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Topic Training — Foundations

Introduction

This course will explain the principles of the use of Foundations and Subsoil in SCIA Engineer. Most of the
modules necessary for these calculations are included in the Concept Edition.

For some options a Concept Edition is not sufficient. These specific required modules are included in an
Expert Edition or even some extra modules are necessary.

The methods discussed in this manual are based on Eurocode 7. EN 1997-1 is intended to be applied to the
geotechnical aspects of the design of buildings and civil engineering works. It is concerned with the
requirements for strength, stability, serviceability and durability of structures.

List of necessary modules:

- senfd.01.en (esafd.02.01) Pad Foundations EC (Part of Concept Edition)
- sens.04 (esas.06) Soil interaction (Part of Expert Edition)
- esas.08 Soil (Part of basic module sens.00)
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Chapter 1: Subsoil

In SCIA Engineer the "under-foundation" soil is called subsoil and can be defined via
Main menu > Libraries > Subsoil and foundation.

@ sCiA Engineer

éf SCiA 21301

DG ¥ w o © o fa

£ layers
B Materials Ctri+M
I Cross sections Ctri+)

& Picture gallery
Paperspace gallery

Load cases, combinations

Loads

Structure and analysis

Tools

Steel

Concrete, reinforcement

Composite

Subsoil and foundation o Subsoils
ﬁ Geologic profiles
é Pad foundations

YT YT Y Y Y| Y(vow

Drawing tools

It is not necessary to activate any functionalities in SCIA Engineer 22.1. In older versions of the software it
could be necessary to activate the functionality ‘Subsoil’ in the project settings.

1. Subsoil Parameters

The definition of subsoil parameters can be done in the editing dialogue for subsaoil.

# ' Subseils X
HEABEFE «» O &mB A - T \
Subl Name Subl

Description
C1x [MN/m*3] 5,0000e+01
Cly [MN/m*3] 5,0000+01
C1z Flexible .
Stiffness [MM/m*3] 5,0000e+01
C2x [MN/m] 3,0000e+01
Czy [MN/m] 3,0000e+01
4 Parameters for ch...
Type Undrained v
Water/air in clay subgra
Specific weight [kg/m*3 0,0
Fi' [deg] 0,00
Sigma oc [MPa] 0,0
cu [kPa] 0.0

The constants C1 and C2 for directions X, Y, Z are parameters representing the subsoil properties.
Note: Usually C2x is considered equal to C2y and C1x equal to Cly

1.1.Parameters for check

These data are used only for the stability check of a foundation block.

Density Soil density

Fi The value of the angle of the shearing resistance in terms of effective stress.
cu The value of the undrained shear strength.

Sigma oc The admissible ground stress (optional).

Type The soil can be Undrained or Drained.

MC — 2024/03/06 5



Topic Training — Foundations

2. Elastic foundation

In SCIA Engineer the soil can be modelled as an elastic foundation where the soil under a plate (2D
member) is represented by springs.

Coupling Spring

The subsoil parameters C1 and C2 represent the stiffnesses of these springs.

Winkler Model

The Winkler method is the most common and simple method. This model is based on a uniform settlement of
the plate. A load F1; will give a certain deformation Az so the subsoil parameter Ci, can be determined.

The parameters Cix, Ciy and Ci. will represent a linear stiffness.

azl Fi, = Ci; Az

The horizontal subsoil parameters Cix and Ciy indicate the friction between the plate and the ground. In
literature more information can be retrieved for the calculation of these parameters. For normal soils (no
rock, peat ...) a guide value of 10% of the vertical stiffness C1; may be taken.

Pasternak Model

The Winkler model can be extended with the Pasternak model (C2 constants). The springs between the
points of the soil are now connected with this value. So a point load in a certain point, will also give a
deformation a bit further in the X and Y direction.

Az1 é? AZ7

The calculation of those parameters is not easy, but it could be done by the module Soilin of SCIA Engineer.
If Soilin is not being used in SCIA Engineer, it is recommended to have zero values for these C2 parameters.

After modelling a 2D element, you can add an elastic foundation with the function ‘surface support’ which
you can find in the input panel.

INPUT PANEL

= All workstations "
= All categories oV
0 All tags

£ Supportin node
A’ Supporton 1D
i Linesupporton 1D
T Line supporton 2D edge
I 4 Surface supporton 2D ]

[& Borehole profile
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To see the results of the elastic foundation, go to Main Menu > Results > 2D members > Contact stresses.
-

DB X m9 © o f
& Calculation protocol
i Nodal displacement
£5% 3D deformations
fiol 3D stresses

8¢ Animation window

Supports »
1D members »

2D members » | @ Deformations
Storeys > & Internal forces

,gg. Stresses/strains

& Contact stresses
& Bill of material
@ Thickness of slabs
&} surfaceloads

- positive value = compressive stress
- negative value = tensile stress

Tnovember

Note: Convention for the soil stresses is:

.
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To eliminate the tension in the subsoil, you have to perform a nonlinear analysis. The functionality ‘support
nonlinearity/basic soil spring will also need to be activated. It is not necessary to create a nonlinear function.
Project data X

Basicdata Functionality Actions UnitSet Protection

GENERAL DETAILED

MC — 2024/03/06

Property modifiers
Model modifiers
Parametric input
Climatic loads
Mobile loads
Dynamics
Stability
Nonlinearity
Structural model
IFC properties
Prestressing
Eridge design
KP1 application
Excel checks

Substitution beam

4 MNonlinearity
Beam local nonlinearity
Support nonlinearity/basic soil spr
Initial imperfections
Geometrical nonlinearity
General plasticity
Compression-only 2D members
Cables
Friction support/Seil spring
Membrane elements
4 Subsoil
Soil interaction
Pad foundation check
I Concrete

OK

Cancel




Topic Training — Foundations

Chapter 2: Pad foundations

In this chapter the different steps of the Pad Foundation Checks are specified.
First of all, the required safety and resistance factors need to be determined depending on the chosen

Design Approach.

Using these safety factors, the vertical design loading V4, horizontal design loading Ha and effective
geometry of the pad are determined.
Based on this effective geometry, the different checks are executed.
The above steps are explained in detail in the following paragraphs.

1. Requirements

In order to design a foundation pad, the following functionalities should be enabled in the Project Data

dialogue:

e The material concrete

Project data

DATA

Author:

Date:

Structure:

Post processing
environment

Model:

e The function ‘Pad foundation check’

Basicdata Functionality Actions UnitSet Protection

Name: -
Part: -

Description: -

Marit Cochet

25.10.2021

! General XYZ
& default

[ One

x|

MATERIAL
Concrete n

Material C25/30 L g
Reinforcement mate B 5008 Yo

Steel

Masonry
Aluminium

Timber

Steel fibre concrete
Other

8 CODE
National Code:

B <= v

v National annex:

B sencaroen v

‘Thick-walled' Concrete cross-sections: the advanced 2D FEM method is off!

OK Cancel

Project data

GENERAL

Basicdata Functionality Actions UnitSet Protection

Property modifiers
Model modifiers
Parametric input

Climatic loads
Mobile loads
Dynamics
Stability
Monlinearity
Structural model
IFC properties
Prestressing
Bridge design
Excel checks

DETAILED

4 Subsoil
Soilinteraction
Pad foundation check

0K Cancel
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2. Design approaches

The Pad Foundation check is executed for a Result Class.
The manner in which the design effects of actions and resistances are applied shall be determined using one
of three Design Approaches. The design approach can be set in the annex setup:

Lond etk W parametr e

+ EN 1999: Design of alumi
EN 1999-1.

Depending on the Design Approach set in the National Annex Setup, the sets of safety factors are read
from the setup as follows:

Combination 1: A1 “+” M1 “+” R1

Design Approach 1 L
Combination 2: A2 “+” M2 “+” R1

Design Approach 2 Combination: A1 “+” M1 “+” R2
Combination: (A1* or A2**) “+” M2 “+” R3
Design Approach 3 * On structural actions

** On geotechnical actions

Result Class
-

roach 3

A 4 A
A

A A
Design Approach 1 Design Approach 2 Design App
Combination ULS Set B ‘J [ Combination ULS Set C ] [ Any combination ] Any combination

Any other combination

U

¥

[ Safety Sets M1 & R1 ] [ Safety Sets M2 & R1 ] { Safety Sets M1 & R2 ] [ Safety Sets M2 & R3 }

h Y Y
[ Execution of the Check }

e For Design Approach 1 the safety sets depend on the combination type.
For combinations of type EN-ULS (STR/GEOQ) Set B sets M1 & R1 are used.
For combinations of type EN-ULS (STR/GEO) Set C sets M2 & R1 are used.
For any other combination sets M1 & R1 are used.

e For Design Approach 2, in all cases sets M1 & R2 are used.

e For Design Approach 3, in all cases sets M2 & R3 are used.

MC — 2024/03/06



Topic Training — Foundations

The safety factors corresponding with a certain design approach can be found in the Annex A of EN 1997-1:

1) Partial factors on actions or the effects of actions (Set A1-A2)

ye: on permanent unfavourable or favourable actions
yQ: on variable unfavourable or favourable actions

Table A.3 - Partial factors on actions () or the effects of actions ()

Action Symbol Set
A1 A2
Permanent | Unfavourable 1,35 1,0
76
Favourable 1,0 1,0
Variable Unfavourable 1,5 1,3
Ja
Favourable 0 0

2) Partial factors for soil parameters (Set M1-M2)

Yo' on the tangent of the angle of shearing resistance
Yo on effective cohesion

Yeu: on undrained shear strength

Yau: on unconfined strength

Ty on weight density

Table A.4 - Partial factors for soil parameters( )

Soil parameter Symbol Set

1 M2
Angle of shearing resistance® Yo 1,0 1,25
Effective cohesion Yo 1,0 1,25
Undrained shear strength Fou 1,0 1,4
Unconfined strength You 1,0 1.4
Weight density % 1,0 1,0
2 This factor is applied to tan ¢

3) Partial resistance factors for pad foundations (Set R1-R3)

YR on bearing resistance
YR:h: on sliding resistance
Table A.5 - Partial resistance factors (9g) for spread foundations
Resistance Symbol Set
R1 R2 R3
Bearing o 1,0 1,4 1,0
Sliding e 1,0 1,1 1,0

10 MC — 2024/03/06



The partial safety factors for the combinations are defined in the Manager for National Annexes. It can be

opened from the Basic project data dialogue.

Available are factors for Set B of the EN-ULS (STR/GEQO) combination defined in EN 1990. In addition, for
Geotechnical analysis, also Set C needs to be supported. Also these factors are available in the

Combination Setup:

ORIM-EN HA
Belgian NBN-EN NA

+ EN 1990: Basis of structural

oK

Faatbridges
Raibway bridges

x
+ Combination
b (STR/GEO) alternative M 1990: ¢
M 199 AL Ta
ion (STR/GEO) Set B it 1T 2(8
Value 1,35
Value 1,00
4 Leading variable action
Value 1,50
4 Accompanying variable action
Value 1,50
4 Reduction factor ksi
Value 0,85
4 Fundamental combination (STR/GEQ) Set € EN 1990: Annex A1 Table A1.2(c
Value 1,00
Value 1,00
4 Leading variable action
Value 1,230
# Accompanying variable action
Value 1,30
b Reliability class EN 1990: Arnex: B Table B3
b Bridges
< >
Load default NA parameters [ox] canen

Also the partial factors for soil parameters and the partial resistance factors for pad foundations which are
defined in EN 1997 are implemented in the manager for National Annexes.

7 Setup manager

- Standard EN
£+ Geotechnics
Pad foundations

4 Geotechnics
4 Pad foundations

4 National Annex

4 Design Approach

4 Partial factors for soil parameters

4 ML

4 Partial resistance factors for pad foundations

x
Name Standard EN
EN 10971:2.4.7.3.4
Values Design Approach 1 v

EN 1997-1: Annex A Table A.4

Value[] 1,00
Value[] 1,00
Value[] 1,00

Value[] 1,00

Value[] 1,25
Value[-] 1,25
Value[-] 1,40
Value[] 1,00
EN 1997-1: Annex A Table A5
Value[] 1,00

Value[] 1,00

Value[] 1,40

Value[] 1,10
Value[] 1,00

Value[] 1,00

Load default NA parameters

o=

In order to perform a Pad Foundation check, you have to define 2 types of combinations:

e EN-ULS (STR/GEO) Set B
e EN-ULS (STR/GEO) Set C

After the calculation, a new class GEO will be generated automatically which contains all combinations of

these 2 types.

Note: The Result Class may off course also contain load cases or non-linear combinations. These are seen

as ‘Any combination’ for the check.

MC — 2024/03/06
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Topic Training — Foundations

3. Ground properties
With the correct Design Approach, the design values for the soil properties are determined:

Ya = atan [tan((p’)]

Y
With: ¢’ read from Subsoil Library
ve read from National Annex Setup

With: ¢’ read from Subsoil Library
ve read from National Annex Setup

Cud = C_u
ycu
With:  curead from Subsoil Library
veu read from National Annex Setup
Za _7
}/}’
With: ¢’ specific weight read from Library
vy read from National Annex Setup
YBackfil,d = backfiu
}/7
With:  yeackin weight read from Pad foundation input Data
vy read from National Annex Setup
Y A final safety factor which needs to be determined concerns the

safety factor for the weight of the pad foundation and the backfill
material. This safety factor is taken as the safety factor for the first
permanent load case for the combination under consideration i.e.
ve. In case a combination does not have a permanent load case,
vc is taken as 1,00.

12 MC — 2024/03/06



4. Properties of the Pad Foundation

4.1.Determination of effective geometry

The next step in the check concerns the determination of the effective geometry of the pad foundation.
The following picture illustrates the different actions working on the foundation.

o]

P

[ C

G (\ H ‘hBackﬂH

M
B m—

D I =(h1+h2)

Vol

In this picture the following notations are used:

Vd

MC — 2024/03/06

Weight of the foundation and of any backfill material inside the area of ‘abcd’.

Load application point for load G referenced to the center point of the foundation
base

Vertical Rz reaction of the support

Load application point for load P referenced to the center point of the foundation
base.

This is read as the load eccentricities ex and ey from the Pad Foundation
library.

Horizontal Rx or Ry reaction of the support
=(h1 + h2)

Load application point of the horizontal load H referenced to the foundation
base.

With h1 and h2 read from the Pad Foundation Library.
Moment Mx or My reaction of the support
=G+P

Ultimate load vertical to the foundation base including the weight of the
foundation and any backfill material.

Load application point for load V4 referenced to the center point of the
foundation base

13



Topic Training — Foundations

Eccentricity e

The eccentricity e is calculated as follows:

_M+Gxg+H*h—Pxp
= 7

e

For a general 3D case this formula is written as:

My +Gxg,+H xh—Pxp,
= 7

€x

M, +Gxg,+H,*h—Pxp,

e
y
Va

Weight G

The weight G consists of three parts:

1) The weight of the foundation block, Ggiock

e This depends on the shape of the block (prismatic or pyramidal), dimensions and also the
density ysiock Of the block material.

e The density of the block depends on the Water table level.

no influence YBlock
at foundation base YBlock
at ground level (yBlock — yw)

e The Water Density yw is taken as 9,81 kN/m?3

2) The weight of the backfill around h2, Ggackiili.Around

e This depends on the shape of the block (prismatic or pyramidal), dimensions and also the
density of the backfill material.

e The backfill density ygackin g is specified in Ground properties

e The density of the backfill depends on the Water table level.

no influence YBackfill,d
at foundation base YBackill,d
at ground level (yBackfid — yw)

e The Water Density yw is taken as 9,81 kN/m3

3) The weight of the backfill above the foundation block, Ggackfii.above

e This depends on the height and density of the backfill as specified in the input of the Pad
Foundation.

Note: In SCIA Engineer it is also possible to input a negative height for the backfill material. A negative value
is used to indicate that the soil is lower than the top of the foundation block.

14 MC — 2024/03/06



The three parts are illustrated on the following picture:

Weight of the backfill above the

—-'—'_'_"_-_._-_-_‘7 block

......... f—— Weight of the backfill

around h2

Weight of the Block

The design value of the total weight G can then be calculated as follows:

Gd =Yc * [GBIock + GBackfiII,Around + GBackfiII,Above]

With ys the safety factor of the permanent loading for the combination under consideration, as
defined in “Ground properties”.

Distances g, & g,

Using the weight and the volume, the center of gravity of the block and backfill are determined. The
distances gx and gy are then calculated from this centroid to the center point of the foundation base.

Effective geometry

As a final step, using the eccentricities ex and ey, the effective geometry of the foundation base is calculated
as follows:

Li=A—2*|ed
L2=B—2*|Ey|

With A and B read from the Pad Foundation library:

=
=
=
S
=
O
Ll

=600.0
1 A%svmt?o |

B’ = min (L1 ; L2)

L’ =max (L1 ; L2)
A=B"*L

Note: In case SCIA Engineer will find a value B’< 0 or L’< 0, the geometry is incorrect so the check is not

executed and a warning is given on the output.

MC — 2024/03/06 15



Topic Training — Foundations

The option “Pad foundation” can be chosen in the Properties window of the supports:

|07 Supportin node

4 Water table

R H

J
X\l( 4 Backfill material
i 3

" 4

4 Geometry

Stiffness X [MM/m] 1,1250e+02
Stiffness Y [MN/m] 1,1250e+02
Stiffness Z [MN/m] 4,0488e+02
Stiffness Rx [MNm/rad] 2,094%e+02
Stiffness Ry [MNm/rad] 2,0949e+02
Stiffness Rz [MNm/rad] 1,9572e+02

Density [kg/m"3] 0,00

Name Sné
Type Pad foundation vl
Angle [deg]
Pad foundation PF1 D cr
Subsoil Subl ) o

Level Mo influence ¥

Height [m] 0,000

System GCS v

OK Cancel

Here it is possible to input the influence of the water table and the properties of the backfill material. Also the

type of the subsoil can be chosen under “Subsoil”.

The given stiffnesses of the Pad Foundation are automatically calculated by the program by the formulas

that you can find in Annex 1.

The dimensions of the pad foundations can be inputted at the option “Pad foundation” (or you can open the
Pad foundation library via Main Menu > Libraries > Subsoil and foundation > Pad foundations):

SCIA Engineer

Q SciA 22.1.3014.64

DG ¥ w@ oo

£ Layers
£ Materials ctri+m
I Cross sections Ctrl+)
B Picture gallery
Paperspace gallery
Load cases, combinations »
Loads »
Structure and analysis »
Tools »
Steel »
Concrete, reinforcement »
Subsoil and foundation > | don subsols
Drawing tools > | @i Geologic profiles
|| Pad foundations
’ by
3 Support in nade » || @7 Pad foundations x
Name $n6 HARIFE «» O wB A v Y
Type Pad foundation iPFL
Angle [deg] -
Pad foundation PF1 vB S
Subsoil Subl e ?
Stiffness X [MN/m] 1,1250e+02 g
if Name PF1 0
Stiffness Y [MN/m] 1,1250e+02 g
Stiffness Z [MN/m] 4,0485e+02 “ Dime... T
Stiffness Rx [MNm/rad] 2,0949e+02 A[m] 1,500
Stiffness Ry [MNm/rad] 2,0949¢+02 B[m] 1,500
Stiffness Rz [MNm/rad] 1,9572e+02 h1 [m] 0,600
4 Water table h2 [m] 0,300
5 : Level No influence v a [m] 0,600
ot
XK * 4 Backfill material b [m] 0,600
= : : i 0,000
Density [kg/m®"3] 0,00 ex[m] =
Height [m] 0,000 ey [m] 0,000 g 1
4 Geometry Material €20 v ... ? -
System GCS v Type Prisma v &
Cast cond Prefabi v
oK Cancel
el a=0.600
New | Insert | Edit | Delete oK

16
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The user can choose from two variant shapes of pad foundations:

Prismatic

Pyramidal

h3=0.050

=0.60

1

0.600,

b=

h2=0.300

h3=0.050

a=0.600
L J?El_ﬂﬂft

0.60
h2=0.300

1

0.600,

b=

When clicking ‘Edit’ the pad foundation can be displayed in 2D or 3D mode:

- The 2D mode shows side view, plan view and dimension lines for all input values.

- The 3D mode enables the user to make a good visualisation of the defined foundation block

MC — 2024/03/06

Pad foundation

2D 3D

TYPE
Prismafic

s

Name PF1
1,500
B 1,500
hi: 0,600
h2: 0,300
a 0,600
b 0,600
ex: 0,000
ey 0,000

Cast condition

Material

*

Pvramidal

3 333131333

Prefabricated v

C20/25

OK Cancel

17




Topic Training — Foundations

5. Pad foundation checks

In general three separate checks are executed:
- Bearing check
- Sliding check

- Eccentricity check
In a special case, instead of the three above checks, a so called Uplift Check is executed.

For Design Approach 1 the class for which the check is executed needs to contain at least one combination
of each of the following types:

- EN-ULS (STR/GEO) Set B
- EN-ULS (STR/GEO) Set C

In case the class for which the user wishes to execute the check does not comply with this requirement, the
check is not executed and a warning is shown instead.

For Design Approach 2 & 3 there is no requirement for the content of the class.

18 MC — 2024/03/06



5.1.Bearing check
The Bearing check is executed according to EN 1997-1 art. 6.5.2 and Annex D.

Vi <Ry
The Bearing resistance Rq depends on the fact if the soil condition is drained or undrained.

In case the user ‘knows’ the soil capacity, for example from a geotechnical report, Rq can be read directly
from the input data instead of calculated.

Undrained Bearing Resistance

The formulas in this paragraph are used in case the Type field in the Subsoil Library is set to Undrained.
The design value of the undrained bearing resistance is calculated as follows:

[(T[+2)*Cud *bc*sc*ic+q]*A’
d=

)/R,v
Cud As specified in the National Annex Setup
be Inclination of the foundation base
In SCIA Engineer, the foundation base is always horizontal, thus: bc = 1,00
Sc Shape of the foundation

In SCIA Engineer the foundation block has a rectangular shape, sc =1+ 0,2 *%

ic Inclination of the load, caused by horizontal load Hq
1 Hy
=—|1+ -
2 A’ * cyq

and Ha <A’ * cud
in case Hda > A’ * cud the value of i¢ is set to 0,5

Hd Resulting horizontal load

= /H,% +H3
Hx Horizontal support reaction Rx as defined in “General”
Hy Horizontal support reaction Ry as defined in “General”
B’ Effective width as defined in “General”
L Effective length as defined in “General”
A Effective area as defined in “General”
q Overburden at the foundation base

= (h1 + h2 + hpackii)* yBackiil,d

With:

h1l & h2 read from the Pad Foundation Library
hpackin read from the Pad Foundation input
yeackiil.d @s defined in ground properties

YRV Resistance factor read from the National Annex Setup
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Drained Bearing Resistance

The formulas in this paragraph are used in case the Type field in the Subsoil Library is set to Drained.
The design value of the drained bearing resistance is calculated as follows:

Cd
Nc

Ny

bc

bq

by

Sc

Sq

20
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]/R,V

As specified in the National Annex Setup
Bearing resistance factor

= (Ng = 1) * cot (¢',)

Bearing resistance factor

!

= e™tan (@' « tan? (45 + %)

Bearing resistance factor

=2% (Nq -1) *tan (¢',)

Inclination of the foundation base

In SCIA Engineer, the foundation base is always horizontal, thus: bc = 1,00
Inclination of the foundation base

In SCIA Engineer, the foundation base is always horizontal, thus: bq= 1,00
Inclination of the foundation base

In SCIA Engineer, the foundation base is always horizontal, thus: by = 1,00
Shape of the foundation

In SCIA Engineer the foundation block has a rectangular shape,
sq*Nq—l

Sc =
Ng-1

Shape of the foundation
In SCIA Engineer the foundation block has a rectangular shape,

Sq=1+ (%) *sin (¢',)

Shape of the foundation

In SCIA Engineer the foundation block has a rectangular shape, s, =1 —-10,3 *%

Inclination of the load, caused by horizontal load Hqg

- — (1 — iq)

N, *tan (¢',)

Inclination of the load, caused by horizontal load Hq
] H,

- Va+ A xc'y xcot(g’ )]

mm

=11

Inclination of the load, caused by horizontal load Hqg
H m+1
d

=|1-
Va+ A xc'y xcot(g’ )]

= my, * cos?(0) + mg * sin? (9)

1+ ()]

MC — 2024/03/06



Hx
Hy
Vi
qd

a

YRV
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[1+(7)]

Angle of the horizontal load Hq with the direction L’
As specified in the Ground properties

Effective width as defined in general

Effective length as defined in general

Effective area as defined in General
Resulting horizontal load

= [nz+n3

Horizontal support reaction Rx

Horizontal support reaction Ry

Vertical reaction as specified in “General”

Effective overburden at the foundation base

=(h1 + h2 + hpackiin)* 't
With:
hl & h2 read from the Pad Foundation Library
hbackiin read from the Pad Foundation input
y'tis depending on the water level as follows:

No influence YBackiill,d
at foundation base YBackfill,d
at ground level (yBackfil,d — yw)

yBackiild @S defined in Ground properties
yw is taken as 9,81 kN/m3

Effective weight density of the soil below the foundation level
depending on the water level as follows:

No influence Y'd
at foundation base (Y'd —yw)
at ground level (Y'd —yw)

Y o as defined in Ground properties
yw is taken as 9,81 kN/m?3

Resistance factor read from the National Annex Setup
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Known Soil Capacity Bearing Resistance

In case the Soil capacity is known, this value can be used directly instead of using the EN 1997-1 bearing
resistance calculation outlined above.

This procedure is applied in case the checkbox Known soil capacity, use Sigma oc is activated in the
Geotechnical Design Setup. You can find the setup via Main Menu > Design > Geotechnics > Settings.
@

DB ¥ m ¥ © o ‘fa

Concrete settings >
Concrete 1D »
Concrete 2D »
Geotechnics » || B settings
External tools » Iy
[ET Check manager
[ Update check data
Design forms »
Poirot checks »
Geotechnics setup o x
national annex: [ Find View w | Standard Default
Description Symbol  Value Default  Unit  Chapter  Code Structure CheckTy.. Remark
all ¥e) walb  Plar O a0 Deseription: Use Sigma oc is activated if the soil bearing,
. ca i v
4 Padfoundations )
— — en activated the defined sigma oc value in the
«+ Maximum value of eccentricity erties is used instead of determining it via
Eccentricity limit 1 ) Independent | All (Bea... | Pad foun
4 Known soil capacity
b Use Sigma oc o Independent | All (Bea... | Pad foun
Ok Cancel

The design value of the bearing resistance is calculated as follows:

Y
Rd—A * Opq

A Effective area as defined in “general
God Design value of the admissible soil capacity, taken as oo
Goc Read from the Subsoil Library

22 MC — 2024/03/06



5.2.Sliding check
The Sliding check is executed according to EN 1997-1 art. 6.5.3 [Ref.1]

Hy <R;+ Ry,

The Sliding resistance Rq depends on the fact if the soil condition is drained or undrained.
The value R, 4 specifies the positive effect of the earth pressure at the side of the foundation.
Since this effect cannot be relied upon, this value is taken as zero in SCIA Engineer.

The sliding resistance is dependent on the condition of the subsoil.

a) - Incase the Type field in the Subsoil Library is set to Undrained.
R, = A’ Cud
ig=—
) 4: 37
Cud As defined in Ground properties
A Effective area as defined in “General”
YR Resistance factor read from the National Annex Setup

- Incase the checkbox Water/air in clay subgrade in the Subsoil Library is activated, it
means that it is possible for water or air to reach the interface between a foundation and an
undrained clay subgrade. Following EN 1997-1 § 6.5.3(12), the value of Ry is limited as
follows:

R; <04V,

Vd Vertical reaction as defined in “General”

b) In case the Type field in the Subsoil Library is set to Drained.

_ Vd * tan (6d)

R4
YRrh
Vi Vertical reaction as defined in “General”
dd Design friction angle at the foundation base

Dependent on the Cast condition specified in the Pad
Foundation Library:

. 2,
Prefabricated S*¢a
In situ 04

o', As specified in Ground properties

YR.h Resistance factor read from the National Annex Setup
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5.3.Eccentricity check

EN 1997-1 art. 6.5.4 specifies that special precautions are required for loads with large eccentricities:

Special precautions shall be taken where the eccentricity of loading exceeds 1/3 of the width of a
rectangular footing or 0,6 of the radius of a circular footing.
Such precautions include:

careful review of the design values of actions in accordance with 2.4.2

designing the location of the foundation edge by taking into account the magnitude of
construction tolerances.

It is common practice (although not required by EN 1997-1) to put some limit on the eccentricity
under characteristic values of actions.

This can done by checking if the design load is within a critical ellipse or critical diamond.
More specifically the eccentricity of the load should not exceed 1/3 or 1/6 of the width.

The maximal value of the eccentricity is defined in the Geotechnical Design Setup:

Geatechnics setup

sationat nnes [l

Description

4 Pad foundations

Find View = Standard

Symbol Value Default Unit  Chapter

» Eceentricity limit

4[Maximum value of eccentricity

4 Rnownsoll capacity

Use Sigma oc

Soz

Code Structure CheckTy...

Independent | All (Bea

Independent | All (Bea

Default

Remark

— Eccentricity limit 1/3
Eccentricity limit 1/6

ex

Tese

'ﬁ"’__ " [8/6

A6 AfE

Description: The eccentricity limit defines the maximum

allowable eccentricity

Application: The defined eccentricity limit defines how the
eccentricity is evaluated within the pad foundation check.
If no limit is set no evaluation of eccentricities is

performed

oK Cancel

Based on the maximal value an eccentricity check is executed as follows:

a) In case the maximal eccentricity is set to 1/3

(&) +(

2
1
) <3
9

The eccentricity check of 1/3 takes into account that the pad foundation will not lose contact with the
ground over more than half its width under the service loads.

b) In case the maximal eccentricity is set to 1/6

)

=4
A

24

& <
> <

(o

As specified in “General”
As specified in “General”
Read from Pad Foundation Library
Read from Pad Foundation Library
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ex

B/6

+ Vd B/&

= R

L/& L/6 xe

The eccentricity check of 1/6 takes into account that the whole pad foundation is under pressure.

The foundation will not lose contact with the ground over the whole area.

c) In case the maximal eccentricity is set to No limit
In this case there is no limit i.e. any eccentricity is allowed. The unity check is then set to 0,00.

Following EN 1997-1 it is not required to put limits on the eccentricity calculation

5.4. Uplift check

In case the vertical design loading V4 is negative, it implies that the pad foundation is in tension and may
thus be ‘uplifted’ from the ground.

The uplift check is written out as follows and is executed instead of the Bearing, Sliding and Eccentricity

checks:
|P| < Gq
P: The vertical Rz reaction as specified in “General’
Gy The weight of the foundation and any backfill as specified in “General”

MC — 2024/03/06
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6. Pad foundation Autodesign

Autodesign of a concrete pad foundation is located in the actions window of geotechnics:

Main Menu > Design > Geotechnics > Pad foundation

check.

The autodesign can run after the calculation. The filter will be automatically switched to Pad foundation when

choosing Autodesign.

(5]

RESULTS (1)

Name

¥ SELECTION
Type of selection

EC-EN 1997 Pad foundation check

All e

Alx

Filter Pad Foundation
Pad Foundation PF1
¥ RESULT CASE
Typeofload Classes i
Class GEO v
Extreme  Global v
Values UC Overall i
interval (O )
¥ QUTPUT SETTINGS
Output  Brief i
Print combination key (@l
¥ DRAWING SETUP
Display value (%)
Display unit (%)
Display value name (@Y
Envelopes drawing 0 to extreme v

¥ ERRORS, WARNINGS AND NOTES SETTINGS
Show Information about warningsin R... (

Show errors  All v
Show warnings  All ~
Show notes  None ~

Show table with explanation of Warnin... (

ACTIONS 2%
Refresh

(>) New combination from Combination key
@ Autodesign
(>) Results table

When starting the Autodesign, the following dialogue is opened:

Autodesign of the pad foundation

Autodesign

Maximum unity check: 3.009

Maximal check

Next down Next up

Search for optimal

Direction Up & down ~

Parameter

1 - dimension: A v

Param. Value [m] \utodesigr Relatedtc
1A 2,200 Yes  No

Setvalue Select/Deselect All

b=1.500
L

Ratio List  Step[m] Min.[m]
No v 0,100 0,100

Test relations

Max. [m]

2,000

Cancel

You can choose which parameter has to be considered in the Autodesign. When you select the ‘Advanced

autodesign’ multiple dimensions can be selected to be

Autodesigned.

Next step is to click ‘Search for optimal’ to find the optimal dimensions of the selected pad foundation. This

means that the maximum unity check has to be smalle

After clicking ‘OK’, the pad foundation is automatically replaced with the new designed one.

26
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Chapter 3: Foundation strips

A linear support may be defined in the form of a foundation strip. The supporting is then specified by the
properties and dimensions of the strip together with the properties of the soil below the footing surface.

1. Definition
Insert a line support on beam and choose as Type the Foundation strip.
|87 Line support on beam e
Name Slb1
Type Foundationstrip v
Subsoil subl L.

Width b [m] 1,000

Height h [m] 1,000
Stiffness X [MN/m*2] 3,5000e+00
Stiffness Y [MN/m"2] 3,5000&+00
Stiffness Z [MN/m*2] 3,5000e+01
Stiffness Rx [MNm/m/rad] 2,9167e+00

4 Geometry
System LCS
Extent full v
Coord. definition Rela v

Position x1 0,000
Position x2 1,000

Origin From start w

The stiffness of the foundation strip is defined by its width, height and the subsoil.
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Chapter 4: Geologic profiles, Geologic areas and Boreholes

the area where soil properties between boreholes is inter- and extrapolated.

The 3D model with defined subsoil and geologic profiles displays the subsoil surface. This surface defines

Boreholes together with geologic profiles provide the program information relating to the composition of the
foundation soil. Both data are necessary to calculate the interaction between the structure and the soil below

It.

To insert geologic profiles, geologic areas and boreholes in SCIA Engineer, you have to check the

functionality ‘Soil interaction’.

1. Geologic profile

Project data

Basic data Functionality Actions Unit Set Protection
GENERAL
Property modifiers
Model modifiers
Parametric input
Climatic loads
Mobile loads
Dynamics
Stability
Monlinearity
Structural model
IFC properties
Prestressing
Bridge design
KP1 application
Excel checks

Substitution beam

DETAILED
4 Subsoil
Soil interaction

Pad foundation check

.

Steel
Fire resistance checks
Steel connections
Scaffolding
7DoF 2nd order analysis for LTB
Atlas Beam Check
Girders with sinusoidal webs

4 Concrete
Code dependent deflection

Composite

.

Fire resistance check for columns

OK Cancel

You can define a new geologic profile in the Geologic profile manager via Main menu > Libraries > Subsoil
and foundation > Geologic profiles

SCIA Engineer

DG Xwm@ o

£ Layers
B Materials Ctri+M
I Cross sections Cerl+d
(B picture gallery
[ Paperspace gallery
Load cases, combinations >
Loads >
Structure and analysis >
Tools »
Steel >
Concrete, reinforcement >
Composite >
Subsoil and foundation > | o subsolls
Drawing tools > || Geologic profiles
P Geologicareas %
é Pad foundations
B Geolagic profiles X
HEAEFE «» O wB@ A v Y
GP1
Geologic profile 'Y
Thicknsss =2.00[m], Edsf = 15.00[MN/m2], Weight = 15.00[kN/m"3]
Name GP1 .
Water level 1,000
Non-compr
4 Layers
b1 —
v o2

Thickness = 5.00[m], Edef = 1.50[MN/nr"2], Waight = 14.00[kN/m"3]

Name  Thickness [m] Edef[MN/m*2] Poisson  Dry weight [kN/m*3] Wet weight kNfm"3] m

1 2,00 15,00 0,200 15,00 20,00 0,20

2 Clay 5,00 1,50 0,400 14,00 14,00 0,20

* 0,00 0,00 0,000 0,00 15,00 0,20
New | Insert | Edit | Delete

Water level 1,000 m Name lsP1

Non-compressible subsoil below the last inputted layer oR -
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1.1.General geologic profile parameters

Water level

Name

Not compressible subsoil

Defines the level of underground water. The water level influences the
parameters of the soil.

Specifies the name of the geologic profile.

If ON, the program applies coefficient of depth reduction k2 in
compliance with CSN 73 1001, art. 80.

Numerically it means that the damping of stress component sz in the
half-space is slowed down. All components of elastic-half-space-stress-
tensor are calculated in this reduced depth. It is just an approximate
calculation, not an exact solution of the elastic layer. The difference is
however negligible in comparison with other inaccuracies.

1.2.Layer-related parameters

Name
Thickness
Edef

Poisson

Dry weight

Wet weight

m

Name of the layer.
Thickness of the layer.
Module of deformation (see Annex 2).

For geotechnical categories 1 and 2 the indicative value from e.g. CSN
73 1001 can be used, for category 3 a survey should be carried out to
provide the value.

Coefficient of transverse deformation (range: 0 — 0.5).
An indicative value or experimentally found value can be used.

Specific soil weight for dry soil, normally within the range from 18 to 23
KN/m3,

Specific soil weight for wet soil.
Structural strength coefficient.

Dimensionless value in the formula for settlement according to CSN 73
1001.

o, .o

i~ " Yo h
E———

E
i=1 cedi

Ty
]
[

Table 10 in the standard states indicative values for various soils in the
range from 0.1 to 0.5. For category 3 it is advisable to consult the
engineer who carried out the survey of the locality in question.

For other codes (other than CSN) this coefficient is equal to 0.2.

To edit the content of the table, it is possible to copy and paste the content from the clipboard.

Note: The geologic profile must be defined up to such a depth where the effective stress is still active,
otherwise the program does not have enough information.

MC — 2024/03/06
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2. Geologic area

The basic surface polygon has been divided to the separate areas which are inter- and extrapolated, but the
first area does not affect the next one. Different number of layers in the geologic profile may be used in
different areas. For example: 5 layers in all boreholes in area 1 and 8 layers in all boreholes in area 2.

The line between 2 geologic areas is a geologic fault.

Green: basic outline of the subsoil surface
Red (right side): geologic area 1
Blue (left side): geologic area 2

Red-Blue line: geologic fault

A new geologic area can be defined in the Geologic area library which contains the geometry (4 points) and
can be opened via Main menu > Libraries > Subsoil and foundation > Geologic areas

B Geologic areas X

FARBFE «2 D @B a Y |

iGAL

X2 x1

Mame GA1

X1 [m] 0,000
Y1 [m] 0,000
X2 [m] 0,000
Y2 [m] 0,000
X3 [m] 0,000
Y3 [m] 0,000
X4 [m] 0,000
Y4 [m] 0,000

Actions

Init from soil surface ==

New Insert Edit Delete Close
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3. Boreholes

A borehole is fully defined by the (i) corresponding geologic profile, (ii) location and (iii) altitude. Usually a set

of boreholes will be defined and thus they can be used to calculate and display the surface of the land in
their surroundings. This surface can be used for impressive presentations of projects. The surface itself is
not taken into account during the calculation.

The following picture shows an example of defined boreholes. The rectangle represents the patch of land
over which the soil properties can be inter- and extrapolated.

Next picture shows the calculated surface.

T
i il B ey

A e e e e B
i S S o g, T

There is a possibility to use the borehole as a sand-gravel pile. The sand-gravel pile consists from the

geologic profile and a geometry which defines its outline. The sand-gravel pile outline has the same behavior

as a geologic fault.

MC — 2024/03/06

EzS
;_L 24 Red (left side): sand-gravel pile with diameter 1m
- Blue (right side): standard borehole

= Both are displayed inside the subsoil surface outline
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A new borehole can be defined via Input panel > Boundary conditions > Borehole profile.
INPUT PANEL

é All workstations v
= All categories e
@ All tags

¥ BOUNDARY CONDITIONS
‘b Support in node

4’ Supporton 1D

a4 Linesupporton 1D

EE; Borehole profile

[
8" Borehole profile X
Mame BH1
Results only
Geological profile GP1 ¥ .
Sand-Gravel Pile
OK Cancel
3.1.Borehole parameters

Name Identifies the borehole profile.
Coord X, Y, Z Coordinates of the inserting point of the borehole.
Results only When the calculation is performed, you can obtain a table of settlement.

The values of settlement are calculated in places where boreholes are
located. The borehole itself (the corresponding geologic profile) is also
used as an input value for the calculation of interaction between the
structure and the soil.

However, it is possible to exclude some boreholes from the input data
and use them only as the location for the calculation of results —
settlement.

If this parameter is ON, the geologic profile defined in the borehole is
ignored, the conditions in this place are interpolated from surrounding
boreholes, but final settlement is calculated in this location.

Geologic profile Specifies the geologic profile corresponding to the location of the
borehole.

Sand-gravel pile Defines if the borehole is used as a sand-gravel pile.

Radius Specifies the radius of sand-gravel pile.

Note: After some modification (especially modification of the position) of the borehole, it may be necessary
to refresh the surface.

32 MC — 2024/03/06



4. Soil pressure and water pressure

Several types of load (point force, line load and surface load) can be defined as what is called "soil pressure"
or "water pressure ". Both loads are quite related and will be explained together.

Both load types appear only if a structure is located underground. Depending on the surrounding soil, level of
underground water and depth below the surface, the program automatically calculates the soil pressure and
water pressure.

In depth h (point @), the intensities of the generated loads are:

If a is located above water level

(h <= Hd), then (h * Gdry)

SigV,a If ais located below water level

(h > Hd), then (H'd * Gdry + H'w * Gwet)

It works ONLY in the negative direction of global Z-axis!
SigH,a SigH,a = SigV,a * k0

If a is located above water level

(h <= Hd), then ( 0)

If a is located below water level

(h > H’d), then (H'w * Gwater)

SigW,a

This would lead to a distributed load as in the image below:

SigH SigH
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Water and soil loads can be inputted for the following load cases:
e action type = "permanent" and load type = "standard",

e action type = "variable" and load type = "static".

The procedure to input soil / water pressure:
1. Open the input panel
Start the required load type (point, line, surface).
Adjust the parameters - see below.
Confirm with [OK].
Apply the load on required entities.

o~ wN

4.1.Soil/Water load parameters

In addition to common parameters for point, line and slab load, this load type requires the input of the
following data:

Type Must be set to Soil pressure or Water pressure.
o Only for line load.
Distribution . . .
The line load may be uniform or trapezoidal.
. Only for point load.
A : .
cting area Defines the acting area for the load.
. . Only for line load.
Actin dth . . .
Ing Wi Defines the acting width for the load.
Only for soil pressure.
- This coefficient must be defined for horizontal soil pressure. It specifies the
Coefficient . . . .
ration between vertical and horizontal soil pressure.
(I.e. for vertical pressure it should be equal to 1).
Borehole profile Specifies the borehole that is used for the generation of the pressure.

The soil / water pressure is displayed as shown in the picture below.

[

¥

.

e
1

-

[l

Both are generated (orange) loads. The generated soil pressure (left part) reaches just to the top of the
borehole (that was used as the reference borehole). The generated water pressure (right part) is defined
only below the level of underground water. So if the whole model is above the water level, no pressure is
generated at all.

The calculation considers these generated load.
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Chapter 5: Soil-in

The analysis of foundation structures is challenged by the problem of modeling of the part of the foundation
that is in contact with subsoil. The best solution is to use a 2D model of the subsoil that properly represents
the deformation properties of the whole under-foundation massif by means of a surface model. The
properties of such model are expressed by what is called interaction parameters marked C. These
parameters are assigned directly to structure elements that are in contact with the subsoil and they influence
the stiffness matrix.

The parameters of the interaction between the foundation and the subsoil depends on the distribution and
loading level, or the contact stress between the structure surface and the surrounding subsoil, on the
geometry of the footing surface and on mechanical properties of the soil.

Calculation module Soil-in takes account of all the mentioned dependencies.

As the C parameters influence the contact stress and vice versa — the distribution of the contact stress has
impact on the settlement of the footing surface and thus the C parameters, it is necessary to use an iterative
solution.

The results from the soil-in iteration are the C-parameters C1z, C2x and C2y. The parameters C1x and Cly
are always defined by the user.

e Cl1z - resistance of environment against wP (mm) [C1z in MN/m3]
e C2x - resistance of environment against wP/xP (mm/m) [C2x in MN/m]
e C2y - resistance of environment against wP/yP (mm/m) [C2y in MN/m]
e Clx - resistance of environment against uP (mm) [C1x in MN/m3]

e Cly - resistance of environment against vP (mm) [C1ly in MN/m3]

Note: Usually, C2x is considered equal to C2y and C1x equal to Cly, because the calculation is done by so
called isotropic variant of the calculation of C2 parameter.

1. Soil-in calculation

The soil-in calculation is available when the functionality Soil interaction is active.

Project data X

Basic data Functionality Actions UnitSet Protection

GENERAL

Property modifiers
Model modifiers
Parametric input
Climatic loads
Mobile loads
Dynamics
Stability
Nenlinearity
Structural model
IFC properties
Prestressing
Bridge design
KP1 application
Excel checks

Substitution beam

DETAILED

4 Subsoil

Soil interaction
Pad foundation check

4 Steel

Fire resistance checks

Steel connections

Scaffolding

7DoF 2nd order analysis for LTB
Atlas Beam Check

Girders with sinuscidal webs

4 Concrete

Code dependent deflection

4 Composite

Fire resistance check for columns

OK Cancel
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The Soil interaction is available only for Plate XY and General XYZ type of project.
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1.1.Subsoil in the 3D model

The subsoil in the 3D window is defined as a soil surface and a soil borehole. The geologic profile is defined
for each soil borehole. The position and the composition of the geologic profiles provide information about

the subsoil.

The level of the foundation base is considered on the bottom surface of the plate. The eccentricities are also
taken into account.

Surface support

The interaction between the structure and subsoil is calculated if the structure is put on a support of "Sailin"

type.

17 Surface support on surface X

Name 551
Type Seilin N a

Individual -
Both

OK Cancel

Name: Specifies the name of the support.
Type: Defines the type of support — see below.

36

Individual:

A particular subsoil type is assigned to the slab.
The subsoil is defined by means of C parameters. These user-defined C parameters are used
for the calculation (e.g contact stress of the foundation surface)

Soil-in:

For such a support, the interaction of the structure with the foundation subsoil is carried out by
means of the SOIL-IN module.
All initial values of C parameters are defined in the Solver setup.

B Solver setup X

I Other types of beam .
4 [nitial stress
Initial stress
4 Soil
4 Soilin
Step for soil/water pressure [m] 0,500
Soil combination CO1 v
Maximum soil interaction iterations 10
Cix [MN/m"3] 1,0000e-01
Cly [MN/m"3] 1,0000e-01
C1z [MN/m"3] 5,5000e+00
C2x [MN/m] 2,0000e-01
C2y [MN/m] 9,0000e-01

Thickness of loose layer at contact level [m] 0,000 v

B A & OK Cancel

Parameters C1z, C2x, C2y are calculated by SOIL-IN module, C1x and C1ly are taken from the
solver setup.

Both:

Both of the above mentioned types are combined on the same slab.

The user defines which C parameters will be user-defined and which ones will be calculated by
SOIL-IN module. The parameters C1z, C2x and/or C2y that are set in the subsoil-property
dialogue as zero will be calculated by the SOIL-IN module. Nonzero parameters will be taken
as they are inputted in the Subsoil. Parameters C1x and Cly are always defined by the user.
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Layers approximation

When more borehole profiles are used in the project then it must fulfil one important condition — the same
number of layers. This is required because of the soil-in approximation.

If there is some layer missing in one borehole, then it can be substituted by a layer with minimum thickness —
e.g. Imm so the soil-in has appropriate number of layers for approximation
1.2. Settings
There are some parameters that are required in a project in order to do a Soilin-in calculation:
e Project with at least one borehole with predefined geologic profile
e  Structure with surface support type Soilin or Both
e Load

e Combination type Linear (ULS or SLS)

There are also several settings for Soilin in the Solver setup:

B Solver setup "
I Other types of beam N
4 Initial stress
Initial stress
4 Seil
4 Soilin
Step for soil/water pressure [m] 0,500
Soil combination €01 v
Maximum soil interaction iterations 10
Clx [MN/m*3] 1,0000e-01
Cly [MN/m"3] 1,0000e-01
Clz [MN/m"3] 5,5000e+00
C2x [MN/m] 9,0000¢-01
C2y [MN/m] 9,0000e-01
Thickness of loose layer at contact level [m] 0,000 .
B mA A OK Cancel

Soil combination: linear combination which is used for the soil-in calculation. Even though it is not an exact
solution, for practical reasons the C parameters are not calculated separately for each load case or each
load case combination. The user must specify one particular reference combination that is used to calculate
the C parameters. The calculated C parameters are then applied in all remaining defined load cases and
combinations.

Max soil interaction step: number of iteration cycles (when the program stops iterations if there are still no
proper C parameters calculated, in case those results diverge), the max. limit is 99 steps.

Clx, Cly: parameters defined by the user.

Clz, C2x, C2y: initial values for soil-in (if the support type is Soilin).

MC — 2024/03/06 37



Topic Training — Foundations

1.3.Soil-in iterative cycle

The values from the top structure and the foundation are calculated by FEM. The values are used as the
source data for the soil-in.

The iterative process is finished when the contact stress o and displacement u; does not change
significantly in the two subsequent iterations. The special quadratic norms are evaluated in the each iteration
cycle to find out if this condition is fulfilled.

Diagram of the iterative cycle:

1)
2)
3)
4)
5)

6)
7

8)
9)

(Solver setup)

\ 4

“ (8)
Structure and foundation h ‘ New C parameters l

! 2 3

S (ﬁ)i
q oil-in
e Lo Calculation of new C parameters

\ 4 *

SU
(! contact stress)

Comperison —

F
(1
Inital G parameter
-

6
Change of loading
(based on contact stress)

¥

Final results

The values are taken from the solver setup, predefined by the user.

Data from the structure and its foundation.

FEM calculation — important results for soil-in contact stress o, and displacement u..
The results of i iteration.

Comparison of the contact stress 0; and u; — it is based on the quadratic norms, when it does
not change significantly, then the calculation is done and SCIA Engineer displays results.

1st step of soil-in — the contact stress is recalculated to the new loading.

24 step of soil-in — the C parameters are recalculated, new loading is taken from the previous
step.

3 step of soil-in — final C parameters from soil-in - the new input data.

New C parameters are used for the next FEM calculation.

There is a message when the last iteration is done.

38

SCIA Engineer: End of analysis x

Mesh generation: OK
Calculation of static load cases: OK
Calculation of soil-in: OK

- Soil-in finished with iteration no. 3.
- S0il-in calculation was performed for combination: CO1
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2. Results of soil-in

2.1.Subsoil C parameters
Via Main menu > Results > 2D members > subsoil C-parameters the results for the subsoil can be checked.

The C parameters are calculated for the mesh on the 2D member. It is displayed by the colour planes.
The results can be displayed for each C parameter.

(5
[ RESULTS (1) A | X
Name 2D subsoil - C parameters
. SCIA Engineer ¥ SELECTION
q Type of selection  All v
@' SCiA 2130654 e T
9] S Location In cel v
DG X m@ © o @ = -
& Caleulation protocol Extreme  Mesh -
. Values C1_z v
it Nodal displacement standardresuit | €12
. | ax
{02 30 deformations Results on sections | ¢y
— Results on edges | C1.x
{o} 3D stresses
‘5‘ v TABLE SETUP .y
8! Animation window Name @D
Mesh
Supports » position @Y
1D members > e
a: @
2D members ¥ | @ Deformations ax
Q )
Storeys > & Internal forces o
ax @
[7f] Eigen frequencies s Stresses/strains oy @
[la] Critical load coefficients ‘Q?Dx Contact stresses One value per column (O )
. 5 | ACTIONS >»
Bill of material N . I =
F ‘QQ Subsoil - C parameters (Soilin) I} <> Refresh F5
i Thickness of slabs - - | ® Drawing setup 20
= - Numerical error & mesh refinement © Feitstable
= g Surface loads |17 report e
c | port preview
# SCIA 210000 CO4TVED-Z2-TZM3:5.0001 -V10a- Update 1F Baam Sices | 17nowmae | Padroundstion IR +
DB X@m@ oo @ Pleaseclck hvear pross Spoce ncl bype your text_ R il 1t oes beiow
g 20 subsoll - C parameters =
Values: C1z 65330 400 E
‘Combination: CO1
B s
Location: In centres. System: LCS. 6.00008 400 g
550002400
5.20008 400
P
900400
000400
360000400
34300
*
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2.2.Results 32-bit

Soil stress diagram

The settlement is calculated for each mesh element (in its centre of gravity) and for each borehole inserting
point. The checkbox Results only exclude a borehole inserting point from the input data. It means that the
point is used for the calculation of settlement but the geologic profile is not taken into account for the layers
approximation.

The points for the settlement calculation are shown when selecting Soil Stress Diagram in the actions
window of Results > Subsoil — Other data.

Actions

Soil Stress Diagram

| Preview

Green vertexes displayed on the plate are centres of elements from the 2D mesh, outside the plate are
inserting points from boreholes.

The vertical axial components of stress and the structure strength (consequently the depth of the deformed
subsoil zone) can be displayed for all points from the 2D mesh and for the inserting points of the boreholes.

User just selects the point and the diaﬁram is disElaied.

Borehole 92| X=5208m|Y=1415m

:|' 0.150m

Soil point: |82

Coordinates
X= 5298m

Y= 1415m

Previous Next
Send Picture to Document

sigmz

o0 200 400
w0 o L

Limit depth = 4.629 m

Close

e Previous: displays the Soil Structure Strength for the previous node

e Next: displays the Soil Structure Strength for the next node

e Borehole: displays the Soil Structure Strength for the selected borehole inserting point
e Soil point: node number

e m*Sigma,or: the original soil stress

e Sigma,z: the overstress
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The Soilin module calculates two stresses: the overstress Sigma,z and the original soil stress
Sigma,or. According to theory, settlement will occur if Sigma,z > m * Sigma,or.

The m-value is code dependent: (i) for the CSN code it can vary, for EC & DIN it is fixed at 0,2. It practically
means that settlement occurs in case the overstress is bigger than 20% of the original soil stress.

The picture shows these two lines: Sigma,z in blue and m * Sigma,or in red. The program is looking for the
intersection of the two lines: all layers above have Sigma,z > m * Sigma,or and settlement occurs in them
and all the layers below have Sigma,z < m * Sigma,or, which means that no settlement is there. The depth
at which the lines intersect is called the "limit depth”

In case the user has not input a sufficient geological profile i.e. not deep enough, the intersection point
cannot be determined. It means that the calculated settlement will be too small since there are still deeper

layers which will also be compressed and will thus settle. Therefore, the program gives a warning that the
geology is "Insufficient".

Settlement table
The table is displayed in the Subsoil — other data results. The preview table contains values w for each node.
The settlement w is different from displacement u; of the foundation plate because w is calculated without

stiffness of the structure and from the penultimate iteration. Therefore it is useful to watch values w only
outside the foundation (see chapter additional plates to check the settlement around the surface support).

Preview

B =0 =i - | 0
Subsoil - Other data
Selection : All
Combinations : CO1
Element X Y w
[m] [m] [mm]
1 0.202 0.202 43
2 0.607 0.202 51
3 1.011 0.202 52
4 1.415 0.202 53
5 1.820 0.202 55
6 2.224 0.202 56
7 2.629 0.202 57
8 3.033 0.202 58
9 0.202 0.607 51
10 0.607 0.607 47
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Results for each iteration cycle

When the soil-in does not finish its iteration process in a standard way, the calculation ends after the
predefined number of cycles (the solver setup). User can display the contact stresses on the plate for each

cycle separately so he is able to find the problem.

The calculated contact stresses for each iteration cycle can be found in the results.

Properties o x
Contact stresses (1) m m V/ &
& &

Mame Contact stresses
Al

Soilin lteration

Iteration 1

Filter Mo -
Location In nodes, avg. -
Standard v

Section

Values sigmaz Iv
Extreme Mo -

Drawing setup 2D

First iteration cycle:

sigmaz [kPa]
Constant value 30.0

Vo

=

Second iteration cycle:

42

sigmaz [kPa]

291
280

sigmaz [kPa]

27z
28.0
5.0
240
230
20
2.0
0.0
19.0
18.0
17.0
18.0
143
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2.3.Additional plates

Soilin is a tool which calculates C parameters of the subsoil under the surface support. Using additional
plates around the support provides more realistic results.

About C parameters:

1.

C parameters are parameters of interaction, so their value depends on the structure, load,
stiffness and subsoil. Change in any of those parts causes different C parameters.

The whole plate is supported vertically by the soil stiffness — parameter C1 (winkler) and also in
the shear direction — parameter C: (pasternak).

The plate edges are more supported by the C2 parameters because it is affected by neglecting.

The area around the support is affected by the shear stiffness of the soil and the degrease
basin is created.

~ it v v

o

The degrease basin can be substituted by spring supports around the plate — this is done
automatically in SCIA Engineer when user does not add plates around.

When user uses the plates around the support, the springs are not added and the C
parameters are calculated for the whole area.

Settings for soilin calculation

1. The functionality Subsoil and Soil iteration must be checked.

Project data %

Basicdata Functionality Actions Unit Set  Protection

GENERAL DETAILED
Property modifiers 4 Subsoil
Model modifiers Soil interaction
Parametric input Pad foundation check
Climatic loads 4 Steel
Mobile loads Fire resistance checks
Dynamics Steel connections
Stability Scaffolding
Nonlinearity 7DoF 2nd order analysis for LTE
Structural model Atlas Beam Check
IFC properties Girders with sinusoidal webs
Presiressing 4 Concrete
Bridge design Code dependent deflection

S

KP1 application Composite
Excel checks Fire resistance check for columns

Substitution beam

OK Cancel
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2. One combination must be linear - this combination is used for soilin calculation.

"7 Combinations x
o i B &2 T Ihputcombinations v
ico1 Name €01
Description
Type Linear} serviceability
+ Contents of co...
L1 1,00
New Insert Edit Delete Close

3. This linear combination must be selected in Solver setup to run soilin with it.

B FE analysis X

1
Calculations Average number of 10 mesh elements

Average size of 1D mesh element on cu 0,400
Linear analysis

Average size of 2D mesh element [m] 0,400
Load cases: 1

Connect members/nodes
Other processes b Advanced mesh settings
Test input of data 4 Solver setup

Specify load cases for linear calculation
Save project after analysis

4 Advanced solver settings
The project version will be updated.

P General
P Effective width of plate ribs
P Initial stress
4 Soil
4 Soilin
Step for soil/water pressure [m] 8,500
Soil combination €01 v
Maximum scil interaction iterations 10
C1x [MN/m*3] 1,0000e-01
Cly [MN/m*3] 1,0000e-01
C1z [MN/m*3] 5,5000e+00
C2x [MN/m] 9,0000e-01
C2y [MN/m] 9,0000e-01

Thickness of loose layer at contact e 0,000
Calculate

4. The project must contain a borehole with geologic profile.

1 @

BOREHOLE PROFILE (1) 4]

[
B

"7 Geologic profiles X Name BH1
- Coord X [m] 0,000

iR as O mB A

=y CoordY[m] 0,000

<
-

CoordZ [m] 0,000

Resutsonly (O )
Geological profile  GP1 =
50[m], Edef = 4.00[MN/m"2], Weight = 17.00[N/m"3] Sand-Gravel Pile CD

Name

Water level [m]

Thickness = 15.00[m], Edef = 10.00[MN/m''2], Weight = 18.00[i2/m"3]

Non-compressible subs

+ Layers
i §
o2

Mew | Insert | Edit || Delste 0K

5. The project must contain a surface support type soilin.

2

= SURFACE SUPPORT ON 2D (1) (A
=/

Mame 553
Type Soilin L\\, A4
2D member
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How to calculate the plate without soilin

1. Open the project “soilin_start.esa”.

2. There is one plate with the surface support type Individual. This type of the support has constant
parameters C1 and C2.

SURFACE SUPPORT ON 20 (1) A

Name SSL

Type  Individual

Hill ¢

Subsoil  Subl v T

2D member

7 Subsoils X

HIZME o O A@E M * Y

{Subt. Name Sub1

Description
CLx [MN/m?3] 5,0000+01
Cuy [MN/m"3] 5,0000¢+01
Ciz Flexible =
Stiffness [MN/m*3] 5,0000e+01
C2x [MN/m] 3,0000&+01
C2y [MN/m] 3,0000e+01
“ Parameters for ...

0

Undrained v
Water/
Specific weight [kg/m 0,0
Fi' [deg] 0,00

Sigma oc [MPa] 0.0

eu [kPa] 0.0

clay suby

New | Insert | Edit | Delete oK

3. Run the linear calculation with the default settings.
4. Display the results for internal forces. There are no results for C parameters.

5. Internal forces - for example vy:

£
RESULTS (1) A X
1
sl [l Nama_30 emal orces
22 ~ secnon
& Typeotseection Al
o A Ne
ox ~ wesur aase
i Typeofiosd Combinations
ox
Combravan
o
an Eelope (for 20 dawing)
am T en)
100
s
Typeofvaives  Basic o
Vet vy
~ OUTRIT SETTINGS
Print combination key @
FR—
Resuts onsectons ()
hesdtsonedges (30
~ st serue
Home
e
Powton
— o
S mx

sy

«
o«
«
[ S
«
«
«
o«
«
o«
«
«
(on)]

F One valie per cohamn
7  ERRORS, WARNIGS AN NOTE:
. Showinformation sboct maring:

8 o
e Show table with explanationof warnn.. (1)
acrons
L 2 ket s
L (©) Mew combinaton from Combination key
— © onveg wup
o 2 © Fesits e
e TT Report preview
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How to calculate the plate with soilin

Change the support type to sailin.
Run the linear calculation again.
Go to the service Results. Display the results for internal forces and soilin for combination CO1.

P w NP

Internal forces - vy:

fms
RESULTS (1) AX
o

 (kvm]
|

e v seecTon

.0 Typeof ekecton Al

500 e Ne

bt - RESUT CASE B

20 Typeofiaad Combinations
Combmation €01

£ Emvelape for 20 dowing)  Absolute extreme
€0 Avnngegolpek (0

Location _ Inodes avg. on macro
Sysem LS mesh element
40 Exteme  Globat

753 Typeol values  Basic magntudes

Voes vy

v OUTAUT SETTIGS
Print combination bey @7

Stancant ot @

Results on sectons ()

Restsonedges ()

v TABLE SETUP
tome @
e @
rowion @

— e @

<2a:
[

p
i
H
k
3
§

aéloaia/aaalaals

F v ERAORS, WARNNGS AND NOTES SETTINGS
‘Show Information about warnings n &
1
:J S
! Show warrings  All

o+ | Shoutsbemth opunssnoiwamn. (1)
Acons
g £ e s
(] | © rewcombinstontom cominason ey
L— = © o sup

-, 2 © Pt
7 Peportpreiew

fms

215100001

RESULTS (1) A X
Name 20 subsoll - C parameters

€1 MVm *)

v sELECTION
Type ot secton Al
R Ne
Locaton
System
Extreme Mash
Voives
Standard resutt
Resuls on sections

ety o s

- TABLE SETUP

Hame
ven
==
Ca

R CEEREEEE

ax
ax @
ay
ax @
ay @

Onevolue per coimn (0

AcTioNs >

— £ Refresh s

e © Drawing setup 20

© resois e

T Report preview

dEeso=[Aaa

@
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6. 32-bit: Subsoil - Other data (see the preview with the table for the settlement):

Subsoil - Other data

Selection © All
Combinations : CO1
Element X Y w
[m] [m] [mm]
1 0.152 0.150 07
2 0.457 0.150 11
3 0.761 0.150 1.5
4 1.065 0.150 16
5 1.370 0.150 14
6 1674 0.150 20
7 1.978 0.150 22
8 2.283 0.150 24
9 2.587 0.150 23
10 289 0.150 18

7. 32-bit: Subsoil - Other data - use the action button "Soil Stress Diagram" and select one green
vertex:

8. 32-bit: A new dialogue appears - there is a stress diagram for the selected mesh element:

Soll Structure Strength

Borehole 198 | X=4.109 m | Y= 2550 m
’ﬁ 0075 m

e
Soil point: ----- — /

Coordinates

X= 4109 m

Y= 2550m >(
Previous Mext

Send Picture to Document
sigmz
.0 o0 .0
wee | |y
Limit dpth
Close

The edges of the plate are supported by springs automatically.

How to create the additional plates

Use the same project.
Create a new plate.

Set the thickness of the plate to 1mm.

W R

Create 4 plates around the surface support according to the picture. The width from the original
plate is 3m.

®

3000
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Add the surface support type soilin on those plates.
Run the linear calculation with the same settings again.

Go to the service Results. Display the results for soilin.

© N o g

Subsoil - C parameters - parameter C1z:

RESULTS (1} A X

1, (Mm%
T

9. 32-bit: Subsoil - Other data (see the preview with the table for settlement):
Subsoil - Other data

Selection @ Al
Combinations : CO1
Element X Y w
[m] [m] [mm]
1 0.152 0.150 06
2 0.457 0.150 08
3 0.761 0.150 1.1
4 1.085 0.150 13
5 1.370 0.150 14
6 1.674 0.150 16
7 1.978 0.150 1.7
8 2283 0.150 18
9 2587 0.150 18
10 287 0.150 19

10. 32-bit: Subsoil - Other data - use the action button "Soil Stress Diagram" and select one green
vertex.

11. 32-bit: Stress diagram for selected mesh element:

Borehole 412|X=6.230m|Y=5250m

Seil point: | 412

Coordinates

007

X= 623em

Y= 5250m

Previous Next
Send Picture to Document

Limit depth = 4893 m

12. The interesting results are deformations.
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13. See the result "Displacement of nodes", value Uz on Deformed structure:

ucfmm] |

The deformed structure shows the degrease basin.

3. Advanced tips

3.1.The effect of the subsoil outside the structure
The nearest subsoil around the loaded structure is also affected by its settlement. The better realistic picture

how it works in the reality is displayed below.

Irrxr=740

Calculation of the nearest surrounding of the structure is a specific use case. It is recommended to add one

more plate to the structure for this purpose — additional subsoil element.
The new plate should be inserted with the minimum thickness (e.g. 0,01mm) and placed next to the

foundation.
The C parameters for this affected subsoil around the structure are calculated this way also.
The deformed subsoil calculated by the SCIA Engineer:

Calculated C parameters:

The structure is marked by the black rectangle and around this is one more plate - surrounding plate — with

thickness 0,001mm.
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3.2.Automatic calculation of the edge supports

When the user does not use any subsoil elements then the program will eliminate the neglect of the subsoil
on edges by an automatic inserting of vertical supports on the foundation edges.

The calculation of those supports is based on already known C parameters. The program tries to support the

plate in the same way as it should be supported by the subsoil itself. This leads to approximate model where
the sum of reaction is contact stress with reactions in those nodes.

This solution can be sometimes undesirable — e.qg. if there is a second foundation near by the calculated one
or there is some other support under or near the foundation edge.

This automatic input can be avoided manually. User can insert a spring with a small stiffness on the plate

edges and then the system won’t use automatic input of vertical supports. This could be the additional
subsoil elements.

3.3.Pad foundation and soil-in

The pad foundation is not connected with the soil-in calculation.
How to use soil-in for the pad foundation check:

1. Create an additional structure to calculate the C parameters in the nearest surrounding:

C1z [MN/mA3]
1.0000e+003

5.0000e+002
8.0000e+002
7.0000e+002
6.0000e+002
5.0000e+002
4.0000e+002
3.0000e+002
2.0000e+002
1.0000e+002

1.48132+001

Calculated C parameters on the surrounding plate —> C parameters for the pad foundation
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2. Calculated C parameters can be used in the Subsoil library. Put the values from the table to the
Subsoil library.

»  Properties ﬂz
[Support in node {1} V] \T: YA
Name Snl
Type Pad foundation Jhd
Angle [deg)
Pad foundation PF1 |
Subsal Sub1 - [
Stiffness X [MN/m] =
. B 7 Subsoils &
P2 LaliE BE[E 18| EE R ¢
g 2a o~ “ LY
review i = S =wEE [AII v]
2@ 38 H O CE— - 0 St Nare S
Decription
184 23| 17es8e+01| 1,0708e+01| 1.0708e+01 Ce [MN/m ™3] 5.0000e-01
455 <35[ 154572401 9.4114200 o e n
158 286 139842401 3,9088e+00 Cly [MN/m™3] 5.0000e+01
457 <57| 1.0850=+02 = Clz Flexible Jhd
5 coal| s L iesiil Stiffrizss [MN/m ™3] 2,7071e<00
439 +85| 27071=-02 1.48152+00 - ; 421500
90 490| 27471402 1,4815e+00 C2x [MN/m] 1-};159 o
431 s91| 228200402 148152400 148150

3. Run the linear calculation again.

4. Check the pad foundation in a standard way.

3.4.What if the model is correct but the iteration is not finished

Sometimes the model is correct but some circumstances may cause unfinished iterative process. The results
in cycles don’t lead to one set of C parameters but on the contrary, the results are more and more different.

This can be caused by some tensions in the foundation plate, specific foundation members and similar
problems.

How to solve those problems:

1. Itis necessary to check the model. It must be correct — the mesh elements are not triangular, the
element’s Z axis is upward, the foundation plate must be under the soil surface and so on.

2. 32-bit: Check the iteration cycles in results — contact stresses, type of loads — soilin iteration.
First few iteration cycles will be probably quite OK and after some time the results become messy.
Find one cycle (between those correct ones) where the results seem to be close to the reality —
e.g. 5thcycle. Use this value in the solver setup for number of iteration cycles.

Properties ﬂ ﬂ
[Comact stresses (1) v] AT: T
x
Name Contactspanningen
Selection Al hd
Soilin fteration hd
Soilin fteration lteration 5 hd
Fitter No Jd
Location In centres hd
Sysinfo Soll
Standand & - il
Section [m] el Smomatian =
Edge O Aax sod interaction step 10
Values sigmaz Ei D8 OF BOA SUMTACH Sernart im %

3. Start the linear calculation again, it will be finished after the 5th iteration cycle with results most
closest to the reality. The correct cycle is between 2nd and 5th cycle in the most cases.
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3.5.What if the load is wrongly inserted?

When the plate is not in compression, then soilin cannot be calculated properly.
There could be a message about wrong total resultant: “total resultant of all overloads is too small”

A
A=
Lol R
1 vy
SRS
7K L JAYRN
7> - ZBn
1\ L PRy
’ N T~ e
: ~. A
” A § e
1 S
,‘i * e
> \_/
£
£
’ <J-
71\ ;
SCIA Engineer: End of analysis X
o
/ N
& . . Mesh generation: OK
~ —— | Calculation of static load cases: OK - ‘b
* \ ‘\.\ Calculation of soil-in: NOT OK N
) \ - S
~ £ ~ Total resultant of all overloads is too small {0.0) 1 )
. 7l £NY
T d Calculation finished with error / e
™~ ¢ & 2
~ |
| | 3 QZ\\ b

This may happen when loads are from the bottom to the top as shown in the example above, or when there
is some change in local LCS of the plate.

3.6.What if the symmetrical structure gives non-symmetrical results?

This may happen when additional subsoil elements are not added around the structure.

Also when the soilin didn’t find the correct result and calculation is stopped too soon. (For example when
solver setup defines only few soilin cycles.) When the amount of iterations set in the solver setup is
insufficient, the following message will be shown: “do you want to ignore an insufficient number of iterations
in SOILIN and thus permit the display of the results?”. When clicking ‘yes’ you accept this, the results are

saved.

52

SCIA Engineer

Do you want to ignore an insufficient number of iterations in
I SCHLIM and thus permit the display of results?
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This annex specifies the calculation of the stiffness coefficients of a pad foundation.

In the stiffness calculation has been assumed that C2x = C2y.

R Sl ST

Pad foundaticn PF1
Subsoil Sub1
Stiffness ) [MN/m] 1.1250e+02
Stiffness ¥ [MN/m] 1.1250e+02
Stiffness Z [MN/m] 4,0488e+02
Stiffness Rx [MNm,/rad] 2.5 2

Stiffness Ry [MMNm/rad] 2.5

Stiffness Rz [MNm,/rad] 1.9
= Water table

Level Mo influence

= Backfill material

Density [kg/m"3] 0.0

Stiffness Formula
Stiffness X A-B-Clx
Stiffness Y A-B-Cly
Stiffness Z A-B-Clz+2-(A+B)-VClz-C2x + 2C2x
Stiffness Rx A-Clz+2-vC1lz-C2x A-B?-\/Clz-C2x B?*-C2x

B3 - + + +A-B-C2x

12 2 2

Stiffness Ry B-Clz+2:\Clz-C2x B-A?-\(Clz-C2x A?-C2x

A3 + + +B-A-C2x

12 2 2

Stiffness Rz h1-A4%-Clz h1-B%®-Clz 2-+/Clz-C2x-A?-hl

Cly-Ix+Clx-Iy + + +

6 6 4
2-4/Clz-C2x-B*-hl1 (C2x-A?> C(C2x-B?
+ + +
4 2 2
Parameters
A Dimension read from Pad Foundation library
B Dimension read from Pad Foundation library
Clx Soil stiffness read from Subsoil library
Cly Soil stiffness read from Subsoil library
Clz Soil stiffness read from Subsoil library
C2x Soil stiffness read from Subsoil library
Ix A-B3
12
ly B- A3
12
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Annex 2: Recommended geotechnical data

All geological layers of a subsoil are represented by their 3D geotechnical properties defined according
National Standards. The exactness of these input data depends firstly on the geotechnical category of
foundation problem, defined in EC7. Shortly: the 15t and 2™ category pertains to common buildings founded
on common subsoil, previous as well as definitive design, without extraordinary complications. The 3
category includes very important buildings in complicate foundation conditions whose geotechnical
properties must be investigated in situ in any case separately with sufficient number of deep test pits or other
secure methods. Nonlinear and time dependent behaviour must be taken into account which means an
iterative Soilin procedure respecting the increase and decrease of overload.

Such an exacting analysis presents only a few percent of the common design practice. Therefore, a
recommendation of certain mean European values for the first calculations using Soilin can be useful.

Robertson

Where a building will be established, we need to know the soil profile. A deep knowledge of the ground
under the base of the foundation is important as the layers below the base determine the bearing capacity. In
order to gain an insight into the ground profile, many properties such as the thickness and composition must
be known. We can derive these data from a geotechnical atlas or experiences, but we will mainly derive it
from in situ soil research or laboratory tests.

In order to be able to identify a ground, the existence of a ground classification is necessary. For the
interpretation of the CPT data, there exist several methods of identification. For example the method
according to Robertson is a well known method for electric CPT’s and it appears to give the most reliable
results in Belgium.

In the following diagram, the cone resistance and friction ratio are used to determine a soil type, wherein the
friction ratio is the ratio between the frictional resistance and the cone resistance.

. Sensitive Tine grained

. Organiec materinl

. Clay

. Silty clay to clay

. Clayey siit to siity clay
. Sandy siit to clayey siit
. Silty sand to sandy silt

. Sand to silty sand

8 & N DM S N e

. Sand

Cane Resistance g-(MPa)

10, Gravelly sand to sand

11, Very stiff fine grained*

12. Sand to clayey sand*

0 1 2 3 4 5 B 7 &
Friction Ratio R, (%)

* Overconsolidated or cemented

An identification of the ground means that we now know the soil characteristics at any depth. In tables, you
can read these characteristics (angle of friction, cohesion, E-modulus ...) by soil type. Finding of this E-
modulus is necessary for the determination of the constant C. We attempt rather to distract the E-modulus
from CPT results via soil identification since an additional ground investigation involves an additional cost.
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In SCIA Engineer it is necessary to insert the parameter Edef. As said before, it is best to enter a value
which is defined directly by a geologist from a real geologic profile. If this is not available, you must use
standard values (each country has its own standards for classification of soils). For every soil, there is a
range for value Edef (the smaller values are on the safe side).

Table 1. Recommended values for Fine — Gramed Soil

No S_hurt Soil Quantity Consistency
Name ) soft stiff rigid hard
gravel clay Eqy (MPa) 5-15 10-20 12-30
F1 | y=19kNm® cu (kPa) 40 70 70-80
v=035 @y (deg) 0 0 10-15
gravel clay loam | Eg (MPa) 4-8 7-15 10-25
F2 | y=19.5kNm™ | cu(kPa) 30 60 60-70 E:“'“d‘i' to
v=0.35 Py (deg) 0 0 10-15 invest-
sand clay Ey (MPa) 3-6 5-8 8-15 igated
F3 | y=18 kNm~ cu (kPa) 30 60 60-70 ZT}E’““M'
v=035 @y (deg) 0 0 10-15
sand clay loam Ey (MPa) 2.5-4 4-6 5-12
F4 | y=18.5kNm™ | ¢u(kPa) 30 50 70-80
v=10.35 Oy (deg) 0 0 5-14
clay Ey (MPa) 1.5-3 3-5 5-10 10-20
F5 | y=20 KNm™ ¢y (kPa) 30 60 70-80 80-200
v =040 Oy (deg) 0 0 5-14 0-20
clay loam Ey (MPa) 1-3 3-5 5-10 10-20
F6 | y=21 KNm™ ¢y (kPa) 25 50 80-90 80-170
v =040 Oy (deg) 0 0 0-12 0-18
plastic clay Ey (MPa) 1.5-3 3-6 6-12 10-20
F7 | y=21 KNm™ cu (kPa) 25 50 80-90 80-170
v =040 Oy (deg) 0 0 0-12 0-18
high plastie Ey (MPa) 1-2 2-4 4-8 8-15
F8 | y=19.5 KNm™ cu (kPa) 20 40 80-90 80-150
v=10.35 @, (deg) 0 0 0-10 0-16

Cp- Oy =. undrained cohesion and internal friction angle for the 1st limit state (soil

collapse)

Ey = Eges = average secante deformation modulus at common pressure level
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m (soil structure strength factor):

(y-10) kNm™

Table 1a. Recommended values for Fine — Gramned Soil

F1-F8 at Eg=1-4:

F1-F8 at Eg=4-30:d
F5and F7atEp=1 - 10:

m=10.1

m = (0.2, except of:
m = 0.5 (maximum)

specific eigenweight below water level

The first estimation (without any geotechnical investigation) of the result order may be

done at the following mean values:

Fine-Grained Soil No. E, [MPa| v 1] YkNm7] | m[1]
F1 — 4 soft/stiff 3-20 0.35 18 - 20 0.2
average 10 0.35 19 0.2
Fl1 -4 ngd 5-30 0.35 18 - 20 0.2
average 15 0.35 19 0.2
F5 — 8 soft/stiff 1-6 0.4 20-21 0.1
average 3 04 20.5 0.1
F5 -8 ngid 4-12 0.4 20-21 -0.2
average 8 04 20.5 0.15
F5 — 8 hard 8-20 0.4 20-21 0.2
average 15 04 20.5 0.2

*) Mould types ML, ML MH. MV over the water level if the water never will rise and
the soil remain dry: m = 0.5,

Table 2 Recommended Values for Sands (S1 to §5) and Gravels (G1 to G35)

. . - . T v Ell Cer (.|}._=|'

No. | Short Soil Name 3

(KNm™) | (1) (MPa) (kPa) | (deg)
S1 course sand 20.0 0.28 30-100 0 34-42
S2 | sand 18.5 0.28 15-50 0 32-37
S3 | fine sand 17.5 0.30 15-25 0 28-33
S4 | clayer sand 18.0 0.30 5-15 0-10 | 28-30
S5 | loam mouldign sand 18.5 0.35 4-12 4-12 | 26-28
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Gl | well granulated gravel 21.0 0.20 250-500 |0 36-44
G2 | poorly granulated gravel 20.0 0.20 100-250 | 0 33-41
G3 | gravel with fine soil 19.0 0.25 80-100 0 30-38
G4 | clayey gravel 19.0 0.30 60-80 0-8 30-35
G5 | loam moulding gravel 19.5 0.30 40-60 2-10 | 28-32
Cef. Qef .. effective (drained) cohesion and internal friction angle for the 1% st limit

state (soil collapse)

m (so1l structure strength factor):
51.52.G1.G2..... m=02to0.3
S3i—-5.G3-5... m=0.3

Table 2a Mean values for the first estimation on a common subsoil

Subsoil Ey (MPa) | v (1) Y (mm'j] m (1)
Sand 5-40 0.3 17.5-20.0 -0.3
average | 20 0.3 18.5 0.25
Gravel 50 - 200 0.2-0.3 19.0-21.0 0.3
average 100 0.25 20.0 0.3

Table 3 Recommended values for some rocks in subsoil

Rock o (MPa) | v (1) v(kNm7) | m (1)
R1.2.4.5(IL) | 20-25000 | 0.1-0.3 18-31 0.1
R3 15-10000 | 0.1-0.35 | 18.5-26 0.2
R4. 5 (IX.) 20-3000 0.2-0.3 18-31 0.3
R6 10-300 0.25-0.4 | 21-26 0.4

Remark: Withered rocks as subsoil layers are of small efficient Eg values up to 100 —
300 MPa. Sound rock 1s usually assumed as an undeformable deepest layer with Eg

substantially larger than the other layers without influence on surface settlement. See
also Tab. 4.
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Table 4. Subsoils ordered bv their soil structure strenosth factor m

No. | EC7 sort E, (MPa) v (1) v(kNm™) | m (1)
L F1-F8 1-4 0.35-0.42 18-21 0.1
II. R1.2.4.5 20-25000 0.10-0.30 18-31 0.1
F1-F8 3
II. <1 2 4-30 0.35-0.42 18-21 0.2
Iv. 15-10000 0.10-0.35 18.5-26 0.2
Gl1,2.R3
V. S1.2 15-100 0.28 18.5-20 0.3
VL Gl1,2 100-500 0.20 20-21 0.3
VII. S3.4.5 4-25 0.30-0.35 17.5-18.5 | 0.3
VI | G3.4.5 40-100 0.25-0.30 19-19.5 0.3
IX. R4. 5 20-3000 0.20-0.30 18-31 0.3
X. R6 10-300 0.25-040 | 21-26 0.4
F5
(ML, MI)
XL - 1-10 0.40 20-21 0.5
(MH. MV)
;(_I Below the water level v-10

I. Fine — grained soils F1 — F8 easily compressible without previous compactness
improvement, soft to stiff, Eg = 1 — 4 MPa. Subsoil till this time not overloaded. loose
scattering. fillers.

IT. Rocks R1 — R2. Unchanged sediments R4 from the 2nd and 3rd geological epoch.

most of B5.

III. All fine — grained soils with exception of I.. X.. XI.
IV. Sand and gravel S1 — 2. G1 — 2 below the water level and rocks R3.

V. Sand S1 — 2 over the water level.

VI. Gravel G1 — 2 over the water level.

VIL. Fine. clayer and loam moulding sands S3 — S5 with substantial clay content.

VIIL Clayey and loam moulding gravel with substantial fine soil content G3 — G35.
IX. Rocks R4 — RS with exception of II.
X. Rocks R6 (eluvium).
XI. Dry elay mould F5 (ML, MI). F7 (MH. MV) permanently over the water level.
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