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Foundation blocks and strips

Foundation block

The user can choose from two variants of foundation block.

Twpe

(=l ¢ db

The parametersare:
Name The name is used for the identification of the foundation block.
Type Specifies the shape of the foundation block.

The input of dimensions can be performed in a dialogue with self-explanatory interactive drawing of the
Dimensions | block. That means that the user may click on a dimension line in the drawing and the corresponding item of
the dialogue gets the focus. Therefore, it's very simple to specify the dimensions of the foundation block.

The foundation bock may be either symmetrical or some eccentricity in one or both plan directions may be

Eccentricity )
specified.
Cast con- ) . '
B Specifies the production of the foundation block.
ditions
Material This item defines the material of the foundation block.

The foundation block editing dialogue makes it possible to display the foundation blockin 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

The above-mentioned properties are defined in the editing dialogue for the foundation block. The editing dialogue can be
opened from the Foundation block manager.

In addition, another important parameter of the foundation block support must be defined. Itis the soil that is below the foot-
ing surface. Thislast parameter is defined in the property dialogue of support, i.e. itis defined at the moment the supportis
being inserted into the model.
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Foundation Blocks

Requirements

In order to be able to design the pad foundation, it is necessary to switch on the following functionality in the Project data dia-
logue:

o Subsoil,

« Subsoil > Pad foundation.

Partial safety factors

The partial safety factors for the combination 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/GEQ) combination defined in EN 1990 [Ref.4]. In addition, for Geo-
technical analysis, also Set C needs to be supported. Therefore the Combination Setup is expanded as follows:

The set C uses the following defaults:

Safety Factor Default(Set C)

Partial factor permanentaction - unfavourable | 1,00

Partial factor permanentaction - favourable 1,00

Partial factor for prestress action - favourable 1,00

Partial factor for prestress action - unfavourable | 1,20

Partial factor leading variable action 1,30
Partial factor accompanying variable action 1,30
Partial factor for shrinkage action 1,00

Note that the Reduction factor input fieldis NOT available for this Set C.
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New ULS Combination
Anew combination isadded: EN-ULS (STR/GEO) Set C
This combination follows exactly the same rules as the EN-ULS (STR/GEQ) Set B except for the following differences:

The Combination Setup for '6.10" or '6.10a & 6.10b’is not used for this combination. For this combination always ‘6.10’ is
used.

The safety factors are taken from the column Set C of the Combination Setup.

Automatic Classes
By default Scia Engineer creates the following automatic classes:

o AIULS
o AISLS
o AIULS&SLS

Anew class is generated automatically: GEO. This class contains all combinations of the following types:
EN-ULS (STR/IGEO) Set B

EN-ULS (STR/GEO) Set C

The classis only generated in case the functionality ‘Subsoil’ is activated in the Project Data.

In case none of these combination types are available, the class is not generated.

In case only one of these combination types is available, the classis generated with only those combinations.

The Set C combination is specifically used for Geotechnical Design according to Design Approach 1. Therefore, it should
not be added to the default classes for ULS combinations but only to the Soil class.
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Pad Foundation Input

[E 7 Support in node ﬁ
Mame Sn1
Type Pad foundation LI
Angle [deg]
Pad foundation FF1 - ..
Subsail Sub ..
Stiffness X [MN/m] 1.2325e+02
Stiffness Y [MM/m] 1,2325e+02
Stiffness Z [MMN/m] 4 F64Te<02
Stiffness R [MMNm.frad] 2864502
Stiffness Ry [MMNm.rad] 2,2645e+002
Stiffness Rz [MMm.rad] 2.5255e+002
= | Water table
Level at foundation base ;I
B Backfill material
Density ko/m™3] 2200,00
Height [m] 0,000
Mode N1
B Geometry
System GCS ;I

(] I Cancel

Water table
The group Water table contains the water Level:

« noinfluence,
« atfoundation base,

« atgroundlevel.

By default the levelis setto No influence.

Backfill material

Backfill material contains the following items:

density = Specifies the density of the soil above the foundation block or strip.

height = It defines the height of the upper soil layer. The height is measured from the top-surface of the foundation block.

The Height [m] input field in the Backfill material group allows for the input of both positive AND negative values. Neg-
ative values are required to indicate that the soil is lower than the top of the foundation block.

Stiffnesses

Stiffnesses are calculated by the program. The formulas applied can be seen in the Theoretical background: page 16 -

Annex: Pad Foundation Stiffness
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Subsoil parameters

8 | Subsoils [
AiseBL o G @FzE v |
sul | NN 501 |
S b3 Cx [MN/m™3] 5,0000=+01
Cly [MN/m™3] 5.0000e+01
Clz Flexible _:_]'
Stiffness [MMN/m™3] 5.0000=+01
C2¢ [MM/m] 3.0000=+01
C2y [MN/m] 3,0000=+01
B Parameters for check
] Type Undrained = |f

Water/air in clay subgrade O
Specific weight kg/m™3] 2200,00
Fi' [deg] 35,00
Sigma oc [MPa] 0.0
¢’ [MPa] 0.0

; 1 1 _LJ | cu [MPa] 0.2

[ Mew ][ Insert ][ Edit ] Delete

In comparison with previous versions of the program, some Subsoil parameters has been renamed in order to comply with
the EN convention:

Oldtext | New text
Fic[deg] | Fi'[deg]
Cc[MPa] | c[MPa]
Ccu [Mpa] | cu [Mpa]

In addition, a new checkbox Water/air in clay subgrade is added.

Geotechnics Service
Service Geotechnics containsitems:

« Geotechnics Setup
« Pad foundation - Pad foundation stability.

Geotechnics Setup

The Geotechnics Setup has the same layout as Setup dialogues for Steel, Aluminium, etc. We kindly refer you to the the-
oretical background manual for detailed information.

Support Reaction Elimination Factors

The group Support Reaction Elimination Factors allows the user to eliminate specific support reactions by inputting a
multiplication factor. These input fields are limited to values between 0 and 1.

By default all reactions are used (factors 1.00). These factors can be used in case the user for example models only a pad
foundation and omits other foundation elements like a ring beam. The user can then specify that only 50% of a reaction
should be used to design the pad foundation since the other 50% goes into the ring beam.

-10-
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Maximum value of eccentricity

The Maximum value of eccentricity group allows the user to specify the maximum allowed eccentricity in function of the
width The user can choose between 1/3, 1/6 and No Limit

Known soil capacity

The checkbox Known soil capacity, use Sigma oc can be used by the user to override the EN 1997-1 bearing cal-
culation. Instead, the inputted Sigma oc value of the subsoil is used..

By default this checkbox is de-activated.
Note that this analysisisNOT according to EN 1997-1.

In addition, under the National Annex button inthe Project data dialogue the parameters relating to the national annex
can be specified:

Geaotechnics EN 1997 setup | o
[=1- ECEN1 MName BC-ENI
= Geokachhics B Geotechnics
B [Pad loundations
E | Mational Annex
= Design Approach EN 1997-1: 2.4.7.3.4
Diesign Approach Design Approach 2 Rd
El | Partial factors for soil parameters | [ 19971 Annex & Table A4
2 M1
Gamma R[] 1,00
Gamma ¢’ [ 1.00
Gemma cu [ 1.00
Gamma qu [] 1,00
Gamma gamma [] 1,00
B M2
Gamma i [-] 1.25
Gamma c' [ 1.25
Gamma cu [ 1.40
Gamma qu [ 1.40
Gamma gamma [-] 1.00
B Partial resistance factors for p... | EN 15571 Annex A Table A5
B R1
Gamma A [ 1.00
Gamma Rh [ 1.00
B R2
Gamma A [ 1,40
Gamma Ah | 1.0
B R3
Gamma Ay [ 1,00
Gamma Rh [] 1,00
Load debault HA paamebess | |- 0k, | Canced |

The group Design Approach EN 1997-1: 2.4.7.3.4 contains three options:
The Design Approach determines which set of combinations, safety factors and resistance factors have to be used.

Note: the Design Approach is given here and not on the general tab since the National Annex can give different approaches
for different foundation types (for example approach 1 for pad foundations and approach 3 for pile foundations etc).

The group Partial factors for soil parameters contains the safety factors according to Table A.4. Two setsare shown: M1 &
M2. These sets have the following default values:

-11-
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Safety Factor M1 M2

Gamma Fi’ 100 | 1,25
Gamma ¢ 1,00 | 1,25
Gamma cu 1,00 | 140
Gamma qu 1,00 | 1,40

Gamma gamma | 1,00 | 1,00

The group Partial resistance factors for pad foundations contains the resistance factors according to Table A.5.
Three setsare shown: R1, R2 & R3. These sets have the following default values:

Resistance Factor | R1 R2 R3
Gamma Ryv 1,00 | 140 | 1,00
GammaRh 1,00 | 1,10 | 1,00

Pad Foundation Stability Check Service

The property window for the Pad foundation stability check allow for the check to be executed ONLY for Result Classes.
By default the class GEO is used.

In case there is no class in the project the class field is empty.

The Selection in this case refers to Pad Foundation entities.

The action buttons perform ‘Refresh’, ‘Preview’ and ‘AutoDesign’.

When executing the check, the safety and resistance factors which are applied depend on the Design Approach setin the
Setup.

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 (STRIGEO) Set B
« EN-ULS (STRIGEO) 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 dialog is shown:

“Note: For Design Approach 1itis required that the Result Class contains at least one combination of each of the following
types:

« EN-ULS(STR/GEO) SetB
« EN-ULS(STR/GEO) SetC

The selected class does not meet this requirement; please modify the contents of the class.”

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

Pad Foundation Check

In general three separate checks are executed:

« Bearing Check
« Sliding Check
o Eccentricity Check

Ina special case, instead of the three above a so called Uplift Check is executed.

-12-
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Before any check can be executed, the required safety and resistance factors need to be determined depending on the
chosen Design Approach.

In addition the vertical design loading V 4 horizontal design loading H d and effective geometry of the pad need to be determ-
ined.

In the following paragraphs the checks are specified:

Bearing Check
The Bearing check s executed according to [Ref.1] art. 6.5.2 and Annex D

V; = Ry
The Bearing resistance R d depends on the fact whether the soil condition is drained or undrained.
In case the user ‘knows'the soil capacity, R d is read directly from the input data instead of being calculated.

Sliding Check
The Sliding checkis executed according to [Ref.1] art. 6.5.3

Hy=R;+Ry;

The Sliding resistance R d depends on the fact whether the soil condition is drained or undrained.

Thevalue R d specifies the positive effect of the earth pressure at the side of the foundation. Since this effect cannot be
relied upon, {Fiis value is taken as zero [Ref.2].

Eccentricity Check
EC7 specifiesin art. 6.5.4 that special precautions are required for loads with large eccentricities.

According to [Ref.3] this is done by checking if the design load is within a critical ellipse or critical diamond.

Uplift Check

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

Itisimportant to note that this checkis executed INSTEAD of the three above checks.

Determination of Design Values
The check is executed for a Result Class.

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

-13-
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[ Design Approach 1 ]

: !

Result Class
S

[ Design Approach 2 ]

Combination ULS Set B
Any other combination

L

] Combination ULS Set C J [ Any combination ]

k.

[ Design Approach 3 ]

[ Any combination ]

[ Safaty Sets

M1 & R1 j [SafEWSmME&RI ] [SafeWSHSMI&Rz ]

[ Safety Sets M2 & R3 ]

Execution of the Check

For Design Approach 1 the safety sets depend on the combination type.

For combinations of type EN-ULS (STR/GEO) 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.

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

For Design Approach 3,inallcases sets M2 & R3 are used.

Note 1: Acode combination is internally splitinto differentlinear combinations. The check is executed for these linear com-
binations. It is thus important to retrieve from which code combination type a linear combination was generated in order to
know which safety set to apply.

Note 2: The Result Class may off course also contain load cases or non-linear combinations. These are seen as ‘Any com-

bination’ for the

check.

Using the above information, the safety factors can be read from the Geotechnics Service and the design values for the soil
properties can be determined:

Design Value | Formula
tan (o)
= atan [ ]
¥
r i lFr
Py
With: ¢’ read from Subsoil Library
Ty read from Geotechnics Setup
E
rr ]
cg
With: ¢ read from Subsoil Library
Ve read from Geotechnics Setup
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With: c, read from Subsoil Library

Yoy read from Geotechnics Setup

[

With: ' specific weight read from Library

vy yread from Geotechnics Setup

‘Backfird | '
With: Y Backfil weight read from Pad
foundation input Data

v v read from Geotechnics Setup

Afinal 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 a permanent load for the combination under consideration
ie.g ¢

Apermanentload can be seen as favourable or as unfavourable. The corresponding safety factor is determined as follows.

- The safety factor of the first permanent load case within an exploded combination is taken as g G In this way, the cor-
rect value is found for any type of combination (code, linear, envelope, non-linear, ....).

- Incase the exploded combination does not have a permanentload case, g G istaken as1,00.

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.

-15-
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‘ (G {\M lH IhBackﬁH

) I =(h1+h2)

Vd

In this picture the following notations are used:

Action | Info
G Weight of the foundation and of any backfill material inside the area of abcd.
g Load application pointfor load G referenced to the center point of the foundation base
P Vertical Rz reaction of the support
Load application pointfor load P referenced to the center point of the foundation base.
P Thisis read as the load eccentricities ex and ey from the Pad Foundation library.
H Horizontal Rx or Ry reaction of the support
=(h1+h2)
h Load application point of the horizontal load H referenced to the foundation base.
With h1 and h2 read from the Pad Foundation Library.
M Moment Mx or My reaction of the support
=G+P
Vd
Ultimate load vertical to the foundation base including the weight of the foundation and any backfill material.
e Load application pointfor load Vd referenced to the center point of the foundation base

The reaction forces Rx, Ry, Rz, Mx, My need to be multiplied with the Support Reaction Elimination factors.

The eccentricity e can be calculated as follows:

_ M+Gsg+H=h—Pxp
4L =

g

For ageneral 3D case this formula is written as:

-16-
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L _My+Grg tHoxh—Prp,
.=
Vy

My +Gsg, +H,sh—Psp,
QJ_-= v
d

Weight G

The weight G consists of three parts:
1) The weight of the foundation block, GBIock

This depends on the shape of the block (prismatic or pyramidal), dimensions and also the density IB10ck of the block mater-
ial.

Allthese data can be read from the Pad Foundation Library.

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

Water level - Block Density
No influence VBlock
atfoundation base VBlock
atground level (YBIock —yW)

The Water Density 9w istakenas 9,81 kN/m*

2) The weight of the backfillaround h2, GBackfiII Around
This depends on the shape of the block (prismatic or pyramidal), dimensions and also the density of the backfill material.
Allblock data can be read from the Pad Foundation Library.

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

Water level - Backiill Density

No influence VBackill d

atfoundation base VB ackill d

atground level

(gackiing~Yw)

The Water Density 9w istakenas 9,81 kN/m*
3) The weight of the backfill above the foundation block, GBackfiII Above
This depends on the height and density of the backfill as specified in the input of the Pad Foundation.

Note that the height of the backfill material can also be negative. Negative values are required to indicate that the soil is lower
than the top of the foundation block.

The three parts are illustrated on the following picture:
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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 = gG * [GBIock * GBackfiII,Around * GBackfiII,Above]
Withg G the safety factor of the permanent loading for the combination under consideration.

Distances gx &gy

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

Effective Geometry

As afinal step, using the eccentricities ex and ey the effective geometry of the foundation base can be calculated as follows:
L1=A-2%ex|

L2=B-2"|ey|

With A & Bread from the Pad Foundation library.

B'=min(L1;L2)

L'=max(L1;L2)

A=B*L

Incase B'<0mor L’ <0mthe geometryisincorrect.

In this case, the check is not executed and a warning is given on the output:

“Warning: The check cannot be executed due to incorrect effective geometry dimensions. Please review the base dimen-
sions of the pad foundation!”
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:

e+ 2)scyy =b, s, %1, + gl = A’
-d=
Yar
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Value | Formula
Cud As specified earlier in this document.
Inclination of the foundation base (always horizontal base in SE)
b
© =100
Shape of the foundation (rectangular shape)
s I
¢ =14+02=+—
Inclination of the load, caused by horizontal load Hd
1 y |!1 H,
i 2 A A+ Cud
C
andH < A €
incase H, > A’ *c  the value ofi_can be setto 0,5
d ud c
Resulting horizontal load
H, [
== IIHI_ -|-HJ‘.
N
HX Horizontal supportreaction Rx.
Hy Horizontal supportreaction Ry.
B’ Effective width.
L Effective length.
A Effective area.
Overburden atthe foundation base [Ref5]
=(n1+h2+ hbackfill)* 9Backill d
With:
q
h1 & h2 read from the Pad Foundation Library
hbackﬁll read from the Pad Foundation input
IBackill 4 2 defined earlier in this document.
IRy Resistance factor read from the Geotechnics Setup

Drained Bearing Resistance
The formulasin this paragraph are used in case the Type field in the Subsoil Libraryis set to Drained.

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

AF

[c'y s N s b ws si +q , =N sb, ss, i, +0,5+y =B =N, s b, =5, %i,] =4
s & L L L L d q g q g d } } } ¥
e

Yar

Value | Formula

c As specified earlier in this document.
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Bearing resistance factor
N . o,
¢ = {N; —1)=cot(p i
Bearing resistance factor
N . i P
q Lo g.':utau @2 + tan? {4.5 TE ?d]
Bearing resistance factor
Ng : =
=2x(N,—1) stan (')
Inclination of the foundation base (always horizontal base in SE)
b
¢ |=100
Inclination of the foundation base (always horizontal base in SE)
b
=100
Inclination of the foundation base (always horizontal base in SE)
by
=1,00
Shape of the foundation (rectangular shape)
S i, Sg*l;—1
N.—-1
i
Shape of the foundation (rectangular shape)
s Br = r
q =1-|—|,—,Hsm{q:ld]
Shape of the foundation (rectangular shape)
sy !
=1-03=—
Inclination of the load, caused by horizontal load Hd
o |, )
 N,=tan (o',)
Inclination of the load, caused by horizontal load Hd
i Hy i
= |1 —
q i AT I i [
Va+ A =0 g =cot{p',)
Inclination of the load, caused by horizontal load Hd
m+1
ig = Efi
Vet A sy = cot(g’,)
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=m, =cos(B8) + mz = sin® (8)

m
T
[2 +E
mL = Lr
1+ (&
2+ (%)
m =T T ara
| +(3)
q Angle of the horizontal load Hd with the direction L’
@

L

As specified earlier in this document.

B’ Effective width as defined earlier in this document.
L Effective length as defined earlier in this document.
A Effective area as defined earlier in this document.
Resulting horizontal load
H [
d = |gz 2
= [Hi+H]
HX Horizontal supportreaction Rx.
Hy Horizontal supportreaction Ry.
\Y p As specified earlier in this document.
Effective overburden atthe foundation base [Ref5]
=(h1 + h2 + hpaeem)™ '
With:
h1 & h2 read from the Pad Foundation Library
hbackﬁll read from the Pad Foundation input
q’d v’( is depending on the water level as follows:

Water level y’t

No influence YBackfill d

atfoundation base YBackfill d

atground level (\/Backmlyd - yW)

VBackﬁII,d as defined earlier in this document.

iy is taken as 9,81 kN/m*

Effective weight density of the soil below the foundation level

depending on the water level as follows:

Water level Y p
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No influence Yy
atfoundation base (Vg V)
atground level (Vg Yy

Y 43 defined earlier in this document.
Yiy is taken as 9,81 kN/m?

Yay Resistance factor read from the Geotechnics Setup

Known Soil Capacity Bearing Resistance
In case the Soil capacity is known, this value can be used directly instead of using the EC7 bearing resistance calculation.

This procedure is applied in case the checkbox Known soil capacity, use Sigma oc is activated in the Geotechnical
Design Setup.

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

Rd = HI # Jpd
Value Formula
A Effective area as defined earlier in this document.
O Design value of the admissible soil capacity, taken as Soc
o Read from the Subsoil Library

0oC

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

a) Incasethe Type field in the Subsoil Library is set to Undrained.

Py A sy
Yan
Value Formula
C As specified earlier in this document.
A Effective area as defined earlier in this document.
Vah Resistance factor read from the Geotechnics Setup

In case the checkbox Water/air in clay subgrade in the Subsoil Library is activated, the value of R d is limited as follows:

Ry 0,4V,

Value Formula

\Y As specified earlier in this document.

b) Incase the Type field in the Subsoil Library is set to Drained.
Vy =tan (&
R, =22 (54)

Ya.r
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Value Formula

\Y As specified earlier in this document.

Design friction angle at the foundation base

Cast Condition

Prefabricated

In situ

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

¥ 2 | Asspecified earlier in this document.

YRh

Resistance factor read from the Geotechnics Setup

Eccentricity check

To prevent special precautions according to art. 6.5.4 the eccentricity of the load shall not exceed 1/3 or 1/6 of the width.

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

a) Incasethe maximal eccentricity is setto 1/3

() +(3) <

i S

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

o=

Value Formula

e, As specified earlier in this document.
ey As specified earlier in this document.
A Read from Pad Foundation Library
B Read from Pad Foundation Library
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ex
B/6
|
+ Vd B/6
B / /%
ye
: W78
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L/6 L/& xe
L
¢) Incase the maximal eccentricity is setto No limit
In this case there is no limit i.e. any eccentricity is allowed. The unity checkis set to 0,00.
Uplift Check
In case the vertical design loading V d is negative, it implies that the pad foundation is in tension and may thus be ‘uplifted’
from the ground.

The uplift check can be written out as follows:

IP| = Ga
Value | Formula
P The vertical Rz reaction as specified earlier in this document.
Gd The weight of the foundation and any backfill as specified earlier in this document.
Output

Both a Brief and Detailed output are available with table composer support.

Unity check values exceeding 1.00 is shown in bold.

AutoDesign

For optimizing the pad foundation, the sensitivity optimization and grid are used asimplemented for Steel.

Pad foundation optimization is added both in the Pad Foundation Stability Check Service as well as in the Overall Optim-
ization Solver.

The maximal check limit is configurable for each of the three main checks:

=24 -



Foundation blocks and strips

- Maximal check on bearing
- Maximal check on sliding
- Maximal check on eccentricity

By default, the maximal value for each of the three checksis set to 1,00. Note that all three input fields should only allow the
input of positive values.

For each of the three checks a Maximal unity check field is shown which shows the current value of the unity check.

The picture shows the pad foundation geometry and is taken from the Pad Foundation Library. In the same way as itis done
in steel, during the optimization, the dimensional changes are shown in the picture.

The Change Pad foundation button opens the Pad Foundation Library and allows the user to modify the pad foundation
or select a different one. It functions in the same way as the Edit button in the steel optimization.

The Next down and Next up buttons function in the same way as for steel, the selected grid parameter is modified up or
down one step.

The Search for optimal button function in the same way as for steel, the selected grid parameters are optimized.

The Direction combo functions in the same way as for steel. The user can choose to set it to ‘Up & down’ so the AutoDesign
worksin two directions or the user can set it to ‘Only up’ so the AutoDesign can only increase the parameters. By default the
comboison ‘Up & down’.

The Parameter combo allows the user to set which parameter(s) should be optimized. The user can choose any of the pad
foundation dimensions or set the combo to Advanced AutoDesign which allows the optimization of several parameters
together (Sensitivity).

The parametersare A, B, h1,h2,h3, a, b, exand ey.

By default the combo shows the A parameter.

The optimization grid has the same layout as used for steel except for the ‘Sort By’ column which is removed.
The grid itself functions in the same way as the grid for steel.

In the same way as for steel, the user can assign a Dimension List to a parameter. During AutoDesign, only values from the
listare used.

The Set value button can be used to modify a selected parameter from the grid. In the same way as for steel, the dialog
which appears depends on whether the list has been assigned to the selected parameter or not.

Using Select/Deselect All the user can quickly select or deselect all parameters in the grid.

As in steel, parameters can be set in relation to one another. The user can use the Test relations button to check if no
loops have been made.

Importantremark: in steel, several validity tests are run when starting the AutoDesign, for example the test on relations is
done automatically. The same tests are also executed automatically for pad foundations.

The Advanced AutoDesign itself uses the Sensitivity algorithm:

- Within each iteration, each parameter is changed separately with its step and it is evaluated which change has the most
influence on the Pad foundation utilization. This one is then taken and applied.

The procedure is then repeated in the next iteration until the Pad foundation has a unity check below 1,00.

- Whenbelow 1,00 the same procedure is applied (changing each parameter separately with its step) but now the goal
isto getasclose to 1,00 as possible and not to go over 1,00. This means that the parameters will now be decreased in value.

- Intheend, asituation isreached where no parameter can be decreased with its step anymore since this willlead to a
unity check above 1,00. This is then the most optimal solution.
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Foundation strip

Afoundation strip is used as a kind of linear supporting. It is defined by its width and by the properties of soil below the footing

surface.

Allthe properties of the foundation strip are defined in the property dialogue of support, i.e. atthe moment the support is
being inserted into the model.

Upper soil of foundation block

Supporting of a structure defined by means of a foundation structure (i.e. foundation block) is defined not only by the dimen-
sions of the foundation structure and properties of the soil below the footing surface, but also by the characteristics of the
upper soil.

Density | Specifies the density of the soil above the foundation block or strip.

Height | Defines the heightof the upper soil layer. The heightis measured from the top-surface of the foundation block.

In addition, the user may specify the level of underground water that also influences the characteristics of the support.

6 Note: The upper soil parameters are taken into account if the foundation blockis checked
for stability.

Defining a new foundation block type

The procedure for the definition of a new foundation block type

1. Openthe Foundation block manager:
1. either: use tree menuitem Library > Foundation blocks,
2. or:use menuitem Libraries > Foundation blocks.
Click button [New].
Anew foundation blockis created and it is added to the list of defined types.
Click button [Edit].

The editing dialogue appears on the screen.

o g ~ w

Select the type you want to define.
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7. Inputthe dimensions of the block.
8. Choose or define block’s material.
9. Confirm with button [OK].

10. Close the Foundation block manager

‘ Note: If no foundation block has been defined so far and the user opens the Foundation
block manager, the program may automatically open the Foundation block editing dialogue
directly. Once the editing dialogue is closed, the Foundation manager appears on the
screen and the user may follow to procedure given above.

Inserting the foundation block into model

As the foundation blockis a type of support it can be inserted like a standard point support. Therefore, the procedure for the
insertion of a point support can be applied. The only difference is, that the user hasto specify some additional parameters

that are unique for this support type.

‘ Note: If no subsoil and no type of foundation block has been defined and the user tries to
insert a support of Foundation block type, the program automatically creates a default sub-
soil type and a default foundation block type. It is up to the user to edit these entities and
input proper values of their characteristics.

Defining a new foundation strip

Asthe foundation strip is a type of linear support it can be inserted like a standard linear support. Therefore, the procedure
for the insertion of a linear support can be applied. The only difference is, that the user has to specify some additional para-
meters that are unique for this support type.

‘ Note: If no subsoil has been defined and the user tries to insert a support of Foundation
strip type, the program automatically creates a default subsoil type. It is up to the user to
edit this entities and input proper characteristics of it.
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Introduction to subsoil

Supports of a "foundation" type, i.e. foundation block and foundation strip, are laid on the soil that forms the base for the
structure. The parameters of this soil must be defined in order to allow the program to perform accurate calculations.

In Scia Engineer the "under-foundation" soilis called subsoil and can be defined using functions:

« either: tree menu function Library > Subsoils,

« or: menu function Libraries > Subsoils.

Once at least one subsoil type is defined, it can be used for the definition of foundation blocks or foundation strips.

Defining a new subsoil type

Anew subsoil type can be defined by means of the Subsoils manager. Itis one of the numerous Scia Engineer database

managers.

The procedure for the definition of a new subsoil type

1. Open the Subsoils manager:

1. either: tree menu function Library > Subsoils,

2. or:menu function Libraries > Subsoils.

Click button [Edit].

© & N o o & w Db

Click button [New] to create a new subsoil entity.

The new subsoil type is added to the list of defined subsoils.

The editing dialogue is opened on the screen.
Input required values for individual parameters.
Confirm the parameters with button [OK].
Repeat steps 2 to 7 as many times as required.

Close the Subsoils manager.

Defining subsoil parameters

The definition of subsoil parameters can be done in the editing dialogue for subsoil. The editing dialogue is accessible via the

Subsoils manager.

Parameters of subsoil

Constants C1 and C2 for directions
X,Y,Z

C parameters representing the subsoil properties.

(see also Subsoil parameters for subsoil under a beam).
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Parameters for check

Here the parameters necessary for check of the subsoil to a technical standards

are defined.

Parameters for check

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

Density Soil density

Fic The value of the angle of the shearing resistance in terms of effective sfress.
Cc The value of the cohesion interceptin terms of effective stress.

Ccu The value ofthe undrained shear strength.

Sigma oc The admissible ground sfress (optional).

Type The soil can be Undrained or Drained.

Subsoil parameters for subsoil under a 1D member

Mame bank:

Clx [MNAm™3] BO000000,00

Cly [MN/m™3] SO000000,00

Clz [M/m™3] 7R000000

C2w [Mdm] 20000000

C2y [Mdm] 20000000

C2z [Mdm] 3000000000
E Parametrz for c__.

Type rdrained

Specific weight [g/... 1980

Fiz [deq] 12

Sigma oo [Pa) 0.00

Cc [Pa] 0.00

Cicu [Pa) 0.00

The parameters of subsoil for subsoil defined under a 1D member are:

C1x resistance of environment against ux (deformation in local x direction)
Cly resistance of environment against uy (deformation in local y direction)
Ciz resistance of environment against uz (deformation in local z direction)
C2x resistance of environment against dux/dx
C2y resistance of environment against duy/dx
C2z resistance of environmentagainst duz/dx
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0 Note: In the complete set of 6 parameters C, four parameters are significant and, if avail-
able, can be determined from the C parameters of subsoil 2D modelin EPW Soilin module
and from the stiffness of boundary bonding "k" modelling the effect of settlement basin:

C*1x (MN/m2) =b (m) C1x (MNim3)
C*1y (MN/m2) =b (m) Cly (MN/m3)
C*1z (MN/m2) =b (m) C1z (MN/m3) + 2 k (MN/m2)
C2z(MN) =b (m) C2x (MN/m)
where b is the width of the member.

Itis not recommended to use the remaining two parameters. Reliable experimental data are not available for C2xand C2y.

Subsoil parameters for subsoil under a slab

The parameters of subsoil for subsoil defined under a slab are:

Cilz resistance of environmentagainstwP (mm) [C1zin MN/m3]
C2x resistance of environment against wP/xP (mm/m) [C2x in MN/m]
C2y resistance of environment against wP/yP (mm/m) [C2y in MN/m]
C1x resistance of environmentagainst uP (mm) [C1xin MN/m3]
Cly resistance of environmentagainst vP (mm) [C1yin MN/m3]

0 Note: Usually, C2xis considered equal to C2y and C1x equal to C1y.

o Note: See also chapter Model data > Foundation > Subsoil.

Using the subsoil

Subsoil is used as a parameter for the definition of "foundation structures”. That means as a parameter for foundation
blocks and foundation strips. Both of these foundation structures are a kind of point or linear support.

Consequently, the subsoil type used for particular foundation block or foundation strip is adjusted in the property dialogue of
asupport.
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Geologic profile

Geologic profile manager

Geologic profile manager is a standard database manager. Its operation is therefore quite straightforward.

[t may look like:
i Geologic profiles . EI
AeBU| oo S EHE M T
Marme il 2,

"wiater height [ 1000000
Mat cormpress.. O

B Laypers
B 1
Layer's name &1
th. [m] 1.500
Edef [MM/...  2.0000e+000
Poizzon's ... 0.3

Specific zoi... 200
"Wt specifi.. 20,0
m nz
B RN
Layer's name 52
th. [m] 3.500
Edef [MM/...  1.6000e+000
Poizzon's ... 025
Specific zoi.. 150
"whet specifi.. 160
m 1]
3

=1 | Edit | Deletel Cloze |

You can perform all common operations with geologic profiles:

o defineanew one,

« editthe existing one,

« make a copy of the existing one,

o delete the existing one (unlessitis used in the model),

« printor save the information about it,

« read it from your disk (if you have saved it some time ago).

The Geologic profile manager can be opened via:
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« tree menu Library> Geologic profiles,
« menu Libraries > Geologic profiles,

« itis also opened automatically whenever some entity that requires a geologic profile as a parameter is being input
and no geologic profile has been defined yet.

Defining a new geologic profile

Anew geologic profile can be inputin the Geologic profile manager. Function New of the manager opens the Geologic pro-
file dialogue.

" T— B
Geologic profile ﬂ

Thicknzss = 2.00[m], Edef = 15,0000 im"2], Weight = 15.00[kNm"3]

Thiclnzss = 5.00[m], Edef = 1 50[MIm 2], Waizht = 14 00[m 3]

Name | Thickness fm] | Edef[MN/m™2) | Poisson Dry weight kN/m™3] | Wet weight kN/m™3] | m |
1 |5and | 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
wiater height 1,000 I & M ame WGP
[7] Mon-compressible subsail below the last inputted layer I Ok, I ’ Cancel ]
[ TEE— 020 TS S B

General geologic profile parameters

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

Name Specifies the name of the geologic profile.

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

Not com- Numerically it means that the damping of stress componentszin the half-space is slowed down. All com-
pressible sub- | 1o ents of elastic-half- space-stress-tensor are calculated in this reduced depth. Itis justan approximate
soil

calculation, notan exact solution ofthe elastic layer. The difference is however negligible in comparison
with other inacuracies.
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Layer-related parameters

name name of the layer
thickness | thickness ofthe layer
module of deformation
E def 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 for the value.
coefficient of transverse deformation
Poisson’s o )
§ An indicative value or experimentally found value can be used.
ratio
(range:0-0.5)
specific specific soil weight for dry soil
soil weight | ormally within the range from 18 to 23 kNim3
wet spe-
cific soil specific soil weight for wet soil
weight
structural strength coefficient
Dimensionless value in the formula for settlement according to CSN 73 1001.
i
o =M. o
.3 i ¥l
s = & #,
m i
. oedy
i=1 ;
Table 10 in the standard states indicative values for various soils in the range from 0.1 to 0.5. For category 3
itis advisable to consult the engineer who carried out the survey of the locality in question.
For other codes (other than CSN) this coefficientis equal to 0.2.
@ 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.

Edit the content of the table

Delete or insert new row:

1. Clickonthe row header.
2. Displaythe right click menu.

3. Selectthe option Delete ling, Insertline or Delete all lines.

Copy and paste the content from the clipboard

Copy content to the clipboard:

1. Clickonthe row header.

2. Displaythe right click menu.
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3. Selectthe option Copyall.
4. Paste the content of the table to any editor (e.g. MS Excel, MS Word, OpenOffice, Notepad etc.).

Paste content to the table:

1. Clickon the row header.
2. Displaythe right click menu.

3. Selectthe option Paste all.

L )
Mame Thickness [m] Edef [MMN/m"2] Poiszc
1. 37.00 0180
Inzert new line 2700 0180
- Delete line 3700 0180
_g Delete all lines 3? |:||:| ':'18':'
B Copy all 0,00 0,000
Paste all
".*.":-umm—rrnmlm—-—-m Hame ]_l_:

] Mon-compressible subsaoil below the last inputted layer

Editing the existing geologic profile

An existing geologic profile can be edited in the Geologic profile manager. Function Edit of the manager opens the Geologic
profile dialogue. The dialogue is described in chapter Defining a new geologic profile.
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Geologic areas

Introduction to geologic areas

The 3D model with defined subsoil and geologic profiles displays the subsoil surface. This surface defines the area where
soil properties between boreholes is inter- and extra- polated.

Be to able to define a geologic fault, the basic surface polygon has been divided to the separated areas which are inter- and
extra- polated but the first area doesn't 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 1and 8 layersin allboreholesin area 2.

The line between two geologic areas is geologic fault.

551

>

ox

Eg!HfJ

g @HI
P2

ani

Green - basic outline of the subsoil surface
Red - Geologicarea 1
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Blue - Geologicarea 2

Red-Blue line - Geologic fault

Defining a new geologic area

Geologicareallibraryis a standard database which contains the geometry - 4 points.

You can perform all common operations with geologic profiles:

« defineanew one,

« editthe existing one,

« make a copy of the existing one,

« delete the existing one (unlessit is used in the model),

« printor save the information about t,

read it from your disk (if you have saved it some time ago).

oS

,

a5
e BB 92 § =@ 4 iz
GAl
|

Mame GAl

1 [m] 10,000

Y1 [m] 35,000

#2 [m] -25,000

Y2 [m] 27,785

#3 [m] -53,055

Y3 [m] -12,500

#4 [m] 10,000

Y4 [m] -12,500

‘ New " Ingert u Edit " Delete |

In Scia Engineer the geologic area can be defined using functions:
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« either: tree menu function Library > Subsoils > Geologic area,

« or:menufunction Libraries > Subsoils > Geologic area.

Elﬁ Subsoil, foundation

------ i Subsoils

- B Geologic profiles

== eologic areas

gl Pad foundations

Editing the existing geologic area

The procedure to edit the existing geologic area

1. Open:

« either: menu function Libraries > Subsoils > Geologic area.

o or: Select the Subsoil surface in the model and use the action button "Edit geologic areas" in the property
window.

2. Thelibraryis opened.
3. Change required coordinates.

4. The changes are immediately taken into account.
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Boreholes

Introduction to boreholes

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

Aborehole is fully defined by the (i) corresponding geologic profile, (ii) location and (i) 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 surrounding. This surface can
be used for impressive presentations of your project. 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 ofland over which the
soil properties can be inter- and extra- polated.

T T

i

Next picture than shows the calculated surface.
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Sand-gravel pile

There is a possibility to use the borehole as a sand-gravel pile. The sand-gravel pile consists from geologic profile and a geo-
metry which definesits outline. The sand-gravel-pile outlines has the same behaviour as geologic fault.

<

[
1

I

—
)

!
X
ﬂ

/

The red colour shows a sand-gravel-pile with diameter 1m.
The blue colour shows a standard borehole.
Both are displayed inside the subsoil surface outline.
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Inserting a new borehole

Procedure to define a new borehole

1. Open service Structure.

o LN

Start function Borehole profile.
Fillinthe parameters.
Confirm with [OK].

Define the location of the new borehole or boreholes.

Borehole parameters

Name Identifies the borehole profile.
Coord X, ) N .
Y7 Coordinates of the inserting point of the borehole.
When the calculation is performed, you can obtain a table of setflement. The values of setlement are cal-
culated 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.
Results
| However, it is possible to exclude some boreholes from the input data and use them only as the location for
on
y 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 setlement s calculated in this location.
Geologic ) ) ) i
i Specifies the geologic profile corresponding to the location of the borehole.
profile
Sand-
gravel Defines ifthe borehole is used as a sand-gravel pile.
pile
Radius Specifies the radius of sand-gravel pile.

Editing the existing borehole

The procedure to edit the existing borehole

1. Select the required borehole.

> LN

The property window shows the parameters of the borehole.
Change required parameters.

The changes are immediately taken into account.

LS)

After the modification (especially the modification of the position) of the borehole, it may be

necessary to refresh the surface (supposing it was displayed before the changes).
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Deleting the existing borehole

Aborehole that has been defined by mistake or is no longer necessary for any other reason can be deleted like any other
entityin the model.

The procedure to delete borehole

1. Select the required borehole.
2. Deleteitusing:
1. presskey[Del] on your keyboard,
2. invoke the pop-up menu and select function Delete,

3. use menu function Modify > Delete.

Displaying or hiding the existing boreholes
Display (or we can say visibility) of boreholes is controlled by view parameter Subsoil > Borehole profiles.

The procedure to display (hide) the boreholes

1. Open dialogue View parameters settings.
1. via pop-up menu function Set view parameters for all.
2. viabutton of the toolbar of the graphical window.

2. Set Subsoil>Borehole profiles ON (or OFF to hide).

3. Confirmwith [OK].

Displaying the earth surface

The surface is calculated and displayed across the area that is defined by two conditions:
« alldefined boreholes lie inside the area,

« thedistance from the outline of the structure to the border of the area is at least 10 metres in any direction.

0 The geologic areais displayed together with the surface outline.

Display (or we can say visibility) of surface is controlled by view parameter Subsoil > Surface.

The procedure to display (hide) the surface

1. Open dialogue View parameters settings.
1. via pop-up menu function Set view parameters for all.
2. viabutton of the toolbar of the graphical window.

2. SetSubsoil > Surface ON (or OFF to hide).

3. Confirmwith [OK].
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Refreshing the earth surface

After some changes to the boreholes (or after some other modifications of the model) the surface may disappear. The
reason is the that change performed requires the regeneration of the surface and the regeneration of it is not automatic
(mainly for speed-related reasons).

The procedure to refresh the outline and/ or surface

1. Ifthe outline is not displayed, display it.
Select the outline.
The property window shows some basic information about it and also offers two action buttons.

Press [Refresh outline] to refresh the outline.

o &~ N

The outline may change if new boreholes have been added after the last refresh of the surface or if some existing
boreholes has been moved to new locations.

6. Press[Refresh surface]to refresh the surface.
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Introduction

The analysis of foundation structuresis challenged by the problem of modelling of the part of the foundation that is in contact
with subsoil. The best solution is to use 2D model of the subsoil that properly representsthe deformation properties of the
whole under-foundation massif by means of 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.

To simplify the matter, we mayimagine that C is the characteristics of elastic, more precisely pseudo-elastic, links, or surface
spring constants that change according to the actual state of the analysed system. We may also use the professional slang
that calls it "support on C parameters", which isthe generalisation of standard Winkler idea of the supporting in the form of
thick liquid g = C1(MNm-3) or in the form of infinitely dense system of vertical springs. The generalisation is very important
and deals mainly with the consideration of significant shear distribution in the subsoil that is neglected by Winkler model. 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.

Asthe C parametersinfluence the contact stress and vice versa — the distribution of the contact stress have impact on the
settlement of the footing surface and thus the C parameters, itis necessary to use an iterative solution.

The influence of subsoil in the vicinity of the structure

The modeliing of the interaction between a structure and subsoil requires that the influence of the subsoil outside of the struc-
ture be taken into account. This outside-subsoil supports the edges of the foundation slab due to shear stiffness. In the past,
special procedures were recommended to model this phenomenon. The current versions of Scia Engineer employ a soph-
isticated solution whose principle is described in the following paragraph.

The program automatically adds to the edge of the analysed foundation slab springs that approximately substitute the effect
of what s termed support elements (1 to 2 metre wide strip located along the edges of the foundation slab, the thickness of
this strip is almost zero). The solution obtained through this approach takes into account the effect of the subsoil outside (in
the vicinity) of the analysed foundation slab.

In comparison with a solution without such springs, the results obtained with the springs gives smaller deformation of the
foundation-slab edges which means larger bending moments in the foundation slab.

The springs oriented in the global z-direction are assigned to all edge nodes except the situation when a node already has
another spring assigned or if a rotation of a node is specified. In that case, the program assumes that the user has already
defined a special type of support and that it is not wanted to alter that special configuration automatically on the background.

These exceptions can be used to deliberately suppress the implementation of edge-springs along certain lines. The user
can define very small line springs along required lines (edges) and thus eliminate the effect of the surrounding subsoil (e.g. if
a sheet pile wallis installed).

Soil-in output
The results from the soil-in iteration are the C parameters C 17 C2X and C2y'
Parameters C I andC 1y are always defined by the user.

C1z- resistance of environment against wP (mm) [C1zin MN/m3]
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C2x - resistance of environment against wP/xP (mm/m) [C2xin MN/m]
C2y - resistance of environment against wP/yP (mm/m) [C2y in MN/m]
C1x- resistance of environment against uP (mm) [C1xin MN/m3]

C1y- resistance of environment against vP (mm) [C1yin MN/m3]

0 Usually, C2x is considered equal to C2yand C1x equal to C1y, because the calculation is
done by so called isotropic variant of the calculation of C2 parameter.

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

Check Subsoil on the left part and the Soil interaction on the right part of the functionality tab:

] Functionality |Luads | F‘roteu:tiun|

Cynamics O ;
A = m =
;: [ Subsail = =
B OEELY = File Design [NEN method] O
Stability O Pad foundation check O

0 The Soilinteraction is available only for Plate XY and General XYZ type of project.

C parameters (explanation from theoretical background of FEM solver)

c 1" Parameters of the interaction of the foundation with the surface 2D model of the subsoil in physical relation containing
components of displacement u, v, w.

Winkler formula for vertical components:

0. =r[kPa] =C; [MNm~] w[mm]

Winkler formula for horizontal shear components:
r_=s, [kPa] =C; [MNm~] u[mm]

7, =s,[kPa] =C}, [MNm~]-v[mm]

Cz' Parameters of interaction of the foundation with the surface 2D model of the subsoil in physical relations containing the
first derivative of settlement.

Paternal formula for shear forces:
¢, [KNm™]=C;, [MNm™] &w/éx [mm/m]
t, [KNm™] = C5, [MNm™]-éw/&y [mmm]

C 17 foundation compression modulus of the Winkler type, expressing resistance to the vertical displacement of the subsoil
surface.

02 , 02 ’C2xy - foundation shear modulus expressing resistance to the shear components in the xand y direction of the sub-
soil surface, generally different in positive and negative shears 9y gyz(dilatancy and contractancy effects).
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Pasternak Gp modulus is our C2.

Pasternak differential equation:

d w

p =“'rk_GP_

dx®

p-pressure

k- modulus of sub-grade reaction

Gp - shear modulus of the shear layer and it is related to rotation in the differential equation.

Rotation of the surface =bevel dw/dx (see the picture)

dx

LT T T T T T

1y i Idw

w - displacement

g- shear strain

Support on surface

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

The procedure to define a new Soilin support

1.

Create the structure to be supported.

2. Open service Structure.

3. Startfunction Support > Surface (el. foundation).
4,
5
6

Adjust the parameters (see chapter Surface support on slab).

. Confirmwith [OK].
. Selectthe slab (groundslab) or slabs that should be supported with this type of support
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Ifthe ground-slab is not horizontal, one should be aware of the following:

The correct calculation of C parameters assumes that the structure that isin contact with subsoilis more or less horizontal.
Technically speaking, the inclination of the footing surface up to 5 to 8 degrees can be allowed. Programis capable of deal-
ing with footing surface in several z-levels, but the results are acceptable only if the z-levels are within certain limits— see the
following literature (in Czech):

KolaF V.: Matematické modelovani geomechanickych tloh. Skriptum pro postgradualni studium FAST VUT Brno,
1990, 60 str.

Bucek J., KolaF V., Obruca J: Manual k programu SOILIN, FEM consulting Brno, 1993
Bucek J., KolaF V.: Iteracni vypocet NE-XX - SOILIN, FEM consulting Brno, 1995
KolaF V.: Statické vypoéty zakladovych konstrukci. Kniznice Aktualit Ceské matice technické Praha, ed. plan 1994.

Kolar V.: Teoreticky manual FEM-Z k programim DEF OR a NE-XX, seminaf FEM consulting s.r.0., 5. - 6.10.1993
vBrné.

The surface support properties

' Properties ﬂ

Name | 551
Type Sailin Rd
20 member 51

Name: Specifies the name of the support.

Type: Defines the type of support — see below.

Subsoil: If necessary for the selected type, this item specifies the subsoil parameters.

Type

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
(of e.g contact stress in the footing surface)
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Soil-in:

For such a support, the interaction of the structure with the foundation subsoil is carried out by means of SOIL-IN
module.

Parameters C1z, C2x, C2y are calculated by SOIL-IN module.

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.
Parameters can be defined in subsoil properties. Those C parameters that are input in the subsoil-property dia-
logue as zero, will be calculated by the SOIL-IN module. Nonzero parameters will be taken as they are input.

‘ The additional springs are automatically added on the edges if soilin calculation doesn't
recognize additional plates around the support. See chapter Advanced tips.

Subsoil in the 3D model

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

Soil borehole

The borehole is available in the project only when the functionality Soil interaction is checked.

“ The special property in the inserting dialogue converts standard borehole to the Sand-
gravel pile. See more in the separate chapter.

Soil types according to CSN EN 73 1001

Fine-grained soils Sands Gravel

F1(MG) loam, fine-grained S1(SW) sand, well-grained G1(GW) gravelwell-grained
F2(CG) clay, gravelly S2(SP) sand, poorly-grained G2(GP)  gravelpoorly-grained
F3 (MS) loam, sandy S3(S-F) sand, with fine-grained soil  G3(G-F) g(r;llvel with fine-grained
F4 (CS) clay, sandy S4(SM) sand, with loam G4(GM) gravel, with loam

F5 (ML) loam, small plasticity S5(SC) sand, with clay G5(GS)  gravel, with clay

F5 (M) loam, middle plasticity
F6 (CL) clay, small plasticity

F6 (Cl) clay, middle plasticity

F7 (MH) loam, high plasticity

F7 (MV) loam, very high plasticity
loam, extremly high plas-
ticity

F8 (CV) clay, very high plasticity
clay, extremly high plas-
ticity

F7 (CH)

F8 (CE)

Geologic profile

Allprofiles are saved to the Geologic profiles library. The geologic profiles can be imported or exported by the DB4 format.
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Elﬁ Libraries

S Setup

----- B Catalogue blocks

----- H Named tem

jg Structure, Anahysis

g Steel

g Concrete, reinforcement
Subszail, f i

Subszoils

Geologic profiles ]

E. Pad foundations

Loads

Fire heat

Heat transfer

ﬁ Drawing tools

The borehole profile is defined as a simple grid with the preview. Each row represents one layer of soil with the same prop-
erties.

F T — k|
Geologic profile ﬂ

Thicknssz = 1.40[m], Edef= 30.00[MIN/m"2]. Waight = 18.50[kN/m"3]

I I I I I I I I I I I I I I I I I I I I I I Thicknass = 1.60[m], Ed=f = 30.00[MIN/m"2], Waight = 19.50[kN/m"3]
T A Thicknssz = 0.01[m], Edef =42 00[MDT/m"2], Weight = 15.00[kN/m"3]
Thiclnass = 2.00[m], Edaf = 30.00[MIN/m"2], Waight = 15 00[kN/m"3]

Thickness =2 60[m], Ed=f = 20.00[MIN/m"2], Waight = 17 30[kN/m"3]

Thickns=ss = 3.00[m], Ed=f = 20.00[MN/m"2], Waight = 17.50[kN/m"3]

Thiclness = 4.00[m], Edaf = 20.00[MIN/m"2], Waight = 17 30[kN/m"3]

Name | Thickness [m] | Edef[MN/m™2] | Poisson Dry weight kN/m™3] | Wetweight kN/m™3]  [m [ «
1 |ndeyp Bték 140 30,00 0.350 18.50 18.50 0.
2 | &énc hlinty.. | 1,60 30,00 0.300 18,50 15,50 0.2
3 |EtEnk 0.0 42.00 0.250 19.00 19,00 0.
4 |&Ek G3st.. 200 50.00 0.250 19.00 19,00 0.
5 |pissk 53s.. 2560 20.00 0.300 17.50 17.50 0.
(= mical €1k R nin 1N L el ] 17 RN 17 RN n o
‘wiater height 5,000 m Mare W3
MNon-compressible subsail below the last inputted layer [ 0K, ] [ B
| — —— — | — -

Each layer is defined by the soil parameters:
Name:
Specify the name of the layer

Thickness (m):
thickness of the layer

Edef:
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The module of deformation E def

is defined as deformation characteristic of the soil. It is a ratio of the normal

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

The value Em from Eurocode 7 can be used instead of E def-

E ;o according to CSN731001:

Class of the subsoil Edef(MPa)
F6-F8 (soft, medium consistency) | 15-4
F6-F8 (stiff consistency) 6-8
F6-F8 (hard consistency) 10-15
F3-F5 (soft, medium consistency) | 3-5
F3-F5 (stiff consistency) 8-10
(

F3-F4 (hard consistency)

based on survey

F5 (hard consistency)

10-20

F1, F2 (soft, medium consistency)

5-15

F1, F2 (stiff consistency)

12-25

F1,F2 (hard consistency)

based on survey

S4,85 5-12

S3 12-19

S2 15-35

S1 30-60

G5 40-60

G4 60-80

G3 80-90

G2 100-190
G1 250-390
R6 10-75

RS 20-250
R4 40-750
R3 70-2500
R2 130-7500
R1 250-25000

TheE def for R is derived from the number of discontinuous partsin the soil.

Poisson:

Poisson’s ratio, coefficient of transverse deformation, an indicative value or experimentally found value can be
used, predefined rangeis0—0.5

Poisson according to CSN 73 1001:

Class of the subsoil

Poissonv

F8 (soft, medium, stiff consistency)

042

F8 (hard consistency)

based on survey

F5-F7 (soft, medium, stiff consistency)

0,40

F5-F7 (hard consistency)

based on survey
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Class of the subsoil Poissonv

F1-F4 (soft, medium, stiff consistency) | 0,35
F1-F4 (hard consistency) based on survey
S5 0,35
54,83 0,30
$1,82 0,28
G4,G5 0,30
G3 0,25
G1,G2 0,20
R6 0,40-0,25
R4,R5 0,30-0,20
R3 0,25-0,15
R1,R2 0,20-0,10

Dry weight:

weight for the dry soil, normally within the range from 18 to 23 kN/m3, range is 0 — 10000000000 kN/m?3

Wet weight:

weight for the wet (saturated) soil, this value is mostly about 2-3 kN/m3 higher than the dry weight, range of the
valuesis 10— 10000000 kN/m?

m coefficient: )

structural strength coefficient, according to the Eurocode7 is 0,2 (CSN 73 1001 defines a table). The m coef-
ficient may be modified for the whole Eurocode.

Coefficient m according to CSN 73 1001:

Class of the subsoil m
F1-F8 with Edef<4MPa, notover consolidated and soft or solid consistency 01
R1,R2 and R4, R5 not affected by erosion '
F1-F8 which don’tbelong to the first group
$1,82,G1, G2 under the water level 0.2
R3
S1,S2,G1, G2 above the water level
S3-S5
03
G3-G5
R4, R5 which don’tbelong to the first group
R6 04
Loess, loess loam 05
,‘ Geologic profile must be defined up to such a depth where the bearing pressure is still act-

ive, otherwise the program does not have sufficient information.

The defined parameters are displayed in the library as properties.
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W3

. .Name 3
"W ater height [m] | 5.000
Mon-compress... | E

B Layers
= lh

Layer's name | nasyp étérk
Thickress ... 1,400

Edef [MMMA.. | 3.0000e+01
Poizzon 035

Oy weight ... | 18.5

“Wet weight... 185

m nz

The height of the underground water is defined by the value in the properties. It is a positive value but it represents the
depth.

Non-compressible subsoil below the last inputted layer

[ Mon-compreszible subsoil below the last inputted |ayer

The checkbox “Non-compressible ...” can be used if the soil below the last layer is non-compressible. The system applies
coefficient of depth reduction x., in this case (calculation of % ., can be foundin CSN 731001, art. 80). This option is recom-
mended when the non-compressible layer is placed in a small depth under the borehole.

Calculation of » ) according to CSN 73 1001:
% ,=1 -exp((ziclz) In0,25 +1n0,8)

T T
oot oo asaibie
[ : -I
3= + 4
] I . B o al
] +, 1 1 I
9 21F : | :
] e 2 f t
' / II‘ :
¥ L7 =1 [ 1
[ | I
Tic 1 i L i

1—foundation base
2-non-compressible layer
zZ - is the depth under the foundation base to the non-compressible layer

z—is the depth from the foundation base to the level where the contact stress g, should be calculated
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The contact stress o, will be calculated by the reduced depth z,=% 2*2 where zis the depth under the foundation base.

Properties of the borehole profile

Properties EJ_Z'C_]

| Borehole profile (1) |\ W
[Name | BH1
Coord X [m] 0.000
Coord Y [m] -2.000
Coord £ [m] 0.000
Results onby O
Geological profile V3 il =

The borehole is defined by the geologic profile and the inserting pointin the 3D window. The properties contain only name,
its coordinates, the borehole profile and the checkbox Results only.

Settlement input data

Settlement is calculated for each mesh element (in its center 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 set-
tlement but the geologic profile is not taken into account for the layers approximation.

The nodes for the settlement calculation (green vertexes):

0008

Geological areas

The main geological surface = areais calculated and displayed automatically. It is possible to create more areas in the main
one.

Layers approximation is calculated inside one geological area, independently on neighbouring areas. There is a geological
fault on the border between two geological areas.

The Sand-gravel pile is a geological profile which is placed in one geological area.
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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.
Thisis required because of the soil-in approximation.
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Ifthere is some layer missing in one borehole, then it can be substituted by layer with min-
imum thickness — e.g. Tmm.o the soil-in has appropriate number of layers for approx-

imation.

Foundation base

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

Even the extrem example as this one place the foundation base to the bottom surface.
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duuuua&ﬂaﬂ.ﬁ. h

The red line indicates the foundation base.

Soil surface

Soil surface is a tool for initial approximation of subsoil surface and layers between boreholes.
Surface is calculated automatically according to inserted structure and inserted boreholes.
Ifitis deleted then itis automatically regenerated before the calculation starts.

Surface hasits borders at least 10m outside the structure.

The surface is editable by 2 action buttons:

« Refreshoutline: it recalculates the border

« Refreshsurface: it recalculate the mesh of the surface

Refresh outline
Refresh surface

B

e

The properties of the surface are simple. Just a name and sizes:

Properties Ejﬂ
Soil surface (1) v] YY)
X
Mame | 551
e = [m] 10,000
Min 2 [m] -10,000
Ma v [m] 10,000
Min y [m] -10,0040

Itis possible to display deformed subsoil surface. Itis created by several boreholes with different Z coordinates. The mesh is
used only for displaying of terrain, it is not used for the calculation.
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Surface support

The surface support s basic structure object for soil-in. The support type is defined by combobox with 3 items.

Properties __1115]

[Surfau:e support on surface (1) v] AT T

x

Mame S51
7 Soiliry -

20 member Individual l

Both

Individual:

the C parameters are defined by user in the Subsoil manually (all of them). They are used for calculation. (e.g.
contact stresses of the foundation surface)

Soilin:

system calculates C parameters (C 17 sz’ C2y) — thistype is required for the complete soil-in calculation, C Ix
andC 1y are taken from the solver setup

Both:

system calculates C 12 C2X and C2 if they are setto zero in the Subsoll; the rest s taken from the Subsoil. This
item is used rarely only for a very spécial cases.

Soil-in type

The only type which doesn’t use the data from the Subsoil library. Allinitial values of C parameters are defined by the Solver
setup.C I andC 1y are taken from this setup as the results and the rest s calculated by the Soil-in.

The initial values could influence a bit the calculation convergence but their major importance is for setting of non-com-
pressible stiffnesses. These values are 100 times higher than the initial values. That's why a reduction of initial values (e.g.
10times) can help in a convergence problems (higher depth, smallloading, etc.)
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I’ hl
B Solver setup ﬂ

MName
FEartrtPe——
Coefficient for reinforcemert 1
B Seil
Soil combination
Man soil interaction step
Size of soil suface element [m]
C T [MMN/m™3]
Cly [MM/m™3]
C1z [MN/m™3]
C2x [MMN/m]
C2y [MN/m]

EZB
KN

njen| = | === —

a0 3 .o KN

Individual type

C1Z, C 2 C2y parameters are taken from the Subsoil library. It is predefined by the user. The calculation of Soil-in won't
startin this case.

Both type

Soil-in calculates C 17 C2x and C2y onlywhen they are set to the zero value by the user.

The parameters with any other value are taken from the library.

Example with type Both:

Clz Flexible |

Stiffniess [MM./m™3] 5,0000e+01

C2x [MN/m] RREREEES

0,0000=+00

‘ In this case the 02 parameter is calculated by soil-in. This item could be used onlyin a case
when the soil-in would calculate any extreme values of C 9 parameters. Itis a very sporadic
case.

The type Both is not too common and it was introduced mainly for two reasons:

First, I use type Soil-in but | want to have different friction in different parts of the structure. Therefore, the solver setup dia-
logue is not enough for me, because is just one value can be adjusted there for the friction. Therefore, | can use type Both
and thus | am able to define several subsoils with non-zero constants C Ix and C1 with all other parameters adjusted to
zero. When the Soil-in module runs, the non-zero constants C I andC qyare of higher priority than those determined by the
solver and are applied. Other "zero" values indicate that the values determined by the solver are applied.

Second, sometimes it may be necessary to "suppress" higher values of shear (C2X, C2 ) calculated by Soil-in module. This
may happen e.g. when a new plate is modelled on an old one and the old plate is defined as the first layer of the subsoil. Itisa
correctand proper solution, but as E modules of soil and concrete are dramatically different, the Soil-in module calculates
high C2 parameters. Consequently, the stiffness of the foundation slab in the model is bigger than if the two slabs were
joined" together and input as a homogenous monolith. Therefore, C,, parameters may be reduced artificially. This can be
achieved in type Both. | define the subsoil with zero C,, _ (it will be determined by the Soil-in module) and other non-zero para-

meters (C2 and friction). Thus the Soil-in module will provide only for C 12 parameter.
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Subsoil library

The subsoil contains parameters which can be defined by the user or calculated by soil-in.

ParametersC Ix andC pyare always defined by the user.

F 9
|57 Subsoils g
AeB L 0 S weEHE | -| &
o £
Suk? Decription
Clx [MMAm ™3] 5.0000=+1
Cly [MM/m™3) 5.0000=+M1
Clz Flexible ;"
Stiffness [MM./m™3] 5. 0000=+01
C&x [MMAm] 3.0000=+M1
C2y [MM/m] 3.000:0=+1
B Parameters for check
Type |Undrained L"
Water/air in clay subgrade O
Specific weight [kg/m™3] 0.0
Fi [deg] 0,00
Sigma oc [MPa] 0.0
c' [MPa] 0.0
cu [MPa] ]
[ Mew ][ Insert ][ Edit ] Delete

Required parameters for Soil-in calculation
What all must be defined:

« Projectwith atleast one borehole with predefined geologic profile
o Structure with surface support type Soilin or Both

o Load

o Combination type Linear (ULS or SLS)
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Soil-in settings in the Solver setup

-

-
B | Solver setup M

MName

B Solver
Run ene nonlinear combination [m}
Neglect shear force deformation { Ay, Az == A) O
Bending theory of plateshell analysis Mindlin =]
Type of solver Direct =
Mumber of thicknesses of b plate 20
Mumber of sections on average member 10
Maximal acceptable translation [mm] 1000.0
Mamimal acceptable rotation [mrad] 1000
Prirt time in Calculation Protocol =

Coefficient for reicforcemant 1

Bl Seil II
Soil combination co ;!
Ma soil interaction step 10
Size of soil suface element [m] 0,500
Clx [MN/m™3 1.0000e-01
Cly [MN/m™3 1.0000e-01
Clz [MN/m™3 1.0000e+0
C2¢ [MN/m] 5,0000e+00
C2y [MN/m] 5,0000e+00

Egj EIEJ [ QK. ” Cancel ] I

Soil combination:

linear combination which is used for the soil-in calculation.

Even though itis 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 stillno proper C parameter calculated,
in case that results diverge), the max. limit is 99 steps

Size of soil surface element:

define size of element of surface mesh. Itis used for displaying of terrain.

c I

the parameter defined by the user

C,.:
1
theyparameter defined by the user
c 7
ini1[|al value for soil-in (if the support type is Soilin)

(O
inﬁf‘al value for soil-in (if the support type is Sailin)

C, :
inﬁ?él value for soil-in (if the support type is Sailin)

The source of not calculated parameters depends on the support type. Itis described in the
previous chapter.
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Soil-in calculation

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 sub-
sequent 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:
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o~

(1)
Inital C parameter
(Solver setup)

(8)

New C parameters

*

(7)
Soil-in
Calculation of new C parameters

\ 4 *

(6)
esults Change of loading
(! contact stress) (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 0, and displacement u,.

The results of iiteration.
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5. Comparison of the in contact stress o, and u,- itis based on the quadratic norms, when it does not change sig-
nificantly, then the calculation is done and Scia Engineer displays results.

18t step of soil-in — the contact stress is recalculated to the new loading.
2"d 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.

© © N o

New C parameters are used for the next FEM calculation.

There is a message when the last iteration is done.

F B
FEM solver - 64 bit, [

Iterative processing FEM analysis-S0ILIM finished
___I____'_‘_l with iteration no. 3

QK

Quadratic norm to compare the results from the last and the previous iter-
ation

The calculation of the settlement of the subsoil and subsequent determination of the C parametersis performed in a stand-
ard way using an iterative process. The result of this process is the state in which the contact stress or displacement u, intwo

subsequent iterations does not change significantly. For that reason, the following quadratic norms are evaluated in every j-
thiteration:

n

2
Z(O'z,_,-,j - O'z,f,j—l) 4

i=l

627 = n
Z Oij Oz j1 ’ Af
i=I
2 2
Z(uz,i,j _uz,i,j—l) Ai
gﬂ' - JZIH
Z Uy g Wag i ‘ Ae'
i=1
Where:
nnumber of nodes

0, contact stress innode
Aiarea corresponding to node i

u, igIobaI displacement of node iin the z-direction
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The iterative calculation is stopped if £0<0,001 or £u<0,001

Theory about the derivation process

In this text we limit ourselves to a brief derivation for the purpose of the explanation that will follow:

1. The formula for the potential energy of internal forces of the 3D model has the following form:

H§D=%I9T§ [€'Dear
¥ ¥

h.:li-—-

2. Neglecting the effect of horizontal components of deformation, we get the following vectors:

3. Thismeans the corresponding simplification of the matrix of physical constants D.
E 0 0
D=0 G 0
0 0 G

4. Inorder tobe able to reduce the problem from 3D to 2D, itis necessary to integrate formula 1) over the z-axis. For
this reason, a certain “damping function” fz isintroduced and it is defined by the ratio of the settlement in the given
depth to the settlement of the surface wo(x,y).

wix, ¥, 2Z)

f2)= e

5. Modifying formulas from step 2) we get:

@’(Z} oW, {x ¥) a{x ¥)

f(3).

e=| wy(xy)

f(z }}

6. Substituting formula from step 5) into the formula for the potential energy of body V=QH, where Q s the extent of
the 2D model and H is the depth of the deformed zone of the 3D model, we obtain the following formula:
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IX{ X

| S %[ [c:rzez +T 7, + ql.z;{l.::l dV =
.

= %_[[ejgz +(72 +72)G |V =
¥

H
1 (e (awa}”" 2y () T 2
== wgJ‘El\E} iz +| ‘!deHLE _!dez dQ
0

0

7. Integrating over z, we get the formula for the potential energy of internal forces of the 2D model with two para-
metersC,Sand C,5:

i A If 1 . If 2
o= || Chionn +c3 [ 222 |y _%(I=P}] 1
2 - e :

\ e

8. Comparing formulas from step 6) and 7), we can define the relation between the parameters of the general (3D)
and surface (2D) model:

H

2 H
s E(M} dz Cr =G, = [ Gr (2
0

1z — zk &z x 1y
L

Conclusion:

Itis also possible to eliminate the automatic calculation of some C parameters and define them manually. This can be
achieved by special adjustment of the subsoil parameters and set the type to Both (!).

The results of soil-in

2D data viewer

The soil-in results are available in two different services. In the “Calculation, mesh” service is 2D data viewer. There are res-
ults for Subsoil.

] Check structurs data
----- 25 Connect members/nodes
----- J];lr" Mesh setup

----- J];lr" Solver setup P [l e
----- I% Local mesh refinement SR e il‘}ﬂ

{@] Mesh generation

----- Calculation

----- EZ) Hidden caleulation
e :

{88 Surface loads
- {88 Temperature load
__© Swbsol |

fond {:i_:?‘ ISDtI'IZIp'}.-'

it

----- (83 2D data viewer

The C parameters are calculated for the mesh on the 2D member. Itis displayed by the colour planes.

The results can be displayed for each of C parameters.

-64-



Soil-In

Properties _El_j _X_j
[Subseil (1) -|\a V7
@ 2
Mamea Subsail
Selection Al =
Fitter ho ud
dILes C-1I =
Drawing setup 20 Clz
C2x

The example of calculated C1z:

f_
Cly

9 B635e+002

9.0000e+002
8.0000=+002
7.0000e+002
6.0000e+002
5.0000e+002
4 .0000e+002
3.0000e+002
2.0000e+002
1.0000e+002

2.7035e+001

Clz [MN/m*3]

Fe

Drrawing setup 2D

The preview with C parameters in the table can be also displayed in the 2D data viewer.

Results

The service results contain two result previews:

o Subsoil-C parameters

« Subsoil- Other data - this displays settlement (table and diagram for each node)
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6

Results

A ¥

&

[F:T.' Deformed Structure
& Supports
= ;
----- £% Reartions
----- + Resultant of reactions
g Foundation table
----- + Modal space support resulkan

== 2D Members

-

----- @j Displacernent of nodes

i

----- @j Mernber 20 - Internal Forces

i

----- @j Mermber 20- Stresses

i

----- @j Member 20- Conkack stresse:
----- .sE? Section on 20 member
-4} Inteqgration strip

E Sveraging strip

@j Subsnil - C parameters
@j Subsoil - Other daka

_D Bill of material

E:[' Calculation pratocal

C parameter results

When the Soilin type of the support is used then the preview Subsoil - C parameters displays the same results as 2D data

viewer.

When the Both type of the support is used then the preview Subsoil — C parameters displays results of the soilin calculation
and the 2D data viewer display data from the Subsoil library.

C1z [MN/m*3]
9 6635e+002

9.0000e+002 l

5.00008+002 |
7 00008+002
£.00008+002
5.00008+002 |
4.0000e+002 ||
3.00008+002 -

2.0000e+002
1.0000e+002

2.7035e+001
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Preview

Bl BS || /0 w s > (| T aeraur L
Subsoil

Selection Al

Comhbinations @ Co1

Element | Element 2D Clz C2x Cly

[MHN/m®] [MM/m] [MN/m]

1 1] 463020401 | 4,28523e+00 | 4,2853e+00
2 2 9.9824e+01| 51483e+00| 5,1483e+00
3 3| 1.6604e+02 | 23392e+00| 2,33597e+00
4 4 6,7508e+12 [ 1,1691e+00 | 1,1651e+00
] 2 7.B848e+02 | 1.711e+00] 1,7111e+00
B B 9.6632e+12| 1,6222e+00| 1,622¢e+00
7 T 338992401 | S4404e+00 | 9 4404e+00
g gl 3.3604e+01 1 B.6200e+00 1 6&.6200e+00
1 Element

Soil stress diagram

The “Subsoil— Other data” allow to display Soil structure strength diagram for calculated points. The points are displayed by
the action button “Soil stress diagram”.

| Soail Strezz Diagram s

Presiew =EE

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

Points are displayed as a green vertex. 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 bore-
holes. User just selects the point and the diagram is displayed.

Ifthe borehole is defined as “Results only”, then the point is available for displaying the diagram.

Example of the dialogue Soil Structure Strength:
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Soil Structure Strength @
Earehole 16 ¥=05001m | ¥= 12,500t

0025 m
Soil poirk: 16 e

Coordinates

= 0,500 m
Y= 2,500m
[ Previous ] [ Mexk ]

[ Send Picture ko Document ]

Litnit depth = 2,354 m

Close

Previous:
Display the Soil Structure Strength for the previous node

Next:
Display the Soil Structure Strength for the next node

Borehole:
Display the Soil Structure Strength for the selected borehole inserting point

Soil point:
Node number

m*Sigma,or:
The original soil stress

Sigma,z:
The overstress

See more about Soil Structure Strength diagram here.

,ﬁ There are two lines - m*Sigma,or and Sigma,z. According to theory, settlement will occur if
Sigma,z>m * Sigma,or.

Settlement table
The table is displayed in the Subsoil— other data results. The preview table contain values w for each node.

The settlement w is different from displacement u, of the foundation plate because w is calculated without stiffness of struc-
ture and from the penultimate iteration. Therefore it is useful to watch values w only outside the foundation.
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Preview

BS | m 0 w o
Subsoil - Other data

Selection ;- All

Comhbinations © 01

Element X Y w

[m] [m] [mm]

1 -2.500 4,500 04
2 -1 500 4 800 o2
3 -0.800 4 800 0,0
4 0,200 4,500 0.0
] 1,200 4.4800 0.0
5 2,800 4 500 0,0
T’ -2.500 3,200 0.8
a -1.500 3,500 05
g -0.500 a.800 0.3

Results for each iteration cycle

When the soil-in won't 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 f.l.ﬂ
Contact stresses (1) v] AT YA

& =
MName Kontaking napatie

Location
Standard
Section

Values

Extreme

Thefirstiteration cycle

Drawing setup 2D

sigmaz

-69-



Chapter 6

r - P rti
sigmaz [kPa] —— 3
15.8 [Cnntad stresses (1) '] Wﬂ ‘1?;; f?
& =
14.0 MName Fontaking napatie
: Selection Al R4
Type of loads Soilin teration Rd
12.0 Soilin teration | heration 1 i
Fitter Mo hd
Location In centres Rd
Standard E
Section O
Edge O
Values sigmaz ]
[] | Bxtreme M Rd
ok Drawing setup 20 _I
The second iteration cycle
8 - i rti x
sigmaz [kPa] TOREES i HJ
21.0 [C.ontad stresses (1) "] Wﬂ V-/' F?
20.0 @ =
MName Kontalktné napatie
18.0
Selection Al LI
16.0 Type of loads Soilin teration |
14.0 Soilin teration | teration 2 LI
Fitter Mo LI
12.0 Location In centres LI
100 Standard E
Section O
2.0 Edge O
a0 I Values sigmaz LI
[ ] | Bdreme No _vJ
G Drawing setup 20 _I
The third iteration cycle
sigmaz [kPa] * SRR 2l
14.0 [Contact stresses (1) '] % ‘1?-/' F?
138 e x
128 MName Kontaktné napatie
120 Selection Al d
Tvpe of loads Sailin teration hd
2 :
Soilin teration | teration 3 Rd
10.4 Filtter Mo LI
9.5 Location In centres |
28 Standard E
2.0 Section O
Edge O
i Values sigmaz =
6.4 |:| Extreme Mo ;I
60 Drawing setup 2D _|

The fourth iteration cycle
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sigmaz [kPa] ~ |ToReHiEs x|
15.3 [Cnrdac*t stresses (1) v] AY: YA
& &
Mame Kontaktné napatie
Selection Al hd
Type of loads Soilin teration Rd
Soilin feration | teration 4 -]
Filter Mo hd
Location In centres hd
Standard E
Section O
Edge O
Values sigmaz hd
[ ] | Extreme Mo |
Drawing setup 20 o

The additional springs are automatically added on the edges if soilin calculation doesn’t
recognize additional plates around the support. See chapter Advanced tips.

Soil-in and Pile design

Soil-inis a tool for calculation stiffness of the subsoil half-space. The pile is a type of support. Soil-in and piles can be used in

one project and system will calculate it together.

Soil-inand Piles are using two different types of boreholes. Piles are based on the CPT profiles; soil-in boreholes are user-
defined by layers. Both types of boreholes must be inserted in the project if the user wants to calculate soil-in and pile design.
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1. Borehole profile for soil-in
Surface support for soil-in

Piles for Pile design

N

CPT profile for Pile design

Advanced tips

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 worksin
the reality is displayed below.

Calculation of the nearest surrounding of the structure is a specific use case. Itis 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:
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Calculated C parameters:

The structure is marked by the black rectangle and around this is one more plate - surrounding plate — with thickness
0,001mm.
Automatic calculation of the edge supports

When user don't use any subsoil elements then the program will eliminate the neglect of the subsoil on edges by an auto-
maticinserting of vertical supports on the foundation edges.

The calculation of those supports is based on already known C parameters. The program try to support the plate in the
same way asit should be supported by the subsoil itself. This leads to approximate model where the sum of reaction is con-
tact stress with reactions in those nodes.

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

This automaticinput 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.

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:
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1. Create additional structure to calculate the C parametersin the nearest surrounding (it is described in the previous
tip)

C1z [MNimA3]
1.0000e+003

5.0000e+002 I

2.0000e+002
7.0000e+002
G.0000e+002 -
5.0000e+002

4.0000e+002 I
3.0000e+002

.| 2.0000e+002
1.0000e+002

1.4813e+001

Calculated C parameters on the surrounding plate —> C parameters for the pad foundation

2. Calculated C parameters can be used in the Subsoil library. Put the values from the table to the Subsoil library.
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0 @& kalE i % 18 B

; 7, | L e
2@ B&| |50 - |«
184 4841 1,7858=+01 1,0708=+01 1,0708=+01
i85 485 1,8457e+01 2,41142+00 | 2.41122+00
188 4568 1.,9984e+01| 5,5088e=+00 | 5,59083=+00
187 487 | 1,0850e+02| §8234e+00 | & 82342400
1838 488 | 2,1320e+02| 1,6585e+00 1,5595=+00
182 488 27071==02( 1,4515e+00 1,4815e+00
80 420 | 2.7471e+02| 1,4815e+00 1,4815e+00
181 481 | 2.2820e+02| 1.4815e+00| 1.4815e+00
+  Properties /x|
[Suppurt in node (1) 'r] ﬁ;} ? f
X
Mame Sn1
Type Fad foundation ;I
Angle [deq]
Pad foundation PF1 vl
[Subsai | b1 - [
- LStiffness X LAkl ml I L
= — - -

B Subsoils

Subl

AZemBl oo & @@ |
Mame Sub1
Decription
Clx [MMNAm ™3] 5, 0000e+01
Cly [MM/m ™3] 5 0000e+01
Clz Flexible
Stiffness [MM./m™3] 2707e=00
C2¢ [MM/m] 1481500
143152+00

3. Runthelinear calculation again.

4. Checkthe pad foundation in a standard way.
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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. Itisnecessaryto 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. Checktheiteration cyclesin 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. 5tcycle. Use
this value in the solver setup for number of iteration cycles.

Properties __J}_i_lfj

[Cuntact stresses (1) v] VBl @/
R
|Name | Contactspanningen
Selection All |
Ilmuﬂmsls Soiin lterstion x
Sailin teration fteration 5 vﬂ
Filter Mo ad
Location Im centres hd
Sysinfo
Standard E
Section O Soil
Edge O S cob o 001
3 E dit wod wparnatien slap 10
"Jllah_lES Slgmaz *‘TJ HDS O B0W RS0 SamErE I L

3. Startthelinear calculation again, it will be finished after the 5t iteration cycle with results most closest to the reality.
The correct cycle is between 2 and 5t cycle in the most cases.

What it the load is wrongly inserted?
When the plate is notin compression, then soilin cannot be calculated properly.

There could be a message about wrong total resultant:

FE-Calculation 64 - Warning @

; h Total resultant of all overloads is too small (586 )

This may happen when loads are from the bottom to the top, or when there is some change in local LCS of the plate.
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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.)
What if geological fault in the subsoil is needed?

The main subsoil surface is created automatically when a structure and a borehole isinserted to the project. The size of the
subsoil outline is calculated from the structure size, positions of boreholes and some offset around.

The geological fault is created when the second areais inserted to the main one.

1. Create structure and insert boreholes.

2. The main subsoil surface is created.
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3. GotoLibraries/Subsoil, Foundation / Geological areas, create a new area by its coordinates.

- subsoil, foundation
g Subsoils

B Geologic profiles

== Geologic areas

LB Pad foundations

»
E Geu.m_,.car_ —

AiaeBEEk v & =zl 4

| Mew ” Ingert " Edit u Delete |

4. Run standard Soilin calculation.
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5. Checkresults where geological fault is visible as a border between two gradients.

How to use additional plates

Soilinis a tool which calculates C parameters of the subsoil under the surface support. Using the 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 C 1 (winkler) and also in the shear direction —
parameter 02 (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.

- .

The degrease basin can be substituted by spring supports around the plate — this is done automatically in Scia
Engineer when user don't 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.
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->The next text describes how to create plates around the support - additional plates.

Settings for soilin calculation

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

I

Project data

Basic data | Functionality | Loads | Caombinations I F'rDteu:tiu:unl

Froperty modifiers

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

Dynamics O = Subsaoil
Initial stress O m inkeraction & I
S ubsoi =] Soil lnads ]
Manlineariky [ = Steel
Stability O Connection modeller O
Clirnatic: loads O Frarne rigid connections O
Prestrezzing O Frame pinned connections O
Pipelines O Grid pinned connections O
Structural model O Baolted diagonal connections O
Pararneters O Expert system O
Mobile loads O Connection monodrawings O
Avtomated G drawings O Scaffolding O
Ewternal application checks 0O LTE 2nd Order O
O

El Contents of co...
251 - Wlastni hmat... | 1.00
752 - Ostatni stalé [-] | 1.00

3. Thislinear combination must be selected in Solver setup to run soilin with it.
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5| Solver setup

M arne
B Solver
Run one nonlinear combination O
Meglect shear force deformation [ Ay, bz > A ] O
Bending theary of platedshell analpsis Mirdlir hd
Type of golver Diirect ]
Mumber of thicknesses of rib plate 20
Mumber of zections on average member 10
M arimal acceptable tranzlation [rom] 1000.0
M axirnal acceptable ratation [mrad] 100.0
Frint time in Calculation Protocol E
Coefficient for reinforcement 1
B Soil
Igcnmbinatinn zoilin _:I
Max 2ol interachon step ]
Size aof zoil surface element [m] 0.500
Cls [N ™3] 1,0000e-01
Clyp [N "3 1,0000e-01
Clz [N ™3 1.0000=+01
C2x [MM /) 5,0000e+00
C2y [MM ) 5,0000e+00
4. The project must contain borehole with geologic profile.
i __PB’:;::I:;UNE 11 MAT:RYS ur’ -
& =
Coord [m] 0,000
e o
| eological prafile P i E]'

1| Geolagic profiles

ABeBw o |G SH| A

GF
Water level [m] 1,000
Non-compressible su... 0
= Layers

B1
B2
B3

Hew Delets

| Thickness

= 200[u], Edf = 12 00[MH/uw2], W

s = 3.00[m], Edef = 15.00[MN/m"2], We

ss = 3.00[u], Edef = 25.00MN/2x"2], We
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5. The project must contain surface support type soilin.

How to calculate the plate without soilin
1. Openthe project “soilin_start.esa”.

2. Thereisone plate with the surface support type Individual. This type of the support has a constant parameters C 1
andC,,.
2
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3. Runthelinear calculation with the default settings.

i Calculation
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FE analysis x@

Single analysis | Batch analpsis |

i@ Linear calculation |

(71 Manlinear calculation
kodal analysiz
Linear stability
Concrete - Code Dependent Deflections [COD
Conztruction stage analysiz
Monlinear stage analyziz
M anlinear stability

(71 Test of input data

|Num|:uer af lnad cazes &

Solver setup ] ’ tezh zetup ]

oK | [ Cancel |

4. Gotothe service Results. Display the results for internal forces. There are no results for C parameters.

5. Internal forces - for example vy:
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LW [kNim] * iRioperics i
129 {2D member - Intemal forces (1) v] e v; ."?
1.00 & =
0.80 Name 2D member - Intemal for...
080 Selection Al hd
4 Type of loads Combinations hd
o Combinations o o
0.20 Fitter No hd
0.00 System Local hd
020 Rotation [deg] 0.00
i Averaging of peak [m}
Location In nodes, avg. on macrLI
-0.60 Type forces Basic magnitudes LI
-0.80 Standard =
-1.00 Section
128 Edge g
Trajectories ]
Values vy i
Extreme Global hd
Drawing setup 20 ]
Ty
s
|
— !
e

How to calculate the plate with soilin.

1. Change the support type to soilin.
2. Runthelinear calculation again.
3. Gotothe service Results. Display the results for internal forces and soilin for combination CO1.
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Results o X

— [FzT.' Deformed Skruckure

& Supports

----- #% Reactions

----- + Resultant of reactions

g Foundation table

----- + Modal space support resulkant
<= 2D Members

{ﬁ Displacernent of nodes

;ﬁ Mernber 20 - Internal Forces
_EI'E Member #0- Stresses

g:% Mermber 20- Contack stresses
----- &=/ Section on 0 member

~4] Integration strip
=3 . :

:@3 Subsail - C parameters
{85 Subsni - Other data

~{_| Bill of material

E;ﬂ Calculation pratocal

4. Internalforces- vy:

vy [khim] * [PIOREHES Y.
1569 20 member - Imtemal forces {1) v]m v/ 2
12.00 N & x
10.00 Name 20 member - Intemal for...

2.00 Selection Al ]
Type of loads Combinations |
s Combinations |CO1 hd
e Fiter Mo =
2.00 System Local hd
000 Rotation [deg] 0,00
Averaging of peak [m]
-2.00
Location In nodes. avg. on macr;l
5 Type forces Basic magnitudes ;I
-6.00 Standard B
200 Section [m]
-10.00 Edge el
— | Trajectories O
0 Values vy Jd
-14.00 Extrame Global |
1762 Drawing setup 20 o

5. Subsoil- C parameters - parameter C1z:

-86-



Soil-In

1.4000e+001
-

b

1.2000e+001

1.0000e+001

2.0000e+000

7.426%e+000

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

Preview

BEBES[]H50 » s - | 0 g |

Subsoil - Other data

Sekction : Al
Combinatons : CO1
Element X Y w
[m] [m] fmim]
0,152 0,150 0,7
2 0,457 0,150 1.1
3 ] 0,150 1.5
4 85 0,150 1.6
B AT0 0,150 1.4
3] 1,674 0,150 2.0
T 1,578 0,150 12
] 2,283 0,150 2.4
9 2 58T 0,150 23
10 2,891 0,150 1.8
3,186 0,150 2.4
12 3,500 0,150 2.4
13 3,804 0,150 2.4
14 4,109 0150 1.8
15 4,413 0,150 .4
16 4717 0,150 23
17 5,022 0,150 2.2
i8 5,326 0,150 i5a
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215108001 | Subsai (1) -5\ 7
& &
2 2l Name Subsaoil
1.8000e+001 Selactiar Al El
Fitter No |
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7. Subsoil- Other data - use the action button "Soil Stress Diagram" and select one green vertex:

Fiefresh
Soil Strezs Diagram R
Fresiew =n

+ ispeiics a
| - e
: e

8. Anew dialogue appears - there is a stress diagram for the selected mesh element:
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F = Bl
Soil Structure Strength » ﬁ

198 | X=4,109m | Y=2,350m

Borehaole
- =0
Soil point: 198

Coordinates

X= 4109m

Y= 2,550m
[ Prewvious ] [ Mext ]
[ Send Picture to Document ]

Limit depth =5421m

Close

9. Close the dialogue.
10. Use ESC tofinish the action.

0 The edges of the plate are supported by springs automatically.

How to create the additional plates around

1. Use the same project.
Open the Structure service and start the command for inserting a new plate.
Set the thickness of the plate to Tmm.

B on

Create 4 plates around the surface support according to the picture. The width from the original plate is 3m.
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3000

U Y

5. Add the surface support type soilin on those plates.
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6. Runthelinear calculation with the same settings again.

7. Gotothe service Results. Display the results for soilin.

8. Subsoil- C parameters - parameter C1z

Clz [MHimaz) © Fropeties 2 %

1.0000e-002 Subsoil {1} -\

&
% Name Subsoi
£.0000¢-002 S N =
7.0000-002 Fiter No B
£.00002+002 Values ciz =
5.00008+002 Drawing setup 20 e

4.0000e+002
3.0000e+002
2.0000e+002
1.0000e+002

7.9935e+000

9. Subsoil- Other data (see the preview with the table for settlement):
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Subsoil - Other data
S=ection : All
Combnstions : CO1
Element x ¥ W
m | m] | jmm]
1 0,152 0,150 0.8
Z 0,457 0,150 0.8
3 0,761 0,150 1.1
4 1,065 0,150 13
5 1,370 0,150 T4
i} 1,674 0,150 1.8
T 1578 0,150 1.7
i 2,283 0,150 18
8 2 587 0,150 ig
10 2,891 0,150 13
11 3,196 0,150 19
1z 3,500 0,150 19
13 3,804 0,150 19
T4 4,109 0,150 19
15 4413 0,150 19
16 4717 0,150 i8
T 5,022 0,150 1.7
18 5,326 0,150 18

10. Subsoil - Other data - use the action button "Soil Stress Diagram” and select one green vertex:
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11. Stressdiagram for selected mesh element:

El Scia Engineer - [sailin_startesa : 1] = = ]
Fle Edt View Ubrares Toos Modfy Tree Pugins Setup Window Fep _Ex
(DS E| S e Bl soitin startesa SLBEESEGRIN GRS AR DAY CRERERRE N0 BEIEES s Y T s
LA R 0 B+ BB oB[RRes
Results B x * propeties nx
[ e
Defomed Sructre
& Supports &
Reactons
Resutont o reactons
Faundaton able
Nodal space support resultant
G 2 Mambers
Dsplacementof rodes &5
Member 20 - Internal Forces LA
Verber 0-Stesse Soil Stracture Strength
Sectionon 20 member
Itegrston o
Averagng stip sorehioe
Sbsoi-Cparameters
Subsoi - Other data.
i of mtere irorts | 42
Catationprofocel
Coordinates a
x= 629m
v 52%m
Limit depth = 4,893 m
Pl W +
—
Mew | [Close L[ s 2 a0 5 & g oty oy o DG Nt 21 i
i oint selection - Select vertexes >
ne XY_| Ready Snepmode | Fteroh ] Curent UCS
— e el |

12.  Close the dialogue.
13.  Use ESC to finish the action.
14. Theinteresting results are deformations.

15.  See the result "Displacement of nodes", value Uz on Deformed structure:

[ ST el A A T R s S =Y |

o0 S

&%

—
“’ Scia Engineer - [soilin_start.esa : 1] - - - e

Fle Edt View Ubrarss Took Mody Tree Pughns Setup Window e
DS ED c D o taten LR SLTEESERGY LA TELLYL LA B E
B RK L[S

esults x = Propertes x
Result ) Uz )~ 2888 L)
o oefomed s ob Displacement of nodes (1) RN RYAN
4 Supports 20 o
45 Reactions 04 Name Displacement of modss
. Rt of s e Selection ] =
S i o Type of loads Loadcases j|
(el space support resultan 5 Load cases -
= gg '5 it of nodes. o Fiter No =l
02 S Defomed =
18} vember 20 - Internal Forces : el =
3] Member 20- Stresses b o =
{8) Member 20- Contact stresses 02 E:'j‘“” g
e
D secton on 2 member ) D 2 _
@ egratensrn L
B g s 03 Etreme Gickal =
133 subsoi -C paremeters 03 Dreving setup 20 =l
{8 subsol - Other data g
il of materal
e I
{5 Calauation protocal
24
08

9 94 La 2|55 .

Command line

bl e 205 2 o s o oy s | e s
mesh node 23>
Conmand >
[ Freven o
40000000 | 400000000000 | m | PaneXY | Resdy Snapmode | Fiterof | Corert LC5 b
e

The deformed structure shows the degrease basin.
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16. Theresultisin project "soilin_finished.esa".
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Design of piles

Introduction

Pile design functionality is a tool in Scia Engineer developed in co-operation with Deltares. It enables the user to perform the
design/verification of bearing piles in accordance with the NEN code (NEN 6740 and NEN 6743) and NEN 9997-1:2009
(NEN EN 1997-1:2005, NEN EN 1997-1:2005/ NB:2008 and NEN 9097-1). This functionality is available only if the national
code isNEN or EC-EN.

At the moment, this functionality is available if the user has selected the NEN code or the Eurocode. In the
case of the Eurocode, this tool is valid when the user chooses the National Annex for the Netherlands.

The pile design option will facilitate the user to determine the required pile tip level and the bearing capacity at that tip level.
The verification option will result in load- settlement curves from ULS and SLS and calculate the pile settlement. The Load
settlement curves describes the deformation of a pile as function of the load

The Piles are defined as a special type of supportin Scia Engineer. The piles are defined in Pile plans and all the pilesin the
Pile plan will have the same properties. Piles are fully integrated with the 3D model and the soil profiles. The design and veri-
fication of the results depend on the soil profile, properties of pile and the reactions from the structure.

The soil profiles are generated from the Cone Penetration Test data (.GEF — Geotechnical exchange format file - ASCII).
The soil profiles from CPT are linked with the pile plan and are used for design and verification. A link has also been provided
toimport the CPT data from the net (DINO by TNO). This facilitates the user to select the CPT data (.GEF file) available in
the specified location.

An automatic interpretation tool is used for generating the soil profile. It uses the stress dependent NEN rule for the inter-
pretation. The predefined soils are used by this interpretation tool.

The definition of the pile shape and type is stored in the pile plan library. Allthe relevant parameters required by the pile are
defined in the Dutch standards.

The piles are represented in the 3D model and their display is controlled by view parameter settings.

The program enables the user to generate Non-linear functions from load-settiement curves and the generated functions
can be associated to the supports (type Z).

Recalculating the entire structure using these non-linear functions will improve the overall results. It leads to ‘new’ loads on
the piles. With these loads, the process of pile-design, verification and calculation of the entire structure can be repeated to
optimize the total design.

Thereisa possibility to store the input and output xml files which are used for Pile design and verification. Itis possible to use
XML inthe DFoundation and enhance the pile design there.

Geotechnics service

Pile design (NEN Method) functionality is added as a new type under the subsoil category. This functionality will be available
only for the National codes “EC-EN” and “NEN" and for the structure types “General XYZ, Frame XYZ, Frame XZ, Grid XY
and Plate XY”.
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Project data M‘

| Basic data | Functionalty | Loads | Protection |
> : Dynamics ) = Subsoil
loitial stcess [ Soil interaction O
Subsoil B [}
Nonlineanty O I Pile Design [NEN method] | I
Stability ] Pad foundation check m]
Climatic loads O E Concrete

This service is common for Pile design and Pad Foundation. This service is available only if the Pile design or Pad foundation
functionality is selected.

Geotechnics

i Geotechnics setup

== Soilprofile CPT

= 11![': File design
mI Fileplan

= (] Check
1’[‘]3 Pileplan design
/] Pileplan verification

Geotechnics setup

This setup is common for the Pile design and Pad Foundation.

2| Setup manager [
(= Dutch NEN-EN N& Mame Duteh NEN-EN NA
- Geotechnics B Geotechnics
[ File design - Pile check| B [Pile_design - Pile check ]
- Pad foundations B Stucture

Rigidity of superstructure Figid |

E Soil profile
Usze all CPT's for all Pile plans B yes

B Overnule parameters
Factor sigh O no
Satety factor for materials O no
Salety factor for negative skin friction O no
Area O no
Average 5ol modulus O no

B Trajectory
Start [m) 5,500
End [m) -28,000
Interval [m) 20,000

E Update stiffness
Generate stiffness from ULS Load settlement curve Ll

E Pad foundations

Rigidity of Superstructure
The superstructure can be specified either Rigid or Non-rigid. This parameter influences the calculation. The ¢
(sigh factor) also depends on the rigidity of the structure.

Use all CPTs for all pile plans
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If this option is selected all the soil profiles will be automatically associated to all the Pile plans. If the user wishes to
manually associate the CPTs o pile plans this option must be unchecked.

Overrule parameters
The parameters listed under this can be overruled. Whenitis setto NO then the parameters are set according to the stand-
ardorth

ey are calculated. The user has to make sure that the overruling of parameters is allowable.

Factor sigh[¢]
This factor depends on the number of CPTs and the number of piles under rigid super structure.
Table 1, NEN 6743:
M N
1 2 3 4 5 7 210

1or21) 0,72 076 077 078 078 079 0,80
3-6 076 0,80 0,82 083 083 0,84 085
7-9 078 0,84 0,86 0,87 087 0,89 090
210 079 085 087 0,88 0388 0,89 091
1) Also for 2 piles the system is controlled by one pile.

N - For structures which belong to GC2 the building place should be researched by means of the terrain tests and labor-
atory tests. The number of load tests, field tests or borings with undisturbed soil samples on the part of the field for which the
calculated value of the maximum capacity of piles is determinate.

M - The number of piles under the considered part of the structure

Safety factor for materials (y . )
Derived from table 3in NEN 674&
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Table 3, NEN 6740:
Table 3, HEWN&T40
Type of the Pariial malesial Boundary condians
pectechnics | lmcior
chion axinems usehulness
14— [ 14 18. 2
favourable | favourable | unfavourable | unfavoura
1) 1) 2) bie 2}
all WMeQ density ol the | 1.1 11 1 1 1
il
Foundamon for buiddings
Onpiles wn, bl without 14 14 1 i i
(pressyne resparch 3
loac) yrn. b2 with test boad | 1.25 125 1 1 !
i b3 for piles 1,15 1,15 1 1 i
{leaded by besl) and
anchorages
yrn b from CPT 1.25 1.25 1 1 i
On shael WmCd 1angent of 1.15 1.15 1 1 1
fine anghe of inlermal
frcan
el cohdsive 16 16 1 1 i
{Beriring Cagcity o
e foundahors)
i funds undeaingd | 1,35 135 1 1 i
shaar grendgth
CHher i b withigut 14 14 ] 1 |
construclions | redearch
pilesianachiors | wm b2 with test load | 1.4 11 1 1 i
(ensionanz | ym b3 for piles 1,25 1.25 1 1 1
ental loading) | (loaded by test) and
anchornges
wrn b from CPT 1.4 1.4 1 1 i
W tengent of 1.2 12 1 1
e angle of inlemal
Irictian
WM CZ CobEtinng 1.5 1,56 1 1 i
(5ol pressures
equilibium slopes)
wenfundr undeained | 1.5 15 1 i i
ahear sengih
G ymCa 1 1 0B i) 1
G S
Y Cp ymcs 1.3 13 1 1 i
ymE 1.3 13 1 1 1
1) ‘Favorable’ if an increase of the value of the relevan! parameter leads o a mone
laworable result
2)"Unfavorable’ if the increase of the valuwe of the rebevant parameler leads 1o a mone
unfavorable result
3) Here should be used the siroke diagrams which are included in the driring piles inio the
ground of else the following holds, forstates 14 and 186 {favorable) g mbi=18

Safety factor for negative skin friction (yf,nk )
Derived from NEN 6740 11.5.1 '
ULS: Vink = 1,4
SLS: Ve 1,0
Area
The influence area per pile is used in the calculation of negative skin friction for pile groups. If this option is not
overruled, the program calculates the influence area. Thisis done by calculating the average pile distance within
thepilegroup(D_ ).Area=D_ *D _ .
avg avg ~ avg
Average soil modulus
Itis the mean modulus of the soil under 4D-level under the pile tip derived from measurements of the settlement
of building constructions in the environment (kN/m2). (NEN 6743-1:2006, art. 6.3.2)

Trajectory

The pile tip levelislocated in a user defined pile tip trajectory. The trajectory is defined by its top (Start value), its bottom (End
value) and the interval. The interval determines the number of calculations to be performed.

The friction zone levels should not be taken into account, this is automatically adjusted to each interval if it is needed.

Start
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Start of the trajectory (which should be calculated)

End
End of the trajectory

Interval
Determines the number of calculations to be performed (max value of intervals in the trajectoryis 151)

Requirements for the start and end:

1. The starttrajectory must be at least 5*drnin below the lowest surface level, excavation level and pile head level.
(dmin- smallest cross section dimension of the pile)

2. Theendtrajectory mustbe at least 4*Deq above the deepest level of the shallow CPT. (Deq —Equivalent diameter)

3. Theinterval hasto be chosen in such a way that the maximum number calculations should not exceed 151.

‘ The example:

CPT borehole top=-1,0m

CPT borehole bottom=-30m

The pile diameter=0,4m

The surface level thickness=2,6m

The start must be a least 5x0,4=2m below the surface level -> Start=-5,6m

The end must be at least 4x0,4=1,6m above the borehole bottom -> End=-28,4m
The maximum number of calculation is 151 ->-28,4 - 5,6=22,8

22,8/151=0,15

The check on these three valuesis performed.
1.0<abs((End- Start) / Interval) < 151.0

« Thismeansthat the absolute value must lie between 1,0 and 151,0

« Ifthis condition is not fulfilled, then interval is not taken from the dialogue. Itis calculated according to which part is
not fulfilled:

a. abs((End- Start)/1.0)
b. abs((End- Start)/151.0)

0 This condition is calculated also in the check and when it is fulfilled the data are sent to the
calculation.

Soil Profile CPT

The soil profile CPT isa new library in Scia Engineer. It enables the user to generate the soil profiles from CPT data. The
generated soil profiles are used in the Pile plan design and verification.
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-

.
&7 Soil Profile-CPT | s |

Hemk 0> & FE A | ¥
= [T
Profile Type CPT Import
E Insertion point
X [m] 0.000
¥ [m] 0.000
Z [m] 0.000
Interpretation tool MEMN Rule(Stress dependent)
B Additional data
i Phreatic level [m] -5.000
Owverconsolidation ratio of beading ... | 1
Top of positive skin friction zone fm] |-1.000
Bottom of negative skin friction zo... | 0,000
Expected ground leve! setlement [... 0,110
Adions

| Draw CPT in Mode! window S

| New || Inset | Edt | Delete

CPT Data
The soil profile can be loaded to the library by the GEF file or by the DB4 format which is based on the library already filled by

the GEF file information.

GEF file

The GEF file contains the relevant CPT data - the Level, cone penetration resistance - qc, friction, water pressure and fric-
tion number. The program identifies the input data and generates the soil profile based on the input data and the inter-
pretation rule.

The soillayers and the interpreted geometry:
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e b b e
- —
_— - -
—
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- -—
- —
—_—
— -
. .
- -
s -
§ W
.
.
M -
. - .

DR

T - penetration test

g, —cone penetration resistance

z—depth

Inserting the new CPT profile

Adding the new item to the library is done by the dialogue CPTip.

Interpreted geometry E dited geometry
Is Conusweerstand [MPa] Ze m Material ]
0 10 2 300 e e |
3 T
F M1 0.850 18Peatllcy =
) Dﬂster‘smrfﬂi [MPa] # " Boc (12 1.975 26 Peal Pem v
Sl 0 3 2475 24Peatllos ~
2 = T [ -3.495 | 26, Peat Pem ~
2 3 ag |—+
arse A ¥ [Ts 399 25PeatPen ~
= .4 T ra T 5 Feat Ol cow Gw |6 5,495 26,PeatFem *
A %g 2 - HOE -7.015 24PeatClos -
-l 3 CotRestal A Rostaho: W EE 7535 23Peatllos v
Bl 2] a4l ~ I Is 11692 24PeatCloy =
a{lL 5| ErerEmEw | | [2SPEmCPETmIW (10 12192 25PeatPem -
10 &k (11| 1271 14Peatlos, -
112 i L [ZErestFEmm ]| | [ZGFEArPEmOIT ] 2 43211 8ClpSavs
13 & |13 14743 15Peat Loy, =
i B 14 15787 8LClapSavs, =
s =13 |15 17.344 15Peatloy, =
8 o EEEEEE | |18 18.382 | 8Lly.Sav.s. ~
gl 1 [17 18301 15Peatloy, ~
19 Azt |18 19.413 14Peatlos. ~
-20 ask 18 20456 15PeatLo.yv. ~
-21 1L E AT, 7P | |20 | 20975 14Peatlos. v
gg el R s (21 21513 15Peatloy. =
- ‘15 AT Eenblee s bt |22 | 22032 22PeatClv: ~
25 e |23 22550 14Peatlos, =
26 A7 I‘Wf ) | 55557 [24 | 23068 13Peatllss ~
.g; -'8 | 4Hnmllnu e 1 |_nlraﬂ'l‘_n_ ,3'3 :5 _23% 23M£|DJ = 3
:23 181 e ETELTRETF
.50 g— 220 b A Rast ke 4 Pt Boltorn level [m]  |-30.782
Nci |
CPT Filename ]C \Documents and Settmqs'l,mm!dmt‘l,beskt'oo'l,mm . Irport From Ding I
Rule |MEN Rule{Stress dependent)
Minimurn Layer thickness  [m] |El.50 Cancel | ok

The dialogue has three parts.
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1. The partfor inserting predefined CPT profile (from DINO) or saved .GEF file.

CPT Fisname [C:\Documents and Settings\mugundantiDesktopMFoun mport From Dino |

Rule | NEN Rule(Stress dependent) =l
IMiramnum layer thickness  [m] [I:I.Eu

The user hasto select the GEF file using the button or use the button “Import from DINO” and get the GEF file from the
map.

) b 7T L] 3 =
i ] [ Map_|satelite] Hvbn-g_l
B /o IR SR
¢ oo 3 ¥ . !

Duivendractall 5. i " - - i
LRl D02, |
Bor Myciopethg = s .

. & ¥ : I

GGL'EE L e M;!ntaw!;@mum e
This option allows the user to import the GEF files from the map online. The available CPT’s in the region is displayed as

green flags. User selects one flag by the mouse click and the CPT profile is automatically loaded to the CPTip dialogue.

The interpretation is based on the NEN rule (Stress Dependent) which is based on Table 1 —NEN 6740 (see the Table 1on
the next page). The default min layer thickness s 0.5m.

Table 1-NEN 6740 (page 18):
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Table 1 — NEN B740 (page 18)

Tvpeofisol Representative mean value for the soil properties
B8 agmiqure | COMSIStEny | v (Nm3) \E‘f@mi) EEE()M%J [o51 Cs o Cas) | Csw Ev (Mpa) 6 | 970 o KPa) | Fundr (Pa)
weaksgly | loose 17 18 15 500 0,008 0 0,002 75 325
IModSrate 18 20 25 1000 0,004 a 0,002 125 kA
T fRet/s0id 180r20| 200r 21 30| 1200 0r 1400 0,003 or 0,002 0 0,0010r 0| 150 or 200 37,5.0r40
5
(5| Strong sty | loose 18 2 n 400 0,008 5 0,003 50 20
maderate 18 21 15 600 0,008 0 0,002 % 325
fixedrsolid 22 ar
20 0r 21 225 25| 1000 1500 0,003 or 0,002 i 0,0010r 0] 1250r 150 36 0r40
ELo loose 17 19 5 200 0,021 0 0,007 2% k)
maderate 18 20 15 600 0,006 0 0,003 75 325
2 fixedrsalid
£ 90r20| 91ar?2 25| 1000 or 1500 0,003 or 0,002 i 0,0010r 0] 1250r 150 36 0r40
@ | weak sty
claye: Bor 200r 21 Sor 20 450 or B30 0,008 or 0,005 0] 0,003or0,001 250r 35 27or325
strong sifty.
claye: Bor 20 or 21 2or 15 200 or 400 0,019 or 0,009 0| 0,006 or 0,001 200r 30 250r 30
weak sandy | VoK - 19 1 25 850 0,168 | 0,004 0,056 2 275 0r 30 0 50
2 fhanerate 20 2 45 1300 0,084 | 0,002 0028 5 2750r325 2 100
=] fixedrsolid
- 210r22 3 700r 100 | 1800 or 2500 | 0,0480r 0,030 | 0,001| 00170r0005] 100r20 2750r36| Sor75|  2000r300
strong sandy 18 or 20 2 450r70 | 13000r 2000 | 0,082 0r 0,055 | 0,002| 0,031 or 0,005 Sor 10 2750r35 Oor2 50 or 100
clean weak 14 05 7 a0 1,357 0013 0452 1 175 0 2%
moderate 17 1 15 160 0,362 | 0,006 0121 2 175 10 50
fiedlisole 19.0r20 2 250r30|  3200r500| 018800128 | 0,004] 0058 or 0,042 4or 10 1750r25| 250r30| 100 0r200
| ek sandy | eak 15 07 10 110 0,750 | 0008 0,253 15 25 0 40
© Mnderate 18 15 20 241 0,237 | 0,005 0,078 3 225 10 80
Dedisaiid 20 or 21 25 300r50|  4000r60D| 0,126 or 0,068 | 0,003| 0042 or 0014 Sor10|  2250r275| 250r30|  1200r170
strang sandy 18 or 20 1 25 or 140 3200r 1680 | 0.1900r 0,027 | 0004| 0,063 or 0,025 20r 2750ar32,5 Oar2 Oor 10
aranic ek 13 02 75 a0 1689|0015 055 05 15 Dor2 10
moderate 15 ar 18 0s 10ar1s 40 0r 80| 0,750 ar 0420 | 0,012 0,95 or 0,14 Tarz 15 Dorg 25 0r 30
% | _not preloaded ek 100o0r12| 0,1 0r0,2 BoETs 20 or 30 7580r181)| 0,023 256300r 0,6 02or05 45 20r§ 100or 20
& [ moderate moderate
Inaded 120r13 02 75010 30 ar40 1.810r0,800 | 0016 06or03 050r1 15 Sor 10 200r 30
Variation coeficient 0,05 025 01 02

Remarks to the table:
The table gives the low representative value of the mean values of the concerning soil type. Within a range,
defined by the row of the admixture and the column of the parameter (a 'cell’), following holds:

-fory,ysat,C ,CS,E,¢',c'andf ndr

:ifanincrease of the value leads to a unfavorable situation (higher dimen-

sions foundation), than the right value on the same row are used, or, if there is no right value mentioned, the
value of the row under it;

-for CC, Ca a CSW if a reduction of the value leads to an unfavorable situation, then the right value on the same
row should be used, or if there is no right value, then the value on the row under it.

1) Loose 0<Rn<0,33
Moderate 0,33<R <0,67
Solid 0,6<R <1
2) at natural humidity level

)
)
5)
)

a

4) calculated is the saturated loam

C_-values are valid for a stress increasing trajectory of max 100%
6 oR and E are standardized on an effective vertical stress of 100 kPa

2. The partwith the graphical representation of the imported CPT file — Interpreted geometry.
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Depth [m] to MAP

|nterpreted geametny

Cone resistance [MPa] Local fricti Friction [%]
0 10 20 3000 01 020246810
0.0 0.2 0.4 0.6
Paore pressure [MPa)
k

‘

-10

-2
-13
-14
-15
-16
-7
-18

| R

A L e

TR

B ke

| e e

Data from GEF file are displayed here — G water level, friction zone, layers, thickness and all data for soil.

3. Andthe second part contains the profile which is used in the Scia Engineer. It can be edited by the grid — changing

the layer level, thickness or the material.
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Edited geamety

L L i

b ]

o e e e e e

e
T

b aterial

3 Sand Sayvsil © L

EIYIIRTRANNNN

"h-‘l‘-'l‘- B N N N N e W .

]
N
Lo s e s
L s ]

Top
lewvel
[m]
b1 -0.850
2 -1.675
3 -1.895
4 | -2.295
5 -3.3415
B -3.915
7 -4.315
a3 -4.715
9 -5.715
10 -7.150
11 T
12 -8.194
13 -8.414
14 -8.834
15 -9.054
16 -9.274
17 -9.714
13 10153
19 10,373
20 -11.832
21 12032
22 12432
23 -12 651
24 -12.851
25 -13.051
26 -13.251
27 -14,928
28 -15.947
29 -16.366
30 -16.566
K1l -17.185
a7 7 404

10.Clay.Clvzas
11.Clay.Clor.m
14 Peat Pe,mpl,
12.Clay,Clor,me
14.Peat Pe.mpl.
13,Peat.Pe npl
14 Peat.Fe mpl,
13, Peat.Penpl
14 Peat.Pe mpl,
12.Clay,Clor,we
11.Clay,Clor.m
2.Clay,Cl.cl we
11.Clay.Clor.m
3.Clay Cl.clwe
11.Clay.Clor.m
12.Clay,Clor,we
11.Clay.Clor.m
12.Clay,Clor,we
11.Clay,Clor.m
12.Clay,Clor,me
14.Peat Pe.mpl.
12.Clay.Clar,we
11.Clay.Clor.m
A.Loam Lo,zza
6.Loam Lo, vea,
3.5and.5a, vl
B.Loam,Lo,vsa,
3.5and,Saval
25and.Sa.zs0m
3.5and.Sa sl
6.Loam Lo, vea,:
A5and 5a vl

Battam level [m]  |-30.783

m

The soils are defined by the NEN model. They are saved to the soil library database and the user is able to define the new

soils there.

The interpreted geometry can be retrieved by the option “Copyinterpreted geometry to edited geometry”.

The edited geometry will be used as an input for the pile plan design and verification. The CPT objectis represented graph-
icallyin the 3D model as a borehole object in Scia Engineer.

The CPT profile properties:
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A eseBmE 2 & FHE [ v
[on [ s— A
CPTZ | |Profile Type CPT Import I_i
|E | Insertion point | M
X im] 1,000 |
Y fm] 0,000 |
Zm] 0,880 E
Interpretation tool MNEN Rule{Stress de... ||
B Additional data [ Wl
| |Phreatic level jm] -1,350 [ 4
Overconsolidation ratio of bearing layer 1 | | |
Top of positive skin faction zone [m] -1,000 L5
Bottom of negative skin friction zone [m] 0,280 |
Expected ground level settlement m] 0,110 =
|
| New || insent || Ede | Delete

The user has to use the “Draw CPT in Model window” action button to draw the CPT in the model.

~tions

_me CPT in Model window 53

Ly

The XY coordinates of the CPT borehole are defined by the user and the top levelis predefined by the CPT test. Each soil
profile has to have a unique coordinates (XY).

El Insertion point

X [m] 10,000
10.000
T e
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The user has to specify the additional data of the soil profile which are required during the design and verification. Those
data are filled automatically to the properties (default values) from the CPT test.

B | Additional data

Phreatic level [m] -5,000
Overconsolidation ratio of bearng|... 1
Top of posttive skin friction zone jm] | -1.000

A

Bottom of negative skin friction zo... | 0.000
Expected ground level settlement [... 0.110

Phreatic level (water level)

Itis the level between the dry and the wet soil. The number below zero should be defined.

Overconsolidation ratio (ORC)

The value of Overconsolidation ratio of bearing layer determines whether the maximum pile tip resistance has to be
reduced due to Overconsolidation or not. Overconsolidation is normally caused by loads which were applied to the bearing
layer over along period of time.

The range and effect of OCR on Pile tip resistance are:

OCR<=2-No effect on Pile tip resistance
2<0OCR <4 - Maximum Pile tip resistance is reduced by 33%
OCR >4 -Maximum Pile tip resistance is reduced by 50%

Friction zone

The negative skin friction is caused by action of the soil settlementaround the pile. The soil formed around the pile is pulling
the pile down and reducesits bearing capacity. It decreases the shaft friction and in extreme cases it may annulit. The pile is
then supported only by subsoil below the pile tip.

The influence of the friction zone can be eliminated in settlement by the option expected ground level settlement.

The pile shaft can be also protected by providing a protective sleeve or a coating for the section which is surrounded by the
settling soil.

-107-



Chapter 7

1-load
2 —negative shaft(skin) friction (soft soil layer)
3 — positive shaft friction (firm soil layer)

4 —pile tip bearing capacity
The essential requirements to calculate the positive and negative shaft friction resistance are specified in NEN 6743.

The values for Top of positive skin friction zone and bottom of negative skin friction zone are user-defined.

Positive skin friction zone:

1) pile without widened base > the bottomis the pile tip level

2) the prefabricated pile with a widened base» the top of that zone is above the widening (NEN 6743 art. 5.4)
Negative skin friction zone:
» the top of this zone is ground level or excavation level

The rules in the application are fulfilled this way:

1) The bottom of the positive skin friction zone is automatically set to the pile tip level. No user definition is needed.
2) The top of the positive skin friction zone is specified by the user as a level relative to the reference level.

3) The top of the negative skin friction zone is automatically set as the ground level or excavation level. No user
definition is needed.

4) The bottom of the negative skin friction zone is specified by the user as a level relative to the reference level.

Expected ground level settlement
The expected ground level settlement determines how the negative skin friction has to be incorporated in the calculations.

1) the value is 0.02m -> negative skin friction is negligible and won't be considered

2) values from 0.02m to 0.10m -> the effect of negative skin friction is directly incorporated into the calculated pile
settlement by adding half of the expected ground level settlement to the total pile settlement.

3) values >0.10m -> the maximum forces due to negative skin friction are calculated. These forces are then used
to determine the negative skin friction on the pile settlement.
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NEN Rule (Stress dependent)

The NEN rule is considered to be a more common and is used for interpretation of the soil profile.

Thisrule uses 14 different areas and is based on the Dutch standard NEN 6740 (see the table on the page 5). Each area
describes certain soil types by defining the relationship between CPT resistance and friction ratio. The friction ratio is defined

asthe shear resistance in percentage of the cone resistance.
The soils (by the NEN rule) and its properties are defined in a soil library.
The soiltypesare:

Gravel, slightly silty, moderate
Sand, slightly silty, moderate
Loam, very sandy, stiff

Clay, very sandy, stiff

Clay, clean, stiff

Clay, organ, moderate

Peat, moderately preloaded, moderate
Sand, clean, stiff

Sand, very silty, loose

Loam, slightly sandy, weak
Clay, slightly sandy, moderate
Clay, clean, weak

Clay, organ, weak

Peat, not preloaded, weak

Soil library

The soillibrary is a standard library in the Scia Engineer. This library is added under the subsoil functionality. The database

of soils used by the NEN model is created in a DB4 format and it is loaded automatically.

The soil material and its properties are specified here. The soil properties are non-editable by default. The checkbox

“Selector switch” enables editing them.

r .1
i Soil ﬁ
Aibresemlk 2 & @zd | v
Sa ssi,m Selector switch O no
Sa.vsil El Soil Properties
= Diescription Gravel, slightly sity, moderate

The program allows the user to define the new soils. The user defined soils can be used in the interpreted geometry of the

soil profile.
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r

a3 Soil e
AiareBk v & wz@| | v 7
CET | [Gaen
Sa,ss,m Selector switch O no

: El Seil Properties
Sa,vsi,| _
Descrption Gravel, slightly sitty, moderate
Sa,cl st :
Soil Type Gravel
Lo,ssa,w Colour
Lovsa,s Gamma Unsaturated kh/m™3] 19.0
Ry Gamma Saturated [kN/m"3] 210
,;I Cl.clwe Friction angle [deg] 37.50
Cl,ssa,m Median [mm)] 0
Clvsa,s
Clorm
Clor,we
Pe.npl,w
Pempl.m
[ Mew " Inser ][ Edit ] Delete

Description
Description of the Soil

Soil type

Itis Gravel, Sand, Loam, Clay or Peat.

. This type must be selected in order to perform a correct calculation.

Gamma unsaturated

Dry unit weight of the soil

Gamma saturated

Saturated unit weight of the soil

Friction angle

Angle of internal friction for the soil— The value must be between 0 - 90 degrees

Median

This property applies to soil type’s sand and gravel. The size of median will influence the value of a. which is used
to determine the positive skin friction. For sand with median >0.6mm, the values of ag will be reduced by 25%
and for gravel with median >2mm ag will be reduced by 50%.

Definition of a new pile

Nodal support - Pile

Anodal support type “Pile” is available when the functionality Subsoil and Pile design is checked. It can be added as a stand-

ard point support on node.
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The pile plan library defines properties for all piles in the project. The pile plan is displayed in the properties of the pile. There
can be more pile planes specified in the project but each pile must be defined by one pile plan.

Therest of the properties of the pile are standard properties of the support. The support isa hinge i.e. Rx, Ry and Rz are

fixed, Mx, My and Mz are free by default.

[Support in node (1)

(Supportin node (1) DAY VA
& =
Name Sn78
v
Angle [deg] | Standard
i Pad foundation
¥ Column
z l'm—_""l
Fix |Free =
Ry Free =]
Rz .Free —
Diefault size fm] 0.200
MNode NB4
B Geometry
System GCS R

x|
- \a Y
& B
| Sn7g
File Ll
PPlan2 v|
Rigid hd
Figid hd
Rigid
Free Ll
_'Free Ll
Free Ll
NEd
|GeCs |

The type Rzis editable only in the Pile plan library and it is directly loaded to the pile properties.

¥ Pile Plan

AF e 0 & Fd (u

PPlanl e PPland

PPlan2 SodPeofie CPT LFTILPT2
RectEriBase 2007 |
UserDiefirad

Concrate

Uiser dhefinasd
=30 OO0

Raxble
2,0000e-00

g T EEE®

8 BB @

BB BB @

| & 5 8 @

SnTE
Fia -
FPilan2 -
Rigd =
Figid =
Fhaodbla |

Free =
Free El
Frae El
GCS =l

In case Rzis negative (the pile isin tension), no check is executed for the pile and a warning is displayed.

The supports are represented in the Model as shown below. The example contain two different pile plan marked by a dif-

ferent colour.
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L

The colour of piles is controlled by the view flag parameters under the tab “Model” and it is defined in the Pile plan library.
The piles are displayed by the support colour when the option is unchecked.

E Supports
Paint (v
Color by pile plan (v

The display of pile labels for the supports is also controlled by the view parameters. The flag contains the pile plan name.

B Supports labels
Display label v
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PPlan2 PFPlan2
@ )
PFlani PFlani
L) Bl
p
FFlap1 \/ i FFlon1
[J Fy f\ =
Pile Plan

The piles are defined in the Pile Plan library. They are created as a nodal support type Pile.
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s

Properties _ﬂ_)_(]

[ Support in node (1) - \B V7
x
IName | Sn10
Type Pile v
Pile Plan PPlan1 v|
X Rigid hd
Y Rigid ot
Z Rigid
F".:( FI'BB ;
Ry Free =
Rz Free ot
Node N32
E Geometry
1 Siystem GCS LI
i -~
B Pile Plan ’ .o “.. - )
Aok 2 & HE | ] ¥
o [rron
SoilProfile_CPT CPT1
Pile definition Round 300 =
Pile Type DrivenCast Place Driving
' Iatenal Concrete
Level type Calculated Level &=}
Pilatip laval [m] -5.000
Type Z Rigid g
Colour ]
& & & & @ 0
&
& & & B ]
M & &« & # e
& ® & & @
[MF[M][E&]—F—

Soil profile CPT

The design and verification of piles is based on the soil profile. The soil profile generated from the CPT data must be asso-
ciated with the Pile plan. At least one soil profile has to be associated with each pile plan.

Ifthe option “Use allthe CPTsfor all Pile plans” in the Geotechnics setup is checked, all the soil profiles will be directly asso-

ciated with all the pile plans.

If this option is unchecked then the selected CPTs are associated to the pile plan. The CPTscan be selected by a standard
selection tool. There is also a link button to the soil profile CPT libraryin the selection dialog.
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B -
Make selection T .

Soilprofile_CPT library E]

Available
CPT2
CPT3 -
CPT4 S
o
<
<

[ ox ]

Selected

CPT1

Pile tip level

—

When the pile plan is defined, the level type is set to “User defined” and the user can specify the pile tip level. Thisis the initial

value of the pile length.

When the calculation and pile design is finished the Level type is changed to “Calculated level” and the Pile tip levelis change

to the calculated value. This value is non-editable.

Please note that if the user makes any change in parameters for Pile design (Soil properties, Soil profile and Pile definition),
then the pile tip level willbe automatically reset to “User defined” and the results are lost. User has to start the Pile design

again.

Level type
Piletip leve! [m]

Level type
Piletip level [m]

Type Z

Calculated Level |

A BN
"1 S

The stiffness type for the supportsin the Z direction has to be specified. Type rigid or flexible is required for the linear ana-

lysis.
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Type Z Rigid v
Color ]

Load settlement curve 1 (ULS) Flexible

Load settlement curve 2 (SLS) Honkneas -

Nonlinear is displayed when Non-linear functionality is selected. The Non-linear function library will be associated with this
type of the support.

E ype Z Nonlinear

| Stiffness Z [MN/m] 1.6148e+01

| FunctionZ NLF2--5LS

. This stiffness can be generated automatically by the action button ‘Update stiffness’ under

the Pileplan verification.

Load settlement curves

It displays the load (kN) and the settlement (mm). It consists from the 3 main parts:
1) Relatively elastic vertical compression — quite vertical part of the graph

2) Local shear failure — the biggest change it the vertical direction

3) General shear failure — position of ultimate load

kN

mm

The Load settlement curves are added to the Pile plan library after the Pile verification. It can be displayed by the link button.

| Load settlement curve 1 [ULS) .
Load settlement curve 2 (SLS)

Two Load settlement curves are calculated — one for the ultimate state and on one for the serviceability state.
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Load Settlement Curve

Load Settlement Carve: ULS Rigd superstructure
F1,Shaft[kH] Fr,tip[kH]
- —_—

93 47 0 129 258 386

515 i

L~ o

Wi
ko
=0
)
110

140
50

Total load =672 71 [kI] CPTCPTI
Settlerneent at tip =381 [rum] Pile defirationRect 500 X 500

Load Settlement Curve

Load Settlement Curve: SLS Rigid superstructure
F1,Shaft (kN] rtip (K]
- —_—

0 53 135 309 454

o

X

618 T3

L~

]

c8588c880c

Total load =520.17[kN] CFTCFTI
Settlernent at tip =0.6[roex] Pile definitionRect 500 3 500

Pile type

The NEN 6743 defines the max pressure on the pile tip:

_ qc,/,m+qc,ll,m
pmax,tip_o’5xapxﬁxs( 2 +qc,ll,m

-117-

Cancel




Chapter 7

d; | mean of the cone tip resistance q ol (isthe mean of the G values over the depth running from the pile base level to
alevelwhichisatleast 0,7 times and at most 4 times the equivalent pile base diameter D deeper)

qC ™ mean of the minimum cone tip resistance q el (the mean value of the Iowest q I values over the depth going
upwards from the critical depth to the pile base)

Gg 11 1m ~Me@nN of the cone tip resistance 9o (the mean value of the 9o values over a depth interval running from pile
base level to a level of 8 times the pile base diameter above the pile base)

ap - pile tip coefficient of capacity reduction (is defined by the selected item from the combobox or it can be defined manually)

s— pile tip cross section factor is important mainly for rectangular shape of the pile when the dimensions are not equal, this
value can be overruled by the dialogue value (see the specific chapter)

13— pile tip shape factor represents the influence of an expanded pile tip, its values depends on the pile tip dimensions, this
value can be overruled by the dialogue value (see the specific chapter)

The Pile Type dialogue must be filled to define those values.

TR T T |

|Pile definition | RectEnlBase 400 ... |

Thisdialog is only in English and it isindependent on the units settings.

Pile shape Dimension:

N == b Base width (2) I}

Lot ) SoE s - Nke Base length [b) [m] |0.500
\F‘ ¥ ¥ |? LR 1 B

o ® ® =

. ; =‘ i T Pletpe | Pretabricated concrete pie
i i E Pile type for...
L) org sand/gravel f s v Ll |'

[

o claploam/pest | [
|
|

Lo

P (]

i 1 i I S loadseltiement curve

¥ Y oF iy F '
E @ 6 Additional pile info
Material t v I Young's modulus [kMsm2]

Shp layer |Mone vI Reprezentative adhesion  [kN/m2]

Overmue pile factors

[~ Pile lip cross section factor 3] [l
[~ Pile tip shape factor () [

0K I Cancel |

@
@
@

Led Led Led Led

Pile shape

The user can specify the shape of the pile by selecting it on the left part of the dialog. The selected shape will be
displayed in the Pile shape dialog.

Dimensions

Based on the shape of the pile, the user has to specify the dimensions for the Pile.

“ u “ i

The dimensions have to be specified in “m”, “m/m’“ or “mm”.

Rectangular Pile => Base width and base length of the Pile
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Rectangular Pile (different base) => Width, length and height of base & width and length of shaft
Steel Section => Base width and base length of the Pile

Round pile => Diameter of Pile

Round tapered pile => Diameter at tip and increase in diameter

Round hollow pile => Internal and external diameter of pile

Round enlarged base => Diameter and height of base and Pile diameter

Round lost tip => Diameter and height of base and Pile diameter

Round driven base => Diameter and height of base and Pile diameter

Pile type

Pile type:
There is a combobox with the list of the predefined pile types. User defined value can be defined manually, all
other typesfillthe data automatically and it is non-editable.

Pile type for ...:
This part contains factors for the pile shaft and pile tip.

a
S

Itis the pile factor for the shaft friction which reduces the pile tip bearing capacity.

Pile type far...
g sand/gravel [Pteéabticaled concrete pile R ] [-] 007100
o.g clay/loam/peat lEUser defined v] [[] 0.0000

« Cohesive soil (clay, loam, peat) - the value is defined according to NEN 6743-1:2006 and it depends on the soil
material.

« Non-cohesive soils (sand, gravel) - ag depends on the pile type.

Cohesive soils

For cohesive soils (clay, peat, loam) the factor according to the standard is depth-dependent and thus has no single value.
The current value box displays N.A. (Not Applicable) as the value cannot be shown as a result.

Pile type for...
oLy sand/gravel l Screw pile, cast in place, with arout A l [-] |0.0090
oLy clay/loam/peat [Acco:dirg to the standard -] [] IM.A

If“User defined” is selected as the subtype, only the parameter value is entered. That value will be displayed as a current
value.

Table 3, NEN 6743:
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Soil type Clecem (MPa) s

Clay >3 <0,030

Clay <3 <0,020

Strong sandy loam Friction Number with a
maximurm of 0,025

YWyeak sandy loam 0,025

Peat 0

The friction number should be determined by electric friction cone.
The values for clay have been found in experiments on tubes in Netherlands. Itis valid for all clays.

Non-cohesive soils

It can be specified by selecting one of the predefined pile types from the dropdown box. The actual value for ag will be dis-
played inthe current value box as a result.

Ifthe ag is set as User defined then the relation between subtype and the pile type doesn't exist. The value is entered by
user.

The predefined value for ag:

File Pile factor ap
Frefabricated concrete pile 0,01
Closed-ended steel pipe pile 0,01
Driven cast-in-place pile, tube back by driving 0,014
Driven cast-in-place pile, tube back by vibration 0,012
Tapered timber pile 0,012
Straight timber pile 0,01
Screw pile, cast-in-place, lost tip 0,009
Screw pile, castin-place, with grout 0,009
FPrefabricated screw pile with grout 0,009
Frefabricated screw pile without grout 0,006
Steel section 0,006
Continugus Flight Auger (CFA) pile 0,006
Bored piles (driling mud, uncased borehole) 0,006
EBored piles (sheling tech., permanent casing) 0,005

The user defined value has the following consequences on the calculation:

1. Thevalue ag valid for sand and gravel layers wil not be adjusted for any instance of coarse grain (see the Table 3,
NEN 6743)

2. The exception for the determination of the pile tip shape factor 3 cannot be met because itis impossible to determ-
ine that a cast-in place pile with a regained steel driving tube is applied (see the chapter about the pile tip factor 3).

3. The checkon length of positive skin friction zone cannot be performed when a weighted tip is applied. It cannot be
determined that a pre-fabricated pile is used.
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a
p

a_is the pile factor for the pile tip.a_value depends on the pile type. Therefore it can be specified by selecting one of the
standard pile types from the combo box.

ep Driven cast-in-place pile, tube back by driving > (-] 11.0000
Dliv‘mcﬂﬂ'. l"'l-l lI

load-settlement curve Diiven cast-

Tapered timber pile
Additional pile info  Straight timber pile

: Screw pile, cast in place, lost tip
Material |Concrete  gerew pile, castin place. with grout

: Prefabricated screw pile with grout
Slip layer | None Prefabricated screw pile without grout -

The actual value for ap is displayed in the current value box.

m

The predefined value for ap:

Pile Pile factor oy

Frefabricated concrete pile 1
Closed-ended steel pipe pile 1
Driven cast-in-place pile, tube back by driving 1
Driven cast-in-place pile, tube back by vibration 1
Tapered timber pile 1
Straight timber pile 1
Screw pile, cast-in-place, lost tip 0.9
Screw pile, cast-in-place, with grout 0.9
Frefabricated screw pile with grout 0.8
Frefabricated screw pile without grout 0.8
Steel section 1
Continuous Flight Auger [CFA) pile 0.8
Bored piles (driling mud, uncased borehole) 0.5
Bored piles (shelling tech., permanent casing) 0.5

The value can be set as “User defined” type. In this case the exception for “Continuous flight auger” piles cannot be taken
into account for the reduction of qc-values when determining o111 mean

op User defined v ] -] 0.0000

f L

The reason for thisis that it cannot be determined when a continuous flight auger pile is used.

Maximum values of qp and ag:
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File class or type

DLp s [fine to coarse
sand)
Soil displacement type, diameter =150mm
Driven fabricated piles 1 0,010
Cast in place (driving steel tube) 1 0,012
Soll replacement type, diameter =140mm
Flight auger piles 0,8 0,006
Bored piles (drilling mud) 0.6 0,005

For very coarse sand a reduction factor 0,75 is needed.
For gravel areduction factor 0,5 is needed.

The value qs=0,006 may be raised to 0,01 when CPTs are used in vicinity of the flight auger piles.

Load-Settlement curves:

Load-Settlement curves contain only lines for three subtypes (according to the code):

1. Displacement pile
2. Continuous flight auger pile

3. Bored pile

load-settlement curve | Displacement pile

o4 P - e

Additional pile info Continuous flight auger pile

viovoir (oo, Bored pile [driling mud, uncased borehole]

Figure 6, NEN 6743 - Relationship between the force on the pile tip (F

(Fr,max,punt,i)
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Figure 7, NEN 6743 - Relationship between the shear force on the pile shaft (Fr hacht i) as % of maximum shear force on

the pile shaft (F , ) the ultimate limit state or the serviceability limit state and the subsidence of the point (w_ )
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Additional pile info:
Additional pile info
Material [Enmrete v] Young's modulus [kN/m2] | 2.000E+07
Slip layer [Nnne '] Representative adhesion  [kN/m2] U.00
Material

The material of the user defined pile is selected here.

Young’s modulus
The corresponding elasticity modulus is provided automatically for concrete, steel and timber and cannot be
edited. The Young’s modulus must be specified if the materialis User defined.

Slip layer
The slip layer for the pile has been specified

Representative adhesion
The corresponding representative adhesion is provided. It can be edited when the User defined option is selec-
ted.

Overrule pile factors:

The cross section factor and pile tip shape factor can be overruled by user defined values. The values are editable when the
option is checked.

Overmule pile factors

Pile tip cross section factor [s] [-]|1.00

| Pile tip shape factor () [-] {1.00

Pile tip cross section factor s
Coefficient of an influence of a rectangular pile

The values “a” and “b” come from pile sizes.
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Pile shape Dimensions

Base width (a)
2y
. Ia Base length [b)
Pile tip shape factor 8

Coefficient derived from the pile tip sizes, itis used if the pile tip is expanded.
H —length of the pile tip

Deq —width of the pile tip

deq —width of the pile shaft

R=L/B

Itis a shape factor for non-circular or non square pile base cross section.

(3=1,0for cylindrical piles

deq O eq
o R
2 z
C 5= Ly .
r \_/ . /_®
- oo A S [T
g1 e e
0 ]
¥ 3 \@ 2 1
. = deq
T T
|| A R TR ...i
o De ] L Deg

Borderline 1: 3=1,0
Borderline 2: 3=0,9
Borderline 3: R=0,8
Borderline 4: 3=0,7
Borderline 5: 3=0,6
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Check - design, verification

After performing the analysis, the pile plan verification and pile plan design command will be enabled in the “Geotechnics”
service.

Before the calculation:

== Soilprofile CPT

! Soil

ﬂ%‘ Geotechnics setup
'l'm Pile design - Pileplan

After the calculation

Geotechnics 7| x|

- Soilprofile CPT
. soil
- 1{';.] Geotechnics setup
EI'[&: Pile design
m Pileplan
2] Check
it Pileplan design
/] Pileplan verification

Conditions for design
The option is available for NEN and EC-EN nation code.

This option enables the user to calculate the pile tip level. The design and verification of bearing piles are based on the
guidelines given by NEN 6740,NEN 6743 and NEN 9997-1:2009 (EC7).

1. The design is performed only for bearing piles which are subjected to static or quasi static loads which cause com-
pressive forcesin the piles.

2. The calculation of pile forces and pile displacements are based on cone penetration test (CPT). The pile group
effectis not considered.

3. Tension in piles and horizontal displacements of piles are not taken into account. These limitations are explicitly men-
tioned in the results and the document tables.

4. The program evaluates the pile tip level where the net bearing capacity of the pile is equal to or more than the max-
imum load on the pile.
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5. The pile design can be evaluated when the linear analysis is done (there are proper definition of the analysis model,

sufficient number of piles, correct definition of boreholes and calculated reaction of the supports).

Conditions for verification

The verification of bearing piles is performed based on the guidelines given by NEN 6740/ NEN 6743 and NEN 9997-
1:2009 (EC7). This option is limited to NEN and EC-EN standards.

1. Onlybearing piles which are subjected to static or quasi static loads that cause compressive forces in the piles can
be verified. Any possibility of tension in piles and horizontal displacements of piles are not taken into account. The

pile tip must be calculated.

2. The calculation of pile forces and pile displacements are based on cone penetration test.

3. Theentire pile plan is considered during verification and the group effects are considered.

4. The calculation of bearing capacity, settlement and negative skin friction are performed and the result of the veri-
fication is a Load settlement curve from ULS and SLS.

The properties of the Pile design

Properties ﬂ
| Pile design (1) MO RVZG
& x

| Name | Pile design
Selection Advanced __v_J
Type of loads Class R
Class RC2 - ULS ..
Store result in ml
Values Pile design hd
Extreme MNode o
Output MNormal |

ACAIONS

T
Preview n

Selection

Itis similar to displaying results. There is a possibility to select all pile plans in the project or only some of them. The
pile with the maximum vertical reaction (among the selected class) is used for the design which affects all selected
piles. The calculated level is applied to all piles in with the same pile plan.

Type of loads
Class
Store result in xmi
Vahies

Pile design

Curment
Advanced
Named selection

FETOeEo

All-all pile plansin the project are considered for the Pile design

|

Current—user can select only one pile and all piles fromiits pile plan is also considered for the Pile design
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Advanced - itis similar to Current, but it has more options

@ Use cument selection
() Add curment selection o previous selechan
| Use previous selection
*1 Subtract current selection from previous selection

[ ok | | cance |

Named selection — Pile design is performed for defined named selection

Type of loads
Pile plan design will be performed only for the result classes.

Class
Pile plan design will be performed only for the result classes which have the ultimate combinations defined. The fil-

tering is done automatically. If there are only combinations defined in the combination library, then the program
willautomatically create result class with ULS combination.

Store result

This check box will allow the user to store the input and output xml files which are used for Pile design and veri-
fication. This will enable the user to enhance the pile design in DFoundation (creating the project using this xmi file
is possible).

Path

The path where the XML filesis saved. The name of the file is set automatically - it consists from the name of Pile
planand the result class.

‘ Example:

Pile plan =Pplan1
Result class =ULS

o inputfile name =pplan1ulsin.xml

« output file name =pplan1ulsout.xml

The action button for the Pile design — Refresh:

e ]
Preview b 3 2

Pile plan design calculation

The required pile tip level is calculated in a user-defined pile tip trajectory (in the Geotechnics setup). The levels of positive
and negative skin friction are automatically adjusted for each calculation step.

The pile design calculates the pile tip level from Rz value. The horizontal forces or any possible rotations are not considered.
The maximum load on the support is determined from all the piles of selected pile plan.

Calculation is stopped when the net bearing capacity is equal to more than the maximum load.
Theresultis displayed in the preview window.

The maximum support reaction is calculated for each support based on the selected result class (for ULS).
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‘ The combination with negative reaction is not considered and the warning message is dis-
played. The pile is marked as a tension pile.

The value for Pile design is found from the maximum of the maximum support reactions.

‘ If support reactions are negative, the pile design will not be performed and an error will be
displayed. The supportswith the negative reactions (i.e tension piles) are ignored and the
warning is displayed. The design will be performed by considering the remaining supports.

EHK

0 &[A La 2] )5 1) g9)e g « ' - N |

Preview
Bl BS || R0 mwe - | T defaun - 3 - @ P

Pile design

Uinear calculation, Extreme @ Node

Selection . Al

Class | RC2

Note1, The designiverification is performed only for bearing piles which are subjected to
static or quasi static loads that cause compressive forces in the piles. The calculation
of pile forces and plle displacements are based on cone penelration test,

possibilty of tension in piles and horizontal displacements of piles andfor pile plans

are not taken into accourt.

NoteZ In Pile Design (preliminary design), a single pile is always assumed and

the calculations performed are based on a single pile for ULS. Any possibie pile

plan is disregarded when using the Pile design option. Hence a non-ngid

superstructure is assumed and pile group effects are not considered.

Check is done according to NEN 9997-1:2009 (NEN-EN 1997-1, NEN-EN 1997-1/NB and NEN 9097-1)
Pile Design check

Pile plan id Case Pile plan name Pile tip level | Net bearing capacity at advised level Rz
[m] [ 1] Ll
PPlan2 CO21  |RectEnBase 400 X 420 -14500 438 404

There could be several messages displayed (it can be found also in a special chapter):

1) The required bearing capacity is not met within the specified trajectory for the given cross section of the Pile, Hence the
level cannot be calculated

» there is no level found within the trajectory, the net bearing capacity meets the maximum load and the pile tip level is set
aszero

2) The start trajectory value should be at least 5 times the pile diameter lower than the lowest ground level and the lowest
pile top level

» the start value of the trajectory in the Geotechnics setup is too high
3) The end trajectory value should be at least 4 times the pile diameter above the least deepest CPT.
» the end of the trajectory in the Geotechnics setup is too deep

4) Allthe piles in the pile group are subjected to tension. The design could not be performed for tension piles
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» allthe pilesin the pile plan are subjected to tension, the pile tip level stays Used defined
5) There are one or more piles in the pile plan subjected to tension

» one or more pilesin the pile plan are subjected to tension, the maximum load will be determined from the other piles, the
design has been performed for this maximum

The pile tip level calculated by the program is updated in the pile plan and the pile length of appropriate piles is updated.

Level type Calculated Level :]
Piletip level [m) '

Changes which cause invalid results (design or analysis)

1. Changes made in the Geotechnics setup, soil profile or soil library will not affect the analysis results but affects the
pile design results.
In such case, the program will automatically set the Pile tip level back to user defined. The calculated level is lost.
The user has to perform the pile plan design again in order to get the new results.

2. Ifthereisany change in the model, the analysis results and the pile design results become invalid.
In such case, the pile tip is automatically set back to user defined. The user has to perform the analysis and the
design in order to get the new results.

The properties of the verification

Properties x|
| Pile veriication (1) AT RV
& =
Name | Pile verification
Selection All .ll
Type of loads Class hd
Class RC1 -5LS + ULS v|
Store result in =ml O
Valies Pile verification LI
- |
Update stiffness b
FPreview 3>
Selection

Itis similar to displaying results. There is a possibility to select all pile plans in the project or only some of them. The
pile with the maximum vertical reaction (among the selected class) is used for the design which affects all selected
piles. The calculated level is applied to all piles in with the same pile plan.
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LR R=TETI

Selection
Type of loads

Class

Store result in xml

L R

Type of loads
Pile plan verification will be performed only for the result classes.

Class
Pile plan verification will be performed only for the result classes which have the ultimate and serviceability com-
binations defined. The filtering is done automatically. If there are only combinations defined in the combination lib-
rary, then the program automatically creates a result class with ULS + SLS combination.

Store result in xml
This check box will allow the user to store the input and output xml files which are used for Pile design and veri-
fication. This will enable the user to enhance the pile design in DFoundation (creating the project using this xmi file
is possible).
Path

The path where the XML files is saved. The name of the file is set automatically - it consists from the name of Pile
plan and the result class.

All
Current

Advanced
Named selection

[ Tr N N T T Y TP e

Example:
Pile plan = Pplan2
Result class=RC1-ULS&SLS

« inputfile name =PPlan2RC1in.xml

« output file name = PPlan2RC1out.xml

The action button for the Pile verification — Refresh:

Preview

Pile plan verification - calculation

The verification can run after the pile design is performed. Otherwise some data is missing. The settlement is set to zero and
the table displays warning: The input data are not valid.

Tipe Name

Als plan 14

Care

CPT

Total 1oad
[H]

Ale plan mm#

Plie tp 1o vel
[m]

Settement at fponip
=)

“framing

File werificaion

PPlan2

cozi

NONAME

o

RectEnlBase 400 X 400

Calculation steps - bearing capacity for a pile

-30,000

[

The input data are not walid.

1. The maximum bearing capacity for a single pile is determined as the sum of the maximum bearing capacity of the
pile tip and the maximum shaft friction force. Thisis calculated for every CPT. Those forces are calculated for each
interval defined by the Geotechnics setup.
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2. Execution factor is defined. Itis not a fixed value here and is dependent on the soil type and the depth of the rel-
evantlayer. Program defines the correct value of a for each layer and then calculates the generated pile shaft fric-
tion for that layer. The final value of the pile shaft friction is an aggregation of the pile shaft frictions calculated per
layer.

3. Ifthe shape of the pile is constant then the circumference is used for calculation of the maximum shaft friction for the
relevant segment.

4. For the piles with a non-constant circumference the program calculates the mean circumference of the relevant
pile segment. Those are e.g. tapered wooden piles, piles with a reinforced tip.

Calculation steps - bearing capacity for the foundation:
The program determines the maximum bearing capacity of the foundation.
The needed data are:

o the number of piles

« the number of CPTsand whether the structure may be considered as rigid or not (NEN 6743, art. 5.2.2).

1. The structure isrigid - the program calculates the maximum bearing capacity of the foundation based on the aver-
age bearing capacity of a single pile, multiplied by the total number of piles.

2. Thestructure is non-rigid:

a. Morethan 3 CPTs- the definition is again based on the average bearing capacity of a single pile.

b. 3orless CPTs- the minimum bearing capacity of a single pile is used. In this case, the bearing
capacity of a single pile is not multiplied by the total number of piles because the foundation ele-
ment consists of a single pile.

The results can be viewed in the preview window and the document. The load —settlement curves are updated in the pile
plan library.

Load settlement curve 1 [ULS) _’
Load settlement curve 2 [SLS) _I

If allrequirements are fulfilled then both the load —settlement curves are generated. If not the curves may not be generated
and warning is displayed.
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Load Settlement Curwve &_|

Load Settlement Curve: ULS Rigd superstructure

Fr,Shaft[kN] Frtip[kN]
_ _—
93 47 0 129 258 386 515 644
=" ___ho
ko
bo
ko
Eg
Wi
7o
=0
=]
100
110
120
130
140
0
Total load =672.71 (kM) CPTCPT1
Settlernent at tip =381 [mum] Pile defirationfect 500 2 500
Cancel |
Load Settlement Curve ['g|
Load Settlement Curve: SLS Rigid superstructure
Fr,Shaft[kH] Fgﬁpm
e e T e
105 53 0 155 309 464 618 T3
L~ __ o
20
=0
A0
]
Wiy U
it
=0
50
100
110
120
150
140
50
Total load =520.17[1H] CPT.CPTI
Settlement at tip =96 tom] File defirationRect 500 2 500

The maximum support reaction is calculated for each support based on the selected result class (ULS and SLS).

‘ The combination with negative reaction is not considered and the warning message is dis-
played. The pile is marked as a tension pile.
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. If support reactions are negative, the pile verification will not be performed and an error will
be displayed. The supports with the negative reactions (i.e tension piles) are ignored and
the warning is displayed. The verification will be performed by considering the remaining
supports.

Update stiffness

There isan option to generate automatically the stiffness from the load-settlement curves. Action button for update is avail-
able under the Pile plan verification (it can be used after pile verification). The user can choose between the ULS or the SLS
load settlement curve in the geotechnics setup.

The action button:
| Pile verfication (1) SIRY: RV
& x
[Name | Pile verfication
Selection Al
Type of loads _Da&s
Class RC1-5LS + ULS _:
Store result in xmi a L3
|E Sysinfo
Values Pile verfication ;I
| Update stffness >>>
| Preview EE

. This method is described by the code. ULS stiffness and SLS stiffness should be taken into
account for the further verification.

This button generates automatically stiffness from the load-settlement curves to the properties of the supports.
After the linear calculation:

« Z-type becomes flexible
After the non-linear calculation (function Support nonlinearity has to be checked):

o Z-type becomesnonlinear.

In both cases the stiffness of the pile is taken as the secant defined by zero point and the pointin the middle of the curve. The
results will be lost after activating this button and the message is displayed.
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| Pile verification (1) v |ah M
L.
. | Pile verification
Selection All £
Type of loads Class Jhd
Class GEO1 v |
Store result in xmi (]
Values Pile verification i
=55
Update stffness e
Praview =

Design of piles

The message appears. The results will be lost because the model will be changed.

-

Scia Engineer

= | \

.

prm'“l The results will be lost when the stiffnesses of the piles will be updated.
&Y Are you sure to continue?

Ano J [ MNe

The stiffness is updated in the pile plan and in the properties of the pile.
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%7 Pile Plan & s Properties a] x|
T node (1 ' 7
AZe@Bk o & - [ =7 | saiodlh 'lwi:
PPlanl [he== [PPan2 | fname sn7e
SolProfie_CPT CPTICPT2, , Troe = =
Pile definition RectEniBase 400 .|| S = =
Pile Type UserDefinedVibrating | 1% - -
Matera! Concrete | Iy R =
Level type Cakculated Level = | =/ 1= Fexin o
Pietio level jm] =t4a0 | 2P Stéfress Z [MN/m] 2,0237e+01
Tmal Elayinle i TP e =
Stffness Z [MN/m] 2,02372-01 | Ak R Fres =
Colour kL iRZ Free E
Load settiement curve 1 (ULS) fNode o
Load settlement curve 2 (SLS) Jr——
System GCS ~|
% & @ 8 & 8
& @& 82 & 8
| 4 B BB B
, g 8 8 & 8
I :
New |[ Inset | Edt || Deiete
Non-linear Functions

If Support non-linearity/Soil spring functionality is selected, non-linear functions can be automatically generated from the

load-settlement curves.

Project data

S 7.1 R Y )

Functionalty | Loads | Protection

=

Cynamics

Initial stress
Subsail
Nonlinearity
Stability

Climatic loads
Prestressing
Pipelines
Structural model

000008 EAEOO

B Nonlinearity
Initial deformations and curvature
2nd order - geometrical nonlinearty
Physical nondinearty for reinforced c...
Plate /shell nonlinearity
Beam local nonlinearty

rSuppod nonlinearty./Soil spring

Friction support/Soil spring
Membrane elements

1oOoEO00O00O0

Thefirst step is to run the linear calculation, Pile design, Pile verification and Update stiffness.

The action button Update Stiffness is available after the pile verification. It will generate automatically non-linear functions

from the load settlement.

-136-



Design of piles

Pile verification (1)
Name Pile verification
Selection Al
Type of loads Class
1| Class RC1-SLS + ULS
Store result in xml O
Values Pile verification

>
r

The setup settings determine which settlement curve will be used.

E Update stiffness
Generate stiffness from

] Pad foundations

Uilo LO3ad SSSmert CLlve

LILS Load settlement curve

5LS Load settlement curve

The support property Z is automatically changed to type Nonlinear and the calculated stiffness is added as a value. The non-
linear Function is calculated and it is also added to the properties.
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Properties

’ Suppaort in node (1]
[Name | Sni
Type Pile
Pile Plan PPlan2
* Rigid
Y Rigid
zZ Monlinear
Stiffriess £ [MMN/m) 4 9782+
Function Z MLF1-PPlan2-ULS
Fix Free
Ry Free
Rz Free
MNode N5

|2 Geometry

System GCS

The nonlinear function can be viewed in the library:
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E] Pile Plan rﬁ"]
Ao 0o & A | v
| PPlanl | | Mame PPlan2
PPlan? Sail Profile-CPT CPT1.CPT2,
Pile definition RectEniBase 400X 420 =g
Pilz Type UgeiD efinedvibrating
Maternial Concrete
Level type Calculated level |
Piletip level [m] -25,500
Type 2 Mordinear ;E
L Shffness” [MN/m] 4 9782e+01
FunctionZ | MLF1-PPIan2.ULS

— 1

| New || insen || Edit

- | T oe

| only for bearing piles ¥
pressive forces in the p
)yased on cone penetrati
| displacements of piles

MNLF2-PPlan2-SLS

NLF1-PPL...
Type Tranzlation
Positive end  Free ¥
Megative ... Free X
B Impulse
1 [mMN] | -0.0447 /.
2[mMN] | -00352 /.
3[mMN] 00343/,
4 [mMN] | -0.0234 /.
5(mMN] | -00245 /.
6 mMN] | -00136 /.
7mMN] 00147 /.
8[mMN] | -0.0033 /.
I(mMN] | -0.0043 /.
10 [m,MM] | 0.0000 7

-J Y/

-0.0441
-0.0392
00343
-0.0294
-0.0245

-0.01%96
J-00147
00088
| -0.0049
00000

F [MN]

-0.0000

u [m]

|-0.9628

_ s’

{101

| Create new function || s [ inset [ Edit | Deete

L4l

The stiffness of the pile is taken as the secant defined by zero point and the pointin the middle of the curve.

B  oriine

| Stiffness Z [MN/m]

| FunctionZ

1.6148e+01
NLF2-5LS

Now itis possible to recalculate the entire structure using these non-linear functions and improve the overall results. This cal-

culation leads to new results and also the new load to the pile head.

The calculation with the new loads can optimize the total design.
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Results — document tables

Allthe output tables of Pile design are available in the standard document.

Mew document item . @

=@ Libraries

[ setup manager
] Layers
[T Cross-sections
[ seil Profile-CPT
[ pile Plan
[ seil
. [] Materials
[ Nenlinear functions
[ ucs
@ Concrete, reinforcement

[C] shearConnectors

Libraries output tables (Soil profile, Pile plan, Soil):
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1. Soil Profile-CPT

I}
1t

CPTData Name CFT1
X [m] -1.000
Y [m] 0,000
Z [m] -0.880
Interpretion tod NEN Rule(Stres
dependent)
Minimum layer 0.200
thickness [m]
Ad diDsta Phreatic lewel [m] 0.000
Overconsolidation ratio of 1
beaning layer
Top of positwe skin friction -1.000
zone [m]
Bottomn of negatve skin friction | .0 820
zone [m]
Expected gramnd lewel 0,110
seftlement [m]
ProfileData Tn|:; Illwel Soil name Description
m
0880 || Femglm Feat mod preloaded, modesi ¢
-3005 || Cl.onwe Clay, organ, weak
-2.205 | | Pe mplm Feat mod prelcaded modesi
4405 || Fenplw Feat not peloaded, wesk
-5005 || Pemalm Peat mod prelcaded, modemk
-£.205 || Penglw Feat not preloaded, wesk
-5825 || Pemolm Peat mod preloaded, modemE
-T445 || Clonwe Clay. orgen, wesak
-T845 || Cl.orm Clay, organ, modemi
-7845 || Clonwe Clay. organ, weak
-10.524 || Cliorm Clay. organ, modeme
=11,%22 || Clonwe Clay. crgan, weak
-12.344 || Clorm Clay. crgan, modemi
-12.844 || Clssa,m Clay. slightly sandy, modemie
12,7 Lossaw Loamslightly sandy weak
-12822 || Sa,sil Sand, wvety silty, loocse
13384 || Loyvsas Loam, very sandy, stiff
-14.744 || Lo ssa.w Leamslightly sandy weak
-14983 || Lovsas Loam, very sandy, siff
-15.202 || Sa.sil Sand, very silty, loose
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Conugweerstand [MPa] \Hﬂvjné I[MF’&] Wirivingsgets
0 10 20 3000 01 020246810
oo 02 04 0B
E 0 Waterzpanning [MPa] 0~
-1 AFF
b N7/ M
af %
E, -4 4
E -5 st
= 5 ]S
-7 -Tr
.ﬁ _-E - V
s N7
=10 10
-1 ME %
-12 Az2F E
19 | BRl7 //%
14 141 A
: A5 <o .
:: ABk $.Su1d.$u vsi,l o
=17 A7 ‘e .
-18 18-
-19 | 49}
-0 o0k
-1 =21
-22 2rF / A,
5 = (e // 77 /
-24 241
.25 26k
i a1l Z //A
29 ) | 5555577
'? ';'13 WZCCCES

The Soil profile — CPT table contains input CPT data, Additional data, Profile data and graph of the Profile data (the inter-
preted geometry).

2. Pile Plan
Name Pileplandata
PPlan1 |Piledata Soil ProfileCPT Pile definition Pile Type Material | Piletip level
[m]
CPT1,CPT2, Rect 250 X 250 |PrefabConcrete |Concrete |-30,000
PPian2 |Piledata Soil ProfileCPT Pile definition Pile Type Material | Piletip level
[m]
CPT1.CPT2 RectEnlBase 400 X 420 |UserDefinedVibrating |Concrete |-30.000
The Pile plan table contains input data for each Pile plan in the library.
‘3. Sail
Name Description Soil Type | Gamma unsaturated | Gamma saturated | Friction angle
[kN/m?] [kN/m?] [ded]
| Gr.ssim Gravel, slightly sity, moderate Gravel 19,0 21.0 37,50
Sassim |Sand, slightly sity, moderate Sand 19.0 21,0 3250
Savsil Sand, very silty, loose Sand 19,0 210 30,00
Sacl st Sand, clean. stiff Sand 20.0 220 40,00
Lo,ssaw | Loam,slightly sandy weak Loam 20,0 20,0 3000
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Soillibrary table contains data for the soil definition.

Ifthe nonlinearity is calculated, then also table for the nonlinear function can be displayed.

ik

4. Nonlinear functions

Name Type ulF Positive end | Negative end
[m, MN]
NLF1-PPlan2ULS |Translation -4,4100e-02-1 2427e+00 | Free Free
-3.9200e-02/-1 2383e+00
-3.4300e-02/-1 2330e+00

-2.9400e-02-1 2267e+00
-2 4500e-02/-1 2197e+00
-1,9600e-02/-1 2101e+00
-1, 4700e-02/-1 1982e+00
-0, 8000e-03-1,16492+00
] -4, 9000e-03/-05284e-01 |
0.0000e+00/0.0000e+00
MLF2-PPlan2-5LS | Translation -4.4100e-02/-1 4912e+00 | Free Free
-3,0200e-02/-1 4680e+00
-3 4300e-02/-1 4706e+00
-2,0400e-02/-1 4720e+00
-2 4500e-02/-1 4636e+00
-1.9600e-021 4521e+00
-1,47002-02/-1 4378e+00
-9,8000e-03-1,397%+00
-4 90002-03-1,1554e+00

0.0000e+00/0.0000e+00

Geotechnics result tables:
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New document item

-4 Steel
- & Aluminium
.4 Custom check
-4 Pipeline
& Timber
.4 Concrete
.4 Steel concrete bridge
.4 Geotechnics
4@ Pad foundation
-4 Pile design
&, Pileplan design
& Pileplan verification
4@ Composite Beam
.4 Composite Column
-4 Mobile loads
4@ Influence lines
-4 Picture

<<< Add

Pile design

Linear calculation, Extreme : Mode

Selection : Al

Class : RC2

Note1: The designierification is peformed only for bearng piles which are subjected to
stafic or quasi stafic loads that cause compressive forces inthe piles. The calculation
of pile forces and pile displacements are based on cone penefration test Any
possibilty of tension in piles and horizontal displacements of piles and/or pile plans

are not taken into account.
Mote2: In Pile Design (preliminary design), a single pile is always assumed and
the calculations performed are based on a single pile for ULS. Any possible pile
plan is disregarded when using the Pile design option. Hence 3 non-rigid

superstructure is assumed and pile group effedts are not considered.

Check is done acoording to NEN 9997-1:2009 (NEN-EN 1997-1, NEN-EN 1997-U/NB and NEN 9097-1)
Pile Design check

Pie plan id Case Pile plan name Pile tip level | Net bearing capacity at advised level Rz
[m] [kh] [kM]
PPlan2 C021 _ |RecEniBase 400X 420 -15.000 492 482
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Pile verification

Linear calculation

Selection : All

Class : RC1

Note1: The designiverification is pedformed only for beanng piles which are subjected to

static or quasi static lmads that cause compressive forces inthe piles The calculation

of pile forces and pile displacements are based on cone penefration test Any

possibility of tension in piles and horizontal displacements of piles and/or pile plans

are not taken into account.

Check is done according to NEN 9997-1:2009 (NEN-EN 1997-1, NEN-EN 1997-1/NB and NEN 9097-1)

L ULS
Pils plan K case CPT Total Pl§ pisn Pis 1p [ =]
kad name lowsl at Sp Wiip
L] ) )
PREan2 con cPT2 482 | RecEnBase =15.000 839
400 X 420
Troe Name Piie Case cPT Tokal Pie plan Plle Sp le=ement
plan ig 0l aame vl % Sp-Wiop
)] frm fmm]
=le =Ean2 co2n ceT2 32 | RetEnSaze =15,000 &6
verification 40 X 420

Load settlement curves — picture:

Itis possible to save the load settlement picture to the clipboard management. The toolis in the context menu.

; N X
Load Settlement Curve o o +8
Load sattlement curve: ULS Rigid superstructurs
Fr.Shaft[kN] Fr.tip[kN]
-—— —_—
124 [ o 61 121 152 B Zoom by cut out
__,..-—"’_’— 10 ﬂ Zoom all
20 E Ficture to gallery
30 ] Document
0 & erint..
Wiig |50 -
j o Y copy to cuppoma
70 Save picture to file
50
190
100
110
120
Total load =3407[kN] CPT:CPT2
Settlement at tip =36,1[mm] File definitionRectEnlBase 400 X 420
ok |[ cancei |

Limitations

There are some limitations in the Pile design functionality:
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Functionality

This functionality is based on the guidelines given by Dutch standards NEN 6740 and NEN 6743. This functionality is made
available only for the EC-EN and NEN National codes.

Soil profile

The soil profiles could be generated only using a valid CPT data and the CPT data should only be in GEF (Geotechnical
exchange format) file. No other format is supported.

The user interface for the soil profile dialog does support only English. Other languages are not supported in this special dia-
log.

The position of CPT (soil profiles) can be defined only in the user coordinates systems (UCS). The GPS coordinates of the
project cannot be defined and hence the GPS coordinates are not used.

Interpretation of the soil profile — interpreted geometry

The interpretation tool for generating the soil profile is “NEN rule (Stress Dependent)”. Any tool other than NEN cannot be
defined or used.

The automatic interpretation tool uses only the pre-defined soil types. User defined soils cannot be used in the interpreted
geometry. The user defined soil can be used only for edited geometry.

Pile plan

The special dialog for the definition of the Pile plan does support only English. Allthe parameters required by this dialog are
based on NEN.

Onlythe predefined shapes can be used and not possible to define any user defined shapes.

The units specified in this special dialog are not linked with the units setup and hence the user has to specify the values in the
respective units.

Design and verification

The design and verification is performed only for bearing piles which are subjected to static or quasi static loads that cause
compressive forcesin the piles.

The calculation of pile forces and pile displacements are based on the cone penetration test. Any possibility of tension in piles
and horizontal displacements of piles are not taken into account.

Asingle pile is always assumed for the pile design and the calculations performed are based on a single pile for ULS. Any
possible pile plan is disregarded when using the Pile design option. Hence a non-rigid superstructure is assumed for pile
design and pile group effects are not considered.

Errors/ Warnings

The program validates the input data while performing the Pile design or verification. If the input data contains invalid data,
the program will not perform the design or verification and will display the warning.

Alsoif the input data or the design result doesn’t meet the requirements specified in NEN, the program displays the warning.

The warnings are displayed in the results of design and the verification — preview or the document tables.

Errors:

CPT Level:
The levels of Cone penetration test data must be strictly increasing below the ground level. If not, the program will
not perform the design and verification
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Design of piles

The CPT levels must be strictly increasing below ground level. Please check the CPT data or the GEF file.

Tension Piles:
If all Piles in the Pile plan are subjected to tension, the program will not perform the design and verification for ten-
sion piles and hence the error will be displayed in the result.

Allpilesin the Pile plan are subjected to tension and the current version supports only piles that are subjected to
compression.

Reactions:
Ifthe maximum support reactions for all the Pilesin the Pile plan are less than 500N, the design and verification
could not be performed. The program checks this condition and display the proper error message.

The loads for limit states ULS or SLS (design values) are very small to perform pile design and verification.

Surface level:
If the Top of positive skin friction zone lies above the surface level or the excavation level, the design and veri-
fication will not be performed.

The top of positive skin friction zone is situated above surface level. Please check the additional data of the Soil pro-
file- CPT.

Skin friction zones:
If the skin friction zones are intersecting (i.e.) if the Top of positive skin friction zone lies above the bottom of neg-
ative skin friction zone then the design and verification won't be performed.

The positive and negative skin friction zones are intersecting. Please check the additional data of the Soil profile -
CPT.

Trajectory definition:
Ifthe number of calculation steps is less than one, the program cannot perform the design and verification. The
number of calculation steps depends upon the Start and End Trajectory and the interval value.

The calculation step value should be greater than or equal to one. Please change the trajectory definition.

Interval:
Ifthe interval is more than the difference between the Start and End trajectory then the calculation cannot be per-
formed.

Theintervalis too large for the defined trajectory. Please change the trajectory definition.

Top of positive skin friction zone:
Ifthe top of positive skin friction zone lies below the Pile tip level, the verification will not be performed. The user
hasto adjust any of these levels.

The top of positive skin friction zone is situated below the pile tip level. Please check the additional data of the Soil
profile - CPT.

ULS and SLS:
Ifthe serviceability reactions are higher than ultimate reaction, the pile verification could not be performed and
hence the error will be issued.

The loads for ULS are smaller than the loads for SLS.

Pile tip level:

The pile length should extend atleast 5D .- beneath the surface (or excavation) level. D . stands for the min-
imum size (in cross section) of the pile base. If not, the program will issue a warning that “The pile length does not
meet the requirements setby "NEN 6743 art. 3.1”.

The pile length does not meet the requirements set by NEN 6743. The pile tip level should extend at least 5* D
beneath the surface (or excavation) level.

min
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Chapter 7

Warnings:

Trajectory definition:
The value of Start trajectory should be at least 5 times the pile diameter lower than the lowest ground level and
the lowest pile top level. If this condition is not met, the program willissue a warning in the results.

« The Starttrajectory value should be at least 5 times the pile diameter lower than the lowest ground level and lowest
pile top level.

The value of End trajectory should be at least 4 times the pile diameter above the least deepest CPT.
« The Endtrajectory value must be at least 4 times the pile diameter above the least deepest CPT.

Reactions:
Ifthe net bearing capacity doesn't meets the maximum load within the trajectory then the program returns the
pile tip level as “zero” and a warning will be displayed.

« Therequired bearing capacity is not met within the specified trajectory for the given cross section of the Pile. Hence
the level cannot be calculated.

Tension:

If a Pile is subjected to both compression (Eg: CO1- Compression) and tension (Eg CO2- Tension), the com-
binations (CO2) which has tension will not be considered. The program will find the max reaction based on the
other combinations and the design will be performed. The warning message appears.

« Oneormore pilesin the Pile plan are subjected to both compression and tension. The combinations which yield the
tension reactions are not considered. The max reaction is calculated only based on other combinations and the
design is performed based on the max reaction.

Tension Piles:

If one or more Piles in the Pile plan are subjected to tension, the program will not consider the tension piles for
design and verification and displays the warning. If all the piles are in tension the program will not perform the
design and verification and returns error.

« Afew pilesin the Pile plan are subjected to tension and tension piles are not considered in design. The current ver-
sion supports only piles that are subjected to compression.

Pile Distance:
The distance between two piles must be at least greater than 3 times the equivalent pile diameter. If this condition
doesn’t meet, the program will display a warning.

« ThePile plan hasa pile to pile distance less than 3*equivalent diameter.

Top of PSFZ:
If the top of positive skin friction zone lies below the top of enlarged base of the pile, the program will set the top of
positive skin friction equal to the top of enlarged base. This will be intimated to the user as a warning.

« Thetop ofthe positive friction zone is situated above the enlarged base of the pile. The top of the positive friction
zone is therefore reset to the top of the enlarged base.
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