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1. MPanel FEA

What's New

Version 19 summary of new features:

¢ New file name is now created during make model step ....more

e Import Shade Designer (MPSD) model with simplified form ....more

e Standard plots increased from 6 to 10 ....more

¢ Plot all load case results at the same time ....more

o Create PDF of all load case results at the same time ....more

e Pole footer plot now includes color coded pier depth and diameter ....more
¢ Soil strength factor added to footer database ....more

e Demo mode available ....more

Version 18 summary of new features:

¢ New "Use MPanel estimate" for the "Calculate initial tension" ....more

¢ Footer specifications added to materials database ....more

o Pole footer estimator includes option to account for factored loads ....more

¢ Pole footer depth estimates included in plot results for both simulated and cantilever poles.
o Footer properties included in check plot of materials summary.

e "Fix only in LCO" polys now plot out in the relevant check models.

e "Fix only in LCO" polys now show sum reactions and udl's in report plots for LCO.

Version 17 summary of new features:

¢ New ribbon menu buttons.

e Fix onlyin LCO.

e Fabric and cable mass added to databases.

¢ Fabric and cable mass can be added to all load cases as dead load.
e Help button context sensitive.

e Improved text spacing in plot tables.

¢ Help file includes more example model tutorial videos

Version 16 summary of new features:
e Auto correct mesh orientation of mirrored and rotated meshes.
¢ New "Poly Number" plot added to check model options.
¢ Plot headers added to individual plots.
¢ 3 additional text size options providing finer control for plot results.
e Table splits updated and arranged more intuitively and saved on exit.

Version 15.1 maintenance update:

e Pressure load up/down title block sometimes reported incorrectly ..... fixed



¢ Results filter not working for XY, XYZ, and PList reactions ............ fixed
¢ Rhino 7 draws text too large depending on templates used ........... fixed

Version 15 summary of new features:

e The solver has been upgraded to providing robust solutions without the need for the superseded
dual-loop solver.

¢ New "Pinned Pole" has been introduced.

e New "Free pole or beam" has been introduced.

e Simulate beam poly special status has been removed.

Introduction

Performing FEA (Finite Element Analyss) analysson tendle sructuresis complicated by severa factors. The
results are influenced by the fabric properties, the fabric pre gressand the cable initial tensgon, and the seam
orientation in the model. Under loading the model may deflect by large amounts, part of the membrane may go
partially or completely dack, and thismay result in unusual deflected shapes.

Often the fabric propertiesare only poorly known, and are subject to visco elagticity and other time and hisory
related effects. The pre-gresslevelsare at best esimated, and the seam orientation may not be known at this sage
inthe desgn.

This program works around these problems by supplying asmple, sep by sep interface called MPanel FEA,
which runsa powerful non-linear solver. The solver isrobus and generates good sol utions even when large parts
of the membrane are dack. Program operation and concepts are kept smple and rapidly produce good results
that are clear and undersandable for awide range of users.
The purpose of the programisto perform an analyss of the membrane by applying loadsto determine:

e Stresesin the membrane (to determine suitable fabric to suit grength requirements)

o Cabletensons (to determine suitable cable Sze to suit Srength requirements)

o Deflections (to ensure fabric doesn't grike any existing structures and to ensure againg ponding)

« Reactions (to be pased to astructural engineer to design suitable sed members, fittings, fixturesand

foundations)

Ideally, aninitial FEA analysswill be performed during the concept desgn sage to improve designs, mitigate
riskslike ponding and determine correct materialsfor quoting. A more detailed analysswill be carried out at the
same time as Sructural engineering desgn isundertaken.

Demo mode: Evaluation vergons of the program are available by reques. These versonsare limited for the
purpose of evaluation and cannot be used to complete afull analyssof afabric sructure.
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In general, on each model, you use the program tabsin order from left to right of the primary menu shown below.
Thisprovidesa natural work flow to an FEA problem, from defining the model, specifying the material
properties, goecifying the loads, finding a solution, and outputting the results. The tools and options menu'sare
contextua with different tools'options available depending on which primary menu tab is selected - non usable
tools/options are greyed out.
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o Options & Tools
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File  Materials Loads Tables Calculators Plot settings Help m

Setup  Build Model Materials Pre Stress Loads Check Model Solve Results Lists Raw Datal

Models are created usng MPanel-Pro, Desgn, or Shade Desgner. The model isread into FEA (refer Build
Model) and al free mesh edges have cables added to them automeatically.

The model iswrittento afile called "myname.fem" and congags of triangular plane sresselementsand links. The
elementsand links have properties set such as giffness, pre-gress etc.

In the same file the settings used to make the model, on the Build Model page, are Sored.

Up to twelve load cases can be defined, with load case O being pre dressonly. These are dso sored in
"myname.fem”

The modél fileis processed by our geometrically non linear solver, that computes the displacements of the model
nodesto meet the specified load case. The resultsare written to afile called "myname_Icx.out”, where x isthe
load case number.

The resultsfrom the output files can then be written back to the CAD drawing as col oured model s showing
Sresses, digplacements etc.

See examples:

The program can be re szed and minimised usng the usual windows methods. If you have limited screen sze
available the button images can be hidden to save space.

@

Help

Help contents

v | Show button images

Hide button images
About

Model Name
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File | Materials Loads Tables Calculators Plot settings Help

New model file tress Loads Check Model Solve Results Lists  Raw Data
Open existing file
Recent files » |
import MPSD model Y_UIP on Machine\FEA Tests
Save model file as save file 1st fem
—ommit data changes ;m
Exit |

————————pescription

Thefirg gep in anew project isto goecify amodel name. Do thisby usngthe " File... New" from the menu.
Alternatively, if you do not define anew file at the sart of a project you will be prompted to create a filename at
the time you "Make model".

To open an exiging model you can either usethe " File... Open Existing" or the " File... Reopen Recently
Used"

Y ou can specify the Unitsused in the analygs Thiswill provide unitsin the property names, which can help with
undergtanding the required values And it will put in default property valuesthat are appropriate for the units
chosen.

Note: The units mus be the same asthe drawing units So if you specify "Kgf Meters' then the drawing should
be drawn usng the same units or a scale facto can be applied on the build model page.

Optionally you can enter atext description of the model. Thisisstored but not used by the program but can be

useful when reviewing the FEA at alater date or when comparing different versons of an analyssusng different
assumptions, loads, etc.

Import MPSD file:




File name ‘

Unit system | Metric

Sail Fixing

© Cantilever posts
) Fixed to building

Materials
Poles ‘Genen’c 100mm nb 6mm wall
Footer diam (m) 05
Loose fill (m) 0.3
Fabric ‘Generic Shadecloth
Edge Cable ‘Generic 5mm
Corner Links ‘Generic amm
Loads

Wind load (km/hour) 30
Snow load (m)

Build

L |

Another optionisto import asail model directly from MPanel Shade Desgner (MPSD) rather than reading in a
model from the CAD workspace. Thisprovidesa smplified form based approach to defining some of the project
and material propertiesincluding:

1. Filename Click onthe button (red arrow) to select the dxf model file exported from MPSD
2. Units Specify if MPSD fileismetric or imperia which will define units used below
3. Sail fixing Select if sail isconnected to cantilever pods or fixed to building
4. Materias If poles are sl ected above then pole materials and footer can be defined
then fabric, cable edge and corner link seel sze can selected.
5. Loads Wind speed and snow |oads can be defined
6. Build After completing the form click the build button to load the values and model into FEA

After build iscompleted you will be provided a model report as shown below summarizing model parameters
and assumptions



Model has:

197 nodes
579 dof

1 region(s)

69 bandwidth

Assumptions used during model build:
MPSD model units: meters
Fabric tensioned to: 0.2 kN/m
Allowable soil bearing pressure: 100 kN/m2
Soil strength factor: 1
Wind pressure coefficient: 1

oK |
A b

Normal operation of FEA followsthis sep asdescribed in the remainder of the manual. The material and load
valuesinput in the formwill be automatically added to FEA. These val ues can be changed in FEA asusual and
additional load cases can be added if required.

Video: Import MPSD model into FEA for analysis

Build Model



https://vimeo.com/1102441298
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File Materials Loads Tables  Calculators Plot settings  Help

Setup Build Model Materials Pre Stress Loads Check Model Solve Resuts Lists  Raw Data

Modelling Cable and links
Model type | Cable edge v Calculate intial tension | Cable, pole and
Local X direction | Mesh warp List extra links | CLists

Trangulation | Symmetric

Ad ed setti
vanced settings Polyline special status

0.001 mmtom . :
Scale factor Define how a polyline will be read:

Restaint numbering | Low Normal fixed nodes

Allow fixed points | Any mesh node

) _ ) Check poly status Set
Auto correct mesh orientation

Make model

L.

The "Make Modd" button will read a selected drawing from an open CAD drawing cong ging of:

Meshes to define the fabric surface

3DPolys to define the sysem fixed points on mesh edges or line ends and cantilever, free or pinned poles.
Lines to define any guysincluding compress on elements (poles) backgay cablesand sail corner links
(turnbucklesetc.)

A normal MPanel model usually meetsthese conditions.

In mog casesyou can judt select (marquee select in CAD) the MPanel model and click the "Make Model™" button
to make the FEA model. Option settings adjust the FEA modelsto cope with more advanced requirements.

3DPoly specia satus settings should be applied asrequired prior to reading the model into FEA (see below).

M ake M oddl and Optimization.

Select the whole model to be analyzed, and click on the "Make Model" button.

The FEA model will be built and default materialsfrom the materials database will be specified. If you are
rebuilding an exiging model there will be the option to keep the exising materials, loads and load descriptions,
and ligs

The FEA model isoptimized for fast solving by numbering the nodesin a particular order, to give the minimum



bandwidth. A message box will report on the model build, including the bandwidth and number of regions.
Bandwidths up to about 150 solve in reasonably fagt times, and thisis sufficient to cope with a double cone tent
congging of 8 13*13 meshesand provides aufficient level of detal in the results
The model may bein several regionsthat are not connected to each other, or are connected only through fixed
points, like amulti bay barrel vault. The optimizer will sort out the model into separate regions, and optimise
each one separately.
If the option to retain any existing settingsisrejected, the make model will result in aclean build, usng the
default valuesto membrane, cables and pole properties. All load caseswill be deleted, and the Ligts page cleared.
M odeling Options

e MPanel Model Type
Fixed edges  will add redraintsto all edges.
Cableedges will add acableto all mesh edges, including internal mesh-mesh edges
Joined edges  will add a cable to judt the external mesh edges and not internal edges.

Usually this selection will be the same asthe rel axation method used in MPanel.

e Local X direction
The FEA model Local X directionis et to bein line with the MPanel mesh warp, the weft, or diagonaly.

Thisismeant to represent the seam direction, o that we caninterpret X sressasparallel to the seams and Y
dressasacrossthe seams If at this gage the best seam orientation is not known then use "Align with warp"

The model Local Y directionisat right anglesto the Local X direction, in the local mesh plane.

o Triangulation

Normally the FEA model generated will be mesh symmetrical if the meshes have odd Nsurf and Msurf numbers.
Even numberswill work, but give some extra difficultiesin the corners.

The option to generate asymmetric meshes, which have all the elementslaid in the same direction, alows
comparison with other FEA productsthat use thismethod of meshing.

In modelsthat have skinny corners, it ispossble for some of the triangular elementsto become very thin. This
may prevent amodel from solving, and inthese casesit ispossble to mesh to create the largest triangles.

Advanced Settings

o Scalefactor
Y ou may have amodel drawn in millimetersthat you want to FEA analyse in meters. Y ou can specify ascale

factor, fromthe drawing to the FEA, of 0.001 Thiswill be used at Model Build, Check Model, and Draw
Reaults so that the FEA analysswill work in the pecified units, with adrawing in different units

e Redgraint numbering



Usually it isconvenient to have the nodes numbered so that the resraintsare low numbers, like 1, 2, 3. For
compatibility with earlier FEA modelsyou can also oecify that regraints are high numbers.

e Allow regraints
The model building isfagter if resraintsare only allowed on mesh edges (or ends of lines). If you have regraints
in the mesh interior then you can specify that these points should be checked also.

e Auto correct mesh orientation
CAD mirroring, copying and 3D rotating can result in the incorrect/incond gent mesh orientations when they are

read into FEA. Pressures are applied normal to mesh surfaces o it isimportant that surfaces are oriented
condgently. Thisoption if selected allows FEA to correct these incons gencies.

Cablesand links
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File  Materials Loads Tables Calculators Plot settings Help
Setup Build Model Materials Pre Stress Loads Check Model Solve Results Lists Raw Data

Modelling Cable and links
Model type | Cable edge ‘ Calculate intial tension | Cable, poleand |+
Local X direction | Mesh warp ‘ List extra links None
Cable
Triangulation | Symmetric ‘ Cable and guy
Cable, pole and guy
_ MPanel estimate
Advanced settings

Polyline special status

Scalefactor | 0.007 mm tom ‘ Define how a polyline will be read:

Restaint numbering | Low ‘ ‘ MNormal fixed nodes

Allow fixed points | Mesh edges v

i . . Check poly status Set
Auto correct mesh orientation [ ]

Make model

e Cadculateinitial tenson
Normally the FEA build will find any cables on mesh edges, and calculate an appropriate initial tenson. Often
the cableswill terminate in a corner with asingle guy, link or corner adjuster (e.g. turnbuckle or toggle), and the
initial tenson for that can also be cal culated.

MPanel-Pro cable tensons can also be imported and used with the CAD model.

Video: Read MPanel-Pro model tensions into FEA



https://vimeo.com/953900053

In some model sthis cal culation may not be required, o can be turned off.
In modelswith pole and guy (backstay cables or rods) tripodsin the corners you can pecify that the FEA should
find these, and calculate initial tensonsand compressons.

e Ligextralinks
Normally the FEA will lig any cablesor sgnificant linksin the link table. Sometimesyou warnt to lis any links
defined by CLigs or any links not otherwise lised. There are optionsfor both of these.

o Polyline special gatus

Polyline special status
Define how a polyline will be read:

Normal fixed nodes v

Normal fixed nodes

Fix only in LCO

lgnore poly for fixing nodes
Mirror YZ plane

Mirror XZ plane

Free edge

Cantilever pole

Cantilever pole and adj link
Pinned pole

Free pole or beam
Simulated cantilever pole
Simulated cantilever pole and adj link
Link structure pair

Static beam

Normally Polylinesare read asa series of redraints. Optionally polylines can be selected then " Set” to apply
pecial gatus o FEA will interpret it asfollows

Fix only in LCO Fi xes the poly fixing nodes only in LCO,
but uses the poly colour to define Plists
useful for vault structures nid arches.

I gnore Poly Specifies ignore the poly when fixing nodes,
but uses the poly colour to define Plists.

Mrror YZ Pl ane Mrror the nodel about the YZ plane, ie a east/west
mrroring
(this adds a restraint in the X direction only at these
nodes)
Mrror XZ Pl ane Mrror the model in the XZ plane, ie north/south mrroring.
(this adds a restraint in the Y direction only at these
nodes)

Free Edge Suppresses the addition of a cable on the this edge.



Cantil ever pole
pol e/ beam

Cantil ever pole
pol e/ beam
wi th adjustable |inks

pol e

Pi nned pol e
concrete)

Free pole or beam
(suggest 7)

Sinmul ate cantil ever pole

Sinul ate cantil ever pole
adj ust abl e

wi th adj ustable |inks

l'i nks)

Link structure pair

Static beam
two

Video: Fix only for LCO

Reads a poly with nultiple vertices as a cantilever

fixed at the base, allowing multiple sail connections
(at pole vertices)and allow ng pole top nmovenment during
the application of |oads (see video |inks bel ow)

(more detailed description)

Reads a poly with nmultiple vertices as a cantilever

fixed at the base, allowing multiple sail connections
(at pole vertices)using adjustable links to accomobdate the

top movenent during pre stress and the application of |oads
(more detailed description)

Reads the poly as a beamfixed at the bottom (set in

and allowed to bend the poly needs to be a 3D poly with nore
than 2 nodes (suggest 7-11)

Reads the poly as an beamallowed to bend with no end fixing
the poly needs to be a 3D poly with nore than 2 nodes

Reads the poly as a link with a top spring that simlates
a pole set in concrete, with a point stiffness at the top.
(more detailed description)

(previously called Read as encastre pole)

An alternative cantilever pole simulation that uses

links to accommpdate the pole top novenent during pre stress
(previously called Read as encastre pole with adjustable

Makes a pair of polys to be nodeled as a set of |inks,
typically to allowa top ring to nove

(more detailed description)

Collects the forces along a polyline and resolves theminto

forces, one at each end this sinmulates a stiff beamthat is
fixed at it's ends.

Video: Analyze hypar with fixed connections

Video: Analyze hypar with corner links to fixed connections

Video: Analyze hypar with link poles and backstays

Video: Analyze hypar with corner links to link poles and backstays

Video: Analyze hypar with cantilever poles

Video: Analyze hypar with cantilever poles with adjustable corner links

Video: Analyze hypar with simulated cantilever poles

Video: Analyze hypar with simulated cantilever poles with adjustable corner links

Video: Analyzing multiple sails connected to a free pole and fixed connections

Video: Analyzing multiple sails connected to a free pole and cantilever poles

Video: Analyzing multiple sails connected to a pinned pole and cantilever poles

e Lists


https://vimeo.com/839421045
https://vimeo.com/571205360
https://vimeo.com/571206218
https://vimeo.com/571207162
https://vimeo.com/571214045
https://vimeo.com/571214509
https://vimeo.com/571212506
https://vimeo.com/571211756
https://vimeo.com/571211344
https://vimeo.com/573324894
https://vimeo.com/573326521
https://vimeo.com/573327684

During the FEA model build colours can be used to define Lists.

MLigs (Ligsof Membrane e ements) are defined by coloured meshes
CLigs (Ligsof Cableor Links) are defined by coloured lines
PLigs  (Ligsof Pointsor Nodes) are defined by coloured 3Dpolys

MLidscan be used to ecify different material propertiesto some meshes, or pecify aload on them.
CLidgscan be used to ecify different material propertiesto some links, which could be guys, poles, or cable
sections.

PLigs can be used to identify components such as cone tent top ring, to find the total reaction on the component.

The colour definitionsfor lis are described in the Lists section of this help file.

Note also that the colours can be overridden by using layer names. Again thisisdescribed fully inthe Ligs
section.

The liggs generated during the FEA model build can be checked and edited on the Lidstab later.

Material Properties
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Setup Buid Model Materials Pre Stress Loads Check Model Solve Resuts Lists  Raw Data

Membrane Properties ( kaf/m”2 . ka/m”2)
Blements Type Ex By G Viy UTSx UTSy W

Al Generic Typ... |305916 |30591.6 |3059.16 (0.3 571043 |571043 |0.75

Cable and Link properties ( kaf , kg/m )

Links Type Ea uTs w Behavior
Al Generic 8mm 509860 5098.6 0.26 Normal
1:16 Generic 8mm 509860 5098.6 0.26 Normal
17:32 Generic 8mm 509860 5098.6 0.26 Nomal
33:48 Generic 8mm 509860 5098.6 0.26 Normal
4564 Generic 8mm 509860 5098.6 0.26 Nomal
65:80 Generic 8mm 509860 5098.6 0.26 Normal
81:96 Generic 8mm 509860 5098.6 0.26 Normal
.|

Cantilever properties ( kagf m )

Poles Type EA El Z End fixing
All Generic 100mmn... | 36135100 40074.8 3.93E05 Unknown

Point Properties (kgf/m )
Points Type Spring Rate Ref length Z

D S I ———

L 4

See also:

Using MPanel FEA tables

Using MPanel FEA database libraries
Using Mpanel FEA calculators

The default values used when anew model isbuilt areinitially a Type | PV C coated polyester membrane, and
8mm (5/16") diameter cables (The defaults can be changed by the user)

For basc models, the same Membrane and Cable properties are used for the whole model.

The membrane or cable properties can be changed by hand, or by loading in a new set of valuesfromthe
Materialslibrary.

For more complicated models, different membrane or cable properties can be specified for different elementsor
cable links, on additional rowsinthetable. See "Additional Table Entries' at the end of this page.
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Tables Calculators Plot settings  Help

Use membrane from database
Edit membrane database
Set default membrane

Use cable from database
Edit cable database
Set default cable

Use pole from database
Edit pole database
Set default pole

Use cantilever poles from database
(also for pinned and free poles)

Edit cantilever pole database

Set default cantilever pole

Use simulated cantilever pole from database »

Edit simulated cantilever pole top database

Set default simulated cantilever pole
Specify Footers

Results Lists Raw Data

UTSx UTSy

Behavior

-

When in the Materialstab selecting the Materials menu tool provides accessto the material s databasesto use
val ues from the database, edit the database and set the default valuesthat will be used during Build Model. See
Using databases for more information:

17




G 8 = it o
File  Materials Loads Tables | Calculators | Plot settings  Help
Setup Build Model Materials Pre Stress Material properties from graph data Baw Data
- - Membrane isotropic G
Membrane Properties (kgf/m~2 , kg/m”2 Cable Ea
Elements Type = Pole stiffness W
Al Generic Typ... |30591.6 _ 0.75
Cantilever pole
(also for pinned and free poles)
Cable and Link properties ( kgf . kg/m ) Encastre pole top simulation
Links Type Pressure from wind speed Behavior
Al Generic 8mm Weight from snow Normal
1:16 Generic 8mm Unit conversion .Nonﬂal
17:32 Generic 8mm ‘Wﬂ_l. . Normal
33:48 Generic 8mm 509860 5098.6 0.26 Normal
49:64 Generic 8mm 509860 5098.6 0.26 Normal
65:80 Generic 8mm 509860 5098.6 0.26 Normal
81:96 Generic 8mm 509860 5098.6 0.26 Nomal
.|
Cantilever properties ( kaf m )
Poles Type EA El z End fixing
Al Generic 100mmn... | 36135100 40074.8 3.93E-05 Unknown
Point Properties (kgf/m )
Points Type Spring Rate Ref length Z
&

A

When in the Materia stab sel ecting the Cal culators menu tool provides accessto calculatorsto facilitate
determining material properties.

e MembraneProperties

Type
Thisisa short name to remind the user what material isbeing used. Thisname isgored, but not used by the
program.

Ex Ey

The Ex and Ey are the tangential values of the giffness obtained from test data at the expected pre-dress They
may be previoudy known, or obtained from manufacturersdata. If the manufacturer suppliesthe datain the form
of agraph, the E values can be obtained using this method, or usng the Material properties calculator. Note that
the E isquoted asforce per unit length, i.e. the fabric thicknessisignored. Usually Ex isequivaent to E warp on
the fabric.

Thisamountsto the fabrics non linear sretch characterigtics being approximated by a sretch that islinear around




achosen point, and that chosen point isthe pre-gress

G

The G value isthe shear giffness of the membrane. Thisfigureishard to obtain. If the material isisotropic, likea
Mylar film, the G value can be calculated by the program. If the material waslike aloosaly tied net, then G
would be zero. A value of E/10 has been used asthe default, and represents a woven fabric with an infill coating.

In some dtuationsit isuseful to model with an isotropic material, even when the fabric isnot isotropic. For
ingance, when trying to determine the principle sressdirection, or trying to get some resultsfor amodel that is
difficult to solve. A calculator is provided that will give the G val ue needed to make the material isotropic.

Vxy

Vxy isthe Poisson ratio. In afilm membrane, the valueswould be close to 0.3. In afabric this can be undersood
asthe crimp interchange. The value can be esimated from biaxial tess Values between zero and 0.5 are suitable.
Technically Vxy isthe grainratio of the contractionin X caused by adretching graininY. (Vyxiscalculated
by the program).

UTSx UTSy

If the ultimate tendle sress of the fabric is supplied, then afabric reserve factor (safety factor) can be plotted
from the results. These figures are not used during the analys's, but are referenced in the Results plot of membrane
reserve factor.

W
Isthe weight of the fabric (either from the materials database or manually entered). These figures are used during
the analyssif you select "include dead weight” when solving.

e CableProperties

Type
Thisisashort name to remind the user what cableisbeing used. Thisnameissored, but not used by the program.

Ea

Eaisthe cable effective giffness Thisisthe cable E timesit'sarea. Practically it isthe tengon that would double
the cabl€'slength, if it didn't break. A calculator is provided to give thisfigure from the cable's effective E and it's
diameter.

UTS

If the ultimate tendle strength of the cable issupplied, then a cable reserve factor (safety factor) can be plotted
fromthe results. These figures are not used during the analys's, but are referenced in the Results plot of cable
reserve factor.

w
Isthe weight of the cables (either from the material s database or manually entered). These figuresare used during
the analyssif you select "include dead weight" when solving.

Behavior
Thelink can be behave as:



Normal alink that accept tenson only
Compresson alink that can accept tenson and compresson
Adjugtable alink that can vary it'slength during load case zero, to Smulate a turnbuckle

o Cantilever Properties

Appliesto cantilever polesused in the mode:

Type
Thisisashort name to remind the user what material isbeing used. Thisnameisgored, but not used by the

program.

Ea
Eaisthe lengthwise area giffness. A calculator isprovided to give thisfigure from the poles diameter and wall
thickness.

El
Flexural rigidity isderived by multiplying the Material E x Area Moment (1). A calculator isprovided to give this
figure from the poles diameter and wall thickness

Z

Section modulus of the pole. Thisisused to calculate the bending Sress on a cantilever pole. If thisvalue iszero
then the reported bending stresswill also be zero. A calculator is provided to give thisfigure from the poles
diameter and wall thickness

e Point properties

(Note: point propertiesare not often used. Their main useisto model pole topswherethe poleissetin
concrete. They act asa zero length spring, trying to return the point to it'soriginal pogtion)

Type
Thisisa short name to remind the user what the point isbeing used for. Thisnameis sored, but not used by the
program.

Spring Rate
Spring rate isthe force, returning the point toward it'soriginal postion per unit of displacement. A calculator is
provided to give thisfigure from the pole dimensons

Ref Length
The reference length isthe length of the pole that the oring isbeing attached to. If thisvalue isavailable, and the
pole top isobtained from the library, thisvalue will be used to cal culate the spring rate.

Z

The section modulus of the beam. Thisisused to calcul ate the bending stress on an encadire pole. If thisvalueis
zero then the reported bending stresswill also be zero.

Pre Stress
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File  Materials Loads Tables Calculators Plot settings Help
Setup Build Model Materials Pre Stress |oads Check Model Solve Results Lists Raw Data

Membrane Pre-stress (kN/m ) Re-calc initial
tensions
Elements Pre-stress X Pre-stress Y

Al 1 1

Cable and Link Initial Tension (kN )

Links Initial Tension Auto Calc
Al 2154 No
1:16 923 Auto
17:32 9.23 Auto
33:48 9.23 Auto
4964 9.23 Auto

Refine initial
tensions from
Point Initial Forces (kN ) LCO results
Points Source Force X Force Y Force Z Auto Cale
H
See also:

Using MPanel FEA tables
Using MPanel FEA database libraries
Using Mpanel FEA calculators

It isimportant to art an FEA analyssof atendle sructurein the "asbuilt" condition, ie with the membrane
dresses, cable and guy tensons, that exist in the sructure after it hasbeeningalled. (If areasonableinitial Sress
and tenson isn't used then the FEA solution may not be valid) but this gives a problem, asthese sressesand
tendonsare what we wanted the FEA to produce.

So we have atwo sep process

a) Usng smple anaytic methods, estimate the initial sressesand tenson, and enter themin the pre sress page.
b) Solvefor load case zero (pre sressonly) to refine the actual Sressesand tensons.

MPanel FEA will attempt to calculate the pre sress conditions based on smple analyssasfollows
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Membrane Pre-stressX and Pre-stressY
These are the values that determine the pre dressfor the sructure.
By default they are sressvaluesthat would be produced by a 1% sretch in the membranein X and Y directions

Often these val ues are higher than common use, and should be reduced to the design membrane pre dresse.g. the
Tensnet Desgn Guide suggestsa value of 1.3% of fabric tendle value asa minimum.

Cableand Link initial tension

The cableinitia tenson for edge cablesisautomatically calculated by the program as

Cable Tensgon = Edge Radius* Membrane Stress (from the fird line in the Membrane propertiestable)
The cable tenson isfurther calculated for linksthat are connected to edge cables, such ascorner links

Theinitial tensgon value isrecal culated during " Save Changes' or when the "Re-calc initial tensons' buttonis
clicked.

The automatically calculated cables have "Auto” specified in the table. This can be changed to "No" to override
the automatic tensgon calculation, or to "Auto * X" to modify the calculated tenson by the factor X. Thiscan
be used in dtuationswhere you believe the initial tensgon to be different from that cal culated by the program.

If the cable and link structure istoo complicated for the program to solve anayticaly (AutoCalc = No) then the
user hasto supply areasonable initial tenson value.

It ispossble ecify areasonable initial tenson value, then solve for load case O, then use the solved tensgon to
update the initial tendons. Specify AutoCalc = Refine for the individual cables and then click the "Refineinitia

tensgon from LCO results' button. Repeating this process several timeswill usually obtain initial tensonsthat
result in no sgnificant model movement when solving for load case O.

Stiff Point Initial forces.

(Note: Stiff Point Initial forces can be used to represent a fixed point with a soring connection but they are
normally used to model the tops of smulated cantilever poles- where the pole isset in concrete.)

When a polesare st in concrete, and a membrane istens oned between the pole tops, the "as built” initial
condition isthat the polesare bent inwards, with aresulting outward force on each pole top.

Theinitia poletop force isautomatically calculated by the program if the pole top Sructure isreasonable
ample. If it isnot calculated (Auto = No) then the user hasto supply areasonable initial force value.

External Loads
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File  Materials Loads Tables Calculators Plot settings  Help
Setup Build Model Materials Pre Stress Loads Check Model Solve Resuts Lists  Raw Data

LoadCase 1 (LCT) w Description
Membrane Loads (kN/m”2)
Elements Pressure (+ up) Weight Snow load Pfactor Wfactor  Sfactor
All 1 0 0 1 1 1

Point Loads (kN )
Points Fx Fy Fz dx dy dz Restraints  Constraints

Link or Cable loads ( kN/m )
Links Self weight
Al 0

| -

See also:

Using MPanel FEA tables

Using MPanel FEA database libraries
Using Mpanel FEA calculators

Load Cases

The loads can be specified for up to twelve load cases. Y ou might specify a couple of wind load casesand a
couple of snow load cases. The unloaded case, with just pre sress, isautomeatically set asload case zero.

The element loadings are specified through a grid. On basc model the elementsare st to "All" and just asngle
line of the grid isused to specify the loading. To specify loadingsthat vary acrossthe model, you usualy firg set
up some lists.

Load cases can be edited by hand, or saved to and downloaded from the loads|library (Load settings menu).

A decription of the load case can be added.

There are three loading tables
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Menbr ane | oads
such as ice

Poi nt | oads

Cabl e | oads

speci fy menbrane | oads such as wi nd, snow and wei ght

specify |l oads that refer to points, such as point forces,
novenments, restraints and constraints

specify cable | oads such as self wei ght

[ &

File Materials

< o ©

Loads | Tables Calculators Plot settings Help

Setup Build Model Use membrane load from database » Resuts Lists Raw Data
LoadCase 1 (LC1) Edit membrane load database
Membrane Loads (k[ | Pressure+ up
Elements Pressure + down Pfactor  Wfactor S factor

1 1 1

Point Loads (kN )

Points

Fy Fz dx dy dz Restraints  Constraints

Link or Cable loads (kN/m )

The Loads options key allow you to save and re-use |oad casesto a database aswell asdefining if pressure load
values are applied up or down to suit the local building sandardsin different countries.
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File =~ Materials Loads Tables | Calculators | Plot settings Help

Setup Build Model Materials Pre Stress Material properties from graph data Raw Data
| LoadCase 1 (LC1) v Membrane isotropic G
. Cable Ea
Membrane Loads (kN/m”2)
Pole stiffness
Elements Pressure (= up) ) ttor S factor
Al 1 0 Cantilever pole 3

(also for pinned and free poles)

Encastre pole top simulation

Pressure from wind speed

Point Loads (kN ) Weight from snow

Points Fx Fy Unit conversion F Constraints
Al 0 0 0
Link or Cable loads (kN/m )

| .

Selecting the Calculator tool whenin the Loads Tab providesrelevant optionsto asss with determining loads.

¢ Membraneloads

Pressure

A pressure, representing the suction effect of the wind, can be applied. The value to use may be obtained from
local building codes, or thereisa calculator to give the presaure in terms of the wind speed and pressure
coefficient.

The pressure can be pecified with postive value giving an upward force on each mesh, or with postive val ues
giving downward force on each mesh. To change this option use the menu item "Load settings' A calculator is
provided to give the pressure from a known wind speed and coefficient of pressure.

Weight

A weight, representing a congant weight per unit like anice film, can be applied. The weight isapplied
vertically down, inthe -Z direction. The element load is cal culated from the element area, regardless of the
element orientation. This providesamanual option to add weightsincluding fabric self weight if the weightsare
not included in the materialstables. Normally add fabric self weight (values shown in the materialstable) during
the analyss by selecting "include dead weight" when solving.

Snow load
Thisusesthe local horizontal projected to calculate the element loading, which gives a better Smulation of snow
loads. A calculator isprovided to give the load from a known snow depth and densty.

Load Factors



These are used to multiply the Pressure, Weight and Snow |oads by factorsto vary loadsin complicated loading
cases and to conformwith local building codes.

Example
In asmple loading Stuation, where the same pressure/weight is applied to the whole model, the grid consgts of

one line, with the keyword "ALL" used in the elements column. So aloading with an wind uplift of 2 applied to
the whole model, and no weight or snow, would have atable entry of:

El ement s Pressure (+ up) Wi ght Snow | oad P factor Wfactor S
factor
Al 2 0 0 1 1 1

To specify more complicated loading involving additional rowsin the table, see the section Using Tables.

e Point Loads
These are only used when building advanced models, and can be completely ignored for basc model analyss
Direct point |oads are seldom applied in tendle structures but are included for completeness

Node movements can be applied to resraintsto smulate the movement of the support structure. Y ou could run
the FEA, and obtain the reaction forcesfor a given load. These reaction forces could be used by a sructural
engineer to produce the geelwork displacements under load. These displacements could be entered in the table,
and the FEA analyssre-run, to refine the results

Additional regraints can be useful in severa Stuations. For example, if amulti bay barrel vault restson seel
arches, the suction load may be unsupported by the middle arches, whilg the snow load will be supported. So the
additional redraints could be specified during just the snow load analyss.

Condraints are used in Stuations where the membrane is not firmly fixed to aredraint. Congraints can be st up
to:

Allow up movement... 0 acondraint $ops movement downward

Allow down movement... S0 acondraint Sops movement upward

Allowed specified movements, podtive for upward movement and negative for downward movement.

Sidewaysonly.... 0 the nodeisonly alowed to move in the local membrane plane

Slip... alowsthe membrane to dip over aredraint by alimited amount.

Slip cable... allowsacable edge to dip though aregraint by alimited amount

The definition of upward and downward for each node isnormal to the original surface at that point. When a
condraint has been invoked, nodal movement along the local normal isrestrained and anodal reaction will be
generated, but movement in other planesis permitted. Thissmulatesfabric dipping on the support surface.

See also:
Video: Fix only for LCO

o Cableloads

Self Weight

A weight, representing the cable or link weight, can be specified asthe weight per unit length The weight is
applied vertically down, inthe -Z direction. This provides a manual option to add cable or other weights, if the
cable weights are not included in the materialstables. Normally add cable self weight (values shown in the
meaterialstable) during the analyss by selecting "include dead weight” when solving.


https://vimeo.com/839421045
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File Matenals Loads Tables

Check plot

Setup Build Model Materials Pre Stress

=
gQo

il
Calculators

(?)

Plot settings  Help

Loads Check Model Solve Results

- Header

- Model
. Membrane
. Cables and links
- Restraints

&

. Siiff nodes
- Poly nodes
Cartilever, pinned or free poles
~ Find problems
- Entity numbers
- Initial state
- Loads
- Load case restraints

|8

Plot posttion

On model
Specify point
Same place
Offset night

Lists

Plot

Raw Data

18

(YO
—t —

o,

It isimportant to check the model before solving to ensure you are analyzing what you think you are.

The check model tab providesa variety of drawings/plotsto help check the model.

Thedrawingscan be drawn:

Theavailabledrawingsare:

Exactly on top of the original nodel
At a user specified point on the draw ng
At the sanme place as the previous draw ng
O fset right fromthe previ ous draw ng.




Header
o Title block Model nane, file nane, and units used in a |arge plot.

e Muterial sunmary Details the material properties and pre stress used in the nodel.

Model

e Menbrane nodel Shows the el enents in the nodel.

e Cabl es Shows the link in the nodel, either used as cables or guys. (See
not e bel ow)

e Restraints Shows the system fixed points as coloured circles. (See note
bel ow)

e Local X Shows the direction that is assigned as |local X

e Stiff nodes Shows the points with stiffness added to them

e Pol yl i ne nodes Shows the nodes for each polyline by the program

e Cantilever Poles Shows each polyline defined as cantil ever poles by the program

e Find Probl ens Shows any problems detected with this nodel (see notes bel ow)

Entity Numbers

e Menbrane elements ldentifies the nenbrane el enent nunbers.

Cabl e Numbers Identifies the link nunbers, that nake up the cables and guys.

Restraint Nunbers |Identifies nodes that are restraints.

e Stiff node nunbers ldentifies nodes that are stiff nodes.

e Cantilever poles I dentifies nunbers of poles defined as cantil ever poles.

Pol y nunbers Identifies poly's in the nodel and their nunbers.
e Poly node nunbers Identifies poly node nunbers.

e Node nunbers Identifies all node nunbers.

The Initial stress state can also be plotted for:

e Menbrane LX Stress Shows the nmenbrane LX stress

e Menbrane LY Stress Shows the nmenbrane LX stress

e Cabl e Tension Shows the initial cable and |ink tensions
e Initial Forces Shows the initial forces

And for each | oad case you can check:

e Pressures Shows any pressure | oads assigned in the nodel.



o Wi ght
or Snow.

e Forces

e Add. Restraints

e Restraint Mywvenent

e Constraints

e Cabl e Loads

Notes on Cables

Shows any loads in the direction of Gravity, such as self weight

Shows any point or node forces in the nodel.
Any additional restraints specified on the Loads pages
Any restraint novenent specified on the Loads page

Any constraints specified on the Loads page

Shows any cabl e | oads assigned in the nodel

The line showing a cable section or link is coloured as follows:

Cyan
Magent a

Notes on Restraints

Cables with the initial
Cabl es or links that the programcould not calculate the initial

tensi on auto cal cul at ed
t ensi on

The circle showing a restraint is coloured as follows:

Red Normal restraint, fixed in X, Y, and Z
G een Partial Restraint, fixed in X

Bl ue Partial Restraint, fixed in Y

Cyan Partial Restraint, fixed in Z

G ay Any ot her partial restraint

Notes on Find problems
Find problems draws out a model with at least the restraints and cables, drawn in black or white. Any
problems are then coloured in the following manner:

Red circle

Cyan circle

Magenta circle

Cyan line

Red |ine

Cyan nesh el enent

Red nesh el enent

can be caused by nodels with duplicate nmeshes.
nodel )

Dupl i cat e node,
fix: renmove duplicate nmeshes fromorigina

but not coincident.
nmodel so poly nodes and nesh

Nodes that are cl ose together,
fix: correct small errors in origina
nodes exactly match)

Solitary nodes that not connected to the rest of the node
fix: possible nodel errors, or extra points on a 3dpoly that aren't
needed)

Duplicate Iine, will show half of expected |link tension

(fix: renove duplicate lines fromoriginal nodel)
Zero length line, will prevent a solution.

fix: renmove zero length lines fromoriginal nodel)
Smal | element in the mesh, may cause sl ow convergence
(fix: nake a nore even nmesh in the original nodel

may have to accept this with this triangular sails)

Col | apsed el ement in the nmesh, probably will not solve.

(fix: rebuild with the neshing option "Largest triangles" sel ected)
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File Matenals Loads ables  Calculators  Plot settings  Help

oo

Setup Build Model Materials Pre Stress Loads Check Model Solve Results Lists Raw Data

Nomal settings

Solve for | Pre-Stress Only (LCO) Max itterations 100
Include dead weight Solve tolerance 1E-6
more... | Run Solver

L

This gartsthe solver program which cal culates the digplaced node positions and element sressfor the required
loading. The progress of the solution isreported in a graphical window. The model geometry, and Sressesare
updated on each iteration, thisallowsfor a geometrically non linear solution, with large digplacements being
alowable.

Choose which load case you want to solve for. Load Case 0 alwaysexigs, and isthe pre sressonly stuation. The
other load cases can be defined on the Loadstab.

Include dead weight will include the weight of the fabric and cables (values shown in the materialstableswill be
used).

If the model has reasonable material property valuesand low loads, the solution will converge quickly, inless
than 10 iterationsfor example. If the model involves subgantial shape change and deformation then the solution
will converge dower, and may need 250 or more iterationsto solve.

If the model includes Cantilever polesthen the solver may aso require additional iterations especialy if
adjugable links are selected.

The resdud isgraphed in numberslike 1E-3, which means0.001 and this should be used for cantilever poles
and more complex models The default tolerance for a solution is 1E-6 whichis OK for smple models.

Typicaly resdualsbelow 1E-2 will give numerical answersthat are as accurate as 1E-6. Allowing the solution to
continue to 1E-6 isjug a confirmation that the model is converged and solved correctly. On hard to solve models,
that go into alow level ostillation, a solution better than 1E-2 should be OK.

If the model has property values or loads that do not |ead to a solution then the resduals may increase, or hang at
some value. The results obtained in this case are not valid and changesto the model. materialsor pre-sress may



be required.
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File Materials Loads Tables Calculators Plot settings Help

Setup Build Model Materials Pre Stress Loads Check Model Solve Resuts Lists  Raw Data

Wamings
None

Solve progress

Analysis on: D:\Desktop"\WIP on Machine\FEA
Tests\Fix only for LCO fem
LoadCase: 0

Load Step: 1 Itteration: 5

Cancel nterupt Save Results

When the solver hasfinished, click on " Save Reaults' to write the solution to the outpuit file. Or "Cancel” to
discard the reaults.
In difficult to solve casesit may help to specify that the load isapplied in a series of smaller seps by changing the

load steps (available under more settings). For example, aload sep setting of 2 will apply half the load to the
model and solve then apply the balance of the load in sep 2.
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File Materials Loads Tables Calculators Plot settings Help

Setup Build Model Materials Pre Stress Loads Check Model Solve Resuts Lists  Raw Data

Nomal settings

Solve for | Pre-Stress Only (LCO) v Max itterations 100
Include dead weight Solve tolerance 1E-6
([ less... | Run Solver
Advanced settings

Displacement damping Damping factor 0.1
Residual damping
Accumulate stresses
Simulate wrinkled fabric

Restrict minimum membrane stress

000

Minimum stress fac.. 0.01

Start from | Initial State

Constraint slip factor 1

Damping.

Two methods of damping are used to prevent model s from going ungtable during the solve.
Note: When damping is used, the convergence becomes much dower, so be sure to check there are enough
iterationsto get the resdual low enough for avalid solution.

o |If an element showsalarge displacement init's position, compared to the element Sze, all of the

displacements are reduced (damped), and the graph line is coloured Blue.

o |f aniteration resultsinanincreasein the resdual, then all the digplacement are reduced (damped), and the

graph lineiscoloured Cyan.

Warnings

 If an element has zero or negative dressinitslowes dressdirection, it will be modified to be able to carry

dressat right angle to that direction. Thisallowsthe analyssto continue with dack fabric in one direction,
with the loads being carried by hoop tensgon in the other axis. Thisreported in the solve window with the
warning "Z". ( The wrinkled fabric can be seenin aplot of the Second Principle Stress, where it will be
coloured White).

If an element has zero or negative dressin all directions, the element will be modified so that it cannot
carry dress Thisreported in the solve window with the warning "ZZ". ( The dack fabric canbe seenina




plot of the Principle Stress, where it will be coloured White).

o |f anodeissurrounded by elementsthat have zero or negative dressinal directions, it will be kipped in
the calculation, and the warning "'S" isadded to the resdual report. If thisoccursin the final sep, be aware
that the pogtion of, and stresses around, a node that was skipped will not be correct.

o If alink or cable segment triesto go into compresson, and it has not been defined asbeing able to carry
compresson, then the link will be set to zero sressand zero giffness, Thisisreported in the solve window
with thewarning "CC", for "cable compresson”

Normal Load Cases

There are three cases that you normally solve for:

Static Case

This has the membrane and cable pre-gressonly. The solution will represent the redigtribution of sressesthat
occurson erection. Thisisnormally called Load Case O It may be surprisng that there isany changein the
dresesat dl, but they are there because:

Inanormal MPanel model, the membrane sressincreases asthe mesh lines get closer together... but we may ill
use a Smple compensation that appliesthe same initial pre-gressto the whole sructure.

The cable pre-gress may be different from the pre-sress assumed in the MPanel model

The 3D membrane shape may not be exactly correct, asMPanel uses several approximationsin its shape finding
algorithm.

Uplift Case
This has an even pressure applied to the structure to produce an uplift. Thisisused to represent the suction effect
of thewind.

Down force Case
Thishasavertical load applied evenly over the sructure. Thisisused to represent a snow load, a heavy rain, or
sl f weight.

Advanced Settings

Y ou can specify aload case to use asthe starting point for solving.

So if we had solved Load case 3 for a pressure of 50, and needed a solution for load case 4 with a pressure of 75,
you could save some computation time by usng load case 3 asthe garting point. This isnot usually needed.

Y ou can a0 ecify the following advanced settings

Use Digplacement damping. Used to limit the digplacement of the model on each iteration to afraction of the
gmallegt element length in the model. The fraction isset in the "Damping Factor" box.

Use Resdua damping. Used to limit the displacement of the model on each iteration if the digplaced shape
increasesthe resdual .

Use Accumulate Stresses Thisallowsthe stressesto be accumulated into each element on each iteration, and the
new shape of the element used going into the next iteration. This has the benefit of keeping the element srain on
each iteration small, but it can lead to ingability in some Stuations

Use Simulate wrinkled fabric. Thisallowsthe program to temporarily alter the membrane propertiesin elements



with zero gress Thiswill usually speed up the solve when there iszero dress, but it can lead to ingability in
some Stuations.

Condraint dip factor. (Default = 1), this sets how much of the in plane movement isapplied to the model each
iteration. The in plane movement S mulatesfabric dip on a condraint. Setting a value lower than one may help in
getting asolution in a difficult case. Setting a value of zero meansthat no dip isallowed after the condraint has
been activated.

Redtrict minimum membrane dress. Thisis used with modelswhere large parts of the membrane are dack,
preventing a valid solution. By specifying a minimum membrane Sress, as a percentage of the membrane presress
(0.01 = 1%), the solver can solve to produce resultsthat will be a good approximeation of the real world result.

Changing settingsduring the solve

During the solve you can interrupt the process from the solve window. Thisallowsyou to modify some of the
solver parameters and then continue. The parametersthat you can change are:

Enable / Disable the displacement damping

Enable/ Disable the resdua damping

Change the Maximum number of iterations

Change the Solve tolerance.

Save the current solution, even though it has not met the solve tolerance
When a number of load steps are specified, kip to the next load sep.

Draw Results
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File  Materials Loads Tables Calculators Plot settings Help
Setup Build Model Materials Pre Stress Loads Check Model Solve Results Lists Raw Data
 LoadCase 0 (LCO)

Select Plot

B Title block Plot position

=) Shape On model

- Displaced shape R
- Displacements Same place

Offset right

0000

- Reactions XYZ
Node reactions
Sum of reactions
PList reactions
Poly reactions Filter | All Wy
Poly distributed reactions
[+ Reactions XY
[=]- Membrane stress
LX stress
LY stress
Shear stress
- Principle stress
. Second principle stress
- Principle stress direction
=- Cables, Poles and Links

- Average tension Plot data
Bend.lng siress Write data
- Bending moment '
- - Footer depth
= Reserve factor
- Membrane

Plot and \Write data

A

See also:
Standard reports

Draw resultswill create avariety of drawingsand text printoutsto show the results of the analyses
It can either draw a scaled graph, or write in the actual valuesfor the selected data, or both.

The coloured plot isscaled and colour coded like this



(With aspecia case of white indicating dack fabric in the principle sressplots)

It can create the following output drawings:

Load case title block
of the applied |oads

Di spl aced Shape
Di spl acenent s

G adi ent

Reacti ons XYZ

Sum Reactions XYZ
nodel

PLi st sumreactions XYZ
Poly sum of reactions XYZ

Poly distributed reactions XYZ

Reacti ons XY

Sum Reacti ons XY
rmodel

PLi st sumreactions XY
Poly sum of reactions XY

Poly distributed reactions XY

Mermbr ane LX Stress
Menbrane LY Stress

Menmbr ane Shear Stress

a text plot with the |oad case nunber and details

sol ved position of the nmesh and |inks (notes bel ow)
pl us or m nus displacenent formthe original shape

| ocal gradient direction and val ue (notes bel ow)

reactions at each of the fixed points.

sum of the reactions for a set for the conplete

sum of reactions for each PLi st
sum of reactions for each polyline in the nodel

the distributed reactions along the polyline

reactions at each of the fixed points.

sum of the reactions for a set for the conplete

sum of reactions for each PLi st
sum of reactions for each polyline in the nodel

the distributed reactions along the polyline

stress in the local X direction
stress in the local Y direction

shear stress between the local X and | ocal Y



di rections

Menbrane Principle Stress hi ghest | ocal stress, irrespective of direction
(not es bel ow)

e Menbrane Second Principle Stress |owest |ocal stress, irrespective of direction
(notes bel ow)

e Menbrane Principle Direction i ndicates the principle stress direction. (notes
bel ow)

e Cable and link tension the tension in each link

e Average cabl e tension average tension in a group of links that make up
a cabl e

e Bending stress maxi mum bendi ng stress in an encastre beam

(only valid if your encastre pole has a Section
Modul us val ue)

e Bendi ng nonent bendi ng monment plot in a cantilever pole
e Footer depth pl ots estinmated footer depth for soil conditions
and di aneter specified in footers database. Note, these can be changed and resukts

re-plotted without the need to re-solve the nodel.

e Menbrane Reserve Factor Plots the reserve factor (safety factor) for the
menbrane (notes bel ow)

e Cabl e Reserve Factor Plots the reserve factor (safety factor) for the
cable (notes bel ow)




General Noteson plotting results

Reaults can befiltered so just part of the model results are shown. This can help with seeing more detail on the
coloured plotsin part of the model.

Standard reports can be defined that contain a series of plots These are useful when creating a report to
document the load response. More information on standard reports is here.

The text Sze can be st in the plot settings, to be afixed value or as a percentage of the model average element
gze providing control over the plot reaults

gy k
Text style | Percentage Fixed size
Small 100 % of default small size (] 50 height (m) )
Medium 50 % of default medium size @ 75 height (m) )
Large 100 % of default large size (] 500 height (m) )
Scale 100 % of default scale size (] 5 height (m) )
Title 50 % of default title size (] 10 height (m) ]
General 50 % of default general size 2 height (m) (]
Number of significant figures 5
Use scientific notation (o
Use engineering notation O oK Cancel

Further Noteson specific plots.

o Diglaced Shape
The displacement from the original values can be scaled. A scale of 1 gives"true” reaults, alarger scale factor
may help in visualizing the mesh movement. An original, non-digplaced copy of the model isalso drawn out for
reference, coloured Green'

o Gradient
Drawsaarrow like symbol showing the local direction water would flow on the displaced surface, colour coded
for the gradient. A group of arrowsall pointing in wardsindicates a ponding area.

e XY Reactions
Thisisthe overturning reaction for afixed point represented by a node (e.g. pole top), or the overturning reaction
at the top of aretainingwall.

o SumReactions
Thiswill sum the reactionsfor either the whole model, or for setsof points defined by PLigts. The reaction
directionisshown by aline garting at a point that roughly representsthe point of action of the force. The point of
action isproneto round off errorswhen the total reactionissmall, so should be treated accordingly.



e Membrane Principle Stress
Useful when the main sressvariesin direction from the warp or weft direction, to get agood picture of the
maximum fabric gress. Isshown aswhite if the fabric istotaly dack in all directionsin that elements

e Membrane Second Principle Stress
This can be used to show elementsin the mesh that are dack, ie zero dressin thisdirection. Typically thiswill
cause wrinklesin the fabric parallel to the principle sressdirection,

e Membrane Principle Direction
This can be used to interpret the Principle Stress, used to visualize the stressflow, and can be used to determine
the best direction to run the seams

o Membrane Reserve Factor
This plots out the membrane reserve factor (safety factor) that iscalculated from the membrane UTSx / Sx  or
UTSy/ Sy whichever islower. In use you set the Mid Graph Scale to the reserve factor that you want to
achieve... for example 5. Then in the plotted results, membrane el ementsthat are OK (ie at areserve factor
greater than 5) will be plotted out Green through to Blue. Membrane elementsthat fail to meet the required
reserve factor (ielessthan 5) will be plotted out toward the Red and Magenta colours.

o Cable Reserve Factor
Thisplotsout the cable reserve factor (safety factor) that iscalculated from the cable UTS/ cable Tenson.. In
use you st the Mid Graph Scale to the reserve factor that you want to achieve... for example 2. Theninthe
plotted results, cable linksthat are OK (ie at areserve factor greater than 2) will be plotted out Green through to
Blue. Cable linksthat fail to meet the required reserve factor (ie lessthan 2) will be plotted out toward the Red
and Magenta colours

Lists
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Element numbers
Listtype | Membrane elements

List filter |[] All

Draw list model
Flatten list model ()

Read entities inside
colored polys

Read colored entities

|

Ligsallow agroup of elements linksor pointsto be defined, and referred to asa sngle unit.

Thy can be used to
defining loading regionsfor pressure or weight loading.
define parts of the membrane built with adifferent material or prestress
define cableswith a different siffnessor prestress
define links used as gruts
define pointsto accept point loading or accept additional resraints.
define pointsto sum the reactionsfor.

The ligs can be created in thistab, or they can be created during the model build by usng coloured entities

There are two methodsto create ligs on thistab

Using coloured entities

Start by drawing out the element, link or point model, usng the "Draw Lig Model" button. Thiswill draw out a
model, with numbers, in an un-grouped drawing. By having an un-grouped drawing, it iseader to select jus part
of themodel. If the model contains partswhich are subgtantially vertical, it can help to "flatten” the List image.

Then colour parts of the model, according to the which lis you want themto bein. So List 1 would be coloured
Red, Lig 2 would be Y ellow, etc. (note that the colour must directly defined, ie not ByLayer or ByBlock). A
description of the list coloursisat the end of thishelp topic.

(Alternatively ingead of colouring parts of the model, layer names can be used ingead. So membrane elementson



Layer "MLig 3" will be assgned to MLig 3 irrespective of their colour)

Then select the coloured drawing, and use the "Read coloured entities' button to create the comma separated list
of numbers

To check the ligt, you can use the "Draw Lig Model" button again. And then perhaps change some of the list
regions, and read themin again.

Once you have the ligs correct, save themto file usng the " Save Changes' button.

Note: usually you can work on al the ligs at the same time. If some lists overlap, you will have to work on them
separately. You do thisby selecting the lig you want to work oninthe Lig Options.

Video: Create PLists from model example

Using coloured polylines

Start by drawing out the element, link or point model, usng the "Draw Lis Model" button. If the model
contains partswhich are subgantially vertical, it can help to "flatten” the List image.

Draw a coloured polyline (2d or 3d) around the area that you want to colour, when viewed from above.

(Alternatively ingead of colouring the polylines, layer names can be used ingead. So polyline on Layer "MLig
3" will assgn all ementsingdeto MLig 3 irregoective of the polyline colour)

Then select the lis model, and the coloured polyline, and click on the "Read entitiesingde coloured polyline"
button.

If the polyline was coloured Red, all the entitiesingde the polyline would be writtento Lig 1.

Multiple ligs can be defined at one reading by usng several coloured polys, which will often look like contours
around a hill.

But note the following:

The Ligsare asigned in the numerical order, Ligt 1, thenLig 2, thenLis 3 etc

So the polys should be coloured in the same order, with the Red contour at the "top of the hill”, the Y ellow next ,
etc

An advantage of usng coloured polysto define ligsisthat if the model hasto be rebuilt, it ispossble that the
new model will not use the same entity numbering. By having an overlay of coloured polysthe ligs can be easly
rebuilt.

e Lig colour definitions

The lig number (MLig 1, CLig 2, etc) isdefined by the colour, and 24 lis numbers are supported. The colour
definitions are;

Li st nunber Col our Aut oCAD AC Rhi no RGB
1 Red 1 255 0 0
2 Yel | ow 2 255 255 0


https://vimeo.com/521421210

3 G een 3 0 255 0

4 Cyan 4 0 255 255
5 Bl ue 5 0 0 255
6 Magent a 6 255 0 255
7 Lt Red 11 255 127 127
8 Lt Yell ow 51 255 255 127
9 Lt G een 91 127 255 127
10 Lt Cyan 131 127 255 255
11 Lt Bl ue 171 127 127 255
12 Lt Magenta 211 255 127 255
13 Dk Red 12 204 0 0

14 Dk Yel | ow 52 204 204 0

15 Dk G een 92 0 204 0

16 Dk Cyan 132 0 204 204
17 Dk Bl ue 172 0 0 204
18 Dk Magent a 212 204 0 204
19 VIt Red 13 204 102 102
20 VIt Yellow 53 204 204 102
21 VIt Geen 93 102 204 102
22 VIt Cyan 133 102 204 204
23 VIt Blue 173 102 102 204
24 VIt Magenta 213 204 102 204

Note that the colour mus directly defined, ie not ByLayer or ByBlock. Any colourswhich are not exactly the
ACI number shown above will be ignored.

Raw Data
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DESCRIPTION

UNITS
kMNewton Meters

OFFSET
XY Z
20103.20662, 9535.417112, 0

SCALE FACTOR
:scale factor
0.001000

MAX NODES
:max node, signals low fixed point numbers
1088

POINT LIST
Pn.x.y. z
1.0.5.0
2.0.00

File: View: Search for:

Model file v Raw data Description Excel Copy

h

The model file - any solved output files can be viewed in atext window. They cons s of the sections, which can
be salected using the " Search for" box.

An"Export for Excel" button formatsthe data in an Excel friendly style, and copiesthe selected it to the
windows clipboard. Thiscan by pasted into excel, and will have the correct columns, etc. Thishasuse for
performing further cal culations on the output data, allowing further post processng.

Ingtead of viewing all the raw data, you can specify the view as"Redraint Lig" or "Reaction Lig". Thisgives
just the information needed to export the model nodes and forces on those nodesto another program, such asa
geelwork analyss program. In addition the output file reactions can be organised into PLigt groups.

M odd File

DESCRIPTION text description of the models

UNITS unitsused in model

OFFSET xyz location of the firg point in the model

SCALE any scale factor used in reading the drawing

MAX NODES If present, specifiesthe maximum number of nodes, and that the nodes are arranged with the fixed
points at the bottom of the list with low numbers. If not present then the fixed pointsare at the top of thelig, with
high numbers

POINT LIST xyz location of each point referenced to the first point

REGION LIST the points making up each triangle, and RH or LH triangle

LINK LIST the points making up each link

RESTRAINTSLIST fixed points, with the freedom described in XY ,Z



POINT LOADS (X) forcesapplied to individual points. Only used for program testing

ELEMENT LOADS (X) forcesapplied to triangular regions.

PRESTRESS MEMBRANE pre-gress applied to the membrane, inLX and LY

PRESTRESS CABLE pre-dressapplied to the cable

MEMBRANE PROPERTIES materia propertiesfor membrane

CABLE PROPERTIES dretch propertiesfor the cable.

PRESTRESS CABLE ADJUSTMENT recal cul ates the cable pregtress according to the catenary radius.
PRESTRESS STIFF ADJUSTMENT recalculatesthe siff point back force according to the catenary radius and
fabric predressvalues.

LISTS recordsthe elementsin each lig.

LOAD DESCRIPTION (X) recordsthe description given for each load case.

POLYLINE NODES records the node numbersfor each polyline

CANTILEVER POLES recordsthe node numbersfor each polyline which is defined as a cantilever pole.
CANTILEVER POLES PROPERTIES materia propertiesfor cantilever poles

(where X isthe load case number for load cases 2 through 12)

Editing data by hand.

These entries can be altered by hand to define more advanced models. Edit themin the syle of the exigting
settings. There mugt be at least one blank line between sections. To preserve any hand changes during the normal
"Save Changes' button operation, preface themwith the " @" symbol.

If the same data appliesto many elementsor links, it can be entered like  1:20, mydata (Where mydataisto be
st on elementsor links 1 through 20.)

The dataisread sequentially, so entriesof "ALL, mydata' followed by " 5, mydata2" will set mydata on all
items except item 5, which will have mydata2 st.

Output File

DISPLACEMENTS the xyz displacement of each node fromit'soriginal postion

STRESSES the dressesin each element in the local XY coordinates

LINK TENSION theforcein eachlink, or cable element

AVERAGE LINK TENSION the forcein each group of linksthat make up a cable

REACTIONS the XY Z force that the model exerts on each fixed point.

SUM REACTIONS the vector sum of the reactions, summed for the whole model, for each polyline, and for
any defined PLids.

SUM REACTION CENTER an point in space that the sum of reactions can be consdered as acting through.
POLE VIRTUAL REACTIONS the XY Z force that the model exerts on the poles shown at the top of the pole.

LAST STORED STRESSES used during solves garting from an existing load case
LAST STORED ELEMENT FACTORS used during solves garting from an exising load case

Examples

Some example drawings are supplied with thishelp file, that are annotated and show the stepstaken to perform
an FEA anayss
Also included are the model and output filesfor these examples.

o Example Barrd Vaults



Thisshowsabarre vault, with fixed edges.
Built in Imperia units (inches, 1bs)
Analysed for wind loading

Video: Building model to read into FEA

Video: Read in model and apply loads, solve and plot results
Video: Review results and copy to spreadsheet

This video shows analysis of a more complex model using metric units:

Video: FEA analysis of 3 bay barrel vault

o Example Hypar Models

Thisshows a hypar with 4 catenary edges.
Built in metric units (meters, kKN)
Analysed for wind

Looks at the gtuation where there is uncertainty asto the best direction to run the seams, determining thisfrom

the principle sressdirection, and then modeling the hypar with the ssams running in that direction with an
anisotropic material.

Video: FEA analysis of hypar sail

The following videos show analysis of a several different hypar configurations - the related CAD files are linked below:

Rhino Drawing: Floating Hypar
AutoCAD Drawing: Floating Hypar

Rhino Drawing: Hypar models
AutoCAD Drawing: Hypar models

Video: Analyze hypar with fixed connections

Video: Analyze hypar with corner links to fixed connections

Video: Analyze hypar with link poles and backstays

Video: Analyze hypar with corner links to link poles and backstays

Video: Analyze hypar with cantilever poles

Video: Analyze hypar with cantilever poles with adjustable corner links

Video: Analyze hypar with simulated cantilever poles

Video: Analyze hypar with simulated cantilever poles with adjustable corner links
Video: Analyzing multiple sails connected to a free pole and fixed connections
Video: Analyzing multiple sails connected to a free pole and cantilever poles
Video: Analyzing multiple sails connected to a pinned pole and cantilever poles



https://vimeo.com/839998522
https://vimeo.com/840001979
https://vimeo.com/840002389
https://vimeo.com/521549198
https://vimeo.com/521008139
https://mpanelcom-my.sharepoint.com/:u:/g/personal/support_mpanel_com/ESd1rtFbS25JhlKhYnyWx8ABoEANcHwGwHRQwu2QqiZ4xQ?e=abIKtU
https://mpanelcom-my.sharepoint.com/:u:/g/personal/support_mpanel_com/ETTiwf77qo1LoOkRy8Y3Lv0BbT6CXET-rBWKabXPxPjBQg?e=aEFxuP
https://mpanelcom-my.sharepoint.com/:u:/g/personal/support_mpanel_com/EU0c60HMcldJpJRi_EfWv7MBIwdSsYBj_TluMKCL1UPtdA?e=eoDabR
https://mpanelcom-my.sharepoint.com/:u:/g/personal/support_mpanel_com/EX20NnSjhvdNnUWErVIB5hUBInWX_OpLGkX4kq2r5FevdA?e=axyorK
https://vimeo.com/571205360
https://vimeo.com/571206218
https://vimeo.com/571207162
https://vimeo.com/571214045
https://vimeo.com/571214509
https://vimeo.com/571212506
https://vimeo.com/571211756
https://vimeo.com/571211344
https://vimeo.com/573324894
https://vimeo.com/573326521
https://vimeo.com/573327684

o Example Conetent models

This shows a cone tent with cable edges.
Built in metric engineering units (meters, kgf)
Analysed for wind and snow.

Video: Building model to read into FEA
Video: Read in model and apply loads, solve and plot results
Video: Analyse fabric lifting off umbrella frame

This video shows analysis of a conic with pinned and cable restrained centre post. In this example we demonstrate
using MLists to apply different pressures to winward and leeward sides of umbrella:

Video: FEA analysis of conic with pinned centre post

This video shows analysis of a dual conic with several different pressure bands:

Video: FEA analysis of dual conic with complex pressure loads

This video shows analysis of a conic to determine pole top reactions:

Video: FEA analysis of conic pole top reactions

This video shows analysis of a conic with a cable supported (flying) mast:

Video: FEA analysis of conic with flying mast

Advanced model building notes.

o Resolve corner tensions

Normally the program will resolve the corner forces and apply them to asngle corner link. If the option to
resolve corner tensonsis selected then the program will try to resolve the corner forces and apply themto a set of
links attached to the corner.

If the geometry at the corner is suitable then 3 links can be determined, and any links with a negative initial
tendon will be assgned aspoles. If the geometry islocally flat then 2 links can be determined. The calculation
for multiple links depends on the membrane having the same membrane stresses Sx and Sy, if thisign't the case
then the calculationswill only be afirs approximation.

The links assgned as poleswill use the default pole properties from the pole database.
The linksassgned as guyswill use the default cable properties from the cable database.

Thisagorithm may give an incorrect interpretation of a set of linksin some models, so you can turn the option
off. In particular poorly angled guys may be assigned a negative initial tenson, which would lead to them being
writteninto the linkstable incorrectly aspoles.

In dtuations where the program is unable to resolve corner tensons correctly colouring the links and poles before
meaking the model will alow smple alocation of materials and pre-sress values based on the Lists.

o Simulated Cantilever Poles (previoudy Encastre poles)
Encadre poles smulate cantilever polesthat are pin joined at each end, and an additional node siffnessat the

pole top. The node giffnessis gpecified asa pring rate, and is calculated to give the same force / deflection
characterigtics as an encagre polein bending.


https://vimeo.com/521034400
https://vimeo.com/840010800
https://vimeo.com/840012234
https://vimeo.com/664150396
https://vimeo.com/656462163
https://vimeo.com/521573412
https://vimeo.com/521106953

The value of the spring rate for smple tubular poles can be obtained from the Encagtre pole calculator. It isvery
dependent on the pole length.

To correctly gart aFEA analyss fromthe "asbuilt" configuration, we also need to specify the force generated at
the pole tops by tightening the cables during ingallation. Thisis pecified in the Point Initial Forcestable. If this
isn't specified then the analyssfor each load case will include an unintended dackening asthe pole tops move
inward to absorb the corner forces. The force vector at each pole top can be obtained by performing aninitial fea
analys swith the pole tops fixed, and entering those pole top reactionsinto the Point Initial Forcestable.

The programwill do al of thisautomatically if the pole topsare identified with a 3dpoly, that has pecial Satus
of "Simulate Cantilever Polesusing giff nodes'.

The pole links and pole top soring rate will use the default pole properties from the encadre pole database. The
initial forceswill be calculated analytically and entered in the Point Initial Forcestable.

Since the spring rate is very dependent on the pole length, automatic ass gnment of properties by the program
usesthe "Spring rate for unit length” value (if it isavailable) and then calcul ates the actual spring rate fromthe
pole length. When thisis done the pole length isnoted in the Point Initial Forcestable asthe Reference length.

o Simulated Cantilever Polesadjustable linksusing stiff nodes (previoudy Encastre poles using
adjustablelinks)

The method described above for encadre poleistechnically the correct method of Smulation, asthe FEA
analyssdartsin the "asingalled” condition, with aback force on the pole tops  However this method does not
show the pole top movement during ingallation.

To alow the pole top movement to be visble we can use a modeling entity called an adjugtable link. Thisentity
mai ntai ns congant tension during the solve for load case zero, and then behaves asanormal link for al other load
caes

So when this modeling method is used there isno back force applied to the pole tops, and the pole topsmove in
during the solve sufficiently to develop the required back force.

When solving for other load casesthe exigting solve for load case zero isautomeatically used as a garting point.

e Link structurepairs

A conic'stop ring isusually modeled by fixed points, and thisis appropriate when the top ring isfixed in pogtion
by giff members, such as seel framework or external guys. When the top ring is attached to apole that ispin
joined to ground then loading may cause the top ring to move sdeways. This can be smulated by building a
"inverted tepee” arrangement of linksthat are only fixed at the ground. These links sructures can be built by
hand., or automatically by the program.

To make the links automatically, use an Mpanel model with the top ring defined by asingle 3dpoly. Draw in
another 3dpoly to represent the pole, with just 2 nodes (3 for Rhino users). Select the pole poly and the top ring
poly and mark them with special gatusasaLink Structure Pair”. You will aso need to provide a 3dpoly to fix
the bottom of the pole.

During the FEA model build the 3dpolysfor the pole and top ring will be replaced with an "inverted tepee” of
links The link giffnesswill be the default cable giffness, with Allow compresson = Yes. (We do not use the
default pole giffness, asthe pole isrepresented by numerous links acting together)

There can be any number of link sructure pairs, the program sorts out which pole goeswith which top ring by
proximity.



o« Simulate beam

A beam can be smulated by atruss made from pin jointed links The trusstriangulation are based on the polyline
nodes, and the Smulation is mog accurate with evenly spaced nodes. The beamis created with pin jointed ends,
to Smulate an encastre beam the end two nodes should be fixed.

The giffness of the links can be st to achieve a defined El value for the beam. The link giffnessisautomatically
read during the FEA model build, but can also be calculated with the El calculator supplied. The truss deflection
under load will be in reasonable agreement with areal beam's deflection, but should be checked if the deflection
iscritical.

To ensure modeling sability the links are pre tensgoned, and small sabilizing forces added to the outer nodesto
balance the forces.

The beamslinks are automatically assigned to CLig 24, which hel pswith filtering the s mulation out during
report drawing.

e Static beam

A datic beamisa polyline. Forcesaong the polyline are collected and presented at the 2 ends smulating a giff
beam fixed at both ends and istypically used when modeling marquees and smilar pop-up and temporary tents.

o Cantilever Poleand adjustablelinks

Cantilever polesare fixed at the ground and free to move at the top and alow for multiple sail attachments.
Cantilever polesare modeled usng a 3D polyline with multiple vertices (e.g. 11). Multiple sailscan be
connected to the pole provided they are connected at one of these pole vertices

A correctly balanced FEA model should have aback force specified at the pole sail attachments representing the
force devel oped in the pole by bending during ingallation. However, use of thisback force meansthat the
bending of the pole during ingallation will not be shown. To allow the pole bending to be shown, insead of
pecifying aback force, we require an adjugtable link that has congtant tenson during load case zero. Thisbends
the pole during the solve for load case zero, and then behavesasa normal link for all other load cases. In
practical termsthe adjugtable link islike a turnbuckle used to tighten the sail to its prestress condition.

So when this modeling method is used the pole tops move in during the solve sufficiently to devel op the required
back force.

When solving for other load cases|oad case zero is suggested as a garting point.

o0
Video: Analyze hypar with fixed connections

Video: Analyze hypar with corner links to fixed connections

Video: Analyze hypar with link poles and backstays

Video: Analyze hypar with corner links to link poles and backstays
Video: Analyze hypar with cantilever poles

Video: Analyze hypar with cantilever poles with adjustable corner links
Video: Analyze hypar with simulated cantilever poles



https://vimeo.com/571205360
https://vimeo.com/571206218
https://vimeo.com/571207162
https://vimeo.com/571214045
https://vimeo.com/571214509
https://vimeo.com/571212506
https://vimeo.com/571211756

Video: Analyze hypar with simulated cantilever poles with adjustable corner links
Video: Analyzing multiple sails connected to a free pole and fixed connections
Video: Analyzing multiple sails connected to a free pole and cantilever poles
Video: Analyzing multiple sails connected to a pinned pole and cantilever poles

Using Calculators

Several smple calculatorsare provided to help generate suitable valuesfor material propertiesand loads They
can be used for direct entry of valuesinto the material tables, or for calculating valuesfor the databases These
are described below.:

e MembranePropertiesfrom graph data
Given adress/srain graph for amaterial, thiswill calculate the Ex and Ey from the graph dopes.

If only asnglegraph at 1:1 dressloading isavailable you will have to esimate of Vxy, oftenavalueof 0.3 is
suitable.
The value of G cannot be determined for asmple dretch graph , but isesimated as 10% of the average E value.

If dressdrain graphsare available at different Sressratios, suchas1:1 and 2:1 , thisdata can be used to refine
the estimate for Vxy. If the material behaveslike alinear orthotropic material aVxy value will be cal culated
with alow value for the graph dope miss match percentage, perhaps around 10%. Much higher miss matches
indicate that the material does not behave like alinear orthotropic material (or that the graph dataiswrong) and
the bes we can do isto use an estimated Vxy.

If dresssrain graphsare available at several dressratios, suchas1:1 2:1 and 1:2 , then several valuesfor Vxy
can be obtained, and the average used for final material calculations.

e Membranelsotropic G

This calculates the G value needed to make the membrane behave like an isotropic material such asathin film. It
readsthe Ex. Ey and Vxy valuesfrom the selected line in the membrane table, and the calculated result can be
automatically pasted into the selected line.

True isotropic materials have the same Ex and Ey, s0 the calculation with differing Ex and Ey givesa"quas™
isotropic material.

e CableEa

The cable and linkstable usesthe Eavalue for link giffness. Thisvalue would reault directly from a sretch test of
cable or webbing. If the manufacturer supplied the effective E value for the cable ingtead, thiscalculator will
give the Ea from the effective E and the cable diameter . The calculated result can be autometically pased into
the selected linein the cable and linkstable.

¢ Polesiffness.

This cal cul ates the lengthwi se iffness (Ed) of smple tubular poles. The calculated result can be automeatically
pasted into the selected line in the cable and linkstable.


https://vimeo.com/571211344
https://vimeo.com/573324894
https://vimeo.com/573326521
https://vimeo.com/573327684

¢ Cantilever Pole.

This calculates the pole lengthwise giffness (EA), flexural rigidity (EI) and section modulus (2).

o Simulated Cantilever Pole (previoudy Encastre pole smulation).

This calculates the spring rate needed to smulate the bending of a pole st in concrete, and aso the pole
lengthwise giffness. The calculated results can be automatically pasted into the Point giffnessor Cable links
table.

If the soring rate isgoing to be added to the pole top materialslibrary, it isbetter to sore the "SR for unit
length". Thisletsthe program adjus the spring rate for the pole length in the table. Thisvalue isobtained by
entering apole length of 1.

The section modulus”Z" isalso calculated, thisisused to calculate the bending sSressin an encadre pole. Note
that encagtre polesthat were added to the database before verson 13 will not have thisvalue, and it should be
added to the database if you want the pole bending stressto be calcul ated.

¢ Beam smulation.

This calculatesthe link giffness needed to S mulate a beam with a specified El asatruss. The calculated results
can be automeatically pasted into the Cable linkstable.

The truss deflection under load will be in reasonable agreement with areal beam's deflection, but should be
checked if the deflectioniscritical.

e Pressurefrom wind speed.
This calculatesthe pressure caused by awind speed at a defined coefficient of pressure ( Cp). Cp valuescan be
obtained fromwind tunnel tests, past experience, or from building codes. The calculated result can be

automatically pasted into the selected line in the element |oadstable. Really these values should be used for
egtimation purposes, and the actual presaure required by your building code should be used ingead.

e Snow load
This calculatesthe pressure caused by a depth of snow at a defined snow dengty. The calculated result can be

automatically pasted into the selected line in the element |oads table. Really these val ues should be used for
edtimation purposes, and the actual snow loading required by your building code should be used ingead.

¢ Unit conversion.

This converts values commonly used in tensle sructure engineering from one units sysem to another. The results
can by coped to the clipboard, and then pasted where needed.

Using Tables
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File  Materials Loads | Tables | Calculators Plot settings Help

Setup Build Model Materials Copy current row b Lists Raw Data
" Paste into current row
Membrane Properties (kN/m 2 Delete current row
Blements Type Copy data down to next row - UTSy W
All Generic Typ... 56
Copy data down to all rows below
Add new blank row
Cable and Link propetties (kN Copy table
Links Typ Paste table w Behavior
Al 8mm SS Clear table Normal
1:16 8mm SS 5347 50 Nomal
17:32 8mm SS 5347 50 Nomal
33:48 8mm SS 5347 50 Nomal
49:64 8mm SS 5347 50 Nomal
|
Cantilever properties (kN m )
Poles Type EA El Z End fixing
Al 101x3 1.82266E+05 |221.699 2.2251E-05

L

The tables can be szed vertically by hovering the mouse over the gap between the tables, and selecting the 9zing
bar.

The table columns can be szed horizontally by hovering the mouse on the column header, and selecting the
9zing arrow.

The left column defineswhich elements, linksor pointsthe row refersto. Example entries are:

Al l (all the el enents)
3:7 (elements 3 to 7)
M.ist 3 (all the elenments in Mist 3)

The tables are read from the top downward, o atable entry for the membrane |oads of:

El ement s Pressure Sel f Wei ght Snow | oad Load Factor
All 120 0 0 1
3:7 60 0 0 1

puts an pressure of 120 on all elements, except for el ements 3 through to 7, which have a pressure of 60

The table editing menu can be selected from the menu bar, or opened by right clicking on atable.

The tables editing functions are:



Copy current row
conpati bl e format
Paste into current
Del ete current row
Copy data down to next
t he El enent nunbers
Copy data down to next
t he El enent nunbers
Copy data down to all
Add new bl ank row
tabl e

Copy table

conpati bl e fornat
Paste table

Clear table

row
row
row

rows bel ow

Using the databases

copi es the row values in an Excel
pastes in the row val ues

del etes the current row

copi es the row val ues down, except for

copi es the row val ues down, except for
copies the row values to all rows bel ow
adds a new bl ank row at the end of the

copi es the table values in an Excel

pastes in the table val ues

Use cable from database
Edit cable database
Set default cable

Use pole from database
Edit pole database
Set default pole

Edit cantilever pole database

Set default cantilever pole

Use cantilever poles from database

(also for pinned and free poles)

[ 8 |= i o @

File | Materials | Loads Tables Calculators Plotsettings Help
Use membrane from database » Results Lists Raw Data
Edit membrane database
Set default membrane »

UTSx UTSy

Behavior

ERH O EREIEHE

Point f

Use simulated cantilever pole from database »

Edit simulated cantilever pole top database
Set default simulated cantilever pole
Specify Footers

952




There are databasesfor:
e Membrane properties
Cable properties
Pole properties
Cantilever Pole properties
Simulated Cantilever Pole (previoudy called Encadre pole) properties
Specify Footers
Loads

Each database comprises

Standard entries
these cannot be edited
when used they have the word "Generic" shown with the name
they may have anameintheformat xxx |yyy
the xxx part isthe description for imperial units, yyy isthe description for metric units

User entries
these can be edited in the database editor
and the values entered are automatically converted for use in other unit sysems

To use amaterial, put the cursor in the table row where you want the data, and then click on the menuitemlike
"Use membrane from database” to select the required material.

To ==t adefault material, to be used on the next FEA model build, click onthe menuitem like"Set default
membrane” to salect the required material.
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>N

Calculate «
MName

Description

Ex (Kaofimeter)

Ey (Kofimeter)

G (Kgfimeter)

.'I’J'X}r

UTSx (Kaf/meter)

UTSy (Kgfimeter)
Pre-Stress x (Kagf/imeter)
Pre-Stress y (Kaf/imeter)

Mass per area (Kg/meter 2)

| 9

$

Type 1

aenenc

PVC coated polyester

Close |

To edit the database entries, click on the menu item like "Edit membrane database” to open the editing form.
Then you can add (click the + button), change (click the tick/check button), or delete (click the - button)
materials To assg with determining the material values calculators are available which can past the calcul ated

value into the database record.

Note: when you add a database entry, the values are stored in a units neutral format, and then converted into the
unitsthat you have selected to use in the analyss. During the converson they may be a small round off error in

the values.

Specify Footers




Specify footers

Pier diameter (m) B
Loose fill depth (m) O
Allowable soil bearing pressure (kN/m™2) 100
Soil strength factor 1.0

Notes:

If loads applied to structure are working state then an
appropriate Soil strength factor is 1

If loads applied to structure are limit state then an
appropriate Soil strength factoris 1.5

Refer to your local building code or certifying engineer to
determine correct values to use.

9 0K Close

A ¥ |

Inthissingle record we sore the bored pier specificationsfor the project including preferred diameter (defined
by boring equipment), alowable s0il bearing pressure (defined by your engineer/soil survey results) and depth of
loose/fill soil which isassumed to have 0 bearing srength. Users can also specify if loads applied to the
membrane are factored (more details) and if 0, the soil strength factors can also be defined - an appropriate soil
drength factor valueis 1.5 whichistypica in these cases.

MPanel FEA usesa amplified method to determine esimated bored pier footer depthsthat in normal
consolidated soil conditionswill produce valuesthat are close to the requirements of IBC / UBC chapter 18. This
method is based on the AS/NZS 4676 code used for utility poles The values produced are suitable for estimation
purposes and should be checked againg relevant local codes. Certifying engineerswith soil test resultswill use
more rigorous analys s of the pecific soil conditions

The assumptions made in the smplified analyssare:
1. Sail bearing capacity isuniform with depth and assumed to be medium to giff conggtency. For soft
glty or hard brittle materials consult your engineer.
2. The center of footer rotation under load is 2/3 of the footer depth.
3. Bearing pressure digtribution above the rotation point is parabolic with a maximum at 1/3 depth
4. Bearing pressure digribution below the rotation point is parabolic with a maximum at 8/9 depth
5. All depths are measured from the bottom of any loose fill.
The values can be used in aworking srength desgn or alimit Sate analyss as described here.

Determining E values

In some situations we have to determine the E values from graphical data. Often the graph will be a biaxial
stress/strain graph at 1:1 weft/warp tension ratio, like the graph shown here:
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We can obtain the tangential E value from the graph in the manner shown, either using the "first loading" part of the
curve, or the "after settling" part of the curve. You can see that the E value is similar for these two situations.

This gives us an Ewarp value in this case of 580 kN/M

However this figure is a mix of two effects. Since the fabric is loaded bi-axially, at a 1:1 weft/warp tension ratio, the
stretch in the warp direction for a given stress is reduced by the Poisson effect from the stretch in the weft direction.

To separate these two effects we would need graphs from a different kind of test, such as two graphs, loaded bi axially
at different weft/warp tension ratios. From this we could derive the stiffness(E) values and the poisons ratios.

But often we will have some idea of the Poisson ratio, from experience with similar fabrics, or from simple tests. In a
fabric it is essentially the crimp interchange, and may have a value close to 0.3

Once we know the Poisson ratio(v), we can reduce the measured E values from the 1:1 biaxial test to allow for this
effect. The reduction for the general case is somewhat complicated, but for the situation where Ewarp = Efill then we
have:

Ereal = Egraph *(1 -v*2)/(1+VvV)

With a Poisson ratio v = 0.3 this amounts to a factor of 0.7 so our Egraph = 580 becomes Ereal = 406

This would be the value for Ewarp or Ex and in this case Efill or Ey is similar in value.

There is a calculator to help with the more general case when Ex does not equal Ey, and also when biaxial stretch
graphs at various stress/strain ratios are available.

There is no sense in being too accurate about these figures, as the next batch of fabric, at a different temperature,

may show slightly different results. But it does help the FEA solution to reduce the stiffness, whilst keeping the
prestress value the same.

Standard Reports




File Materials Loads Tables  Calculators | Plot settings | Help
Setup Buid Model Materials Pre Stress Loads Chec Edit standard plots
LoadCase 0 (LCO) Draw standard plot header b
Select Plot Draw standard plot for this loadcase 3
- Title block Draw standard header and all loadcases »
$- Shape Run standard plot to PDF for this loadcase »
+- Reactions XYZ
+- Reactions XY Run standard plot to PDF for all loadcases »
+]- Membrane stress : .
5 Cables. Poles and Links Set plot text size and resolution
+]- Reserve factor
Filter | All

Standard reportslet you set up multiple plots (up to 10) on afixed horizontal spacing. Thisalowsthe generation
of reportswith the plotsin aregular grid, with one row for each load case.

At least 2 gandard reports should usually be defined:

Header

contains the information needed at the top of areport. Typically includes
o Titleblock
e Materia Summary
e Compodte MCR (membrane, cablesand regtraints)

Body
containsthe information needed on. Typically includes

e Load casetitle block
o Diglaced shape

e MembraneLX dress

e MembranelLY dress

e Reactions

A report isthen generated by clicking on the menu item Run Standard plots and selecting:
Header

Body with results set to load case O

Body with results st to load case 1

or

Draw gandard header and all loadcases



Standard plot: y Spacing
(O Offset right
Standard plot name  Data O Fixed = 1
() Model width muttiple 2
© Grid width multiple 3
Select from Check plots Select from Report plots
Title block (1) (] Loadcase title block O Membrane LX stress O
Maternial summary {2} . Dmlaﬁd 3hm¢ |_| Membrane LY stress |:|
Displacements 0 Membrane shear stress O
Membrane O Gradient O Memb principle stress |_:|
Cables O Memb 2nd principle stress O
Restraints O Reactions xyz O Memb principle direction J
Composite MCR L Sum reactions xyz O
Composte CRPN (3) ! Sum reactions PLists xyz ) .
Poly distbuted reactions xyz ] Average Cable tension O
Blement numbers ) Pole bending stress 0
Cable numbers ] Reactions xy 0 Pole bending moment O
ST O Sum reactions xy O
Restraint numbers ] — .
Poly 1 0] Sum reactions PLists xy I:| Membrane reserve factor U
Poly nodes N Poly reactions xy J Cable reserve factor O
- Poly distibuted reactions xy O
(Use shift key when selecting plots to
plot and write results)
Clear Close

The plots can be edited by clicking on the menu item Edit Standard plots and filling in the form shown above.
The spacing between the plots can be set afixed digance, a multiple of the model width, or each plot offset right.
When usng Report plotsyou can plot and write the results by holding down the shift key when selecting the plot.
Standard (Gris) reports

If the report type is gpecified as"standard", then the following additional featureswill help to make a sructured
grid syle report:

Y ou can plot out aline of grid headers, that contain a descriptive title of each plot.
When plotting the grid headers you will be prompted for the insertion point in the drawing

When you plot the actual reports, they are drawn directly benesth the header, with abox grid drawn around each
plot.

Standard reports can be run usng shortcut keyslike Ctrl+1 (holding the "Ctrl" key down and pressng the "1"
key) directly from the reports page.

Draw gandard header and all loadcases automates the above process for the selected sandard report. Selecting
thisoption will plot the header and all load case plots based on the report selected.



Standard reports can also be sent directly to a pdf file.

Video: Standard grid reports
Video: Draw standard header and all loadcases

License Agreement

MPanel Software Solutions LLC License Agreement

This is a legally binding software License agreement (the "License") between the following parties:

(2) MPanel Software Solutions LLC of 3615 Queens Hwy., Carlsbad, NM 88220 U.S.A.

("MPanel", "we" or "us" or "Licensor"). We are a company registered in New Mexico with identification
number 821926203; and

(2) You (either as an individual or a single entity), being a user of the MPanel Software as defined below.

PLEASE READ THIS LICENSE CAREFULLY.

IF YOU DO NOT ACCEPT THE TERMS OF THIS LICENSE, DO NOT INSTALL OR USE THE MPANEL SOFTWARE.

BY USING THE MPANEL SOFTWARE YOU AGREE TO BE BOUND BY THIS LICENSE.

MPanel Software means any software provided with this License, such as by way of download, on disk, flash
drive or through any other media or format, including any software, code, interfaces or Content and whether

owned by us or by a third party.

Content means any content, text, documents, fonts, graphics, images, video, footage, audio, media files,
data, templates, clipart, photographs, names, images, trademarks, links, or similar.

Your Rights and Permitted Use

1. You are licensed to use the MPanel Software as expressly set out in this License from your first use of
the MPanel Software until termination of this License.

2. No rights in the MPanel Software are sold to you; your right is solely to use the MPanel Software within
the terms of this License. All rights not expressly granted to you are reserved to MPanel.

3. The License granted to you is limited, non-transferable and non-exclusive. Except to the extent any
rights cannot be excluded by law, you are permitted:

(i) if you are a private individual, to download, install, use and run for personal use, one (1) copy of the
MPanel Software on a computer running Microsoft Windows ("Windows Computer") that you personally
own or control at your location for each seat authorized by MPanel.

(ii) if you are a commercial enterprise, to download, install, use and run one (1) copy of the MPanel Software
for use by a single individual on a Windows Computer that they use that you own or control at your location
for each seat authorized by MPanel. A maximum of 10 seats can be authorized per license and separate
licenses are required for each additional location you operate equipment owned by you.


https://vimeo.com/520981208
https://vimeo.com/1100957152

(iii) if you are an educational institution, to download, install, use and run, one (1) copy of the MPanel
Software for use by a single individual on a Windows Computer that they use that you or they own or control
for each seat authorized by MPanel. Commercial use is not permitted.

4, Except to the extent expressly allowed in this License:

a. you are not permitted to run, or allow to be run, the MPanel Software over a network or any other
means by which it can be used simultaneously on more than one computer; and

b. you have no right to rent, lend, lease, sell, supply, transfer or distribute, transfer, redistribute or sub
license the MPanel Software.

C. the license is restricted to use for your own purpose and is not to be used for the sale of design

services to other potential license holders.

5. The MPanel Software is protected by United States and international copyright and other applicable
laws. All title and intellectual property rights, including copyright, in the MPanel Software are owned by
MPanel or its licensors.

6. You must not use the MPanel Software in a way that may infringe the copyright of a third party, such as
by copying, reproducing, adapting, publishing, issuing copies of, communicating, exhibiting, transmitting, or
distributing copyright materials without permission of the copyright owner. It is your responsibility to ensure
that your use of the MPanel Software does not infringe the rights of third parties; you should take any
necessary legal advice in this respect.

7. Where you use the MPanel Software to display or access Content, you acknowledge that the Content
may be owned by third parties, may be protected by copyright and/or other intellectual property rights and
may be subject to conditions of use. Other than as expressly set out in this License, you are not granted any
rights to use such Content and no representation is made that any Content will continue to be made available
to you. MPanel is not responsible for any third party Content and any access to it provided by MPanel is
provided solely as a convenience and the provision of such access does not imply any endorsement by
MPanel.

8. The MPanel Software may be supplied in different versions or subject to further specific License terms.
For example, the MPanel Software may be supplied:

a. as a trial, locked, demonstration or other limited use version ("Trial Version"); or

b. as a student, teacher, OEM/Bundle Purchase version or other version dependent on status or intended
use ("Customer Specific Version"); or

C. as part of a volume or maintenance License or as part of use of other services provided by MPanel

("Volume License").

In the case of all Trial Versions, Customer Specific Versions, Volume Licenses or software supplied under
other specific arrangements, then this License will still apply but shall be subject to any terms on which such
MPanel Software is supplied including any terms set out on the website from which the MPanel Software is
downloaded or on the packaging of the MPanel Software or otherwise as agreed with MPanel. In the case of
Trial Software, this License will terminate after any period specified as part of the trial or demonstration. In
the case of Customer Specific Software, this License will only take effect if and to the extent at the time of
purchase you satisfy any stipulated status requirements; if you are in any doubt as to whether your status at
the time of purchase entitles you to use a Customer Specific Version then please contact MPanel support for
further information in advance of making a purchase.

9. Except to the extent necessary for the normal and permitted use of the MPanel Software or to the
extent that such right cannot be excluded by law or to the extent required to be permitted by licensing terms
governing use of open source components that may be included with the MPanel Software:

a. You have no right (and shall not permit any third party) to copy, adapt, amend, reverse engineer,
decompile, disassemble, attempt to derive the source code of, create derivative works of, decrypt, modify,



distribute or make error corrections to any aspect of the MPanel Software in whole or in part; and
b. You have no right to a copy of any of the MPanel Software, or of any algorithms or code or other
material relating to the MPanel Software.

10. Where you are supplied with any updates, upgrades or new versions of the MPanel Software, the
terms of this License shall apply to the use of such updates, upgrades or new versions unless new License
terms accompany such updates, upgrades or new versions, in which case the new License terms will apply to
all use of the updated, upgraded or new version of the MPanel Software. Nothing in this License shall require
MPanel to supply you with updates, upgrades or new versions.

11. You will comply with all laws and regulations when downloading, installing, and using the MPanel
Software, including any laws and regulations specific to your location of download. You must not use the
MPanel Software in any way to publish or transmit any illegal material or links to such material, nor to infringe
the rights (including intellectual property rights) of any third party.

12. MPanel (or its licensors) may suspend, remove, modify, or disable (or impose limits on) access to the
currently available MPanel Software at any time without notice and without liability to you.

Consent to Use of Data

13. During normal MPanel Software operation, standard computer information is passed to our server,
including Hardware ID, Computer Name, and User Name. This information will be used by MPanel and its
subsidiaries and affiliates solely for program authorization. This information will not be transferred to third
parties. You agree that MPanel and its affiliates may use any information you give to us as part of product
support and other services provided to you, if any, related to the MPanel Software solely to improve products
or to provide customised services or technologies to you and will not disclose this information in a form that
personally identifies you.

Termination
14. This License will terminate automatically on any material breach by you of its terms.

15. On termination, you must cease all use of the MPanel Software and delete all copies in your
possession.

16. Any provision of this License which expressly or by implication is intended to come into or continue in
force on or after termination of this License shall remain in full force and effect.

WARRANTIES AND LIMITS OF LIABILITY

17. NOTHING IN THIS LICENSE SHALL OPERATE TO EXCLUDE OR LIMIT EITHER PARTY'S LIABILITY FOR:
a. DEATH OR PERSONAL INJURY CAUSED BY ITS NEGLIGENCE; OR

b. FRAUD; OR

C. ANY OTHER LIABILITY WHICH CANNOT BE EXCLUDED OR LIMITED UNDER APPLICABLE LAW.

ALL TERMS OF THE LICENSE SHALL TAKE EFFECT SUBJECT TO THIS.

18. LOCAL LAWS MAY APPLY TO PROTECT THE RIGHTS OF INDIVIDUALS WHO PURCHASE THE MPANEL
SOFTWARE IN THEIR INDIVIDUAL CAPACITY OUTSIDE A COMMERCIAL ENTERPRISE, SUCH AS CONSUMERS.
NOTHING IN THIS LICENSE SHALL OPERATE TO EXCLUDE OR REDUCE SUCH PROTECTION. IF YOU THINK THIS
MAY APPLY TO YOU, PLEASE CONSULT A CONSUMER ADVICE ORGANISATION.

19. THE MPANEL SOFTWARE ARE SUPPLIED TO YOU "AS IS" AND "AS AVAILABLE" WITH ANY AND ALL
FAULTS AND DEFECTS AND WITHOUT ANY WARRANTIES BY MPANEL OR ITS LICENSORS OF ANY KIND.



20. IT IS YOUR RESPONSIBILITY TO ENSURE THE MPANEL SOFTWARE PERFORM THE PURPOSE FOR WHICH
THEY ARE REQUIRED AND WILL FUNCTION PROPERLY IN THE ENVIRONMENT IN WHICH THEY ARE TO BE
USED. THEIR USE IS AT YOUR SOLE RISK AND YOU ARE RESPONSIBLE FOR ANY COST OF REPAIR,
CORRECTIONS OR SERVICING. YOU ACKNOWLEDGE INSTALLATION OF THE MPANEL SOFTWARE MAY AFFECT
THE USABILITY OF THIRD PARTY SOFTWARE OR THIRD PARTY SERVICES. . IT IS YOUR RESPONSIBILITY TO
ensurE that any structure designed and built using the MPANEL Software is built to a satisfactory standard. In
particular, the materials, corner connecting hardware, poles and ground footings should be sufficient to
resist expected environmental loads such as wind and snow with an adequate safety margin. YOU ARE
responsible for meeting any applicable building codes and regulations, obtaining any required building
permits, and meeting any applicable engineering specifications. Note that the MPANEL Software supplies no
guidance or information on the matters mentioned in this paragraph at all.

21. WITHOUT LIMITATION, PLEASE NOTE THAT NO REPRESENTATION OR WARRANTY IS GIVEN BY
MPANEL OR ITS LICENSORS THAT:

a. THE MPANEL SOFTWARE WILL MEET YOUR REQUIREMENTS; OR

b. ANY INFORMATION OR DATA PROVIDED WITH THE MPANEL SOFTWARE IS ACCURATE, ERROR FREE OR
COMPREHENSIVE; OR

C. OPERATION OF THE MPANEL SOFTWARE WILL BE UNINTERRUPTED OR ERROR FREE; OR

d. ANY CONTENT AVAILABLE FOR DOWNLOADING FROM US IS FREE FROM VIRUSES OR ANY OTHER
CONTAMINATION OR DESTRUCTIVE FEATURES; OR

e. YOU WILL ENJOY THE USE OF THE MPANEL SOFTWARE FREE FROM INTERFERENCE; OR

f. THE MPANEL SOFTWARE WILL CONTINUE TO BE MADE AVAILABLE OR MAINTAINED OR SUPPORTED OR
THAT ANY DEFECTS WILL BE CORRECTED; OR

g. THE MPANEL SOFTWARE WILL BE COMPATIBLE WITH ANY THIRD PARTY SOFTWARE, THIRD PARTY
SERVICES, THIRD PARTY EXTERNAL SERVICES OR MPANEL EXTERNAL SERVICES;

h. THE MPANEL SOFTWARE OR MPANEL EXTERNAL SERVICES OR THIRD PARTY EXTERNAL SERVICES WILL
BE AVAILABLE OR ACCESSIBLE IN ANY LANGUAGE OR FROM ANY LOCATION OR ARE APPROPRIATE FOR USE
IN ANY LOCATION.

22. TO THE EXTENT POSSIBLE UNDER THE APPLICABLE LAW, ALL CONDITIONS, WARRANTIES OR OTHER
TERMS WHICH MIGHT HAVE EFFECT BETWEEN THE PARTIES OR BE IMPLIED OR INCORPORATED INTO THIS
LICENSE OR ANY COLLATERAL CONTRACT, WHETHER BY STATUTE, COMMON LAW OR OTHERWISE, ARE
HEREBY EXCLUDED, INCLUDING ANY IMPLIED CONDITIONS, WARRANTIES OR OTHER TERMS ASTO
SATISFACTORY QUALITY, FITNESS FOR PURPOSE OR THE USE OF REASONABLE SKILL AND CARE.

23. MPANEL AND ITS LICENSORS WILL NOT BE LIABLE FOR ANY LOSS OR DAMAGE CAUSED BY A
DISTRIBUTED DENIAL-OF-SERVICE ATTACK, VIRUSES OR OTHER TECHNOLOGICALLY HARMFUL MATERIAL
THAT MAY INFECT ANY SITE, COMPUTER EQUIPMENT, COMPUTER PROGRAMS, DATA OR OTHER
PROPRIETARY MATERIAL DUE TO YOUR USE OF THE MPANEL SOFTWARE.

24. MPANEL AND ITS LICENSORS SHALL HAVE NO LIABILITY FOR ANY LOSSES OR DAMAGES WHICH MAY
BE SUFFERED BY YOU (OR ANY PERSON CLAIMING UNDER OR THROUGH YOU), WHETHER THE SAME ARE
SUFFERED DIRECTLY OR INDIRECTLY OR ARE IMMEDIATE OR CONSEQUENTIAL, AND WHETHER THE SAME
ARISE IN CONTRACT, TORT (INCLUDING NEGLIGENCE) OR OTHERWISE HOWSOEVER, WHICH FALL WITHIN
ANY OF THE FOLLOWING CATEGORIES: |) SPECIAL DAMAGE EVEN THOUGH MPANEL WAS AWARE OF THE
CIRCUMSTANCES IN WHICH SUCH SPECIAL DAMAGE COULD ARISE; Il) LOSS OF PROFITS; IIl) LOSS OF
ANTICIPATED SAVINGS; IV) LOSS OF BUSINESS OPPORTUNITY; V) LOSS OF GOODWILL; OR VI) LOSS OR
CORRUPTION OF DATA.

25. THE TOTAL LIABILITY OF MPANEL, WHETHER IN CONTRACT, TORT (INCLUDING NEGLIGENCE) OR
OTHERWISE AND WHETHER IN CONNECTION WITH THIS LICENSE OR ANY COLLATERAL CONTRACT, SHALL IN
NO CIRCUMSTANCES EXCEED THE TOTAL SUMS PAYABLE BY YOU TO US FOR USE OF THE MPANEL



SOFTWARE.

26. YOU AGREE THAT, IN ENTERING INTO THIS LICENSE, EITHER YOU DID NOT RELY ON ANY
REPRESENTATIONS (WHETHER WRITTEN OR ORAL) OF ANY KIND OR OF ANY PERSON OTHER THAN THOSE
EXPRESSLY SET OUT IN THIS LICENSE OR (IF YOU DID RELY ON ANY REPRESENTATIONS, WHETHER WRITTEN
OR ORAL, NOT EXPRESSLY SET OUT IN THIS LICENSE) THAT YOU SHALL HAVE NO REMEDY IN RESPECT OF
SUCH REPRESENTATIONS AND (IN EITHER CASE) MPANEL SHALL HAVE NO LIABILITY OTHER THAN IN
ACCORDANCE WITH THE EXPRESS TERMS OF THIS LICENSE.

Government End Users

27. The MPanel Software and related documentation are "Commercial Items", as that term is defined at
48 C.F.R. §2.101, consisting of "Commercial Computer Software" and "Commercial Computer Software
Documentation", as such terms are used in 48 C.F.R. §12.212 or 48 C.F.R. §227.7202, as applicable. Consistent
with 48 C.F.R. §12.212 or 48 C.F.R. §227.7202-1 through 227.7202-4, as applicable, the Commercial Computer
Software and Commercial Computer Software Documentation are being licensed to U.S. Government end
users (a) only as Commercial Iltems and (b) with only those rights as are granted to all other end users
pursuant to the terms and conditions herein. Unpublished-rights reserved under the copyright laws of the
United States.

Miscellaneous

28. This License and the License granted pursuant to this License are personal to you and except where
expressly permitted you shall not assign the benefit of or any interest or obligation under this License.

29. Apart from MPanel's licensors and authorised distributors, a person who is not a party to this License
has no right under the Contracts (Rights of Third Parties) Act 1999 or otherwise to enforce any term of this
License. The consent of any third party is not required for any variation (including any release or compromise
of any liability under this License) or termination of this License.

30. All disclaimers of warranties, limitations and exclusions of damages, rights to be indemnified by you
and dispute resolution shall apply to MPanel's licensors, suppliers, vendors, authorised distributors and
resellers, all of which shall be deemed express third party beneficiaries thereof.

31. If any court or competent authority finds that any provision of this License (or part of any provision) is
invalid, illegal or unenforceable, that provision or part-provision shall, to the extent required, be deemed to
be deleted, and the validity and enforceability of the other provisions of this License shall not be affected.

32. Except where expressly stated, no variation of this License shall be effective unless it is in writing and
signed by the parties (or their authorised representatives).

33. No failure or delay by a party to exercise any right or remedy provided under this License or by law
shall constitute a waiver of that or any other right or remedy, nor shall it preclude or restrict the further
exercise of that or any other right or remedy.

34, This License (including any documents referred to in the License) contains the whole agreement
between the parties relating to the subject matter hereof and supersedes all prior agreements,
arrangements and understandings between the parties relating to that subject matter.

35. a) References to MPanel and you includes their permitted successors and assigns; b) references to
statutory provisions include those statutory provisions as amended or re-enacted; c) references to one
gender includes a reference to the other genders; d) references to "including" or "includes" shall be deemed
to have the words "without limitation" inserted after them; e) words in the singular include the plural and



those in the plural include the singular; and f) a person includes a natural person, corporate or
unincorporated body (whether or not having separate legal personality) and that person's personal
representatives, successors or permitted assigns.

36. This License and any connected dispute shall be governed by and construed in accordance with the
laws and courts of New Mexico, United States. Where any translations of this License are provided, the
content of the English version shall take priority in cases of conflict, to the extent not prohibited by any local
laws.

37. You agree that You will not export or transmit the MPanel Software or any Applications, directly or
indirectly, to any restricted countries or in any manner that would violate United States laws and regulations
as shall from time to time govern the license and delivery of technology abroad by persons subject to the
jurisdiction of the United States government, including the Export Administration Act of 1979, as amended,
and any applicable laws or regulations issued thereafter.

Factored Loads a.k.a. Limit State Design

A dructure can be analyzed usng working srength loads or limit sate |oads.

With working strength loads, the working strength load isapplied in aload case, and the results are factored up to
obtain the required ultimate srength of the membrane, cables, turnbuckles, polesetc.

With limit gate loads, the limit sate load which isfactored up to provide areserve factor, isapplied in the load
case and the results of the analys s are therefore ultimate srength, so the strength of the membrane, cables,
turnbuckles, polesetc. do not need to be factored up any further.

With pole footers, the soil alowable bearing pressure value isaready factored up with areserve. This meansthat:

Working srength loads there isno need for afurther grength factor so a soil srength factor of 1is
appropriate.

Limit srength loads snce the allowable soil bearing srength includes areserve factor it is
appropriate to use a il srength factor around 1.5 to avoid applying
reserve or grength factorstwice.

In all these mattersyou should refer to your local building code or certifying engineer to determine the correct
valuesto use.

The decison on which method to use may be prescribed by the local building codes, or it may be left to the
engineer'sdiscretion.

Some terms used in different codes to describe these options are outlined below for reference:

Limit State Desgn (LSD), also known as Load and Res stance Factor Design (LRFD) in some contexts, has
various aternative names that emphas ze different agpects of its methodology. Here are five commonly used
aternative namesfor Limit State Desgn:

1. Load and Resistance Factor Design (LRFD): Thisisthe mogt common aternative name,
particularly in the United States. It highlightsthe use of factorsthat increase the loads and decrease the
resstancesin desgn calculationsto ensure safety.

2. Ultimate Design M ethod: Focuses on the ‘'ultimate limit gate’, which concerns the maximum
load-carrying capacity of a ructure, ensuring it does not fail under the greatest loadsit isexpected to
encounter.



3. Factored Load Design: Emphas zesthat the loads are factored or multiplied by greater than one
factors, reflecting the worg-case scenarios to enhance safety.

4. Strength Design M ethod: Used particularly in the context of concrete desgn (e.g., in ACI codes),
thisterm focuses on the srength capacities of materials, ensuring they are not exceeded even when
increased loads are applied.

5. Safety Factor Design: Similar to ASD, thisterm can also be used for LSD, but in the context of LSD,
it refersto both load enhancement and res sance reduction factors, providing a dual-layered safety
mechaniam.

These aternative names help convey the rigorous approach of Limit State Design in ensuring sructural safety
under both normal and extreme conditions.

Contact List and Technical Support

Technical support is available to customers who:

Have a valid annual technical support contract
or purchased MPanel FEA within the previous 12 months
or are evaluating an MPanel FEA demo product.

In general, it is best to send the drawing and the fem file showing the question as an attachment to the email, as this
will allow us to respond specifically to your question. We will usually mark up the drawing and send it back to you or
we will send a short video which addresses the question.

Support questions should be sent to:
support@mpanel.com

o0
i ‘ Video Tutorials



mailto:support@mpanel.com
https://www.youtube.com/watch?v=-OYeSl01APE&list=PLlFQftmRED8t14G93s3WIj-17PWve6l8g
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