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1. Introduction to Form Finding

Form finding is a process of finding an equilibrium form of a model under a specific set of internal
force and external constraints.

Several methods are available fmmputeraided form finding. Some of the most popular methods
are the Force Density nieod, the Dynamic Relaxation, the Surface Stress Density method and the
Updated Reference Strategy Method.

1.1. ForceDensity

Windas implemented the Force Density Method for form findigrce Density is defined as the
force per unit lengthThis approacbf tensile membrane structure form findinig to determine the
force density for each net element that will resultglobalselfequilibrium When a tensile
membrane is in a state of sadfjuilibrium, the internal force is in equilibrium too.

1.2. MembraneForms

Membrane form is eitheregular (Cartesian) @aradialas shown in the figure below:

- ==

Regular net Fadial net

In the force density methoda membrane form is represented by a system of net. A regular net has
its principal axis parallel to the warp and weft directia@ighe fabric respectivelylThe warp lines are
represented by blue net while the weft lines are represehby orange net respectively.

T i
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2. A Simple XY Net / Regular Net

This tutorial shows the essential steps of form finding using Windas. Creatgke 10 x 5m flat
membrane with10%sag along the border$Vith this model, we are going to perform some editing

features in Windas as well.

2.1. System Points

System points are the nodal points used to define the external profile (border) of a membrane. A
system point is a reference point on the membrane border and it is used to connect to steel
supporting elements. For design and detailing of membrane parts, a system point is used as

reference point for the design of masts, tetk cables, clamping platesc.

The system points for a simple 10 x 5m membrane are the four corner points. USeieeate |

Nodecommand to create the four system points.

Generate Mode

Coordinate System Iripat Uit Digity
L:“ Cartesian  Spherical L‘“ m HZM 0wy ooz | o
Enter Coordinates ID,D,D

Node ID X Y 4

1 0.0 0.0 0.0

2 10000.0 0.0 0.0

3 10000.0| 5000.0 0.0

4 0.0 5000.0 0.0
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2.2. External Membrane Border

The external membrane border is formed by connectingrtbdalpoints1, 2, 3,4ogether in
anticlockwise order

The commando createthe external border i$senerate | Membrane Constructors | External
Border.

ClickAcceptto accept the default settings as shown below.

Form Finding — Precizion and Tolerance
Fabric net type @ Regular (" Radial Warp-weft angle

Number of jteration I 2 | | Minimum triangular angle
Number of points for border segments I 8 | | Arch constructornode

Sag amount in % for border segment I [ | | Minimum cable length

Force density for fixed border segments I 00 || Minimum net length

h-Contour Interval 50.00

Minimum rainwater runoff

I 130
Scaling factor for symbol display I 1.00

Each external border segment, by default, is defined withitp@and a curvature of 268 sag
toward the membrane centrelThe default curvature is towards the membrane centre.

Use theList | Membrane Constructors | External bordezommand to get a listing of the border
4S3ySyiaQ OKIFINYOGSNRAGAOA®
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| Segment | Nodes | Ho. of | Segment | ERadius of Curvature |

| Ha . |Start | End | Point | Fizity |  FKind | Extent |
========t+======+=====+=========t+===========t+=========+============+==========
1 1 2 3 a 1 13000.00
2 2 3 & a 1 6500.00
3 3 4 a o 1 13000.00
4 4 1 g a 1 6500.00
Threstraned segment =ag towards membrane centre

10%4 of the segement length
2.3. Perform Form Finding

The formfinding command ofegular net i<Generate | Membrane Forms | Regular Net
As this command is being useflen, it is included on the quick merhnar.
Click this icon to select tH@enerate | Membrane Forms | Regular Nebmmand

zH2 rlalalals @ e el mELE &m0 sy 5=

The Generate Regular Net dialog box appears:

zl
Wl arp-"Weft stress ratio 10 =5 Prestress (watp), kamI 1.00 _lj

Fabric mesh width, mm 1000 |_:I Wartp angle to global I 0 _l:

Mlindtroam internal net point from border I 2500
Apcept
Align membrane center to nearest system point O Yes ™ Hao

Automatic form finding % Yes ( Ho M

Meshariginat X | -100000 ¥ | -1000.00 Stu:upatcheckpnintl n_l?'

One of the pmary factors that ifluence the form finding thuthe desigrof a tensile membrane
structureis theFabric mesh widthCoarse membrane model is formed with larger fabric mesh width
while finer model with smaller fabric mesh width. The choice of the fabric mesh width for a given
model is a matter of experience. The default fabric mesh width is 27000mm.

Click theAcceptbutton to accept default parameters for form finding and your first membrane
model is created automatically.
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Fabric mesh width ' |

The generated model comprises of membrane surface, warp netf nets and border cables.
Save the model using thele Saveeommand and naméhe modelasSimple X Net.

2.4. Model Representatioand Editable Features

The table below gives the model representation of the membrane net created.

Representation Color Color ID Property ID
Fabric Net (Warp) Blue 1 1
Fabric Net (Weft) 10 2
Border Cable Red 14 3
Membrane Surface 2 15

To view the net only, turn off the display membrane surface with this command.

zH2 rlalflals @ e sl mEEE &m0 s B

". (uy : :

/ <1 \

AR SN —Z L |

3
"III
[ Weft ines are too close to the border cable — 1

In this example, two of the weft lines are too close to the border cable. There is nothing wrong with
the model except the membrane elements are distorted and may affect the accuracy of load analysis.
If you are not satisfied with the membrane model created, you may change the model by changing
either the Mesh origin, Fabric mesh width or the external bordewvature.

Copyright © 2020 Multimedia Engineering Pte Ltd



2.4.1. Undo Form Finding

Before conducting any changes, delete the founded formliz{ing on the undo form finding
toolbar. Then you caftry again with different fabric mesh width.

=|=|S| rle|R|8|sY D(B[B|5e] BRI blos| #8E 0S| w #=]

2.4.2. ChangindVesh Origirand Check Point Stop

Undo the formfinding and start again with the mesh origin at ¥x1250.0, y = 1250.0

x
Wiatp-Wefl stress ratio I 10 _I? Prestress (aarp), kN.-rmI 1.00 _Ij
Fabric mesh width, mm I 1000.00 _l? Watp angle to global I a _Ij

Mlindttasm internal net point from border I 25.00
Accept
Align membrane center to nearest system point ¢ Ves ™ Ho

Automatic form finding * Yes O Ho M

Iesh origin at 2 ll -1250 J‘f u -1250 ]Stl:up at checkpl:uintl 1] _Ij

Mesh origin at {-1250,-1250)
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2.4.3. Changindgrabric Mesh Width

Perform form findingvith a fabric mesh width ofT50mm. (Note: always remember to undo the
existing form finding)

x
Wilarp-WWeft stress ratio 1 o _I Prestress (wrarp), kamI 1.00 _Ij

Fabric mesh width, mum - Watp angle to global i _:I

Llindrmam internal net point from border I 25.00
&ccept
Align memhrane center to nearest system point © Ves 8 Mo

Automatic form finding * Yes © HNo M

Ilesh origit at 2 -FL000 0w -730.00  Btop at check poiat =

W d
[

This model with &abric mesh width of 750mm is better than the one with a width of 2000mm.

M

Occasionally, you may receive the following message with a given fabric mesh width.

¥Xynet Form Finding - Net Surface El

\?/I Some nets have no associated membrane surface, Continue with Form finding?

Yes Mo |

This is due to warp and wetft line too close to the border and you may need to manuallgesdit
model if you want to use it for load analysis.

Try fabric widtlb00mmor other values as pleased.
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2.4.4. External Border Curvature

Use theEdit | Membrane Constructors | External Border | Eadommandto modify the border
curvature for segment B1 and B37.5%.

Reducing thesagvalue alsaneans that the external border will appear to be more straight than
curvy.

Edit external borders x|
Border segment "B" I 3 _Ij Humber of points I 2
Sag amount by % of I 7.5 _Ij ot by distance of 7500 mm

Restrained segment Ves &+ Mo

Curvature kind & MNegative  Positive(Out)

Update I Update A1 Diote

Perform form finding with the same pararegs below,

Warp-Weft stress ratio I 10 _|: Prestress (warp), K/im 100 =5
Fabric mesh width, mm I 1000 _I: Watp angle to global 0

Iimdmum internal net point from border I 2500

Align memhrane center to nearest system point © Yes & Mo

Automatic form finding % Yes Mo M

Meshoriginat X | 100000 ¥ | -1000.00 Stop atcheckpoint| 0=

R,

Accept

As it is shown belowthe warp and the weft lines amow furtheraway from the border cabless
the border cables tend to straighten
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2.4.5. Straight External Border

To createstraight border, use th&dit | Membrane Constructors | External Border | Each
command to change the sag amount by % of to zero and set thatmmndf restrained toYes Click

on theUpdate Allbutton to edit to all fourbordersegments.

(Note :You must restrain the border segmentarder to get a straight border)

Edit external borders |
Botder segment "B" I 1 _l? Mumber of points I ]
Sag amount by % of I i _% ot by distance of 300 sum

Restrained segment i Mo

Curvature kind &% Megative { Positive(Out)

Update | Update Px]ll Done |

Perform fom finding of a regular net with th&enerate | Membrane Form |Regular Necommand.

Usethe form findingparameters as shown in the dialog box.

x
W atp-WWeft stress ratio I 1o _I? Prestress (wraty), kN.n‘mI 1.00 _I;
Fabtic mesh width, mm 10000 =) Warp angle to global I 0 _I;

Minimum internal net point from border I 25.00
Arccept
&lign membrane center to nearest system point £ Yes & Mo

Automatic form finding * Yes (" Mo M

MeshorigtinatXl -1000.00 YI -1000.00  Stop st check point| 0 =

A rectangular membrane model is created!

The surface area of the membrane can be check by using/thEabric |FabricSurface | Area

command.Check that thesurface area of the 10 x 5m membrane is indeed 50m
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2.4.6. Form Finding Checkpoint

Ly GKAa O2YYlIYR 6AYyR2g 6S Oly 20aSNBS G(GKS aadz2Ld
may select to stop the form finding process at various check point. These abiatk are useful for

diagnostic purpose. It allows the form finding to stop at different level thus allows manual

modification of the mesh before form finding.

Warp-Weft stress ratio 10 _I Prestress (warp), kN.-fmI 1.00 _I:
Fabric mesh width, mm 230 _I Warp angle to global I 00 _I:
Minimum intemal net point from border I 25.00

Accept
Align membrane center to nearest system point { Yes * No

cel

Automatic form finding ™ Yes  No =

MeshoriginatX | -25000 ¥ | -250.00 Stop atcheckpnintl E

To restart form finding at stop at check point, use tWnFabric | Force Density Form Fiimg)
command.
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2.4.7. Positive Border Curve

An external border segment is said to have positive curvature when it is bulgingootgst out this
function, dit allthe border segmert to 10% sag and set curvature kind toipes (out) by clicking
Edit | Membrane Constructors | External Border | Eachen input the data as shown below
Note : lorder segment with positive curvature must be restrained.

Edit external borders x|
Border segment "B" I 1 _Ij Number of points I 3

Sag amount by % of ot by distance of I—D fhin
Restrained segment i~ o
Curvature kind " Wegative

Update | Done I

Perform form finding wit anyparameters.

There is a better way of modeliqgpsitive curvature using membrane constructor given in Chapter
Four.

2.4.8. Warp Angleo Global
By default, the warp line is parallel to the globadxs.

There are occasions when the desired warp lines are at an angle teatkis.x
Usewarp angle to globadr use theModify | Rotate | Model commandto accomplish the task
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3. ASimpleRadialMembraneNet

A radial net has its origin inside the membrane and radial outwards to the border. The most
commonly seen radial membrane is a tenthwé high point ring.

_ & <— High Point Ring

Qe | R

:;\" . 'ﬁ‘ £y #t'

3.1. System Point

The system points defining the eight corners of a radial net with hexagonal base are:

Node ID X Y Z
1 -5000 -8660 0
2 5000 -8660 0
3 -9396 -3420 0
4 9396 -3420 0
5 -9396 3420 0
6 9396 3420 0
7 5000 8660 0
8 -5000 8660 0

Use theFacility | Reorder | Node | Anticlockwiseeommand to reorder the node sequence.

/“”“\7
q /

M1
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3.2. External Membrane Border

Specify the external border with th&enerate | Membrane Constructors | External Borders
command.Set the fabric net type to radial.

%

— Fotm Finding —FPrecision and Toleratice —————————————
Fabric net type " Regular [ Radial Warp-weft angle I 50
Mumber of iteration I 3| | Mindmum triangular angle I 1.5
Humber of points for border segments I 5 | | Arch constructor node I 50
Sag amount it % for border segment 100 || Minimum cable length I 100.00
Force density for fived border segments 100 || Ilinitm net length I 50.00

h-Contour Interval I 50.00 _
Accept

3.3. High Point Ring

High point ring isone of the most commonly used membrane constructor in tensile membrane
structures.

Usethe Generate | Membrane Constructors | Circular Rirgpmmand to create aircular ring of
radius 1000mm at the centre of the membrane and is 3000mm above ground

x|
RingCenter X | ooy 00z | 300000
Base of Mast X I an YI |z I oo

Radmsfmmng1| 1000 00 Cancel | [ Accept |

%h__—_—d_;_;/\
—
_,_.r"
__,p-’

3
—_
J_Fd-FJ
- ~ M
__{_-‘_
-
—_—
—
MH~\
& H_Nl

Membrane Constructors with high point ring and a vertical mast in NW View

Savethe model asA SimpleRadial Netwith the File | Save agommand.
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3.4. Form Finding

Performradial netform finding with theGenerate | Membrane Form | Radial Netommand or ctik
on the quick access button.

= H2 rlal®alsy @83 sel BelLE sla sl w2 e w w#El

Theradial netform finding parameters are as shown in the dialog box.

B

Element size in radial direction 1000.00 _|

Meridian angle [1000=]
Badial Hoop pre-stress ratio I 20 _|:l
Pre-stress in radial direction, kN"’ml—l-O
Start angle I 00 _Ij

Division by * Bordernode ( Meridian angle

Constant radial force dmsity?(" Yes & No

Automatic form finding? @ Yes  No

Cancel

Radial is the warp and hoop is the weft direction

The default division of the radial net is from the ring centre toBoeder Nodewhereas the default

number of points dissection the border segments is 8. Therefore, we will get eight radial seam line
from the ring towards each border segments.

Fie Goete Oeign Gt frlty Diplay Dele Lot Modéy Yew Solubon Vanfsbrc G
T IR ARV Sed I 1 P CA T P =T I TR T 1 T S T e [ S T E P T
Maode! - [C\Users\MEPL_07\DeskiophClarence!3.1.2.A Simple Radial Net_ff.wds]

e . -
Start frantwidth calculafion

Front width is 129, if > 250, perform aut of core form finding
Out of core form finding

Made| saved

Model saved

B 1o

Elements= 4372 MNodes= 1504 Membrane

Colar=1 Property= 2 Load Case= 1, Lond Action-Individual  Group=ED.N

Radial Membrane After Form Finding in Perspective View

To change the numbef points on border segmenEdit | Membrane Constructors | External Border | Each.
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3.5. Radial Net Division Method

There are two methods of division of radial line (waft line) used for form findingadial net,
Border Node Method and Meridian Angle Metih

3.5.1. Border Node Method

UseEdit | Membrane Constructors | External Border | Eacommand to change the number of
point representing the external segment to 12. Click Update All when the number of points has been
set.

Border segment "B" I 1 _Ij Number of points =

Saz amount by % of I 10.00 j ~+| orby distance of I mm

Eestrained segment " Yes * No
Curvature kind + Negative { Positive(Out)

Update Update Al | Done |

Eée Geneate Design Edt Esciity Display Deite Lit Moddy View Soktion Winfabric Gmeh
- Glale

S!ﬂﬂ Irontv«dlh cﬂlculahon

Frontwidthis 129, if > 250, perform out of core form finding
Out of core form finding

Model saved |
Model saved =
K| 2f

Elements= 6312 Nodes= 2172 Membrane. Color=1 Property=2 Load Case= 1, Load Action=Individual Group=EON

Now there are 12 radial (warfipes for each border segment in the radial net.

Copyright © 2020 Multimedia Engineering Pte Ltd



3.5.2. Meridian Angle Method

The division of radial (warp) lines is by the meridian angle. For a meridian angle tfet® will be

a total of24 radial (warp) lineen the radial netNow instead of editingie border node, we can
directly edit from the form finding command box. Note that we need to tick on the Meridian Angle
instead of border node for this command to work.

Note : always remember to do the undo fo#fimding before conducting any new forfinding.

- Parameters

Element size in radial direction 1000.00 LI

Meridian angle I 15_00_I:j

Eadial Hoop pre-stress ratio 20 i|

Pre-stress in radial direction, kN.-"mI 10

Start angle

Division by { Bordernode
Constant radial force density? (" Yes % No

Automatic form finding? & Yes  No

Cancel | Apply

Fadial is the warp and hoop is the weft direction

EIL T EA T RETE
Mode! - [CAUsers\MEPL_O7\Desktop\Clarence\3.1.2A Simple Radial Net_ff.wds]

e e — |
Start frontwidth calculation.

Frontwidthis 78, il > 250, perform out of core form finding

Out of care form finding

Wadel saved L]
WMadel saved.

Elements= 1474 Nodes= 506 Membrane Color=1 Property= 2 Luad Case= 1, Load Action-Individual Group-EO.N

Now there are 24 radial (warp) lines in the whole radial net segment.
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3.6. Radial Hoop’re StresRatio

Radial to hoop prestress ratio is the ratio of the prstress along the Radial (warp) to the hoop (weft)
direction. The default value is 2.0.
Undo forminding and try with a new radial to hoop ratio of 0.5 and 1.0 respectively.

BT I Bl B3 — - Dl &
Radial/Hoop Prestress Ratio = 0.5

The shape of a radial model is determined by then radial to hoop ratio.

3.7. Tilted Mast

Edit the high point ring using thEedit | Membrane Constructor | Circular Ringpmmand. Change
the xaxis of base of the mast to 1000.

x4
Top Ring ID I 1_% Radius I 1000.00 Apply

Top Ring Center I oo v I ooz I 3000.00 Cancel

Base of Mast | 100000 h(| m oz | 00

And repeat the form finding.

Copyright © 2020 Multimedia Engineering Pte Ltd



4. Radiating Net

N

A special form which is a hybrid of regular and radial form is kraswadiating or source net. The
warp lines are radiating out from Node ID 1.

Radiating form is commonly udé area where a complete radial tent is not possible. For example, a
cantilever canopy attached to a wall with a°@0rn.

4.1. System Points

Use theGenerate | Nodecommand to create the four system points.

x
Coorditiate System Trupat TTeait Dirigity
’1‘:‘ Cattesian ( Sphetical L" m v rr;”ﬂ oy w oz | o

Enter Coordinates I D,D,Dl

Node ID X Y z
1 0.0 0.0 0.0
2 10000.0 0.0 0.0
3 10000.0f 10000.0 0.0
4 0.0| 10000.0 0.0
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4.2.

External Membrane Border

Theexternalis defined by nodal point 1, 2, 3 and 4. THoenmand to createhe external border is
Generate | Membrane Constructors | External BordgAll | Accept.

SelectRegularfabric net type Accept Externalmembraneborder defined by segment B1,B23 and
B4 will then be formed. Save the modelRadiating Net

WinFabric System ¥ariables

—Form Finding
Fabric net type

MNumbet of iteration

Sag amount in % for border segment

Force density for fived border segments

" Radial

s

% Regular

MNumbet of points for border segments I 3

100

1.00

—Precizion and Toleratice

Warp-weft angle
Mindtmoam triangilar angle
Arch constructot node

Mindmum cable length

Idinitmum net length

50
1.5

3

100.00

50.00

101108

h-Contour Intersral

4.3.

Form Finding

I 2000

Accept

Usethe Generate | Membrane Forms | Radiating Nebmmand to perform form finding.

Radial Met Form Finding Parameters m

—Parameters

Ileridian angle
Radial/Hoop pre-stress ratio
Pre-stress in radial direction,

Statt angle

Elemment size it radial direction

1000.00

L

10.00

B

l:):

K 1

oo

)

Division by * Bordernode

Constant radial force density? © Ves

Automatic form finding?

Cancel |

" Meridian angle
" Ho

" YVes  Ho

A pply |

Radial is the warp and hoop is the weft ditection

Click theApply button to accept the dfault form finding parameters. The radiating net will then be

formed.

Radiating net is used foegular membrane form with radiating seam lines.

Radiating net is produced using radial net form finding parameter with regular net type.
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4.4. Modified Form

Modify the simple radiating net example into the following figure.

Eie Genemte Design Edit Fechity Display Dglete Lst Moddy Yiew Solubion WinFabric

ity ¥ Gmeh
1= I AT S e d I sl PRI P PAGICRTE SR T TR N =Y o1 A RET

Model - [C:\Users\MEPL 07\Desktop\Clarence\3.1.3.8 Modified Radiating Net _ff.wds]

A

—x

| i g o iy e o |
‘Convert pressure into point load for form finding
Start rontwidth calculation
Front widthis 60, if > 250, perform out of core form finding |
Out of care form finding
Wodel saved.

ladel save &l
« o

Elements= 543 Nodes= 194 Membrane Color=10 Praperty= 4 Load Case= 1, Load Action=Individual Group=EO.N

Edit the system points by usiglit | Nodal Coordinatesipdate according to this table below.

Node ID| X Y z
1 0.0 0.0 2000
2 10000 -1000 0.0
3 7500 7500 0.0
4 -1000 10000 0.0

Follow the same steps to do external mirane border and form finding. The particular modified
form will be generated.
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5. Barrel Vault Forms

A barrel vault form membrane structure is a membrane supported by circular arches. This form is
commonly used to cover a long sheltered walkway. The edge and the end of the membrane may be
either straight or curved.

5.1. Standard Barrel Vault Form

The command for automatic generation of standard barrel vault fie@enerate | Membrane
Forms | Barrel | Accept.

The following example demonstrates form finding of a barrel vault form automatically. The
barrel vault has &hord length of 10m and span of 50m. It is supported internally by three
circular arches.

Generate Standard Membrane Barrel ¥ault Form m

—Orrerall dithensions — izt

¥ o0
Apply
Height | 3000.000 4 00

Span I 0000000 =z Jonn
Mumber of internal arches

Chord

Cancel

1
J
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Set the net type taegularfor barrel vault form.

—Eorm Finding —Precizion and Tolerance
Fabric net type & Regular (" Radial Warp-weft angle

Number of jteration I 2 | | Minimum triangular angle

MNumber of points for border segments I 8 | | Asrch constructor node

Sag amount in % for border segment I 73 | | Minimum cable length

Force density for fined border segments l I 100 ||| Minimum net length
h-Contour Interval I 30.00

MMimmum rainwater runoff

Scaling factor for symbol display

Like the stress ratio in a pressure vessel, the weeft stress ratio of barrel vault should be
atleast 2.0.

x
Warp-Wefl stress ratio mﬂ Prestress (watp), mfmma
Fabric mesh width, mm |[ 100000 2} Warp angle to global l_oua
Minitmum internal net point from border I——25_0-U-

Accept
Align membrane center to nearest system point ¢ Ves  No

Automatic form finding % Yes © HNo _Eﬂj
Mesh originat X | 00 ¥ 00 Stop at checkpoint| 0 =

A standard barrel vault is forme@he model is saved automaticallyABAS_BV

The plan view is as shown below,
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Clickleft view to get this curved view.

2B Windas 14 Bk 20200814 - ightweight Sctute Dsion & Anabiss Proges
Hle Genemte Design Edt Facif Displsy Delete Lt Moty
[=31= A SRS e b5 sl ]I ESIEPIES ()

Model - [0/ Temp! Clarence\ADAS_BYRiwds] Lk Viow)

ew Solution Winfshric Gmeh

=|paE|n BRE &es 6 ew 55 ko =]msze 4]y

k7 5 y ¢ 3

Start frontwidth calculation

Front widthis 39, if > 250, perform out of core form finding
Out of core form finding

Model saved.

le |

Barrel vault membrane model formed
|

Elements= 1099 Nodes= 396 ‘Membrane Calar= 1 Propery= 3 Load Case= 1, Load Action=Individual Group=E0N

ClickSE Viewo get this view. We can see that the side edges are strawyletreas at both
ends of the barrel vault are curved edges.

[ Windas 14 (Buid 20200814) - Lightwesght Structure Design & Analysis Program - o x
Fle Genente Design Edt fsciity Display Delete Lot Moddy Yiew Solution Winfabric Gmh
#|d|&8| mlaan) #Toooamolcae=slalEhn BRE &l BE0ew 8= o= nsz iz 4]

Whccto - [\ Torni Clarencrt ASAS. BY_ 1 c] [5€ View]

X

Start frontwidth calculation

Frontwidthis 39, if > 250, perform out of core form finding

Out of core form finding

Model saved. =

Barrel vault membrane model formed. ~|

|

Ll
Elements= 1031 Nodes= 372 Membrane Color= 1 Propenty- 4 Load Case= 1, Load Action-lndividual  Group-EO.N
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5.2. StandardBarrel Vault wh Free Border

For creating all standard membrane forms Windas have automatic system points, external
border and membrane constructors.

From previous model createdndo form finding Click theundo formfinding commandto
return the model to state with system points, external border, etc. We can see that all the
external borders are still straight, as shown below.

& wan: Lightwe - o x
ity Yiew Solaion Winkagc_ Gmih
]| o ] = | 2 o o 0 e ] 20 8 | | 0 20 | |
5 5
furch-1 Jurch-2 purch-3 furch-4 furch-5 furch-6
o
1 5
&
Start frontwidth calculation B
Front widthis 39, if = 250, perform out of core form finding
Out of core form finding
Madel saved.
Barrel vault membrane model formed |
|ET 0|

Elements= 0 Nodes= 12 Truss 30 Color=1 Praperty=1 Load Case= 1, Load Action=Individual  Group=E0.N

Use theEdit | Membrane Constructors | External Boradd Eachcommand to modify the
external border to unrestrained border.

Edit external borders m
Border segment "B" I 1 _I; Humber of points Ig

SBag amount by % of - ot by distatice of I 0 mm
Restrained segment  ( Ves

Curvature kind % Negative { Positive(Out)

Update | Update All | Done

Save the model aBV. Perform form finding using th&enerate | Membrare Forms | Arch
& Bordercommand.

The following structure will then be formed.
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Now undoform finding of theBVmodelagain Save the model 8BV Freeend

Delete external arch ID 1 usii@elete | Membrane Constructors | ArchRidge & Valley

Cablescommand

Delete fabric arch, ridge and valley cable

Accept

Fabric arch or valley cable ID

Ha

E7Y

N5

Bz

B9

H3

E10

T TP T T}

B2 -_h“‘“-h._\/—f‘# B3 -_h“‘“-—u\k/—f’d_' B4 H&H/ﬂ ES -_h“‘“-—h._h‘_‘
b4

E
s

Perform form finding using th&enerate | Membrane Forms | Barrel Regular membrane
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Similarly,delete the last arch and perform form finding gives the following modsk the
commandDelete | Membrane Constructor$ Arch, Ridge & Valley Cablemnd choose that

particular arch. If the arch does not delete properly, choBstete | Element | choose he
remaining arc element.

5.3. ModifiedBarrel Vault With Free Border

This section presents @on-standardbarrel vault with free bordercommand. The model
comprises 14 system points andriernal archesThis section will illustrate the procedure
of creating this nonstandard barrel form from scratch.

The arches are arranged in such a way that water will flow from the high point to the low
point. This type of structure is commonly used as front entrance canopy or along a corridor.
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Create the sysim points usingsenerate | Node (more) | Cartesiarinput these values in the
command box accordingly.

Node ID X Y Z
1 4709.50 | 10538.84 | 1490.00
2 0.00 5161.65 0.00
3 3889.02 | 3066.11 0.00
4 8183.92 | 1441.36 0.00
5 11794.71 | 560.84 0.00
6 15119.33 | 107.68 0.00
7 19140.88 0.00 0.00
8 25036.36 | 709.52 0.00
9 24188.86 | 4015.95 | 990.00
10 19445.24 | 4142.80 | -600.00
11 16175.39 | 4641.65 | 1190.00
12 13599.98 | 5418.28 | -600.00
13 10961.69 | 6611.19 | 1340.00
14 8060.44 | 8489.27 | -600.00

The external membrane border is defined by nodal point 1 to 14 in anticlockwise order. The
command uses to create the external membrane bord&eserate | Membrane Constructors |
External Border | All | Accept.
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Use theGenerate | Membrane Constructor$ Arches | Regular | 3 pointscommand to
create the arches. The coordinates of the five arches are as shown below :

ArchID | 3= ArchID -

Begn | 8183918 | 1441360 | 000 Cancel Begin

| 3066110 | 00 Cancel |

Mdid | 0572.200 | 4026270 | 900000 Apply | Mid | 5974729 | 5777 689 | 200,000 | Apply |
End | 10961690 | 6611129 | 1340000 End | soe0438 | sam2i0 [ -600.000

Edit Fabric Arches LR Edit Fabric Arches X |
ArchID | 3= ArchID 5=

Begin | 11794720 | 560839 | 000 Cancel Begin | 15119330 | 107680 | 000 Cancel |

Mid | 12697350 | 2989561 | 100000 | Apply Mid | 15647360 | 2374661 | 200000 | Apply |
End | 13399980 | sa12279 | -600.000 End | 16175390 | 4641641 | 1190000

ArchID | 5=
Begin | 19140330 | o0o | 000 Cancel |
Mid | 1093060 | 2071400 | 100000 Apply |

End | 19445 240 | 4142 201 | -600.000

These five arches form a wave form along the membrane border.

Note :the end points of the arches are the system points.
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Perform form finding using thgenerate regular netcommand in the quick access tool box.
Otherwise we can find the command@enerate | Membrane Forms | Regular Net.

The fabric mesh width is 500mm.

— P
/ i
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6. Hypar Forms

The expression Hypar is derived froiyperbolicparaboloid form. This form is commonly used to
refer to saddle shaped surfaces even for surfaces that are not pure hyperbolic paraboloids. It
consists of two high points and two low points forming a saddle shape.

6.1. A simple hypar

The command for automatic hypar membrane fornGsnerate | Membrane Forms | HyparSelect
the command and the hypar dimensional dialog appears.

Generate Hypar Membrane Form *

Hypar Geometry

Wideh | Depth| 30000
Sag amount by % of I 15 _Ij

Cancel | [ Apply |

ClickAcceptand a hypar of 10m width and 3m depth with a border curvature of 7.5% sag will be
generated.
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TheX¥net form finding dialog will appear aftércceptbutton. Change the fabric width 800mm
and the prestress m the warp direction to 3.0kN/m. Cli¢kcceptto form find a hypar membrane.

#y Met Form Finding Parameters *
Warp-Weft stress ratio 1.0 _|:| Prestress (warp), KIN/m 3.00 _%I
Fabric mesh width, mm _I Warp angle to global 00 _%l

Mhinmimum internal net point from border 2500

Align membrane center to nearest system point { Yes * No
Automatic form finding ™ Yes ¢ No Cancel

MMesh origin at X 73000 ¥ -T300.00 Stop at check point

0]

Use theParallel Viewcommand in the quick toolbox to observe the hypar from any angle.

e

)
W& mRKAUN FTOE ]--\"A‘BA”‘: 125 aoz BENS Y S5 anDsmBizz| 3|

6.2. Four Hypar Sall

We will create this structure using the previous simple hypar model. Bast Ashe model with
other file name such a& Four Hypar Sail

Copy the model from systepoint 1 to system point 2 usingodify | Copy | Model. Click the Point

1 box and then click one of the edge point of the hypar to automatically fill in the point coordinate. If
point 1 coordinate box has been filled, click the point 2 coordinate box. klawk,an adjacent edge

point from the previous point that you choose. Change the number of copy to 1. A hypar duplicate in
this particular position will be generated.
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7 Copy model *
Select two points
X Y z
Plﬁﬂﬂ| fio71.07 | 00 | 3500.00
Point 2 | 00 [ 707107 | 630000
Numberof copy | | U5 | Accept |
Cancel |

B Windas 14 {Buskd 20200814} - Lightwesght Structure Design & Analysis Program

Bile Genente Design Edt Faciity Display Delete Lt Moddy View Soltion WinFabic Gmsh

]98] = Al Al
Model - [0 TerpClrencefour saiak]

L.

[\Windas 14 Buid 20200812 =
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50 Bukit Batok St 23 Midview Bldg #05-15 Singapore 659578

Tel(65) 6765-6288 Fax.(65) 6765-1588 Web. www.me com s Email mepl@me.com sg

User ID: Mutimedia_engineering =
« .rl
Elements= 2620 Nodes= 841 Membrane Color= 2 Propeny= 3 Load Case= 1, Load Action=Individual Group=E0.N

Repeat those steps to the other diagonal sides of the hypar accordingly. \WWeenibbbtained the
four hypar sails.

28 Windas 14 {Busid 20200814) - Lightwesght Structure Design & Analysis Program
File Genete Design Edt Facity Display Delete Lit Moddy View Solution Winfabic Gmsh

=ua naaa at=db=Ilalls I ISP EIEAEIIPNGIL S
Medel - [OATorng!

Z|&| | A

renct 3 12 Adas Hypar M four cad k]

Ly

Windas 14 Buid 20200812 5
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50 Bukit Batok St 23 Midview Bidg #05-15 Singapore 659578

Tel (65) 6765-6288 Fax (65) 67651588 Web. www.me com sg Email mepi@me com sg

User ID: Muimedia_engineering §
. . r‘l
Elements=10080 |Nodes= 1680 Membrane ‘Color=2. Property= 3 'Load Case= 1, Load Action=Individual |Group=E0,N
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7. Radial Cones

7.1. Circular Base

A tent with a circular high point ring and a circular base is used to demonstratesthef
standardmembraneform commandfor fast generation of membrane fornThegeometry

of the tentisshown on the diagram below.

—"| 2500 ~—
IEBARAVLY
W HA T,
FS 5N ERRREAY
S BRI
e mn manaaa N
= i e D,
o A~ o 6000
o 7] vy =
o i iy =
i yE—
7 g
/ ~ X \
15000

Select theGenerate | Membrane Forms [ConicalTent | Circularcommand. Click on the
Acceptbutton to perform form finding with the default parameters.

Generate Conical Tent E3

 Tent Geometry  Tent Parameters ~Origin

Element size iy I 10800 XI 000 Apply I

radial ditection
Innet radins I 25000 Iieridian angle I 7.50 ¥ I o Cancel |

HishFoint | 60000 || RediaVHoop | 300 | |2 |
Ring Prestress Ratio

1.00

Outer rading

.00o

Prestress, K/m

Change the viewing angle to plan and display the model in shrink mode usimgsibiay |
Element | Shrink | All| Accepts command. You can see the four different types of

elements.
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Representation Color Color ID Property ID
FabricNet Blue 1 1
(Warp'Radia)

FabricNet (WeftRing) 10 2
BorderCable Red 13 3
MembraneSurface 2 15

In radial net model, the warp direction is known as the radial direction and the weft
direction is known as the ring direction respectively.

The forcedensity on the model is also generated automatically

ClickDisplay | LoadValues | Force Densitjo showthe force density distributioron the
circular tent.

4 433
% T 152

43 I e 93‘;13544 7453

Dbt 04335944367453

e s a4 B

F383 407 420 433 443 453

R R P

393
Fliyd
Ei
Eic v

L. a5

4526744359433042 242&0432594435?“52
43%7 s iggad U“U“ cl“2
453674425744 944 71%5744357452

As you can see, the force density along the warp and weft directions are not the same and
changes as you move along from the base of the tent to the high point ring. The force
density value is a function of the petress and the pratress ratio. For radial membrane
form, maximum membrane stress always occurs at the high pigt

Different radial to hoop prestress ratios will produce different generated formgy to
recreate various? OA N dzf | NJ onhemniSand\ibrirsiubirig pr@rasg &t of 0.5, 1.0,
5.0 and 10.0.
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Generate Conical Tenkt m

rTent Geometry ———  Tett Parameters ——————— ~Origin

Outersadius | 150000 || Blomentsizein | 10000 | | xt | 000 appy_|
radial ditection
Intiet tadins I 25000 Tleridian a_ngle 7.A0 W I an Cancel |

HighPoint | 60000 || RadialHoon | os] iz | 000
Ring

Prestress Ratio

Prestress, kM/im 1.00

Eadial/Hoop Prestress Eato = 1.0

7.2. PolygonaBase

Many other kind of standard terforms are included in Windaacludingsquare, pentagon,
hexagn, octagon and decagon tents.

Square Pentagon Hexagon Octagon
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Command to use iSenerate | Membrane Forms | Tent | PolyganSelect hexagon to

create a tent with hexagonal border.

Lo

=250

',

r Ceometry

Baze Radius I 000
Height I 15000
Fing Radiue I 2500

Polygon

s

Tent - Polygon

DMembrane Border Parameters

Saga.mnuntb},r%c-fl IU.U_|::‘
I 9

Humher of points

x|

Catizel |

Apply |

Performs form findingwith defaultparameters to create hexagonal tent.

The meridian angle is used to determine the number of radial warp Imesinplete a 369
around a complete tentA meridian angle of 10 will result in 36 radial warp lines.

Generate Radial Net

x|

—Parametars

Element size in radial direction 1000.00 =

L

j

Meridian angle 1000 =

Radial/Hoop pre-stress ratio 20 _|

Start angle 0o

Division by € Bordernode

Constant radial force density’

Automatic form finding? ez (Mo
Cancel | Apply I

Fadial iz the watp and hoop i3 the weft ditection
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We can epeat the form findingusing different method and produce different kind of form.
First, cancel the existing forfinding. Clicksenerate Radial Nerom the quick command
toolbar. Usethe division byborder node methodo form the tent.

Radial Net Form Finding Parameters X
P
Element size in radial direction 1000.00 -
Meridian angle I 10.00 _lj

Radial Hoop pre-stress ratio I 20
Pre-stress in radial direction, lr.N.fml 10

Start angle I oo _:|
Division by  Bordernode { Meridian angle

Constant radial force density? @ s " No
Automatic form finding?  Yes  No

G |

Radial is the warp and hoop is the weft direction

SRR e R S Ay gy
I IS 17
S SN LA T 7
\‘““3'5"'"5“““‘“:%#
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7.3. Elliptical Tent

ClickGenerate | Membrane Forms | Tents | Ellipticalo generate an elliptical tent. The
following dialog box appears:

Generate tent with elliptical base m
Ellipge dimensions —High point ring & mast
Major, 2 : Ring center X | 420000 v | w oz | 4000 apply_|
Minor, b | 4100,000 Mastbase X | 273000 v | oz | 370000 Cancel |
Mutuber of division I 3 Top Ring Radins I 500.00

We shall use the default values for this exercise. Please note that the base of the mast and
the high point ringcentreare notat the same X and Ydations.

Change the Radial/Hoop pstress ratio to 5.0 and note that the division method is by
border node.

Radial Met Form Finding Parameters m

—Parameters

Element size in radial ditection 1000.00 =
Meridian atngle I?D_I
Radial'Hoop pre-stress ratio IjD_|
Pre-stress in radial direction, kN.-'mI 10
Start angle I 00 _Ij
Division by  Iletidian angle

Constant radial force density? © Yes % Ho

Automatic form finding? & Vez  HNo

Caticel | Apply I

Radial iz the warp and hoop is the weft ditection
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Slanted Mast

The elliptical tent is formed with the radial warp lines radiating out from the center of the

top ring to each border node.
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8. Umbrella

Umbrellaform is almost similar to rectangular tent with a few key differences. In umbrella
form, the membrane net division always goes straight to the corner; whereas in rectangular
tent sometimes do not go straight to the corner, making it difficulttfer seaming process.
Another unique characteristic of umbrella form is that it does not have curvature around
the membrane which disabling the possibility of water ponding on the membrane.

ClickGenerate | Membrane Forms | Umbrell¢o create the basic form of umbrella. Enter
width value of 6000 and click the apply button to create a rectangular umbrella form. Put
500 for element size in radial direction to get a finer mesh.

Generate Umbrella {isoparametric) 5[

— Tett Geotmetty ———— ~ Membrane Border Parameters

Breadth I 0000 Bag amount by % of I 100 _Ij
Width I G000.0 Humber of points I a
Height I 2000.0 Caticel | Apply I
Ring Fadius I 000

Generate Umbrella

— Parameters

*
Element size {Radial Direction} | 300 = Apply
Radial Hoop PreStress ratio I 20 _l? Cancel |
PreStress in radial direction, kKN/m I 10
Mendian angle I 10.00 _I?

Frred all edges? i Yes * No

S,
7727 7 A A

AT
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We can see from the top view that the membrane gees straight from the center to the
corner, making it easier for the seaming process.

Also we can see a very limited amount of curvature on the membrane from the side view.
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9. Surface

Ruled membrane surfaces are commonly used as overhang canopyoppisg malls,
supermarket and public buildings. The main characteristic of ruled membrane surface is its

linear, clear and distinct profile.

9.1. SplineSurface

Select theGenerate | Node {more} | Shape | Sine cun@mmand to generate nodes along
a singlecycle of sine curve.

I Generate node along a sine wave m
Length for onie cycle I 10000.00  Peak walue I 1000.00

Humber of points representing a complete cycle 24

Husber of cycles - -
Cancel |

s N& NTONE g

4 H10
N3 H11

Hz Hiz

M1 H13 25
H14 24

15 M2z
Mla Mz

N17 1z 110 N20 21

Save the model aSpline Surface

Use theModify | Node | Spline (Cubictommand to modify the sinusoidal shape into an
arbitrary shapeThen, selecGenerate | Membrane Forms | Surface | Ruled Surfacall |
Acceptto createthe membmane form. Select all the nodes.

Il Node Selection - Ruled Membrane Surface x|
Selection by range Options
’7| 1 to I 1 Step I 1 Felect | ’7 il I Display | Group | Color | Frop ety |

Last | Reset | Caticel | Accept |

|1-23
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M Directional vector for ruled surface x|
Zelect toro points
ol iV 7 Caneel |
Point1| o | w | 00 [ accept |
Point 2 | 00 I 1000000 | il

Define the directionbvector for the ruled surface.

x]
Warp-Weft stress ratio 10 =  Prestress (warp), kNImI 1.00 E

Fabric mesh width, mm Warp angle to global I 00 _I;

Minimum internal net point from border I 30.00

Accept
Align membrane center to nearest system point { Yes (¢ No

Automatic form finding * Yes (" No ﬂl
Mesh originat X | 0¥ 00| Stop atcheckpomt| [] E

9.2. Revolvedurface

Select theGenerate | Node {more} | Shape | Sine cun@mmand to generate nodes algn
a single cycle of sine curve.

M Generate node along a sine wave m
Length for one cyele I 10000.00  Peak value I 1000.00

Mumber of points representing a complete cycle I 4=

=
Mutnber of eyeles |1_|
| i

15 6 HT g Ho

H4 H10
M3 H11

M2 M1d
M1 H13 H25
H14 HZ4

H15 23
H1& M2z

NI7 12 4110 trzo N2L
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SelectGenerate | Membrane Forms | Surface | Revolved SurfacAll to rotate the
selected nodes to form a complex surface.

Il Node Selection - Revolved Membranes: |
Fotational Axis

be ¥ z
P | oo [ o000 | 00
Bkt 2 | 1000.00 | -1000.00 | il

Rotational angle I 15.00 _:|
Mumber of replica I 24 _:|j Cancel |

Py 0 I
A e
AT ,‘ AR

e ey
I TN A 7

T, LA AT 1‘\ 4 A
7 el

N :" %‘X‘\v‘v&\‘hﬂgg,"’gﬁ,‘,
! \A e

A

2
e
YA

Repeat the same step but change to these parametEns. following paramters will
generate another form.

Il Node Selection - Revolved Membrane Sutfa... B!

Fotational Axis

X ¥ z
Pkl | w o | i
Point 2 | o oo [ 100000

Eotational angle I 1500 :|I Arcept I
Humber of replica I 24 _lj Caticel |
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9.3. SineQurve

Select theGenerate | Membrane Forms | Surface | Sine Surfacemmand.Change the
number of cycles to 3 and click the OK button and save the mGtlekAcceptto form a
ruled surface with a sine curve profile.

Length for one cycle 1000000 Pegk walue I 1000.00

Husmber of points representing a complete cycle I 24 _|j
Humber of cyeles E_|
Sutface depth along y-axis I 10000.00 Cancel |

9.4. Sine AndlosineCQurves

Another common form ofuled surface is a sine curve along one end and a cosine curve
along the other end.
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10. XYMesh

XY mesh is a very useful command to generate a membrane with an irregular geometry. It
will also generate the membrane net into a constant rectangular shapetealsen regular
net form finding will not give you a constant rectangular shape.

10.1. System Point

Use theGenerate | Nodecommand to createhis system points.

Node ID X Y z
1 0 0 0
2 3750 | -2500 | -1500
3 7500 | -3750 | 1000
4 11250 | -2500 | -1500
5 15000 0 0
6 11250 | 2500 | -1500
7 7500 | 3750 | 1000
8 3750 | 2500 | -1500

10.2. External Membrane Border

UseGenerate | Membrane Constructors | External Bord& create the external border.

x
Selection by range Options
“ 1 to I 1 Gtep I 1 Select | ’7 Al I Display | Group | Color | Froperty |
Last | Resst | Cancel | Accept |
|18
WinFabric System Yariables ﬂ
—Form Finding —Precision and Tolerance
Fabric net type * Begular " Radial Watp-weft angle I 510
Mumber of iteration I 2 || Minimum triangilar angle I 15
Number of points for border segments I 2 | | Arch constructor nade I 50
Sag amount in % for border segment 100 | | Minitmm cable length I 100.00
Farce density for fived border segments I 00 [ Minimosm net length I 0.00
d I 50.00
h-Contour Interval
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Click the accept button to generate the external borders with the defasalameters.
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10.3. Form Finding

Use theGenerate | Membrane Forms | Xy Mesbommand to generate the form finding
under XY mesh.
B
Watp-VWeft stress ratio I 1.0 _I:‘ Prestress Cararp), kamI 1.00 _I:‘
Fabric mesh width, mom I 0000 _I; Watp angle to global I i _I;

Dlirrroam internal net point from border I 2500
Avcept
Align membrane center to nearest system point ¢ Ves & No

Automatic form finding ¥ ¥es (" Ho M

Ilesh origit at 2 oo o0 Stop at check pointl a _I;

Put 500 mm for the fabric mesh width and click the accept button to generate the form
finding.
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11. XY Net with Circular Catit

The maximum width of fabric material available in the market is 3m. For large tent like membrane
form, material wastage is extremely high if the cutting pattern is done Hgdiais more economical
to adopt XY net with circular catut membrane form for large tent.

11.1. A Triple Cone

E:“:-«nssnmmmmmmy»mmm*w -
sldal maQals f MR dla|w| wiE K6 8 snn=nnzz) )
S e et e et e e e St

T T H

7

7
<

Windas 14 Buid 20200812 5
Copyright © 2020 Multimedia Engineering Pte Ltd

5t 23 Midview Bidg
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K1
[Elements=15083 ‘Nodes= 5567 Cable 30 (Colar=14 Property=15 \Load Case= 1. Load Action=Individual  Group=EO.N
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Create this system point usii@@enerate | Node (more) | Cartesiaand key in these values
accordingly.

Node | x-coord | y-coord | z-coord
1 3804.31 | -431.08 155
2 11965.13| -7165.67| 155
3 23002.56| -6479.32| 155
4 30502.45| -4177.43| 155
5 41256.21| -7889.81| 155
6 51014.21| -2549.6 155
7 53835 8095 155
8 45867.5 | 18038.74| 155
9 37985.16| 28249.17| 155
10 25597.91| 31561.7 155
11 15746.58| 25744.14| 155
12 9278.85 | 17135.68| 155
13 -990 10712 155

The external membrane border is defined by nodal point 1 to 13 in anticlockwise order. The
command for creating this external membrane bordeGm=nerate | Membrane Constructors |
External Border |All | Accept. The fabric net type iRegular

WinFabric System Variables *
Form Finding Precision and Tolerance
Fabtic net type (* Regular { Radial Warp-weft angle

MNumber of iteration

50
Minimum triangular angle 1.3
50

Number of points for border segments Arch constructor node

[ 2
s
Sag amount in % forborder segment | 75 | Minimum cable length [ 10000
—
0%

Force density for fixed border segments 00 | | Minimum net length 50.00

h-Contour Interval 50.00
- Accept
Minimum rainwater runoff 750

Scaling factor for symbol display 1.00

11.1.1. High Point Rings

To create the high point rings, cli@enerate | Membrane Constructors | Circular Ring.
Input the ring coordinates as shown below,

Fabric Top Rg 1
Ring Centre {5529.01, 6273.31, 4750.00} Radius= 1175.00
Base of Mast { 15529.00, 6273.31, 155.00}

Copyright © 2020 Multimedia Engineering Pte Ltd



Fabric Top Ring 2
Ring Centre { 27929.48, 15434.25, 5250.00} Radius= 1175.00
Base of Mast { 27929.48, 15434.25, 155.00}

Fabric Top Rg 3
Ring Centre { 39579.82, 6273.37, 4750.00} Radius= 1175.00
Base of Mast { 39579.82, 6273.37, 155.00}

11.1.2.Form Finding

Perform form finding with the regular net comma@knerate | Membrane Forms | Regular Ner
simply click on theegular net form finding buttonlocated at the quick button toolbar.

In the XY Net form finding parameter dialog box, change the fabric width to 600mm.

Xy Met Form Finding Parameters >
Warp-Weft stress ratio 30 4;' Prestress (warp), KIN/m 1.00 4;'

Eabric mesh width, mm m1 ;I Warp angle to global o0 _I;I
Minimum internal net point from border 25.00

Accept
Align membrane center to nearest system point { Yes * No
Automatic form finding (v Yes " No Cancel

Mesh onigin at X -120000 ¥ -3400.00 Stop at check point

0]

Specify the extent of the radial net frotie ring centre in terms of the ring radius. Use the same
value for ring 2 and ring 3.

Formfinding of Xynet with circular cutout >

Specify factor for radial effect on Ring ID 1 | mm 4;| Accept |

Specify the number of weft line radiating from the ring as 8 for all three rings.

Ring ID 1 - Formfinding of Xynet with circular cutout X
Number of weft lines for Bing [D 1 | g j Accept

A triple cone membrane will then be formed.
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S Winds 14804 20
Ble Genente Desi

t acity Display Delete |

Solution  Winfabric G

114, if > 250, perform out of core form finding
m finding
Model saved ]
| Model saved =l
leld o
Elements=15083 Nodes= 5567 Membrane Color=10 Property= 4 Load Case= 1, Load Action=Individual Group=EON

Copyright © 2020 Multimedia Engineering Pte Ltd



12. BendedMembrane Form Finding

This example will attempt to create arshaped membrane form using the tilt command. The final
form would look like this figure below.

Create the system points below usi@gnerate | Node (more) | CartesiarKey in the values
accordingly.

Node x-coord | y-coord | z-coord

1 0 0 0
2| 10000 0 0
3| 10000| 10000 0
4| 10000( 20000 0
5 0| 20000 0
6 0| 10000 0

The external membrane border is defined by nodal point 1 to 6. Glclerate | Membrane
Constructors | External Border | All | AcceptWe will then proceed with Windas default setting.

WinFabric System Variables X
Form Finding Precision and Tolerance
Fabric net type {+ Regular { Radial Warp-weft angle 50
Number of iteration 2 | | Minimum triangular angle 13
Number of points for border segments 8 | | Arch constructor node 50
Sag amount in % for border segment 1.3 | | Minimum cable length 100.00
Force density for fixed border segments 00 | | Minimum net length 50.00

h-Contour Interval 30.00

Accept

Mimimum rainwater ninoff

1.30
Scaling factor for symbol display 1.00
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S Windas 14 (B 20200814) - Lightweight Stncture Design & Analysis Program
Fle Genere Desion Edit facty Display Delete Lst Moddy View Sohion Winfabric Gmsh

=31 = AT B Sl b a1 I CI P CAI TIPS TR SRS 1 AT A e w1 e ]
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\ T

Windas 14 Buid 20200812 =

Copyright © 2020 Muttimedia Engineering Pte Ltd -

50 Bukit Batok St 23 Micview Bidg #05-15 Singapore 659576

Tel{65) 6765-5288 Fax (65) 67651588 Web. www.me.com sg Email mepl@me.com sg

User ID: Mutimedia_engineering ]

. 2
Elements= 0 Nodes= & Truss 3D Color= 1 Propeny=1 Load Case= 1. Load Action=Individusl  Group=EO.N

These borders are actually flat. We need to perform féimaing first before bendinghe structure.
UseGenerate | Membrane forms | Regular Neb perform the form finding. Accept default.

Xy Met Form Finding Parameters X
Warp-Weft stress ratio 1.00 LI
Eabric mesh width, mm B
- h, 0o =1
Minimum internal net point from border I 25.00
: :
Align membrane center to nearest system point { Yes % No
Automatic form finding * Yes  No s
Mesh ongin at X -50000 ¥ -500.00 Stop at check point 1] ;I
28 Windas 14 {Build 20200814 - Lightweight Structure Design & Ansbysis Program - 8 x
e Gente Qeign Et by Dosley Onfe [ Modty yin Souion Vinkohic G
T Y= T =1l Ts T ISP A e T T A P E TR = T e e = T AT T
&
-
Start frontwidith calculation
Frontwidthis 66, if > 250, perform out of core form finding
Out of care form finding
Hods soved _‘j
‘Elzm!nlxt 2254 Nodes= 783 Membrane Calor= 2 Property= 3 Load Case= 1. Load Action=Individual Group=E0N -
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Clik File | Save Asve can name the model adembrane L

We will now proceed to bending the figure. ClMkdify | Element | Tilt. Choose the half element
of the bottom part of the structure. Click Accept.

RS Windas 14 Bk 20200814)  Lighbwesght Sincure Design & Analysis Pragram - 8 x
Fle Genemate Deign Edit faclity Display Dglete Lst Moddy Yiew Solution Winfabiic Gmsh
]| a8 = | | o | W | | 20 B | | 1 2 | ] ]
Ly, S T
Selection by ranze Oprion:
T 1 smep [ 1 Soe Al Display | Growp Cakor | _Bropery
Escluding made _OfF Last Best | Cameal | Acoepr
[Tamar s
T T
T o
! t-if
L Ly
‘ |
111
I 1{
..... L
..... N
..... N
S
x 1
x s
=1
(E—— 4
A
Start frontwidth calculation
Frontwidthis 66, if > 250, perform out of core form finding
Out of care form finding
Madel saved ]
Madel saved =
- o
Elements= 2254 Nodes= 783 Membrane Color=10 Praperty= 4 Load Case= 1, Load Action=Individual Group=EO.N

We will now have to choose the bending axiboose the middle points as the tilting aXisert the
tilting degree as 90

S Windas 14 (B 20200814) - Lightweight Stncture Design & Analysis Program
Fle Genere Desion Edit facty Display Delete Lst Moddy View Sohion Winfabric Gmsh

I A e Sad I I I IR GIE T S IR 10 E T R sl EA PR

| Start Irontwidith calculation

Frontwidthis 66, if > 250, perform out of core form finding
Outof care form finding

WMadel saved.

le |

Model saved.
=l
Color=10 Property= 4 Lasd Case= 1, Load Action=lndividual Group=E0.N

Elements= 2254 Nodes= 783 Truss 30

The proposed model should then be generated.
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We can also create double bended Membrane as such repeating the same steps.

B Windas 14 (8uid 20200814) - Lightwesght Structure Design & Analyss Program
Ele Genente Design Edt Faclty Diploy Delete Lst Moddy Yiew Solution Winfabric Gmsh

=|d|8 NaQaln i IOlEmolGlse=slaEn W28 &els 68E0ew BlE o= mszz] s

S

4

Stant frontwidth calculation.
Frontwidthis 69, if > 250, perform out of core form finding
Out of core form finding

Model saved 5

Model saved =

< of
Elements= 3051 Nodes= 1054 Membrane. Color=10 Property= 4 Load Case= 1, Load Action=Individual Group=EO.N

You can follow this system coordinate goceed with the procedure.

Node x-coord | y-coord | z-coord

1 0 0 0
2| 10000 0 0
3| 10000| 10000 0
4| 10000{ 20000 0
5| 10000| 25000 0
6 0| 25000 0
7 0| 20000 0
8 0| 10000 0
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13. Arch Ridge & Valley

This section will show how to create membrane forms witbhes, ridges, and valley cables.

13.1. ExternalArch

In this example an external steel arch is being introduced to a rectangle membrane.

Create the following system points witenerate | Node (more) | Cartesianommand.

Node ID X Y VA
1 0.0 0.0 0.0
2 10000.0 0.0 0.0
3 10000.0f 10000.0 0.0
4 0.0| 10000.0 0.0

Create the external membrane border wiBenerate | Membrane Constructors | External Border
command. The external membrane border is defined by system points 1, 2, 3, and 4 in anticlockwise
order. ClickAcceptto accept the default system from Windas.

WinFabric System Variables *
Form Finding Precizion and Tolerance
Fabric net type f¢ Regular { Radial Warp-weft angle 5.0
Number of jteration 2 || Minimum triangular angle 15
Number of points for border segments 8 | | Arch constructor node 30
Sag amount in % for border segment 1.3 | | Minimum cable length 100.00
Force density for fixed border segments 00 || Minimum net length 50,00

h-Contour Interval 50.00
- Accept

Mimimum ramwater runoff

1.50
Scaling factor for symbol display 1.00

Save the model a&xternal Arch

To create the external archsaGenerate | Membrane Construors | Arches | Regular | 3Pt Arch
command. Insert the values shown below.

I Generate regular membrane arch x|

Begin | o | o i 0K |
Mid | 5000 | 13500 | 3000 Cancel |

End | 1000000 | .o | it
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By default, the arch is an internal arch and is shown in red Bd#ég Membrane Constructors |
Arch Ridge and Vallegommand.

Edit - Fabric Arch, Ridge and Valley Cable Y
archD | 1] Typp © Eifemal | Intemal ¢ Ridge & Valley

Start Point | o | 0 | 00 | Apply |

Mid Point | 5000.00 | 1500.00 | 3000.00 Cancel |
End Point | 10000.00 | 00 | 00
i
R}?\me*—n_,_ﬁ ﬁ__/”/// 3
\ B /
| /
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13.2. InternalArch

Internal steel arches are often used in the design of tensile membrane structures. The membrane is

either run over the arches or fastened intermittently to the steel arch via clamping plate or garland
cables.

SingaporeBotanic Garden

Use theEdit | Membrane Constructors | Arch, Ridge & Vallepmmand to modify the external arch
of External Archmodel and change back to internal ar€@hange the position of the mid poianhd
the end points of the arch to the values shown in the dialog box below.

Edit - Fabric Arch, Ridge and ¥alley Cable |

ArchID I 1_% Type ¢ External " Ridge & Valley
Start Point. | m | o | m [ Appty |

MidPniml 000,00 | 5000.00 | 3000.00

Caticel |

End Foint | 1000000 | 10000.00 | Jili]

Save the model dsternal_Arch
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Perform form finding using Fabric mesh width of 500mm and allows the internal net point to be as
closeas 5mm to the external border.

x
Warp-WWeft stress ratio I 10 _Ij Preatress (wratpy), kNImI 1.00 _I?
Fabtic mesh width, mum I 500 00 _Ij Warp angle to global I 1 _I?

Ilindram internal net point from border .00

Accept
Align membrane center to nearest system point © Ves ™+ Ho
Automatic form finding ¥ Yes (" HNo ﬂl

Ilesh origin at X -500.00 Y -50000  Stop at check p-:uintl 1] _I?

Chang the view of the model to NW View and display all the supports on the membrane with the
Display | Supportcommand.

T NS

The internal arch is represented by a series of internal supports.

The end points of the arch are normally the system points.
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13.3. Ridge and/alleyCable

Ridge and valley cables are dd¢e form controlled membrane shape as well as providing extra
stiffness against large deflection. They are very useful in large membrane structures.

Create the following system points and form themierane external border, all with default values.
You can us&enerate | Node (more) | Cartesianommand, enter these values accordingly, then
Generate | Membrane Constructors | External Border | All | Accephd accept default system.

Node ID X Y 4
1 0.00 0.00 7500.00
2 7500.00 2500.00 2500.00
3 12000.00 5000.00 6000.00
4 14000.00 10000.00 2500.00
5 12000.00 15000.00 6000.00
6 7000.00 16000.00 2500.00
7 0.00 15000.00 7500.00
8 -5500.00 14000.00 2500.00
9 -9750.00 12500.00 6000.00
10 -12000.00 5000.00 6000.00
11 -7500.00 2500.00 2500.00
Iy
T e — — s T
———"F
\_/
|
)
s
/
/
/
z
BTt - — - P . —
N

Save the model agalley
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Perform form finding with fabric mesh width of 900mming XY Net Form Finding in the quick
access toolbar.

Xy Met Form Finding Parameters x
Warp-Weft stress ratio 10 il Prestress (warp), kN.-"mI 1.00 _I?

Eabric mesh width, mm m LI Warp angle to global I 00 _I;
Minimum internal net point from border I 25.00

Accept
Align membrane center to nearest system point { Yas * No

Automatic form finding " Yes " No Cancel

Meshongmat X | -1200000 ¥ I -1000.00  Stop at check point 0 il

Click front view to see the prespectias shown below:

File Generake Design Draw Edit  Faciiby  Display Delete List Modify  Wiew Analysis  WinFabric  wWinSsdm  wincClad

Undo the form findingGenerate a valley cable withe Generate | Membrane Constructors |
Ridge & ValleyfCable commandnput the coordinates below.

Il Generate ridge and valley cable x|

Begin | oo | i | 7500.00 0K |
Mid | o 7500 | 6000 Claneel |

End | oo | 1500000 | 7350000
7
7T
m\ R ///B'F i ﬁ ’

"
Big ~. e B3 3
\\\ x&\// il/l 4 /g

~
Tt s 116 12 14
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Perform form finding with fabric mesh with of 900mm.

B7

As you can see the central part of the meate is lifted up by the valley cable.

Unlike the external and internal arches, a ridge or valley cable is represented by cable elements and
is not restrained.
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14. Restrainedorderin Radial Net

Use theGenerate | Membrane Forms {ConicalTent | Polygonto create the basic form of a
polygon tent.

x4
Membrane Border Parameters
Base Radius 23000 || Bag amount by % of 10.0 _IZ;'
Height [ to0p] || Humberof poinis 9

Palygon W

Click theapply button to accept the default parameter
E

[ Parameters

Element size in racial direction 300 35

Mletidian angle 10,00 =

Start angle 00 =

Division by * Bordernode ( Meridian angle
Constant radial force density? ¢ ¥es  (+ Mo
Automatic form finding? * ¥es { Ho

Cancel |

Fadial is the warp and hoop is the weft direction

FAIS0SC
o0 O
S

R
S AL
T ',‘.‘ “
. :*.‘to‘“““‘

We have created a standard form which we will modify accordingly to have a model that we desired.

Undo form finding. Us&enerate | MembraneConstructors | Arches | Regular | 2 pts Arch
command to generate an arch at the extatiborder defined by node ID 1.
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Il Generate regular membrane arch x|
Select two podtits

Y v z
Point1| 250000 | a0 | il Cancel |

0o

Arch height at mid point from grownd I 1000.00

After the arch is formed, edit the arch with tie&it | Membrane Constructors | Arch, Ridge &

P.;.jntzl 125000 | 216506 |

Valleycommand.
Edit - Fabric Arch, Ridge and ¥alley Cable il
ArchID | 15 Type [ Extemal| © Intemnal ¢ Ridge & Valley

StartPoint | 250000 | w | 00| Apply |

Ivlid Print U 2000.00 | 1300.00 ]| 1000.00

End Poirt | 125000 | 216306 |

Caticel |

uli|

and change the attribsts of the external border to the external arch. Windas will give the external

arch pretension and the external border in form finding. UseEké | Membrane Constructors |
External Border | Eackommand.

Edit external borders
Border segment "B" I 1 _I? Humber of points I 9

Sag amount by % of I LRI _|::' ot by distance of 2500 g

Restrained segment " No

Curvature kind " Wegative| ™ PositiverOut)
Update I Update A].ll Dione |

x|

Perform radial net form finding. Use tl@g&enerde | Membrane Forms | Radial Netommand.
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15.

First we need to create the system points. Benerate | Node(more) | Cartesiancommand to

Restrained Bordein Regular Net

create all the coordinateg.ype in these values accordingly.

Use theGenerate | Membrane Constructors | External Borders | AlAccept command to create

Node ID X Y Z
1 0 0 0
2 2500 0 0
3 2500 2000 0
4 2500 4000 0
5 0 4000 0
6 0 2000 0

the external borders.

5I
Form Finding Precision and Toleratce
Fahtic net type % Regular { Radial Warp-weft angle I 50
Number of iteration I 2 Mlinitmum triangular angle I 1.3
Number of points for border segments I 8 | | Arch constructor node I o
Sag amount in % for border segment 100 | | Wlinimum cable length I 100.00
Fotce density for fixed border segments I 00 || Mindtmum net length I 50.00
h-Cottous Interval I 5000
Arcept
i — R4

/

/ T HI
L=

H1

- —

Save the model aRB_Regular
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Now we need to generate the internal arch and the external arch as the restrained border. Use
Generate | Membrane Constructors Arches | Regulal 2 pts Archcommand to generate two

arches.

Key in the values below accordingly.

Il Generate regular membrane arch

Zelect two pc-;;ats v Z
Point | | oo | z00000 | ity Cancel |
Point2| 250000 | 00000 | ]

Agrch height at mid point from ground

I 750,00

B

Il Generate regular membrane arch

x|

Select two pD;.;ltS v B
Foint 1 I o I 0o I oo Caticel |
Pointa| 230000 | | o0

Arch height at mid point from ground

I 500.00

Edit - Fabric Arch, Ridge and ¥alley Cable

X

UseEdit | Membrane Consuctors | Arch, Ridge & Valleyo edit the curvature of arch ID 2.

Arch ID Type[ {* External | © Internal ¢ Ridge & Valley

Start Point | w | w | | Apply |
Mid Point | 125000 _500.00 | 500,00 Cansel |
End Point | 2500.00 | il | o

We also want to restrain the other end of the structure to a wall for an exampleEdit¢
Membrane Constructos| External Border |Eachcommand to edit the sag percentage of External
Border 4 ClickUpdateinstead of Update All so that the only segment edited is Border 4.

Edit external borders

Border segment "B"

Bag amount by % of
Restrained segment

Cutvature kind

Update |

HMumber of poitts I g

ot by distance of 2500 mm

" Yes

&+ Na
& Negative ( Positive(Cut)

Update Al | Dione |

x|

UseGenerate | Membrane Forms | Regular Nebmmandto establish the form finding.

Xy Net Form Finding Parameters

x|

Warp-Weft stress ratio I 1a E Prestress (warp), kamI 1.00 _Ij
Fabric mesh width, mm I 250,00 E Watp angle to global I o0 _l:

Ilitvrum internal net point from border 2500
|

Align membrane center to nearest systempoint € Ves & Ho
Caticel |

-2750.00 | Stop at check point i _I

Automatic form finding &+ Yes " Ho

hesh origin at 30 S2Ts0n0 ¥
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We can look from the model that the curve between the 2 arches is too dhepefore we need to
increase the force desity along the warp direction.

Now clickedit | Force Density | Eacto edit the force density value along the warp directi®ecall
that warp in Windas is represented by dark blue colour (Colour ID C1).

Il Edit Force Density Of Selected Elements

=l
Helection by range Options
’7| 1 tol 1 Step l_l Helect | ’7 All | Display | CGroup | Color | Pmpertyl
Exclud\ingmodeﬁl Last | Reset | Cancel | Accept I
=)

Force Density On Selected Nek Link(s}) |

Force density value (Jd/m) I 200 | Accept

Sirce you want external border ID 4 butted against a wall, we need to make the membrane border
as a straight line. To make the membrane border a straight line, you need to increase the force
density to a larger valu€lickEdit | Force Density | Grougnter group 4 and 1000 kKN/m.

Edit Force Density By Element Group ot
Select element group I E Accept
Force Density On Selected Mek Link(s) x|

Force density walue (k) I 1000 Accept I

UseWinFabric | Force Density Form Findiegmmand to view the result after changing the value of
force density.
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ClickDisplay | Load Value | Force Density view the force density value on the desired area.

{00000 1000.00 1000.00 1000.00 100000 1000.00 100000 1000.00 1000.00
77 [2.00 2.00 2.00 2.00 zoo 200 2.00 2.00
161 0g o7 o7 o7 o7 o7 o7 93
007 OO .00 @00 @00 @ 2.00 2.00 g0
2.7 1.00 1o 102 Loz 102 102 1ol 1.00

0 27[2.00 an Iz il an @ lz | Iz Il lz 0o

Since it idutted against a wall, therefore we need to put support along the border. We can also
modify the shape by changing the nodal coordinates.

UseEdit | Nodal Coordinatesommand to modify the éight of the restrained border.

I Edit Nodal Coordinates x|
Hode ID |4_| = livode Croup I 0 Apply I
| 2500000 ¥ | 4000000 z[| 250.000 ] Cancel |

UseEdit | Nodal XYZ | &Slopeto make all the nodes between the two nodal a straight line.

. r r.r. r "~ rof

M Entity Selection-Enter node(s) to Select 1[
Belection by range Options
’7| 1 ta I 1 Step I 1 Select | ’7 All | Display | Group | Colat | Fropertsr |

Last | Reset | Cancel | Accept I

| 30-38

x
Select node 1D 1 I 5 and2 I 4 Apply

Now we need to generate supports on those nodes. Gsegerate | Supporf] Nodes30command
to do so. SeledPinnedsupport.

Il Entity Selection-Enter node(s) to Seleck x|
Selection by range Crptions
’7| 1 to I 1 Step I 1 Select | ’7 Al | Diisplay | Group | Color | Propertyr |

Last | FReset | Cancel | Accept I

| 30-38
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Generate Support On Selected Nodes |

—DOF

Pinned Cancel |

T TY TZ

o o o Fined | Accept I
R RY RZ

r r r Mo Eotation |

Prescribed Displacements
g | 0000 gy [ 0000 gz | 000D
x | 0000 oy | 0000 1= | 0000

Last step, we need to make the model of the border line embedded to a wall, so we needEdiuse
| Nodal XYZ | Ycommand to make the-goordinates of he border line align to a wall.

M Entity Selection-Enter node{s) to Select ﬂ
Selection by range Options
’7| 1 to I 1 Step I 1 Select | ’7 All | Display | Group | Color | Froperts |

Last | Reset | Cancel | Accept I

| 30-38

x
Enter new ¥ value I 4000 Al I

UseWinFabric | Force Density Form Findiegmmand to achieve th&nal form.

Practice and try to combine several methods to get various forms of restrained border.
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16. Rosetta Cutout

Anotherinteresting form of a cutout is a Rosetta cutout, which its membrane is generated through
radiating net. It has a unique characteristic that stress at the high point cutout is minimum.

Use theGenerate | Node(more) |Cartesiancommand to create this system points.

Node ID X Y 4
1 0 0 0
2 7500 0 4000
3 11000 2000 0
4 9500 9000 -6000
5 -500 9000 0
6 -1500 4500 4000

Use theGenerate | Membrane Constructors | External Bordecsmmand; select the system points
in anticlockwise order to define the external bord&imply clickAll | Accept ChooseRadialborder.

x
~Form Finding —Precision and Tolerance
Fabtic net type " Regular | * Radial Warp-weft angle I 50
Humber of iteration I 2 Ilinitam triangular angle I 15
Humber of points for border segments I g Arch constructor node I 0
Sag amount in % for border segment 100 | | Iiinimuam cable length I 100.00
Force density for fived border segments I 00 || MWlinitam net length I 50,00
h-Contour Interval I 50,00
RESS
et — - e = - J
| B W
| T |
ks |
/ |
/ / |
/ \
A \
Y k
\ S
h\
\ il
-
\ -~
4 B2
l e BT T T T T P
— —

Save the model dRosetta
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Perfam form finding using th&enerate | Membrane Forms | Radiating Netith default values.

Radial Net Form Finding Parameters x|

—Parameters

Element size in racial direction 600.00 =

=
Metidian angle 10.00 =
RadialHoop pre-stress ratio I 0=

Pre-stress in radial direction, kN.-‘mI 10
Start angzle I o=

Division by & Bordernode © Meridian angle

Constant radial foree densit " Nao

Automatic form finding? & Yes { Ho

Cancel | Apply I

Radial is the watp and hoop is the weft direction

1

Now, we will proceed to generate the Rosetta cutout.

After we are donehe form finding, we need to make a hole on tfrst weft of the radiating net
centre.Refer to the picture below to see where the hole is supposed td-lvst of all we need to
delete the force density on the elements that we are going to remove. Béhgte | Load | Force
Densitycommand and choose all the elements in dark blue coloemove the force density on
those elementsRecall that the dark blue (color code : C1) are the warp of the structureDéelsée
| Elementcommand to remove all the elements that doeated inside the designated haidich
are in dark blue color.
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After we remove all the elements that we do not need, we also need to remove all the supports
around the holeso the cable could just ham the endsupport.Note that we still need the
support at the end of this particular weft. Refto the picture below.

UseDelete | Supportcommand and pick all the supports that we are going to delete to remove all
the supports around the hole.

Note : to help you choose the correct supporight click | label | support This label can also be
used for elements name, node, etc.

I

Next step is to change the element type around the curvature of the hole into a cable type element.
UseEdit | ElementAttributes then carefullychoose thedesignatedcurveelements You can always
turn on the dement label command to help you choose the elements.

ChooseElement type | Cable 3D.

Edit Selected Elements Ed
Property | Group ID | [ Element type ]

Change Selected Element(s] Type To bt
Select element type j Accept |
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Now after the hole and the cable are formed, we need to apply force density into the cable around l
the hole. Us&Senerate | Load | Force Density | Cablnd choosehe curve elements surrounding

the hole.
\—
| \
\\

\

kpply Forcédensity f\ \\
- l \

\ L

s x|
5000 Accept I

UseWinFabric | Force Density Form Findiegmmand to get the final form of Rosetta cutout.
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17. Multi-cell Cushions Form Finding

17.1. Standard Regular Forms / Random Shape Form

Theexample ofmembrane shape we want to achieve is shown below;

First, we need tdake some reference points ardtraw theline to connect the reference
point in AutoCAD or other software and save it as {.dié&. We just need to draw the
perimeter as a straight line to facilitate us to create this model in Windas. For this kind of

shape wecan draw the perimeter as shown below;

After that we can import the (.dxf ) file to WindaBhen we need to delete the line we made

before so only the node point remain in our Windas model.
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Copyight € 2015 hiulien

8 windias Eight | 206

] 1
e braw it Faciny upley Deae Lin w
sldsl mla«a * e alclel BlEsee] wiE onn=mnzz bl -jre
TN B /
o N, f
_— /
— /
y \ /
\
e \
N
/ N/
N/
e 7
-
/ P
s
S g
/
A /
AN e
N\ //
rd //
/ \ /
s N
i \\
4 ’ M\
,/ N\
- “, o
- / :
A —
P -
P o
P —
g
o
Nodes= 14 Bar | Net Color= 1 Property= 1 Loadease= | Graup=E16.N1
c 0 netrin x|
ey Duply Duee Lt -
ecdl=A1 sl 1L TSI EIEIEIR TEARNER I sSSP TEVE) L]
[
|
« jv
Elements 0 Nedess 12 Bar iR oo 1 Froperye 1 = Gromp ETE

Nowg S OFly dzaS (GKS daSakKé O2YYlIyYyR (Gene@amB!l (S
Mesh | Mesh Defination | Open Then a new windowvill appear as stwn below. In the

new windowyoucansee S 3 A 2 Yy S b andkNlYbojursin. As-w& see there are only 8

nodes that can be connected in one region so we divided the membrane into several

regions. For this case, we divide the membrane into 3 region. ThémefiN1 to N8 column

with the node number.Note: we need to fill the node number in anticlockwise sequence.

See the example below). The NX and NY column is to define how many divided area in X and
Y direction we need for our membrane model.
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winciod
0|25 5ole] miENew BiE s

Sl TEVET 401

=
|
1
Mesh Definition Table X
Fegion N1 N2 N3 M4 NS NE N7 N k3 MY
1 1 8 7 14 1 9 i} 1] 10 10
2 2 [ 5 4 3 12 1 10 14 20 10 Sort ‘
3 3 4 2 1 13 12 3 i} 1] 10 10
5 .
B Exit ‘
7
8

Savethe file and alsmave asifilename_ff € so that later we can open the file before we

RAR

automatically create the membrane shape as shown below;
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still there. Now click on the&Generate | Mesh | Mesh Defination |Run. Windas will
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8 Wi gkt (i 820161

gt Faciiey Display Deene _List

Prelsd
Fie Generste Design Draw & Madity Yiew ] o
= mlaaa s #3060 e csn=E s Ea w2 5es BiExNe s BE 0 s m = e Dlalbps

BENENREE

AEEREREN

|
|

JI
F
|
w

Wodel saved.
Model saved.
Model saved.
Model saved.
Mode| saved.
Model saved.

Elements= 00 Hodes= 311 Membrone

Color=1 Property=1 Loadease=1

Group=EWLN1

Now we need to change the color of membrane surfac€gand the property toP3 We

can change the color and the property usigdit | Element Attributes. Then apply the

tensile membrane mperty and also the support. First, apply the tensile membrane

property by clickGenerate | Tensile Membrane Propertyzor this example we PTFE as the

tensile membrane property.

Generate Fabric MNet Property For Membrane >
Tensile Fabric Material | FiberTop PTFE T400 ~| Apply
Warp (Radial) EA (kN/m) 1460.00  Weft (Ring) EA (KN/m) I 930,00 Cancel |
Border Cable, Material I Stainless j Diameter (mm) I 12mm vI
Tieback Cable, Material | Galvanised ~| Diameter (mm) [ 3mm  ~]

WinFabric Systemn Variables
—Form Finding —Precizion and Tolerance

Fabric net type ¥ Regular

Number of iteration

Sag amount in % for border segment

" Radial Warp-weft anzle

I 2 | | Minimum triangular angle 1

Number of points for border segments I 8 | | Arch constructor node

I 7.3 | | Minimum cable length

Force density for fixed border segments I 00 | | Minimum net length

3

FERINIR

50.00

h-Contour Interval

Minimum rainwater runoff

Scaling factor for symbol display
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I 50.00

D
e

Accept




After that apply the support. Since we want the loads from membrane later will be
transferred to the steel along the membrane perimeter, therefore we need to apply the

support at membrane perimeter. Usgenerate | Support | Perimeterand chooséPinned

Generate Support On Selected Modes >
DOF
Pinned Cancel |
TX TY TZ
RAFTX TE b Fied | Accept |
LB LR EZ No Eotation
Prescribed Displacements
| 0000 dy | 0000 dz | 0000
o | 0000 1y | 0000 =z | 0000

NU MW N NG NG NIl NS5 N9 Wi N NT NS N6 NS NG NG Neh Ne§ N NGO N9 Na1 N9 MGG No§ NIO N2 NS K350 KT NG~ N9 NN N3G NS NT0 - N3P N6 N39S NRLONS
L I~ 1A AT e
L | 1 Wy
oo ] 4 | 1 won
Nl |
\ N
w5 3t
09
5 a0
¥ T X290
N *
o w281
N s
§a 9
N s W01
CONTUNE v w Nm N MTOC
—
ed|
a

Model saved -
. =l
Elements= 400 Nodes= 341 Membrane Color=2 Praperty-3 Losdease= 1 Group-E10Z.N1

Now, before we apply the surface net, we need to set the fabric first. As we see that there
are some parts with triangle mesh so we need to adjust the weefi angle to 45°. Use

Facility | Set | Fabricto adjust the angle as shown below;
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WinFabric System Variables d

Form Finding Precision and Tolerance
Fabric net type {* Regular { Radial Warp-weft angle @
Number of iteration 2 | | Minimum triangular angle 1.3

Number of points for border segments § | | Arch constructor node 5.0

Sag amount in % for border segment 153 | | Minimum cable length 100.00

Force density for fived border segments 00 | | Minimum net length 50.00
h-Contour Interval 50,00
Accept

Minimum rainwater runoff

730
Scaling factor for symbaol display 1.00

Then useWinFabric | Meshfg-D Model | SurfacENet to apply the warp and weft net.
Now we need to generate the border cable to our membrane model. WsaFabric |
Meshi=D Model | Border Cablehen the red line along the perfﬂl_['ter wilppear (click

AT Al R2 SsighGsiinditatellaiShomdr cable. In addition we need to update the
force density usindedit | Force Density | Update | XY ne#fter do all the step mentioned
above the tensile membrane model is ready for analysis. However we still can adjust the
mesh &e usingWinFabric | MeshtyD Model | Mesh Net.In the XY Net Form Finding

Parametersvindow change the fabric mesh width as show below.

Xy Met Form Finding Parameters *

Warp-Weft stress ratio Prestress (warp), KN/m ’Tlu
Fabric mesh width, mm 68 t@ gle to global ’w
Minimum intemal net point from border 2500

Alizn membrane center to nearest system point { Yes & Na

Automatic form finding (+ Yes { No et

Mesh origin at X 00 Y 00 Stop at check point 0

After finish the modelling we can continue withaterialization and Triangulation for load

analysis preparatioras mentioned in other chapter in this tutorial.

Copyright © 2020 Multimedia Engineering Pte Ltd



17.2. ETFE Single Cushion

Theexample of ETFE Single Cuslsibapewe want to achieve is shown below;

&

First, we need tdake 8 reference points at the perimeter anldaw theline to connect all

Contains of 2 layers

Top Layer

Bottom Layer

reference pointsn AutoCAD or other software and save it as (.dxf) file.
If there is an Arc, we need to convert it into straight line by dividing it into 3 reference
points (ow pont A High Poin# Low Poin} and connect these 3 points using 2 lines.

For this kind of shape wean draw the perimeter as shown below;

| ow
v

Hinh Q 5
= .
I ow
1T T
2 3
Oriainal Perimeter After Divided into 8 points

After that we can import the (.dxf) file to Windas. Then we need to delete the line we made
before so only the node point remain in our Windas model.

To Delete the line, Click dpelete | Element | Display.
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@ Windas Eight (Build 082016} A Spaceframe & Tensile Membrane Design System Copyright © 2015 Multimedia Engineering Pte Ltd
File Geneate Design Draw Edit Facility Display Delete List Modify View Solution WinFabric WinSsdm WinClad

zdsl meRels #7oE0EmalGs v=slalEkn BRK slae] LSy BE annssnzs bl s

i

X

50 Bukit Batok St 23 Midview Bldg #05-15 Singapore 659578 -
Tel(65) 6765-6288 Fax (65) 6765-1588 Web: www.me.com.sg Email mepl@me.com sg
User ID: Multimedia_engineering |
Merging nodes within maximum distance progress.
Merge node within tolerance distance done =
oI | |
Elements= 8 Nodes= 8 Bar | Net Color=1 Property=1 Loadcase= 1 Group=E8,N1
Then our Reference Lines will be deleted and onho8es left in our workspace. We can
~ v A 7 ~ ~ AL -, ~ 1% o« .= .
NBE2NRSNJ G4KS y2RS Failith | ReoddSry Nb8e ReakderP Anticddkwisé.3
[ Windas Eight (Build 08.2016} A Spaceframe & Tensile Membrane Design System Copyright © 2015 Multimedia Engineering Pte Ltd - %
File Generate Design Draw Edit Facility Display Delete List Modify View Solution WinFabric WinSsdm WinClad
I IR RYCE Yedi=IT slls I ISP RIS PPN : BIE S APETR TEARER R PN [l EAPAR TETRAL )
Model - [DAETC\Tut VINDA 0 test.wd
g
50 Bukit Batok St 23 Midview Bidg #05-15 Singapore 659578 |
Tel:(65) 6765-6288 Fax:(65) 6765-1588 Web: www.me.com.sg Email mepl@me.com.sg
User ID: Multimedia_engineering (]
Merging nodes within maximum distance progress
Merge node within tolerance distance done J;]
. »

Elements= 0 Nodes= 8 Bar | Net Color=1 Property= 1 Loadcase= 1 Group=E8,N1

Savethe file and alssave asifilename_ff¢ so that later we can open the file before we

RAR GKS FT2NXY TFAYRAY3IAD ! FGUSNI dal @S | a¢ &2dz OF

still there.
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88

Nowg S I NB NI Reshéld 20 20%8YS yiRK SG 26 ONBIF S GKS 9¢C9
Click onGenerate | Mesh | Mesh Ddinition | Open.

@ windas Eight (Build 08.2016) A Spaceframe & Tensile Membrane Design System Copyright © 2015 Multimedia Engineering Pre Lt - X
File Generate Design Drow Edit Facility Display Delete List Modfy View Solution WinFabric WinSsdm WinClad

S0 Bement Aol ElmE|Gs|a|=slalEa] W R &l 6 00w B w0 0=z <] D] a)gs]

Element {more}

>
Membrane Constructors »
Membrane Forms »

»

Spaceframe Forms

Linear Truss

Delta Beam
ETFE Forms »
Mesh > 3-Node Triangle
Region 4-Node Quad
Volume » 6-Node ISO-P Triangle
Node 8-Node 1SO-P Quad
Node (more} 9-Node Bubble Function
Material Property R 2 L
Standard Material Property =
Tensile Membrane Property
Extra-Stiffness
Load
Support
"
=%
VYIS TG AT OPaCeTTaTTe o TETTSTe TeoTare Sy StemnT ﬂ
Copyright © 2016 Multimedia Engineering Pte Ltd

50 Bukit Batok St 23 Midview Bldg #05-15 Singapore 659578

Tel(65) 6765-6288 Fax:(65) 6765-1588 Web: www.me.com.sg Emailmepl@me.com.sg
User ID: Multimedia_engineering =
al 2

Dpen mesh definition file

Then a new windowvill appear as shown below.

Mesh Definition Table X

Region M1 N2 N3 N4 N5 NE N7 N3 Nx NY A
|

In the new window you can see S 3 A 2 Y >~ b an¥ ¥xglumn. Bs we see there are
only 8 nodes that can be connected in one region. In this case, 1 region is enough for us to

make themesh, but, in more complex shape we may need more than one region.

Then fill the N1 to N8 column with the node numbeKofe: we need to fill the node

number in anticlockwise sequenc&ee the example below).
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Starting X \

Point
L, (,—\, >

v

Our X and Y Direction depend on our starting point, for this example, our X direction will be

at the horizontal direction and our Y direction will be at the vertical direction.

" Mesh Definition Table

Region N1 N2 N3 N4 NS N6
f 1 H 3 4 5 3

w|o|~|o|ofa|w || =
=
=

S

The NX and NY columa to define how many divided area in X and Y directvemeed for
our membrane model. To Close the window, C3okt| Exit.
Now click on the&senerate | Mesh | Mesh Defination |Run.

Windas will automatically create the membrane shape as shown below;

In order to inflate the surface, we need supports along the perimeter of the surface.
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