This document gives a detailed summary of the new features and modifications of FEM-Design
version 15. We hope you will enjoy using the program and its new tools and possibilities. We wish
you success.

Strusoft, the developers
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What's new in FEM-Design 15

¢ Non-linear, plastic soil calculation with real 3D soil finite elements
e Moving loads

e Documentation and Detailed result export to .docx
e Detailed result export to Mathcad and XHTML

e Soil pressure and hydrostatic pressure

e  Corbel bar component

e Semi-rigid bar ends

e Insulation for foundation objects

e Improved isolated foundation

e Seismic accelerations

e List tables for RC shelled design results

e Renewed statistics dialog

e “No snap” option for layers
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1. STRUCTURE

1.1. Improved soil materials

In FEM-Design 14 the Library material dialog, where User can specify soil materials, contains two
separate tabs for Deformation and Strength properties. In FD 15 all these properties can be found in
the same place. Furthermore, the renewed Library Material dialog offers even more opportunity:

e highlighted parameters according to the Foundation design/Deformation calculation they are
used to

e variable soil parameters along depth
e three different soil material models

In FD 14 In FD 15

Set the behaviour
of the soil matterial

Foundation
design
Deformation
calculation
Check to use both
Drained and

Undrained behaviour

Reference level [m]

Behaviour ... |Undrained

| | Design according to combined behaviour Material model

Value d

phi k [deg]

phi cvk [deg] 8 Linear

phi k [deg]

phi cvk [deg]
Gamma dry [kN/m3]
Gamma sat. [kM/m3]

v
Gamma dry [kN/m3] Linear

Over consolidated
Gamma sat. [kN/m3] .... Generic

Choose Material

model type o 10 e |




1.1.1 Highlighted parameters according to the Foundation design/Deformation calculation
they are used for

Foundation
design

l:l Deformation
calculation

o
d WL WM

Wl pe pl P

Reference level [m]

B2 BRI sreremmoscossmecossmasoammromea=s
["]pesign according to combined behaviour Material model .......

MO [jm3] ..
ML [kt /jm2]

Gamma dry kMm3] ..... [ 160 | pckNmMI] e
Gamma sat. [kN/m3] ... | &0 | gl kNmI]

In the new Library material dialog the background of the soil parameters are coloured depending on
the calculation(s) they are used for.

1.1.2 Variable soil parameters along depth

Depth dependent increment of parameters of soil materials (e.g. cux ¢k, Mo, etc.) can be set in the
Library Material dialog. Firstly, the reference level should be set, which applies for all parameters.
Secondly, User has to set the increment rate of each parameter (d)

l:l Foundation
design W b 1 (Ege)
l:l Deformation M —
calculation
i o
d ML oo M=t

ol pe pl 3

Motelmode.....

cuk [Kjm2]
ck ifm3] ...
phik [deg] -
phi cvk [deg] ...
Gamma dry [ijm3] .

Gamma sat. [kMfm3] ...

MO [ki/mz]
ML [kN/mZ2]




Above the reference level the value of a variable parameter in the soil will be constant, equal to the
one given by User in the Value column. Beneath this level it will be calculated as a linearly variable
parameter, depending on the depth from the reference level.

A The Reference level is always considered in the global Z axis and it is parallel to the global X-Y
plane!

1.1.3 Soil material models

In the renewed Library material dialog three types of material models can be selected:

e Linear
e Over-consolidated
e Generic

Linear soil material models can be determined by the E Young-, or the Eqca compression modulus. For
further information about the material models see in 3D Soil theory manual

M A (Egag) A Sigma
10 4
oz
de
_ds
_ E=ge _
b ' epsilo-n
Material model ....... Linear W
Value d
@M [kyjm] ... 2500 0.000
(DEKNmI] ... 1857 0.000
1T [ 0,300

With the Over-consolidated option a special non-linear material model can be defined. The relation
between the My and E is the following:

_ Ed-v)
T @a+v)a-2v)


http://download.strusoft.com/FEM-Design/inst150x/documents/3dsoilmanual.pdf
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With the Generic option User can fully customize non-linear soil material models by defining each
segment of the p’-M graph and the rate of increment for the parameters (see more in paragraph 1.1.2).

M M (Eoed)

Material model ....... Generic w

Value d

-
T

No

| ~

p ‘pd ‘ M ‘Md
[kMfmZ] [kfmz]

0.0 200 100 0.000
2 1.0 100 50.0 100
3 20,0 0000 20.0 0.000
4 400 500 500 500

1.2. Modified soil and borehole parameters

A new tab called Ground water is added to the Soil dialog and the Borehole dialog. (For more details
see paragraph 1.3)

On Borehole/General tab the Foundation level can no longer be set, since FD 15 matches it to the Soil
object automatically.

Further changes are described in paragraph 1.4.
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General

Identifier

Limit depth level [m] ....oovvviienniinnns

Default filing ...... repl. soil

Solid finite elements

Average element size [m]

General




1.3. Multiple ground water level for soils

It is possible to define more than one ground water surface for the soil object. Different ground waters
can be set for each Load combinations, as shown in paragraph 4.3.

In the Soil dialog/Ground water tab User can define the GW-s as it is shown below:

—— ~Z Ground
General ol " Ground water

Ground water levels

Mo | | Colour | -
16WL1
2 GWL 2

Double click on the 3.GWL3

first empty row
to specify a new GW

Click to insert new
GW above the
selected one

Click to delete
selected GW

The level of each ground water can be set in all boreholes separately.

Borehole o
— 12
~ [?)|ej@
General Strata | 7 Ground water
‘—l-—‘ - Use closest borehole data

Ground water levels "

No Name ‘ Level |~
[m]
-3

o s & %= Double click to change
level of certain ground water
in the selected Borehole

00

re—— S0il surface

| — GW 1 level

| — GW 2 level

| — GW 3 IEVEI

\ Limit depth level
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1.4. New method of soil modelling

FD 15 gives User new tools to define soil objects even more precisely. Therefore, the method of
creating them changed, and has two basic steps now:

e creating the Initial Soil object: this is the definition of the regular soil object for initial stresses
e setting up the Final Soil object: includes all modifications performed on the Initial Soil

The exact procedure is shown below.

1.4.1 Initial Soil

Definition of the Initial Soil is similar to the definition of the regular Soil object in the earlier versions.
The difference is the two new parameters in the Soil dialog:

e Default Filling: the Soil material, which will be used to create Filling when final ground level
is higher than the original ground level and User does not specify other filling

e Average element size: the mean size of the finite elements of the soil, if “Calculate soil as solid
element” is active (see more at paragraph 3.1.)

iy
A1 General - Ground water
P

Identifier

1.4.2 Final Ground Level
There are two ways to set the Final Ground Level in FEM-Design 15.
Firstly, in the modified Borehole dialog for each Borehole.

b,
A.1| General “~~_- Ground water
A1 23— Ground wa
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Secondly, User can define a new, simplified subtype of boreholes, the Final Ground Level object. This
borehole has only one parameter, with which the top level of the Final Ground Object can be set in a
certain point.

The next figure shows the definition method of the Final Ground Level object.

File Edit Draw Modify Took Seftings View Window Help - B x
Snctre  losds Frdeclemerts Ansise foundstondesgn RCdesgn  Steeldesgn  Tmberdesgn ol b e

e EfE A0 ANS . ARARARA I LivE t EED 1 000 [
alal3l 1(’7 Open a
o ‘") | A £
ool 4l Borehole dialog = e
b &
L_ .:: v//' }[\\ a 3.07: PlaCe El
Lo o . —= > === “Final ground level” @
a |a 7 : object on Soil oy
il | / :
ol |t 9
¥ i o
3 o =
al (B 67 8
ol |2 2. Select e
i “Final ground level” -
LINN 3
] tool and set level E

~
TR G ] B owe wne e [om M- =S 10 [=F T EWROELND]

% It is recommended to use the Plane View of the model while creating Final Ground Level objects.
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Where the Final Ground Level is above the top level of the Initial Ground object, FD applies the
Default Filling soil in the model. Where it is beneath, the soil will be removed from above the Final
Ground Level.

Final ground
level object

—— Default fﬂling

TOP level of ; ——— Stratum 1

Initial Soil

— Stratum 2

Limit depth level

1.4.3 Filling/replacement
RO =LY 0L O AN K FLALALLALAL R 2R ERI OO

Datum oundation Bar Plate Wl Support Modeling taol Cover

With this new object User can create

e Fillings with customizable soil (different from Default filling)
e Replacements: individual regions of the Final Soil object, where the Soil Material and/or the
strata conditions are different from the Initial Soil.

The Region tool

Top level [m]

Boktom level [m]
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Filling/replacement object can be defined with the Region tool, following the method below:

1. 07 : Open

Filling dialog
File Edit Draw Modiy Tooks Sfmng'm Window Help - &
Tk | Lo Plachvts Mo Py Cduk Sesdun T dein .
O E=IEEK A 8 M AN S ARG GGG $ 22281 HEHBD I OOBO =
Filling Filling region
I EEEORE 0 6 ] a
ool o [200 terial ... Rep. soi > ‘ d? &
| = R ( Defoult 109 evel [n] covcnes 200 4. : choose t
level ] ..o .00 material !

3.: Set geometry properties w=®

a oK Cancel "
- -_‘_‘—-__i‘_ = |
e )
Iy . ¥,
- d Default settings Vs a Library Application data |
0 e |
=0l
Al 5 oot ke
- o calaatin” button. =
. = l{sesddmbcmk &
" Rep. sol
@ 7 Sl 1
[= Sail 2
/
/
5'@: SPECIfy Hew... Modify Delete || Import... | Export...
& geometry
= ox Cancel
Fillng -Defin - Regan - Rectangudar - econd comer (L8 = Place pat T TR W Ak L]

Based on the position of the Filling/replacement object, three regions of it can be distinguished
according to the changes FD will consider in the Final Soil:

e regions overlapping the Default filling (above the Initial Soil) will be replaced with the User-
specified soil material

e regions overlapping the Initial Soil will be replaced with the User-specified soil material
(irrespectively of strata conditions)

e regions outside the Initial Soil and the Default filling at the same time will be ignored in the
calculations (shown in the next figure)

With active Structure tab With active Analysis tab
’ > Filling/replacement
object
|
Filling/replacement
object
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Level point tool

With the Level point tool User can create new or redefine existing Level points (marked as “X”) on
certain Filling/replacement objects, with which he/she can cusomize its shape.

Level point
Top level: 0,0 m

Bottom level: -3,5 m

Level point
Top level: 0,0 m

Bottom level: -35 m Filling/replacement
object
Level point
Top level: 0,0 m
Bottom level: 0,0 m
Soil object
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1.5. Insulation for foundation objects

Insulation can be attached to foundation objects modelled as a surface-surface connection.

/ Foundation objects without insulation

Foundations

Foundation objects with insulation

iz

Foundations

\ Insulations
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This option can be accessed in the following dialogs:

e Foundation slab
e  Wall foundation
e Isolated foundation

E modulus [kM/m2]
Thickness [m]

Unit mass [t/m3]

Limit stress [M/mm3]

Gamma M (U | Ua, Us)

General . Section | r‘:‘ End conditions.

15 Materia

T —

Analytical system ...

Bedding

Unit mass [tfm3] .......

Limit stress [N/mm2] ...

Gamma M {U | Ua, Us)

General @ Geometry @ Material

T —

Analytical system ...

Bedding

Unit mass [tfm3] ........

Limit stress [M/mm2] ...

Gamma M {U | Ua, Us)

.

Cancel

.

Cancel

FEM-Design 15 is able to execute stress-based check of Insulations. To this end, User can set the limit

stress and the safety factors, too.

See more about the results in paragraph 7.4.
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1.6. Improved Isolated foundation

1.6.1 Regular and Irregular Isolated foundation

1

In FD 15 User can define two types of Isolated foundation: Regular ml and Irregular «

The Regular is the usual foundation object with the same definition method as in FD 14.

(3@ 3 G O

User can set its properties in the Isolated foundation dialog, which has three tabs:

¢ General: contains the identifier, analytical system, bedding and insulation settings
e Geometry: geometry setting, such as thickness and plinth properties
e Material: the usual Material tab

Bedding

Bedding modulus [kN/m2m]
Insulation

Apply

E modulus [kM/m2]

Thickness [m]

Unit mass [tfm3]
Limit stress [M/mm2]

Gamma M (U | Ua, Us)

The Irregular Isolated foundation can be defined with the “Shape by selection” tool from an existing
Solid drawing object, by the following easy steps:

e activating “Shape by selection” tool
e determining Default settings
e selecting existing Solid drawing object

e (defining the Local x” axis with start point and end point, if the @ “Edit local x” direction ” is
active)
e specifying Connection point on the bottom surface of the Solid
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[ Below

Irregular Isolated foundation object has the same properties as Regular with the exception that the
thickness can’t be set and Plinth can’t be defined for it. User can attach Insulation to the bottom

surface of the object, too.

Isolated foundation: F.0

Anglitical system ..o, Supported by soil
Material C25/30
UET ) 2T, IR Yes

E modulus [kN/m2] .uuuuens 1000
Thickness [M] vuvvvivrennn 0,200
Unit mass [t/m3] ooviiinns 0,400
Limit stress [Nfmm2] ...... 1.00
GaAMMa M svuuiniinnenniniin 1.20/1.00

1.6.2 Plinth

In the new Geometry tab of the Isolated Foundation dialog User can define a Plinth for the Regular
type of Isolated foundations.

General Geometry

17
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This object will be attached to the top side of the Isolated Foundation object, and its Local Coordinate
System’s origin is always the Connection Point of the foundation. The foundation and its Plinth will
be considered as one homogeneous object in the calculations.

As it can be seen in the figure above columns join to the top of the Plinth.

1.6.3 Replaceable Connection Point

Thickness [m] ..

Flacement 8 Above

Below

With the new Connection point tool in the Isolated foundation dialog User can move the Connection
Point on an existing Isolated foundation object anytime. Moving it will also replace the Plinth (but not
the attached column), if it is applied.
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1.7. Improved Foundation slab

For a clear overview Foundation slab properties are sorted in three tabs:

e General: preferences of the bedding, insulation and space for basement

Slab: containing the settings of the slab geometry
e Material: the regular Material tab

e

L=
||_!| Material

——

Remove soil above slab (basement)

Eccentricity

Bedding
[ OO 0.00000
Bedding modulus [N/MZ/M] vovveevienns 10000 -
[[] consider eccentricity in calculation
Insulation [] Consider eccentricity caused by
Apply

cracking in cracked section analysis
E modulus [kM/mZ]

Thickness [m]

Unit mass [t/m3] ..

Limit stress [N/mm2]

Gamma M {U | Ua, Us)

Designing a structure with basement requires no time-consuming modifications of the Soil object in
FD 15. If the “Remove soil above slab” checkbox is active in Foundation slab/General tab, the program

cuts out the part of the Soil object above the Foundation slab. Furthermore, it creates Surface
connection objects on the new bounding surfaces of the Soil object.

.

.... 0.D002-+00/ 00002 +00
ky' INjm2/m] ... 0.0002-+00/ 00002 +00
Kz [kNjm2m] ..... 1.000e+05/ 0.000e+00

Detach .....oven. 7 tens.

S

A The created connections can transfer compressions only and they cannot be modified!
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Thickness of foundation slabs can be modified with the IE Variable thickness tool or in the
Foundation slab dialog. The method is the same as for the Plate structure objects with one exception:
the alignment of a foundation slab cannot be changed (it is permanently set to bottom).

‘ General | [S515 sisb @ Material
Geometry Eccentricity
s ) —
Loooo |[y Ie
1.0000
LN L) 0.00000

[] consider eccentricity in calculation ,.-"' e

[[] Consider eccentricity caused by i —
cracking in cracked section analysis o

1.8. Corbel bar component

A new object, the Corbel is added to the Bar components. User can use it to apply short consoles
attached to columns.

A Corbel is always perpendicular to the local X axis and parallel with the local Y or Z axis of the
column. It has a rigid connection at the start point. The end condition at the end of the Corbel matches
to the connected beam.

>
BN
=
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% Using Corbels User can avoid the time-consuming task of manual modelling of eccentric
connections.

User can define a Corbel by following the steps in the next figure:

1.07: Select Corbel in

Bar component menu

[Siucture | Loads P clemerts  Analyss  Foundationdesgn  RC Secldesgn  Tmberdesign  Ferfomarce based desion
< @@'@‘mm% Ll D afklfhrhi 3 2223 P EE I OO
4\;.‘ Dm‘ww Bar ‘ Piste < Support ‘ Modeing tool «  Cover
3| /|3
L
I
il O ‘L
/| |
L EE
FE
@ —
o|A|= T
= # | Z
4 a
4 2.(97 : Set the direction
r E / of the Corbel
y E
. 7 467 Select position <~
¥ (O of the Corbel 3.5 i
L = along the column - SPLPIDPEEeS
=
S o)
o |2
B
g —
General I Section @ Material
P Identifier (,pOSItion NUMBET) .......vververreeriens o |
%
e o ‘ Geometry
Alpha [ ....... 0.000 v
90°
; | ﬁ] [¥] Automatically adjust "d" to

: g \ bounding rectangle of
180°— E» g ++ cokmy
B E:E:fg T (—
2 et} T,

"d"and "e” are measured from physical axis € [M] +ooovevenennes

of column (center of gravity of column
cross-section) scml e
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The Corbel dialog has three tabs. In the General tab User can specify the followings:

e direction of the Corbel

e relative position of the Corbel compared to the column (d, €)

e length of the Corbel (1)

e position of the load application point (x, e), marked with red dot in the figure below

e  whether to calculate the “d” value automatically in accordance with the Section of the column
or not

The other two tabs are the regular Section and Material tabs.

A Connecting beams to the Corbel in the proper way is crucial. It is significant to consider that the
analytical and the physical end of the Corbel are not coincident.

Physical end of the Corbel

Analytical end of the Corbel
(at the load application point)

25



1.9. Physical model of beams and columns

Eccentricity of the analytical and the physical model is separated in FD15. In the “End condition” tab
eccentricity of the analytical model can be set as in earlier versions. Eccentricity of the physical model
can be set in the new “Physical model” tab, in a similar way.

At the same time, considering analytical eccentricity in calculations is no longer optional.

General

Section End conditions § E Physical model

The same at both ends

Start

[[]Use default alignment (horizontal beams: top of cross-section, all others: center of gravity)

End

v [m] ...| 0.0000

Looe || cand |

General | I Section H End conditions E Physical model | @ Material
Eccentricity in analytical model
‘ [] The same at both ends Start End
Releases [k/m, kim/<] Eccentricity [m] [
z
e ..... [0.000 | . [o.000 |
ey orn. [0.000 | 7. [0
De‘z‘ ,,,,, 0.000
O - ,
(o
Clehiz ...

1.10.

Semi-rigid bar ends

Semi rigid bar ends can be set in the Beam/Column dialog. Compared to the FD 14 version not only
the releases can be defined but also the exact rigidity for all displacement components separately.

26

General

ISecﬁon

Eccentricity in analytical model

E End conditions

E Physical model

! T )
51—‘ -I—lq-‘

["] Consider eccentricity caused by cracking in cracked section analysis

The same at both ends
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2. LOADS

2.1. Soil pressure and hydrostatic pressure

As a new type of surface load Soil/hydrostatic pressure can be defined in FD 15. In the Surface load
dialog two type of surface loads are available now.

Pressing the “Ordinary” button allows the user to specify usual surface loads, as in FD 14.

a2 [kfmz] ... m@
O [kMfmz] ... |lU.UUU

qo [kNfm7] ... |15.uuu
gh [km2/m] [ 10.000

These loads are automatically calculated based on three user-defined values:

o z0: the surface level of soil/water (on the global Z axis)
e qO: the intensity of load at the surface level
e gh: the increment of load intensity (along the global Z axis)

The intensity of the load at a certain point of an element is calculated with the formula below:
q=q0+ (z0—-2)-qgh (2.1.)
q: the intensity of the load at the particular point

z: the Z coordinate of the point

0.0000

1.0000

v]

Intensity meant along action plane.
(e.g. dead load)
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The direction of the soil/hydrostatic pressure load can be determined in the same way as the direction

of the surface load in FEM-Design 14.

(42 O 1G] ma] t t 4[]
20 [M] +evnnenn 0.00000 ﬁ y

| wma o
oh [djm2jm] [2.5000 red s

%} For the fastest and easiest load definition it is recommended to use the “Direction is parallel with

the local z’ axis” option.
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2.2. Moving load

Structure | Loads | Finte slements  Analysie  Foundation design  RCdesign  Steeldesign  Timberdesign  Farfom

T e R RN A I TRy = [F

Load case, combination & group Force Temperatur... Stress Support motion Dynamic load Macro Muttiphy

The Moving load macro applies a pre-defined set of loads (Vehicle) along a user-specified path. Its
working method is the following:

1. User specifies the path and the preferences of the Moving load.

2. The macro defines Vehicle positions along the path according to the preferences.

3. The pre-defined Vehicle is added to each Vehicle position, producing singular Load cases.
4. A Load group is created, containing the Load cases of the Moving load.

Vehicle position marked
with red dot

The generated
load cases

Fie £t Draw Modity flbols Settings View Window Help
Snucture | Loads | Finie rsiyss  Foundstondesgn  FCdesgn Sl desgn  Timber desgn
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:; Local coorinate 3

. system of the path E

) element

The Path of the
Moving load
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221 Defining a Moving load

The following figure shows the definition method of a Moving load:

1.(97: Open

Moving load dialog
Suctee | Loads | Frdaslemerts Mgyt Fondsiondesgn RCdesgn  Sesidesgn  Tmberdesgn  Fuo s Lund b
RS TR R G OIS N ST 2 Pa e s [F] B

2.(’) : Activate

Define tool ™= =¥

I o s
7/ ;\'\ ‘
g 9
|1 B
) o
| /’//\ d
|# g i 4
|of |5 _ 5
|® &
| & _
| ® g
L

corner points of Path

4. Set the properties
for the Moving load

|
O] mwn mmmn  ooon [ Wi~ 510 |sw |F DX ROLE X0

Loading options

Retrn ——>—

[ Lock direction of vertical loads

[V Cutloads to path extent | |,

The options on the General tab are described below.

Default division: the method how the path of the Moving load is divided into segments. The Vehicle
positions will be defined in the points of division and at the start and the end point. The division can
be defined

e By division number: the number of parts, that the macro divides the Path into, will be equal
with the given value. Accordingly, the result is one more Vehicle position than the user-
specified value. The distance between the points of division (and therefore between the
Vehicle positions) are equal.
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e By distance: the software defines as many segments from the start of the Path, with length
equal to the specified value, as possible. The last segment may be shorter than the others.

Loading options: the preferences of the way the macro defines the individual load cases along the
path.
. Return: if checked, two load cases are defined in each Vehicle position. The first
one has the same X axis direction as the Local coordinate system of the path element its
Vehicle position is located on. The second one has the opposite X axis direction.

Vehicle placed with the same Vehicle placed with X axis
X axis direction as the path direction opposite to
element (LCS) the path element (LCS)

ey
. \l' Lock direction of vertical load: if checked, the vertical loads of the selected Vehicle are
forced to be parallel with the global Z axis. Otherwise, they are parallel with the Z axis of the

Local coordinate system of the path element which they are located on.

Load case without locked Load case with locked
direction of vertical load direction of vertical load

Originally vertical load
parallel with the global Z axis

Originally vertical load para
with the Z axis of the path element
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b ¥ Cutload to path extent: if checked, every load case of the Moving load gets analysed.
If it extends over the path, then the software trims off the overhanging part.

Load case not cut to the path Load case cut to the path
P
\\\
—
“‘1_“1\-‘7\
\,
- }
T
—

User can select the set of loads to apply in the Vehicle tab.

(@ : Animate pan
[ ]+ (3: orbit

List of Vehicles 67 : Open View menu  Scroll @7 : Animate zoom

defined in the
Library
6): Select Vehicle

to use along the path ~vehi Zoommargn At+Z

[T Plane view  Alt=F1

Vehide 1 @ South view  Alt+F2

List of Vehicles D) Eostvew  Ater3

@ Space view Alt+F9

Wi

used in the model

| 2,161m 8.570m

Rename || Delete || Import || Export

The functions of the buttons at the bottom of the dialog:

R .

. : Rename selected Vehicle
Delete .

. : Delete selected Vehicle

J : Import Vehicle library from existing (*.vehicle) file

. : Export Vehicle library to file
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222 Defining Vehicles
The steps of Vehicle definition:

1.67: Select Vehicle tool

2. Select any Ibﬁd-dgfined
in the model '

3. @:L_ocate origin of the
Local coordinate system

46) :Select X direction
- of the Local coordinate system
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T k:‘:r/ ‘, T
5,‘(’7 :Set direction of /
Y axis of the LCS - /-

6. Type the name
of the Vehicle

-1.435m -§E 0.000 m

m [z]
Rename Delete
o ] oo

7. 67 : Finish definition

2.2.3 Summary of Moving load functions

Define: the regular Define tool. It has two options:

J —] Draw path: selecting it allows User to define Path by its corner point.
o o Select path: when selected, path can be defined from existing linear objects,
such as drawing lines, bars, edges of plates or walls.

* Properties: the regular Properties tool.
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<L

Vehicle: User can define Vehicles with it. This tool has the option:

. @ Delete original load: if activated, loads used for the definition of Vehicle will be deleted

=
L_Lj Vehicle position: allows the modification of Vehicle positions.

. Add: defines a Vehicle position in a selected point along the path

. Move: changes the position of the selected Vehicle position along the path

Delete: removes the selected Vehicle position

o Reset: redefines all Vehicle positions on the selected path according to the Preferences of
the Moving load. It removes all former modification of Vehicle positions.

H Animate motion: Plays an animation that shows each load case of the Moving load, one after the
other. The speed of the animation can be set with the slider.
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2.3. Seismic load, NA: Norwegian defaults

When running FEM-Design 15 with Norwegian configuration, the default values of Seismic
load/Horizontal spectra tab are set according to the Norwegian National Annexes to Eurocode.
Furthermore, the type of the horizontal spectra is locked to type 1.

Structure information | Horizontal spectra | Verical spectra

b 5d m/s2]
0.100, 1.250

|.‘ia'1dad || Unigue | | Add to documentation |

2.4. Optional simultaneous plus and minus directed wind loads

FEM-Design 15 allows User to define plus and minus directed wind loads for regular buildings at the
same time.

Storey Level | X+ Y+ X~ ~

Y-
Wind speed [m/fs] ... [m] | DeMjm] | Debfm] | Debfm] | [efm]

| 26,0
ol 1 3.00 2.94 2.94 2.94 2.94
Building height [r] .. s

Storey 2 6.00 147 147 147 147
Terrain type:

(J)0. Sea or coastal area exposed to the open sea

()1, Lakes or flat and horizontal area with negligible
vegetation and withou obstades

. Area with low vegetation such as grass and
isolated obstades (trees, buildings) with
separations of at least 20 obstade heights

Area with regular cover of vegetation or
buildings or with isolated obstades with
separations of maximum 20 obstace heights
(such as villages, suburban terrian, permament
forest)

. Area in which at least 15 % of the surface is
covered with buildings and their avarage height Icons (1'[0‘ lﬂnger

ds 15 .
e working as buttons)

Simultaneously active buttons

A While creating Wind loads FEM-Design 15 re-defines all existing Wind loads! That may delete
previously defined Wind Load cases.
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2.5. Automatic deviation load generation option

For the faster and more comfortable load definition X and Y directed deviation loads can be generated
simultaneously. Furthermore, with the new “Generate All” button it is possible to set up the deviation
loads of the chosen directions for all storeys.

Storey

Level | L]

[m]

torey 1

3.00]

Storey 2

6.00

Considered weight on storey [t]
{Only self weight included!)
Mo. of supporting structures ....

Proposed value of alpha h

Applied value of alpha h
23==x==10

Proposed value of alpha m
Applied value of alpha m

Load value [kM]

Buttons can be
active at the
same time

A Generate All button re-defines all existing Deviation load with the default properties. That may
delete previously defined Deviation Load cases

2.6. Unlimited number of load cases, groups and combinations

There are no longer any limits for numbers of load cases, load groups and load combinations.
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3. FINITE ELEMENT MESH

3.1. Real 3D soil finite elements

If “Calculate soil as solid element” is active, FD automatically generates 3D finite elements for the Soil
object and compatible 2D and 1D mesh for the surface and line element.

FD 15 prefers to create cuboid elements (cubes, if possible), but there some geometrical cases where it
uses triangular/quadrangular prism, tetrahedron and pyramid elements in order to build an optimal
spatial mesh.

Ad By

The 3D mesh can handle generic solids with geometrical situations considering boundary and inner
geometry.

iz
Poite
>

<
A
o0 20 252 X
Q522
e
——
-

R,
e
e
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4. ANALYSIS

4.1. Modified Calculations and Setup load combinations dialogs

Calculation dialog has changed in all modules. When opening it and selecting
Calculations/ Analysis/Load combinations, User can see that the Non-linear setting are moved into
the Calculation options dialog

FEM-Design 14 FEM-Design 15

[ calculations [11] caleulations

\ Load combinations \ Load combinations

-L[C] Analysis =-01C] analysis
L[] Load cases L[] Load cases
O e pe— New button =
oo O] Load
L7 Maximum of lead groups Maximum teration number {I") Maximum ofload greups Setup by load combinations...
L] stabilty analysis {171 stabilty analysis

[ Eigenfrequencies

I Egenfrequencies
L) sessmic analysis

Cracked section analysis L1771 seismic analysis

©ne load step in % of the total load
Maximum iteration number ...

Allowed displacement error [%]

Setup by load combinations ...

Recalailation [Cox ] Recalauiation

Non-linear
settings moved

In the Calculation options dialog the preferences of the following analysis methods can be set:

e Non-linear analysis
e Non-linear soil (more in paragraph 1.1 and 4.2)
e Cracked section analysis

MNondinear analysis (MLE)

Maximum iteration number

Mondinear soil (NLS)

Consider Mohr-Coulomb criteria

Initial load step [%%]

Minimal load step [%:c]

Volume ratio of nonlinearly active elements in one step [%] .. I:I

Volume ratio of plastic elements in one step [%%]

Cracked section analysis {Cr)
One load step in % of the total load

Maximum iteration number

Allowed displacement error [%]
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The Setup by load combinations dialog contains two new columns described in paragraph 4.2 and 4.3.

Type | Load combination | mE cr. | nd | Im. Ground water level i

u Soil dead load X X 1
u Soil dead load + surface load X X 1

4.2. Non-linear soil calculations

With the new types of Soil material and the option of considering soil as solid element, User can run
Non-linear soil (NLS) calculations. It requires the followings:

e specifying the NLS preferences (iterative procedure parameters) in the
Analysis/Calculations/Load combinations/Calculation options dialog
o If the “Consider Mohr-Coulomb criteria” is enabled the soil plasticity is considered in
the calculation

Noninear analysis (MLE)

Maximurn iteration number

Consider Mohr-Coulomb criteria

Initial load step [%]

Cracked section analysis (Cr)
One load step in % of the total load

Maximum iteration number

Allowed displacement error %]

A For theoretical information about the Non-linear soil calculation see in 3D Soil theory manual
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e in the Analysis/Calculations/Load combinations/Setup by load combinations dialog deciding that in
which combinations non-linearity should be considered.

Type | Load combination r. | 2nd | Im. | Ground water level | ~
U Soi dead load X 1
U Soil dead load + surface load 1

The analysis with non-linear soil takes two steps. In Phase 1 the calculations will be processed only
with the dead load of the Soil object (if that particular Load case is available). In Phase 2 all the other
Load cases will be considered.

4.3. Varying Ground water level by Load combinations

In FEM-Design 15 User can decide which Ground water level (GWL) the program shall use for each
Load combinations during the calculation process.

Type| Load combination | NLE | NLS | {r. | 2nd | Im. | Ground water level |A
u Soil dead load X i
u Soil dead load + surface load
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4.4. New calculation result: Large volumetric strain

With the new 3D finite elements of soil, calculations may end with the “Large volumetric strain was
found” message.

Internal forces of casesfoombination

Average internal forces

Intemnal forces of combinations (15t order,ULS)
Crack andfor ponlinear anabysis, Combination no.: 1
Ched: the “uphft”

Honli il 5. Combinati -1

Phase 1. Load level: 100 %.

Phase 2. Load level: 100 3%

Average internal forges
Valdating of results
Scalng load case results

Scaling load combination results

Calculation finished
Total calculation time: 0:10:13

5. RC DESIGN

5.1. Shear capacity

The previous versions of FEM-Design use the method described in EC 2 1-1: 6.4 for calculating shear
capacity of RC shells. FD 15 uses the procedure specified in EC 2 1-1: 6.2.4.

5.2. User-defined cot(©)

In FEM-Design 15 User can change the value of cot(©) for each RC bar. This variable has importance at
the bar reinforcement design (more details in EC 2).

It can be set in RC design/Design calculation parameters dialog, in a range between 1.00 and 2.50.

Maximal distance between calculated sections [m] ....

Consider 2nd order analysis if available

Allowed crack width [mm]

If possible do Mot use compressed reinforcement.

cot{Theta) (EC2 1-1: 6.2.3 (5.8))
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5.3. Regular Isolated foundation

Reinforcement slab design is carried out for Regular Isolated foundations in case of “Supported by
soil” and “Surface support group” analytical system.

Without active “Calculate soil as With active “Calculate soil as solid
solid element” option element” option

General ﬁﬁ Geometry @ Material General Geomatryl @ Material

Identifier

Analytical system ....... Surface support group v

Analytical syskem ... Supported by soi
Bedding Bedding

Bedding modulus [N/m2m] .......coveens

Bedding modulus [kMfm2/m] .....oeeeeees
Insulation Insulation
[ty [ apply
E modulus [kN/M2] .oooiiiveiniiiiiiinnn E modulus [kN/m2] .ooeviivveiiiiiiinns
Thickness [M] vovvvvvesenisnisnnmm. Thickness [M] vover v vevnniinmn
Unit mass [tfm3]

Unit mass [t/m3]

Limit stress [M/mmZ2]

Limit stress [MfmmZ] ....
Gamma M (U | Ua, Us)

Gamma M (U | Ua, Us) ..

User can apply Surface reinforcements for Regular Isolated foundations in the same way as for Shells.




6. DISPLAY RESULT

6.1. Moving load results

6.1.1 Moving load maximum

The new type of results, Moving load maximum, is similar to Maximum of load combinations. It
shows the maximum values of the selected result in all points of the model, under the effects of a
Moving Load. User can change the Load combination and the Moving load of which results he or she
wants to display.

|

1 [ I
The model with
the Moving load

U - Ultimate
S - Serviceabili

ez

- All components+

LAl components-
(#-React
[#)- Connection forces
[#- Bar internal forces

[#)-Bar stresses
- Moving load influence line
- Maximum of load groups

The model with
the displayed result
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6.1.2 Moving load influence line

The Moving load influence line shows how the value of the selected result changes in a user-defined
point of an object, while the Vehicle moves along the path.

User can define it with the following steps:

2.(97: Select Load . [JU-Ytimate v
combination Jr——

- Moving load influence line
[-)- Displacements
ex
ey
ez

| T2 I

1.07 : Select Moving load
influence line result

3. 67: Set
Moving load

[ ok || concel |

467 Select object

5. 6? Select the point
on the object
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The results are displayed similarly to the one in the figure below:

Vehicle positions marked
with red dot

=1 ill‘[\\}.—J

A Since Moving loads are based on singular load cases, these result values are exact only in the
Vehicle positions. The other points of the curve show approximate values. Accuracy can be increased
by defining more Vehicle positions, however, it increases calculation time, too.
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6.1.3 Moving load’s cases

Although Moving loads are based on singular load cases, they are managed differently than regular
load cases. It is possible to create an animated result for a Moving load. The figure below shows the
method:

2.07: Select a Moving
load’s case

Displacements

1.67: Select a result
for Load cases

Load cases

[Z B

| Load case: Path 1-1

| Position: 0.000 / 48.369 [m]

The animation displays the changing of the selected result while the Vehicle moves along the path.
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The next figure describes the new Moving load’s cases dialog:
@7 : Switch among Moving load’s cases with mouse scroll
while the dialog is active

Load case of the
currently displayed result Animate result button

| Load case: Path 1-6

Position of the currently

displayed Vehicle Position: 14.226 / 48.369 [m]
along the path
0
Slider for switching Drop-down menu
among the load cases for selecting the

load case to display

A Animate result button in the Moving load’s cases dialog has a different effect than the regular
Animate result button in the Analysis and the Design tabs.
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6.2. Non-linear soil analysis

6.2.1 Soil plastic condition

User can display the “Soil plastic condition” result of non-linear soil calculations for each Load
combination. This option displays the integration points, which are in plastic condition, with red dots.

Results . . N
. peeiys ' Soil plastic condition

[-Load cases
= Load combinations Combination

- Displacements U lc1-MLS
- Reactions le1-WLE.NLS

- Connection forces lc2-NLS
- Local stability

lc2-NLE.NLS
le3-NLS

all_U_STR-NLS
all_U_STR-NLE.NLS

-Bar stresses
- Shell internal forces
- Shell stresses
- Solid stresses
Soil plastic condition
- Soil OCR.
- Maximum of load combinations

U
U
U
- Bar internal forces U le3-MLE.NLS
U
u
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6.2.2 Over consolidation ratio

This result shows the Over consolidation ratio (OCR) for certain Load combinations in every
integration point. The formula to determine the OCR in a certain point is:

ocr="e

Po
where:
e pc is the mean effective preconsolidation stress defined by the material model for

overconsolidated soil
e pois the mean effective stress calculated from the initial soil

Results H

Results Soil OCR
- Load cases
- Load combinations Combination

- Displacements

- Reactions le1-WNLE.NLS

- Connection forces U Ie2NLS
" U lc2-NLE.NLS
- Local stability T
- Bar internal forces U Ic3-NLE.NLS
U
U

- Bar stresses all_U_STR-NLS
-Shell internal forces all_U_STR-NLE.NLS
- Shell stresses

- Solid stresses

- Soil plastic condition
¥ Soil OCR

- Maximum of load combinations
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As a new type of Displayed results, Acceleration of Seismic analysis can show the volume of

u
‘ Ll

6.3. Seismic accelerations

acceleration in every grid point of the finite element mesh.

51

Results
B- Analysis
B-Load cases
(- Load combinations
- Maximum of load combinations
- Eigenfrequencies
=- SEISITIIC analysis
i Eguivalent loads
Displacements
Reactions
Connection forces
(- Bar internal forces

| Acceleration

Shape, dir.

, FxHx

3.shape, Fx-Mx

2.shape, Fy+My
2shape, Fy-My

E'




FD displays the result in the same way as the displacemenets but the unit different (m/s?).

Euracode (MA: Danish) code: Seismic calculation - 3.shape, Fx+Mx - Accelerations fiGraph - [mfs2]

-

A Acceleration results are available only in case of Modal analysis.
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6.4. Insulation results

In case of isolated and wall foundations the insulation utilization result is displayed in the Foundation
design/Check/Utilization dialog, in the new “INS” column. The insulation check calculation is stress
based, calculated by the acting force from the analysis (V.) divided by the compression area (A).

Utilization
Group Total weight Ma. Min, | A
[t [%] [%]
|& F1 54.0 186 166 |

Check < Hide details

It also appears in the Detailed result.

Soil bearing utilization {Part 1:2.4.7.3, 6.5.2, Annex D) Insulation utilization —’—
LC: 'Load combination 1' (GED 2) LC: 'Load combination 1'{GED 2)
YWater level: -10.00 ),

ater leve m . :,ﬁ:i‘g.ﬂg = 41 60 khimn?

Undrained condition
g =Vana Yy ety - Gp =17.60 +1.00 52946 +1.00 - 0.00=547.13 kM

Hg= VH,' +H,’ = 046" +0.25" =0.53 kN

og N
ey = A1 F kb > oy = ﬁ= 2 25 00 ki - bot O

By =M, 47V =879 /547 13 =0 B4 m Summary
BL= My g/ V4 = | 404 /507,13 =032 m

B'=B-2 ep=4E9-2-064=341m o $Utlization (%]
LU'=L-2 g, =451-2-032=386m

A=BL=341- 386=13.15 m' 160

5, =1+02 min{B' /L, L'FBY =1 +0.2 min(3.41 /386,386 /3.41) =1.18

T e, &~ Cox 7 ) 1
=051+ e e re—
A Gy ey a0
_ “min(053 1315 13000;140)]:
05 1+\/1 13.15 - 130.00 /1.40 .00 =

i 2 E E
A= (Znary [ il + Znean [ 1) = 0.00 kNAm 3 =
fid @

Ry =0 +2) (oge e - b 5ol ol & Vi, = 0
=[(w+2) (130,00 /1.40) -1.00-1.18 - 1.00 +0.00] 13.15 £1.00 =7386.03 kN (D1}

Wy =047 13 kW £ Ry =7386.03 kM- Ok

Soil sliding utilization (Part 1:2.4.7.3, 6.6.3, Annex D}

LC: Load combination 1" (GEO 2)
Wyater level: -10.00 m

Undrained condition
Wy =Vana s Gitys - G, =17.68 +1.00 52946 +1.00 - 0.00=547.13 kN

Ha= WH,' +H, = V046" +025% =053 kN

By =My /% =878 /54713 =064 m

L= Mg /Wy =|4.44 F547.13 =032 m

B'=B-2 g,=463-2-064=341m

LU'=L-2.g.=451-2.032=386m

A=E L'=341-386=1315 m°

Ra = Min( A - ¢, /i p 0.4 - V) =min(13.15 - 92,86 /1.00,0.4 - 547.13) =218.85 kN
Ha=0.53 kN £ R, =218.85 kN - OK

53



User can display the analysis results for Insulations of Foundation slabs in the Foundation
design/Display result dialog.

Insulation utilization

[+ Load cases
Load combinations Calculation...
(- Maximum of load combinations Load combinations
E| Isclated foundation
i e Utlization Combination
(=J- Wal foundation e
 sblliaian lc1-NLE

- Foundation slab le1-NLS
pundaton sa Ic1-NLE.NLS

Settlement utilizati lc2-NLE

C2NLS
lc2-MLE.MLS
le3-NLE

le3-MLS

lc3-MLE MLS
all_U_STR-NLE
all_U_STR-NLS
all_U_STR-MLE MLS

(=]
=1
=1
=)

30

[ 160.0]
{140.0}
1100.0]

=

ro (s
= = <
= El

A Insulation results are calculated only for ULS combinations!
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7. DOCUMENTATION

7.1. Export to .docx format

In order to make documentation more convenient for the User, in FD 15 it is possible to export the
Documentation and any Detailed result to Office OpenXML (.docx) file.

In the Documentation module this feature can be accessed by the new “Save as .docx” button at the
bottom right corner of the Navigation panel.

b

meklosalzs wmea]

glrEREC i+l +#

[a]=
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To export data from the Detailed result window use the File/Export to/Export to Office OpenXML
(.docx) document command or directly the File/Export to Office OpenXML (.docx) document
command where it is available.

Fie | it Draw Medify Tooks Settings View Window Help. -8 x

Hew el

| (811 v Masimum )

@

Shear resistance, 2-2 - Part 4-15.26,628 Flexural buckling, 1-1 - Part 1-45.3.4 Tarsional-flex
LC: "1 .50Shear’, x = 300 mm LC: 1 80°Compress’, x = 3150 mm h g
Classy =1, Classq =1, Classw =1, Clasey =1, Classn =T, Clssg =1
ol P
V= %‘—“~L=%=msw W1 =m0 BS)
et 0 o (Bucking cu )
A e @EBID 0=08[1 vy (5,-02) 4% =05[1 4048 (0B2-02) +082] =080
v —047 %) 1 1
A= emtime’ f, = 275 Nem' Fosr-07S100 6250k - 10Ya l ‘ﬂ]=un
3 o & EEL I e L oy ey 549
% = 1008 mn® e = DO Torsional resi Par14827 9+ Vot B o = vhen-as B (M- My €
. g . ‘orsional resistance - Part 1-1:6.2 W AL, 077 871125 -
: - :;:: b ®® LC: 1 60%Bending’, x = 0 mm M pay=E = 0o 260 k- 647) Smallest ot of
! N . Classy=1; Chasng=1. Chsng=1, Ny = 703601 7
b = 1062048 o’ oo 00100 Ga6) - Ok Mg = min M g,
Wy = B7409405 m’ =i comaim p-ox - T
Wiz = B740edlS Flexural buekling, 2:2 - Part 1-18.3.1 h= ,'-N—!:
Wi = BBE1e05 . Shear stress - Part 11628 LC "1 S0°Compress’, x = 3150 mm. _049"

4 Wiomnz = BEO1E405 Nl refevart Closy=1, Class =T, Classg =1, == L
& ! N '}:mm Normal stress - Part 1-18.2.1 7wl 6000 w=0slton
= 111 mm - <18.2” -y =062 50)

5 : = 2 164ex8 mm Nat rofavart LT BEE L .

e - 14 o ;=042 (Buckling cune: ©) L '"“"[ Y
3 . = 1470804 mm Normal capacity - Part 1152 _ e "
3 LC: "1 50°0 70¥Tensile + 1 80*Bending’, x = B00 mm u,=05[1 oy :»,-u;]+»,]=us[1+o¢9 (062-02 +062]=080 A
“|  Shearresisance, 11 -Part1-15.25,6.28 Class =1, Clasng =1, Classw =1, y s
10} 2 i 1
= Lo 1 S0 Bending, x=Drm V200 KHS 08 ¥y 501 = M35 N <3 3y =000 L W ='nm:°m pov T e
Classy=1, Classy =1, Clasge =1 Vg =000 KNE D5 Vyp, e = 44025 kN>, =000 ot
v, :ﬁ_LA""( -8 T8 _gngr i 618 Neg Mo Mis_ 10500 4500 . 0@ o= S UL PR ek 647) Lateral tarsia
9| R wo V3100 Mg *Whopa M pg - 230560 * 24038 34037 ~0 5100 620K Neg " i Nat reterart
P VI 00 _pnsm e o =gy <0045 100 6.46) - OK ot
e = T = T AT e ral tarsio:
' Bl e [E503) 00 Nat relevant
m=%=nujswm B2)- 0K
Enter command (Ener = Repest conmand; K8 = Mad: | | |G osom  oomam e [T S 10 me FHODLHROLRLXD

In both cases the “Save as Office open XML (docx) document” dialog appears, where User can decide
the followings:

e where to save the result file

e which MS Office Word template file to use for the convention (optional)

e whether to mark the Documentation Sections in comments or not (only in Documentation
module)

Path of the document file:
[not selected]

[ Juse own template:
[miok: selected]

[ ] Mark the Documentation Sections in comments

A MS Office Word 2007 or newer is required for opening files with .docx distribution

It is highly recommended to mark the documentation sections in the exported file, since the page
rendering in MS Word and in FEM-Design are different. Furthermore, the exported document has A4
format pages. Therefore, if there are pages in the FD Documentation with different size, it is easier to
find them and change their size in the result .docx file with section marks.
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Using own Word templates is useful when the FD Documentation contains Title block, since it is not
possible to export it to .docx. As an alternative, User can create a Word template with custom headers
and footers, and use it for the exportation.

A Since MS Word has more sophisticated solutions for creating the table of contents, FEM-Design
15 does not export it to the .docx document. However, chapters are exported, therefore table of
contents can be created in MS Word easily.

An example of the exported Detailed result can be seen in the following figure:

Sectionso 8a 9a 102 1o [ Sectionso To 8z 9o 103 Ma i
Mz 2 [l |2 = - -z [ Evmnisn [ 12 002250 002250 0.02250 0.02250{ (0.02250(%
Wiz [mE | -= -= -2 -5 [ [CeE—— 0.01 0.00 0.0 0.00 0.00/%
%m e |-= = -a = i s [ 000014 000000 000000  0.00000{  0.00000%
Stresses-and strains(Part-1.1:-6.1(2), 6.1(8)3.1.7% =i G N e I I
s = ET " ' M3X ExrmaEniz. Bl Eaiz) [ 004 0.00) 0.00) 0.00: .00
- :Inimale-hmnsla\ﬂ Section-utilization]
f ; 2 3 : : Ulﬁrnal.e intemal faroes: Ny, =¥ Neg: Mgy = ¥ Maari Mugz = VMzi2®
a Utiization: 1/
H H H [
Ry R 190 100, Sectionso 1o ) 3o 4 5o o 7a %
B 8 7 =3 iy
] z " g A g o N, [H]= 0.00 0.00] 0.00] 0.00 0.00 0.00 0.00{%
e . o . o . e [Rim -38.26 -32.79) -27.33) -21.30 -16.40 -10.83) 547"
4. 5__ 6“ ?_ M. - [l 0.00: 0.00 0.00 0.00) 0.00 0.00 0.00%
z z z 2 |Utiizaton 1] 3 o7 55| 44 33 22) 4
103 180 7180 os2180: 0:26180° T
T
§_ .§a 8 ,§a Sectionso % % 100 Mo |2
5 0.56 5 0.42 . = ] 3 014 . Lo= L
8 9 10 11 L = e []= 0.00: 0.00 0.00| 0.00%
2 M-, RNl 0.00: 0.00] 0.0 .00
oo . . oo Euzw 0.00 0.00 000 0.00{¢
| Dtizaon 4] 0 q o ot
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[ [ [ [ ’Llhhzslnn &3]
0.00 0.00 0.00 000 0.00 0.00 000 0.00 100 Utilization
: 80
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L= e €0 Tl
Exeut 1T 0.00183| 0.00158| 0.00130| 0.00103; 0.00077| 0.000523% 40 - -
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[COCT—— 0.08 0.07] 0.8 008 0.03 0.02§% 20 T
s 000105 -000088 000072 -0.00038] -0.00042] -0.0002% B S N
[— 000033 00o029) 000025 0.00020) 000015  0.00010{% v s 10
e e a——] 0.30 0.24 020 0.1 012 0.08% . - 1162630
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7.2. Export to Mathcad and to XHTML

User can export Detailed results to .xmcd (Mathcad 15) and to .html (XHTML with MathML). This
opportunities can be accessed in the Detailed Result window’s File/Export to menu. The .html
exportation is available for the detailed results of all Designs, while the .xmcd is for Steel and Timber

design.

Edit Draw Modify Tools Settings View Window Help

JJ New Cirl+N
7 Open.. Crl+0
v | | Maximum
=l Save Ctr+S
Saveas... Ctrl+Shift+5 uits
Export to

Recoveryfiles...

Export to XHTML=MathML document (beta}...

) Print.. Ctr+P Export to Mathcad 15 M20 document (beta)...
Exit Cid+Q
testSteelBarl 5 str Nirmrm®
.. ka\StruSoft\Modeliek\Maving load\moving load str N!mm2
E\Goodle Drive Munka®StruSoft wind str 0 sociseis — 1.00
E:\Google Drive'\Munka‘moving load str Yt acciseis — 1.00
... Soft\Modellek\Display resutts’\Display resuft str M2accissis 1.00

AStruSoftModellek \Moving load moving load 2 str
..ation slab thicknes'foundation slab thicknes str

C | | b

7]

I2

Wpln
Wiz
Wel‘minj
Wel‘min,Q
h

iz

l

|W

Shear resistance, 1-1 - Part 1-1:6.2.6, 6.28
L "1 .50"Bending', x = 0 mm

Classy =1, Clasgn =1, Classy = 1,

Ay
W s Dty 9046 V5 ceneq i (618
TR v W3-100 (6.18)

" -1 TtEd o 0.00
TPl T e ff, 7 V23) vie {2750 +/2) 1 1.00

Wy Ed _ hoo
A 38051 000=100  (525)- Ok

=

Design

8711 mm’
1.082e+08 mm*
1.082e+08 mm’
1.082e+08 mm*
1.0828+08 mm’
8.7408+05 mm’
8.7406+05 mm®
6.6518+05 mm”
6 .681e+05 mm®

1711 mm

111 mm
2.1646+08 mm*

1 470e-04 mm°

=88051kM  (6.28)

Display

R

f&‘
€

My

Docu...

5 | & [T] 1

275 M
092
86.80

Enter command:

7 |G| ocomom  oo0om [ ayes [T~ 5 L (s [#iih O LR XO|

A The exported .html file can be displayed properly only in web browsers supporting MathML.
Currently: Firefox 38 or higher, Safari 8 and 9, iOS Safari 8.4 or higher.
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The result of the XHTML exportation is a .html file and also a folder, which contains elements of the
html page.

file:///C/FEM..5/MathMLhtml 3¢

€ @ file///Ci/FEM-Design 15/MathMLbtml [RIES - all=] + A O =

B.S.1

Maximum of load combinations

S275

E = 210000 N/mm?
G = 80769 N /mm?

A=26721mm? w, =1237e+07mm?® f, =275N/mm?

elmint
1, = 9.275e+09 mm* Wominz = 8.006e+05mm?® ¢ =092
I,=160ie+08mm* i, =589mm 2, =8680

I, = 9.275e+09mm* i, =77mm

1, = 1.601e+08 mm* I, = 1.394e+06 mm*
Wiy = 1.433e407mm® I, = 8.820e+13 mm°®
Wpi2 = 1.243e+06 mm?

2

[,

Shear resistance, 1-1 - Part 1-1:6.2.6, 6.2.8

LC: "1.50*Shear’, x = 300 mm.
Classy =2 Classy; =2  Classy; = 3
Aiefy _ 12021275

Visiad = o = iz amy = 190866kN (6.18)

Vipraa = |1 ———B v, = |1 ——% . 1908.66 = 1908.66 kN (6.26)
A 125(ry/¥8) w0 P 125(275/v3) /100 -
ViEd 0.00

= 2% _000<100  (625)-OK
Vipizea | 190868

The result of the exportation to Mathcad is a single .xmcd file, which is fully editable in Matchcad 15.

Wl File Edit View Inset Format TIools Symbolics Window Help [-]=]x

0-BESRY|[:E@B[vo|™: mo=| 20| 0]

[Normal | avial

=yl E
Filexural buckling, 1-1- Part 1-1:6.3.1 i
LC: "1 50*Compress’, x = 3150 mm
Baseline variables
2 2 .
A= 2752 mm Ay = Omm’ iy = 66mm iy = 17mm
N
Lepp = 6000-mm Ay = 8650 gt = 100 ==
Npg = 15.005N
I
Calculation [
Classy = 1 Classypy = 1 Classygy = 1
L 3
1 6x 10
Npm L SO
ih;  66mmS68
oy = 049
: 7
o =05 1+ ap(Xy = 02) = Xy | = 051+ 0481047~ 02) + 1047 | = 1256
x = min L 10} = min L Af=0s13
ere oo 1256+ 1256 - 1047
05132752 x 10%-muni>275 lz
XA
Ny a1 = — Yoo wl e
i 1

N, "
5 Bd UK oo simo -OK

bRAI 380k 100N

| v
Press Fl for help. AUTO NUM Paged

A Mathcad 15 M20 version is required to open the .xmcd file.
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7.3. New and modified Lists

7.3.1 Moving load results

User can create tables of the results of the moving loads. The method is similar to the generation of the
Maximum of combinations tables with one exception: User have to select also the Moving load of
which result will be listed.

- Analysis
- Load cases

| Moving load maximum

- Imperfections

- Load combinations

- Max. of combinations
- Maximum of load groups
- Stability analysis

- Eigenfrequencies

- Seismic analysis

[=)- Foundation design

- Load combinations

i Max. of combinations
[=-RC design

- Input data

- Load combinations

- Max. of combinations

- Maximum of load groups
[=)- Steel design

- Input data

- Load combinations

- Max, of combinations

- Maximum of load groups

Load combination
U
S - Serviceability

Page setup...

Printer setup...

Result

Hide irrelevant

MNodal displacements {+)

Modal displacements (-}

Shells, Displacements (+)

Shells, Displacements (-

Line support group, reactions {+)
Line support group, reactions ()

Line support group, resultants {+)
Line support group, resultants ()
Shells, Intemal forces (+)

tables
[]Regional decimal

symbol instead of
dot

Format table...

Options...
Settings >
Add to batch

List tables

Delete tables
Save batch
Load batch

List batch

The result of the example above in MS Office Excel:
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A I C D E F G H ) K L M

Moving load maximum, Line support group, reactions (+), Ultimate - Path 1

No. Elem Max. Fx" Fy' Fz' Mx' My* Mz' Fr Mr MNode Case

[-] [[1 -1 [kN/m] [kN/m] [kN/m] [kNm/m] [kNm/m] [kNm/m] [kN/m] [kNm/m] [-]  [-]

1 741 Fx' 0.000 -0.000 -0.000 -0.000 -0.000 0.000 0.000 0.000 1 Path 1-12

Fx" 0.000 -0.000 0.000 -0.000 0.000 0.000 0.000 0.000 3 Path 1-12
Fx' 0.000 -0.000 0.000 -0.000 -0.000 0.000 0.000 0.000 0 Path 1-12
Fy' -0.000 0.003 -0.000 -0.000 -0.000 0.000 0.003 0.000 1 Path 1-7
Fy' -0.000 0.003 0.000 -0.000 0.000 0.000 0.003 0.000 3 Path 1-7
Fy' -0.000 0.003 0.000 -0.000 -0.000 0.000 0.003 0.000 0 Path 1-7



7.3.2 RC shell design results
New RC shell design results can be listed, such as:
e Input data:
o

Applied reinforcements

¢ Load combinations, Max. of combinations and Maximum of load groups:

o Design forces

o Required reinforcement
o Missing reinforcement
o Shear capacity

o Crack width

Eigenfrequencies

- Seismic analysis

=) Foundation design

- Load combinations

-~ Max. of combinations
= RC design

- Input data

¥ Load combinations

- Max, of combinations

| Load combinations

Result

Shell, Design forces

Shell. Required reinforcement
Shell, Missing reinforcement
Shell, Shear capacity

Shell, Crack width

Shell, Utilization

Excel file
Page setup...

Printer setup...
Hide irrelevant

- Maximum of load groups

[=)- Steel design

- Input data
- Load combinations

tables

[]Regional decimal
symbal instead of
dot

Load combination
- Max. of combinations = —
X Load combination 1

-~ Maximum of load groups
-Timber design

- Input data

- Load combinations

- Max, of combinations

- Maximum of load groups

[=}- Performance based design

Format table...

Options...

Settings >
Add to batch

List tables

Delete tables
Save batch
Load batch

List batch

The result of the example above in MS Excel:

| A | B D E F G H J K
Shell, Design forces, Load comb.: Load combination 1
D Elem Node mx or mr bottom my or mt bottom mx or mrtop my or mttop nx or nr max. nx or nr min. ny or nt max. nyor nt min.
[-] -1 [l [kNm/m] [kNm/m] [kNm/m] [kNm/m] [kNm/m] [kNm/m] [kNm/m] [kNm/m]
P.11 1 870 22.437 12.259 0.000 0.000 -0.121 0.019 -0.121 0.019

2 873 23.734 19.516 0.000 0.000 -0.121 0.022 -0.121 0.022

3 1031 16.430 1.019 0.000 -0.030 0.016 0.033 -0.041 -0.024

4 1203 0.000 0.000 -26.124 -8.498 0.168 0.148 -0.124 -0.144
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8. CAD /USER INTERFACE

8.1. “No snap” option for layers

FD 15 gives the User the opportunity to exclude entire drawing layers from the snapping on its
objects. Applying this function can be set by selecting the certain Layer in the Layers dialog and
checking the “No snap” box.

Inactive
“No snap” checkbox

EFGI Y EEe s *
@ @ m

Layers

= o

= 'l RED

= ' [ GREEN

=" Il BLUE

= ' [ YELLOW

= " [ MAGENTA

E—

& O e

v e

[ New.. |
Save as default
Cursor snapping to the line
on “Black” drawing layer
Active

“No snap” checkbox

22 It L]/ *
@ M m

Layers

= o

= ' Il RED

o ' [ GREEN

. o .
Cursor not snapping to the = X vELow

. . =] I MAGENTA
line on “Blue” drawing layer

o [ cvan
= Il BLACK
=[] WHITE
=" Il om

% This option can be very useful while working with a model containing geometry imported from
a CAD software.
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8.2. More comfortable 2D and 3D view definition

Creating 2D and 3D views became much easier with the two new tools.

. Ap Vertical plane: defines a view plane parallel with the global Z axis

J L2 Horizontal plane: defines a view plane perpendicular to the global Z axis

The method of creating 2D or 3D views are the same with these tools, shown in the following two
figures.

For vertical views:

1.67: activate Vertical

plane tool
2.6): select first point on 20 view a
i el () L) & O
view plane T
l Tolerance fm] .

3.67: select second
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For horizontal views:

1. 6?: activate

Horizontal plane tool

2D view =]
| £]0) (] & O

P MName ........ccocee
2. @: select Tolerznce ]

first point on
view plane

3.67. select second

point on view plane

8.3. Copy from Used material/section to Library

In the new version User can copy a Used material/section of a model to the Material /Section Library.
In this way they can be used in other models, too.

Library | Application data
- Sol
i-Rep, soi
50l 1

Safety factors can be spedified under
"Foundation design” tab, "Configure
calculation” button,

1. 67 on used
material/section

2.3

New. .. Delete | Import... | | Export... |

8.4. Calculation dialog staying open
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In FEM-Design 14 the Calculation dialog closes after finishing the calculations, and the FEM-Design -
Information dialog opens showing the Total calculation time.

In FD 15 Calculation dialog stays open (Information dialog does not appear) and displays the steps of
the process and the total calculation time.

Data preparation

Mumber of equations: 20028

Linear load case calculation (ULS+5LS)
Stiffness matrix calculation

Load calculation

Stiffness matrix factorization

Solution of load cases/combinations

Internal forces of cases/combination
Average internal forces

Internal forces of combinations (1st order,ULS)
Validating of results

Scaling load case results

Scaling load combination results

Total calculation time: 0:00:19...

9. TOOLS

9.1. Renewed Statistics dialog

The improved Statistics dialog is more detailed than in the earlier versions, containing twice as many
elements as in FEM-Design 14.

Storey

Axis

Isolated foundation
Wall foundation
Foundation slab
Beam

Column

Truss

Flane plate
Profiled plate
Timber plate
Flane wall
Profiled wall

Timber wall

[ o B o B o B o B o B o R o R o R o N o R o R o R o R o |

Point support
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