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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 for computer-aided form finding. Some of the most popular methods
are the Force Density method, the Dynamic Relaxation, the Surface Stress Density method and the
Updated Reference Strategy Method.

1.1. Force Density

Windas implemented the Force Density Method for form finding. Force Density is defined as the
force per unit length. This approach of tensile membrane structure form finding is to determine the
force density for each net element that will result in global self-equilibrium. When a tensile
membrane is in a state of self-equilibrium, the internal force is in equilibrium too.

1.2.  Membrane Forms

Membrane form is either regular (Cartesian) or a radial as shown in the figure below:

T

== A -

Regular net Fadial net

In the force density method, a membrane form is represented by a system of net. A regular net has
its principal axis parallel to the warp and weft directions of the fabric respectively. The warp lines are
represented by blue net while the weft lines are represented by orange net respectively.
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2. ASimple XY Net / Regular Net

This tutorial shows the essential steps of form finding using Windas. Create a simple 10 x 5m flat
membrane with 10% sag along the borders. With 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, tieback cables, clamping plates, etc.

The system points for a simple 10 x 5m membrane are the four corner points. Use the Generate |
Node command to create the four system points.

Generate Node x|

Coordinate System Iripat Uit Digity
L:“ Cartesian  Spherical L‘“ m n»;‘Ld 0wy ooz | o

Enter Coorditiates I 0,00

Node ID X Y z
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 connecting the nodal points 1, 2, 3,4 together in
anticlockwise order.

The command to create the external border is Generate | Membrane Constructors | External
Border.

Click Accept to 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 1350
Scaling factor for symbol display I 1

/ ,,_-'”*f T e ll'\
- -~
1 M2

Each external border segment, by default, is defined with 8 points and a curvature of 10% sag
toward the membrane centre. The default curvature is towards the membrane centre.

Use the List | Membrane Constructors | External border command to get a listing of the border
segments’ characteristics.
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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 form-finding command of regular net is Generate | Membrane Forms | Regular Net.
As this command is being used often, it is included on the quick menu bar.
Click this icon to select the Generate | Membrane Forms | Regular Net command.

zH2 rlalalals @ e el mELE &m0 sy 5=

The Generate Regular Net dialog box appears:

zl
Wl arp-"Weft stress ratio I 1.0 _I? Prestress (watp), kamI 1.00 _lj

Fabtic mesh width, mum 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

Mlesh origin at -1000.00 ¥ -1000.00  Stop at check pu:ui.ntl 1] _l?

One of the primary factors that influence the form finding thus the design of a tensile membrane
structure is the Fabric mesh width. Coarse 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 1000mm.

Click the Accept button to accept default parameters for form finding and your first membrane
model is created automatically.
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Afp—
1000
I -
(=]
(=]
(=]
Fabric mesh width ' |

The generated model comprises of membrane surface, warp nets, weft nets and border cables.
Save the model using the File Save command and name the model as Simple XY Net.

2.4.  Model Representation and 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

\ — N
I' <u_.-/"'-—-">‘ IIIH

| ——~—
/ a1 T \
/ L,,.fff*"fﬁlb{::;: /f:;'%hﬁ%ﬁ“"“L=-ﬁﬂu[h

/ - WWett ines are too close to the border cable

!
"I
"III
~-
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 border curvature.
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2.4.1. Undo Form Finding

Before conducting any changes, delete the founded form by clicking on the undo form finding
toolbar. Then you can try again with different fabric mesh width.

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

2.4.2. Changing Mesh Origin and Check Point Stop

Undo the form finding and start again with the mesh origin at x =-1250.0, y = 1250.0

x
Wiatp-Wefl stress ratio IT_:I Prestress (aarp), kN.-rmITD_I
Fahtic mesh width, mim m Wartp angle to global o _:I
Mlindttasm internal net point from border Im

Accept
Align membrane center to nearest system point ¢ Ves ™ Ho
Automatic form finding &+ ¥es 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. Changing Fabric Mesh Width

Perform form finding with a fabric mesh width of 750 mm. (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 a fabric mesh width of 750mm is better than the one with a width of 1000mm.

M

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

¥Xynet Form Finding - Net Surface El

\?‘) Some nets have no associated membrane surface, Continue with Form finding?

Yes Mo |

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

Try fabric width 500mm or other values as pleased.
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2.4.4. External Border Curvature

Use the Edit | Membrane Constructors | External Border | Each command to modify the border
curvature for segment B1 and B3 to 7.5%.

Reducing the sag value also means 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 parameters 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

Iesh origin at X I -loogoa ¥ -1000.00 | Stop at check point 0=

R,

Accept

As it is shown below, the warp and the weft lines are now further away from the border cables as
the border cables tend to straighten.
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2.4.5. Straight External Border

To create straight border, use the Edit | Membrane Constructors | External Border | Each
command to change the sag amount by % of to zero and set the condition of restrained to Yes. Click

on the Update All button to edit to all four border segments.

(Note : You must restrain the border segment in order to get a straight border)

Edit external borders

Botder segment "B" I 1 _l? Mumber of points I ]

Hag amout by % of d _:I ot by distance of

Restrained segment i Mo

Curvature kind &% Megative { Positive(Out)

Update | Update All |

Diotie |

Perform form finding of a regular net with the Generate | Membrane Form | Regular Net command.

Use the form finding parameters as shown in the dialog box.

Generate Regular Met

W atp-WWeft stress ratio I 1o _I? Prestress (wraty), kN.n‘mI 1.00 _I;

= W atp angle to global

Minimum internal net point from border I 25.00

&lign membrane center to nearest system point £ Yes & Mo

Fabtic mesh width, mm

100000

Automatic form finding * Yes (" Mo

MeshorigtinatXl -1000.00 YI -1000.00 | Stop at checkpoint| 0

A rectangular membrane model is created!

0=

Cancel |

X

T500 srum

X

=

The surface area of the membrane can be check by using the WinFabric | Fabric Surface | Area

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

In this command window we can observe the “stop at check point” column. With this facility you
may select to stop the form finding process at various check point. These check points 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
Automatic form finding ™ Yes  No ﬂl

Mesh origin at X 25000 X -250.00 Stop at check pnintl _Ij

To re-start form finding at stop at check point, use the WinFabric | Force Density Form Finding
command.
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2.4.7. Positive Border Curve

An external border segment is said to have positive curvature when it is bulging out. To test out this
function, edit all the border segments to 10% sag and set curvature kind to positive (out) by clicking
Edit | Membrane Constructors | External Border | Each then input the data as shown below.

Note : border 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 0 mm
Restrained segment i~ o
Curvature kind " Wegative |(* PositiveCut)

Update | Done I

Perform form finding with any parameters.

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

2.4.8. Warp Angle to Global
By default, the warp line is parallel to the global x-axis.

There are occasions when the desired warp lines are at an angle to the x-axis.
Use warp angle to global or use the Modify | Rotate | Model command to accomplish the task.
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3. ASimple Radial Membrane Net

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

_ & <— High Point Ring

_

:;\" . '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 the Facility | Reorder | Node | Anticlockwise command to reorder the node sequence.

T — —_— 5
7 74
|
Z\ 13
e
\vf,F—uﬁ&H
2

M1
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3.2. External Membrane Border

Specify the external border with the Generate | 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

3.3.  High Point Ring

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

Use the Generate | Membrane Constructors | Circular Ring command to create a circular ring of
radius 1000mm at the centre of the membrane and is 3000mm above ground.

Generate High Point Ring Beam With Base af M x|

RingCenter X | ooy 00z | 300000

Base of Mast X I an YI |z I 0o

Radmsfmmng1| 1000 00 Cancel | [ Accept |

%h__—_—d_;_;/\
—
_,_.r"
__,p-’

L~

—

—_
_—

e

——_—
—_—— -
\ —_—

& H1

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

Save the model as A Simple Radial Net with the File | Save as command.
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3.4. Form Finding

Perform radial net form finding with the Generate | Membrane Form | Radial Net command or click
on the quick access button.

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

The radial net form finding parameters are as shown in the dialog box.

—P: 4,
F

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

Radial is the warp and hoop is the weft direction

The default division of the radial net is from the ring centre to the Border Node whereas 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]

DT Sl — -
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 number of points on border segment, Edit | 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 finding of a radial net,
Border Node Method and Meridian Angle Method.

3.5.1. Border Node Method

Use Edit | Membrane Constructors | External Border | Each command 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" 1= Number of points =

Sag amount by % of I 10.00 _I? or by distance of I 10000 mm

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

Update Update Al | Done |

Ede Generate Design Edit Facility Display Delete List Modify View Solution WinFabric Gmsh
=68 RS # allE UL ISIPASIEAES LRGP b 5| = 0 22 | | ]
Mode! - [CA\Users\MEPL 07\Desktop\Clarence\3.12A Simple Radial Net_ff.wds]

N

By

e —
Start frontwidth calculation

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

Out of core form finding

Model saved |
Model saved =
K| _'IJ

Elements= 6312 Nodes= 2172 Membrane Color=1 Property=2 Load Case= 1, Load Action=Individual | Group=EO,N

Now there are 12 radial (warp) lines for each border segment in the radial net.
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3.5.2. Meridian Angle Method

The division of radial (warp) lines is by the meridian angle. For a meridian angle of 15°, there will be
a total of 24 radial (warp) lines on the radial net. Now instead of editing the 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 form-finding before conducting any new form-finding.

- 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

fle Genewle Desgn it fachity Diplay Dgleie Lt Moddy Jiew Solubon WinFabnc Gmsh
=03 2@l ]| o o8 = | | o | W | | 20 B | 1 2 2| ] ]

Model - [CAUsers\MEPL_07\Desktop\Clarence\3.12.A Simple Radial Net_ffwds]

e e S |
Start frontwidth calculation.

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

Out of care form finding

Wadel saved L]
WMadel saved. .
« o

Elements= 1474 Nodes= 506 Membrane Color=1 Praperty=2

Now there are 24 radial (warp) lines in the whole radial net segment.
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3.6. Radial Hoop Pre-Stress Ratio

Radial to hoop pre-stress ratio is the ratio of the pre-stress along the Radial (warp) to the hoop (weft)
direction. The default value is 2.0.
Undo form-finding and try with a new radial to hoop ratio of 0.5 and 1.0 respectively.

TR

e s
P

BT O Bl B . biB4 &
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 the Edit | Membrane Constructor | Circular Ring command. Change
the x-axis of base of the mast to 1000.

x
Top Ring ID 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.

iy T

- — —
T i S =]
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A special form which is a hybrid of regular and radial form is known as radiating or source net. The
warp lines are radiating out from Node ID 1.

4. Radiating Net

Radiating form is commonly used in area where a complete radial tent is not possible. For example, a
cantilever canopy attached to a wall with a 90° turn.

4.1. System Points

Use the Generate | Node command to create the four system points.

Generate Node 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 10000.0 10000.0 0.0
4 0.0 10000.0 0.0
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4.2. External Membrane Border

The external is defined by nodal point 1, 2, 3 and 4. The command to create the external border is
Generate | Membrane Constructors | External Border | All | Accept.

Select Regular fabric net type. Accept. External membrane border defined by segment B1,B2, B3 and
B4 will then be formed. Save the model as Radiating Net.

x
—Form Finding ~FPrecision and Tolerance
Fabric net type * Regular ¢ Radial Warp-weft angle I 50
Mumber of iteration I 3| | Dlindmom trisngular angle I 15
MNumbet of points for border segments I 8 | | Arch constructor node I in
Sag amount in % for border segment 100 || Minimaun cable length I 100.00
Force density for fived border segments 100 || Mlinisoun net length I 50.00

h-Contour Intersral I 000

Accept

4.3.  Form Finding

Use the Generate | Membrane Forms | Radiating Net command to perform form finding.

Radial Met Form Finding Parameters m

—Parameters
Element size in radial direction 1000.00 _:|
Metidian angle 10.00 =
Radial/Hoop pre-stress ratio 20 =
Fre-stress in radial direction, kamI 1a
Start angle I 0 _,3

Division by ™ Bordernode  Meridian angle
Constant radial force density? ¢ Ves % Mo
Automatic form finding? W ¥ez O Ho

Cancel | A pply I

Radial is the warp and hoop is the weft ditection

Click the Apply button to accept the default form finding parameters. The radiating net will then be
formed.
Radiating net is used for regular 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.

& . Windas12(Build 20200303 - Lightweight Structure Design & AnabsisProgram . -8@d
fle Genewle Desgn it fachity Diplay Dgleie Lt Moddy Jiew Solubon WinFabnc Gmsh
== AT I Sad =il sl I IR PN GIE I E SR 1 1E R SR R 1T AP R

Model - [CAUsers\MEPL_07\Desktop\Clarence\3.1.3.8 Modified Radiating Net _fl.wds]

A

—t

‘Canvert pressure into point laad for form finding
Start rontwidth calculation
Frontwidthis 60, if > 250, perform out of core form finding &
Outof core form finding
WMadel saved.

2

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

Edit the system points by using Edit | Nodal Coordinates update 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 membrane 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 form is Generate | Membrane

Forms | Barrel | Accept.

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

circular arches.

Generate Standard Membrane Barrel ¥ault Form m

Chord

Spat

—Crrerall dimenisions

Height. I 3000.000

I 50000.000

~Otigin —————
e | 000
v 000
= 000

Mumber of internal arches
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Set the net type to regular for 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

Mmmum net length

h-Contour Interval

MMimmum rainwater runoff

Scaling factor for symbol display

Like the stress ratio in a pressure vessel, the warp-weft stress ratio of barrel vault should be
at least 2.0.

x
Warp-Wefl stress ratio W I Prestress (watp), kamma
Fabric mesh width, mm |[ 100000 2} Warp angle to global |_°°3
Minitmum internal net point from border I-—EEEU-

Accept
Align membrane center to nearest system point ¢ Ves  No

Automatic form finding % Yes © HNo ._cff&]
Mesh otigin at 2 l ooy 00 Stop at check point 03

A standard barrel vault is formed. The model is saved automatically as ADAS_BV.

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

FEE windas 14 (B 20200814) - Lightweight Stzactuse Desion S Anabisis Proge
File Genere Deign Edt Faciif Dispisy Delre List Blody
[=31= A SRS e b5 sl ]I ESIEPIES ()

ew Solution Winfshric Gmeh

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

Maodel - [D/Temp! Clarence\ADAS_BY,

Start frontwidth calculation
Front widthis 39, if > 250, perform out of core form finding

Ot of core form finding
Model saved. |
Barrel vault membrane model formed |
2 - - - |
Elements= 1099 Nodes= 396 Membrane Coler=1 Propery= 3 Load Case= 1, Load Action=Individual Group=ED.N
Click SE View to get this view. We can see that the side edges are straight whereas at both
ends of the barrel vault are curved edges.
[ Windas 14 {Buskd 20200814) - Lightweight Structure Design & Analysis Program - o x
File Generte Design Edit Fscity Display Delete Lt Moddy Yiew Solution Winfabiic Gmsh
=|d|S m@\@la.ﬂfj OlEmQlGNe=paE W25 &o|% 8¥K0e v 85 s szs] 1)
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 2
Elements= 1031 Nodes= 372 Membrane Color=1 Property= 4 Load Case= 1, Load Action=Individual Group=EO,N
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5.2. Standard Barrel Vault with Free Border

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

From previous model created, undo form finding. Click the undo form-finding command to
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.

8 Windas 14 {Buskd 20200814] - Lightwesgh Design & Analysis Program - o *
Bl Genente Deign it Sacity dieie L Moy Yiew Soluion Winfaric G
== [E AT IR S wd el sl T SIEPARIEEIPPAIGICE I SEIEAETE T TE TR (= st R P
5 5 5 5
furch-1 Jurch-2 purch-3 furch-4 furch-5 furch-6
o
1 5 i 5 3
&
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 the Edit | Membrane Constructors | External Border | Each command 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 as BV. Perform form finding using the Generate | Membrane Forms | Arch
& Border command.

The following structure will then be formed.
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Now undo form finding of the BV model again. Save the model as BV Free End.

Delete external arch ID 1 using Delete | Membrane Constructors | Arch, Ridge & Valley

Cables command.

Delete fabric arch, ridge and valley cable

Accept

Fabric arch or valley cable ID

Ha

E7Y

N5

Bz

B9

H3

E10

— e T 7

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

s

Perform form finding using the Generate | Membrane Forms | Barrel | Regular membrane.

Copyright © 2020 Multimedia Engineering Pte Ltd



Similarly, delete the last arch and perform form finding gives the following model. Use the
command Delete | Membrane Constructors | Arch, Ridge & Valley Cables and choose that

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

5.3. Modified Barrel Vault With Free Border

This section presents a non-standard barrel vault with free border command. The model
comprises 14 system points and 5 internal arches. This section will illustrate the procedure
of creating this non-standard 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 system points using Generate | Node (more) | Cartesian. Input 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 border is Generate | Membrane Constructors |

External Border | All | Accept.
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Use the Generate | Membrane Constructors | Arches | Regular | 3 points command to
create the arches. The coordinates of the five arches are as shown below :

Edit Fabric Arches

ArchID | 5=

E3 Redit Fabric Arches B
ArnchID 1 _|::|

Begn | 8183918 | 1441360 | 000 Cancel Begin | 3066110 | 00 Cancel |
Mid | 9572800 | 4026270 |  900.000 Apply | Mid | 5974729 | 5777689 | 200000 | Apply |
End | 10961690 | 6611129 | 1340000 End | soe0438 | sam2i0 [ -600.000

Edit Fabric Arches

ArchID | g 3:

LR Edit Fabric Arches X |
ArehID 1=

Begin | 11794720 | 560839 | 000 Cancel Begin | 15119330 | 107680 | 000 Cancel |
Mid | 12697350 | 2980361 | 100000 | Apply | IMid | 15647360 | 2374661 | 200000 | Apply |
End | 13590 980 | 5418270 | 600000 End [ 16175390 [ 4641 641 [ 1190,000

ArchID g

Begin | 19140 330 | 000 | 000 Clarcel |

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 the generate regular net command in the quick access tool box
Otherwise we can find the command in Generate | Membrane Forms | Regular Net.

The fabric mesh width is 500mm.

e
e
A
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6. Hypar Forms

The expression Hypar is derived from hyperbolic paraboloid 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. Asimple hypar

The command for automatic hypar membrane form is Generate | Membrane Forms | Hypar. Select
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 |

Click Accept and a hypar of 10m width and 3m depth with a border curvature of 7.5% sag will be
generated.

Copyright © 2020 Multimedia Engineering Pte Ltd



The XY-net form finding dialog will appear after Accept button. Change the fabric width of 500mm
and the pre-stress in the warp direction to 3.0kN/m. Click Accept to form find a hypar membrane.

#y Met Form Finding Parameters *
Warp-Weft stress ratio 1.0 _|:| Prestress (warp), KIN/m 3.00 il
Fabric mesh width, mm SN -> Warp angle to global 00 -3

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 the Parallel View command 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 Sail

We will create this structure using the previous simple hypar model. First, Save As the model with
other file name such as A Four Hypar Sail.

Copy the model from system point 1 to system point 2 using Modify | 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. Now, click 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 |

S Wincas 14 (i 20200814)  Lighteight Stncture Design & Analysis Program
Fle Genere Desion Edit facty Display Delete Lst Moddy View Sohion Winfabric Gmsh

=S| ot}

Madel - [OA Temp! Clarence\four sailwes]

Al a|

L. it

[\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
s

User ID: Mutimedia_engineering
Load Case= 1, Load Action=Individual Group=E0.N

Nodes= 841 Membrane Color= 2

Elements= 2620

Repeat those steps to the other diagonal sides of the hypar accordingly. We will then obtained the
four hypar sails.

28 Windas 14 {Busid 20200814) - Lightwesght Structure Design & Analysis Program
File Generate Design Edit Facility Display Delete List Moddy View Solution Winfabric Gmsh
=|d| 8| fa ey b=l 1S N ISP IEAEN PG s

entol - (0 Ternp Clavencet3.1.5.0 Adws_ Hypar 1 four o ek ]

Ly

Windas 14 Build 20200812
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50 Bukit Batok St 23 Midview Bidg #05-15 Singapore 650578

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

User ID: Mulimedia_engineering 5
o]

1 E—
Elements=10080 |Nodes= 1680 [Membrane Color=2. Property= 3 Load Case= 1, Load Action=Individusl  Group=EO,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 demonstrate the use of
standard membrane form command for fast generation of membrane form. The geometry

of the tent is shown on the diagram below.

—"| 2500 ~—
BBRRANY
WH‘H‘ BRERAALY
S EE ERURRIW Y
S BRI
e mn manaaa N
ﬂ /"/1J \\\\\ \\
o A o, 6000
= 7 Y= S,
= i Y o,
i =
7 Ly
/ 7 iy \
15000

Select the Generate | Membrane Forms | Conical Tent | Circular command. Click on the

Accept button to perform form finding with the default parameters.

 Tent Geometry

Outer rading

Innet radins I 25000
High Point | 0000
Ring

—Tent Parameters

—] — Odgin—————
50000 Apply I

.00o

0o Cancel |

Prestress Ratio

Prestress, k/m Loo

Element size in I 1oooa W I
radial ditection
Mletidian angle I 750 s I
Fadial'Hoon I 300 z I oo

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

elements.
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Representation Color Color ID Property ID

Fabric Net Blue 1 1
(Warp/Radial)

Fabric Net (Weft/Ring) 10 2
Border Cable Red 13 3
Membrane Surface 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 force density on the model is also generated automatically.

Click Display | Load Values | Force Density to show the force density distribution on the
circular tent.

e ]
T e T
s U R
T el _
T A T i B 07 A i sy 7 402

: g
AGTHINT S0
o5 (%, 4 4_§§
77503 [ 7

R

7094 1
=T
At 2

240
ASEAR LA T

: T F383 407 420 433 443 453
764 g

R TR

R Py

A A P Ry

z 04_3204.2&04_32594.435?“-52
A T 453

Bol S e 5
AxT
ST 452

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 pre-stress and the pre-stress ratio. For radial membrane
form, maximum membrane stress always occurs at the high point ring.

Different radial to hoop pre-stress ratios will produce different generated forms. Try to
recreate various ‘circular base radial cone’ membrane forms using pre-stress ratio 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 direction

Ianer radius | 25000 || Metidianangle | 750 | ¥ | 000 Cancel |
HighPoint | 60000 || RadialHoon | os] iz | 000
Ring

Prestress Ratio

Prestress, kM/im 1.00

Eadial/Hoop Prestress Eato = 1.0

7.2.  Polygonal Base

Many other kind of standard tent forms are included in Windas including square, pentagon,
hexagon, octagon and decagon tents.

Hexagon Octagon
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Command to use is Generate | Membrane Forms | Tent | Polygon. Select hexagon to
create a tent with hexagonal border.

=250
'Y \\
1 A
5
u] -
0
Y e |
snmn !
x|
rCGeometry ————  Mlembrane Border Parameters

Base Radius I 000 || Bag amount by % of I 100 _lj
Height 15000 Mumber of points I g

Ring Radius I 200 Cancel | Apply I

Polygon

Performs form finding with default parameters to create a hexagonal tent.

The meridian angle is used to determine the number of radial warp lines to complete a 360°
around a complete tent. A meridian angle of 10 will result in 36 radial warp lines.

x|
~Parameters
Element size in radial direction 1000.00 =
Ileridian angle 10.00 =
Radial/Hoop pre-stress ratio 20 _|

Start angle 0o

Division by € Bordernode
Constant radial force density’
Automatic form finding?

Cancel | Apply I

Fadial iz the watp and hoop i3 the weft ditection
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We can repeat the form finding using different method and produce different kind of form.
First, cancel the existing form-finding. Click Generate Radial Net from the quick command
toolbar. Use the division by border node method to 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

Click Generate | Membrane Forms | Tents | Elliptical to 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 ring centre are not at the same X and Y locations.

Change the Radial/Hoop pre-stress 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 10.00 _Ij

Radial'Hoop pre-stress ratio I 30 _|
Pre-stress in radial direction, kN.-'mI 10

Statt angle 0 =5

Division by |* Bordernode |  Meridian 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

Umbrella form is almost similar to rectan
form, the membrane net division always
tent sometimes do not go straight to the

Click Generate | Membrane Forms | Um

gular tent with a few key differences. In umbrella
goes straight to the corner; whereas in rectangular
corner, making it difficult for the 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.

brella to 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[

— Tenit Geothety

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

Ilembrane Border Parameters

Generate Umbrella

— Parameters

Mendian angle

Fixed all edges?

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

I 10.00 _I?

i Yes * No

v

i
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We can see from the top view that the membrane net goes 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.



9. Surface

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

linear, clear and distinct profile.

9.1. Spline Surface

Select the Generate | Node {more} | Shape | Sine curve command to generate nodes along
a single cycle 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 as Spline Surface.

Use the Modify | Node | Spline (Cubic) command to modify the sinusoidal shape into an
arbitrary shape. Then, select Generate | Membrane Forms | Surface | Ruled Surface | All |
Accept to create the membrane 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

« 7 7 Cancel |
PDiIlT-].I o0 I an I an ﬁccept I

Point 2 | oo (| toooo0o | ol

Define the directional vector 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 _l;
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. Revolved Surface

Select the Generate | Node {more} | Shape | Sine curve command to generate nodes along
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

e M7 2 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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Select Generate | Membrane Forms | Surface | Revolved Surface | All to rotate the
selected nodes to form a complex surface.

Il Node Selection - Revolved MembraneSul |
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 parameters. The following parameters 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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10. XY Mesh

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 shape; whereas in regular

net form finding will not give you a constant rectangular shape.

10.1. System Point

Use the Generate | Node command to create this 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

Use Generate | Membrane Constructors | External Border to create the external border.

Il External Border -Select nodes in anti-clockwise order x|
Selection by range Options
“ 1 to I 1 Step I 1 Select | ’7 All I Display | Group | Ciolat | Fropetty |
Last | Resst | Cancel | Accept |

WinFabric System Yariables

—Form Finding
Fahtic net type

Mumber of iteration

* Begular

Number of points for border segments I 2

Sag amount in % for border segment

Force density for fived border segments I oo

" Radial

_—

10.0

Xl
—Precision and Tolerance
Warp-weft angle I 50
Mlinimum triangular angle I 1.5
Arch constractor node I A0
Mlinitm cable length I 100.00
Mlinitmum net length I 30.00

h-Contour Interval

I 50000
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Click the accept button to generate the external borders with the default parameters.
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10.3. Form Finding

Use the Generate | Membrane Forms | Xy Mesh command to generate the form finding
under XY mesh.

x
Watp-VWeft stress ratio I 1.0 _I:‘ Prestress Cararp), kamI 1.00 _I:‘
Fabric mesh width, mum I S00.00 _I; Watp angle to global on

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 Cut-out

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 radially. It is more economical
to adopt XY net with circular cut-out membrane form for large tent.

11.1. A Triple Cone

& windes

. = x
e Genente Desgn [dt Dacity Displey Ogiete Lot Moddy View Sobion Vinishic Grh
= M2 slo|w| wERIS 68 snn)snnzs) 2y
O R e o o S et e o
..,1'
N
™
Yy
)
&
Loy
(Windas 14 Buid 20200812 5
Copyright © 2020 Multmedia Engineering Pte Ltd
St23 Midview Bidg #05-15
Tel (65) 6765-6288 Fax (65) 6765-1588 Web. www.me com sg Email mepi@me com sg
User ID: Mutimedia_engineering |
K1 _'l_J

[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 using Generate | Node (more) | Cartesian and 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 border is Generate | Membrane Constructors |
External Border | All | Accept. The fabric net type is Regular.

X

WinFabric System Variables

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

50
Number of iteration 2 Minimum triangular angle 15
Number of points for border segments §8 | | Arch constructor node 50

Sag amount in % for border segment 1.5 | | Minimum cable length 100.00

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

h-Contour Interval 50.00
Minimum rainwater runoff 750
1.00

Scaling factor for symbol display

11.1.1. High Point Rings

To create the high point rings, click Generate | Membrane Constructors | Circular Ring.
Input the ring coordinates as shown below,

Fabric Top Ring 1
Ring Centre { 15529.01, 6273.31, 4750.00} Radius= 1175.00
Base of Mast{ 15529.00, 6273.31, 155.00}
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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 Ring 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 command Generate | Membrane Forms | Regular Net or
simply click on the regular net form finding button located 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 ITJ Prestress (warp), KIN/m Iw
Eabric mesh width, mm m1 ;I Warp angle to global W
Minimum internal net point from border IW

| |
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 4

Specify the extent of the radial net from the 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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12. Bended Membrane Form Finding

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

Create the system points below using Generate | Node (more) | Cartesian. Key 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. Click Generate | Membrane
Constructors | External Border | All | Accept. We will then proceed with Windas default setting.

WinFabric System Variables

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

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

Sag amount in % for border segment 1.3 | | Minimum cable length 100.00

ERER

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

h-Contour Interval 50.00 Accept

Mimimum rainwater ninoff

1.30
Scaling factor for symbol display 1.00
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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 form-finding first before bending the structure.
Use Generate | Membrane forms | Regular Net to 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
Qut of core farm 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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Click File | Save As we can name the model as Membrane L.

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

S Windas 1480l 2020081) - Lightwsght Snucture Design ¢ Anayss Program

- a X
CIEEERETE
eert]
.
snmn,
o[ Tup[ 1 | sha | _I_Iﬂl_l_l
Eschuding mode O | Reset Cancel Acospt
[T3053412-5.3251,2293 . roes Acoupt bution !
1’| L i ‘.E
HEEHH
jan| I A
Wt : L
3 T
1 T
§ '1!
f-+ -
/1 i
& f 1
- FHH
[ + 4 -4
] 2l I i =y
JEEE 11 "--\
Start fronwidth 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 axis. Choose the middle points as the tilting axis. Insert the
tilting degree as 90°.

R windias 14 Buid 202008 1) - Lightweight Structure Design & Analysis Program
Fle Genere Desion Edit facty Display Delete Lst Moddy View Sohion Winfabric Gmsh

=3 [E AT Sl L] te.dla] L] (GIL MRS A IR T x| B 1 2| ]

—

e 1_7/
T =
|-
|

Tilt Asis

Poina2 | 1000000

=
T
T Angle I
Gl |

e

m’,;’_
| —

Ty

|

e

- SEEERSHERCRnaE)
ey J\
mE

| Start Irontwicith calculation 5
Front widthis 66, if > 250, perform out of core form finding
Outof care form finding

Model saved.
‘

le |

=l
Elements= 2254 Nodes= 783 Truss 30 Calor=10 Praperty= 4 Lasd Case= 1, Load Action=lndividual Group=E0.N

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

=48 natas #7o0oamolcise=plalEkn 828 &ols 80w BE annsmsze s

S

4

Start frontwidth calculation

Frontwidthis 69, if > 250, perform out of core form finding

Out of core form finding
Model saved.

Model saved

.

Elements= 3051

Nodes= 1054

Membrane

Color=10

Property= 4

Load Case= 1, Load Action=Individual

You can follow this system coordinate and proceed 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 with arches, ridges, and valley cables.

13.1. External Arch

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

Create the following system points with Generate | Node (more) | Cartesian command.

Node ID X Y YA
1 0.0 0.0 0.0
2 10000.0 0.0 0.0
3 10000.0 10000.0 0.0
4 0.0 10000.0 0.0

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

WinFabric System Variables

Form Finding Precizion and Tolerance
Fabric net type f¢ Regular { Radial Warp-weft angle
Number of iteration 2 || Minimum triangular angle

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

Sagz amount in % for border segment 13 Minimum cable length 100.00

Wi‘gagx

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 as External_Arch

To create the external arch, use Generate | Membrane Constructors | Arches | Regular | 3Pt Arch
command. Insert the values shown below.

I Generate regular membrane arch x|
Begin | o | o i 0K |
Mid | so00 | 1500 | 3000 Caneel |

End | 1000000 | .o | it
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By default, the arch is an internal arch and is shown in red. Use Edit | Membrane Constructors |
Arch Ridge and Valley command.

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. Internal Arch
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.

Singapore Botanic Garden

Use the Edit | Membrane Constructors | Arch, Ridge & Valley command to modify the external arch
of External_Arch model and change back to internal arch. Change the position of the mid point and
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 as Internal_Arch.

Copyright © 2020 Multimedia Engineering Pte Ltd



Perform form finding using Fabric mesh width of 500mm and allows the internal net point to be as
close as 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?

Change the view of the model to NW View and display all the supports on the membrane with the
Display | Support command.

Gt W TN S NSSSN=

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 Valley Cable

Ridge and valley cables are used to 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 the membrane external border, all with default values.
You can use Generate | Node (more) | Cartesian command, enter these values accordingly, then
Generate | Membrane Constructors | External Border | All | Accept and 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 as Valley
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Perform form finding with fabric mesh width of 900mm using 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 ¥ -1000.00  Stop at check point 0 il

Click front view to see the prespective as shown below:

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

Undo the form finding. Generate a valley cable with the Generate | Membrane Constructors |
Ridge & Valley Cable command. Input the coordinates below.

Il Generate ridge and valley cable x|

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

End | 0 | 15000.00 | 7500.00

0 ¥
\\ 599\\ ////BT -1 ﬁ 3
Big \\\ e 4 s 3
~. Bit
. gy,
\/ Y 4 \\\i .
111 s Hetz 14
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Perform form finding with fabric mesh with of 900mm.

B7

As you can see the central part of the membrane 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. Restrained Border in Radial Net

Use the Generate | Membrane Forms | Conical Tent | Polygon to create the basic form of a
polygon tent.
Ed
Geometty | [ Membrane Border Parameters
Base Radius 23000 || Bag amount by % of mn_I:;'
Height [ t5000]|| Humberaf points 9

Palygon W

Click the apply button to accept the default parameter
x|

[ Parameters
Element size in racial direction
Ieridian angle lwﬂ_:l
Radial/Hoop pre-stress ratio 20 _:|
Pre-siress in radial direction, kaml—ID
Btart angle Ul _|;

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

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

Undo form finding. Use Generate | Membrane Constructors | Arches | Regular | 2 pts Arch
command to generate an arch at the external border defined by node ID 1.
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Il Generate regular membrane arch

Select two podtits

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

P.;.jntzl 1250000 | 2165 06 | fii

Arch height at mid point from grownd I 1000.00

x|

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

Valley command.

Edit - Fabric Arch, Ridge and ¥alley Cable

ArchID | 15 Type [ Extemal| © Intemnal ¢ Ridge & Valley

x|

StartPoint | 250000 | w | 00| Apply |

Ivlid Print U 2000.00 | 1300.00 ]| 1000.00 Canel

End Poirt | 125000 | 216306 | on

and change the attributes of the external border to the external arch. Windas will give the external
arch pretension and the external border in form finding. Use the Edit | Membrane Constructors |

External Border | Each command.

Edit external borders

Border segment "B" I 1_% 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 the Generate | Membrane Forms | Radial Net command.
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15.

First we need to create the system points. Use Generate | Node (more) | Cartesian command to

Restrained Border in Regular Net

create all the coordinates. Type in these values accordingly.

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

Use the Generate | Membrane Constructors | External Borders | All | Accept command to create

the external borders.

YWinFabric System ¥Yariables

Form Finding

Fabric net type o

Humber of iteration

Regular

Sag amount in % for border segment

Fotce density for fixed border segments I 0o

" Radial
I 2
Number of points for border segments I S

—Precizion and Tolerance

Warp-weft angle
Mlinitmum triangular angle
Arch constructor node

100 | | Wlinimum cable length

Minitmum net length

h-Contout Interval

I 5000

/
/

H1

i

Save the model as RB_Regular

— B
—
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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 | Regular | 2 pts Arch command to generate two

arches.

Key in the values below accordingly.

Use Edit | Membrane Constructors | Arch, Ridge & Valley to edit the curvature of arch ID 2.

We also want to restrain the other end of the structure to a wall for an example. Use Edit |
Membrane Constructors | External Border | Each command to edit the sag percentage of External
Border 4. Click Update instead of Update All so that the only segment edited is Border 4.

Use Generate | Membrane Forms | Regular Net command to establish the form finding.

Il Generate regular membrane arch x|

Select two points

% v z
P-:int1| [l | 2000.00 | oo Cancel |

Point| 250000 [ 200000 | 0
Arch height at mid point from ground I 750,00
Il Generate regular membrane arch il

Select two poitits

x . z
Pointll an I an I o Cancel |

P.;,‘_mzl 250000 | oo | 00

Arch height at mid point from ground I 500.00

Edit - Fabric Arch, Ridge and ¥alley Cable ﬂ
ArehID Type[ * External | © Intemsl ¢ Ridge & Valley

Start Point | w | w | | Apply |
MidPointI 125000 _500.00 | 500,00 Cansel |

End Point | 2500.00 | il | o

Edit external borders x|
HMumber of poitts I g

ot by distance of 2500 mm

Border segment "B"

Bag amount by % of
Restrained segment Ves + Mo
Curvature kind & Negative ( Positive(Cut)

Update | UpdateA]ll Dione |

x
Warp-Weft stress ratio I 1a E Prestress (warp), kamI 1.00 _Ij

Fabric mesh width, mm I 250,00 _Ij Watp angle to global I o0 _l:

Ilitvrum internal net point from border I 2500
Arcept
Align membrane center to nearest systempoint € Ves & Ho

Automatic form finding & Yez " Ho ﬂl

hesh origin at 30 S2Ts0n0 ¥ -2750.00 | Stop at check poi.ntl i _Ij
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We can look from the model that the curve between the 2 arches is too deep; therefore we need to
increase the force density along the warp direction.

Now click Edit | Force Density | Each to edit the force density value along the warp direction. Recall
that warp in Windas is represented by dark blue colour (Colour ID C1).

Il Edit Force Density Of Selected Elements x|
"S election by range

Options
I 1 tol 1 Step l_l Helect | ’7 All | Display | CGroup | Color | Pmpertyl

Excluding mode  Off | Last | Reset | Cancel | Accept I
!Cl
Force Density On Selected Nek Link(s}) |

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

Since 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 value. Click Edit | Force Density | Group enter group 4 and 1000 kN/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

Use WinFabric | Force Density Form Finding command to view the result after changing the value of
force density.
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Click Display | Load Value | Force Density to 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 is butted against a wall, therefore we need to put support along the border. We can also
modify the shape by changing the nodal coordinates.

Use Edit | Nodal Coordinates command to modify the height of the restrained border.

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

Use Edit | Nodal XYZ | Z-Slope to 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. Use Generate | Support | Nodes30 command
to do so. Select Pinned support.

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 need to use Edit
| Nodal XYZ | Y command to make the y-coordinates of the 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

Use WinFabric | Force Density Form Finding command to achieve the final form.

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

Another interesting 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 the Generate | Node (more) | Cartesian command 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 the Generate | Membrane Constructors | External Borders command; select the system points
in anti-clockwise order to define the external border. Simply click All | Accept. Choose Radial border.

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
" I 50000
h-Contour Interval
RESS
et — - e = - J
| S e
J R e |r
ks |
/ |
/ / |
/ \
A \
Yo %
\ S
h\
\ il
-
\ -~
4 B2
[ g e /
L T

Save the model as Rosetta.
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Perform form finding using the Generate | Membrane Forms | Radiating Net with default values.

Radial Net Form Finding Parameters x|

—Parameters

Element size in racial direction 500.00

(Bl

Metidian angle 10.00 =
RadialHoop pre-stress ratio 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 done the form finding, we need to make a hole on the first weft of the radiating net
centre. Refer to the picture below to see where the hole is supposed to be. First of all we need to
delete the force density on the elements that we are going to remove. Using Delete | Load | Force
Density command and choose all the elements in dark blue color to remove the force density on
those elements. Recall that the dark blue (color code : C1) are the warp of the structure. Use Delete
| Element command to remove all the elements that are located inside the designated hole which
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 hole, so the cable could just hang on the end-support. Note that we still need the
support at the end of this particular weft. Refer to the picture below.

Use Delete | Support command 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 supports, right click | label | support. This label can also be
used for elements name, node, etc.

Next step is to change the element type around the curvature of the hole into a cable type element.
Use Edit | Element Attributes then carefully choose the designated curve elements. You can always
turn on the element label command to help you choose the elements.

Choose Element type | Cable 3D.

Edit Selected Elements *

Property | gmupm|[ 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. Use Generate | Load | Force Density | Cable and choose the curve elements surrounding

the hole.
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17. Multi-cell Cushions Form Finding

17.1. Standard Regular Forms / Random Shape Form

The example of membrane shape we want to achieve is shown below;

First, we need to take some reference points and draw the line to connect the reference
point in AutoCAD or other software and save it as (.dxf) file. 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 we can draw the perimeter as shown below;

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.
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User ID: Mulimedia_engineering =
Merging nodes within maximum distance progress
Werge node within tolerance distance done
WModel saved E
Merging nodes within maximum distance progress.
Merge node within tolerance distance done
oLl 2
Elements= 16 Nodes= 14 Bar | Net Color= 1 Property= 1 Loadease= 1 Group=E16.N1
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erge node within folerance distance done
Mode saved
Merging nodes within masimum distance progress
Merge node within tolerance distance done .
Wode saved
Model saved.
. o
Elements- 0 Nades- 14 Bar [ Net Color= 1 Property=1 asdcases 1 GroupETEN

Now we can use the “Mesh” command to create the membrane model. Click on Generate |
Mesh | Mesh Defination | Open. Then a new window will appear as shown below. In the
new window you can see Region, N1....N8, NX, and NY column. As we 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. Then fill the N1 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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alele| wE NS B 800Nz bl s

Le]

e

Open mesh definition fle

Mesh Definition Table

Region N1 N2 N3

N4

NE

N7

N3

1 8 7

H 3 5 4

il

10

14

3 4 2 1

13

Save the file and also save as “ filename_ff ” so that later we can open the file before we
did the form finding. After “save as” you can see that the mesh definition we made before is
still there. Now click on the Generate | Mesh | Mesh Defination | Run. Windas will

automatically create the membrane shape as shown below;
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Wodel saved. =l

Model saved.

Elements= 00 Hodes= 311 Membrone Color=1 Property=1 Loadease=1 Group=E(LN1

Now we need to change the color of membrane surface to C2 and the property to P3. We
can change the color and the property using Edit | Element Attributes. Then apply the
tensile membrane property and also the support. First, apply the tensile membrane
property by click Generate | Tensile Membrane Property. For this example we PTFE as the

tensile membrane property.

Generate Fabric MNet Property For Membrane x
Tensile Fabric Material I FiberTop PTFE T400 j Apply
Warp (Radkial) EA (RN/m) | 146000 Wet Ring) EA(Nm) | 98000  Cancel |
Border Cable, Material I Stainless j Diameter (mm) Im
Tieback Cable, Material | Galvanised | Diameter () [13mm ]
WinFabric Systemn Variables >
—Form Finding —Precizion and Tolerance
Fabric net type % Regular { Radial Warp-weft angle I—j{l
Number of iteration [ 2 | Minimumtiangularangle | 15
Number of points for border segments I—E Arch constructor node I—j'ﬂ
Sag amount in % for border segment I—'J'j Minimum cable lensth 100.00
Force density for fixed border segments I—'E'D Minimum net length IW

I 50,00
h-Contour Interval R
Minimum rainwater runoff I 7.50

Scaling factor for symbol display I 1.00
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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. Use Generate | Support | Perimeter and choose Pinned

Generate Support On Selected Modes >
~ DOF
Pinned Cancel |
v TX [ TY v TZ
M T T Fied | Accept |
B[ RY RZ
L = L No Eotation |
— Prescribed Displacements
& | 0000 dy | 0000 dz | 0000
oo | 0000 1y | 0000 = | 0000
5 Windas xght (Bud 082016} A Spacatrame B Tansise Mambians Design Syem Copyright © 2015 Mtirnedia Enginessing Dte 14 - x

File Generste Design Draw Edt Faciity Display Delete List Modly View Solion Winfabic WinSsdm WinClad

I TR ST Jmdb=Il s TV ISP PG LTI E S AT T T AR T TR TETE) 4]

NUONE NI NG NS N NS N SAl MBI NT NS NG N NS NED NeE NS NS NO0 NG N9T N4 NS NS N0 NiGI N IS0 NIF NG NI NSOFSOI ST NG NIE NI NS NI ONS
b A e T~ I [ AT A AT ow
1 e ey e S T | ! LA 1 T
D T | 11 fan
R [ =1 P I e e N
2 | | = | A
wa_ | [ ! T e
Nz | [

§a =T
N _
CONTURE e w Nm N M

Model saved
Checking and fixing data in progress

Checking element and node grouping

Unable to find member with force density specified |

ADAS completed checking and firing model dala

Model saved -

<
Elements= 400 Nodes= 341 Membrane. Calor=2 Prapeny= 3 Luadease= | Group=E102.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 warp-weft angle to 45°. Use

Facility | Set | Fabric to 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 lil Minimum triangular angle 1.3
Number of points for border segments liﬂ Arch constructor node ’750

Sag amount in % for border segment 7.5 | | Minimum cable length ’m

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 use WinFabric | Mesh->FD Model | Surface-»Net to apply the warp and weft net.
Now we need to generate the border cable to our membrane model. Use WinFabric |
Mesh->FD Model | Border Cable then the red line along the perinﬂh‘Jer will appear (click
if it doesn’t appear) which is indicate as border cable. In addition we need to update the
force density using Edit | Force Density | Update | XY net. After do all the step mentioned
above the tensile membrane model is ready for analysis. However we still can adjust the
mesh size using WinFabric | Mesh->FD Model | Mesh Net. In the XY Net Form Finding

Parameters window change the fabric mesh width as show below.

Xy Met Form Finding Parameters *
Warp-Weft stress ratio 10 =1 - Prestress (warp), KN/m L.o0 J;I

Fabnic mesh width, mm 6 @ gle to global 00 J;I

Minimum intemal net point from border 2500

Accept
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 with Materialization and Triangulation for load

analysis preparation as mentioned in other chapter in this tutorial.
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17.2. ETFE Single Cushion

The example of ETFE Single Cushion shape we want to achieve is shown below;

<:| Contains of 2 layers

Top Layer

Bottom Layer

First, we need to take 8 reference points at the perimeter and draw the line to connect all
reference points in 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 (Low point = High Point = Low Point) and connect these 3 points using 2 lines.

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

| ow

Hich

| ow

Original 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 on Delete | 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

A TNV Sud =11l TIPS PIPAGIL = TRF S AP B[S &= Kx|z| Dl 2¥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 J;l
oI | 2
Elements= 8 Nodes= 8 Bar | Net Color=1 Property=1 Loadcase= 1 Group=E8,N1
Then our Reference Lines will be deleted and only 8 nodes left in our workspace. We can
reorder the nodes’ sequence by clicking Facility | Reorder | Node Reorder | Anticlockwise.
E Windas Eight {Build 08.2016} A Spaceframe & Tensile Membrane Design System Copyright © 2015 Multimedia Engineering Pte Ltd = X
File Generate Design Draw Edit Facility Display Delete List Modify View Solution WinFabric WinSsdm WinClad
I Y e Sad =1 sllw T ISP AP BRI AT TE RSN PN (AT EA A TS 4F°1)
Model - [DAETC\TutorisAWIND2 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 I
Merging nodes within maximum distance progress
Merge node within tolerance distance done J;l
N »

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

Save the file and also save as “ filename_ff ” so that later we can open the file before we
did the form finding. After “save as” you can see that the mesh definition we made before is

still there.
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Now we are ready to use the “Mesh” command to create the ETFE model.

Click on Generate | Mesh | Mesh Definition | 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

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

Element {more}

Membrane Constructors

N
>
Membrane Forms »
>

Spaceframe Forms
Linear Truss

Delta Beam

ETFE Forms >
Mesh > 3-Node Triangle

Region 4-Node Quad

Volume > 6-Node ISO-P Triangle
8-Node S0-P Quad
9-Node Bubble Function

Node
Node {more} >
Mesh Definition > Open

Run

Matesial Property
Standard Material Property
Tensile Membrane Property
Eatra-Stiffness

Load »

Support >

VITTOErS CIgIT A OPaCeTTaE & TETSTe TeTMoTaTte-OyStenT j
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 ~|
«

Dpen mesh definition file

Then a new window will appear as shown below.

Mesh Definition Table X
Region N1 N2 N3 N4 NG NE N7 Ng N NY A

1 |

2 Sort |

3 .

4 _ Qut |

5 N

& Exit |

B

8

g

10

1

12

13

14

15

18

17

18

18

2

21

2

23

24

25 v

In the new window you can see Region, N1....N8, NX, and NY column. As 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 the mesh, but, in more complex shape we may need more than one region.

Then fill the N1 to N8 column with the node number. (Note: we need to fill the node

number in anticlockwise sequence. See the example below).
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I
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v
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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

S

X
Region N1 N2 N3 N4 NS N6 N7 N8 NX NY

1 f 1 2 3 8 10

2 Sort I

3

4 __Qut |

5 i

3 Exit |

2

8

39

The NX and NY column is to define how many divided area in X and Y direction we need for

our membrane model. To Close the window, Click Sort | Exit.
Now click on the Generate | Mesh | Mesh Defination | Run.

Windas will automatically create the membrane shape as shown below;

28 Windas Eigh (Bui 062016, A Spacekame & Tensle Membrane Design System

Fle Generate Design Draw EdR Faciity Display Delete List Moddy View Solution WinFabic WinSedm WinClad
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User ID: Multimedia_engineering

Merging nodes within maximum distance progress.

Merge node within tolerance distance done

Model saved

P

FElements= 60 Nodes= 77

Membrane Color=1 Property=1 Loadcase= 1 Group=EB.N1

In order to inflate the surface, we need supports along the perimeter of the surface.
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To generate support, Click on Generate | Support | Perimeter and choose Pinned

Generate Support On Selected Nodes *
~DOF
Pinned I Cancel |
v TX ¢ TY ¥ TZ
Il TS [ T [ Fied | Accept |
BX [ RY RZ
m O O No Rotation |
— Prescribed Displacements
& | 0000 dy | 0000 dz | 0000
o | 0000 1y | 0000 =z | 0000
[ windas Eight (Build 08.2016) A Spaceframe & Tensile Membrane Design System ‘Copyright © 2015 Multimedia Engineering Pte Ltd - x

File Generate Design Draw Edit Facilty Display Delete List Modify View Solution WinFabric WinSsdm WinClad

Fes neRan #2000 m oGl o=ealea w88 scs 8w i )00 n 2 s Dl a|re
Model - [DAETC\ Tut VINDAS\cushion' test.we

<

L NI
X

N9 NI0 NIl NI2 N2 N3 NI4 NI Nle N3

TroTeT Saved - |
Checking and fixing data in progress..
Checking element and node grouping..

Unable to find member with force density specified ! -
ADAS completed checking and fixing model data. ~|
K| 0|

Elements= 60 Nodes= 77 Membrane Color=1 Property=1 Loadcase= 1 Group=E8,N1

Now we’ve already generate support along the perimeter of the mesh, and our mesh is
ready to be inflated. To Inflate the mesh, use WinFabric | Inflated Mesh Volume Form

-
Finding

B Windas Eight {Build 08.2016} Copyright ® 2015 Multimedia Engineering Pte Ltd
File Generate Design Draw Edit Facility Display Delete List Modify View Solution WinFabric WinSsdm WinClad

zHa e el += 0 e 0 nm o ws e g 5} 8= an|n=snzz DAl 2es

Model - [DAETC\Tutoria\ WINDAS\cushion\test_ff.wds] L s ing

A Spaceframe & Tensile Membrane Design System

FD -> CableNet
Mesh -> FD Model >
Mast -> Truss

S A External Border >

—————
\ Triangulation

Refinement

Ring2Ellipse

RingdAnalysis

Design Factor

WinSeam

WinPattern

h-Contour

Rainwater runoff >

Surface Gradient >
Masts & Tieback Cables

Drawing >
Set Fabric Variables

Fabric Surface >

Then, Inflated mesh Volume Form Finding Dialog Box will appear in your worksheet. Accept

settings below.
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Inflated Mesh Volume Form Finding x

~Iteration Load increment

Number of Iterations 99 _I;] Number of Increments I 1 E Accept Choose

Comersenceom — - |1 cmea | “Pressure to reach given height”
Compute Cushion | Pressure to reach given height j ’4- ssmEmEEEnEw

~ETFE Design

Toplayerfolthickness | 230 v| micron, inflated to Type your cushion Total Height
Bottom layerfoi thickness  [250 <] micron, ifiated to from bottom until top layer
Initial Prestress, kN/m | 1.00 :I_l Intemal Pressure 300 _j Pa [N/mm2]

[ windas Eight (Buitd 08.2016) A Spaceframe & Tensile Membrane Design System Copyright © 2015 Multimedia Engineering Pte Ltd - X
File Generste Design Driaw Edt Focty Displey Delete List Modfy View Solution WinfFabric WinSsdm WinClad

Fda maaas #2000 wmolGsa=elalehn WeK s e 6ENew 85 snn=msze Dl sre
Model - [DAETC\Tuteriah\ WINDAS\cushionf test ffwdls

Checking element and node grouping. =l

Unable to find member with force density specified |

ADAS completed checking and fixing model data. |

Maximum inflated height at Node  43is 785 233mm, internal pressure = 3000 kPa

Model saved Jﬂ

Ll 13
Elements= 60 Nodes= 77 Membrane Calor= 1 Property= 1 Loadcase= 1 Group=E0.N1

Now, We’ve already had Top Layer of the cushion,
Each of the ETFE Cushion contains of 2 layer (Top Layer and Bottom Layer). We’ve already
generated the Top Layer, now we need to generate the Bottom Layer.

Before we generate the Bottom layer, we need to change the Color

Windas Eight {Build 08.2016} A Spaceframe & Tensile Membrane Design System Copyright © 2015 Multimedia Engineering Pte Ltd
File Generate Design Draw Edit Facilty Display Delete List Modify View Solution Wighaiae WinSsdm WinClad

sl nelRes *olceolwm | ols o=ea @ el m R alael S wEl m D)= w L) DAl e

Model - [D:\ETC\TutoriahWINDAS\cushion\test_ff.wds]

| ' : [™ color Toolbar b
| 22 3 o o[

Color Toolbar will appear, Select Color 2

Click “Select Color” Icon

After Changing the Color, now we need to change the Property ID
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Model - [DAETC\TutoriaNWINDAS\cushion\test_ff.wds]

--------------

.
S T Specity v
A 4
. =
_ Specify Cusrent Py D S Accept |
Click “Select Property” Icon pm_fy opu_w ) l = _I_
A 4

Property ID Toolbar will appear, Change Property ID to 2

If the Color and Property ID have been changed, Now, We are ready to generate the Bottom

Layer using Mesh command.

Click Generate | Mesh | Mesh Definition | Run. The Bottom Layer will appear in different

color (Color 2 — Light blue color) as shown below;

€8 windas Eight (Build 0820161 A Spaceframe & Tensile Membrane Design System Copyright © 2015 Multimedia Engineering Pte Ltd - X
File Generste Design Draw FEdit Faciity Display Delete List Modfy View Solution WinFabric WinSsdm WinClad

=S| fla|R Qe *im); WO Gx]e= @nl W2k slae| BEDS % BE shhsskEs DA s|es

o ST Ve

Unable to find member with force density specified | |

ADAS completed checking and fixing model data

Maximum inflated height at Node  43is  785.233mm, internal pressure = 3000 kPa |

Model saved

Model saved. Jﬂ
Elements= 120 Nodes= 122 Membrane Color= 2 Praperty= 2 Loadcase= 1 Group=E0.N1

We need to check the Membrane Normal Direction using Display | Membrane Normals

Both layers have the same Z direction

For the Bottom Layer, the Z direction should be in downward direction, so we need to
change the Z direction of the Bottom Layer. Click Edit | Surface Normals | -Z
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Select Color X

I Entity Selection-Enter element(s) to Select \ x

[~ Sel by range [~ Options
1 to U step [ 1 select | Al | Display | Group Color | |Propenty |
1
Excluding mode _OFf | Last |  Reset Cancel Accept |

Click Color and select Color 2 then Accept.

L

X

The Z direction of the bottom layer has been changed.

Now, We can reinflate the cushion, using WinFabric | Inflate Mesh Volume Form Finding |
Accept.

We can see the cushion inflation as shown below;

& Windas Eight (Build 082016} ASpaceframe & Tensile Membrane Design System Copyright © 2015 Multimedia Engineering Pe Ltd - %
File Generaste Design Draw Edit Faclity Display Delete List Modify View Solution WinFabric WinSsdm WinClad
= W& WeRS #T 200 Ema o= sAEN RS &8 BEXSw BE akh=snzs Dlaage

- [DAETC\TutoriahWINDAS\ cus

Maximum inflated height at Node 43is  785.233mm, intemal pressure = 3000 kPa
Model saved
Model saved
Maximum inflated height at Node 43is  785.197mm, intemnal pressure = 3000 kPa
Model saved
Al
Elements= 120 Nodes= 122 Membrane Color=2 Property= 2 Loadcase= 1 Group=EO0,N1

e L

Previously, we generate the cushion using Initial Prestress 1, Now we can try change the
prestress to 2 to see the different.
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Click on WinFabric | Inflated Mesh Volume Form Finding | Change Initial Prestress to 2

Inflated Mesh Volume Form Finding

~Iteration Load increment

Number of Iterations I 99 _]:: Number of Increments I 1 ﬁ Accept |
Convergence Nom | .100E-03 Increment Size | 1.00 Cancel |

Compute Cushion | Final Form to rech given height and pressure LI
~ETFE Design

Top layer foil thickness | 250 - I micron, inflated to | 35000 mm height
ottom layer foil thickness | 250 - I micron, inflated to | 350.00 mm height

Prestress, kKN/m | 200 _1:‘ Intemal Pressure 300_:1 Pa [N/mm2]

& Windas Eight (Build 082016} A Spaceframe & Tensile Membrane Design System Copyright © 2015 Multimedia Engineering Pte Ltd

File Generate Design Draw Edit Facilty Display Delete List Modify View Solution WinFabric WinSsdm WinClad
Zdg maQals #0200 amoGao=e 4@ BRE scs BEXSY BE ahhj=sKzz Dlas¥e

Model - [D:AETC\ TutoriaNWINDAS\ cushion\test_ff.wds]

Maximum inflated height at Node 43is  785197mm, internal pressure = 3000 kPa 2

Model saved..

Model saved...

Maximum inflated height at Node 43is  624.055mm, internal pressure = 3000 kPa |

Model saved. -

Ll _'IJ
Elements= 120 Nodes= 122 Membrane Color= 2 Property= 2 Loadcase= 1 Group=EOQ,N1

The Cushion’s Height is differemt
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17.3. ETFE MultiCell Cushions

The example of ETFE MultiCell Cushions shape we want to achieve is shown below;

<:| Contains of 2 layers

- - Top Layer

Bottom Layer

First, we need to take some reference points and draw the line to connect the reference
point in AutoCAD or other software and save it as (.dxf) file. 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 we can draw the perimeter as shown below;
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@iy e i) ] B[ 2] [

W
Singapore 650578 3
65-1588 Web: www me. com sg Emailmepi@me com sg

Nodes- 9 Bar | Net Color=1 Praperty= 1 Loadcase=1 Group-E12.N1

After that we can import the (.dxf) file to Windas with File | Import | AutoCAD {DXF R12}.
Then we need to delete the line we made before by clicking Delete | Element | Display so

only the node point remain in our Windas model.

-]

SRs maeas #7200 mol el 0= sk e 825 5cs) s §E s n)=msz)s) D))

659578
e com 5 Email mepigbme. com sg

= 0 Nodes= 8 Bar | Net Color=1 Prapery=1 Lomdense=1 Grawp=ETZN1

Now we can use the “Mesh” command to create the ETFE cushions model. Click on

Generate | Mesh | Mesh Defination | Open. Then a new window will appear as shown
below. In the new window you can see Region, N1....N8, NX, and NY column. For this case,
we will use 4 nodes each region and divide the mesh into 4 regions as we intend to do 4
ETFE cushions. Then fill the N1 to N4 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 cushions

model.
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Modify View Soiuion Wi WinSadm  Gansh

Solut nfabric
Lf Qo n|=p|aleha) WS &ee] B0 S BlE 00 = me s bl -|ee

Copynight ©2017 Mulimedia En Ple Ltd
50 Bukit Balok 5t 23 Midview B Singapore 653578
Tel por, M. com.5g Emaitmepi@me.com s B

i
tolerance distance done

Open mesh defialtion filc

=
=
S
=
]
=
=
=
&
=
&
=
=
=
]
=
b4
=
=

b3

Reion
[

P P vy
E IS
[ T
-af | | =
ola|o|e
ala|a|e
ala|a|e
ala|a|e
=z
af | | en

z
3
T

Guit

Exit |

Before closing this window, click Sort to make sure that the input data are saved then Exit.

Save the file and also save as “ filename_ff ” so that later we can open the file before we
did the form finding. After “save as” you can see that the mesh definition we made before is
still there. Now click on the Generate | Mesh | Mesh Defination | Run. Windas will

automatically create the mesh shape as shown below;
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iity Displey_Delste_List_Madity

:;:1 Egmgr ;Igr.i edEI T P 5:9) :f:g:gﬂgm ;;;Eu:a L E T = B TR

Mot - 07 ADAS Task\ETFE Cushion Formfind Tuborish Wevdast ETFE Totorel fuc]

A

[Merge nade within talerance distance done -]
Mode! saved.
Model saved
Mode! saved.
Mode! saved.
Model saved

IC)

Elements= 200 Hodes= 231 Membrane Color= 1 Property= 1 Loadease= 1 Group=ELN1

Apply the support. Since we want the loads from ETFE cushions later will be transferred to
the steel along the cushions perimeter, therefore we need to apply the support at cushions

perimeter. Use Generate | Support | Nodes select Group 1 and choose Pinned

Generate Support On Selected Nodes X
~DOF
Pinned I Cancel |
v TX ¥ TY ¥ TZ
X T [ Foied |  Accept |
RX [ RY RZ
L L L No Rotation
 Prescribed Displacements
@ | 0000 dy | 0000 dz | 0000

Geneste_Deign D Lt Modfy View Sohtion_Winfabic_Winssdm _Gmah
&S| E(m 0| =als@ W28 alasl Do BE whh=sssa bla) s Y
Mode! - D1 ADAS TrkUETFE ) s ETFE TutornL W]
B ) 3y T NI T 3 R S T NTH T T L 75 T [
s bLibi] 163
T T N5
T BT bl
5 NED N0
B W Nm N NIE T I R T r X X0 = @ N N 55 W ]
XTI X s
N0 T w1
T o p
- S50 N Pt
kS T & TN 7 7 b3 7 L3 Rl 7 T T TS T i) 1
[Model saved.. =
Madel saved
Model saved.
Wodel saved 0
Wodel saved
Mode| saved -
Elements-_ 200 Modes= 231 Membrane Calor=1 Prapesty- 1 Loadease= 1 Growp=E N1
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After the support applied, it is a good practice to check if there is any double nodes. Click
Facility | Check | Nodes. The next step we will inflate the mesh by using this command
WinFabric | Inflated Mesh Volume Form Finding. Then, Inflated Mesh Volume Form Finding

Dialog Box will appear in your worksheet.

*

Iteration Load increment Choose

Number of Iterations o 4: Number of Increments 1 JZI Accept |
ConvergenceNc‘rm A00E-03 Increment Size 1.00 I:Ca:l;e'l'1"""' ”Height under initial pressure"

Compute Cushion | Height under initial pressure j
ETFE Design
Top layer foil thickness 2350 v | micron, inflated to 100  mm height

Bottom layer foil thickness 250 - | micron, inflated to 2.00 m.rﬂle‘ag'h‘ EEEEEEEEEEEEE

Initial Prestress, kN/m 1.00 J;I Internal Pressure ;I Pa [N/mm2]

Type your initial pressure

Then click Accept.

]
= I R T IS fed P=ITal[S T TSI P A T TR T T R A P T T A e S EYE ATk AT

Mede! - [D:\New Folder\ ETFE Multi f.av

I
P

Model saved

Maximum infiated height at Node  46is 100 485mm, internal pressure = 6000 kPa

Model saved,

Form finding by force density method

Unable fe find member with farce density specified |

Model saved.. =

a o
Elements= 200 Modes= 231 Membrane Color= 1 Property= 1 Loadcase= 1 Group=E12,N1

Now we have the Top Layer of the cushion. Every ETFE Cushion contains minimum of 2 layer
(Top Layer and Bottom Layer). We have already generated the Top Layer, the next step is to

generate the Bottom Layer. Before we generate the Bottom Layer, we need to change the

Color.
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[ Windas 10 - A General Purpose Light Weight Structure Program

File Generate Design Edit Facility Display Delete List Modify View Solution WinFabric

sdm  Gmsh

S e fa®Es +H9 200 m o e 6= e A ey m

B

feE)

alaB| BE

20/ e | e s | | 1 2| 22| D 4| | )

I Model - [D:\04_ADAS Task\ETFE Cushion Formfind Tutoria\Windas\ETFE MultiCell Tutorial_ff.wds]

sEmEEEEEEEEEEEEEEEEEEEE .
04 .
. .
Y .
‘e B
tammsmsssEEEEEEEEEEEEEEn .

Click “Select Color” Icon

" Color Toolbar X

| 2] 42 o o o)

.

Color Toolbar will appear, Select Color 2

After changing the Color, we need to change the Property ID.

File Generate Design Edit Facility Display Delete List Modify View Solution WinFabric WigSed

Gmsh

A=A e S P=IT sifw 1l RIS Nl =1

SIEIEIR dE R S e W S EA o R ]

Meodel - [D:\04_ADAS Task\ETFE Cushien Fermfind Tuterial\Windas\ETFE MultiCell Tutorial_ff.wds]

Specify X
Specify Current Property ID | Accept |

Click “Select Property” Icon

Property ID Toolbar will appear, Change Property
ID to 2

Now we are ready to generate the Bottom Layer using Mesh command.

Click Generate | Mesh | Mesh Definition | Run. The Bottom Layer will appear in different

color (Color 2) as shown below;

Copyright © 2020 Multimedia Engineering Pte Ltd




-]
Fie Genete Dmign £dd facidy Disply Delele Lsi Modity View Solution WinFabiic Winsdm Grsh
=08 e aad HToE o .o s=glalEa mEE ses BEDes BE SDDsnEEa D) age

Model - [0\ Folder ETFE Mult F ]

T T %

Maximum infated height at Hode 4615 100 4B5mm, intemal pressure = 6000 KPa
Model saved

Form finding by force density method

Unable to find member with force density specified |

Model saved

Model saved...

e

Elements= 400 Modes= 375 Membrane Color= 2. Property= 2 Londease= | Group=E12.N1

We need to check the Membrane Normal Direction using Display | Surface Normals.

Both layers have the same Z+ direction.

For the Bottom Layer, the Z direction should be pointed downward, so we need to change the
direction of Bottom Layer into Z- direction. Click Edit | Surface Normals | -Z

Select Calor X

W7 Entity Selection-Enter element(s) to Select \ X
1 [~ Options

r by range
1 to Ustep [ 1 select | Al | Display | Growp Color || Property |
Excludingmode _OfF | Last | Reset | Cancel | Accept |

Click Color and select Color 2 then Accept.
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The Z direction of the Bottom Layer has been changed into Z-.

Now, we can reinflate the cushion, using WinFabric | Inflated Mesh Volume Form Finding ,

then click Accept.

We can see the cushion inflated as shown below;

ility Display Delete List Modiy
|

=08 el #7200/ w8 mo| G 0= sla &) W R[8 &lals| 800 BE S5 n=msz) <] Dlal a|rs

Model - [D:\New Folder ETFE Multi #.wels]

Unable to find member with force density specified |

Model saved

Model saved

Model saved...

Maximum inflated height at Mode  46is  100.475mm, internal pressure = 6000 kPa

Model saved =

a 2l
Elements=_400 Nodes= 375 Membrane Color=2 Praperty= 2 Loadcase= | Group=E12.N1
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17.4. ETFE Mesh for Analysis

The example of ETFE Mesh for Analysis will be generated in Windas as shown below;

-]

File Generste Des

ARV e St S
SOARENS
L

e 4 ir"?””’ <]
s Taen Wkiﬂé
7 CANAVAT Y g S b AVAY
R i S SIS
R A ORI
R S s
,,4‘:"&%}'} STAYE St
2y

Ay
SO
&

Windas 10 - A General Purpose Light Weight Structure Program
Copyright © 2017 Mulimedia Engineering Pte Ltd
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 mepi@me.com sg
User ID: Mulimedia_engineering

ET

Elements= 3442 Nodes= 1722 Membranc (Color=1 [Property=1 [Loadcase= 1 Group=E0,N1

Click File | Import | AutoCAD {DXF12} to import the system line into Windas.

[ Windas 10 {Build 20170701} - Lightweight Structure Analysis Program
File Generate Design Edit Facilty Display Delete List Modify View Solution WinFabric Gmsh

B0 8w HE ahD=mixs 44

New o |Galn=sela@a ®EEK &=s
Open

Save

Saveas..

Recall >

Insert

Export >

Import AutoCAD {DXF R12)
P Gmsh {mesh}
rint

Capture Screen

1 D:\Windas 10 - Mesh for Analysis\R2AC_ff.wds.
2 D:\Windas 10 - Mesh for Analysis\R2AB_ff.wds
3 D:\Windas 10 - Mesh for Analysis\R2AF.wds

4 D:\Windas 10 - Mesh for Analysis\R2AT_ff.wds
Quit

Exit

L.

X

Windas 10 Build 20170701

Copyright © 2017 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 Email mepl@me.com.sg

4

Import AutoCAD model in DXF releae 12 format
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€8 Windas 10{Build 20170701} - Lightweight Structure Analysis Program

File Generate Design Edit Facility Display Delete List Modify View Solution WinFabric Gmsh

Rlre| bl | ool S| sl ey s s gl o2 ] )

L.

X

Tel:(65) 6765-6288 Fax:(65) 6765-1588 Web: www.me.com.sg Email mepl@me.com.sg B
User ID: Mulfimedia_engineering

Merging nodes within maximum distance progress... |
Merge node within tolerance distance done

« >
|Elements=0 |Nodes=0 [Bar | Net |Color=13 [Propenty=13 |Loadcase=1

|Group=E32,N1

After the system line imported, click Delete | Elements select All then click Accept to delete
the segmented lines since we only need the nodes.

{8 Windas 10 {Build 20170701} - Lightweight Structure Analysis Program

File Generate Design Edit Facilty Display Delete List Modify View Solution WinFabric Gmsh

X
| | o | e o 2| ]
pur Y
X:\-V ’

Tel:(65) 6765-6288 Fax:(65) 6765-1588 Web: www.me.com.sg Email:mepl@me.com.sg -
User ID: Muimedia_engineering

Merging nodes within maximum distance progress... ]
Merge node within tolerance distance done

4 »
[Elements=0 [Nodes=0 [Bar | Net [Color=13 |Property=13 [Loadcase=1

|Group=E32,N1

Then, please check if there are some nodes too close to each other. As for this case, node

N19 & N32 are the unnecessary nodes. Click Delete | Node to delete the unnecessary nodes

(nodes which are too close to each other).
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[ 1 | ]

1 Entity Selection-Enter node(s] to Select X
Selection by range Options

1t Uosep [ 1 Seleer | Al | Disply | Growp | | |
Last \ Reset \ Cancell Aceept

[12.3]

X

Tel(65) 67656286 Fax(65) 67651568 Web: www.me.com.sg Email mepl@me com sa
User ID: Multimedia_engineering

Merging nodes within maximum distance progress...

Merge node within tolerance distance done

«

o

Elcments=0 Nodes=0 Bar | Nct Calor=13 Property=13 Loadcase= 1 Group=E32,N1

After we deleted the unnecessary nodes, we need to reorder the nodes in anti-clockwise.

Click Facility | Reorder | Node Reorder | Anti-clockwise select All then click Accept.

{8 Windas 10 (Build 20170701} - Lightweight Structure Analysis Program
File Generate Design Edit | Facility Display Delete List Modify View Solution WinFabric Gmsh

zlalal fla@lal A P R IESEIT AP Te=IC TR L. bl WP =T b ARl T TS TN e (A P R
fodel - [D\Windas 10- Meshf  Check
Convert

Identify

Inquiry
Reorder > Element > |

Renumber Nodes Node Reorder > Bottome Left-> Top Right
Renumber Supports Membrane Arches Anticlockwise

Reset > Clockwise

Sleuth

Specify

Swap Avis 5
Set >
Text Style... >
Toggle Background

Undo

Test

.

X

Tel:(B5) 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

4

=

Arrange selected nodes in ANTI-CLOCKWISE order

If the nodes are not in anti-clockwise order after we do the reorder several times, then we

need to proceed manually by inputting nodes in anti-clockwise order for the next step.
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€8 Windas 10 {Build 20170701} - Lightweight Structure Analysis Program

File Generate Design Edit Facility Display Delete List Modify View Solution WinFabric Gmsh
=3 Ful@ 4 ]

APl =P TET e

2| ] | e s A [ | 4

Model - [D:\Windas 10 - Mesh for Analysis - White\R2A.wds]

X

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

Merging nodes within maximum distance progress.

Merge node within tolerance distance done

4

|Elements=0 [Nodes=0 [Bar | Net

[Color=13 [Property=13

[Loadcase=1 |Group=E32,N1

We need to generate the external border based on the nodes. Click Generate | Membrane

Constructors | External Border, insert the nodes in anti-clockwise order, then click Accept

and a dialog box will pop up. Change the Number of points for border segments into 0 and

change the Sag amount in % for border segments into 0. Click Accept.

B ' External Border -Select nodes in anti-clockwise order *
Selection by range Options
’7| 1 to I 1 Step I 1 Select | ’7 All | Display | Group | Color I Property |
Last | Eeset | Cancel I Accept I
[9.13-25,1,20,27,26,28,30,2-8,10,12,11
WinFabric System Variables bt
—Form Finding — Precision and Tolerance
Fabric net type & Regular  Radial Warp-weft angle I 50
Mumber of iteration I 2 | | Minimum triangular angle I 13
Mumber of points for border segments I 0 ||| Arch constructor node I 50
Sag amount in % for border segment I ||| Minimum cable length I 100.00
Force density for fixed border segments I 00 | | Minimum net length I 50,00

h-Contour Interval I 50.00
MMinimum ramwater runoff I 1.30

Scaling factor for symbaol display I 1.00

Copyright © 2020 Multimedia Engineering Pte Ltd
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[ Windas 10 {Build 20170701} - Lightweight Structure Analysis Program x
File Generate Design Edit Facity Display Delete List Modify View Solution WinFabric Gmsh
11 22 || ] A

User ID: Multimedia_engineering o
Merging nodes within maximum distance progress...

Merge node within tolerance distance done |
Regular net type

4 »
[Elements=0 [Nodes=0 [Bar | Net [Calor=13 [Property=13 [Loadcase= 1 [Group=E32.N1

In order to have a fixed border following the cushion system line, click Edit | Membrane
Constructors | External Border | Each set the Restrained segment into Yes and then click

Update All.

[ Windas 10{Build 20170701} - Lightweight Structure Analysis Program
File Generate Design | Edit Facility Display Delete List Modify View Soluion WinFabric Gmsh

ZlElel fel® et = | e| il oo o0 | @ el o] | Pl o e g | | 4]
Maodel - [D:AWindas 10 - Element Attributes

Element | Beam Group >

Beam Moment Release
Fabric-Net

§ Force Density
i
\

~ Membrane Constructars Arch, Ridge & valley

-~ Membrane Normals Circular Ring
%1 q Membrane Thickness External Border > Each |

Cable Pretension Partnet Border Match

B Point Load >
\i‘- xFactor H

Nodal Coerdinates
\?2 Node coordinates {Line Vector}
Node Group >
\ Nodal XYZ >
o Round Off

1 Extra-Stiffness

. Support
Support Release

User ID: Multimedia_engineering

Merging nodes within maximum distance progress.
Merge node within tolerance distance done
Regular net type

4

Change external border attributes

Then, we will get this model with fixed system line as shown below;
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Edit External Borders .

Border segment "B" 1 - Number of points

Sag amount by % of I 00 _|:‘ or by distance of I 0 mm

" Yes

Restrained segment " No

Curvature kind % Negative © Positive(Out)

Update Update All | Done |
F® Windas 10 (Build 20170701 - Lightweight Structure Analysis Program - %
File Generate Design FEdit Facility Display Delete List Mody View Selution WinFabsic Gmsh
] g | 2 4]
Model - [D:\Windas 10 - Mesh for Analyse
\\N\
\
\ =
\
\
e
\ "B?&,\
~
\I TE
B3 T
‘\ ":!:5\_,\
-
‘HE-LH__\
1 e
—.
L H—
—
BIo—.
4
\m\\ﬁrh
A ———
BS B8 B7 BS B9 BID BIT BIZ BI3 BH
User ID: Muftimedia_engineering -
Merging nodes within maximum distance progress.
Merge node within tolerance distance done 1
Regular net type
=]
g |
Elements=0 Nodes=0 Bar | Net Color=13

Property=13 Loadease= | Group=E32,N1

Now, we need to export this model into Gmsh .geo format. Click File | Export | Gmsh.

{8 Windzs 10 {Build 20170701} - Lightweight Structure Analysis Program
File Generate Design Edit Facility Display Delete List Modify View Soluion WinFabric Gmsh

New Clalole|=gla @l WIREe| &l ol enl o vl #iE) e ) s Elele] a) [

Open

Save

Save as.

Recall >
Insert

Export >

Impert >

AuteCAD {DXF R12}
Gmsh {Geo, msh}
Print Staad {std}

Capture Screen

1 D:\Windas 10 -
2 D:\Windas 10 -
3 D:\Windas 10 -
4 D:\Windas 10 -

Mesh for Analysis - White\R2A.wds
Mesh for Analysis\R2AC_ff.wds.
Mesh for Analysis\R2AB_ff.wds
Mesh for Analysis\R2AF.wds

Stereo Lithography {stl}

Quit
Exit

User ID: Multimedia_engineering

Merging nodes within maximum distance progress...
Merge node within tolerance distance done

Regular net type

KT

Export model to GMSH geo or msh format



In the next step, we will move into Gmsh software interface. Go back to your working folder
and find the exported .geo file. Click right on this file, choose open with, choose gmsh.exe. If
you can not find this software in the default program, click look for another app in this PC |
(C:) | ADAS | Gmsh | gmsh.exe | open. The program should be able to run and show the

default interface.

u x
File Tools Window Help

[ Modules
Geometry
& Mesh
= Solver

For convenience, we can choose to show the nodal point numbers by clicking Tools |

Options | tick on Point Labels.

General Visibility Transfo Aspect Color

v Points | Point labels

v Curves Curve labels
Surfaces Surface labels
Volumes Volume labels

Description v Label type

0 0 Mormals and tangents
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A Gmsh - DAWindas 10 - Mesh for Analysis\RZA.geo

File Tools Window Help

] Modules

Solver

=

After this, click Modules | Geometry | Edit Script and edit the notepad list Notepad++.

ENG

6:24PM
/42017

A Gmsh - DAWindas 10 - Mesh for AnalysisiR2A.geo

File Tools Window Help

E1 Modules
F Geometry

Elementary entities

Physical groups

cript command

Edit seript
Mesh
Solver
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[Zf DAWindas 10 - Mesh for Analysis\R2A.geo - Notepad+ + - x
File Edit Search View Encoding Language Settings Tools Macro Run Plugins Window 7 X
cHHeEGE sGhioe g 2% BEISTFElo® | @EmnwE

B meshgeo 3 ERZAgecm|

1 [ 1e-1000.0 ;
2 Point( 1) = -las1s. 4658.637, 9733.402,1c} ;
3 Point( 2) = { -1450%. 3124.365, 9813.839,1c}
4 Point( 3) = -l143l6. 1567.584, 9860.868,1c}
5  Point( 4) = { -14253. .o0g, 9876.338, 1c} :
€ Point( 5) = { -13130. .000, 10130.710,1c} ;
T -12000. .000, 10347.820,1c}
8 - ¢ -1lo106. .o0g, 10625.630,1c} :
%  Point( 8) = -8200. .000, 10789.020,1c} ;
10 Point( ) = -6000, .000, 10868.660,1c)h
11 point( 10) = -3799. .000, 10799.
12 Point({ 11) = { -1893. .000, 10625.
13 Poimt( 12) = { .000, 10347.
14 Point( 13) = ( 1635, .000, 10021.
15 Point( 14) = { 3253. .o0g, 9616.
Point( 15) = { 1693, 148,493, 10006.
Pq e 476, 306,932, 10261.
p -714.2 295.919, 10464.230,1c} :
Bd -1504. 728.425, 10626.970,1c}
Point( 19) = { -3074. 991,208, 10744.740,1c}
Point{ 20) = { -4238, 1288.388, 10824.080,1c}
Point{ 21) = { -5386. 1621.391, 10860.960,1c} ;
Point{ 22) = { -6526. 1984.586, 10864.670,1c}
Point{ 23) = { -7654. 2384.557, 10828.650,1c}
Point{ 24) = { -8769. 2816.286, 10758.370,1c} :
Point{ 25) = { -9875. 3285.930, 10650.680,1c}h ;
Point( 26) = { -10965. 3784.220, 10512.780,1c}
Point{ 27) = { -12050. 4322.509, 10338.640,1c} :
Point{ 28) = { -13115. 4880, 625, 10133.910,1c} ;
Point( 298) = { -14177. 5501.569, 9893.504,1c}
Point{ 30) = { -15253. 6162.586, 9616.573,1c}
Line (1) ={ 1, 2, 4, s, &, 7, 8, e, 10, 11, 12, 13, 14, 15, 1§, 17, 18, 1s, 20, 21, 22, 23, 24, 25, 26, 27, 28, 28, 30, 1
Line Loop (1) = {1} :
Plane Surface (1) = { 1} ;
Transfinite Surface "*":
< >
Normal tex file length:2,240 lines: 36 Ln:1 Col:1 Sel: 0|0 Windows (CRLF)  UTF-8 INS

In the Notepad++, set the characteristic length (Ic) into 250. Then break and create lines by

editing the script, as for this case; Line(1), Line(2), Line(3). Edit the loop according the

amount of lines; Line Loop {1,2,3} . Proceed as shown below;

Q{ \Windas 10 - Mesh for Analysis\R2A.geo - Notepad++
File] Edit Search View Encoding Language Settings Tools Macre Run  Plugins Window 7

sGHEEGa s Mk 2/t *x|EE| =1 EEEDo® OEDNEG
B meshgeo 1 H R2Ageo E3|

1 1c=250.0 ;

2 Point| 1) = { -14818.740, 4659,637, 9733.402,1c} :

3 Point( 2) = { -14505.570, 3124.365, 9813.839,1c}
4  Point{ 3) = { -14316.650, 1567.584, 9860.868,1c} ;
] Point { 4) = { -14253.500, .000, 9876.338, 1ct :
& Point( 5) = { -13130.650, 000, 10130.710,1c} ;
7 Point ( 6y = { -12000.000, .000, 10347.820, 1c}
2  Point( 7y = { -10106.690, 000, 10625.630,1c} :
o Point( 8) = { -8200.977, 000, 10799.020,1c} :
10  Point( ) = { -€000.000, .ooo, 10868.660,1c} :
11 Point( 10} = { -3799.023, 000, 10799.020,1c} :
12 Point( 11) = { -1893.310, .ooo, 10625.630,1c} :
13 Point( 12) = { .000, .ooo, 10347.820,1c} ;
14 Point ( 13) = { 1635.509, .000, 10021.170,1c}
15  Point( 14) = { 3253.500, 000, 9616.573,1c)
16 Point{ 15) = { 1693.157, 149,493, 10006.640,1c} ;
17  Point( 16) = { 476.134, 306.932, 10261.110,1c} :
182 Point( 17) = { -714.285, 499,919, 10464.230,1c} ;
19 Point( 18) = { -1904.598, 728.425, 10626.970, 1c}

0 Point( 19) = { -3074.119, 991,206, 10744.740,1c} ;

1 Point ( 20y = { -4238.631, 1288.388, 10824.080, 1c}
2  Point{ 21} = { -5386.975, 1621.391, 10860.960,1c}
3 Point ( 22y = { -6526.720, 1984.586, 10864.670,1c}

4 Point{ 23) = { -7654.6086, 2384.557, 10828.650,1c}
5 Point( 24) = { -8769.110, 2816.286, 10758.370,1c} :

& Point({ 25) = { -9875.331, 3285.930, 10650.680,1c} :
27 Point{ 26) = { -10965.560, 3784.220, 10512.780,1c} ;
28 Point { 27Ty = { -12050.7%0, 4322.5089, 10338.640,1c}

Point( 28) = { -13115.300, 4890.625, 10133.910,1c} ;
Point( 29) = { -14177.360, 5501.569, 9893.504,1c} ;
Point( 30) = { -15253.500, €162.586, 9616.573,1c}

2  Line (1) = 30, 1, 2, 3, 4}

3  Line (2) = 4, s, 6, 7, 8, e, 1o, 11, 12, 13, 14} :
%4 Line (3) =¢{ 14, 1S5, 1, 17, 18, 1%, 20, =21, 22, 23, 24, 25, 26, 27, 28, 29, 30} :
35 Line Loop (1) = {1,2,3} :

& Plane Surface (1) = { 1} ;

Transfinite Surface "*";
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File | Save the edited notepad and switch back to Gmsh interface. Then click on Modules |

Geometry | Reload Script to update the script.

Gmsh - DAWindas 10 - Mesh for Analysis\R2A.geo - [m] x
y: g

File Tools Window Help

B Modules
F Geometry
Elementary entities
[ Physical groups
Reload script
Remave last script command
Edit script
gsh
olver

Click Modules | Mesh | 2D to generate 2D Mesh.

A Gmsh - D:\Windas 10 - Mesh for Analysis\R2A.geo - a x
File Tools Window Help

1 Modules
[ Geometry
Elementary entities
Physical groups
Reload script
Remove last script command
Edit script
[ Mesh
Define

Optimize 30
Optimize 3D {Netgen)
Set order 1
Set order 2
Set order 3
High order tools
Inspect
Refine by splitting
Partition
Smooth 2D
Reclassify 2D
Delete

Save

Solver

629 PM
7/4/2017

=R ENG
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A Gmsh - D:AWindas 10 - Mesh for Analysis\R2A.geo

File Tools Window Help

B Modules
E1 Geometry
Elementary entities
Physical groups
Reload script
Remove last script command
Edit script
G Mesh
Define

Optimize 3D
Optimize 3D (Netgen)
Set order 1
Set order 2
Set order 3
High arder tools
Inspect
Refine by splitting
Partition
Smaoth 2D
Reclassify 2D
Delete

Save

Solver

= o M | A

. T
Click File | Export | choose .msh | choose Version 2 ASCII format.

MSH Opticns

Version 2 ASCI ¥ Format

Save all elements

Save parametric coordinates

0K ' Cancel

We will have a .msh file generated.

After we saved the mesh file in Gmsh, we need to switch back into Windas interface and
create a new file by clicking File | Import | Gmsh{msh} | choose the .msh file. Save the .wds
file as filenameFlat.wds to indicate it is the flat mesh which serves as the base mesh for

inflation at later phase.
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[ windas 10 {Build 20170701} - Lightweight Structure Analysis Program
File  Generate

Design Edit Facilty Displey Delete List Modify View Solution WinFabric Gmsh
New

O 3= s @] W2 &lals wE 0S| 8 o]0 ) w2 2] 4]
Open
Save
Saveas...
Recall »
Insert
Export >
Impart

AutoCAD {DXF R12}
B Gmsh {mesh}
Capture Screen

1 D:\Windas 10 - Mesh for Analysis - White\R2A.wds
2 D:\Windas 10 - Mesh for Analysis\R2AC_ff.wds
3 D:\Windas 10 - Mesh for Analysis\R2AB_ff.wds

4 D:\Windas 10 - Mesh for Analysis\R2AF.wds

Quit.

Exit

By
‘Windas 10 Build 20170701

Copyright © 2017 Multimedia Engineering Pte Ltd
50 Bukit Batok St 23 Midview Bldg #05-15 Singapore 659578

L]

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

Import Gmsh model in mesh format

[ Windas 10 {Build 20170701} - Lightweight Structure Analysis Program
File Generate

Design Edit Facilty Display Delete List Modify View Solution WinFabric Gmsh

W55 ol | g 20w (] o Lo Lo s mm | R | | 4] )

‘%qﬂiv
VA
pard ?%‘5:“4\
VLR
S AT

T A
PRI

<
PAAK <
S R A
avanraviy N RV v ATV

= DR, .
A i s e

LA
CRAEEERAE
v S R ey S Ry AT
vp""4’%‘ggﬁ%%iﬁi&%&ﬁ%%igggé@%%ﬁég&%“ s
i A R i v o S M B T
A A ", LTS
X
Tel(65) 6765-6288 Fax:(65) 6765-1588 Web: www.me.com.sg Email.

comsg
User ID: Multimedia_engineering
Import Gmsh's nodes done
Import Gmsh's nodes done

|
|Elements=0 |Nodes=0 [Bar | Net [Color=1 [Property=1 |Loadcase= 1 Group=E0,N1 ;'J
Then, click Delete | Element type t11, t12, t13 and click Accept.
|87 Entity Selection-Enter element(s] to Select b
Selection by range Options
’7| 1 to I 1 Step I 1 Select | ’7 All | Display | Group | Color | Property |
Excluding mode Of | Last | Reset | Cancel | Accept I
| t11,¢12,013]
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After this, click Delete | Node | All to refresh the nodes sequences since we deleted some

elements in the previous step. In the next step, we need to have support along the system

line since that will be the frame of the ETFE Cushion. Click Generate | Support | Perimeter

select Pin then click Accept.

{8 Windzs 10 {Build 20170701} - Lightweight Structure Analysis Program
File Generate Design Edit Facility Display Delete List Modify View Soluion WinFabric Gmsh

=[5 Element

Lo o < s o o | = o] ol o | | 20 = e s t] ] o s o g ] | ]

| Hement{more) e\RZAF.weks)

>
Membrane Constructors >
Membrane Forms >
Spaceframe Forms >
Linear Truss
Delta Beam

ETFE Forms >
Mesh >
Region
Volume >
Node VRQ,_
Node {more} > V‘h"“
YAV .
Material Property Viw 5&5»“»
Standard Material Property a‘%xgvigis%&
Tensile Membrane Proper
CHS Tables - > i%}g?%gg%g%%m'
Extra-Stiffness figﬁé%%ﬂevﬁs’%"‘"
Load > L VYA, vt 7 <]
Support Nodes é‘%"‘"‘"ﬂ i
=

A A
e

1 AN o e
KA R R ]
iyl SISy,
AT A YRty b ¥y
PO SAORO0EK]

Tel(65) 6765-6288 Fax:(65) 6765-1588 Web: www.me.com.sg Email. com.sg
User ID: Multimedia_engineering

Import Gmsh's nodes done

Import Gmsh's nodes done

Specify nodal restrain along perimeter

Generate Support On Selected Modes pd
- DOF
Pinned Cancel
v TX v TY |[v TZ
v v v Fixed Accept
RX EY RZ
r r r No Rotation
~ Prescnibed Displacements
dx 0000 dy 0000 dz 0000
I D000 1y 0000 = 0000
H
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{8 Windas 10 {Build 20170701} - Lightweight Structure Analysis Program
File Generate Design Edit Facilty Display Delete List Modify View Solution WinFabric Gmsh

IR o0 4] Al

Vi 3
NG

TVAVEE
AA%AA ¥

va: 3 ﬁ‘&
i) 'y %“3’4 ﬁ}‘& g,
AN S
A T PO LD R TR i M e,
R A RO e e,
ey s i vy YAV e VAT o
ey e R B e
€ WA v iy, Sy ey VU S AV e
S S PP DA FElG T
A ARk g VAN oV b e VAN S ANVAVAVN
R R R S o AR R ORI
S v Sy g A AN g e o b vy i S O
R S K A A o N AR S A OO R oS S o Rl
M'%'AWé4WMuF’”"“ A N A O AP A A T T e
, ? e LR AR, Lo A S AR ] o NI
[ RO DA b iaan b R

Checking and fixing data in progress...

Checking element and node grouping...
Unable to find member with force density specified |
Adas_completed checking and fixing model data.

«

[Elements=0 [Nodes=0

|Bar | Net [Cator=1 [Property=1 [Loadcase=1 Group=E0,N1

After the support are generated, click Facility | Set | Fabric set the Warp-weft angle to 45.

[ Windas 10 {Build 20170701} - Lightweight Structure Analysis Program
File Generate Design Edit | Facility Display Delete

List Modify View Solution WinFabric Gmsh

AP EAEEIPAPN I =R TP RSN T P N P e 2]
Model - [D:\Windas 10- Meshf ~ Check

Convert
Identify
Inquiry

Reorder >

Renumber Nodes
Renumber Supports

Reset >
Sleuth

Specify

Swap Axis >
Set
Text Style.

Toggle Background System

s

: )
g avavviva SRy AV el )
T AV va s et B i iz,
20 1 I OO A AR PN P g,
PO AR SRS O R R SR e
i v A iy v VAN AT S Fai
N R B DA K AT SRR NSRS, Rty
eV Aoy N i VA Ry Uy va b i VAN S AN
A IS R R R R SR R A A ST A O R
v A R oy by ATt e O e T VAN a U g AT S 2 PN
N R A R A S A AT AR AT ORI S
o :N‘. NINININININININININININANENANANA NA N4 NS NENANS NS NSNSNSNS NSNS NSNS N’}NEN’:.NEN’:N’}NC‘N':N? N?N? NINININTNINT N“, NENENENSNENENE

Checking and fixing data in progress.

o

Checking element and node grouping...
Unable to find member with force density specified |
Adas_completed checking and fixing model data.

Set fabric variables

|
BN
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WinFabric System Variables

 Form Finding  Precision and Tolerance
Fabric net type ¢ Regular " Radial Warp-weft angle | 45
Number of iteration [ 2 T iuimum tiangdarangie | L
Number of points for border segments I—O Arch constructor node |—50
Sag amount in % for border segment I—O Minimum cable length IW
Force density for fived border segments |—00 Mimimum net length IW

Mimmum rainwater runoff

Scaling factor for symbol display

? h-Contour Interval I 50,00

I 7.50
I 1.00

Then, click WinFabric | Mesh > FD Model | Surface > Net.

[ Windas 10 {Build 20170701} - Lightweight Structure Analysis Program
File Generate Design Edit Facility Disploy Delete List Modify View Solution | WinFabric =Gmsh

Force Density Form Finding

FD -> CableNet
Mesh -> FD Model
Mast -> Truss.

External Border
Triangulation

Refinement
Ring2Ellipse
RingdAnalysis
WinSeam
WinPattern

h-Contour

Rainwater runoff
Surface Gradient

Masts & Tieback Cables

Drawing
Set Fabric Varigbles
Fabric Surface

Volume

Inflated Mesh Volume Form Finding

El| o o o | ]

? Surface -> Net
Border Cable
Ridge Valley Cable

Mesh Net

i 4Av A
i‘rﬁﬂg,ﬂ nﬁu:'!“, ""“ <5

Tk “'imi“%g

R Vﬂ <5

S :'Mﬁ;r,uex%%m OO0

2 MﬁWAVAVAV 4} A"AY \% A } 1} ‘ AVV b VA) i

wd S <] A FAY v‘v'AA'A AYAV 45«1

; V'%:‘ “ﬁﬁwx’" Av:i"%ﬂf»‘&g‘ u’vé A "tﬁ'ﬁ.’i ""A"'E; 8091y,
B e R L

N‘ N N'*N'*N‘.'N'*N‘ NINZNINiIN2 NANANA.NANANANANANANAN‘N<N‘.N‘N( NINSNSNINS N“N"N’{N‘N’»N’*N’\NﬁN‘N‘»NT NTNININTNINTNTNTNT NENE NENE

NS NEAE NE NOR Be szﬂﬁﬁﬁﬁm

Checking element and node grouping...
Unable to find member with force density specified !
Adas_completed checking and fixing model data.

Regular net type |
K| _>l_I
Generate cablenet elements from surface element

FE vinda )- - ®

File Geeste Desgn Edt Fechty Display Delele List Modfy View Solubon Wfsbec Gmsh

el mlalmlele e Hlelmlol s lels sl sl mal mieie slkss v o | o 1 ]

Model - [04Winds 10- Mesh for Ay - WHREARZAF ]

Adas_completed checking and fixing model data.
Regular net type:

Forming warp and wefl ines within tolerane of ~ 45.00
Compact model in progress...

Pl

Elements 0 Nodes=0 ‘Bar | Net Calor= 1 Propertys 1 Loadcases | Group ELN1
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We need to have a flat mesh for inflation. Initially we will treat the mesh as tensile

membrane in order to get the mesh shape generated. Click Edit | Element Attributes select
All and change Property into Property 4.

{8 Windas 10 {Build 20170701} - Lightweight Structure Analysis Program

File Generate Design Edit Facility Display Delete List Modify View Solution WinFabric Gmsh

TN R AR A AR A

4" ‘ﬁ;‘b
SRR
EATAAVE SR

RO "?ﬁé&%ﬁv

Edit Element Attributes

X
s

Change Selected Elements Property ID To

.
<]
§vi
a:g
%
%,
<y
I

| A e
AR S AN G R Yy B SN SIS S S VA VAVAV S VI VL v
AN VA o
¢ LIS MRS AR DAL
X

Adas_completed checking and fixing model data.
Regular net type

Forming warp and weft lines within tolerane of  45.00
Compact model in progress.

«
[Elements=0

[Nodes=0 [Bar | Net

Ml L

[Color=1 [Property= 1 [Loadcase= 1 Group=EO.N1

Then, click Edit | Element Attributes select Color 10 and change Color into Color 1.

{8 Windas 10 (Build 20170701} - Lightweight Structure

Analysis Program
File Generate Des

y Delete List Modify View Solution WinFabric Gmsh

L 1L SRR AP = 10 = TS N e EA AR |

i
e

Select Color X

Edit Selected Elements

<l
S
‘a’v

X

I
AT
ARK)

o
<
20

Property |

Color Group D | Element type |
J

-
=
s
FAN

S

P
TRy
; e

S
AL
T
L o]

A%
Vv
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A

v,
=
S
K
>
<7 VE é‘ v
A
=
TORR

S
B
b
=
7
AN
e
L
o
%
S

ST
o
)
<
~/
15
)
0
Y
V{
2
N
LY
o
ol

o
N

A
D
s
<
2
=]
=
2
o
LK
TavSany
i
g
AV
R
N

A %
a ¥ ISR AAA AR OO A
! ‘7;%{%7&'&‘ LA M&m&ﬁﬁg%yzmnmﬁﬁ»:ggam»&mv
SR ARG [ PRI
T PORARERANE0 Sed
X

Pv,
X
5
2
<
o
7
%

o
P

]

Adas_completed checking and fixing model data.

Regular net type

Forming warp and weft lines within tolerane of  45.00
Compact model in progress...

[l

|Elements=0 |Nodes=0 |Bar | Net [Color=10 |Property= 4

Pl

|Loadcase= 1 Group=E0,N1

Copyright © 2020 Multimedia Engineering Pte Ltd



{8 Windas 10 {Build 20170701} - Lightweight Structure Analysis Program
File Generate Design Edit Facility Display Delete List Modify View Solution WinFabric Gmsh

zhlal fle 1l il

1201 2 | 380|112 | |

LA
A
i
SRR R
R R PR
TRV AN AT e SV
R N A NG
AR R OO R Py
S SR A AR
R PO AR PR D NS e
S R R R S S R R AR Pk
B vt vy st A MV N B AN e AV, o ST S (Ve Wi VAV b v
B s S Sl B e SRS S
1 AR '

Adas_completed checking and fixing model data.

Regular net type
Forming warp and weft lines within tolerane of  45.00
Compact model in progress.

KT

Ml L

Elements=0 Nodes=0 Bar | Net Color=1 Property= 4 Loadcase= 1 Group=EO,N1

After we change the Color and Property, click Generate | Load | Force Density | Net select

Color 1 and set the pre-stress to 100 kN/m.

[ Windas 10 {Build 20170701} - Lightweight Structure Analysis Program
File Generate Design Edit Facility Display Delete List Modify View Solution WinFabric Gmsh

@lf Flement 20| el 57| g T] Lo | o A 2 | 4] )
Element{more} >
Membrane Constructors >
Membrane Forms >
Spaceframe Forms >
Linear Truss
Deltz Beam
ETFE Forms >
Mesh >
Region
Volume: >
Node
Node {more} >
Material Property
Standard Material Property
Tensile Membrane Property
CHS Tables >
Extra-Stiffness

Load > Point Load

Support

Point Load {Z-Equivalent}

) vy A
) f“;' ‘V‘ :\ str;:wted Load 2 ﬁga’%%‘g%%s%%@:ﬁ‘s%ﬁ'ﬁ%i%’
i re-Stress F PO,
pTAVAY AN SRy BNV VAR, e
zml Density > 3-Bt Cable ﬂ!{#ﬁfkagw Vgs{é‘#i ”%‘ AN
: A o v A SN
ressure | Wind Loads > Cable gt ‘4VAV‘VA“) AT NN
Thermal Net "’%}"{f‘v‘b N
erma DRl K7
e , R <
B

Regular net type

Forming warp and weft lines within tolerane of 45.00

Compact model in progress.

Model saved L]
Ll ;IJ
Force density for selected membrane net

Force Density On Selected Met Link(s) pod

Force density value (kN/m) | 104 Accept |
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In the next step, click WinFabric | Force Density Form Finding then Accept with the default

parameter.

[ Windzs 10 {Build 20170701} - Lightweight Structure Analysis Program
File Generate Design Edit Facility Display Delete List Modify View Solution | WinFabric =Gmsh

zdsl plelelals wlmaieEe ol slal=lsl

e e e IR NN T E AR A

Inflated Mesh Volurne Form Finding

FD -> CableNet

Mesh -> FD Model »
Mast -> Truss

External Border >
Triangulation

Refinement

Ring2Ellipse

RingdAnalysis

RN 9
SR SAT
R A

g
5
Blrordg

WinSeam
WinPattern

h-Contour

Rainwater runoff >

Surface Gradient >
Masts & Tieback Cables

rrrrr

et

BN v
PSS
Nﬂﬁ%?gnﬂa

<752 .
7 <] o i <J i
K VS i it YAy vy
_ »ehw«vge'ggrggmas.«mwzwﬂ;aﬁaaﬂ'amgmj,‘g;,gg%“m«m.u L

Regular net type

Forming warp and weft lines within tolerane of  45.00
Compact model in progress.

Model saved

T

Pl L

Form finding by force density methad

After the form finding, click Delete | Element type t11, t12, t13 and Accept to delete the

tensile membrane element properties since we intend to treat the mesh as ETFE cushion

mesh.

B ' Entity Selection-Enter element(s) to Select o
Selection by range Options
| 1 to | 1 Step | 1 Select All Display | Group | Color | Property |
Excluding mode Off Last | Reset | Cancel | Accept |
[ 11412013

Now, click Delete | Node select All and then Accept to remove unnecessary nodes and
refresh the nodes sequence. Click List | Sort | Surface Area to check for unusual area (with

the value of 0.000), a notepad list will be generated. Please take note for elements ID

number which have the area value of 0.000.
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{8 Windas 10 {Build 20170701} - Lightweight Structure Analysis Program
File Generate Design Edit Facility Display Delete | List Modify View Solution WinFabric Gmsh

zlE= falslclet LmEElEle  emet s ] Ao o o g | | |
Model - [D:\Windas 10 - Mesh for Analysis - White\R2AF.wd Edashiined

Load >
Material & Section Properties
Fabric-Net EA

Membrane Constructors >

Membrane Normals

Model Info

Node

Results >

Support

Sort > Area

Status Element Length
Group Length

R
= o, 4.)‘“ B
:'vr e 4N§i¥%€§§§$§*
R RN A
e Vi
Tavase R J52 S v, SR TP oy vt S
I s i s
Fava <) T #}4 s,

i

Start frontwidth calculation... -
Limfro = 114, if > 250, perform out of core form finding

QOut of core form finding

Model saved =]
K| ;l_l

List sorted membrane by arca in ascending order

[€8 Windas 10 {Build 20170701} - Lightweight Structure Analysis Program - x
File Generate Design Edit Facility Display Delete List Modify View Solution WinFabric Gmsh

sl - PR EA I AP AT =T R A= I SN e e EA PR 2|

hite\R2AF.wds]
7 area.lst - Notepad — [u] X
File Edit Format View Help
1713 18 .ee7 4 1 @
1714 69 .006 4 1
1715 4 1
1716 4 1
1717 4 1
1718 4 1
1719 4 1
1720 4 1
1721 4 1
1722 ’ 4 1
71723 7 4 1
1724 1 4 1
1725 (4] 4 1
1726 9 4 1
1727 8 4 1
1728 6 4 1
1729 5 4 1
1730 4 4 1
1731 3 4 1
1732 2 4 1
1733 1 4 1
Br—=T—=r——
v
Start frontwidth calculafion... o
Limfro = 114, if > 250, perform out of core form finding
Out of core form finding
Model saved... =]

A 1 4 B NG

Click Delete | Element to delete the elements which have area with 0.000 value. As for this

case it is node {N1707, N7, N11, N10, N9, N8, N6, N5, N4, N3, N2, N1}. Then click Accept.

B | Entity Selection-Enter element(s) to Select e
r~ Selection by range Options
[0 o 1 step [ 1 select | ( Al | Display | Growp | Color | Property |

Excluding mode EI Last | Reset | Cancel | Accept I

I 1707.7.11.109865432.1
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Then, click Delete | Node select All to refresh the nodes sequence and click List | Sort |
Area for checking one more time to make sure there is not any area with 0.000 value. Save

the file by clicking File | Save and then save it again as filenameTop_ff.wds by clicking File |

Save As for next step where we will inflate the mesh into top layer part of cushion.

In order to do inflation for Top Layer, click Edit | Element Attributes select All and set Color
into Color 1 (Color 1 is for Top Layer).

7 RSP

File

ture Analysis Program

Generate Design Edit Facility Display Delete List Modify View Solution WinFabric Gmsh

x

| Color ll’mpady | G | Elementtype |

N7

SEVATAv A i
e L ke
‘%‘» 5

T
SO
AR

AN Vi T S
’i’."‘ﬁ"’iﬂ%"e'g’gﬁ:;vﬂﬁﬁwﬂqﬁgg‘,
Y

Model saved E
Unable to find member with pre-tension or pressure load specified !
Model saved
Model saved... =)
. _>l_I
|Elements=0 [Nodes=0 [Membrane [Color=2 [Property= 4 [Loadcase=1 |Group=E1,N1
[ Windas 10{Build 20170701} - Lightweight Structure Analysis Program x
. - LIE) ol 4 = 20 2 wepl ]t 1o P R [ 2| 4]
Model - [D:\Windas 10 - Mesh for Analysis - White\R2AT_f.nds]

> %)
RINSER K A
L e
S VA e A rAVAY VA A by N
SRR R oA
v P AVAYs
e
175

. PRk
AT T
VA AW AVAV A e Any
BT AREA]

Model saved. ..

Unable to find member with pre-tension or pressure load specified |
Model saved...

Model saved. ..

4

[Elements=0 Nodes=0 Membrane Color=1

_>l_|
Loadease= 1

|Group=E1,N1

|Property= 4
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After this, click Edit | Element Attributes select All and set Property into Property 1

(Property 1 is for Top Layer). Then, change the view into Front View for our convenience in

checking the mesh.

{8 Windas 10 {Build 20170701} - Lightweight Structure Analysis Program
File Generate Design Edit Facility Display Delete List Modify View Solution WinFabric Gmsh

o0 =1 5o | | 51] L | o A 2 | 4] )

P

X

Model saved...

Unable to find member with pre-tension or pressure load specified !
Model saved

Model saved

KT

ML

Elements=0 Nodes=0 Membrane Color=1

Change the membrane normals (for Top Layer it is +Z) by clicking Edit | Surface Normals |

+Z and select All then click Accept.

{8 Windas 10 {Build 20170701} - Lightweight Structure Analysis Program
File Generate Design | Edit | Facility Display Delete List Modify View Solution WinFabric Gmsh

AT =1E @@ Element

Property= 1 Loadcase= 1

o0 =1 5o | | 51] L | o A 2 | 4] )

Element Attributes

Element | Beam Group >

Beam Moment Release

Fabric-Net >
Force Density 5
Membrane Constructors 5
Membrane Normals >
Membrane Thickness

Cable Pretension

Point Load >
xFactor >

Nodal Coordinates
Node coordinates (Line Vector}

Node Group > /
Nodal XYZ >
Round Off

/ Extra-Stiffness

Support

Suppert Release

P

X

Model saved...

Unable to find member with pre-tension or pressure load specified !

Model saved

Model saved |
K1 ;IJ

+ve z normal
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{8 Windas 10 {Build 20170701} - Lightweight Structure Analysis Program

File Generate Design Edit Facility Display Delete List Modify View Solution WinFabric Gmsh

] o e 2] | ] ]

L L

Model saved...

Unable to find member with pre-tension or pressure load specified !
Model saved

Model saved

«

L
NS

[Elements=0 |Nodes=0 [Membrane [Cotar=1 [Property=1 |Loadcase=1 |Group=E1,N1

Click WinFabric | Inflated Mesh Volume Form Finding set the Compute Cushion into Height
under Initial Pressure, set Number of Increments into 6, set Initial PreStress to 2.50 kN/m
and set the Internal Pressure with 600 Pa then click Accept (Please note that the
unbalanced force should converge into 0 or maximum decimal place with power of 9, if the

result is not converging please check the model and re-do again).

Inflated Mesh Volurne Form Finding *
~Iteration ~Load increment
Number of Iterations I 99 ﬁ Number of Increments I 6 j Accept I
Convergence Norm I 100E-03 Increment Size I 1.00 Cancel
Compute Cushion I Height under initial pressure vl
-ETFE Design
Top layer foil thickness 250 | micron, inflated to I 1.0‘:' mm height
Bottom layer foil thickness | 230 - | micron, inflated to I 200  mm height
Initial Prestress. KN/m I 23 _Ij internal Pressure I 600 _I:j Pa [N/mm2]

After this, the mesh will be inflated into the cushion shape as shown below. Click File | Save

and we will proceed to the next phase where we will do inflation for Bottom Layer.
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=@l mlalalale @0 ol wml ol pls] o= el Eal w8 ] 9w 8] ) ]z A s

10 Tutorial Manual - ETFE Mesh for Ansh t

Tel (B5) 67656268 Fax (65) 6765-1588 Web. www me com sg Email mepkme com sg
User ID: Mulimedia_engineering

Model saved,

Maximum inflated height at Node 327 is  10974.140mm, intemal pressure = 6000 kPa
Model saved

Model saved...

“

Elements=0 MNodes=0 Membrane Color= 1 Property- 1 Loadcase= 1 Group=E0,N1

As for the inflation of Bottom Layer, click File | Open select the filenameFlat.wds (the flat
mesh which serves as the base mesh for inflation). Then, click File | Save As
filenameBottom_ff.wds. After this, please repeat the procedure of Top Layer inflation for

Bottom Layer inflation. The only thing that is different for Bottom Layer is as stated below;

- Edit | Element Attributes select All and set Color into Color 2 (Color 2 is for Bottom
Layer)

- Edit | Element Attributes select All and set Property into Property 2 (Property 2 is
for Bottom Layer)

- Change the membrane normal (for Bottom Layer it is —=Z) by clicking Edit | Surface

Normals | -Z and select All then click Accept

After this step, click Winfabric | Inflated Mesh Volume Form Finding and Accept with the
same parameter as Top Layer. Then save the file by clicking File | Save. The inflated Bottom

Layer mesh is as shown below;
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Fle Generste Desgn Edd Faciity Dipley Delete Lit Moddy Veew Solution Winfabric Grsh
EEIEIAEIEE = | W ls|s bad PR E T EEETE

Mol - (01104 ADAS Task\ETFE Cushion Formfind TutoriaRWindas 10 Tutorial Manus! - ETFE Mesh for Anslysis\Tutoris! File\R2AB_ffvds]

[Model saved

Model saved..

Model saved..

Maximum inflated height at Node 61is  10885.290mm, internal pressure = 6000 kPa |
Model saved

Model saved.. _’[d

Ll
_Elements=0 Nodes=0 Membrane [Calor=2 [Property=2 [Loadcase= 1 [Group=EO,NT

Now, we have both Top Layer and Bottom Layer mesh for ETFE cushion. We need to
combine them into a single cushion for analysis purpose in the next phase. Click File | Save

As filenameCombination_ff.wds. Then, click File | Insert to insert Top Layer model.

2 W 10 Bus -
o File Genemste Design Edit Faciity Displsy Delete Lit Moddy View Sohien WinFsbic Grmsh

1 DAY ADAS TesK\ETFE Cushion Formfind Tutorial\Windas 10 Tutoriel Marual - ETFE Mesh for Anstysis) Tutorial Fle\RZAC,ff.wds
2 DAD4_ADAS TasK\ETFE Cushion Fommfing Tutoriah\Windas 10 Tutorial Marwal - ETFE Mesh for Analysis\ Tutorial Flé\R2AB_ff.wds
3D:\04 ADAS TesK\ETFE Cushian Farmfind Tutori 10 Tutorisl Manual - natysis Tuteri ks

4 DAD4_ADAS Task\ETFE Cushion Farmfind Tutorial Windas 10 Tutorial Manual - ETFE Mesh for Analysis\Tutorial File\R2AT_flwds:

Eit

Model saved.

Model saved...

Maximum inflated height at Node 61is  10885.290mm, internal pressure = 6000 kPa
Model saved. |
Model saved...

Model saved Li__l

FTTE
Insen Windas model to merge with current work
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After this, click Facility | Reorder | Element Reorder | Best and proceed to click WinFabric
| Inflated Mesh Volume Form Finding with the same parameter as before. Then, save the

file by clicking File | Save.

(€8 Windas 10 {Build 20170701} - Lightweight Structure Analysis Program - x
n File Geerste Design Edit Faciity | Display Dclete List Modify View Solution Winfabric Gmsh
HETEACTETETR PETDICTE G IETEFAIETETETR T A T Y R
Model - [D:A04 ADAS Task\ETFE o 0 Tutorial Manual - ETFE Mesh for Analysis\ Tutorial File\R2AC_ff.wds]
Convert
dentfy
Inquiry
Reorder Eement » Bet
Renumber Nodes: Node Reorder > Fast
Renumber Supports Membrane Arches Beam Bar Cable
Windas 10 Build 20170701 =
Copyright © 2017 Muttimedia 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 Email mepl@me.com.sg
User ID: Mulimedia_engineering
. ’
Best frontwdith minimisation
-]
File Generate Design Edt Faciity Display Delete Lit Modiy View Solution WinFabric Gmsh
=T ET T L] RILAES LeTRIE AP AP E] bl 5 | s 2 | ] ]
Model - [01104_ADAS Tesk\ETFE Cushion Forméind Tutorial\Windss 10 Tutorisl Manus! - ETFE esh for Anslysis\Tutorisl File\ RIAC ffwds]
x
Frontwidth minimisation done. El
Model saved
Frontwidth before element reorder= 216
Start frontwidth calculation...
frontwidth after reordering = 216
Frontwidth minimisation done =
a |
Loadcase= | Group=E1.N1

Elements=0 Nodes=0 Membrane Color=1 Property=1
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18. New Element

18.1. Hybrid Plane Stress

FECIENS ol=|plaleial wiams &lcls BESw 8iE ann=nnEe

Color=2 Property=1 Load Case= 1. Load Action=Individual

In order to construct this Hybrid Plane Stress, we must first construct the nodes accordingly.

Node x-coord | y-coord | z-coord
1 0 0 0
2 100 0 0
3 200 0 0
4 300 0 0
5 400 0 0
6 500 0 0
7 600 0 0
8 700 0 0
9 800 0 0

10 900 0 0
11 1000 0 0
12 0 100 0
13 100 100 0
14 200 100 0
15 300 100 0
16 400 100 0
17 500 100 0
18 600 100 0
19 700 100 0
20 800 100 0
21 900 100 0
22 1000 100 0

Copyright © 2020 Multimedia Engineering Pte Ltd



sciity Disple olution  Winfabric  Gmsh
O #ToNoemOGN s =plaEm BRI sl BEDSw §5E alnssszs 4

Elements= 1 Nodes= 22 Hybrid Plane Stress Color= 1 Property= 1 Load Case= 1, Load Action=Individual Group=EO.N

After constructing the desired nodes, we can now construct the elements. Click Generate Element.
In the command box change the element type to Hybrid Plane Stress. Always remember to key in
the corresponding nodes in anti-clockwise order.

ElementID 2
1 12 23 2 4 53 06 07 o 8 0 Accept
Color 1 PropetyDD | 1 GroupDD | 0 =] Element |Hybrid Plane Stres - | M

Once the first Hybrid Plane Stress element is constructed, we can simply copy this element to the
adjacent nodes. Click Modify | Copy | Element and when the command box appears, click the
element. Choose the first point as Node 1 and the second point as Node 2. Copy 10 times.

B Copy elements >

Select two points
X Y Z
Point 1 | oo | 0 | 00

Point2| 10000 | 00 | 00

Number of copy 10 ;|
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Click List | Element and check this reference below to see whether the Hybrid Plane Stress has been

generated correctly.

as Windas Text Editor - [D:AMISC\Windas 14 Tutorial 2020\Reference file\New Element\7plane_element.Ist] [m]
File Edit Search Help
=i =
CEH®Q%m@o™
Element Element Property Group Color Description
Line Number Type Number Number D Area mZ Nodes
1 1 7 1 0 1 .010 Hybrid Plane Stress 1 2 13 12
2 2 7 1 ] 1 .010 Hybrid Plane Stress 2 3 14 13
3 3 7 1 ] 1 .010 Hybrid Plane Stress 3 4 15 14
4 4 7 1 ] 1 .010 Hybrid Plane Stress 4 5 16 1s
5 5 7 1 0 1 .010 Hybrid Plane Stress 5 6 17 16
6 [ 7 1 0 1 .010 Hybrid Plane Stress 6 7 18 17
7 7 7 1 0 1 .010 Hybrid Plane Stress 7 8 1% 18
8 g 7 1 0 1 .010 Hybrid Plane Stress 8 9 20 19
9 9 7 1 ] 1 .010 Hybrid Plane Stress 9 10 21 20
10 10 7 1 ] 1 .010 Hybrid Plane Stress 10 11 22 21
11 11 7 1 ] 1 .010 Hybrid Plane Stress 11 23 24 22
Total Area = .110 m2
Line:14 Col:66 [ [num [ InNs Y
18.2. Hybrid Brick
5 Wind 14 {Build 20200814} - Lightweight Structure Design & Ansyss Program x
Pl Genaote Design [t Fscity Deplsy Dalets (st Modty View Seltion Winfabric Gmsh
FIETE A ETEETIES ] LIPS LIRETE PP | e 2 | ] |
Model - [CAUserh Ktop!nem element16 Hybrid Bick
e
e
N
x
Wodel saved 2
Mode| saved. !
Mode| saved. _Ij
s v
Elements= 10 Nodes= 44 Hyrid Brick Color= 3 Property= 1 Load Cases 1, Luad Action=individusl | Group"EDN

Similar to Hybrid Plane Stress, we need to construct the nodes and then construct the elements by
keying in the nodes in anti-clockwise order.

Hement D 11

v va[ 23 e[ 4

T

Y e e, s

Accopt

Color Property ID T3] GowpD 03] Benent [HytodBack o) _Clese_|
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Node x-coord | y-coord | z-coord

1 0 0 0

2 0 0 1000
3 1000 0 1000
4 1000 1000 1000
5 0 1000 1000
6 1000 0 0

7 1000 1000 0

8 0 1000 0

9 2000 0 1000
10 2000 1000 1000
11 2000 0 0
12 2000 1000 0
13 3000 0 1000
14 3000 1000 1000
15 3000 0 0
16 3000 1000 0
17 4000 0 1000
18 4000 1000 1000
19 4000 0 0
20 4000 1000 0
21 5000 0 1000
22 5000 1000 1000
23 5000 0 0
24 5000 1000 0
25 6000 0 1000
26 6000 1000 1000
27 6000 0 0
28 6000 1000 0
29 7000 0 1000
30 7000 1000 1000
31 7000 0 0
32 7000 1000 0
33 8000 0 1000
34 8000 1000 1000
35 8000 0 0
36 8000 1000 0
37 9000 0 1000
38 9000 1000 1000
39 9000 0 0
40 9000 1000 0
41 10000 0 1000
42 10000 1000 1000
43 10000 0 0
44 10000 1000 0
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Click List | Element and check this reference below to see whether the Hybrid Brick has been
generated correctly.

av Windas Text Editor - [C:\Users\MEPL22\Desktop'new element' 16 Hybrid Brick_element.lst] — ]
File Edit Search Help
Element Element Property Group Color Description

Llne Number Type Number Number 1D Area mZ Nodes
Element Element Property Group Color
Number Type Number Number Code Nodes

1 1e 1 0 3 5 [ 7 8 1 2 3 4

2 1le 1 1] 3 4] 11 1z 7 2 9 10 3

3 1e 1 ] 3 11 15 1e 12 =] 13 14 10

4 1e 1 0 3 15 19 20 1e 13 17 i8 14

5 1e 1 ] 3 19 23 24 20 17 21 22 18

] 1e 1 0 3 23 27 28 24 21 25 26 22

7 1e 1 0 3 27 31 32 28 25 25 30 26

8 1e 1 0 3 31 35 36 32 29 33 34 30

9 1e 1 1] 3 35 39 40 36 33 37 38 34

10 1é 1 0 3 39 43 44 40 37 41 4z 38
Line:1 Col:1 NUM | INS

18.3. Brick 8 (Solid 3D)

Generate the same nodes and elements as shown for hybrid brick. However, change the element
type to Solid 3D.

8’ Generate Element X

ElementID 11

1 g2 03 0 4 05| 06 | [ 0o 8 o
Color || L PropertyD | 1= GroupD | 0 - Element | Solid 3D -] ﬂl

Another way to do create Brick 8 from Hybrid brick, we can simply click Edit | Element Attributes
choose All | Element Type | Solid 3D. Click List | Element and check this reference below to see
whether the Brick 8 / Solid 3D has been generated correctly.

s Windas Text Editor - [C\Users\MEPL22\Desktopnew element\ 17 Brick8_element.Ist] — O s
File Edit Search Help
-'| ]
OEd®a vRE9O™
Element Element Property Group Color Description
Line Number Type Number Number ID Area m2
Element Element Property Group Color
Number Tvpe Number Number Code Nodes
1 17 1 0 1 3 7 g 4 2 =] 5 1
2 17 1 0 1 7 11 12 8 3] 10 9 5
3 17 1 0 1 11 15 16 12 10 14 13 9
4 17 1 0 1 15 19 20 le 14 18 17 13
5 17 1 0 1 19 23 24 20 18 22 21 17
€ 17 1 0 1 23 27 28 24 22 26 25 21
7 17 1 0 1 27 31 32 28 26 30 259 25
g 17 1 0 1 31 35 36 32 30 34 33 29
9 17 1 0 1 35 39 40 36 34 38 37 33
10 17 1 0 1 39 43 44 40 38 42 41 37
< >
Line:1 Coll NUM | INS /J
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19. Load Analysis of A Simple Hypar

In this tutorial, you will learn how to perform load analysis of a simple hypar. We will use a simple
hypar model that has been created in the previous tutorial.

19.1. Material Property

In structural analysis, the elastic modulus of material section properties needs to be specified in
order to perform computer analysis. Similarly, we need to specify the fabric stiffness of the fabric in
the warp and weft directions and also the cable properties so that the computer can run the analysis
for a tensile membrane structure.

The fabric stiffness of a given fabric is obtained from bi-axial testing of the fabric material.

After performing form-finding, Windas automatically assigns material and section properties to the
model. Use List | Material & Section Properties command to see the default values given. For the
hypar constructed previously, the values given should be as shown below.

i Windes Test Editor - [0 RernghCavencelLosd Ansiysis\Adss_Hypi i _matesial property Jit]
Fie o Semch Help

DR Q ]

Het Tensile Membrane

paterial Property - Regula

fr Ratio

r
ity =
obal aAngle =

Fabric stiffness Warp EA 1
Weft EA =

Material Property Cable, Tr
YOUNGS SHEAR
NO  MODULUS  MODUI
4750B405 .1782
11 1100E+06€

MCOMENT OF INERTIA TORSICNAL MATERIAL SECTION
DENSITY Ixx Tyy J I ID Designation
7850E-05 .1000E-04 .1000E-04 .1000E-04 5 18 12mm (1 x 37)
‘1850E-05 1000E-04 1000E-04 1000E-04 4 17 13mm (1 x 19)

jer Cable 7x19 Grade

The default fabric is FiberTop PTFE T400 with 1 mm stainless steel border cable and 13mm
galvanised tieback cable. Use Generate | Material & Property | Tensile Membrane property to
verify or change the default material and section properties.

Generate Fabric Met Property For Membrane

H
"
b
X

Tensile Fabric haterial FiberTop PTFE T40( -
. . , Verseidag PTFE B1891% Al
Warp (Radial) EA (kIN/m) Verseidaz PTFE B18038 ) 930.00 Cancel
i Verseidaz PTFE B1808% T -
Border Cable, Material Verseidag PTFE B18039 mm) | 12mm |
Verseidaz PTFE B18636 13mm

Tieback Cable, Material FiberTon PTFE T300

FiberTop PTFE C2023

Please note that the unit of fabric stiffness is kN/m width and is directional dependent.

It is advisable to perform biaxial test to determine the fabric stiffness along the warp and weft
directions for each batch of material received.
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For reference, fabric property of some of the most commonly used fabric materials for the

construction of tensile membrane structures are given in table below.

Fabric Tensile
Fabric Stiffness, Strength,
Weight kN/m kN/m
Base Cloth | Coating Brand Model | Type g/m2 Warp | Weft | Warp | Weft
PVC PvdF Duraskin B4951 [ 800 600 | 300 60 60
Duraskin B4617 Il 900 | 1000 500 88 79
Duraskin B4915 1l 1100 | 1500 900 115 102
Duraskin B4618 v 1300 | 2000 | 1250 149 128
Duraskin B4092 \% 1450 | 2200 | 1400 196 166
PVC Pvdf Ferrari 502 0 590 680 680 56 56
Ferrari 702 I 750 680 680 56 56
Ferrari 1002 Il 1050 750 750 84 84
Ferrari 1202 1 1050 | 1000 | 1000 112 112
Ferrari 1302 v 1350 160 140
Glass Fiber | Teflon Verseidag 18039 I 800 | 1195 | 1097 70 70
Verseidag 18089 11 1150 | 2200 | 1150 116 116
Verseidag 18059 v 1550 150 130
Glass Fiber | Teflon FiberTop T400 I 850 | 1460 980 124 104
FiberTop C2028 Il 1182 | 1738 | 1028 182 147
FiberTop C1008 v 1320 | 1513 | 1315 187 186
FiberTop C1028 \% 1560 | 1504 | 1039 188 222
ePTFE Teflon Tenara 3T20 I 630 600 300 60 58
Tenara 4T20 Il 830 600 300 84 80
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Also for reference, the recommended pre stress level on different fabric is given in the table below:

Tensile
Strength, kN/m

Recommended Prestress kN/m

Material [ Manufacture | Model | Type | Warp | Weft Warp weft
Min | Max Us Min | Max Us
e e
PVC Verseidag B4951 I 60 60 | 0.5 | 4.0 1.0 1 05 4.0 1.0
B4617 Il 88 79 (10| 50 (10 1.0 5.0 1.0
B4915 1] 115 102 | 15| 70 | 20| 15 6.0 2.0
B4618 \Y 149 128 | 20| 80 | 20| 20 8.0 2.0
B4092 \ 196 166 | 3.0 [ 10.0 [ 3.0 [ 3.0 | 10.0 | 3.0
PVC Ferrari 502 0 56 56 | 05| 40 | 1.0 | 05 4.0 1.0
702 I 60 56 [ 05| 40 (10 ] 05 4.0 1.0
1002 Il 84 84 (10| 50 (1.0 ] 1.0 5.0 2.0
1202 1" 112 112 | 15 7.0 20 | 15 7.0 2.0
1302 \Y) 160 140 | 2.0 | 10.0 | 3.0 | 2.0 9.0 3.0
PTFE Verseidag 18039 I 70 70 | 20| 50 | 20| 20 5.0 2.0
18089 11 116 116 | 2.0 | 10.0 | 3.0 | 2.0 9.0 3.0
18059 \Y, 150 130 | 20 | 9.0 | 40| 20 8.0 4.0
ePTFE | Gore Tenera | 3T20 I 60 58 | 15| 40 | 20| 15 4.0 2.0
4720 Il 84 80 | 25| 50 | 30| 25 5.0 3.0
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19.2. Materialization

The basic concept of force density approach to tensile membrane design is to reduce the membrane
surface to a cablenet representation. The fabric modulus is approximated by an equivalent EA value.
In short, Materialization is a process of idealization of a membrane surface as a cablenet system with
the pre-tension that is equivalent to the pre-stress of the membrane.

Use Winfabric | FD -> Cablenet command to do this materialization. Notice that after
materialization is done, he model name changed from ADAS_hypar_ff.wds to
ADAS_Hypar_ff_init.wds. The addition of init indicates that the cablenet model is in a state of self-
equilibrium

Click Display | Load Values | Pre-tension to show the pretension on the initial equilibrium cablenet
model.

- o X
v Solution Winfapic Gmih
SILACICIPNGI IR SRR 1R IETENEERR I (s IS AP R
1208 TSEN 136N 135N 133N 133N 132N 138N
139N 1.36kN L33k 131N 129N 12808 127N 127N
TN 135N 133N 135N 130N 13068 129N 129N
13NN 135N 13N 130N 128N 127N 126N 126N
T30 133N 131N 130N T29kN 1288 127N 127N
136kN 133kN 13N 129N 127N 1.26kN 1.25kN 125N
3N 130N T29kN 138kN 127N 12608 126KN 126N
1.35kN 1.32kN 1.30kN 1.28kN 126N 125KN 125N 124N
131N 129N 1.28kN 12N 1.26kN 1.25kN 1.25kN 1.24kN
135N 134N 1.29%N 127N 1.26kN 1.25kN 124N 124N
130N 128N 127kN 1.26kN 1.25kN 124N 1.246N 124N
134N 1.3%N 1.25kN 127N 126kN 1.24kN 1.24kN 1.24kN
125N 128N 127N 1.26kN 125kN 124N 126N 124N
<
134N 134N 125N 127N 1.26kN 1.24kN 124N 124N
130N 128N 127N 1.26kN 1.25kN 124N 124N 124N
Model saved. ~
Maximum pre tension is 5 kN on element 770
Maximum pre tension is N on element 770 |
Maximum pre tension is N on element 770 &
Maximum pre tensionis  55.995 kN on element 770 |
o of
Elements= 1260 Nodes= 421 Membrane Color= 2 Property= 3 Load Case= 1, Load Action=Individual Group=EON

Pre-tension on the cablenet model is equivalent to the pre-stress on the force density model.

External loads applied to a tensile membrane structure are resisted by its pre-tension (which is the
same as fabric pre-stress). So, higher pre-stress value is required to resist larger external loads. The
optimum pre-stress of a given membrane structure is not known until you have performed the load
analysis.
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19.3. Loadings

Membrane structure are normally subjected to the following loads :
e Dead load due to fabric, cables, fittings, and clamping plates is generally taken as 0.02kN/m?
e Rain load due to rain water flow on the membrane surface is assumed to be 10mm thick or
0.10 kN/m? vertically downward
e Wind load - depends on the project location. In Singapore, the mean hourly wind speed is
22m/sec.

Wind loading is normally the most critical and least accurate out of the three loadings. For big and
complex membrane structure, the wind pressure coefficient over the membrane surface is
determined from wind tunnel test or a CFD Analysis which will be discussed furthermore.

The loadings for membrane analysis are to be input as combinations of individual loadings. Do not
confuse this with the load combination as in the structural analysis.

Save the model as ADAS_Hypar_ff_init_load before conducting the full structural analysis. The
ADAS_Hypar_ff model and ADAS_Hypar_ff_init model might be needed later.

Hypar_ff_init_load

omtouna ||| L g

Initial
equilibrium

The membrane surface is represented by quadrilateral surface elements. To perform load analysis,
these quadrilateral surface element need to convert into triangular elements. Click Winfabric |
Triangulation to proceed with this procedure.

Solution  Winfabric Gmsh

=iplalebal W2l sz BiEew 8= ann=mnsEz) Al

|D:\Temp\ClarencelL oad Analysis\adas hypar init\Adas_Hypar_ff_init_nl res -
K1) 3|
Elements= 1624 Nodes= 421 Membrane Color= 2 Property= 3 Load Case= 1, Load Action=Individual Group=EON
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Perform load analysis with the Solution | Nonlinear {Tensile Membrane, ETFE} command. Accept
default by clicking OK. Click F1 right away when the analysis is done to view the analysis results.
Alternatively, click List | Results | All | Nonlinear {Tensile Membrane, ETFE}.

= Control Parameters - Windas Geometrical Non Linear Sohver

Incremental - Iteration Scheme

humber of Load Steps per Load Case ’—hﬂi‘
Load Increment per Load Step 0100

Maximurn Nurmber of lerations/Load Step 1000 i‘

eration Method | Newion Raphson -

Strain Measure |Engineering Strain j

[ Stop after exceeding maximum number of terations

Convergence Criteria

v Displacement Narm
I” Force & Residual Marm

™ Energy Marm

Fivot to terminate solution <=

1.000E-02
1.000E-03

1.000E-07

1.000E-12
o]

Check your result to make sure that all the nodal displacements are zero and the reactions at the
system points are as shown below.

Node

Code Reaction X-Axis Reaction Y-Axis EReaction Z-Axis
(k) [ KIT) (KT}
1 111 0.00 -91.91 33.54
2 111 91.492 Q.00 -33.54
3 111 -0.00 91.91 33.54
4 111 -91.92 Q.00 -33.54
0.00 Q.00 Q.00

(Note : this is an important step to do as we need to make sure
equilibrium state. Analysis will not be accurate otherwise.)

that the hypar is really in

Another important checking is checking if we have all complete properties of a hypar. Click List |
Element and check all the properties accordingly.

Below is shown the general reference of how Windas recognize the elements.

Representation Color Color ID Property ID
Fabric Net (Warp/Radial) Blue 1 1
Fabric Net (Weft/Ring) Cyan 10 2
Border Cable Red 13 3
Membrane Surface 2

Click Gmsh | Fabric Stress Plot to check that the stress in the warp and weft varies from 2.18 kN/m

to 3.91 kN/m.
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A Grsh - D:\Temg ClarencelLoad Analysis\adas hypar infuddes Hypor f it geo

Fle Toos Window Hep

0] et Stress (KAY
 [1] Warp Stress (b
 [2] Went Stress (10

3] Cable Tension »

Warp Stress {kNim} Wett Stress (kN/m)
0 196 391 0 196 391 [z x
E— S E— -
»*
Sourzolis e e O e a0 A e U LU il T o

Recall that in Winfabric, the loadings are input as combination of individual loadings.

19.3.1. Load Combination 1 : Pre-stress + Dead Load + Rain Load

The design load for load combination 1 is taken as 0.12kN/m?>. Apply the load as equivalent point

load using the Generate | Load | Point Load (Z-equivalent) command.

x|
Pressu:reLnadnf'I -':'-121 L f andLDadCaseisl 1::|I Accept I

Windas calculates the equivalent point load automatically and apply to each nodal point.

Generate Equivalent Point Load X

@ Equivalent point load is ~ -24.23N per node done,

Adjust the view and click Display | Load | Point Load | Load case 1 to check whether the load has

been applied in the correct direction.
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Perform load analysis with Solution | Nonlinear {Tensile Membrane, ETFE}.

Click List | Results | Movements | Maximum command to check the maximum displacements and

locations.

maximum movement 1istings

Loadcase 1

Ma=imum x-displacement of
Ma=imum y-displacement of
Ma=<imum z-displacement of

Under dead load and live load, it is important to check that there is no slacking of the membrane.

If slacking occurs, you need to undo the form finding, increases the pre-stress level and perform

3.964 at node
2.788 at node
-14.472 at node

form finding again. Repeat the load analysis again.

We can also check for the possibility of water ponding with the WinFabric | h-contour command.

Solution  WinFabic _Gemsh

25500

K

322
12
31l=

L \:e.:JE,QlAIE’.“J 258 ]| 8180/ ve| WIS 5] = o ]| 4]

I

[

Model saved.
Model saved
Number of contour = 61, Minimum at node =
Number of contour = 61, Minimum at node =
Number of contour = 61, Minimum at node =

2, maximum atnode 1
2, maximum at node 1
2, maximum at node 1

o
Elements = 1624 Nodes= 421 Truss 30

A closed contour indicates a strong possibility of water ponding.

Colar 1

Property= 3

Load Case~ 1, Load Action*Individual

Please note that the loading for load case 1 is Pre-stress + Dead Load + Rain Load.
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19.3.2. Load Case 2 : Pre-stress + Dead Load + Wind Load

Now we will focus more on the application of wind loading. The wind pressure acting on a
membrane surface depends on its shape and the site wind speed. Wind pressure coefficient, which
is a function of its shape, is normally determined by wind tunnel test. It can also be estimated from
CFD Analysis. The wind pressure over the membrane surface is not a constant. For this reason, it is
necessary to divide the membrane surface into sub-regions.

In this tutorial, we divide the membrane surface into two sub-regions for wind pressure and wind
suction. Use the WinFabric | Fabric Surface | Color | X-Range command to change the color
attributes of the membrane elements in Area B to light blue (Color ID 3).

Select Node ID 1 and 2 to define the node range.

x
From| m To | 071.07 Cancel | [ Accept |

Area A Area B

The membrane surface is now divided into two sub-regions, area A and B respectively. This is a
simplified representation of wind load sub-regions. Now we need to determine the wind pressure
and wind suction acting on Region A and B. Both will be calculated according to BS 6399-2:1997
using simplified standard method.

Dynamic Classification

Building type factor K, = 8
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H=6m
Dynamic augmentation factor, C,=0.12 <0.25, therefore BS 6399-2 can be used.
Basic wind speed, Vp =22 m/s

Wind factors

Altitude factor, S,=1.00
Direction factor, Sq=1.00
Seasonal factor, S¢=1.00
Probability factor, Sy, =1.00
Site wind speed, Vs=5:545s S,
V,=22m/s
Closest distance from sea, =5km
Effective height, =6m

Terrain and Building Factor (Table 4), S,=1.528

Effective wind speed, Ve=V,S,=22x1.528=33.616 m/s
Dynamic pressure, s =0.613 V. = 0.613 x 33.616% / 1000 = 0.693 kN/m”
Net surface pressure for free-standing canopies, p=0sC,C,

(Clause 2.1.3.3 of BS 6399-2: 1997)
C, for pitch angle a = +10° is +0.4 and -0.6

Size effect factor (Clause 2.1.3.4) is about 0.92 for diagonal dimension of 14m.

Wind Load (Pressure) = 0.693 x 0.4 x0.92 =0.255 kN/m?
Wind Load (Suction) = 0.693 x 0.6 x0.92 = }-0.382 kN/m?

Wind Direction

2
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Now, the case above is only for the wind load. Recall that this loadcase 2 also included dead load
and wind load in the analysis.

Hence, a uniformly distributed surface load of 0.384 kN/m?’ is applied on Area A in the negative z-
direction based on this calculation :

Wind suction + Dead Load = 0.382 + 0.02 = -0.384 kN/m?

Whereas, a uniformly distributed surface load of 0.253 kN/m? is applied to Area B in the positive z-
direction based on this calculation :

Wind pressure + Dead Load = 0.255 - 0.02 = 0.253 kN/m?

Use the Generate | Load | Pressure / Wind Loads | Each command to apply of 0.384 kN/m? load to
membrane elements with color ID 1. Repeat the same steps for color ID 2 with of 0.253 kN/m? load.

M Select membrane element{s) to apply pressure
Selection by range Options

’7| 1 to I 1 Step I 1 Belect | ’7 Al | Display | Groug | Color | Property |
Excluding mode Off | Last | Feset | Cancel | Accept I
(=)

Generate Pressure Load On Selected Elements

Pressure Load of L}'TﬂﬂandLoadCasEis |i :'_II Accept |

Pressure loading is always perpendicular to the surface.

Click Display | Load | Pressure Wind Load to confirm the applied load direction for load
combination 2.

Selution WinFabric Gk

EICATICIENGIC:TRLIE AU IR T TE JEET I R e [l EE = T )

=

Windas 14 Buikd 20200812
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19.3.3. Load Case 3: Pre-stress + Dead Load + Rain + Wind

You should be able to work out the applied load on Area A and B for this load case by now.

A uniformly distributed surface load of -0.504kN/m? is applied over the area A representing the
dead load + rain + wind suction load.

Applied Load = -0.382-0.02-0.10 = -0.504 kN/m?

A uniformly distributed surface load of 0.135kN/m? is applied over area B representing the dead
load + wind pressure.

Applied Load = 0.267-0.02-0.10 = 0.135 kN/m?

19.4. Load Analysis

Perform nonlinear membrane analysis of all three load cases with the Analysis | Nonlinear {Tensile
Membrane, ETFE} command. Accept the default settings.

" Control Parameters - Windas Geometrical Non Linear 5olver x

Incremental - Iteration Scheme Convergence Criteria

Murmber of Load Steps per Load Case 10 i‘ v Displacement Narm 1.000E-02
Load Increment per Load Step 0.100 I~ Force & Residual Norm 1.000E-03

taxirmurm Mumber of terations/Load Step 1000 :‘ I™ Energy Morm 1.000E-07

[teration Method ton Fiaphson -

Strain Measure Engineering Strain j Fivotto terminate solution <= 1.000E12

[ Stop after exceeding maximum number of iterations “

The solution type is always Newton — Raphson for tensile membrane load analysis.

Click List | Results | Movement | Maximum to compare the results with this sample below.

Maximum Displacement List

Loadcase 1 Loadcase Name = <Load Name 1>

Maximum x-displacement of -3.549 at node 104
Maximum y-displacement of -2.146 at node 230
Maximum z-displacement of -26.137 at node 82

Loadcase 2 Loadcase Name = <Load Name 2>

Maximum x-displacement of 71.270 at node 397
Maximum y-displacement of -22.226 at node 190
Maximum z-displacement of -239.994 at node 397

Loadcase 3 Loadcase Name = <Load Name 3>

Maximum x-displacement of 75.572 at node 397
Maximum y-displacement of -23.405 at node 190
Maximum z-displacement of -273.056 at node 397
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Maximum Factored Border Cable Tension can also be obtained.

Display the factored border cable tensions with the View | Result | Unfactored | Cable tension
(max) command. Check for all 3 load combinations.

Loadcase 1:

. tipemign -
e Goente Do Gie fuciny oy Ope La Mesty Yew Soiton Websbne Gnih
=(als| mlalRialr #m|0)6)6)E e e ol=lslalEia wis 5la e s snnsn)sza) 2]

Wil - (DA Ter Clare

Mas, Cable tension (k). Loadcase 1

Load case 2 :

[T RS PR S —— -
Ee Genwote Quign [t ity Dilsy Dfits L Mosty Yiew Sounien Wersrc G

|21 0 e = i o) ) | ) e 0 | s 2 | A )

Max. Cable tension (KN). Loadcase 2

Load case 3 :

28 vindes - 8 x
i Guneste Design ES Eechy Dl Dgkie L Modhy Ve Soltion Winkabec b

#|08 flalaas # oS00 el s = s @) W25 5 66K e w6 )0l w4
i A ]

sy ke Mo it oo

Mol - [0 Temgh Clrencel L.

Max. Cable tension (kN), Loadease 3
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The support reactions can also be obtained.

Use the List | Results | Reactions | All command to list the reaction forces.

mv Windas Text Editor - [D:\\Temp\Clarence\Load Analysis\Adas_Hypar_ff_init_load_reaction 1.Ist]

Eile Edit Search Help

(e Wi Q 3

[Project : D:\Temp\Clarence\Load Analysis\hdas_Hypar ff init_load
Reaction forces listing

Load Node COORDINATES Fixity REACTION (kN)

Case Number X—-COORD ¥—COORD Z—-COORD Code Rxx Ryy Rzz
1 1 .000 -7071.068 6500.000 111 .000 —98.050 36.250
2 6.350 -98.660 36.530
3 7.010 -104.¢610 39.370
1 2 7071.068 .000 3500.000 111 86.690 .000 -31.150
2 87.030 000 -34.810
3 82.470 000 —-32.440
1 3 .00o0 T071.068 6500.000 111 .000 98.050 36.250
2 6.350 98.660 36.530
3 7.010 104.€10 3%.370
1 4 -7071.06€8 .000 3500.000 111 —-86.690 .000 —-31.150
2 -103.340 .000 -32.840
3 -100.100 . 000 -31.040

===== Minimum and Maximum Reactions

Minimum Rxx = -103.340kN at Node 4 Maximum Rxx = 87.030kN at Node 2
Minimum Ryy = -104.610kN at Node 1 Maximum Ryy = 104.610kN at Node 3
Minimum Rzz = -34.810kN at Node 2 Maximum Rzz = 39.370kN at Node 1

19.5. Design Check and Dimensioning (as reference, not checked with Windas 14)

Design Information

Prior to design check and dimensioning, you need to have some idea about how the membrane is
fabricated and assembled together.

The fabric Verseidag B18039B has a tensile strength of 70kN/m in the warp and the weft directions
respectively.
Depend on the membrane type, the following are the high stress locations when dimensioning are

Analysis .
. Safety | Design Stress .
Location Stress Eactor (kN/m) Direction Comment
kN/m

Max. stress at high point ring - X 1.5 - Warp/Weft

Max. stress at border cable (pocket) - X 1.5 - Warp/Weft A

Max. stress at clamping B
Warp/Weft

(System Point) - X 1.5 -

Max. stresses at seam - X 15 - Weft C

Max. stress at ridge/valley

boundary - X 1.5 -

required.

Copyright © 2020 Multimedia Engineering Pte Ltd



We normally start our design by determining the location of seam lines. Seam lines are line where
the fabric panels are heated sealed or welded together. If the raw fabric comes in roll of 2.5m then
the width of the fabric panel should be less than 2.5m. As welded seam lines are weaker then the
parent material, it is important to check the strength of the seam and decide on the seam width.

High fabric stresses are normally found at the fabric corners and at the high point ring. It is necessary
to reinforce these areas with double or more fabric layers. For this reason, we shall start with corner
plate design first.

Corner Plate Design

Corner plate is also known as clamping plate is use to connect the membrane to the steelwork. A
typical corner plate detail is shown in the figure below. A corner plate comprises of a semi-circular
profile plate with two tubes attached at both ends. The angular distance between the two tubes is
determined from the membrane model.

In this example, we assume the size of the corner plate at a distance 450mm from the system points.

38
14

15

Clamping Plate 442:x220x10
Material: Galvanized Steel
Gy 1 Tatal dty: 1

30|

70

Pipe 2425120
Material: Galvanized Steel

Gty 2 Total Gty 2

70

Clamping Bar 430:38x8
Material Galvanized Steel
Gy 1 Tatal dty: 1

70
4286

O]

49%.2
379.8

Screw M12x40
Material: Stainless Steel

e B Total y: 6

70

Hut W12
Material: Stainless Steel
Uty & Total Qty: 6

70

Washer W12
Material: Stainless Steel

Sty 12 Tatal Gty 12

[30.8|

15

2203

Fabric Stress At the corner

Use the View | Result | Net Stress | All command to study the fabric stress at the corners for each
load case.
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Loadcase 1 Riis Loadcase 2 -

Net Stress(kN/m) Net Stress(kN/m) l—

5405 B 8.334 |l 2|
Is.uo I7.683 :

4.779 \ 6.902

{
4437 | 6.120 |
4,096 | | | 5.330 } 1| |
3.754 )_L H 4.558 ! ]I
|

_F:_______:r
| |
HHE

iy

3413 i 3.776
3.071 2.995
2.730 2214
2.388 1.432
2.047 L 0.651 N
1.762 1 000 -
Loadcase 3 — 87
Net Stress(lN/m) [ 44
10.123 I 1
I9.332 BT E—
3383
7434 ) H—
o )_! H_ 6.44 818
5.536
[ 1
4.587
3.638
2.680 [ 616
1.740 l a
0.701 L
000 T 750

Maximum fabric stress at the corner is 8.3 kN/m. The design stress is 1.5 x 8.3 kN/m = 12.45 kN/m.

Corner Reinforcement

A corner reduction factor of 2.9 is used to take care of long term behavior, weather, high
temperature, fabric’s quality and membrane detail.

Recommended number of reinforcement =2

Reinforced fabric strength =70x2 =140 kN/m

Limiting Corner Strength = 140/2.9 = 48 kN/m.
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Design Stress (12.45)
Limiting Corner Strength

Corner strength check = =0.26 <1.00.K.

Border Cable Selection

The easiest item to design for a membrane is the border cables. Select the Design | Design Check |
Border Cable command to automatically determine the required border cables.

In this example, all four border cables should be of the same diameters due to wind loading. Select
14mm diameter 6 x 37 IWRC Galvanized Cable with a Min. breaking strength of 126 kN as the border
cables.

Border Cable Length

The length of the cable for this membrane should be the same. The cable elements for the first
border or segment have a group ID of 1. Use the Display | Element | Normal command to display
border cable elements 1.

Use the List | Element command to find the cable length of segment 1. The cable length should be
about 10.934m

I Entity Selection-Enter element(s) to Select 5[
Zelection by range Options
’VI 1 ta I 1 Btep I 1 Select | ’V All | Display | Group | Color | Fropetty |

Excludingmodeﬁl Last | Reset | Cancel | Accept I
]

Element Element First Second Froperty Group Colaor Member
Line HNumber Twpe Node Node Number Number Caode Length
1 2 12 15 1 3 1 14 535.1%
2 g 13 3z 15 E} 1 14 g0s.1z2
3 21 1z 45 32 3 1 14 FE87.63
4 42 12 BT 45 3 1 14 FF2.03
5 7l 1z %=1 s 3 1 14 Fed. 75
& 108 1z ¥E 55 3 1 14 FE3.43
T’ 1532 12 87 FE 3 1 14 745,84
= 20& 1z oL = 3 1 14 49,84
El a7 1z 102 Qg 3 1 14 FE3.43
1a 33& 12 1as 10z 3 1 14 Fe0.7E
11 413 1z 113 105 3 1 14 FrF2.03
12 495 13 117 1132 3 1 14 FE7.63
13 Eal1 12 1z0 117 3 1 14 gE08.12
14 592 1z 2 120 3 1 14 535.1%

Sum = 10933900
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Border Cable With Terminal Ends

Each border cable is to be custom made to fit with the corner plate. A typical border cable comes
with terminal at both ends. You are to get the terminal dimensions from the cable manufacturer and
produce fabrication drawing as shown below:

Cable 214 mm

1437 Construction, Galvanized Steel Cable

Cable Strength = 1770 N/ram?2

Min Breaking Lood = 130 kM

Reduction Left

System Length

Coble Length [mm)

 Reduction Fight
225 226
100 100
" END A 3 53 R END B
=
- —al
& —n T — — T | — &
ad L (] | — — | Ll T d
] -
Swage Fitling with M24 Thread Swage Fitting with M24 Thread
Material: Galvonized Steel Material: Galvanized Steel
LG, [ QT [ CUTTING FCRCE (kM) [ CABLE LENGTH (mm) | REOUCTIOM LEFT {mm) | REDUCTION RIGHT {mm) | SYSTEM LENGTH {mrm} | END 4 [ END B
ECA1| | 10 kM 10454 2489 249 105934 CFE1 CPE2
ECHZ | 1 10 kN 10484 249 249 10934 CFE2 CPE3
ECHZ| 1 10 kN 10484 244 244 10934 CFB3 CPB4
ECB4 | 1 10 kM 10484 249 249 105934 CFB4 | CPBEI

The system length is the length from one system point to another. The reduction length is the length
adjustment for the corner plate. The cable length should be the length when the terminal is half

open.

Seam |

ine

Start seam line design with the WinFabric | WinSeam command. A new window appears. Select the
Generate | Seam Line | XyNet Geodesic | 2 Points command to create a seam line passing through

system point @ and @
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44

12
I w120
H117
H113
17 H108
W10z
5 H9s
a7
78
HES
157
1 45
1 32
IRt
11

Select the Generate | Seam Line | XyNet Geodesic | Offset command to generate a seam line to the
right of seam line S1.

Bl Generate Seamline By Offset Method il
Seamline [0 1 =} Offset distance I 2000 E Mumber of offsets I 1 ﬂ 014 I
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.
: 5
&
7
90
5 &
4
2
01
L1 7
i p 2
T 1 L 3
3 ) 2
K]
b 2
i 120
H117
113
& 108
5 102
5 [ a5
Ha7
1 Ndis
H43e
157
45

H1

With two seam lines, it is possible to construct a fabric panel for patterning. We shall discuss about

patterning in Chapter Twelve.

Seam Line Stress

Use the View | Fabric Stress command to plot the fabric stress next to the seam lines.

Display Warp/\Weft Stress il
Load Case I 1 _l;

High

~ Option
O VWarp Stress O Vieft Stress
rattess range
From | 00 To | 1000
~ Cottout level
I
. /

Cancel I Apply
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Warp Stress(kIim)

=831
=3.154

=8.138
=7.123
=65.108
=5.092
=4.077
=3.062
=2.044
=1.031

—0015 Loadcase 1

Repeat for load case 2 and 3.
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Watp Stress(kMim)

=9.831
=5.154

=5.138
=7.123
=6.108
=5.082
=407}
=3.062
=2.046
=1.031

=0.015
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Warp Stress(kIlim)

=3.831
=2.154

=5.138
=7.123
=6.108
=5.052
=4.077
=3.062
=2.04&
=1.051

=0.015

Identify the greatest fabric stress along the seam line at 450mm away (corner plate length) from the
system points. In this example, we shall take 7.0kN/m for seam design.

Seam Design.

The seam strength reduction factor of 3.9 is used to take care of long term behavior, weather, high
temperature, fabric’s quality and membrane detail.

Limiting Seam Strength = 70/3.9 = 17.9 kN/m.

Design Seam Stress (7.0)
Limiting Seam Strength

Seam strength check = =0.39<1.0 OK.
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