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1 INTRODUCTION

This tutorial is a tool to start the understanding of how CSE works. No special efforts to have
realistic force values have been made, however this will explain several features of the program. By

following this tutorial you will be able to:

e (Create a dummy fem model to study a splice joint

® Assign the materials and cross-section to the fem elements
e Search members

e Search jnodes

e Add plates and bolt layouts

e Set the checks to be performed

e Have a look at the results

e Comprehend block tearing results

e Comprehend members net sections results

e Comprehend how to use flexibility index for shear-only bolts layout

This tutorial is some like 59 pages long because we have explained step by step anything with

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

N.B. this tutorial refers to CSE version reported on the first page of this document. If you are using
a newer version, keep in mind that some dialog or commands may be different, although the logic of
the program has remained the same. If you find some differences, 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 (complete, with no limitations).

2 cs - (csen ST
“s Fle_Modfy Display Draw Enquire Fem IN D Model ) Classe

lodes Renode Checks 3l s Joints Window 2
@@ ®(8[S] -] -] L[O]=]H]t] 4]~ |8 80 Y] 2] o205 S8 [« 8= T o] = [x|F|@ls| ||| s K
Il =

Ve .
Renode | Selected components | | f

|2 (0] |o | m M| o9 | o] o | o | 5] ] | X % [ @] |01 | o o £ 1o o

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

Master element is red-coloursd

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

Annulla |

Applica |

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

You will get the following dialog box:

Material and cross-sections assignment

|??? 2

Material
| E Archive. .. | Add...
r—Cross-sections
7 current Archive... | Add new... |
I 77 1 Assign current! v Strong axis

Assign current!l v Strong axis

— Settings
[v Directly search for jnodes

Cancel
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One of the beam elements has a “connection code”: it is necessary to define jnode hierarchy. The
element without connection code is the master (in red), 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 assign a material to the member,

choosing it from the archive. It is also possible to add a new material with the button “Add”.

Press “Archive” and then choose the desired material by selecting the appropriate row and pressing

the button "Applica (Apply)" in the following dialog box:

Material Archive S5
Hame g I E I nu Fy -
L3E 32 7.850e-005  2.000e+005  3.000e-001  Z.210e+0

7.701=—-005  2.100e+005  3.000=-001 Z.350=+0[E
Fa3&0 7.850e-005  2Z.060e+005  3.000e-001  Z.350e+0|
Fe3&0NoWeight 0.000e+000  2Z.060e+005  3.000e-001  Z.350e+0
A36/36 7.850e-005  2.000e+005  3.000e=-001  Z.480=+0
5275 7.701e-005  2.100e+005  3.000e-001  Z.7S50e+0
Fed30 7.850e-005  Z.060e+005  3.000e-001  Z.7S0e+0
R441/40 7.8502-005  2.000e+005  3.000e-001  Z.7&0=+0
n441s4z 7.850e-005  2.000e+005  3.000e-001  Z.300e+0
2533 7.850e-005  2Z.000e+005  3.000e-001  Z.300e+0
RZ4Z /4% 7 _ARSNa—NN5 2 _NNNe+nng 2 NNNe-nn1 Z anne+n 3k
4| [T | L

—
Chosen material has been applied.
-
Material and cross-sections assignment
~Material
[s235 achive... | add.. |

Cross-sections

I e rrrent Archive. .. I Ardd new. ..

### If you are using the demo the button “Archive” automatically applies the material S235.

With the “Typical node” tool all the members have the same 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 cross-sections or choose them from the archive. Press

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

B " Shape Archive Access @
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)
CIPEx TTHR T P S:lgu;es Tndﬂlour:sl]l Mame search
THE M [ IPNJISMB ) I dciivate
[ THSM [H cut as Tees)
Mame
wielded Composed ——
B B U0l I LR ata filters
M USH.C) [FUHIL T L4cR Limits... Mo Limits
[ LSHL) T ™ Composed
[~ T5HM Cold formed Dresign criteria
[ O%H [Box, shap corners)
™ Omega L Design Mo Design
[ Generic polygons e I Generic
rc |
I” Geneic
Cancel
Al Mone
Model | Archive

Select HEB check box and then "Archive" to filter HEB kind among all the available cross-sections.
Then choose the section HEB200 by selecting the appropriate row, and press the “Apply” button.

r .
B ' Shape archive Iﬁ
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 4.256e+003 3.37Ze-001 e 1
HE 160 B 5.425e+003 4_25%e-001 L8
HE 180 B &.525e+003 5.12Ze-001 7.
HE 220 B 5.104e+002 7.147e-001 5.
HE 240 B 1.0e0e+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_ 200 R 1 431a+00N4 1 170e+000 1 [T HE 200 B
4| 1 +
Apply | Cancel | lg— Angle in degrees

The chosen shape will appear in the box called “current”.
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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 members with the “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 &
e g T
[ Cross-sections

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

HE 200 8 i Assign current! Il Strong axis
HE 2008 2 Assign current! | ¥ Strong axis

—Settings
¥ Directly search for jnodes

care
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N.B. It is possible to change the current cross-section before assign it to member 2 in order to

define different shapes for the members.

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

In some nodes, not in this case, it is possible to define hinges for the slaves with proper tick boxes.

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

automatically searched and the resulting 3D renode would be automatically shown.

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

and 4 of this tutorial).

Settings

[~ Directly search for jnodes

T

CK | Cancel
I
)

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

on.

Cse [

|0] Do you wish to add a new node?

A fem model of the defined node has been automatically created.
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2.2 STEP 2: SEARCHING MEMBERS

To move to connection design you now have to detect which 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 need to find different "jnodes" that is what will next get
a true, real node (renode). The program scans the member model and finds how many equal and
how many different jnodes there are in the model. Then each 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:

[cse =)

I.-"'_"‘-.I Do you really want to search all jnodes? Each info previously input
‘&Y' about re(al) nodes will be lost.
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As no real nodes info has been defined you will not lose anything. Jnode search is usually done
once for all in a model. Before beginning to add RENODES, you will check that the JNODES

found are correct. This depends also on how the fem model has been prepared.

The following dialog appears:
[cse E5)

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

ke

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

You will get the following message after command execution:
[cse (o2 |

l L Nurmber of different jnodes found: 1

This means that in this model there is just one jnode, the splice.

Now the following message appears:

[cse =5c=)

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 standard you are going to use. This settings will be applied
to all renodes (here just one) as initialisation. Afterwards you will be able to assign different

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

Castalia s.r.1. - all rights reserved - 11
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Check settings ﬁ

—Code —Internal actions computing mode ——————— —Partial safety factors

= CNR 10011 - Allowable stress
" CNR 10011 - Limit states

% Eurocode 3 -EN 1993-1-8
15 800: working stress

15 800: limit states

" AISC-ASD: allowable stress 1 N,axial force, compression

% From FEM combinations [ Warst only
gammaM, 0

~ Elastic limits Ellmt Member

" Plasticlimits ~ —J
" Defined values ¢ From table...

11

gammaM, 1

1.25 gammaM, 2

M2, bending moment
I~ Open when finished checks

(" AISC-LRFD: factor design | 1 N,axial force, tension Il'l gamnan, 3
i
S I V2, shear force I 1 gammaM, 4
& English I 1 V3, shear force
] I i ammaM, 5
" Italian I 1 M1, twisting moment : '
" Spanish I 1
I i

M3, bending moment

¥ Induding resuits (expanded) v Use info about end release
r~ Checks to be executed

rBolt pressure bearings ———|  ~Parastitic bending in bolts ———— ["FEM analysis of components

¥ Execute checks ™ Neglect parasitic bending " Do not create models

- ¢~ Create just sketch models

rPunching shear checks —————— ~Met cross-sections members checks ————— 6t ente e et el

¥ Execute checks ¥ Execute checks " Create and analyze models
—Block tear checks ——————————— ~User checks (added formulae)

' Use Sargon/Clever

[V Execute checks [V Execute checks " Use 5ap2000

—Simplified through checks ————— " Use other

[V Execute checks

I 1 Translation I 0.0087266 Rotation (radians)
oK I Cancel |

"Displaoernent bounds of components to print @ warning message

Choose Eurocode 3 and leave all other defaults, we will change them later..

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

ERAIEE

In jnode view you get the following:

Castalia s.r.1. - all rights reserved - 12



C.S.E.

and get the following dialog:

& A
You can now get some info about the jnode found. Execute the command
JNODE-Edit...
[ Jnode collection @1

() 1 AR  Master

Inquire |

Ho elastic restraint|

No constraint |

Sel / Unsel

Unselect A11

Select A1l

Delete

Cancel |

Select the appropriate row and then "Inquire”

, you get the following

Castalia s.r.1. - all rights reserved - 13
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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

| [T cuspiaal
ID— Passing by
|1— Intemupted

ID— Number of trusses

|2— Number of beams

QK I Annulla Applica 3

and clicking to "Master" the following:

r =5
Info about jnode Master |
 Master
HE 200 B Master cross-section
IBeam Element kind
~ Slave
IHE 2008 LI Slave cross-section I
IBeam Element kind l
IClamp Joint kind
| ISpIicehomogeneous Alignment

 Envelope of intemal forces in slave

— Positive i i
|n.mue+om Ne | 0 Hemert |n.muemm N- | 0 Hlemert
|n.muemm T2+ | 0 Hemert |n.muemm = | 0 Te
[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 Blemert [0.000e+000 mp. | O Elemert
|n.mue+om M3+ | 0 Element 0.000e+000 M3- | 0 Element

ok | Awua | pppica | g

The first dialog tells how many jnodes "AA" there are in the model, and which fem model nodes,

members, and elements the jnode is using. The second dialog presents connections info and

Castalia s.r.1. - all rights reserved - 14



C.S.E.

internal forces envelope; this part is blank as this fem model has been prepared inside CSE and is
not coming from a true fem analysis.
Press OK and then Cancel to exit from both dialogs, including "Jnode Collection" dialog.
You can now wish to examine a listing for all jnodes found. This helps to understand if the fem
model has been prepared correctly, and is an important tool to pre-study future RENODES.
Now save the model executing the command File-Save, and specify a name, for instance
TUTORIALS.CSE.
Execute the command

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

JNODES-Open listing!

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

TUTORIALS.txt - WordPad = | B ||
File Modifica Visualizza Inserisci Formato 1
Dl & & [i=} o3
* C.5.E. * L
* Connection Study Environment * 3
* 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", *
o 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.......... 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........... Univocal identification of a jnode (for example AA, AB, etc.)*
Per ottencre la Guida, premere F1

In particular you will get the following info:

E R R R R

* *
* JNODE 1 MARK AA *
* *

E R R R R i

GLOBAL TYPOLOGY OF THE JNODE: HIERARCHIC JNODE

NODES ASSOCIATED TO THIS JNODE: TOTAL 1
8

Castalia s.r.1. - all rights reserved - 15
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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 move forward to select one of them to transform it into a

REal NODE. Left click with mouse over the square "AA" in the graphic pane: it gets yellow. This

means you have selected a jnode (all instances of that jnode will be selected, here there is just one

instance. In a true fem model there can be tens of different instances of the same jnode).

Since there is just one jnode selected the switch to real node is possible. The following button in the

main toolbar is active now:

FEM|[| @ﬁ _U

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

studied. You will see what follows:

2 CSE - [TUTORIALS CSE] =X
% File Modify Disploy Draw Enquire Fem JNodes Renode Checks 3DModel IClasses Joints Window 2 _ ==

D {el|m(B 8]~ | | &[0l ]= |- Bss 2l [#le o8 |n] mIsME] v]- —| [x|3l@a] +l+]r] == ][] %

|5 |5 |aF

[ |2 |6 [E0] 3 [ ]}

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

To at info, press F1

o

Variables and condtions

Il -
Renod
enode | Selected components | i -
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Note that the left window is not empty anymore: it gives you info about the components selected,
the components present in the renode, and the variables and conditions present in the model.
Note that clicking a member it gets selected (blue) and that the "Selected components" sub-pane in

the left window is upgraded. Clicking and re-clicking you 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]
i condiions |
== K/Q

zrlE e o

K

L L

=]

|l |mm] () [ a3 | o o W [s2] [ | % | |86 |5

7 = B
ctive command select by click. ESC or right click to stop. =1 =1
To qgtinfo, press F1 mm | N s [ | |

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

Before adding plates, use Display — Scene points ﬁl 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

lo— Delta 5 =0
oK I Cancel |

e Tick Display points
e Type 2’ as dots size
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e Remove all the ticks in “Scene points creation” section, but keep “Sides mid-point” ticked.

Use Draw — Rotate down H twice to have a clear view of the webs in the connection zone, and

scroll mouse wheel to have a closer view.

i CSE - [TUTORIALS.CSE]

sy File Modify Display Draw Enquire Fem JModes Renode Checks 3D Model [Classes Joints Window 2

Variables and condiions |
Renode Selected components
E- e Master
Ly o Members
I 32 Through
= B Joiners
i+
=
-3
el
«
[Active command select by click. ESC or right click to stop =1 |E1
To get info, press F1 mm | N |s |

Use Renode — Components — Add through E and click the rectangular plate in the following

property sheet:

Frequent | Simple | PiHol | RecCut | RecRou | Rechec | Ticut | TriRou | Finger |
= u
-
>
Rect piste (5.1 Ract plste with sevel o] Tris olste (5] Trapazois pists (5,8,1] Hex disg plate (slons 5.9]
I a JL
Circular slste 1] faguisr solygon oiste ] | | Gznericpongen otz ) | | angie Dousle sngle
GENERIC saction tru Constraint black [0.h.d]

OK Annulls ?
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The dialog box that appears is used to set rectangular plate sizes and parameters.

S5

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

P Mame
5235 Material Change...

Fem madeling

[” Create FEM madel

10 Borders and welds element size

I?'U— Generic elements size (if 0 then free size]

,29— Triangle minimum angle in degrees [default 23°)

,0'1— 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 units. Use Modify — Units ﬂ to define current units, or
click in the bottom right section on the unit you want to change. You can not change units while a

dialog box is opened.

C=

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

(recommended) activate Selected components pane and select one of the members. Remember to

activate graphic view before proceeding, clicking in it with the mouse.
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Ee
E|7F Members
=M m1 Beam
\ =T HE200B

b @ h=2000mm
# b=2000mm
tw= 9.0mm
= 15.0mm
r=180mm
h1=134.0mm
# h2= 33.0mm
4T Clamp

E- 5 m2 Beam
B Through
\¥ Joiners

Define plate sizes as follow and leave all the other default 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, and a new dialog will appear: here you can rotate the

component you are going to insert, and choose the insertion point.

2 CSE - [TUTORIALS €SE]
®, File_Modify Display Draw Enquire Fem JNodes Renode Checks 3DModel IClasses Joints Window 2

Dl |d|@|@|&] -] | Lio[x[e] 1] o]~ |8 a8 2| 22 el ble|n] =W B vl —| [x|@|s] |+]r] oo 2|

Variables and conditons (]| _—
e e oo -
node < JAA
5 e Master
i
Ly wops Members
| 82 Through
-~ B8 Joiners
i+

[ |2 |6 [E0] 3 [ ]}

o] o] I || ¥ |

Camponent '

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

<] [0 Rz s Paint
90 DRx
@ ppy  Concel

50 DRz

To aet info, press F1

Click = in Ry row, and then = in Rz row to place the plate in the correct position
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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 the hidden face, then press OK.

8" Component IEIEI&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 previously chosen point will correspond.

-

/
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The plate will be added immediately in the scene.

1
)
X

2 CSE - [TUTORIALS.CSE]
%, File Modify Disploy Drow Enquire Fem JNodes Renode Checks 3D Model JClasses Joints Window 2 -]

S|@|@(B|&]~] | Llofle] ] o] -] 8555 2 a0 e le bl e n] mof@ B ] =] [x[3 @] +[+])r] ®]=]w] R
Vaniables and condtions |

————HWm -
| companents o AA -

* Master

(=]
=]

=)

LB £ sl

=

= (302 [ |mmm b en ] <] o | o B i) [ | |0 (3]0 K 5 | oo @] |

« (=] ’
[Active command select by click, ESC or right click to stop. c:

1 I
To getinfo, press F1 mm [N |5 [ ||

Now use Renode — Components — Copy il to get a copy of the plate on the other side of

members webs.

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

Choice of the way a copy is defined pw ﬂ
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: -19 is the sum of plate thickness (10mm) and web

thickness (9mm). Tupe —19 in DY box and press OK.
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A second plate has been added: use Draw — Standard views i and choose +X view to see both

plates.

|2 CSE - TUTORIALS.CSE] =X
“s. file Modify Display Draw Enquire Fem JNodes Renode Checks 30Model JClasses Joints Window 1 NED

D|=|a|®|0|S]|-| | Lim[sr] ]|~ B 615 0| 20|é|sln bl 8> ST uf- =| [X]7@s] +]+|r] @[> |0 |

Varizbles and condtions 1 2 & ==
Renode | Selected comporents | AA :‘
o Vaster ) Y | | 2]

—— —— T8

|3 |@le |0} g e | oeler | <)o
|
|
|
|

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

4 v

[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 the left A .
Standard Views L&J

N [ <] a ]
IS0 IS0 IS0 IS0

To add the plates on the flanges, add a new component as done before: Add through E, then

choose the rectangular plate.
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Type Height=650, Length=200 and Thickness =15, then press OK.

[650 =] Height DY)

200 = LenghiDx)

[l =4 Thickness(D2)

P2 Name
[5238 Mateial Change...

Fem madelling

I Create FEM model

Borders and welds element size

Triangle minimum angle in degrees [default 29°)

,‘ID—
’30— Generic elements size (if O then free size)
,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

fE CSE - [TUTORIALS.CSE]

node  Ch

ire  Fem  JNq s 3D Model Joint:

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

Variables and condtions | N
Renode | Selected componemts | | C
Lo | Seedec companale =
* Vaster *

=, File Modify Display Draw Er

=

e |

13 [Ble

Bl ]

' Companent

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

[0 Ry _Gence |

[%0 oR:

Te aetinfo, press FL mm | N s x
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F

i’ Component O | B S

] |0 Rx Restar
<] o[ Ry update
| 1|30 Rz Ins Paint
90 DRx

IW DRy %

% DR o |

Hil

he

e (Click = in Rz row

e (Click “Ins.Point”

e C(Click centre point of the lower face

o Press OK

Note: you can enlarge dialog box with the mouse.

J CSE - [TUTORIALS.CSE]

s File Modify Display Draw Enquire Fem INodes Renode Checks 3D Model JClasses Joints Window ?

|| s(f|&]~| | Lol t] ]| B 50l elp |0 elsdla|n ~|sJRF ul- =] |x|v[@Aa] +[+[r] =]=[w] ¥

Variable d conditi =
Y oo e || 7 B
]
3+
-

* Waster
E‘

=

-
3 . L"
= .
.
= .
:‘ . =
& Component =B e, .
N
JE Y| O e .
R o YA
3
< ([0 Rz Ins. Paint iy
90 DRk »
5 R, Caneel ks
% o

’
|

To getinfo, press FL

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

flange upper side (zoom with mouse wheel before clicking in order to have a closer view).
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R csE - ruToRIALS.CSE]
“% File Modify Display Draw Enquire Fem INodes Renode Checks 3DModel IClasses Joints Window 2

]
=
=]

D|S|E[@(B(&] o[ - | &E[ln] 1] [~ B R 2827 elb bl [n mef@ P vl =] |x[@s] wl+]| |2 1] |
Variables and conditions
(i'

Renods | Selected componerts

® aster

LT E I el el

(1

| [BLES 19 9 | o o I [ | |
&

To get info, press FI

The component has bee added.

2 CSE - [TUTORIALS.CSE]
“% File Modify Display Draw Enquire Fem JNodes Renode Checks 3DModel [Clssses Joints Window 2

|LELEL+ sl

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

o
L= [
Ix]

D|c|@|en| @S] ~| -] &[O]es] 1] o] | | 5l8I%] 2| 20 [ [ @l o]0 0] = oM u[+ =] [x[s|@|a| +[+][17] =]|=[u] W]
Varisbles and conditions |
{(’

Renode | Selected componerts

& Naster

& B | | [ | |

N TE AT T e Y

|LELEL+ sl

To get info, press F1

Hide Scene points '_"l because they are not necessary.
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Scene points display mode and creation rules A Lﬁ
Scene points display Scene points creation
—_— i ¥ Sides mid-points

,2— P tiot e G [™ sides points at thirds

[™ Side points at fourths

[™ Face centers
[o peas -

Enclose the renode in the view E (Draw — Enclose).

Upper plate is currently selected. We are going to create a copy on the lower flanges: Copy ﬂ

then choose Rotation — Member+Angle.

r .|
Choice of the way a copy is defined @
-
Translation Rotation A 4

=

/ 123 y M\;’
A 12ha

2 points 2 faces face-+nar. face point MNumeric 2 points+angle Member +angle Numeric

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

axis, then an angle must be typed: a copy (2) of the original object (1) will be created.
1

2

e

Click on any of the face of any of the members, since they have the same axis (click, for example,

an end face).
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—— —=rr
olblo[n m#fE 5| o[+ = [x[v|@ls] +[+]v] 2]»|v] x|

H -

E El
%
|
EA
=l
=

g H
hod
K
E
5
I
[ ]
||
)
%
el
« [™] N
e face and then input a otation. ESC or ight cick to top. 1 k1 |
mm | N |5 fec | ]
Press OK in the following dialog box to have a rotation of 180 degrees.
[ Angle input ﬁ
I 180 Angle in degrees
Cancel
A copy of the plate has been added on the lower flanges.
[ CSE - [TUTORIALS.CSE] —a X
®se file Modify Display Draw Enquire Fem JNodes Renode Checks 3D Model JClasses Joints Window 2 B[EE(}

D|=(@|m|B[&[~] | lolxH] ] ] -] lE] 08 200w el o slpln] =@ T u[v | [x[T@la] +]+|r] &[] x|

Variables and condi |
Y et || o &
=

® Niaster

) -
] =]
i+ o

3|

K]
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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As done before, change view to see the renode frontally, then switch back to the first isometric

View.

- [TUTORIAL5.CSE]
Modify Displey Dra Nodes Renode Checks 30 Model ICla Window BED

T Llaf|H) [ 4[] < (B a3 2| 8l0]E| e blaln = e[@E v = [x[7@a] +[+]7] & [2]w] K

Il = z z

| |8 e |50 ||| | |

== ()& (8¢ |m ]3| <o | B ] |

and select by click. ESC o right click to stop. 1 k1

2.5.2 Addition of bolts

Unselect all the components ﬂ then use Renode — Components — Add bolt layout ﬂ and click

in the scene the external face of the first added plate.

[ CSE- [TUTORIALS.CSE]
Modify Display Draw Enquire Fem JNodes Renode Checks 3D Model IClasses oints Window 2 HEE

Dl=(@lle|]&]-| | &aln]1 ][]~ Bl 0| o]e (e s[sa[n] =[of@ 5 o]+ =| |x|3l@ls] ++[r] [ v 8

Variables and conditions | N -
Renode | Selected components [AA|
e e | A

® Master

eIl

\

== [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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Bolt layout input & % 50 s .. L

I Balts Arrangement

125 6F = Regular " Circular

" Staggered  Free
Change... ™ Emply inside

Regular, staggered or circular anangement

Quantity Distances
1 ﬂ Rows 36 ﬂ Rows

=) =
1 =1 Calurning 36 = Calurning
Free anangement

| | IR

0'G9

Bok Y = i
Center offset Base information [=] 8
- 10 Met length o
0 = Dx et leng
[i] ﬂ Dy 10 Minimum thickness | - | -

0|l | o Multiplicity
a = Angle J

[V Shear only bolts 1 Flexibility index
[ Compressed bolts

™ Slip resistant Friction data...
I Is an anchar Anchar data... ST
[ Use bearing surface Bearing data... PANY

[ Use balt net-area for bearing caleulation

¥ Add inertia of bolts in bearing calculation 7J7‘ ﬂ Face -»bearing .7J7.
Iv' Check block tear Block Tear... Z00H PANX

12
Limit values of elementary actions
30348 N N ﬂ Fort size Frint... | Copy | Fill ‘ Hexagons
1} N W Plastic
i} M Mz ™ Donat print messages

oK | Cancel ‘ Set |

Click the “Change” button in top left part of the dialog box, then choose 10.9 class and M16

diameter in the new dialog box. Press OK to return on previous dialog.

Bolt layout input Bolt choice &J‘ Bolt layout input
Bols Anrangeme Bols Arangeme
CIECC @ Regul Bol CEE & Requl
" Stagg " Stagg
- & EURDHEX Change. -
Regular, staggered or lar arangement " INDIAN-HEX Riegular, staggered or circular anangement
Quantity Distances " AMERICANHEX A Quantity Distances

" EURO-HEXHSFG
" INDIAH-HEX-HSFG

\ " AMERICAN-HEX-HS ﬂ—’—‘
\ 103 ~| Class
| Diameter

Resistance area

& Total /

™ Threaded

Hole HEX: hexagon; H5FG,
" Nomal

Ok strenath friction grip: HS high stiength

" Precision

Cancel
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Keeping the regular arrangement, define 3 rows and 2 columns using the proper arrows. Since we
have chosen a diameter greater than the previous one, distances have been automatically settled to

minimum distances between M 16 according to EN1993-1-8.

Regular, staggered or circular amangement

Guarntity Distances
3 ﬂ Rows 432 ﬂ Rows
2 j Columrs 432 ﬂ Columns

The image is updated in real time; type ‘55° in Dx box of “Center offset” section to move bolt
layout 55m rightwards.

Center offset

B :II Dx
=
o = ange ]

The result is shown in the following image. Use zoom control to have a closer view; you can Copy

the figure with the proper button, show/hide bolts hexagons and fill faces with different colours.

A3
—
=]
=
O 4
o
oINOER
i
©
= w M
s——hr (G2
00

Distances between bolts and between bolts and current face sides are displayed. Use =" buttons

to change current face (the green one).
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Note that if bolts distances or distances from sides are too small for chosen standard, a warning

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

e tick “Shear only bolts”: bolts will have no resistance under axial forces
e tick “Check block tear” to include block tear in the checks
e 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 building, web bolts contribution in carrying a shear
parallel to the flanges will be smaller, as flanges bolts contribution in carrying a shear parallel to

the web.

——

&

|_-‘—-_I

Flexibility index is use to modify bolt layout stiffness, using an index greater than 1, bolt layout will
be more flexible and forces will be carried by other components. This aspect will be explained in

the appendix.

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

faces involved by bolts. Use the arrows to select a face (green): in function of settled force direction
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(blue circle, 0 = horizontal force), failure path of current face is displayed in the image and ultimate

force of the plate is given.

=

C.5.E - Block Tearing

Basic info
29 Met length
8.9999999% Minimum thickness

2 Multiplicity

190225.99 F ultimate o s

Preliminar study

PANY
P4 a

fon?
Diagram?
i |

1 133333333 j Font size

ﬂ Print. .. ‘ Copy | Fil ‘ Hexagons

'
'
C.5|E® - by Castalia =l - www i

Use arrows to change force direction: image and F ultimate will be updated in real time.
=5

C.5.E. - Block Tearing

Basic info

29 Metlength
8,995999959 Minimum thickness

% Multiplicity

156528.82 F ultimate - -

o ©

b

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

Preliminar study
=
® =
Worst condition?
Diagram?

PANY

:—Ji: 6 ﬂFacE ;Ji

Z00M PANX

1. 1.33333333 j Font size

& Print... | Copy ‘ Fill ‘ Hexagons
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Assuming that all the bolts will carry the same load, the program predicts a maximum shear force
equal to 156528,8N for a force with 60 degrees inclination. If you press the Diagram button you get
what follows, i.e. a diagram plotting the maximum force vs the angle of the resultant. If you ideally
draw a line from the centre at an angle a relative to the horizontal rightward semi-axis, you cut the
green line in a point which gives you the maximum force that can be applied in that direction,
without tearing the face of the object currently selected. Block tearing loops over the faces of each

connected object.

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

Use Copy button to copy the image. Press OK to exit from block tear dialog box, then press OK in

main dialog box to insert the layout in the scene.

X

R CsE - UTORIALS.CSE] =
s, File Modify Display Draw Enquire Fem JModes Renode Checks 3D Model IClasses Joints Window 2 NER

D|@|E|m|@|8]~|~| Lla[xlH 1] ] -] |8 x] 8% 2| a0 @] sla|n| « e[MF] vl =] (%[5 @] +[+[r] o] ][] K

Varisbles and conditions | 2

o
Renode  Selected componerts iy :‘
E Y | s

- Members
; Through
=g Joiners

=-[Z] B1 Bok layout
T e BMIGI0IFirdd2
i e Shearonly
-4 Not slip-esistant
e K
L4 No-compression boks
Lew TAres = 157.00mm?
Leg 1A- 201.10mm?

|® [B]e [0 [ | |7 2= |5 [0

== (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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To add the other layout on the web, we muse unselect first bolt layout or select the plate, because in

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

plate, use Add bolt layout §_+| and click plate external face again.

2 cst - muTORIALS CSE) n i o)
°se File Modify Display Draw Enquire Fem JNodes Renode Checks 3DModel JClasses Joints Window 2 [=]l=]x]

D|(@[@(B[S] -] | Llofs=(H] 1] ] -] B 55 2| slecelelse[m] ~[s@E o[- =] [x|z|@ls] +[+]r] =|=]|w] R
Varicbles and condiions 1 2
| —— (Q (K( =

Ll ey
Ln 7 Members. =
|| B8 T =
= = {0] P1 Rectanguiar Piate
i+ ® B=1300mm =
o H=2200mm =
S o t= 100mm
LY ® BH = 28500.00mmé
™ © B= 130000mmE
@ Hi= 220000mm
Tl =88 loiners
il ={E] 81 8ot layout
= © BUMIB105F 432
o Shearonly
= o Not lipesitant
= e K= 000
& No-compression boks
i} ® lies= 15700m
= & 1A= 20110mmE

o
=

& W |WH [N ][] m[E [

lolmle

‘ = y
Active command: addition of a bolt layout. Choose the initialface drilled by bolts 1 =1
To get info, press FL mm [N |s |-

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

[t i wr BB ERs @ . = o T )
B - e — — -
[MiEnF T Feple T Cole
" T aggeed T e
D) T Ergtv e
Negids. Ragpsd o crode aageran
Dy Tatsce
[ e B =] o
I ::Jlllimn 41 = Cdnm
[Ty fichly
. 1=
Center offset—————— - L o= 0 R
e [0 0 [ BT — 5
L s
R5 2 I B e i — o
E 'I DH h = Hai g, —iﬂ'_rh—ﬂ—- 4
i i hiciras
|E| | Dy = tege bubpkny
= I F St crdp ba [ Thtuialry b 54
0 =1 angle J I Conperatic
_'I ™ Slorewdart Foion 4ot
I ek irchon dote
[Ty e ——— R L
[T T T —
T i i o bty g i =F L ]
¥ Chass: blsct st Eaoek. T i o
Lt v o slarvardap dctond
XL [ H = ool P oy a | lml
WREEHT i et = - e | i |l
NN LT T Du et prind marrgn
[ wa
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Second bolt layout has been added.

3 CSE - [TUTORIALS.CSE]
s Ele Modify Display Draw Enquire Fem JNodes Renode Checks 30 Model ICia Window 2 |- [=]lx]

D|(e|@|@(@] -] | Llafelm] 1] ] -] @] 51582 20| 4o s an = ef@ B vf = [x|2[@]a] +[+]1] %|<B|L7|£”

Variables and conditions - 7=
Renode Selected components {i{ B
a
o Members 5
B Through o
-5 Joiners
& [E] B2 Bot layout ]
® GMIET0SF 432 =
® Shearonly
# Not slipresistant
¢ K- 000
# Nocompression baks
® lfes= 152.00mm
® 1A= 20110mm
@
‘ = v
1 =1
To getinfo, press FL mm | N EllEE

Now select upper plate, use Add bolt layout and click upper face of upper plate.

|2 CSE - [TUTORIALS.CSE|

°se File Modify Display Draw Enquire Fem JNodes Renode Checks 3DModel JClasses Joints Window ?

(&[S | L|Oele] 1] 1] -] B 55 2 20 [0 @0 Bl0n] =o[H B v+ =] [x]|v|@|a] +|+]r] 5|0 K]

* Variables and conditons |
|| _Renoce Selected components
-+ Master

[
En s Members
R =8 Though
z £+{0] P3 Rectanguiar Piate

i+ ® B=2000mm

® H=6500mm
S & t=150mm
% ® BH = 130000.00mm?
[ ® Bt = 300000 mmE
® H = 975000 mm?

i = ¥Jmneﬁ
o £+-[E] B2 Bot layout

w ® GMIG105FIr432

- ® Shearorly

= ® Not slipresistant
= o K- 000

- ® No-compression boks
<t ® TAes= 157.00mm?
= & 1A= 20110mme
il
b
L]

E

[

El
=

I

[ |

[ ]

ko4

[ElE]

=
2l

B (=] '
[Active command: addition of a bolt layout. Choose the initial face drilled by bofts, =1 k1

To at info, press F1 mm | N |5 |°C
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The following message will appear, but it is not a problem because initial layout settings are those
of last defined layout, that can not apply to the layout we are going to insert. Press OK.
= (=3

l i Bolt # 3 engages an odd number of faces.

» = F - =

Bolt layout input = | B ||
Boks Arrangement
M1E10.9F & Reguar (" Cicular
" Staggered " Free
Criap I~ Emptyinside

Reguler, staggered or cieular anangement

Quantity Distances

5 Ao G2 = Rows

[=] =
2 coums 432 = Colunns
Free anangement — w0 —
| | | >< £
Lo ~
Bolt g i

- b

Center offset Gk G S

— o

55 j Dx 0 Het length g; i
[=:]

O j Dy 0 Minium thickness | = | -

] e 1|0 Multiplcity

¥ Shear only bolts El Flesibilly index

I Compressed bolts

[~ Slip resistant Friction data...

™ Is an ancher Anchor data

I Usebearing sutace Beaing data PANY

I Use bolt net-area for bearing calculation T - -
[ Addinertia of bolts in bearing calculation *Ji 1 j Face  -bearing 7%
¥ Check block tear Block Tear ) Z00M PANR

1A
Limit values of slementary ctions

576240 N N = Fon s L
1168116.71 M W Plastic
41019702.68 N mm Mz [ Do not print messages

carcel | e |

Two bolts are in correspondence of member web, but it is obvious that previous layout parameters

must be changed.

e Define 2 rows and 7 columns using the arrows, then type 120 as distance between rows.

e Type 162 as Dx offset.

Regular, staggered ar circular arrangemment Center offset

[uantity Digtances IF 1
D=
|

E < ows 120 - Rows 0 =g
— D
l?— ﬂ[ﬁolumns IH ﬂ Calurnns 0 ; Angle J
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43.243.243.243.243.243 .2

I
=
OOOOQ):’OO

7'4G6¢

(I)J:OOOOO
=

o]

| Viﬁ

Keep the same ticks of previous layout, but type 1 as flexibility index:

Press OK to insert the layout.

[¥ Shear anly bolts 1 Flexibility index

[ Compressed bolts

[ Slip resiztant Friction data...

[~ |z an anchar Anchor data..

[ Use bearing surface Bearing data...

i

[ Use balt net-area for bearing caloulation
[~ Add inertia of bolts in bearing calculation

[¥ Check block tear Block Tear...

i

Castalia s.r.1. - all rights reserved - 38



C.S.E.

B3 o5k - uTORIALS CSE] =T
°s, File Modify Display Draw Enquire Fem JNodes Remode Checks 3DModel JClasses Joints Window 2 [=1=]x]

D|cs(d| (B[]~ | Llofelm] 1] -] nlaw e alew|elsslan] ~[ef@Z] v - [x|zl@s] ++]r] mlﬁllﬂlﬂ\

; Vaables and conditions | [
ﬂ Ene:m’zga Selected components {i’ {R{ =
%l o Members %
3 iy &
M % tearprn s
B Lo
% @
L
E
T
=
I
!
u
by
Jole]
s
T =] i
=1 =1
Toaet info, press F1 JELT 0 N < |
i+ .
Select upper plate, then add a bolt layout °_| and click the same face as before.
j& CSE - [TUTORIALS.CSE] =

% File Modify Display Draw Enquie Fem JNodes Renode Checks 3DModel IChsses Joints Window 2

|e(d|@|Elal-] | &lol=lml ] v]-] - |E aluv o sle]r|elsslaln =oE 2 u[- =] [x[2[@Als] +|+[r] 2|2

T Variables and conditions 1 SilE
i N
B Master
Lnl 7 Members )
& -3 Through =
> -] P3 Rectanguier Plate
i+ * B-2000mm i
* H=6500mm o
S ® t= 150mm
% + BH= 130000 00 mrm?
™ * B = 2000.00mm?
® H = 575000mm
]| Y
= E=-[Z] B3 Bokt layout
e * 14MIE109F 11200
® Shearonly
= » Not sipesistart
= 32
'+ Noompression boks
x4} ® TAes= 15700mm
5 * 1A= 20010me
il B}
e
[ /]
E
C
?
=]
I
[ ]
u
P A
el
q = v
Active command: addition of a bolt layout. Choose the initial face drilled by bolts. =1 Jex | |
To et info, press F1 mm | N | s |

Type a ‘-’ in the dialog, keep all the other parameters and press OK.
Center offset
[162 j Dx

ID_ﬂ Angle ﬂ
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&2 Cst - muToRIALS CSE| =]
s File Modify Display Draw Enquire Fem JNodes Renode Checks 3D Model IClssses Joints Window 2 HEE

D|= Qe |B|S] -] | Llofle] t] ]| |85 bS] 0| al0]r| & S[b| A7 « oM F] U+ = [x|v|@A[s] +[+]ir] 5|5l K

Variables and conditions

|
Renode Selected components f
E- e Masier B
7 Members
BB Through
E-88 Joiners
=[Z] B4 Bott layout
& 14M16-10.9F ir 120.0
® Shearonly
- @ Not slipfesistant
e Kn= 000
@ No-ompression bols
- @ 1Ares = 157.00 mm*
& 1A= 20110 mm?

18 lele il (=il

Iz 2] 10 19| ] o o O s ¢ |

Two get lower plate and bolt layouts, select upper components, then use Renode — Components —

Recopy Q command. Last defined copy vector was the one used to copy upper plate under lower

flanges, and now we need the same vector: Recopy command uses last defined vector.

- [TUTORIALS.CSE]
File Modify Display Draw Enquire Fem JNodes Renode Checks 3D Model IClasses Joints Window 2

T N e R TR W e = A N et e 3y N el B g Y R N RN L

Varables and condions [
de

Jected comporerts £

o 14M16109F  120.0
® Shearony

® Mot sipresistart

o Kn= 000

ol
® tAms= 15700mm
® 1A= 20110mm*

= [5] B4 Bot layout
o 1ME109F 120.0
o Shearony
o Not sipresiart
o Kn= 000

= |im)ez |28 | | [ |5 |06 121 || o]

© Nocompression bolts
© lAres= 157.00mme
* 1A= 20110mm"

| | 5 (8¢ o L o o [ ¢ |

Active command select by click. ESC or right click to stop. 1 |e=1

To getinfo, press FL l mm | N |5 |
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3 cs: - T
s, File Modfy Display Draw Enquire Fem JNodes Renode Checks 3DModel JClasses Jonts Window 2 [_a|x|
SQ|@(8 (S| | &Efm] ] 1] =]« [\ 5 LE o] LlL|F (eS8 n =@ B vl =] [x[T@A|s]| +]|+]17] =2 [w] K2

Variables and condtions 1
Renode  Selactsd componerts

0

ERN
o Members
B Though

® 14M16-109F i 120.0
® Shearon!
® Not sipresistant

o0

o Nocampresson bots
® 1Aes= 15700mm*
& 1A= 201.10mm?
&[5 B bt ot
* 14M16-10.5Fir 120.0

|® [i0]¢2 |20 0 |8 1% |5 | % v [oF
s
fo
g
g

& No-compression bots
© lAres= 157.00mme
® 1A= 20110mm"

= |12 (om0 | o O [ ¢ |

Active command select by click. ESC or right click to stop. 1 |e=1
To getinfo, press FL

2.5.3 Overlaps and coherence controls

The renode has been completed. Use Renode-Check Overlaps ﬂ to be sure that components do

not overlap. In this case there are not overlaps.

[ CSE- TUTORIALS.CSE]
*se File Modify Display Draw Enq

|=@e@g-]| -

Fem JNodes Renode Checks 3D Model JClasses Joints Window 7

113~ - @] ol 2|80 o [@lol 58] ~ (oM v[+ =] (<[5 @] +l+[v] 2[s (] 6]

E- & Master

o Members
8 Through
-8 Joiners
&=-[E] B5 Bot layout
® 1EMIE109F 1200
® Shearonly
® Not sipresistart
e Kn= 000
® No-compression boks
® 1Aes= 157.00mm?
® 1A= 20010mm*
=[] B6 Bot layout
® 18MI6109F 1200
® Shearonly
® Not sipesistart
° n= 000
@ HNo-compression bokts
® 1hes= 157.00mm?
® 1A= 20010 mm*

5 |0 )6 |78 150 0| |7 |+ | o o

o= [EI1ES (W || (9] ] o [ B8 o] ] |

To aetinfo, press F1

Use Renode — Check coherence to check the correct connection between the components.
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[ cse [ |

CHAIN1 m2:(B2):P1:(E1):ml
I Y CHAIN 2 m2:(B2)3:P2:(B1):ml
CHAIN 3 m2:(B3):P3:(B4):ml
CHAIN 4 m2:(B5):P4:(B6):ml

Chains are listed: it means that all the components are properly connected. In this case we have 4
different paths from m2 member (the slave) to m1 (the master). For example, forces can follow this

path (chain 1):

member m2 > bolt layout B2 - plate PI = boltlayout Bl - member m2

R Cst - TUTORIALS.CSE] e
“se File Modify Display Draw Enquire Fem JNodes Renode Checks 3DModel JClesses Joints Window 2 - [=]=

D|@(B|@|B|S[-| | Lot ] -] |8 56 el al0|0 $lssleln] «|of@ 5] oo —| [x[v@|s]| +[r]r] =]e]w] ¥
I

Variabies and condions B -
Renods  Selected components -

B Master
n b Memb
| -BE Through
-— BB Joiners
1+
=|
L]
=]
E‘
el

[Active command select by click. ESC or right click to stop. 1 |e1
To getinfo, press F1 mm N | s |

2.6 STEP 6: SETTING CHECK SETTINGS

Before executing the checks, let us specify how we want them to be done (we now choose the
settings that initially have left as default values). Execute the command Checks-Set. You get a

dialog like that following.
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The standard has already been chosen, Eurocode 3. This is a limit state standard.

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

automatically opened after the checks and if you desire a listing that includes checks results.

Since we have not a true fem model we must choose as "Internal actions computing mode", "Elastic
limits", "Plastic limits", “Defined Values” or combinations imported “From table”. Choose elastic
for instance. Then specify the multiplier of internal actions for each component. You can specify
the number you want. This will generate 24 notional load combinations. 6 for positive internal
forces, one by one. Six more for negative internal forces. Next 12 will be a mix of N, My, M3, i.e.
axial force and bending moments. Note that the first 24 combination, if using forces NOT coming
from fem, refer to the master and are empty.

Use the arrows to select m2, then type the desired multipliers. For example:

e 0,5 for compression, tension and bending moments

e 0,1 for shear 2, shear 3 and for torsion (we want to compute the renode mainly in bending and

azial force)

Keep default “Partial safety factors”.

In “Checks to be executed” section tick the following options
e Bolt pressure bearing

® Block tear checks

e Net cross-sections members checks

e Do not create models

Keep default “Displacements bounds” for displacement checks.
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Check settings

—Code
7 CNR 10011 - Allowable stress
" CNR 10011 - Limit states

& Eurocode 3 -EN 1993-1-8

€~ 15 800: working stress

7 15 800: limit states

" AISC-ASD: allowable stress
" AISCARFD: factor design

—Listing
{® English

Italian

Spanish

Open when finished checks

w| Induding results (expanded)

—Internal actions computing mode

| " From FEM combinations | Warst only |

—:II m2  Member

From table...

(:l H . U
" Plastic limits
" Defined values

0.5

 axial force, compression
5 M,axial force, tension

01 V2, shear force

01 V3, shear force

0.1 M1, twisting moment

5 M2, bending moment

111777

5 M3, bending moment

—Partial safety factors

gammaM, 0

11

gammaM, 1

1.25 gammaM, 2

L1 gammaM, 3

gammaM 4

gammaM, 5

117

V¥ Use info about end release

—Chehss to be executed
 Bolt pressure bearings

V¥ Execute checks

—Parastitic bending in bolts
™ Meglect parasitic bending

r—Punching shear checks
[ Execute checks

—Met cross-sections members chedks

¥ Execute checks

Block tear checks
V¥ Execute checks

—User checks (added formulae)
[™ Execute checks

—Simplified through checks
[ Execute checks

—FEM analysis of components

% Do not create models

" Create just sketch models
" Create complete models
" Create and analyze models

% Use Sargon/Clever
€ Use 5ap2000
" Use other

I 1 Translation

Displacement bounds of components to print @ warning message

I 0.0087266 Rotation (radians)

o]

Cancel

Press OK to save settings.

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

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

2.7 STEP 7: EXECUTING CHECKS

To execute the checks press the following button in the left toolbar (Checks — Check renode):

K
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[ Running... @1

Running checks: instance 1 of 1 combination 42 of 48. -
Running checks: instance 1 of 1 combination 43 of 43.

Running checks: instance 1 of 1 combination 44 of 48,

Running checks: instance 1 of 1 combination 45 of 48.

Running checks: instance 1 of 1 combination 46 of 48.

Running checks: instance 1 of 1 combination 47 of 48.

Running checks: instance 1 of 1 combination 48 of 43.

Envelope calculation. ..

Creation of listing...

Binary file creation. .. step 1of 6
Binary file creation. .. step 2of 6
Binary file creation. .. step 3of 6
Binary file creation... step 4of 6
Binary file creation... step 5of 6 =
Binary file creation. .. step 6 of 6 i
End of chedks. 3
k. r— T — —

The window above will appear, it is a log window explaining what happens. At the end just close it

by clicking over the red-background cross.

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

close the output file window.

TUTORIALS.CSE.AAEUR3.0ut - WordPad = | E S|
Eile Modifica Visualizza Inserisci  Formato 7
DedE &l A e &y
............................................. i
$ 3 ]
+ €.35.E ¥
¥ #
3 Connection Study Environment #
# #
¥ Copyright (c) 2001-2010 - Castalia srl - Milan Ttaly #
¥ #
¥ WwwW.castaliaveb.com #
¥ #
# - #
¥ ver #

Aknoledgment

This program is the result of years of research in steel structures and
is able to automatically perform quite many checks regarding steel con-
nections. The program is able to fully check joiners of wery complex steel
connections, made up by freely placing components and joiners, i.e. no
special ad hoc rule is used, but very general ones to compute sStress state
of arbitrarily structured "scenes", as freely determined by the user.

This version was released in January 2010, check for updates

< - Total computing area of a boltlayout ] i

4| . *

Per ottenere la Guida, premere F1

2.8 STEP 8: EXAMINING RESULTS

Use Checks — Envelope l? to display components exploitation envelope.
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fE CSE - [TUTORIALS.CSE]

s, File Medify Display Draw Enquire Fem JModes Renode Checks 3D Model JClasses Joints Window 1 [=]&]x]
O[2(E|®| 8|S ]| Lol ]~ o] 5] ¥ 2| a2l @850 = ofH/ E ] =] [x[v @ +[+]r] tI'B'L?'E”
h) Variables and conditions 1
E’ e
- @ Master
& lem!
e
- B Joiners
i+
5
S
]
"
e
=
=]
x|
lead
2 @
=
| |
E |
C
]
I
I
[ ]
[ |
=
B8
E Exploitation envelope
0.20 0.40 0.60 0.80 1.00 1.20 1.40
« (=] P
Active command select by click. ESC or right click to stop.. c=1 =1
To get info, press FL mm | N s | ||

. L . ? .
While the envelope is displayed, use Checks — Enquire _I to know components maximum
exploitation, its cause and combination. Move mouse pointer near a face of the component you

want to inquire and read information in left bottom part.

&2 CSE - [TUTORIALS.CSE]

s File Modify Display Draw Enquire Fem JNodes Renode Checks 3D Model IClzsses Joints  Window 2 [-]l=]%]
Dls(ae|E|@]-] | LlEfu] ] ]-] <@ s0EY] 2] a2 e s blan] ~[e@ T [ =] [x[3[@s] +[+]r] =] ]w x|
) Variables and condtions | -
Renode Selected components AA ;
. =
En 7] Members -
s -8 Through 5
= & Joiners —
= =
%
]
=2
E
=
=
=
= @
sl
v
| |
E
c
]
il
2
| |
| |
'
EE
ﬂ Exploitation envelope
0.80 1.00 . 1.40
_ - =1 =1
EEE: 0728 - CAUSE= BLOCK TEARING - COMBI= 31 - INSTANCE= 1= mm [N s [ ||
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You can inquire bolts, plate or members maximum exploitation. If you use Checks — Current

results ﬂ displayed and enquired exploitations refer to current combination.

Use Checks — Combi ﬂ select combination 25 in the dialog (m?2 positive axial force) and press
OK.

Setting of a combination @

Combi = 11 -
Combi = 12
Combi = 13
Combi = 14

Combi = 16
Combi = 17

Combi = 15
Combi = 13 ‘

| m

Combi = 19
Combi = 20
Combi = 21
Combi = 22
Combi = 23
Combi = 24

Combi = 26 -

oK | Cancel |

Use Checks —Displaced lﬁ in left toolbar to display the displaced view of the renode in current

combination.

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

in the dialog box.

Displacement multiplier @

500 Displacemant mulkiplisr

Cancel |

When the displaced view is shown, components are coloured with the range colour corresponding

to their exploitation in current combination.
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R CSE - [TUTORIALS.CSE] s i
“. File Modify Displey Draw Enquire Fem JNodes Renode Checks 3DModel IClssses Joints Window 2 _[=[x

D|&|@|mB|8]-| | Hloffnlt] ] -] @505 v| 0| alelelelsslaln] ~ efd B v —| [x[3@ls] ++]r] ]2 w

> Vaiiables and conditions | = |[rs;
> Renode Selected components {i’ {ﬁ( :
B
B 5 Members 3
B2 Through 2
B2 Joiners
=]
> o
|
A
G.5.E. Copyrght () - 2001-2010 - Gastal s - Wi - . castabawe.oom -
< (=] >
[Active command select by click. ESC or right click to stop. =25 |1
To get info, press FL mm| N | s |°C

Switch to following combinations ﬂ (Checks - Combi next) to see displaced in combination 26

(T2, 27 (T35, 28 (M) and so on.

The following image shows displaced view in combination 29 (positive M5).

R sk - [TuTORIALS.CSE] s o
S File Modify Displey Draw Enquire Fem JNodes Renode Checks 3DModel IClasses Joints  Window 2 _ 5]

O|(@s[(s] -] | 2[0flml ]+ ] < @ al5] 2] lelo 8l sl s]aln] (@B o]+ - [x[F @ls] +l+]r] = |=[xm] w]

J Varables and condtions | Bl
= Renode Selected componerts {i {Q
—|[=" e Waster L
g o Members =
| 82 Through =
= 3 Joiners
[t
> @
=
]
&
el
Remctes A
c5E Ca -
‘ G
|Active command select by click. ESC or right click to stap. n [E=1
To qetinfo, press F1 mm | N s |

Un-press Displaced @ and switch back to combination 25 (tension) using ﬂ or ﬂ
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Now select P3 and click Checks — Block tear results El

2 csk - uToRIALS.CsEl T )]
° File Modify Display Draw Enquire Fem JNodes Renode Checks 3DModel JClosses Joints Window 2 [=]l&] %]
D|@|@ 8|8~ -] La|xm 1] |- -3 55 e oo s b 8n = of@B| vl - [x]T@s] +[+]r] 2]8]w ﬁ”

L) Variables and condtions | [
| R Selected components {i( {Q 3|

= @ Master

kn 7 Members =
F B3 Through w5
= =[] P32 Rectanguiar Flate
i+ ® B=2000mm =

® H=6500mm -
oS ® t=150mm

% - @ BH=130000.00mm?

“ ® Bt = 3000.00mm*

® Hit= 9750.00mme

izl B Joiners
kS
=]
=|
XA
24 o
5]

3
L]

E
c
?

Jieh
==
iE]

[ ]

=
[ELE]

&

]

« =] v
Active command select by click. ESC or right click te stop. =35 [I=1
To get info, press FL mm | N |[s | | |

The following dialog box will appear:
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r 3
C.5.E - Block Tearing &J

Basic info

30 Met length
15 Minimum thickness

i Multiplicity

Results
708479.099121094  F ultimate o -
389972,035874052  F applied ]

-130 Angle

0.5504 Exploitation

D000 00

206 2 0 0

PANY T

C.S.E.4 - by Castalip |- ww.tzaalialleb.mm

1 j Face I—J—I

PANX

: 105263157 j Font size

oK | Cancel Print... | Copy | Fill | Hexagons

In the figure is shown plate failure path in combination 25 (red arrows). F ultimate is the resistance
of that failure path, the exploitation is the ration between applied force and ultimate force. Applied
force is horizontal (-180degrees).

Remove the tick from “Display distances” to hide bolts distances.

For an applied force equal to the ultimate one, the following failure will happen.

o & @ @ e e & o
— —

2 e e 0 e 0 8

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

selected components in current combination, otherwise the following message is displayed:

F

CSE

A W ==

Warning! In this combination/instance it is not bloack tearing the cause

&Mmﬂx

imum exploitation

Now un-select P3 and select m2, then use Checks — Display net sections results E

[2A CSE - [TUTORIALS.CSE]

®s, File Modify Display Draw Enquire Fem JNodes Renode Checks 3DModel Classes Joints Window 2

D& BB~ [~ | Llafelm] r]s]-] <@ b8 L LR | ¢l pn «~ 0@ B] vl = [x[®[@A|a] +[+]r] tlilmlﬁ”

& Variables and conditions 1 B
ol e Selected compenents {Q {& #
5
B Master -
& EloR Members =
e & [E] m2 Beam =Y
= =T HE2008
i+ ® h=2000mm =
® b=2000mm
I\"\‘ ® tw= 9.0mm
% & tf= 150mm
™ ® r=120mm
& hi=1340mm
| o h2= 330mm
e F Clamp
] en Beam - Beam
= i Spiice-homogeneous
b==l| B Through
ﬂ B Joiners
X+
= B
il
X
L]
E
[
)
|
I/ |—
u
|
6]
el
= B
5 =1
To get info, press FL mm | N[5 [ |

When you execute the command, renode is hidden in the graphic view and net section results of

selected member in current combination are displayed.

In this case, maximum exploitation for m2 in combination 25 is not caused by net sections checks,

so the following message is displayed.
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Gl Moy Dby Baw Enqun Fom Mode fancde Shecks @ Wiedd (Clows mina Mfindow ©
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Abroce Lsnzee W Seciomd Iumiace @ 1 Cangaion » 2

14 THE INSTARCE | COUSHATION AN |5 CALIGET B CTWER FRARDNE

o]
f
S
= COMPUTING DATA:
e Renode Member: AA m2 Section=0; Instance = 1; Combination = 25;
e
= g:nmn
i
= Il IN THIS INSTANCE / COMBINATION MAXIMUM IS CAUSED BY OTHER REASONS
*
>
B
[ i
=
=
=
x|
||
|
|l
5
||
el
4 0 =
= 1 i___}]
To ot info, pren L mm N [2 [

Switch to combination 26 (il). Here we have net sections check as maximum exploitation, so

results are displayed.

22 CSE - (TUTORIALS.CSE] =
®s, File Modify Display Draw Enquire Fem JNodes Renode Checks 3DModel Classes Joints Window 2 [-]

B
[x]

LT e e o e R T e . T Y e R E R e PN R R T A Y |
i | COMPUTING DATA: =
b Yitles mloondiors noge Vemear: AAm2 Ssctior=s; Instanse = 1; Cominaton = 25 i
(== COMBanents | | et 2540010 N: Mum? 232008 N mm: Vet 032607 N e |
- & Master Exploitation= 0.542 ; Sigma =1.273e+002 N/ mm” Sigma,d =2.350e+002 N/ mm* =
"
nl Bl Members -
a & [E] m2 Beam =Y
o =TI HE2008
i+ ® h=2000mm ﬂ_
& b=2000mm k=052
l\"\‘ ® tw= 9.0mm
% ® ti= 150mm
“ ® r=180mm
& h1=1340mm
| o h2= 330mm
i) F Clamp
&l en Beam - Beam
=) slign Splice-homogeneous
==l B Through
ﬂ B Joiners
X+
= El
il
i
L]
E
ic|
B
i
x
| |
[ |
o
(8]
el
cse i - B
i \ =] v
C=2 =1
To get nfo, press F1 mm | N[5 [ |

COMPUTING DATA:
Renode Mamber: AA mZ Section=3; Instance = 1; Combination = 25;
N=1.284e-010 N; Mu=-T.5232-008 N mm; Mv=2.052e+00T N mm;
Exploitation= 0.542 ; Sigma =1.272e+002 N/ mm® Sigma,d = 2.350e+002 N/ mm®;
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In the “Computing data” section the following are reported:

¢ Renode mark and member name

e Net section with maximum exploitation

¢ (Instance) and combination (here we have one instance only)
® Applied axial force and bending moments

e Exploitation

e Applied and allowable normal stress

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

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

net section 9

F 3

Irrt'nn—nn—nn—nn—nn—nrv—n IH e mn rn e

T
OO 000 OO0 OO 000 O 00T g

QoO|Co
Mvn ocolco

OO

m

o

I T M

M I M

-
O 0T 7 00 O 00 00 0 00 O 00 OO0 0 00

distance

Follow next steps to know that distance.

Exit from net section results g, then use Enquire — Net sections. The following dialog box
appears. It gives information about members with gross cross-section reductions due to bolt holes,

cuts, bevels, etc.
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Check net-sections of the selected member lth

vy
] [ ]

AA.m2 - Section 9 - Distance 281.6 mm
An=0731.03 mm? W2n= 477187 mm® W3n= 161170 mm® xg=2.16192e-015 mm yg=-8.48575e-015 mm
An /A= 0862 W2n/W2= 0838 W3n/W3= 02804 Wpl2n/ Wpl2= 0743 Wpl3n/ Wpl3= 0527

C.S.E. Copyright (C) - 2001-2010 - Castalis srl - Milan - www.castaliaweb.com

Number of sections 9
Hl oK
(| Section @‘— Net section data... Copy Print...

Distance 2916

Cancel

=

Use the arrows to select section 9, in which we have maximum exploitation in combination 25.

Af.m2 - Section 9 - Distance 291.8 mm 4
An=6721.02 mm? W2n= 477187 mm* W2n= 161170 mm® xg= 2.18182e-015 mm yg= -5.48575-015 mm
An/ A= D.882W2n/W2= 0.838 W3n/W3= 0.804 Wpl2n/ Wpl2= 0.743 Wpl2n/ Wpl3= 0.527

Given data are:

o Renode mark and member name
e Net section number and its distance from theoretical extreme
e A, W2 and W3 of reduced section and ratios with correspondin values of gross cross-section

e Net section barycentre coordinates

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

appear.
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b |
Data acquisition of a section made up by polygons &]
E731.0283: 4 T
47718728 g2 47F187.28° o
16116372 )3 161169.71¢ W3
i At 477187.28° wpl2
2 X 84198379 2 TET1ES71E Wil
48.932907 i3 [T
21619156 4G -B.48574E9 4G
0 2 0 W3
0 Principal axes anagle
| Marne
[ Computes plagtic modul
Polygons management
e Updates | Cancel
Modify polygon.... | b |
Femove polygonl
L
Shift polygon...
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3 APPENDIX: FLEXIBILITY INDEX

3.1 WHAT FLEXIBILITY INDEX IS?

In paragraph 2.5.2, a flexibility index equal to 3 was assumed for bolt layouts on members webs.

Hereunder is flexibility index definition given in CSE guide.

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

Generally the translational or slipping stiffness (see next picture) of a bolt layout not using a bearing
surface is directly proportional to the number # of bolts which make up the layout, the bolt radius r raised

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

In CSE a parameter called the flexibility index, f, has been introduced in association with shear-only
bolt layouts, for which the translational stiffness of the bolt layout is also inversely proportional to the

cube of the flexibility index.

In summary, the translational stiffness of a bolt layout without a bearing surface is:

directly proportional to n and r4

inversely proportional to B

If the bolt layout is shear-only, its translational stiffness is:

directly proportional to n and #

inversely proportional to 13 and f 3
So if fis equal to 1, it does not affect the stiffness.

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

Let's take for instance a splice joint with bolted plates (web and flanges), under tension: in the plastic
range, a plasticization of the web thickness will occur due to bolt pressure, so that the internal actions will
be redistributed to the flange bolt layouts, which will continue to carry the load. By setting a suitable
flexibility index (greater than 1) in the web bolt layout, the user can model this effect and thus achieve the

action-distribution desired.

Castalia s.r.1. - all rights reserved - 56



C.S.E.

The definition of a flexibility index greater than 1 for web bolt layouts causes a reduction of their
stiffness, and a greater amount of applied forces is carried by other bolt layouts (flanges bolt layouts

has a flexibility index equal to 1).

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

(in this case, reducing flanges bolt layouts stiffness).
3.2 MODIFY WEB BOLT LAYOUTS

Let’s see how flexibility index modifies forces distribution. First of all, create a copy of the
previous model using File — Save as; name the new file “TUTORIALS_flexindex_study.CSE”, for

example.

Unselect all components i; if there is any active post-process command, end it (un-press

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

display). Select one of web bolt layouts.

[2) CSE - [TUTORIALS fleindex study.CSE]
“se File Modify Display Drw Enquire Fem JNodes Renode Checks 3DModel [Closses Joints Window 2 AED

O|c|e|e|B|S| || Llofle ] ] -]« 8552|2100 $]5 S 4D | ejMF V] = [X[T @] +|+[r] o]0 K|

Variables and condiions: |

z
Renode Selected components A A
rrree | Kl

5 Members
5 Through
de

5 8 Joinrs
& [E] B2Bot layout
* EMIETOSFIr 432
@ Shearonly
o Hot sipresistant
+ K-
® No-comy ion bokts
® thes= 15700mm?
® 1A= 20010mm

|® |@]e2 [0 |58 % | |F = 1% |

|= (8012 [ | B Y | <] o m B[22 |

Active command select by click. ESC or right click to stop. <1 =1
To get info, press F1 mm | N |s |
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Use Renode - Components - ModinyC'Eld to enter in bolt layout modification dialog box. This

dialog is the same used for bolt layout addition, but parameters are those of the layout we want to

modify.

Define a flexibility index equal to 1, do not change any other value or parameter and click OK.

| 12 ultiplicity

0 = Anale J

1 Flesibility indesx
[ Compressed bolts

[ Slip resistant Friction data...

¥ Shear only bolts

Now unselect currently selected bolt layout, select other web bolt layout and do the same as done

before, in order to define a flexibility index equal to 1 for this layout too.

3.3 CHECK AND RESULTS

All bolt layouts have a flexibility index equal to 1, now. Execute checks E
Display the envelope l?: members exploitation has significantly increased. Enquire member

7
exploitation J

23 CSE - [TUTORIALS flexindex study.CSE]
%, File Modify Display Draw Enquire Fem JNodes Remode Checks 3D Model Classes Joints Window ?

D|SE®|B|S-] | La[H 1] =] B 5 EY] 2|0 elb ol a|a] ~8fH 7 uf- =] [X[3@|a] +[+]r] «]x[v] ¥

— | & x
Variables and condtions | S o [
Re Selected
enode secedcamponens || F i
El- ® Master

75 Members

B Through

B Joiners
=
5
C
?
=]
Bg
&
Lol Exploitation envelope

0.20 0.40 0.60 0.80 1.00 1.20 1.40
9 \
A:twsmmmand:exp\nltatm‘nsmquwa ESC or right click to stop. =1 =1
-ENV= 2170 - CAUSE= BLOCK TEARING - COMBI= 31 - INSTANCE= 1 mm | N s C
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Maximum exploitation is in combination 31 (compression). Move to combination 31 M, show

o o . ?
current combination exploitation l? and enquire member results J

JE CSE - [TUTORIALS flexindex study.CSE]
°se File Modify Display Draw Enquire Fem JNodes Remode Checks 3D Medel JClasses Joints Window 7 =&

DlFl@la|B|S] ] | LlOfm] ] ] ] |8 5] 2] 200 ]| bl |n] ~|ofW = u]- =] [x|v|@|s] c[r]r] =] K|

Variables and condiions

I
Renode Selected components -
:‘ Breelil>-=meerll L JAA

B e Master
o Members
B Though
B Joiners

|8 | @]z |20 | |

(8¢ | m |||~ o] W 5] | ¥ |

=
=)

= |2

Exploitation
0.20 0.40 0.60 0.80 1.00 1.20 1.40

\ ,
[Active command: exploitations inquire. ES&HQM click to stop. =31 =1
- EXPL= 2170 - CAUSE= BLOCK TEARING: BLAY= B2 mm | N s |

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

(paragraph 2.8): this is due to flexibility index modification.

End inquire command pressing ESC or mouse right button, then exit from current results display

NG

Select m2, then use Checks — Display forces IQ Forces exchanged from member to connected
bolt layouts in current combinatio (31) are now displayed (use Font and Size commands in Display

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

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

then tick “Selected objects).
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cs 5
s Fle Mody Display Draw Enquire Fem JNodes Renode Checks 30 Model [Classes Joinis Window 2 [-]=]x]
D|S(E|e(8]&] || Llo[xH] 1] ] -] (B 506828000800 % = o8B o] —| [x]%@s] +[+]e] 2|2 ]|

” Variables and conditions | [
e e
B ® Master
Ky B Members *
A =H[5] m2 Beam =
= &I HE200B =
it @ h=2000mm =]
® b=2000mm

S & tw= 90mm

% & ti= 150mm

o ® r=180mm

h1=1340

E h2= 33.0mm

= 2 - Beam

é ian Splice-homogeneaus

=l -+ Through

| 1B Joners

Xt

>+

X

i

@

L]

E

c

7

|

I

]

| |

L4

BE

el

v
Active command select by click. ESC or right click to stoy =31 =1

— g P

To aetinfo, press FL mm| N |s |*C

Fy is the force trensferred from the member to web bolt layout, Fy is the sum of the forces

transferred from the member to upper flange and lower flange bolt layouts.

Fy, =412862N
Fr =2 x252288N=504576N

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

member axis.

% F; is the portion of total compression force carried by flanges bolt layouts:

F
L 100 = 504576N %100 = 504576N

= x100 =55 (f=1)
F. +F 504576N +412862N 917438N
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55% of total compression force is carried by flanges bolts layout. This datum has to be compared to

the ratio between web and flanges areas.

HEB200 sizes are the following. Let’s compute web and flanges areas without considering

curvature radii (it’s a coarse assumption in order to simplify computation and explanation).

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

Ay, is the area of the web, A is the area of the flanges.

Ay = ty X (h = 2t) = 1530mm’®
Af=2 X ty X b = 6000mm>

% Ay is the ratio between flanges area and the sum of flanges area and web area:

A
%A, =— _x100= 6000~ x100 = 80

T A +A, T 6000N +1530N

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

stiffness.
3.4 FLEXIBILITY INDEX INCREASING

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

paragraphs.

A. Exit from Display forces: @9%
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B. Asin 3.2, select a web bolt layout, this time set equal to 1.5 its flexibility index and press OK;
do the same for other web bolt layout. NB: if you have problems on your computer in typing
‘1.5, initially type ‘15°, then place a dot between I and 5

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

D. Asin 3.3, compute %F;

You will see the following exchanged actions.

B

Fy, = 349012N
Fr =2 x284213N= 568426N

568426N 504576N
¢ X = X100 = ——x1
Ff +F 568426N +349012N 917438N

w

00=62  (f=15)

Write down %Fy and its related web bolt layout flexibility index f,,:

f 1 1,5 2 2,5 3 3,5 4
%F; (fw) 55 62

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

write down computed %F.
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Repeat steps A-D using flexibility indices equal to 2.5, 3, 3.5 and 4, computing %F; everytime. You

will get:

fu 1 1,5 2 2,5 3 3,5 4
%Ff 55 62 71 79 85 89 92

3.5 CONCLUSIONS

Plot %Fs (fy) versus fy, in a graph:

——%F{fw)

m———Target

100%

90% —

&%

% of total force carried by flanges bolt layouts
a2
\aﬁ

1 15 2 25 3 35 4
Web boit layouts flexibility index (fw)

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

Flexibility index can be use by the designer to take into account web plasticization, with consequent

forces re-distribution due to resistance reduction of a part of the member.
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