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1 INTRODUCTION

This tutorial is a tool to start the understandafghow CSE works. No special efforts to have
realistic force values have been made, howevemiii€xplain several features of the program. By

following this tutorial you will be able to:

Create a dummy fem model to study a splice joint
Assign the materials and cross-section to the fements
Search members

Search jnodes

Add plates and bolt layouts

Set the checks to be performed

Have a look at the results

Comprehend block tearing results

Comprehend members net sections results

Comprehend how to use flexibility index for sheatydolts layout

This tutorial is some like 59 pages long becausehewe explained step by step anything with

images, however it takes very few minutes to abtuld these things.

N.B. this tutorial refers to CSE version reportedtbe first page of this document. If you are using
a newer version, keep in mind that some dialogoommands may be different, although the logic of
the program has remained the same. If you find sdifferences, see the up-to-date PDF guide or

the context sensitive help for information.
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2 SPLICE JOINT (BOLTED CONNECTION)

Initialization FULL version [

FULL MODE

FULL

Using FULL version you can create freely new RENODES, and besides yu can record new parametric ones
All LIGHT version commands are available, but the interface is not simplified

LIGHT MODE

LIGHT version uses a simplified interface but only standard nodes can be created, belonging to the database
Proper values for parameters can be set. Mo new parametric RENODE can be recorded

In the initial dialog box, choose the full mode rfgulete, with no limitations).

e File Modify Display Draw Enquire Fem JNodes Renode Checks 3D Model lasses Joints  Window 2
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To getinfo, press FL mm N s

Initial window content: blank.

2.1 STEP 1: GETTING THE FEM MODEL

2.1.1 Getting the fem elements

Activate right window by clicking left inside it.
Execute the command
FEM-Elements-Typical Structures.
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Typical Struct

Splice joints | Beam-Column joints | Beam-Beam joints | Ground joints | Bracings | Lattice |

Master element is red-coloursd

Annulla | Applica |

In the pane "splice joints" click inside the secamdge (from the left).

You will get the following dialog box:

Material and cross-sections assignment

Material

|??? Archive. .. | Add... |
r—Cross-sections

7 current Archive... | Add new... |

77 1 Assign current! v Strong axis

22 2 Assign current! | [V Strong axis
— Settings

[v Directly search for jnodes

Cancel
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One of the beam elements has a “connection cotés’ :necessary to define jnode hierarchy. The

element without connection code is the master @d),r the other one is the slave: it is a

hierarchical jnode.

2.1.2 Assigning material

Use the button “Archive in the box called “Material” in order to assigmeterial to the member,

choosing it from the archive. It is also possilletld a new material with the button “Add

Press “Archive” and then choose the desired mateyiaelecting the appropriate row and pressing

the button "Applica (Apply)" in the following diagpbox:

[S50)

Material Archive

Hame | g | E | nu | Fy

R3ES32 T7.850e-005 2.000e+005 3.000e-001 Z_Z210e+0
Fe3&l 7.850e-005 Z2_0&0e+005 3.000e-001 Z_350e+0
Fe3&lNoWeight 0.000e+000 2.080e+005 3.000e-001 Z_350e+0
RL3IE/38 7.850e-005 2.000e+008 2.000e-001 Z2.4B80e+0
5275 7.701e-005 2.100e+005 3_000e-001 Z_750e+0
Fed3d T7.850e-005 2.080e+005 3.000e-001 Z_750e+0
5441740 7.850e-005 2.000e+005 2.000e-001 Z.760e+0
2441742 7.850e-005 2.000e+005 3_000e-001 Z2_300e+0
REZS T7.850e-005 2.000e+005 3.000e-001 Z2.5900e+0
RZAZ /4T 7_ARRNe—NN5 Z_O00e+005 A NON&a—nn1 Fanne+n
1| n +

Cancella

-~

Chosen material has been applied.

r

Material and cross-sections assignment
Material
P> 5235 Archive... | |
Cross-sections
297 rirrent Archive. .. | Add new. .

### If you are using the demo the button “Archiegtomatically applies the material S235.

With the “Typical node” tool all the members haves tsame material. It is possible to define

different materials with the standard fem commands.
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2.1.3 Assigning cross-section

As for the material, it is possible to add new sresctions or choose them from the archive. Press

“Archive” in the “Cross-sections” box to browse thechive.

B " Shape Archive Access &J
Kind Group
Folled H shapes Others [ European
I IPE oL mw ™ LSM [Equal legs angles) [ American
~HEA [ HL [ HLS ™ USM [Channels) [~ Japarese
> CiE mE EOS ™ LSM [Unequal legs angles] [~ Indian
LTSk ™ NONST
[T HEM [T HD [ H I™ PSH [Plates. Fiectangular)
[T IPE* [ HP T | [ 0 [Tubes and Rounds] Mame search
I HE M [~ IPNASHE ™ RHS [Rectangular Hollow)  Acivate
[ THSM [H cut as Tees)
Mame
wielded Composed .
™ HSH (H) U0 LR D ata filkers
M USH.C) [FUHIL T L4cR Limits... Mo Limits
[ LSHL) T ™ Composed
[~ TSH(T)

Cold farmed Dresign criteria

[ O%H [Box, shap corners)
I™ Omega L Design No Design
rz

I~ Generic polygors I Generic
rc |
Cancel
Al Mone
L] | | o]

I” Geneic

Select HEB check box and then "Archive" to filtde Bl kind among all the available cross-sections.

Then choose the section HEB200 by selecting theogpipte row, and press the “Apply” button.

r .
B ' Shape archive ﬁ
Name 2 B -
HE 100 B Z.804e+003 Z.044e-001 4.
HE 1Z0 B 3.40le+003 2.870e-001 5.z
HE 140 B 4.296e+003 2.372e-001 5.7
HE 160 B 5.425e+003 4_25%e-001 [
HE 180 B - &.525e+003 5.12Ze-001 7.
HE Z00 B - 7.808e+003 €.12%=-001 a
HE 220 B 9.104e+0032 7.147e-001 5.
HE 240 B 1.0&80e+004 8.320e-001 1.
HE Z&0 B 1.184e+004 3.258e-001 1.
HE ZBO B 1.314e+004 1.031le+000 1.
HE_&00 R 1 491e+nn4 1 170=+000 1 HE 200 B
4 1 3
Apply | Cancel | lg— Angle in degrees
ke

The chosen shape will appear in the box calledrénit.
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I HE 200 B current Archive... | Add new... |

Assign current! | | Strong axis

272 9 Assign current! | ¥ Strong axis

Current shape can now be applied to the membebsthat “Assign current!” button on the left of

member 1 and member 2 boxes.

Cross-sections

I HE 200 B current Archive.. | Add new... |

q THE 200 B \ Assign currentll v Strang axis
7 Assign currentll Iv Strong axis

Cross-sections

I HE 200 B current Archive... | Add new... |
I HE 200 B Assign current! | v Strang axis

(|HE 2008 \A Assign currentll v Strong axis

Material and cross-sections assignment ﬂ
—Material
I 5235 Archive... Add... |
1 &
o g T

[ Cross-sections

I HE 200 B current Archive... Add new... |

HE 200 8 i Assign current! Il Strong axis
HE 2008 52 Assign current! ¥ Strong axis

—Settings
¥ Directly search for jnodes

care
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N.B. It is possible to change the current crosdisacbefore assign it to member 2 in order to

define different shapes for the members.

It is possible to apply a rotation of 90° to themters removing the tick from “Strong axis” boxes.

In some nodes, not in this case, it is possiblgefine hinges for the slaves with proper tick boxes

Pressing OK with the tick on “Directly search farofes”, members and jnodes would be

automatically searched and the resulting 3D renanldd be automatically shown.

Remove that tick to see and understand step byvetep could be done automatically (steps 2, 3

and 4 of this tutorial).

Settings
[~ Directly search for jnodes

T ’Tl Cancel
+

Choose “No” in the following dialog box. If you cbse “Si” (Yes), will be opened the “Typical
nodes” dialog box and it will be possible to sekasbdther kind of node, define its properties, amd s

on.

Cse [

'0} Do you wish to add a new node?

A fem model of the defined node has been autonigticeeated.
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5, File Modify Display Draw Enquire Fem JNodes Renode Checks 3D Model PRenode JClasses Joints  Window 2
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2.2 STEP 2: SEARCHING MEMBERS

To move to connection design you now have to deteath members are present in the fem model.
To do that just execute the command:
FEM-Search members!

2.3 STEP 3: SEARCHING JNODES

Now that members have been searched, you neeatitdifferent "jnodes" that is what will next get
a true, real node (renode). The program scans #rmab@r model and finds how many equal and
how many different jnodes there are in the modeénreach jnode will be marked and you will be
able to select it in order to work on it.
To search jnodes just execute the command:

JNODE-Search jnodes!

and answer "yes" to the following question:
[ese )

Do you really want to search all jnodes? Each info previously input
about re(al) nodes will be lost.

Castalia s.r.l. - all rights reserved 0
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As no real nodes info has been defined you will lnge anything. Jnode search is usually done
once for all in a model. Before beginning to addNRIDES, you will check that the JNODES
found are correct. This depends also on how thenfialel has been prepared.

The following dialog appears:

CSE =)

"-.I Do you wish to discard cuspidal and tangent jnodes (you cannot check
¥ them)?

ke

It is possible to discard cuspidal and tangent @soféfom the search (these jnodes cannot be
computed).

You will get the following message after commandaiion:
[cse (e |

l L Nurmber of different jnodes found: 1

This means that in this model there is just onegnahe splice.

Now the following message appears:
[cse 3 |

Make a first choice of the standard and of general settings to be applied
l . to real nedes. Afterwards you can change this setting for each

renode. The choice of the standard affects standard variable

initializations (e.g. bolt holes).

e

asking to make a first choice about the standartdaye going to use. This settings will be applied
to all renodes (here just one) as initialisatioriteAvards you will be able to assign different

settings (e.g. about the checks to be done) to diffehrent renode. So the following dialog appears:

Castalia s.r.l. - all rights reserved. 1
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Check settings

Code
" CNR 10011 - Allowable stress
" CNR 10011 - Limit states
P (¢ Eurocode 3 -EN 1993-1-8
" 15 800: working stress
(" 1S 800: limit states
" AISC-ASD: allowable stress

" AISC-RFD: factor design

Listing

{* English

(" Italian

" Spanish

¥ Open when finished checks
W Induding results (expanded)

Checks to be executed
Bolt pressure bearings

¥ Execute checks
Punching shear checks
¥ Execute checks

Block tear checks
[V Execute checks

Simplified through checks
¥ Execute checks

1 Translation

Internal actions computing mode

{* From FEM combinations |~ Worst only

~ o .
Elastic limits -1 =l e

€ Plasticlmits ~ —|

" Defined values " From table...

N,axial force, compression

M,axial force, tension

W2, shear force

3, shear force

M1, twisting moment

M2, bending moment

T

M3, bending moment

[v Use info about end release

Parastitic bending in bolts

™ Meglect parasitic bending

Met cross-sections members checks
IV Execute checks

User checks (added formulae)
[V Execute checks

Displacement bounds of components to print a warning message

0.0087266 Rotation (radians)

o]

Cancel |

Partial safety factors

gammaM, 0

1

gammaM, 1

1.25 gammaM, 2

gammaM, 3

gammaM, 4

117

gammaM, 5

FEM analysis of components

{* Do not create models

" Create just sketch models
(" Create complete models

" Create and analyze models

{* Use Sargon/Clever
Use Sap2000
Use other

I ¥

e

Choose Eurocode 3 and leave all other defaultsyi/ehange them later..

Now you can switch to jnode view. This is done bggsing this button in the main toolbar.

[ren |5 3

In jnode view you get the following:

Castalia s.r.l. - all rights reserved.2
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You can now get some info about the jnode founechie the command
JNODE-Edit...

and get the following dialog:
[ Jnode collection & ]

Inquire |

() 1 AR  Master

Ho elastic restraint|

No constraint |

Sel / Unsel

Unselect A11

Select A1l

Delete

Cancel |

Select the appropriate row and then "Inquire”, getithe following

Castalia s.r.l. - all rights reserved 3
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Info about jnode | Magterl

I Number
- IMaster
I Mark

|1 Number of occurencies I 8 vl Nodes
|2 Number of members I 1 Vl Members I 7 VI Extreme nodes

[ cusiaa

[0 Passingty

[T intempted
[0 Numberoftusses
[ Numberofbeams

QK I Annulla Applica 3

and clicking to "Master" the following:

[ =5
Info about jnode Masterl
 Master
HE 200 B Master cross-section
IBeam Element kind
~ Slave I
IHE 200B LI Slave cross-section
|Beam Element kind l
[Ciamp Joirt kind
ISpIicehomogeneous Alignment
 Envelope of intemal forces in slave
r— Positive — Negati
|n.mue+om Ne | 0 Hemert |n.muemm N- | 0 Hlemert
|n.muemm T | 0 Hement |n.muemm T2- | 0 T
[0.000-000 73. [ 0 Hlement [0.000-000 T3 [ 0 ot
|n.mue+om M1+ | 0 Hlemert |n.muemm M- | 0 Hlamot
[0.000e+000 pp. | O Element [0.000e+000 mp. | O Blement
|n.mue+om M3+ | 0 Element 0.000e+000 M3- | 0 Element
ok | Awua | pppica | g

The first dialog tells how many jnodes "AA" thenean the model, and which fem model nodes,
members, and elements the jnode is using. Thended@log presents connections info and

Castalia s.r.l. - all rights reserved 4
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internal forces envelope; this part is blank as teim model has been prepared inside CSE and is
not coming from a true fem analysis.
Press OK and then Cancel to exit from both dialogduding "Jnode Collection” dialog.
You can now wish to examine a listing for all jnedeund. This helps to understand if the fem
model has been prepared correctly, and is an impotbol to pre-study future RENODES.
Now save the model executing the commdrfite-Save and specify a name, for instance
TUTORIALS.CSE.
Execute the command

JNODES-Create listing!
you will get a message telling you that the stfdsds missing: it's ok as we are not coming fram
true fem analysis.
Now execute the command

JNODES-Open listing!

You will get a file with useful preliminary info alot JNODES topology and categorization.

TUTORIALS.txt - WordPad e
File Modifica Visualizza Inserisci Formato 1
Dl & & B B
C.S5.E. *
Connection Study Environment *
* Copyright 2000-2010 Castalia s.r.l. - http://www.castaliaweb.com =
LEGEND *
% BALPHA.......... Angle between the considered member and the master, in a =
hierarchic jnode *
* ALINGWNMENT..... Paralleli=m between a couple of local axes. If it i= "mn", *
axis "m" of the master is parallel to axis "n" of the slave *
* BETA........... Angle between the considered member and the first member of *
the jnode, in a central, plane jnode -
JOINT.evvvnnnnn 211 the components connecting two members *
* JHODE.......... The set of all joints of a set of members ideally connected *
in the same point (node). A single jnode can be associated *
to several nodes of a FEM node *
MARK......o0nnt Univocal identification of a jnode (for example AA, AB, etc.)*
Per ottenere la Guida, premere F1
* *
* JNODE 1 MARK AA *
* *

GLOBAL TYPOLOGY OF THE JNODE: HIERARCHIC JNODE

NODES ASSOCIATED TO THIS JNODE: TOTAL 1
8

Castalia s.r.l. - all rights reserved. 5
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MEMBERS IN THE JNODE: TOTAL 2

1 2
JOINT 1 (Beam - Beam) MASTER= HE 200 B SLAVE= HE 200 B
Beam Beam
End joint - Splice-homogeneous - Clamp -
ALPHA= 0.000000 ( 0.00°) COS= 1.000000 SIN = 0.000000 TAN= 0.00000e+000

2.4 STEP 4: SELECTING THE PROPER JNODE

We are sure that jnodes are correct, we can moweafd to select one of them to transform it into a
REal NODE. Left click with mouse over the square "AA" in theaphic pane: it gets yellow. This
means you have selected a jnodeitatancesf that jnode will be selected, here there is st
instance In a true fem model there can be tens of differestances of the same jnode).

Since there is just one jnode selected the switckdl node is possible. The following button ia th

main toolbar is active now:

FEM|[| @ﬁ _U

By pressing it you will get into the 3D environmemhere RENODES are built up, checked, and

studied. You will see what follows:

2 CSE - [TUTORIALS CSE]
s Elle Modify Display Draw Enquire Fem JNodes Renode Checks 3DModel IClasses Joints Window 2 _ ==

(R B[&lo] | Llafslal ] o] -] 8 55 2200 #0580 ~ oM B vl = |x[?[@|a] +[+]1?] £]=[12] ¥

Vaniables and condtions | R -

.
[AA]
T X v

=)

* Master

13 || [E1 A R | e | [ | #]

|== (B0 10 o ] ] o O o] |

=2 k1
To at info, press F1 mm | N |5 |°C

Castalia s.r.l. - all rights reserved 6



C.S.E.

Note that the left window is not empty anymoregiites you info about the components selected,
the components present in the renode, and theblesiand conditions present in the model.
Note that clicking a member it gets selected (bare) that the "Selected components” sub-pane in

the left window is upgraded. Clicking and re-clicffiyou select and unselect.

2 st - uToriais s
°se File Modify Display Draw Enquire Fem JNodes Renode Checks 3DModel IClesses Joints Window 2 [=1=]x]

e[S [ | Llofz] ] ] -] 8 ala e leeele 2len] o T v -] [X[FT@ls| +[+|r] £ |2 K]

el
% Variables and condtions |
Renode  Selectad components {i’ A A
®
B Master
En B Members
p £ m1 Beam
¢ =L HE2008
[ T e h-2000mm
® b=2000m
S H ® tw= 90mm
% ® t= 150m
™ i e r=180m
I e ni=130m
iz I e h2= 220mm
izl T Gamp
B
=
]
>+
X
=
L]
E
©
B
=
I
[ |
u
by
[ElE]
B
el
7 = B
ctive command select by click. ESC or right click to stop. =1 =1
To astinfo, press F1 mm | N s ¢

2.5 STEP 5: CONSTRUCTION OF THE REAL NODE
2.5.1 Addition of rectangular plates

Before adding plates, ud@isplay — Scene pointsil and set these parameters in the following

dialog box:
Scene points display mode and creation rules ﬁ
—Scene points display —————————————————— —Scene points creation
¥ Display points [ sides mid-points

Iz— Points dot size {mm) [ sides points at thirds

[™ Sside points at fourths

=0

Tick Display points
Type‘2’ as dots size

Castalia s.r.l. - all rights reserved. 7
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Remove all the ticks in “Scene points creation'tiees but keep “Sides mid-point” ticked.

Use Draw — Rotate dovnEI twice to have a clear view of the webs in the @mtion zone, and

scroll mouse wheel to have a closer view.

3
s File Modify Display Draw Enquire Fem JNodes Renode Checks 3DModel IClasses Joints Window 2

D|@|@|t|a (&~ | | Lol ] ]~ B85 2 2w | dl | b a2 ~|efd F| v[- —| [<[>@Aa] +[+] ][]

Variables and condiions | =z

Renode Selected componerts -
_Renode | Soasdcomponents || L BAA

[EXESTS
o}
H
i
i

B Joiners

8 [l [0 | ||

|2 (1 [0 [ [ <] o o B )] |

«

[Active command select by click. ESC or right click o stop =1 |E1
To et info, press F1 mm | N |s |

UseRenode — Components — Add througlﬂ and click the rectangular plate in the following

property sheet:

Frequent | Simple | PiHol | RecCut | RecRou | Rechec | Ticut | TriRou | Finger |

- \d
»
»
Ract, plats [5,n] Rect. plate with bevel o0 | Tris plsts [o.1] Trapszoid plate [0.8.7] Hex diag. plate [21pna,5.d]
I a JL
Circular plats [1] FRagular polygon olats 1] Generic polygon plste [..] Angle Dousle angle
GENERIC seclion ru Canstraint olock [5.0.d]

OK Annulls ?

Castalia s.r.l. - all rights reserved 8
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The dialog box that appears is used to set reclanglate sizes and parameters.

S5

10d = Height (D)
[0 = Lengh(Dx)
n il Thickneszz [DZ]

P Mame
5235 Material Change...

Fem madeling

[” Create FEM madel

Borders and welds element size

Triangle minimum angle in degrees [default 23°)

,‘ID—
I?'U— Generic elements size (if 0 then free size]
,29—
,D.‘I—

Mode distance tolerance [if dist < tol then the nodes are merged)

I Itis a stiffener

™ Search and mesh stiffeners when preparing fem model

oK | Cancel

We are going to add on of the plates of the web.

Note: we are using millimetres as current unitse Udify — Unitsﬂ to define current units, or
click in the bottom right section on the unit yoanvto change. You can not change units while a
dialog box is opened.

C=

Note: open member data in the Renode pane to sess-section sizes, or alternatively

(recommended) activate Selected components panasedact one of the members. Remember to

activate graphic view before proceeding, clickingtiwith the mouse.

Castalia s.r.l. - all rights reserved 9
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e
L:‘|7F Members
=M m1 Beam
T HE2008
b @ h=2000mm
# b=2000mm
® tw= 30mm
# if= 15.0mm
e r=180mm
o hl=1340mm
# h2= 33.0mm
T Clamp
E- 5 m2 Beam
\ﬁ’ Through
B Joiners

Define plate sizes as follow and leave all the otthefault data. Now we are not going to use
automatic fem model creation.

220 = Height V)
130 = Lengh(DX)
"Iﬂi il Thickness [DZ)

Click OK in the rectangular plate dialog box, andeav dialog will appear: here you can rotate the
component you are going to insert, and choosendeztion point.

|2 CSE - [TUTORIALS.CSE|

e File Modify Display Draw Enquire Fem JNodes Renode Checks 3D Model JClasses Joints Window ?

Sd|@B|G]| | Lol 0] y] -] |8 55 0| A0Sl b0 A | sfM B v —| [x|v|@ls] || =] K2

z
x*

=)

Variables and conditons |
Renode  Selected components
[ Maser
wops Members
82 Through

B8 Joiners

13 |2 | [E0 A R | [ | [ | #]

=B ]| o] B | |

Camponent '

el 2P e feen |
el [T R e |

<] [0 Rz s Paint
90 DRx
@ p, | Conerl

50 DRz

To aet info, press F1

Click in Ryrow, and then in Rz row to place the plate in the correct poasiti
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B ' Component = | E |t

2P A Resan |
| [0 Ry update |
| [ e s P
|90 DRx

o oRy _Conce |

|90 DRz M

ke

Now click “Ins. Point” and select the centre of thidden face, then press OK.

8" Component IE@I&J

[0 Rx Fesan | |
| =l [0 Ry updae |
o] o [8 R ns Poni]
30 DRx

@ bRy _Conee |

0 DRz _ o

\

In the scene, select the point to which previoghlysen point will correspond.

-

/
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The plate will be added immediately in the scene.

2 CSE - [TUTORIALS CSE) il

g File Modify Display Draw Enquire Fem JNodes Renode Checks 3D Model JClasses Joints Window 2 _[&][x]

D@ B(&] o] | Lla]ev] t]s] -]« BB 550 a0 el bl o0 ~|o@B vl -] [xX[® A «]+]0r] 1:|<B|L7|ﬁ”
Vaniables and condtions |

————HWm -
| companents o AA -

* Master

3

BBl

|5 |3 8] 5@ 1 =] | el | o) |

¥
N

E

| (811 18 ] | o] o O ]

«
[Active command select by click, ESC or right click to stop. =1 k1
To at info, press F1 mm | N |5 |°C

Now useRenode — Components — Cop','\"-t_'-l to get a copy of the plate on the other side of

members webs.

There are different ways to define copy vector;od®Translation — Numeric.

Choice of the way a copy is defined p ﬁ
Translation Rotation
v
7
/ 123 y B:i:rl
s 124

2 points 2 faces face +Hner, face point Mumeric 2 points-+angle Member + angle Mumeric

We need a 19mm translation in =Y direction: -1%his sum of plate thickness (10mm) and web

thickness (9mm). Tupe —19 in DY box and press OK.
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C.S.E.

A second plate has been added: Dsaw — Standard views i and choose +X view to see both
plates.

2 CSE - MUTORIALS CSE
. Ele Modify Display Draw E Fem Nodes Renode Checks 3DModel JClasses Joints Windew 2

D|2(@|®@(B[&-~] | L(a[z]rlt] 1]~ |8 55 2|0 ]| e|0 6w oM =] o[- | [x]5@s] +[+[r] @[] R
bles and condtions 1 2

Varizble: s & ==

Renode | Selected comporerts | ] :‘
| ‘ :

| ‘ j

| | @] 0] & )= |5 |5 I laF =]
L
AN

= (el (o [m{m]ie ] <] o oo I [s2] 2] |
AN
S

[Active command select by click. ESC or ight click to stop. =1 |e=1
To getinfo, press FL mm | N |s |

Switch back to the first isometric view from thé H .
Standard Views L&J

N [ <] a ]
IS0 IS0 IS0 IS0

To add the plates on the flanges, add a new commp@sedone beforeAdd through E then
choose the rectangular plate.
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C.S.E.

Type Height=650, Length=200 and Thickness =15, firess OK.

[650 =] Height DY)

200 = LenghiDx)

[l =4 Thickness(D2)

P2 Name
[5238 Mateial Change...

Fem madelling

[” Create FEM madel
Borders and welds element size
Generic elements size (if O then free size)

,‘ID—
,30—
’29— Triangle minimum angle in degrees [default 29°)
,D.‘I—

Mode digtance tolerance [if dist < tol then the nodes are merged]

I Itis a stiffener

™ Search and mesh stiffeners when preparing ferm model

(] 8 | Cancel

2 CSE - [TUTORIALS.CSE]
=, File Modify Display Draw Enquire Fem JNod

DlFl@la|B|S] | | LlOfm] ] ] ] |8 5|2 200 || ] Bl | oW =] u]- =] [x|v|@|s] +]r]ir] =] K|

Renode Checks 3D Medel JClasses Joints Window

Variables and condtions |
Renode | Selected componerts |

® Master

i

Bl ]

' Companent

el I R Aot |
PRIt AT
ol 27 e s o]
50 oAx

[0 Ry _Gence |

[%0 oR:

F
Te getinfo, press F mm

Castalia s.r.l. - all rights reserve@4




C.S.E.

[ = | (B -

# " Component

ﬂ j IU_ R<  Restar
| 2|0 Ry Update
Qj 90 Rz Ins Point

IW DRx
lﬁ DRy Cancel

ET P

Hil

he

Click inRzrow
Click “Ins.Point”

Click centre point of the lower face

Press OK

Note: you can enlarge dialog box with the mouse.

J CSE - [TUTORIALS.CSE]
Sse File Modify Display Draw Fem INodes e Cheeks 3D Model Classes Joints  Windos

D|#Em(B (&~ b || 55| 2| a2 || @2 Sl AIR| ~|#JE T uf- —| [X|3|@|a] +[+|r] == W

Variables and conditions |
Renode | Selected componerts |

* Waster

& Component

EE
<l =l R updse |
el 5| [P ne P
90 DRk

& oy _Cered |

0 oAz

To getinfo, press FL

In the scene, click the point to which must coroegppreviously chosen point: it is the midpoint of

flange upper side (zoom with mouse wheel beforkiclg in order to have a closer view).
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C.S.E.

UTORIALS.CSE]
%o File Modify Display Draw Enquire Fem INodes Renode Checks 30 Model [Classes Joints Window 2

]
=
=]

D|c|M|en| @S]~ | -] &[0lml t] o] =] < |B 5l8B]2| 227 @l0| b0 =|e@ T o]+ | |x|v[@a] +|+]r] =]e|w| K]

Renode Selected componerts
® Master

E =]

Vartebles and condtions (i' .

AT A ek

3 ] ~

(1

= 8L [ 9] o B ] B
-
&

To get info, press FI

The component has bee added.

UTORIALS.CSE]
Modify Display Draw Enqui

m INodes Renode Checks 3DModel IClasses Joints Window 2

s

‘E’FJ'«-

c=1 =1 -
mm N s fee ||

o
L= [
Ix]

S| &||[ & 0| - 1[4~ - Bl 2] sl 2 |Eele B R =@ T vl =] [x[v[@Aa] +[+[r] = |=|e| K]

) Varisbles and conditions |
2l | s || AN
& Master

e

Rl

N TE AT T e Y

i

‘E’FJ'«-

To get info, press F1

Hide Scene pointﬁl because they are not necessary.
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C.S.E.

Scene points display mode and creation rules A @
Scene points display Scene points creation
T I Display points DSt i
[~ sid ts at third
2 Points dot size {mm) el oo
[™ Side points at fourths
™ Face centers
[o peas -
—

Enclose the renode in the vie@ (Draw — Enclosg.

Upper plate is currently selected. We are goingriaate a copy on the lower flang€&opy ﬂ
then choose Rotation — Member+Angle.

r .|
Choice of the way a copy is defined &J
.
Translation Rotation A 4
=
+ 25 + 25 Bd:l
¥ o T -
2 points 2 faces face-+nar. face point MNumeric 2 points+angle Member +angle Numeric

Using this mode, you must firstly click a face bétmember whose axis must be taken as rotation

axis, then an angle must be typed: a copy (2)@btiginal object (1) will be created.
1

2

e

Click on any of the face of any of the members¢esithey have the same axis (click, for example,
an end face).
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C.S.E.

2 CsE - uToRIALS CsEl W
s File Modify Display Draw Enquire Fem JNodes Renode Checks 3DModel JClasses Joints  Window 2
D[] @|8[&]o] | L]Ollrl 1] ][« B 0ER8 220 @[ sl8[n] oM 7| [+ = [x|3|@|a] +[+]1] &]2[0] K|

Varables and conditions

i {Q

o Haster

E

=Tl o]

=

icl Ll

X |3 |@|e |5

(¥

X

IENETE AT T R

‘ =
Active command: copy. Choose a face and then input 2 rotation, ESC o righ click to stop. 1 =1

I
Togetinfo, press FL mm | N |5 fec | ]

Press OK in the following dialog box to have a tiota of 180 degrees.

Angle input g

180 Angle in degrees

Cancel

A copy of the plate has been added on the lowagéa.

J2 CSE - [TUTORIALS.CSE] _ 9 =,
s File Modify Display Draw Enquire Fem JNodes Renode Checks 3DModel JClasses Joints Window 2

||| @[B[&[ -] | 2|0]x(m] 1] 1] =] 8] a5 2] )0 @] e 0 b 8]n] e T v+ =] [x[T@|a] +[+[r] ||| x|

£ Variables and conditions | e

| == | Selected componerts gz\, J\/
® Naster

%

Lt bl

7 = v
[Active command select by click. ESC or right click to stop. =1 =1
To get info, press FL mm | N |s | | |
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C.S.E.

As done before, change view to see the renodeditgnthen switch back to the first isometric

view.

& CSE - TUTORIALS.CSE] s
s File Modify Display Draw Enquire Fem INodes Renode Checks 3DModel IClasses Joints Window. BER

s Joints  Window 2
DR8] ]| Llaf]m] 1] ]| B 55 2] a)0]F |5 Bon ~wf@F| v+ —| [x]3 @] +[+]12] «|2|1] K|
Var . 2

ji\ ‘xv

N

3 |62 208 (88 555 [ e[

== ()& (8¢ |m ]3| <o | B ] |

[Active command select by click. ESC or right click to stop. 1 k1
To getinfo, press FL mm | N s [

2.5.2 Addition of bolts

Unselect all the componeril, then usé&kenode — Components — Add bolt Iay0L§_+| and click

in the scene the external face of the first addatep

[ CSE- [TUTORIALS.CSE]
s File Modify Display Draw Enquire Fem INodes Renode Checks 3DModel JClasses loints Window 2 HEE

| S(@es|n|@] (| LlBjin] 1] =] =[8] b0 o 2le ] (el o[58 [n] =[8[@ T o[+ —| [x|3lals] +[+]r] [ [u] ]
iables ns

Il -

[ |} |71 |2]F]F [* [T []9 o

== [BI1ES [0 ||| |09 ] o B8 o] ] |

‘ v

[Active command: addition of a bolt layout. Choose the initial face drilled by bolts, =1 =1
To aetinfo, press FL mm | N | s |
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C.S.E.

Bolt layout input ® % 56

Ef X

Balts Arrangement
125 6F = Regular " Circular
" Staggered Free

Change...

Regular, staggered or circular anangement

™ Empty inside

Quantity Distances
1 ﬂ Rows 36 ﬂ Rows

[ j Columns E j Columns
Free anangement
| | | llx
J_| Balt J_| v

Center offset Base information
o =] 10
0 =l Dx
o

=] 1|0
a = Angle J

[V Shear only bolts

Met length
10 Minimum thickness

Multiplicity

1 Flexibility index

Friction data...
Anchar data...
Bearing data...

[ Use balt net-area for bearing caleulation

[ Compressed bolts
™ Slip resistant
I Is an anchar

[ Use bearing surface

[V #dd inertia of bolts in bearing calculation

Block Tear...

Iv' Check block tear

Limit walues of elementany actions

30348 N N
1} N W Plastic
1} K mm Mz

o]

Cancel ‘ Set |

PANY

0'G9

Ll

04u
0'994

*Ji ﬂ Face ~rbearing 7%
Z00M Phi
12
ﬂ Fort size Prirt.... | Copy | Fill ‘ Hexagons

™ Do nat print messages

Click the “Change” button in top left part of thealdg box, then choose 10.9 class
diameter in the new dialog box. Press OK to returprevious dialog.

and M16

Bolt layout input Bolt choice &J Bolt layout input
Bols Anrangeme Bols Arangeme
M12:8.8F @ Regul Bol M1B-10.9F & Requl
" Stagg " Stagg
- & EURDHEX Change. -
" INDISH-HEX

Regular, staggered or
Quantity

lar arangement
Distances " AMERICAN-HEX

" EURO-HEXHSFG

" INDIAH-HEX-HSFG

" AMERICANHE®HS

~| Class

~ | Diameter

Resistance area
& Total

™ Threaded

Hole

" Nomal

" Precision

HE¥: hexagon: HSFG Mah strength friction grip: HS high strength

Cancel

Castalia s.r.l. - all rights reserve@0
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C.S.E.

Keeping the regular arrangement, define 3 rowsZandlumns using the proper arrows. Since we

have chosen a diameter greater than the previoeisdistances have been automatically settled to
minimum distances between M16 according to EN1983-1

Regular, staggered or circular amangement

Guarntity Distances
3 ﬂ Rows 432 ﬂ Rows
2 :ll Columrs 432 ﬂ Columns

The image is updated in real time; ty{&®’ in Dx box of “Center offset” section to move bolt
layout 55m rightwards.

Center offzet

The result is shown in the following image. Use mooontrol to have a closer view; you daapy

the figure with the proper button, show/hide bbksagonsandfill faces with different colours.

F

3

12 J

[ 4

vl
e ©
o O

ey

. : . 1
Distances between bolts and between bolts andrtifaee sides are displayed. U =i buttons
to change current face (the green one).
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C.S.E.

Note that if bolts distances or distances from sidee too small for chosen standard, a warning

message will appear then you try to insert the ldyo the scene.
Now define the following options:

tick “Shear only bolts”: bolts will have no resistae under axial forces
tick “Check block tear” to include block tear iretchecks
remove all the other ticks

refine a flexibility index equal to 3:

Iv Shear only bolts 3 Flexibility indesx
[ Comprezszed bolts

[~ Slip resistant Friction data...
[~ s am anchor Anchor data...
[ Use bearing suface Bearing data...

[ Use balt net-area for bearing calculation

[ &dd inertia of baolts in bearing calculation

[¥ Check block tear Black Tear...

Using shear only bolts in the renode we are buddiweb bolts contribution in carrying a shear
parallel to the flanges will be smaller, as fland®sts contribution in carrying a shear parallel to

the web.

——

4

&

|_“—-_|

Flexibility index is use to modify bolt layout Bt#ss; using an index greater than 1, bolt layotit w
be more flexible and forces will be carried by atbemponents. This aspect will be explained in
the appendix.

Click “Block tear” button to see a dialog box witiformation about block tear failure paths of the

faces involved by bolts. Use the arrows to seldata (green): in function of settled force direati
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(blue circle, 0 = horizontal force), failure pathowirrent face is displayed in the image and ultena

force of the plate is given.

C.S.E.

C.5.E - Block Tearing

=

Basic info
29 Met length

8.9999999% Minimum thickness

2 Multiplicity

190225.99 F ultimate

Preliminar study

le=3]
0 =
& e ?
Diagram?

PANY

C.5|E® - by Castalia =l - www i

; i
(=] !
_Ji 5 —| Face J—
1 i J 5
2L PANX
1133333333 j Font size
Print... ‘ Copy | Fill ‘ Hexagons

Use arrows to change force direction: image andtifate will be updated in real time.

C.5.E. - Block Tearing

[

Basic info
29 Metlength
8,995999959 Minimum thickness

% Multiplicity

156523.82 F ultimate

Preliminar study
=
® =
Worst condition?
Diagram?

o ©

b

PANY

C.5E@ - by Castalia sl - www.

ﬁ Face Iiji:

.
Z00M PANX

1 133333333 j Font size

Print... | Copy ‘ Fill ‘ Hexagons
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C.S.E.

Assuming that all the bolts will carry the samedpthe program predicts a maximum shear force
equal to 156528,8N for a force with 60 degreesnation. If you press the Diagram button you get
what follows, i.e. a diagram plotting the maximuonce vs the angle of the resultant. If you ideally
draw a line from the centre at an angle a reldtvehe horizontal rightward semi-axis, you cut the
green line in a point which gives you the maximuoncé that can be applied in that direction,

without tearing thdace of the object currently selected. Block tearingds over thdéacesof each

connected object.

©.5.ED . by Castalia =l - whi castaliaweb.com

UseCopy button to copy the image. Press OK to exit froockltear dialog box, then press OK in

main dialog box to insert the layout in the scene.

R CsE - UTORIALS.CSE] =0 X
s, File Modify Display Draw Eem JNodes Renode Checks 3D Model IClasses Joints  Window 2 NER

[l 1] v] -] - || 5[ 5| 0| Al s sla|n] =|s[@ T o[- —| [X[T@|a]| +[+]v] =]»[w] ¥

Dl=/aleln|s|- - £]
] — B - -
enode elected componerts -A A
e || ¥ ®
n o Menbe
3 g ”
== =g Joiners
ksl E£1{Z] B Bok layout
N T e BMIGI0IFirdd2
- * Shearonly
% + Not slipresi
+ K- 000
]
i # No-compression bos
Jicz] e les- 15700mm
= Loe 1A= 20110mmE
=
=
=

== (B0 | m I ] o o B8 o] 2] |

< 3

[Active command select by click. ESC or right click to stop. =1 k1
To get info, press F1 mm | N s T
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C.S.E.

To add the other layout on the web, we muse urtsistbolt layout or select the plate, because in

bolt layout addition, if there are selected compuseonly their faces can be clicked. Select the

plate, useAdd bolt layout _+| and click plate external face again.

2 csE - UTORIAIS.CSE) N
°se File Modify Display Draw Engy

Fem JNodes Renode Checks 3DModel IClass:

Window 2

D#@ai|g-]-| L

2 1] o] -] B 5|4 2| A0

[olo[n] =[ef@ 3] o[+ =| [x|3le]s] +l+lr| =|e|v] ]

Varsbles and conditons 1
Selected components

[

o i ) Y L A T e

& [m|[H[N] <[] m |8

lolmle

\Pp;@b‘

=1 =1

Active

command: addition of a bolt layout. Choose the initial face drilled by bolts.
To get info, press FI

Type a ‘-’ before 55 in Dx box, keep all other pasters and press OK.

— Center offzet

|-55 j Dn
i} ::ll D_Irl

IEI ﬂ Angle J

I
mm | N s || |
21 gt et = - s e - . * - . T o ]|
[ Svrar
[MiEnF 7 Ample T Cole
T aggeed T e
e T Ergty e
Negids. Ragpsd o crode aageran
Dy Tatsce
[ GRS
I :1|:m 417 = Cokre
T
| ] ¥
[ ] = i =
G B ¢ ha
Qoo -
B e i - @
& ra
M langh, —"'_ni'_ G
i hiciras
bubpkay
Thtuialry b )
Foachon data
irchon dote
[Ty e ——— R L
T Ui bk -t o b ks inion
T i i o bty g i [
¥ Chass: blsct st Bk Tem i g
Lt v o slarvardap dctond
RO " H £ [P [ Com " Mg |
=nET R v Pk
NS e W T Dkt s v
| Cwesl wa
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C.S.E.

Second bolt layout has been added.

1

To aetinfo, press FL

Now select upper plate, useld bolt layout _+| and click upper face of upper plate.

2 CSE - [TUTORIALS CSE]

% File Modify Display Draw Enquire Fem JNodes Renode Checks 3D Model JClos

Joints Window 2 aE

DS|d@(B(&] o] | Llafe]v] t] ] -]« BB 552 a0 el 3o 0 ~|o@B vl -] x|B[@Aa] +]+]0r] 1:|<B|L7|ﬁ||

%l Variables and conditons |
|| _Renoce Selected components
-+ Master
tn s Members
o =8 Though
z £+{0] P3 Rectanguiar Piate
i+ ® B=2000mm
- @ H=6500mm
S & t=150mm
% ® BH = 130000.00mm?
[ ® Bt = 300000 mmE

- H = 9750 00mm*
=88 Joiners
£+-[E] B2 Bot layout
® GMIE10.5FIr 432
- @ Shearorly
@ Not slipresistant
e K- 000
® No-compression bolte
o 1Ams= 157.00mm®
® 1A= 20110mm

a

%

= B2 (0 o <] o o O 5 | g

e

‘i’l’\f'

B m ‘

To at info, press F1

@
Q = i
/Active command: addition of a bolt layout. Choese the initial face drilled by bolts. c=1 =1
mm [N s e | ]
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The following message will appear, but it is ngirablem because initial layout settings are those

of last defined layout, that can not apply to #ngout we are going to insert. Press OK.

Two bolts are in correspondence of member webijthsitobvious that previous layout parameters

must be changed.

Define 2 rows and 7 columns using the arrows, tigea 120 as distance between rows.

Type 162 as Dx offset.
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Layout will appear as follows:

Keep the same ticks of previous layout, but tyges flexibility index:

Press OK to insert the layout.
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Select upper plate, then add a bolt layoutand click the same face as before.

Type a ‘-’ in the dialog, keep all the other paréene and press OK.
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Two get lower plate and bolt layouts, select upmenponents, then us®enode — Components —

Recopy @ command. Last defined copy vector was the one tessedpy upper plate under lower

flanges, and now we need the same vector: Recapynemd uses last defined vector.
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2.5.3 Overlaps and coherence controls

The renode has been completed. Bemode-Check Overlaps to be sure that components do

not overlap. In this case there are not overlaps.

Use Renode €heck coherenceo check the correct connection between the coemsn

Castalia s.r.l. - all rights reservedhl



Chains are listed: it means that all the componargsproperly connected. In this case we have 4
different paths from m2 member (the slave) to me ¢haster). For example, forces can follow this
path (chain 1):

member m2 bolt layout B2 plate P1 bolt layout B1 member m2

2.6 STEP 6: SETTING CHECK SETTINGS

Before executing the checks, let us specify howwaat them to be done (we now choose the
settings that initially have left as default valueSxecute the comman@hecks-Set You get a

dialog like that following.
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The standard has already been chosen, Eurocodes3sh limit state standard.

In the “Listing” section choose the language, ttiekithe proper boxes if you want the listing to be

automatically opened after the checks and if yairdea listing that includes checks results.

Since we have not a true fem model we must cho®Skgernal actions computing mode”, "Elastic
limits", "Plastic limits", “Defined Values” or coniations imported “From table”. Choose elastic
for instance. Then specify the multiplier of intakrmactions for each component. You can specify
the number you want. This will generate 24 notioleald combinations. 6 for positive internal
forces, one by one. Six more for negative intefaedes. Next 12 will be a mix of N, MMs, i.e.
axial force and bending moments. Note that thé #4scombination, if using forces NOT coming
from fem, refer to the master and are empty.
Use the arrows to select m2, then type the desmddpliers. For example:

0,5 for compression, tension and bending moments

0,1 for shear 2, shear 3 and for torsion (we wargampute the renode mainly in bending and

azial force)

Keep default “Partial safety factors”.

In “Checks to be executed” section tick the follog/ioptions
Bolt pressure bearing
Block tear checks

Net cross-sections members checks

Do not create models

Keep default “Displacements bounds” for displacenuéecks.
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PresOK to save settings.

Notes: “simplified through checks” do not cover f@a: they can be checked via fem models, but we

are not going to use them now; “user checks” havtbeen defined here.

2.7 STEP 7: EXECUTING CHECKS

To execute the checks press the following buttaheneft toolbar Checks — Check renode
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The window above will appear, it is a log windowpkining what happens. At the end just close it
by clicking over the red-background cross.

The output file has been automatically opened. Halmk at the file if you wish, then minimize or

close the output file window.

2.8 STEP 8: EXAMINING RESULTS

UseChecks — Envelope to display components exploitation envelope.
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While the envelope is displayed, u€#ecks — Enquire to know components maximum
exploitation, its cause and combination. Move mopsmmter near a face of the component you

want to inquire and read information in left bottpart.
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You can inquire bolts, plate or members maximumlagtgiion. If you useChecks — Current

results , displayed and enquired exploitations refer toentrcombination.

UseChecks — Comb , select combination 25 in the dialog (m2 positveal force) and press
OK.

UseChecks —Displaced in left toolbar to display the displaced view bétrenode in current

combination.

Note: if displacements are too small @eecks — Displaced scale and set a greater multiplier

N\

in the dialog box.

When the displaced view is shown, components al@ioed with the range colour corresponding

to their exploitation in current combination.
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Switch to following combinations  (Checks - Combi nexj to see displaced in combination 26
(T2, 27 (13", 28 (M) and so on.

The following image shows displaced view in comboa29 (positive M).

Un-press Displaced and switch back to combination 25 (tension) usingor
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Now select P3 and clicRhecks — Block tear results

The following dialog box will appear:
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In the figure is shown plate failure path in conation 25 (red arrows). F ultimate is the resistance
of that failure path, the exploitation is the ratioetween applied force and ultimate force. Applied
force is horizontal (-180degrees).

Remove the tick from “Display distances” to hiddtbalistances.

For an applied force equal to the ultimate onefdhliewing failure will happen.

Exit from the dialog box clicking OK or cancel.
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Note: block tear results can be displayed only ldck tear causes maximum exploitation for

selected components in current combination, otreenthe following message is displayed:

Now un-select P3 and select m2, then@kecks — Display net sections results .

When you execute the command, renode is hiddeheirgtaphic view and net section results of
selected member in current combination are displaye

In this case, maximum exploitation for m2 in conatian 25 is not caused by net sections checks,
so the following message is displayed.
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Switch to combination 26 ( ). Here we have net sections check as maximum eapdm, so

results are displayed.
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In the “Computing data” section the following asported:

Renode mark and member name

Net section with maximum exploitation

(Instance) and combination (here we have one instanly)
Applied axial force and bending moments

Exploitation

Applied and allowable normal stress

Note that V2 multiplied for net section distancenr theoretical extreme causes an high Mv

moment. Applied V2 is the 10% of gross cross-sedimit.

Follow next steps to know that distance.

Exit from net section results , then useEnquire — Net sections The following dialog box

appears. It gives information about members wittsgrcross-section reductions due to bolt holes,

cuts, bevels, etc.
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Use the arrows to select section 9, in which weehmaximum exploitation in combination 25.

Given data are:

Renode mark and member name
Net section number and its distance from theoretixiaeme
A, W2 and W3 of reduced section and ratios witlregpondin values of gross cross-section

Net section barycentre coordinates

Click “Net section data” button to have full necsen information: the following dialog box will

appear.
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3 APPENDIX: FLEXIBILITY INDEX

3.1 WHAT FLEXIBILITY INDEX IS?

In paragraph 2.5.2, a flexibility index equal tav@s assumed for bolt layouts on members webs.

Hereunder is flexibility index definition given @SE guide.

What we mean by... FLEXIBILITY INDEX OF A SHEAR-ONLBOLT LAYOUT

Generally the translational or slipping stiffnesed next picture) of a bolt layout not using a ineg
surface is directly proportional to the numbesf bolts which make up the layout, the bolt radiuaised

to the fourth power, and inversely proportionathie net length of the bolt layout.

In CSE a parameter called tfiexibility index , f, has been introduced in association with shear-onl
bolt layouts, for which the translational stiffnesisthe bolt layout is also inversely proportionalthe

cube of the flexibility index.

In summary, the translational stiffness of a bajout without a bearing surface is:
directly proportional tm andr?

inversely proportional t3

If the bolt layout is shear-only, its translatioséffness is:
directly proportional tm andr4

inversely proportional t63 andf 3
Soiff is equal to 1, it does not affect the stiffness.

By using the flexibility index, the user can modihe stiffness of a shear-only bolt layout, in orde
load some joiners more than others.

Let's take for instance a splice joint with bolfgdtes (web and flanges), under tension: in thstigla
range, a plasticization of the web thickness wittir due to bolt pressure, so that the internarewill
be redistributed to the flange bolt layouts, whielfi continue to carry the load. By setting a shita
flexibility index (greater than 1) in the web bldyout, the user can model this effect and thugeaetthe

action-distribution desired.
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The definition of a flexibility index greater thdnfor web bolt layouts causes a reduction of their
stiffness, and a greater amount of applied forsesiried by other bolt layouts (flanges bolt latgou

has a flexibility index equal to 1).

When a manual computation is done considering daiale, usually the load is divided between
web and flanges considering the ratio between webh and flanges area: in this assumption, real
stiffness of boltings is missed. Real distributiohforces depends from the ratio between web
boltings and flanges boltings. CSE considers tjgeat and, if we want to have a distribution
similar to the one assumed in manual computatieheve to modify some bolt layouts stiffness

(in this case, reducing flanges bolt layouts stifs).

3.2 MODIFY WEB BOLT LAYOUTS

Let's see how flexibility index modifies forces ttibution. First of all, create a copy of the
previous model usingile — Save asname the new file TUTORIALS_flexindex_study.CSEor

example.

Unselect all components ; if there is any active post-process command, gnflun-press

corresponding button, for example switch from to in order to end net sections results

display). Select one of web bolt layouts.
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Use Renode - Components - Modify to enter in bolt layout modification dialog boxhi$
dialog is the same used for bolt layout additiout, iiarameters are those of the layout we want to

modify.

Define a flexibility index equal to 1, do not ch@nany other value or parameter and click OK.

>

Now unselect currently selected bolt layout, seteber web bolt layout and do the same as done
before, in order to define a flexibility index edua 1 for this layout too.

3.3 CHECK AND RESULTS

All bolt layouts have a flexibility index equal 1o now. Execute checks .
Display the envelope : members exploitation has significantly increas&tguire member

exploitation
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Maximum exploitation is in combination 31 (compies}. Move to combination 31 , show

current combination exploitation and enquire member results .

Maximum exploitation for this member is caused ck tearing in correspondence of bolt layout
B2, the one on the web. Applied loads are the sdmeé,exploitation is greater than before

(paragraph 2.8): this is due to flexibility indexodification.

End inquire command pressing ESC or mouse rightobuthen exit from current results display

Select m2, then usehecks— Display forces . Forces exchanged from member to connected
bolt layouts in current combinatio (31) are nowpthyed (usd-ont andSizecommands iDisplay

menu if values and/or vectors are too small).

Zoom to have a closer view; you can also extraanber to display member and forces only (

then tick “Selected objects).
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Fw is the force trensferred from the member to weli layout, k is the sum of the forces

transferred from the member to upper flange anctidiange bolt layouts.

Fw=412862N
Fr = 2x 252288N= 504576N

Note that on the flanges there is also a My monaem to force multiplied by the offset from

member axis.

%F+ is the portion of total compression force cartigdlanges bolt layouts:

F
- 100= 504576\ - 1002 504570\ .

%F, = = =
F, +F, 504576\ + 41286N 917438\

100=55 (f=1)
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55% of total compression force is carried by flaagelts layout. This datum has to be compared to

the ratio between web and flanges areas.

HEB200 sizes are the following. Let's compute weaimd dlanges areas without considering

curvature radii (it's a coarse assumption in otdesimplify computation and explanation).

h 200mm
b 200mm
tw 9mm
ts 15mm
r 18mm

Ay is the area of the web; /& the area of the flanges.

Aw =ty x (h — 2f) = 1530mr
A¢=2X t X b = 6000mm

%A is the ratio between flanges area and the sutamdgés area and web area:

A
" 100= 6000N

()/(),Af = =
A +A, 600N +153(N

~100=80

So, in our ideal —simplified- computation we wiksagn the 80% of total load to flanges bolt
layouts. In a real case, with the assumed bolt§iguaration, this will not happen, but we want to
compute joint on the base of this hypothesis anywaydo that, we need to reduce web bolts layout
stiffness.

3.4 FLEXIBILITY INDEX INCREASING

Modify web bolt layouts flexibility indices, re-egete checks and read forces as done previous

paragraphs.

A. Exit from Display forces
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B. Asin 3.2, select a web bolt layout, this time esgtial to 1.5 its flexibility index and press OK;
do the same for other web bolt layoMB: if you have problems on your computer in tgpin
1.5, initially type ‘15’, then place a dot betwed and 5

C. Asin 3.3, re-execute checks, select m2 and disptalianged forces in combination 31

D. Asin 3.3, compute %F

You will see the following exchanged actions.

Fw = 349012N
Fr = 2x 284213N= 568426N

F
" 100= 568426\ . 1002504576\,
F, +F 568426\ + 34901N 917438\

w

%F, = 100=62  (f=1,5)

Write down%fF; and its related web bolt layout flexibility indéx

f 1 1,5 2 25 3 35 4
YoFt (Tw) 55 62

Repeat steps A, B, C and D, but this time set ity indices equal to 2, then execute checks and

write down computed %F
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Repeat steps A-D using flexibility indices equaPts, 3, 3.5 and 4, computing ¥&verytime. You
will get:

fu 1 15 2 2,5 3 35 Z
%Ff 55 62 71 79 85 89 92

3.5 CONCLUSIONS

Plot %k (f.) versus § in a graph:

The “ideal value” of %F; = 80% is reached with web bolt layouts flexibility iné between 2,5
and 3.

Flexibility index can be use by the designer teetako account web plasticization, with consequent
forces re-distribution due to resistance reduatiba part of the member.
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