0.750E+01 0.204E+04 0.2E63E+02
013 0.818E-02 0.222E-01 0.25FE+03 0.102E+03 —-0.7E0E+01 0.204E+04 0.266E+02
ozo 0.818E-02 0.222E-01 0.257E+032 0.102E+032 —-0.750E+01 0.204E+04 0.266E+02
ozo 0.816E-02 0.217E-01 0.25E8E+032 0.102E+032 —-0.750E+01 0.205E+04 0.264E+02
021 0.816E-02 0.217E-01 0.258E+03 0.102E+03 —0.7E0E+01 0.205E+04 0.264E+02
ozl 0.814E-02 0.211E-01 0.259E+032 0.101E+032 —-0.750E+01 0.206E+04 0.281E+02

The stress applied on top of the inclusions is 1980 kPa, and it is higher than the limit value as
calculated above by using the Prandtl diagram. This means that there is a punching effect of
the inclusions within the mattress creating plastic deformations.

It is possible to simulate this “plastification” of the mattress material right above the inclusion
by decreasing its strain modulus (in the “inclusion domain”) in order to reduce the stress on
top of the inclusion down to 1760 kPa.

F.4.3.8.2 Simulation of the plastification of the mattress material
Go back to the input window.
“Pile” tab:

¢ Modify the modulus of the pile in the first layer (mattress): replace the existing value
(50 MPa) with 30 MPa.

Pile definition in each layer

Name hase E e Y E

] [kPa] [m] b

0,00 0,40 !
Layer -2,00 . 0,40
Layer 4 5,00 1,00E07) 0,40
Layer 5 5,50 1,00E07 0,40
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Run the calculations again and check that the stress applied on top of the inclusion is
1740 kPa, hence compatible with the limit of Prandtl. We note here that this “plastification”
triggered an additional settlement of about 1 cm on top (3.6 cm of total settlement).

E1ément cote tassement tassement effort effort frottement dsigma dsigma
pieu sol pieu sol Tatéral pieu sol
ool 0.500 0.356E-01 0.201E+03 0.119E+03 -0.105E+02 0.1E0E+04 0.307E+02
ooy 0.450 0.22%E-01 0.356E-01 0.20ZE+03 0.122E+03 —0.264E+02 0.1c1E+04 0.214E+02
ooz 0.450 0.22%E-01 0.356E-01 0.20ZE+03 0.122E+03 —0.260E+02 0.1c1E+04 0.214E+02
ooz 0.400 0.202E-01 0.255E-01 0.204E+032 0.124E+032 —-0.260E+02 0.162E+04 0.2320E+02
ooz 0.400 0.202E-01 0.355E-01 0.204E+03 0.124E+03 —0.260E+02 0.1c2E+04 0.220E+02
ooz 0.250 0.275E-01 0.355E-01 0.20&E+03 0.126E+03 —0.260E+02 0.1c4E+04 0.226E+02
oo4 0.250 0.275E-01 0.355E-01 0.20&E+03 0.126E+03 —0.260E+02 0.1c4E+04 0.226E+02
oo4 0.z00 0.247E-01 0.355E-01 0.208E+03 0.128E+03 —0.260E+02 0.1c5E+04 0.232E+02
oos 0.200 0.247E-01 0.255E-01 0.208E+032 0.128E+032 —-0.2&0E+02 0.1&5E+04 0.232E+02
ons 0.2:50 0.220E-01 0.354E-01 0.20%E+03 0.131E+032 —0.260E+02 0.1c7E+04 0.237E+02
oos 0.250 0.220E-01 0.354E-01 0.202E+03 0.131E+03 —-0.260E+02 0.167E+04 0.337E+02
one 0.zoo 0.132E-01 0.354E-01 0.211E+03 0.132E+03 —0.260E+02 0.1c8E+04 0.242E+02
oor 0.zoo 0.132E-01 0.354E-01 0.211E+03 0.132E+03 —0.260E+02 0.1c8E+04 0.242E+02
ooF 0.150 0.1&4E-01 0.354E-01 0.213E+03 0.125E+03 —-0.260E+02 0.163E+04 0.343E+02
oos 0.1:50 0.1c4E-01 0.354E-01 0.212E+03 0.135E+03 —0.260E+02 0.1c9E+04 0.243E+02
oos 0.100 0.135E-01 0.353E-01 0.215E+03 0.137E+03 —-0.260E+02 0.171E+04 0.355E+02
oos 0.100 0.135E-01 0.352E-01 0.215E+03 0.137E+03 —0.260E+02 0.171E+04 0.25EE+02
oos 0.0s0 0.107E-01 0.352E-01 0.216E+03 0.140E+03 —0.260E+02 0.172E+04 0.260E+02
010 0.0s0 0.107E-01 0.352E-01 0.216E+03 0.140E+03 —0.260E+02 0.172E+04 0.260E+02
010 0.0oo0 0.7S0E-02 0.352E-01 0.218E+03 0.142E+03 —0.260E+02 0.266E+02
011 0.000 0.780E-02 0.352E-01 0.218E+03 0.142E+03 —-0.750E+01 0.366E+02
011 —0.100 0.778E-02 0.245E-01 0.21%E+03 0.141E+032 —0.750E+01 a 0.264E+02
o1z —0.100 0.778E-02 0.245E-01 0.21%E+03 0.141E+032 —0.750E+01 a 0.264E+02
o1z —0.z200 0.77&E-02 0.238E-01 0.220E+03 0.140E+03 —0.750E+01 a 0.261E+02
o1z —0.z200 0.77&E-02 0.238E-01 0.220E+03 0.140E+03 —0.750E+01 a 0.261E+02
01z —0.200 0.775E-02 0.221E-01 0.221E+032 0.129E+032 —-0.7E0E+01 0.176E+04 0.2359E+02
0l4 —0.200 0.77EE-D2 0.231E-01 0.221E+03 0.133E+03 —0.750E+01 0.176E+04 0.253E+02
0l4 —0.400 0.772E-02 0.224E-01 0.222E+03 0.138E+03 —0.750E+01 0.177E+04 0.3256E+02
015 —0.400 0.772E-02 0.224E-01 0.222E+03 0.138E+03 —0.750E+01 0.177E+04 0.3256E+02
015 —-0.500 0.771E-02 0.216E-01 0.222E+032 0.137E+03 —0.750E+01 0.177E+04 0.254E+02
01& —0.500 0.771E-02 0.216E-01 0.222E+032 0.127E+032 —-0.7E0E+01 0.177E+04 0.354E+02
0le —0.&00 0.7&3E-02 0.20%E-01 0.224E+03 0.136E+03 —0.750E+01 0.172E+04 0.252E+02
017 —0.&00 0.7&2E-02 0.302E-01 0.224E+03 0.136E+03 —0.750E+01 0.172E+04 0.352E+02
017 —-0.700 0.7&FE-02 0.202E-01 0.225E+03 0.135E+03 —0.750E+01 0.179E+04 0.243E+02
ols —-0.700 0.7&FE-02 0.202E-01 0.225E+03 0.135E+03 —0.750E+01 0.179E+04 0.243E+02
01s —0.800 0.7&6E-02 0.238E-01 0.226E+03 0.124E+03 —0.7E0E+01 0.180E+04 0.347E+02
nio —n_znn n_Teccont n_saccont n_3accens n1zacens —n_7cncana n_rencend N 2aTcans
orFz -&.100 0.660E-02 0.184E-032 0.237E+032 0.122E+02 0.200E+02 0.159E+04 0.217E+02
orFz -&.200 0.658E-02 0.142E-032 0.227E+032 0.122E+02 0.200E+02 0.181E+04 0.243E+02
o7z -&.200 0.658E-02 0.142E-032 0.227E+032 0.122E+02 0.200E+02 0.181E+04 0.243E+02
o7z -&.200 0.656E-02 0.387E-04 0.217E+032 0.142E+02 0.200E+02 0.172E+04 0.269E+02
074 -&.200 0.656E-02 0.387E-04 0.217E+032 0.142E+02 0.200E+02 0.172E+04 0.269E+02
074 —&.400 0.&855E-02 0.510E-04 0.207E+03 0.153E+03 0. 300E+02 0.1&65E+04 0.395E+02
oFE —&.400 0.655E-02 0.510E-04 0.207E+032 0.152E+02 0.200E+02 0.1c5E+04 0.2335E+02
oFE -&.500 0.852E-02 0.162E-07 0.137E+032 0.162E+02 0.200E+02 0.157E+04 0.421E+02
tassement tassement effort effort frottement dsigma dsigma
pieu sol pieu sol Tatéral pieu sol
s+ 0.356E-01 0.356E-01 0.271E+032 0.162E+02 0.200E+02 0.216E+04 0.421E+02
s — 0.852E-02 0.162E-07 0.137E+032 0.886E+02 -0.264E+02 0.157E+04 0.223E+02
¥ tete 0 tete 4 Sigma tete raideur surf.
48] (F) (FL-2) (FL-3)
Sans renforcement 0.1094
Aovec renforcement Fieu 0.0356 201,000 0.628 44977 .8
sol ([moyenne) 0.035& 115,000 0.372 863.2
Maille 220,000 1.000
sollicitations dans 1'inclusion
contrainte maximale S_max = 2153, 7
atteinte 4 cote z = -4.700
charge maximale Omax = 271.4
sé&curité par rapport & Qcizl 409,39 F= 1.51
- SECUrité par rapport a4 QI(z) = C85.6 F= 2.16
98/110 June 2015 issue - Copyright @ Foxta v3 - 2011



" terrasol

TASPIE+ — Foxta v3 user's manual

setec

F.4.3.9 Additional checks - Determination of the "additional forces” in the slab

The results of Taspie+ can be used to assess the additional forces triggered in the slab due
to the presence of the inclusions. These forces are to be combined with the ones calculated
for a slab laying on an equivalent homogenised soil volume.

These additional forces can be calculated by using the “Moment slab wizard” accessible from
the results window (external wizard):

b1 Assistant slab moment wizard >
- User parameters
Subgrade thickness (m) /\
Diffusion slope A f\
Poisson’s ratio of concrete /\ qm
~ Intermediate parameters (automatically calculated)
s
Ry (m)* 0,30
wo| HHFHTHTTRTITTY
. (kPa) *
q_,; (kPa) 30,71 q o i
G (KPE} 728,02 ’.
* [Diouble-click on 2 value to adit i) ( Reset :. i
- Results qpile |
Mo (KN.UmI) 20,57 |
H’ Rmesh
My g (RN} 729 R 0

Upper part of the wizard window: additional input

It should be input the following complementary data:
e Subgrade thickness (i.e. load transfer mattress, in the present case): 0.50 m;

¢ Diffusion slope (of the stresses within the mattress): 0.20 (we keep the default value
which corresponds to 1H/5V);

e Poisson’s ratio of concrete: 0.20 (0.0 for reinforced concrete, 0.20 for the concrete
without steel reinforcement nor fibres).

Central part of the wizard window: intermediate parameters (see next figure)

e (-
o0 IERRRERRINENEY
‘f‘f"f i m mniifmmév
_r__;‘_ _____ _?_ ————— —?— e I
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These parameters are automatically pre-calculated by the software, but it is possible to
modify them by a double-click:

e Ry equivalent radius of the unit cell, directly linked to the mesh step in both
direction "a”:
Rn=a/n*=1.13m

e Ry “Impact” radius under slab directly above inclusions, calculated by considering a
diffusion of the stress by 1H/5V within the mattress, from the top of the inclusion up to
underside of the slab. For inclusions 40 cm in diameter and a 50 cm thick mattress:

Ry=20+50x1/5=30cm

e (. average stress applied on the unit cell (at the slab upper side surface), taken form
the input data:

dm = 80 kPa

® (soi: average stress transmitted to the soil (at the underside of the slab):
Osol = 30.71kPa

* (Qpie. average stress (complementary) applied directly above the inclusions at the
underside of the slab (distributed along the impact radius Ry):

Qpie = 728.02 kPa

The latter is calculated thanks to the following formula:
qpile = qm X (Rm/ RO)2 + qsoil X [1'(Rm/ RO)Z]

Lower part of the wizard window: results

These values are calculated in function of the previously entered values (they are not
modifiable):

e Mcenre = -20.6 KN.m/ml: Moment at unit mesh centre;

®  Megge = +7,3 KN.m/ml: Moment at unit mesh edge.

These two values (centre and edge) constitute an envelope [Miy, Ms,p] Wwith
Mins = -20.6 KN.m/ml obtained directly above the inclusions and Mg, = +7,3 kN.m/ml obtained
at the edge. This corresponds to “mb” term as pair with the calculation rules presented in the
ASIRI recommendations. These additional moments are to be combined with the forces
calculated for a slab laying on a homogenised soil volume.

Note: Negative symbol of the moments obtained directly above the inclusion mean that the
upper fibre is in traction (“hard point” effect).
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F.4.4. Example 4: Embankment on soil reinforced by rigid inclusions

The figure below illustrates the current study case.

The study case is a road embankment of 6 m thick bearing a live load of 20 kPa at its
surface. In-place soil conditions required the reinforcement by rigid inclusions in order to
reduce the settlements and ensure the stability against the punching effect.

10 kPa
Embankment
+0.0 L
-2 0=
Clayvey silt *":2 - >
-6.0
S0 cm

Gravely sand

Rigid inclusions
Diameter = 40 cm

The characteristics of the in-place soils and the inclusions are the same as the previous
project (example 3: slab on soils reinforced by rigid inclusions). They are given in the table
below:

Layer Ziop (M) | ¥ (KN/M®) | Eu(MPa) | P*(MPa) | gy (kPa)"” | E (MPa)"
Embankment +6.00 20 15 -- -- 50
Clayey silt +0.00 19 2,5 0.3 20 5
Gravely sand -6.00 20 20 2.0 80 80
* E is the vertical elastic strain modulus.

(**)  qg is the unit limit skin friction (soil/inclusion).

Note: as the soil layers of this example are similar to those of the previous example, it would
be useful to use the soil database. This would allow the share of the soil layers and their
characteristics between two projects and prevent to input them again.
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further explanations about the use of soil databases.

F.4.4.1 Datainput

Double-click on the Foxta icon to run the software, chose the type of connection and the

language. Then click on button.

At the beginning, Foxta proposes:
e To create a new project;
e To open an existing project;
e To open recent project.

In the case of this example:

e To create a new project, click on the @ New project radio-button;

e Click on the button.

F.4.4.1.1 New project wizard

“File” frame:

e Click on the @ button to choose the work directory;

e Name and save the file.

“Project” frame:

o Define atitle for the project;
e Define a project number;
e Complete comments if necessary;
o Leave the "Use the soil database" box unchecked (for this example we will not use
. . (TR A,
the soil database), and click on the (__Next ) button.
111 Mew project wizard had
New project
File
File path (*) :|\F - Taspie+\Traduction EMN VBE\Taspie+ Example 4.fxp K . )
Project
Projecttitle (*):  [Example 4 |
Project number (%) : | Foxta v3 ‘
Comments :
(*) These fields are required DUsethe soil database 'i Back :'
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It is still possible to use the soil database: if you wish, open example 3 before starting the
example 4, and export the soil layers of the example 3 to the general soil database. Then
activate the use of the database in the example 4 (in the module selection window), and
import the soil layers from the general database to the current project. See chapter C for
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F.4.4.1.2 New project wizard: Module selection

In the "Modules to use" window, select Taspie+ and Tasplag modules and click on the
(_Create ) pytton

N1 Mew project wizard *
Modules to use
Modules
] 2 ] 2 ] 2
Y £
- - LY
< vy
TASPIE+ PIECOEF+ TASPLAQ TASNEG
> \ y \ y \
P R (@ B & B & ™~
A4
Ty 1
]
I
TASSELDO FONDSUP FONDPROF GROUPIE+
\ - \ iy \ iy \
1 selected module(s) D Use the soil database

The input data window of Taspie+ is now displayed. All data tabs should now be completed
in the right zone of the screen.

F.4.4.1.3 “Parameters” tab

This tab allows the definition of the general parameters:

Pile 171 : Embankment on reinforced soil E @ @ @

[ @ Parameters | & Layers | @ Fie | @ Soilpile | & Imposed setflements [ & Loaw |

General settings

[ General p:

Calculation ttle | Embankment on reinforced soi

- Calculation

v
Y Ty
i K
i
1 4

Single pie calculation, with or without
imposed soil setflement,
defined by user.

Calculation of a pile + associated soil
mesh (rigid inclusions, group of pikes...).

Reference elevation (m)

Calculation

\z‘ [  Start calcuiation ) (=

"General parameters" frame:
e Calculation title: "Embankment on reinforced soil".

“Calculation mode” frame:
e Choose "Calculation of a pile + associated soil mesh".

“Framework” frame
e Change the reference elevation: +6.0 m, corresponding to the top of the
embankment.

To shift to the next tab, click either on the name of the tab “Layers”, or on the E button.
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F.4.4.1.4 "Layers" tab

This tab is for the definition of the soil layers. Like in the exercise 3, the silt layer has been
divided into sublayers of 2 m thick each, in order to assign some parameters refined by
depth. The bottom of the model corresponds to the toe of the inclusions.

- i Pile 1/1 : Embankment on remfurcedsnllg @@@
I\'  Parameters | @ Layers | @ File | & Soibbie | o mposed settiemerts | o Load | |
Layers data
=5 W Name Colour [Zmb]'* n Behaviour ;;‘:'] Csi(1+e0) | Col(1+e0) tc v State
e - = o oy
N : wg S5 = mmr
z(mJI
1 sie & | Divisions number : 125 e EDE
= vy (W | G miesmmin mmm
Use the E\ button under the table to create soil layers one by one.
The input parameters are summarised in the table below:
Zy .
Name (r;s)e n Behaviour Esoil (kPa) y (KN/m?®) State
Embankment | 0.00 60 Elastic 5.00E+04 20 Added I.
Silt 1 -2.00 20 Elastic 5.00E+03 19 Existing I.
Silt 2 -4.00 20 Elastic 5.00E+03 9 Existing I.
Silt 3 -6.00 20 Elastic 5.00E+03 9 Existing I.
Sand -6.50 5 Elastic 8.00E+04 10 Existing |.

F.4.415 “Pile” tab

This tab allows the definition of the “pile domain”. This domain includes the inclusion itself
and the soil volume directly above the pile (extended from the pile cap up to the top of the
model).

“Pile type” frame

e Implementation mode of pile: “With displacement”;
o Type of pile section: “Circular section”.

“Pile parameters” frame

e Pile inclination: 0°;
e “Constant modulus along the pile”: unchecked;
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e “Constant diameter along the pile”: checked, D = 0.40 m.

“Pile definition in each layer” frame

The strain moduli for each layer of the “pile domain” have to be defined here. These moduli
correspond to:

o The modulus of the embankment (50 MPa) in the first layer;

e The modulus of the inclusion’s constitutive concrete down to the base of the model
(10 000 MPa).

o 3 Pile 1/1 ; Embankment on reinforced soi () [ (&)
[ Parameters | © Layers [ © Fie | & Soiipie | o Impesed seitlements | o Load |
F |
Pile definition
Pie typ
= Implementation mode of pie |E Wiith displacement v
Type of pile section |Q Circular section

Pik p

Pile incli
O co

[ Constant diameter along the pile (m) | n‘w‘ :l

| 0.0 3|

Reference elevation : 6.0 m

modulus along the pile (kPa)

- Ple definition in each layer

Zhase Eoie g,
Z () [m) [kPa] [m] K
0,00 5,00E04) 0,40)
o 0om
2,00 1,00E07] 0,40
4,00 1,00E07] 0,40
20m 5,00 1,00E07] 0,40
6,50 1,00E07] 0,40

Calculation

o & sulls )
E { © Start calculation ) (4 See resulis )

opt
[
.
g

Trick: to save time, it is possible to check “Constant modulus along the pile” option at first,
define the modulus value as 10 000 MPa, then uncheck the option and finally modify the
modulus value for the first layer only (50 MPa).

The input data are the following:

Name Zpase (M) Epile (kPa) D (m)
Embankment 0.00 5.00E04 0.40
Silt 1 -2.00 1.00E07 0.40
Silt 2 -4.00 1.00E07 0.40
Silt 3 -6.00 1.00E07 0.40
Sand -6.50 1.00E07 0.40
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F.4.41.6 “SoillPile” tab
This tab allows the definition of the skin friction and base resistance mobilisation laws.

As for the exercise 3, the skin friction mobilisation law to be use is Frank and Zhao law built
up from the pressuremeter data. The limit skin friction is 20 kPa in silt sublayers (for the first
iteration). The skin friction mobilisation law in the embankment corresponds to a “soil/soil”
interface where the shear resistance is limited by the vertical effective stress in between the
inclusions (ktand = 1).

In a preliminary approach, we make the choice of taking into account a limit friction value in
the embankment of 70 kPa corresponding to the weight of the soils at mid-depth of the layer
(60 kPa) + the load applied on top of the model (10 kPa).

The mobilisation law of the base resistance is Frank and Zhao for granular soil with a limit
resistance pressure of g, = kp x pl* = 2.0 x 2000 = 4000 kPa.

Note again that these suggested laws are strictly valid for a bored pile. Their use for an
inclusion installed with displacement of the surrounding soil within sand and/or gravel
constitutes a pessimistic approach.

H E Pile 1/1 : Embankment on reinforced soil E @ @ m

[ Parameters | O Layers | O Fie | © Soiiie | o Inposed seftiements | & Load |

qs=f(y) curve of the layer "Bank" - - -
Soil/pile interface

85 Mobilisation law for the shaft friction of the soil and the base resistance.

80

75

70

From pressuremeter data (Frank & Zhao law) | v |

Definition of a shaft friction mobilisation law from pressuremeter data

o B
= " z M % Type of soi
o 85 amne il [<Pa] [kPa] P ;
= s 000 I — T o
2 o5 sit 200 250603 13,00Fine soi
= 2| 4,00 2,50E03 15,00 Fine sol
=
= 50 sit3 6,00 2,50E03 20,00Fine sol
£ a5 g &50 2,00E04 80,00 Granular soil
w
= 40
@
A RE
8 30
E 2
& 20
18 Definition o the moblisation law of the base resistance
10
5
o HE— e
0000 0001 0002 0003 0004 0005 0006 0007 0008 —
. ‘ ) Base resistance pressure(kPa)
y - Pile/soil relative settlement (m)
—

qs=f(y) curve of the layer ”Bank"‘

+

Elements Options- Wizards
sym Homination viaiie
CFEe @ Caleution
ap=Flyp) curve ] © Start calculation ) (s See resulis ) \E‘

"Mobilisation law for the shaft friction of the soil and the toe force" frame:

e Select in the drop-down list: “From pressuremeter data (Frank & Zhao law)”.

“Definition of a shaft friction law” frame:

Name Ewv (kPa) gs (kPa) Soil type
Embankment 1,50E+04 70.0 Granular soll
Silt 1 2,50E+03 20.0 Fine soil
Silt 2 2,50E+03 20.0 Fine soil
Silt 3 2,50E+03 20.0 Fine soil
Sand 2.00E+04 80.0 Granular soll
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“Definition of the mobilisation law of the base resistance” frame:

e Base resistance pressure: “4000” kPa;
e Law type: “Granular soil”.

F.4.4.1.7 “Load” tab

This tab allows defining the mesh of the inclusions and the loading conditions on top of the
model.

Pile 1/1 : Embankment on reinforced soi El @ El E

[ @ Parameters | @ Layers | @ Pie |  Soifpie | o inposed settiemerts |0 Load

Load

HMesh parameters.

Mesh element dimension along X (m) 200[C

Mesh element dimension along Y’ (m}

Calculation type @ Imposed stress (backfil type)
egpie efficiency @ 0,03

@ By defaut © Manual entry

Wodify advanced parameters.

“Mesh parameters” frame:

e Mesh element dimension along X: 2.0 m;
e Mesh element dimension along Y: 2.0 m;

e Mesh element load: 10 kPa. This corresponds to the mean stress applied at top of the
model (road load).

“Calculation type” frame:

e Calculation type: imposed stress (backfill type).

“egpile efficiency” frame:

e egpile efficiency: 0.03 (default value).

The "egpile” is the ratio of the force transmitted to the pile domain and the total load applied
on the mesh. The proposed default value is in proportion of the inclusion/mesh sections,
which is equivalent to a uniform distribution of the stress on top of the model.

F.4.4.2 Calculations and results

F.4.4.2.1 Calculation

When the input data are correctly entered, click on the ( ¥ Start calculation ) button to run the
calculations.

F.4.4.2.2 Results
To display the results, click on the (¥ See results ) button.
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Click on the "Main results" button. This will allow you to access to the settlement curves, skin
friction values, forces and stresses with depth.

[¢<]

To the advanced resuls < Backo the index
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70
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X (m) (pile local coordinate system)

Min/Max bounds of the forces in the pile

10.0

110

15

120

Total forces in pile and in soil

0
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05
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15
2,0
25
30
a5
40
45
5.0
55
5.0
-85
7.0
7.5
8.0

-85

3¢ (m} (pile local coordinate system)

0.0
05
-10.0
-105
-110
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120

125
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Total force (kN) Stress (kPa)

T\ File force T\ pile stress
| soll force "\ Average soil stress

Win/Max bounds of the stress in the pile

Min :[124£:02m | max :[77E 02 m

Hin :[-70.00 kP | Max :[20,00 kea

Min :[1kn

Min :[10 kPa | max :[2832 kPa

| Max : 356 kN

The maximum settlement is about 7 cm of which 5.5 cm occurred in the embankment
(directly above the inclusion). We observe, here also, the development of two equal
settlement planes:

The first one is obtained in the embankment material and it relates to the formation of
an arch effect: above this neutral plane, the embankment material settles uniformly
and no vertical shear is created;

The second is obtained in depth, at elevation -4.5 m approximately (this corresponds
to -10.5 m in the local coordinates of the pile) and indicates the bottom of the

negative friction zone.

Shift to additional results by clicking on the ( To the advanced resutts ) button.
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Back to the standard curves (« Backlnmamdex)
Soil stresses Pile/soil friction Forces in pile and in soil
00 0o 00 -
Use the following cel to display an addiional curve equal to Kiand x o,
05 a5 05
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-25 25 25
-30 -30 30
-35 -35 35
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L ovo "\ Mobilised shaft friction L File force
| oveale Y Shaft friction ' Added force
b o¥max _L Average soil stress _LTuta\ force
1 0,15 x average oV soil

These results show that the mobilised vertical shear within the embankment material is
compatible with the vertical stress level in the embankment. However, the display of the
curve 0.15 x 0, indicates the need of an adjustment of the limit friction in the first four meters
of the silts where the friction is negative.

Restarting the calculation by limiting the friction in the silt layers 1 and 2 respectively to 13
and 15 kPa allows reaching a negative friction profile compatible with the vertical stress, at
all depths, without influencing the global behaviour of the reinforcement system.

F.4.4.3 Additional checks

F.4.4.3.1 Bearing capacity of the inclusions

Taspie+ assesses, at the end of each calculation, the safety factor F against the maximal
force in the inclusion and the critical creep load calculated below the neutral plane. Here we
have F = 1.19.

¥ tete 0 tete % Sigma tete raideur surf.
[ CFJ (FL-2] (FL-3]
sans renforcement 0.1652
AvEC renftorcement Fieu 0.0743 1.257 0.031 10.000 134.6
sol [moyenne) 0.0743 3E.743 0.969 10.000 134.6
Maille 40.000 1.000 10.000
Sollicitations dans 1'inclusion
- Contrainte max<imale S_max 2713.0
- atteinte i cote Z -4.200
- 41 7

A imale C)mA
B e se0.6 F=  1.70
For this particular study case, the inclusions serve to reduce the settlements and to ensure
the stability of the structure. Therefore, the check of the bearing capacity of the inclusions is
necessary. The calculated safety factor (1,19 > 1,10) is assumed to be acceptable to justify
the stability of the structure against the bearing capacity for SLS characteristic load
combination.

406.4 F=  1.12 ]
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To check the bearing capacity for SLS quasi-permanent load combinations, a calculation
without road load can be carried out by targeting this time a minimum safety factor of 1.40.

F.4.4.4 Punching of the mattress

The approach of the embankment case is similar to the one of the mattress (example 3).
However, in addition to the examination of the diagram of Prandtl described previously, a
diffusion cone type rupture diagram (see figure below) shall be examinated also. Then the
rupture mechanism providing the lowest limit stress at top of the inclusion should be taken
into account.

%

The application of these two diagrams (not detailed here), lead to a limit stress at top of the
inclusion of 2540 kPa by considering an internal friction angle of the embankment material of
38° (in this case, it is the Prandtl diagram which provides the envelop value of 2540 kPa. The
“diffusion cone” diagram provides, in this case, a limit stress of 3690 kPa). This value is to be
compared to the one of the stress actually applied on top of the inclusion calculated by
Taspie+ model: 2020 kPa. Thus, there is no punching effect of the inclusions into the
embankment material.

043 1.700 0.605E-01 0. 700E-01 0.100E+03 0.284E+03 —0.700E+02 0.737E+03 0.733E+0Z
044 1.700 0.605E-01 0.700E-01 0.100E+03 0.284E+03 —0.700E+02 0.737E+03 0.733E+02
PET} 1.&00 0.588E-01 0.&633E-01 0.102E+03 0.283E+03 —0.700E+02 0.8&3E+03 0.730E+02
045 1.&00 0.588E-01 0.&633E-01 0.102E+03 0.283E+03 —0.700E+02 0.8&3E+03 0.730E+02
045 1.500 0.570E-0OL1 0.635E-01 0.118E+03 0.282E+03 —0.700E+02 0.941E+03 0.727E+02Z
ET 1.500 0.570E-0L1 0.&633E-01 0.115E+03 0.28ZE+03 —0.700E+02 0.341E+03 0.727E+0DZ
ET 1.400 0.550E-01 0.636E-01 0.127E+03 0.281E+03 —0.700E+02 0.101E+04 0.724E+0Z
047 1.400 0.550E-01 0.636E-01 0.127E+03 0.281E+03 —0.700E+02 0.101E+04 0.724E+02
047 1.300 0.523E-01 0.&635E-01 0.136E+03 0.280E+032 —0.700E+02 0.102E+04 0.72ZE+0Z
048 1.300 0.523E-01 0.&635E-01 0.136E+03 0.280E+032 —0.700E+02 0.102E+04 0.72ZE+0Z
048 1.z200 0.507E-0OL1 0.633E-01 0.145E+03 0.273E+03 —0.700E+02 0.116E+04 0.712E+02
043 1.z200 0.507E-0L1 0.633E-01 0.145E+03 0.273E+03 —0.700E+02 0.116E+04 0.712E+0Z
043 1.100 0.483E-01 0.632E-01 0.154E+03 0.278E+03 —0.700E+02 0.123E+04 0.71&6E+0Z
os0 1.100 0.483E-01 0.&32E-01 0.154E+032 0.278E+032 =0.700E+02 0.122E+04 0.71&E+02
os0 1.000 0.458E-01 0.&630E-01 0.1&4E+03 0.276E+03 —0.700E+02 0.130E+04 0.714E+02
051 1.000 0.458E-01 0.&630E-01 0.1&4E+03 0.276E+03 —0.700E+02 0.130E+04 0.714E+02
05l 0.200 0.431E-01 0.&83E-01 0.173E+032 0.275E+032 =0.700E+02 0.127E+04 0.711E+02
05z 0.200 0.431E-01 0.633E-01 0.173E+03 0.275E+03 —0.700E+02 0.137E+04 0.711E+0Z
05z 0.800 0.403E-01 0.637E-01 0.182E+03 0.274E+032 —0.700E+02 0.145E+04 0.70SE+0Z
05z 0. 800 0.402E-01 0.&87E-01 0.182E+032 0.274E+032 =0.700E+02 0.145E+04 0.708E+02Z
053 0.700 0.373E-01 0.636E-01 0.121E+03 0.273E+03 —0.700E+02 0.152E+04 0.70&E+0Z
054 0.700 0.373E-01 0.636E-01 0.121E+03 0.273E+03 —0.700E+02 0.152E+04 0.70&E+0Z
054 0.&00 0.342E-01 0.&85E-01 0.200E+032 0.272E+032 =0.700E+02 0.153E+04 0.702E+02
]33 0.&00 0.342E-01 0.&635E-01 0.200E+03 0.27ZE+032 —0.700E+02 0.153E+04 0.703E+0Z
]33 0.500 0.310E-01 0.633E-01 0.202E+03 0.271E+032 —0.700E+02 0.166E+04 0.700E+0Z
05& 0.500 0.310E-01 0.&83E-01 0.203E+032 0.271E+032 =0.700E+02 0.1&cE+04 0.700E+02
05& 0.400 0.276E-01 0.632E-01 0.218E+03 0.270E+032 —0.700E+02 0.173E+04 0.637E+0Z
os7 0.400 0.276E-01 0.632E-01 0.218E+03 0.270E+032 —0.700E+02 0.173E+04 0.637E+0Z
osy 0.z00 0.240E-01 0.&80E-01 0.227E+032 0.263E+032 =0.700E+02 0.181E+04 0.635E+02
]33 0.300 0.240E-01 0.&630E-01 0.227E+03 0.263E+03 —0.700E+02 0.181E+04 0.635E+02
]33 0.z00 0.204E-01 0.&673E-01 0.236E+03 0.268E+03 —0.700E+02 0.188E+04 0.632ZE+02
oss 0.z00 0.204E-01 0.&73E-01 0.236E+03 0.268E+032 =0.700E+02 0.188E+04 0.632E+02
053 0.100 0.165E-01 0.673E-01 0.245E+03 0.267E+03 —0.700E+02 0.135E+04 0.683E+02
0&0 = 0.165E-01 0.673E-01 0.245E+03 0.267E+032 —0.700E+02 B-1= = 0.683E+02
0&0 0.126E-0OL1 0.&76E-01 0.254E+032 0.266E+032 =0.700E+02 0.687E+0Z
08l 0.1Z6E-01 0.676E-01 0.254E+03 0.266E+032 —-0.130E+02 Er-gn. g 0.687E+0Z
081 0.125E-01 0.663E-01 0.256E+03 0.264E+03 —-0.130E+02 0.203E+04 0.682ZE+02
052 0.125E-01 0.&663E-01 0.256E+032 0.264E+02 -0.1320E+02 0.202E+04 0.682E+02
062 0.125E-01 0.643E-01 0.257E+03 0.263E+03 —-0.130E+02 0.205E+04 0.673E+0Z
053 0.125E-01 0.643E-01 0.257E+03 0.263E+03 —-0.130E+02 0.205E+04 0.673E+0Z
053 0.125E-01 0.&636E-01 0.259E+032 0.261E+02 -0.1320E+02 0.206E+04 0.674E+02
054 0.125E-01 0.636E-01 0.253E+03 0.261E+032 —-0.130E+02 0.206E+04 0.674E+02
054 0.125E-01 0.62ZE-01 0.2&1E+03 0.253E+03 —-0.130E+02 0.207E+04 0.670E+0Z
0&E 0.125E-01 0.&622E-01 0.2&1E+032 0.259E+02 -0.1320E+02 0.207E+04 0.&670E+02
{13 0.125E-01 0.&603E-01 0.2&62ZE+03 0.258E+03 —-0.130E+02 0.203E+04 0.666E+0Z
=13 0.125E-01 0.&603E-01 0.2&62ZE+03 0.258E+03 —-0.130E+02 0.203E+04 0.666E+0Z
(]} 0.124E-01 0.595E-0O1 0.2&4E+032 0.256E+02 -0.1320E+02 0.210E+04 0.661E+02
067 0.124E-01 0.535E-01 0.2&4E+03 0.256E+03 —-0.130E+02 0.210E+04 0.661E+0Z
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