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PREFAB 25.0.1 FEM-Design model for PREFAB

FEM-Design models for PREFAB
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PREFAB 25.0.1 FEM-Design model for PREFAB

Check-list

Essential

When modelling for PREFAB, there are a few things necessary to ensure good results. Here's a basic check-
list of the must-haves.

[J Apply Edge-connections on all edges interacting with other structural elements (i.e., shells & supports).
[J Apply End-point behavior set to free on all edge-connections with multiple edges meeting in a corner.
[J Use Point-connections in all places where bar elements interact with shell elements.

(] Set minimum edge-division number to 3.

L] Use storey in the model.

[] Use axis in the model

[ Use assign to structure for all loads (Surface loads on covers don’t need to be assigned).

Recommended

Here are some non-essential but highly recommended points to run through.
L] Set the correct supporting structures for covers.

[ Ensure anchorage has the desired behavior (i.e., only tension).

L1 Does the applied edge-connections represent the desired behavior?

0] Check if "Special conversion method” is necessary for your load distribution.

Specific for New optimized plastic redistribution
If you intend to use the New optimized plastic redistribution, here are recommended checks.
L1 Model contains only shell elements, trusses and covers.

(] Don't waste time on NLE/PL analysis, PREFAB needs only linear-elastic load combination results
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PREFAB 25.0.1 FEM-Design model for PREFAB

Essentials

Edge-connections

For PREFAB, it's important to apply edge-connections on all edges interacting with other elements. If they
aren’'t applied, PREFAB can't read the forces and will most likely not be able to find equilibrium.

/

L
Tecast . ng\\,

T

Precast - Vertical

— |
\\fi-'afiskﬁa{mm i
Qo .

o

You can apply the edge-connection in the Default connections tab. Define your desired connections and
save the setup as a preset.

Plane wall X

- )
General [L1L Material |:|:|:| Default connections g Stiffness

- Precast - Top -
E p
g g
E E
=y wl=
[~ Sl
& &
cE b
Precast - Bottomn

End point behaviour

Start
Connected

Separated

End

Connected

Separated
Settings >

18 When wall's geometry is modified, apply the edge conn l
the edges which lay on the bounding rectangle

Save

Load

Save as default
Load default
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PREFAB 25.0.1

FEM-Design model for PREFAB

End-point behavior

This is a finite element technical necessity. To ensure correct results for edge-connection forces always ap-
ply separated end-point behavior. This is visually represented by small dots and the edge of the edge-
connection. If they aren’t separated, PREFAB will in many cases warn about equilibrium errors.

‘_,_‘7:_ &-’

They can be applied in the Default connections tab and saved to the setup with the correct edge-connec-
tion types.

Plane wall

—
General Il'_z.' Material |:|:|:| Default connections g Stiffness

Precast - Top
6=
= B
T T
Flw wl~
- = = -
g 8
o [
0=
Precast - Bottom
V]
ID oo | cE |
End point behaviour
Start End
() Connected () Connected
O separated 5 ted
! |0 ser
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PREFAB 25.0.1 FEM-Design model for PREFAB

Point-connections

For PREFAB to get the correct information about the interaction between bar elements (both columns and
bars) it's important to apply point-connections.

-?® —

Apply them by setting the desired possibilities of interaction. Define the wall as the Master object, and place
the second point on top of the master. (If you can't see the tool, set User-interface to Full).

52 el

IE General $ Data

U 4 ira vt A AT ST A AT AT SRS A T Custom v %
B same for all calculations ist order analysis, U, Ua, Us Copy to \
N
Springs [khfm, kiim/“] and plastic limits [N, kim] ]
Compression Tension - Compression Tension
K| LODDE+10 |:'-> | 1.000e+10 ,| O [rome+ss | O | Looe+ts | bl
Ky'oon| 10006410~ ]3] [Loooe+10 || (O [Loocesis | (O [roooeris | f \ 1
Kz'..... | 1.000e +10 »hﬂ [toovetin ~[f O [Loosesss | O |roste+s | N
.
1T — g ) N
x| 0.000e 400 ~|}3] [0i00e+00 [} (O [rooess | O [Loose+s | >
2 | | i
o 0000e400 3] [0000et00 ~|f O [voooesis | O [rowess | &5
CZ.....[ 0.000e4+00 |5 [ooooevo0 ~|) O [1oooe+is | O [Loooess | \
Predefined types Behaviour \\\\

Setup "Rigid” > oK Cancel

ui‘ ‘2\ DR Na ¥
mﬁ; s oo | s\\\\\
N

Use shortcut: ctrl + shift + P in PREFAB to unlock a secret
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PREFAB 25.0.1 FEM-Design model for PREFAB

Minimum edge-division number

To help ensure good results from FEM-Design and thereby improving the quality of the imported data to
PREFAB, apply a minimum of 3 divisions of the finite element at all edges.

/ " //, // r
T 7 = //’ ' // =
T — // L ol //
J P L= - //

v

You can manually adjust the division number of edges in the Finite elements tab, or go to the settings
menu, and change the minimum to be a default of 3 (This is the recommended method).

Settings

b 'Elements
> Environment
> Project
~ Calculation Calculated average element size Bar element
Co.de ; Scale Lowest minimum division number:
Soil calculation : 1 5 "
> Rigid" values 1 5 )
Cover ‘
PREFAE . L
~ Mesh | Q|| s | 2 |
General .
[@1@ | Maximal central anale for arcs:
Functions |
Prepare I /
3 o
> Peak smoothing B Correct according to the i
Analysis minimum division numbers i
Result
> Display For surface structures: A D )
> Window () Region by region
© Consider all regions together Edge connection
Lowest minimurm division number:
1 2 omoEon
N
| s o e o | 3 |
Save as default Cancel
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FEM-Design model for PREFAB

PREFAB 25.0.1

Storey

To help with the overview, 3D navigation and exporting options, storeys need to be applied to the model.

. oF
S D

, 5 A
e ,,,'l:fr" ] ' -

e /,.'rf,"
P o ’///\ -

Apply these using the Storeys tool, and edit in table option.
K~ {
Tolerance [m] ...t {5?000:

Horizontal size of building [m] «v.vovves i x| 220 | oK

Ground level [m] oo |_D-000 Cancel
Bottommost level Im] ..o i 0.000 Apply

[ Modify structure

# Storey Height Level
[m] [m]
1 1 5al 3.000 3.000
2 2,58l 3.000 5.000
3 3,53 3.000 S.000
44, 5al 3.000 12,000
]
Insert Generate = Delete Properties
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Axis

To help with the overview, 3D navigation and exporting options, axes need to be applied to the model.

‘ =
Z A
-’Sf\' P 3
NS =
= > ol
< =Y o
MY )
o, =T
322, @
e
. 4
@ “ @
> Y -«

Apply these by using the Axis tool and draw them in the appropriate places. For any walls not placed on an
axis plane, a custom axis will be created by PREFAB named after the closest existing axis.

2 10/10

@+4-

®

ra

Axis A

|
=y

Functions OK
Priofity R R R R SR Primary e | Cancel

B add to view list {View opening shortout: AlL+RE)

Identifier
TYPE i Number o
PrEfiit s vuvssssmysssvsssinss | w |
Label
Pen [mm] ... |0007|
Tahoma, 7.0 mm, 1.0 >

POSHON iidiisiidsirdisiviivrrins | Both w |
Distance from end point [m] .... | 1.0
—_— Settings =
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PREFAB 25.0.1 FEM-Design model for PREFAB

Assign loads to structure

To avoid ambiguous loads being applied to an undesired element, use the assign to structure option for
your loads. It's important for all loads placed at the intersection between structural elements. But in general,
it is recommended to always use. In some cases, it is not necessary, i.e. surface loads on covers.

To assign loads to the structure, you can activate the function when defining them (Please remember you
need to then first select the structural element before you define the load).

Line load &

(Hl2 @l t @t Ll /Te@ e e O+]

FIN.....c... 0.0 | T — Assign to structure
_l_ - +

For any loads already defined, you can use the Assign loads to structure tool.

Assign load to structure

_ e

1
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PREFAB 25.0.1 FEM-Design model for PREFAB

Recommendations

Supporting structures for covers

To ensure correct conversion of loads, make sure the covers have the correct supporting structures. As an
example, (1) Wrong supporting structures on one side. (2) Missing supporting structure.

e > EmElAle £

B
//>\\\

Auto supparts

Consider only visible chiects

/i

o

D
LM

N\
:1'3/v

Use the manual supporting structures option in the Cover dialogue to modify/correct a covers supporting
structures. Pay attention to the highlighted objects, and the load distribution line.

e = o mE|[Ale 4
Auto supparts

Consider only visible objects
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PREFAB 25.0.1 FEM-Design model for PREFAB

Anchorage behavior

To ensure correct behavior of anchorage (trusses), make sure to consider the settings for Compression/Ten-
sion. For non-compression, a good solution is to set it to brittle with the limit force as 0 kN. Remember this
is non-linear behavior and it's only applied in load combination analysis, not load cases.

Truss =
.-
m General I Section z._z.' Material g Stiffness
Identifier {.position NUMBEr) .....vvviiiiinin | T |
Compression Tension
| S
Capacity Capadity
B s5ame for all calculations Same for all calculations
1st order analysis, U, Ua, Us Copy to ist order analysis, U, Ua, Us Copy to

Limit force [kM] vvveeernnineenns 0.000 Limit force B] vovveeeernnnnns 1.000e+15

4. Sal 4. sal _S

12.800 12.800

3. Sal 3. Sal

. 9.600 9.600

(0.0 kN \/

2. sal M 2. sal

~ 6.400 H 6400
1. sal I I 1. sal ]
_3.200 - ] ~3.200 -
16.8 kN | [ -6.0 kN| ] 17.0kN| —H
0.000 I — = . 0.000 [

il ] i L ]

|
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PREFAB 25.0.1 FEM-Design model for PREFAB

Edge-connections representing the desired behavior

For the elements it's important for the correct structural behavior to consider in each local axis, whether:

1. It's able to handle tension/compression in that direction
2. The stiffness represents the joint type -> connection forces give good results

On the element below, the local axes are drawn on the top edge.

- y'is always perpendicular to the edge
- X' is always along the edge
- Z'is always perpendicular to the plane of the shell

Tip: Turn on local system in the display settings as a help.

If for one of the directions, the edge as an example can’t handle any forces at all if there's a displacement in
a specific direction, use the Detach feature.

RN -.\
R D AN \ \\\ \\\\\\\\\\‘\‘
: \\ \ O
RN
X '\\‘\\\ LR OEERRR RS \\ \\ kY
b N T A \‘\\\\\\:__:_.. A

‘\“\\}\\\\\:\ \\\ \ \ \\\\\ [A.1] General Data
3 ; \

N \ B same for all calaulations ist order analysis, U, Us, Us Copy o
N \, AN N
RN N N\ A \ N \
\ \\ \\ \\ \\ A \\\ \\:\\ \ Springs [kNjmjm, kim/m/=] and plastic imits [kM/m, kMNmjm]
\\ \\ \\ \ \ % \ \ \, ‘\\ Compression Tension Compression 1:E_r|Eo_r|_ o
A \ o \ \\\\\\\\\“\\ \ \ ' o[ 10006405 ]| [L000e+05 | (O [Loooe+ss | (O [nootetis |
N N\ \‘\\\ \\\ I N B N \\\\ Kysoo| 10002407 5| [o.000e400 | [ [s000 | O |voooe+1s |
\ ) \\\ \‘\\\ : W = e | 4 [
\ \\\\ R, \ N\ ) \\\ .\\ Kz' ..., | 0.000e-+00 V|E| |0.000e+00 v| O |voo0e+1s | [ |Loooets |
o, A, A \ \ \\ \ \‘ " \ - : S
\\\ \\\ RN \ \ \ Cx'...[0.000e+00 5] |0.000e400 ~| (] [1000s+15 | (O | 1000415 |

|
\ \ \ |
\ \ R AR =
4 \\ \ \.‘ \\\\ \\\ \\ Cy'...0.| 0.000e-+00 v||-_>| |o.000e+00 ~| [ '1[59&415 | O |voooe+1s |
1
|

NN R N RO | U
~\\?\\\\\\\“\:\\‘\\\\t\ \\\\\\\ \\ cz'.....| 0.000e+00 V|E| | 0.000e+00 O |1oooe+1s | O |Loooe+1s |
S, VI \ \
) \\ \\ \\\\\ ‘\:'\\\\\\\ “\\\\ \ Predefined types Behaviour
‘\\\ \\‘ RN S : ”&” DEtACH 1ovverecseent s Mo v
;///> ‘ =5 FrCtion FBCtOr ..vvvvvesrvsrsssnies: [0.500
Local system Orientation of local system
-..‘__L --.r\\/v | Keeps direction along line !
\ ‘ 2 y'
Setup Rigid” = oK Cancel
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PREFAB 25.0.1

FEM-Design model for PREFAB

“Special conversion method"” for covers

For covers it's important to know that they function using a very basic rule. Any load inside a load distribu-

tion zone goes to the zones supporting structure. This means that in a case like below, where all the surface
load is placed on the right side of the cover, all the load goes to the corresponding wall.

To avoid this, there's an option to use what's called “special conversion method” in the settings for covers
Settings
Settings
> Envi“r‘unm&nt | COVer |
> Project
v Caloulation e
Code
Soil calaulation IL;E;Z :?:S:L ;ounfvsepr:g; zrnrdedv;_-:;gle subcovers and perpendicular
» "Rigid” values
[Cover| —
PREFAB

Py

Method of conversion

Spedial conditions =

With this activated, for regular single span covers the distribution will be like a single span beam. But the
resultant will be distributed along the full length of the supporting structure, hence it's recommended to
split the cover in case the loading is not full length. After the split, you'll get the result on the right.

Tip: Special conversion will be activated on ALL covers in the model, so read the Special conditions, and as
always pay close attention to the result “Converted loads” from the analysis to verify the distribution.

StruSoft
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PREFAB 25.0.1 FEM-Design model for PREFAB

Specific for New optimized plastic redistribution

Supported structural elements

The New optimized plastic redistribution options for PREFAB are at the moment only available if the FEM-
Design model contains nothing but:

1. Plane walls
2. Trusses (Must only go from element to element, so no passing through multiple walls)
3. Line support

This means slabs, bar elements, points support etc. can't be in the model.

As a solution, slabs need to be modelled as covers. Columns/beams can either be solved in a separate
model with reactions converted to loads or modelled as shells with careful consideration of edge-connec-
tions.

Slabs -> Covers

\) Separate model

> \ ) |
@ / "QS"”,N A, |
~i . | T

NOTE: It's on the development plan to support bar elements.
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PREFAB 25.0.1 FEM-Design model for PREFAB

Analysis setting

PREFAB doesn't need the non-linear results from the FEM-Design analysis in order to do the new plastic re-
distribution, so it's highly advised to save your time by going to Setup by load combinations... and deselect-
ing NLE and PL (they're on by default).

You can also control which load combinations are read by PREFAB using the Calc setting.

Calculations X
B0 Caliaotions 'Load combinations
v [ auliary caloulations
O Bedding modulus calculation
+ B | | static and stability analysis Calculation options. ..
O Load cases Setup by load combinations. ..
[j Construction stages
[0 | imperfections
| ] Load combinations
O Maximum of load groups
[T stability analysis
w [11 | Dynamic analysis
L] up by load combination
No. |Type | Load combination |Cale | €5 |MLE | PL |MNLS | Cr. | 2nd | Im. |Amplit...| GWlevel
[m]
1/ U UL51-G.dom X
2 U |ULs2-Q.dom X
3 U ULS3-V. dom-Vx X
4 U ULS4-V. dom -Vy
5 Sc  SLS1-Karakteristisk - Q
6 5c 5L52 - Karakteristisk - Vx
7 Ua ALS51-Brand-V.dom -Vy
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PREFAB 25.0.1 FEM-Design model for PREFAB

Design checks

As a default, PREFAB runs checks for plastic limits, or design check for shell elements of concrete and steel
trusses. The design checks are run on import and will vary depending on the chosen calculation method.
Where it's included in the PDF print can be specified. An example of the utilization check on import:

Converting results
Simplifying FEM-Design results
UL5S1 - G. dom utilization 16 %
ULSZ - Q. dom utilization 22 %
ULS2 - W. dom - Vind X+ - G. gunst utilization 19 %
ULS4 - W. dom - Vind ¥+ - G. gunst utilization 147 %
Here's a quick overview of the design checks:
Walls
e Compression (Min. of Eurocode in case of concrete or Plastic limit on edge)
e Tension (Plastic limit on edge)

e Shear (Min. of Eurocode in case of concrete or Plastic limit on edge)

e Sliding

Trusses
Using Based on FEM-Design:

e Tension of steel (Min. of Eurocode or Plastic limit)

e Compression of steel (Min. of Eurocode or Plastic limit)
Using New optimized plastic redistribution:

e Tension and shear of steel (Combined check with min. of Eurocode or Plastic limit)

The design checks can be toggle on/off for the PDF:

Settings

@ Add tooltips
ﬁ Add Export option to Excel

@ Inchude design checks.

® © 0 ¢ &

L — S 2
$= Include a table of contents
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PREFAB 25.0.1 FEM-Design model for PREFAB

Wall design checks

Plastic limits

As a rule, PREFAB will always compare the connection forces to the plastic limits defined in the edge-con-
nection properties. If a stiffness value is set to O, it will be seen as a plastic limit of 0 by PREFAB.

As an example, in the following, for the selected edge-connection PREFAB will check to see if

- Shear Vp, (Kx" — Both directions) — 500 kN/m
- Compression Cp; (Ky' - Compression) — 1600 kN/m
- Tension limit Tp; (Ky' - Tension) — 0 kN/m since stiffness is set to 0.
-
N
Edge connection
" g
| /
=" A.1| General | | Data
e e Custaom w
8 same for all calculations ist'order analysis, U, Ua, Us Copy to
Springs [kMN/m/m, klm/m/=] and plastic limits [ki/m, kNm/m]
Compresson ___Tension Compresson _ Tenson ]
K [ 10006405+ 5] [1000e405 | @ [s00 | @ [so0 |
Ky'soooo| 10002407 |3 [0.000e+00 | @ [1800 | O [1o00e+15 |
K2' ... | 0.0008+00 V|E| [0.000e+00 ~| ([J [noovests | [ [toooe+is |
Cx ..... | 0.0002 400 V|E| [0oooe+00 v| (O [Loove+ts | [ [nooe+1s |
Cy . [0.000e400 |3 [0.000e+00 ~| (O [Loote+is | (O [1000e+1s |
CZ o [0.000e400 v [[3] [0.000e400 ~| (O [roose+is | [ [Loooe+is |

NOTE: This is not connected to the material used, and it only checks this for Kx' and Ky'.
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PREFAB 25.0.1

FEM-Design model for PREFAB

Concrete wall specific checks

NOTE: We support National Annex for Norway, Denmark, and Sweden. The chosen Annex in FEM-Design will be used
by PREFAB.

Tension

If Ky’ tension = 0 — No tension allowed (Will show 1000% utilization)

Springs [kM/m/m, kNm/m/] and plastic limits [kM/m, kiMNm/m]

Compression Tension Compression Tension
¢ ... | 1.000e+06 v| | L000e+05 | [ | 500 | O |s00 |
' 1000406 - I| 0.000e+00 | (J | 1800 | O |10 |
Kz ... | 0.0002+00 v| [0.000e+00 ~| [ [Lo0ce+15s | O |L000e+15 |

If Ky’ tension > 0 — Tension is allowed. There's no concrete check. If a plastic limit is applied the utilization is:

u = LEd
TPL

Springs [kM/mm, kNm/m/%] and plastic limits [kM/m, kimm]

Compression Tension Compression Tension
K ..., | 1.000e+06 v| | L000e+08 | [ | 500 | O [s00 |
KY'.....| 1.000e+06 v| [|1.nnne+ns v|l O | 1600 |lﬂ | 100 |I
K'..... | 0.000e+00 v| [0.000e+00 ~| [O [L000e+15 | [ |1000e+15 |
Compression
The compression capacity is simply calculated as:
fck

Cra =t Qe —
c

Where:

t = thickness set in FEM-Design
fer = from the material set in FEM-Design
Y. = from the material U | Ua, Us setting in FEM-Design
a.. = from the material setting in FEM-Design

The utilization is calculated as:

u Cka
min(Crq, Cpy)

Library material

X )
‘ @ Material D]] Default connections g Stiffmess

FUMIE ©oveseseeeneieseees £25/30 |

* V| |App|’|c.atinndata

Compressive strength - Fok [mm2] e ‘

yo(U [ UaUs) oo || 1.45 | | 1.00 |l
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PREFAB 25.0.1 FEM-Design model for PREFAB

Shear of concrete
The shear capacity of concrete is simply calculated as:

fer
Vea = t-0.5-v-y—c
Where:
t = thickness set in FEM-Design
fer = from the material set in FEM-Design
Y. = from the material U | Ua, Us setting in FEM-Design
v = effectiveness factor — depends on NA:
For DKINA

_ fm) ]
v = max [(0.7 500 ,0.45

For all others

-4

v=0.6" (1
The utilization is calculated as:

u= VEa
min(Vgq, Vpr)

Sliding
When detach is activated on an edge, a combined shear and compression check is activated to check for sliding. The
compression and shear of concrete is checked individually as explained already.

The utilization is simply calculated as:

Where:

u = friction factor from the edge set in FEM-Design

Behaviour
[ 7= =T o y' tens L
Friction factar ....ocvvviiiiiiiinnn 0,500

In case u > 100% PREFAB will tell the necessary mechanical anchorage needed to keep it from sliding.
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PREFAB 25.0.1

FEM-Design model for PREFAB

Truss design checks

Plastic limits

As a rule, PREFAB will always compare the normal forces to the plastic limits defined in the truss properties.

As an example, in the following, for the selected truss PREFAB will read the plastic limits as:

- Compression Cp,
- Tension Tp,

o
Uss

General I Section

- 5kN
— 100 kN

-
:l:.' Material g Stiffness

Identifier (.position NUMbET) ..o | T
Campression Tensian
AL AL
Capadity Capacity

B same for all calculations

1st order analysis, L, Ua, Us

Limit force [KN] vovvevninnnenn,

B same for all calculations

Copy to 1st order analysis, U, Ua, Us

Limit force [KM] vovvveevnnnnenes

StruSoft

Copy to

100
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PREFAB 25.0.1 FEM-Design model for PREFAB

Steel truss specific design checks

General information

When PREFAB gets the yield capacity of the truss element it takes the smallest value defined for the mate-
rial in FEM-Design. You can create a new material and specify the desired yield capacity in all the fields
highlighted below.

Library material po8
Y |
Yield strength - fyk, Ultmate tensile strength - fuk,
for nominal thickness - t [M/mmZ] for nominal thickness - t [M/mmZ]

t< 16mm..... t< 3 mm .| 10

B <=t<= 40mm..... J<=t<= 40mm

RO - k] [ 40 < t <= 100 mm

63< t<= B0mmM . b 100 < t<=150mm
80« t<=100mm.coonrneinnnn o 150 < t<€=250 MM eriiiinnininnn
100 < t=<=150mMm .cocoveninnnnnd . 250 < t<=400mm ..coiiiiiiinnn

150 € t=<=200 MM .0ovenrrinnnnnnd . Modulus of elasticty - Ek [M/mm32]

Poisson's ratio {in elastic stage) - v ..., | 9-30000

Mass density -p [Hm3] .o

Thermal coefficent - a [1/°C] ..oovviine 0.0000120

oK Cancel

200 € t<=250 MM .ciinnniiiiniinn .

250 € t<=400 MM .coonnniiinniinn .

For the design value, PREFAB reads the maximum y, of the connected shell elements.

Plane wall X

.. ..
[A.1] General [ils Material D:D Default connections g Stiffness

|| X V| |Applicaﬁnndata |

ib
I: E::;'ete ¥ e (U [ U,US) ieiavianvanns | 1.45 ‘ | 1.00 |
Eiéﬁ; | ¥ 5 (U [Ua,US) o, l.| 120 |10 |
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PREFAB 25.0.1 FEM-Design model for PREFAB

Based on FEM-Design: Tension/Compression of steel
The tension capacity is simply calculated as:

A
Ys

Tgq =

And the utilization:

u= Tgq
min(T gy, Tpy)

The compression capacity is simply calculated as:

CRd=0.8-@-A

N
N

And the utilization:

ye_ CEd
min(Cgrq, Cpy)

New optimized redistribution: Tension and shear of steel
For the optimized redistribution, shear transfer will be used if the element can’t utilize the friction from
compression between the elements alone. In this case a combined tension and shear check is performed.

The utilization is simply calculated as:

- Tgq 4 VEga
min(Tgq, Tpy) min(Try, Tpp) -1
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