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1 INTRODUCTION

This tutorial is a tool to start the understandaidgnow CSE works. This tutorial is aimed at
teaching base commands relative to renode consinudthe start point is the end of tutorial 002.

By following this tutorial you will be able to:

Build up a complex renode adding plates, angleks laod welds

Apply cuts, bevels, shorten and lengthen members

Understand computing options of bolt layouts andhembers and components
Understand how to use the left side panes

Understand how to add new variables

Understand how to add user-defined checks

Export a DXF to be processed by other CAD programs

Running the checks and discussing results willdreedn another tutorial.

This tutorial is some like 47 pages long becausédawve explained step by step anything
with images, however it takes very few minutesdiwally do these things.

This is the first part of a set of 4 parts. Irsthart we will join the X beams to the column.

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 dialogoonmands may be different, although the logic of
the program has remained the same. If you find sifferences, see the up-to-date PDF guide or

the context sensitive help for information.

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



C.S.E.

2 HOW TO BUILD A MULTIPLE MEMBERS RENODE

B CSE - [TUTORIAL 3.CSE]
e
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Initial window content: jnode view at the end ofdrial 002.
2.1 STEP 0: SELECTING A JNODE AND PASSING TO RENODE VIEW

The only jnode available is selected (yellow).v&bcan switch to renode view of that jnode,

in order to actually build it. We can do that byeenting the commanﬁ)isplay-Renode(@

button in the main bar), which is active if and yifl one only jnode is selected. Once we have
pressed the button (or executed the command frenmému) we switch to the renode view of that
jnode. Nothing has been defined yet.
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Notice that, by default, the member length fromitheal node outward is 1m (1000mm). So these

are not the whole members, but just a segment ofAlmong the general settings is available the
piece length.

2.2 STEP 2: CHOOSE THE STANDARD

Although in this tutorial we are not goig to actyatheck the connection, we will set the standard
we are going to use as many information, duringatbek, will depend on the selected standard. So
now that we are in the Renode view, execute thenuamd Checks-Sef the following dialog

appears. Choose Eurocode 3 and p@iss We will later be back in this dialog to understdiow
to use it, before the checks.

Check settings

Code

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

3 Eurocode 3-EN 1993-18

£ 15 800: working stress

€ 15 800: limit states

(" AISC-ASD: allowable stress
" AISC-LRFD: factor design

Listing
& English
" Italian
" Spanish
¥ Open when finished checks
[ Including results (expanded)

Checks to be executed
Bolt pressure bearings

W Execute checks
Punching shear checks

W Execute checks
Block tear checks

W Execute checks
Simplified through checks

W Execute checks

Internal actions computing mode

" From FEM combinations [~ Worst only

ﬂ mi Member
# Definedvaluss From table...

" Elastic limits
" Plastic limits

N, axial force, compression
N,axial force, tension
V2, shear force

V3, shear force

M1, twisting moment

M2, bending moment

T

M3, bending moment

7

W Use info about end release

Parastitic bending in balts
I Neglect parasitic bending

Net ross-sections members checks
¥ Excaute checks

User checks (added formulac)
¥ Exeaute checks

Partial safety factors

gammaM,0

gammaM, 1

25 gammaM,2

gammaM,3

gammaM, 4

gammaM,5

11191

FEM analysis of components

" Do not create models

€ Create just sketch madels
€ Create complete models
& Create and analyze models

' Use Sargon/Clever
" Use Sap2000
" Use other

Displacement bounds of components to print a warning message

i Translation 0.0087266 Rotation (radians)

2.3 STEP 3: THE HINGED BEAMS (X BEAMS) CONNECTIONS

2.3.1 Shorten the diagonals

Fist of all let's shorten the two diagonals toidvoverlaps: we will later care about them,

now we just want them not interfering with our woko choose a +Y view by executing the

commandDraw-Std view (‘ﬁl button in the main bar), we get this dialog:
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press the +Y button and you see a new view oféhede. Now click over the left diagonal so that
it gets blue (selected). We are going to shortefistwe are not interested in a special positian, b
just to shorten it of a bit, we will use a numekieay to assign shortening.

|z || |8 | ] ]3] <] o | [

Since there is only one member selected we canyappmhortening. To do that execute the
commandRenode—Members—Trim—extend(Qa' | button in the left toolbar). The following dialog

appears

Choice of the way to define a translation [‘$_<|

- Point
---» Mumerical

chooseNumerical and you get here
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now just input -500 (mm as we are using mm whicthésdefault unit). PresS3K and you see what

follows:

Now click over the shortened diagonal to unselecind then to the still un-shortened diagonal to

select it. ReappliRenode-Members-Trim extendwith the same value. You will get what follows:
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Unselect the diagonal clicking over it and switohat Isometric view Display-Std view, - in

the main bar - and then Iso):

2.3.2 Shorten the X beams
We now would like to care about the two beams hinge. the beams directed like X axis and
whose wireframe ending point is inside the colunabwremember that the Y beams have an offset,
so they end at the flanges outer planes). Firstlloke will shorten them so that their ending face
will be coplanar to web faces (one face for eacimbex). Basically we want to shorten them by
half the web thickness. Now we have already seem tw do a shortening introducing the

shortening value directly. We will use another moethSelect the +X member, it gets blue.

Re-executd&kenode-Members-Trim extendbut now choosePoint".
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Notice that moving the mouse a red circle appeasying as well. It is marking "significant

points” present in the scene, we will later bettederstand what are those points. If you see two

circles or none, just redrawisplay-Redraw, button in the main bar)

We have to choose a point in the scene so thagpldme of the end of the member will pass from

that point. In other words the shortening is defibg defining a point where the new end-plane has
to pass. Using the mouse wheel, zoom over the ta@peocolumn and click over the web extreme

point marked in the picture below. The point chosglhbelong to the selected member end face
plane, and so the selected member will be shortbgdwhlf the web thickness. Once you click left

over the point, you have finished the command dwedmember is trimmed. If you have enabled

sounds, you will hear a sound meaning that thezesalt overlaps: actually the member, although

trimmed, still is in conflict with the column, asewvill better see.

.

Now executeDisplay-Enclosecommand or better press the button in the main bar: you see

what follows:
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Now click over the blue member to unselect it, alidk the other X member to select it. Execute
once more thé&kenode-Members-Trim extendcommand, and choose once madpeiht". Zoom

over the beam top and choose the point as shote inext picture, this will trim also this member

to web plane (the other one).

Execute once morBisplay-Enclose( in the main bar) to see the isometric view, yow rsee

what follows:
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We have just trimmed the two beams to web facesv Me have to cut them in order to avoid
overlaps with the column. Choose a +Z view by ekaguDisplay-Std Views and zoon near the

column, you will see what follows.

2.3.3 Solve the X beams-column overlaps

The overlaps between the X beams and the columenglear. We will cut the selected
element first, then we will cut the other. Howewerwork better it would be fine to see only the
members actually involved in the operation we aregto do. So select the column and the two X

beams, like this:
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then execute the command Draw-Extract (the button in the main bar). The following dialog

appears.

Remove the tick fromSelected group$ and place a tick in theSelected objects check box.

Then pres©K. We are going to "extract” only the selected mersibéou now see what follows.
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The Y beams and the diagonals (covered) have desmpgp. The selection is reset. Click the left

beam, it gets blue. We are going to cut a piec¢hisf beam away. As one only component is

selected the commarenode-Workingsis available. Execute it (you can use the button in the

left toolbar). The following dialog appears. ltused to choose which action must be applied to the
selected object. Choosubtraction- polygon prism. Then let's give a name to the action: write
CUT_COLUMN in the Working description” field. Now to define a cut polygon we will use
significant point. We can choose how many theyaae: where, by setting what is in The Command

options box.
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Consider the side of each face. It has some sggmifipoints which we can decide to be clickable,
or not: the mid side point, points at third, atrths, or point equally spaced by a given distance,
which is here namedJelta S'. Having more points to be clickable will help tesbetter define the
polygon, but too many points will be boring fromgeaphical point of view. So choose 50mm as
Delta S and remove the tick from thdidside points check box. Finally we would not accept
sharp corners so specifybavel radiusfor the cuts we are going to apply, leave 5mmalRmnyou

will have the following:

press theAdd button (ot OK or it will just end the command, which is alscedsto remove

existing actions).

You see now something like this:
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Notice that the sides of the selected member ardetl in spans of 50 mm, and that the significant

points are shown with a dot.

[If dots are too small, just exit from the commantidking right, press the button in the main bar

(i.e. commandisplay-Scene pointsand set 2mm or more for the dot size, as expibheze:

Then go back to the command you'll see larger ddiis. depends on your display card]

Now if you move the mouse the red circle tells yehich dotted point will be chosen if you click

left. Using the mouse wheel zoom so that the pa@irgsclear. Click over the following point:

it is a brown point near the column corner, butaiut. The mouse will be attached to this point.
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Now we would like to get down of a distance, bun‘t&ow how much. We would get down to the
end of the column web point, but there is no paiohg the vertical at the correct height. If you
place the mouse near the end-web point (like shovwhe next picture) you will read in the status
bar the DU (horizontal) DV (vertical) distance imetprojected plane of the two points (the last
clicked or defined, the mouse is attached to , thie one you are over).

The DV you read is -33mm.
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We now can decide to move down by 35mm, to stagénthe web length.
Now press the space bar as there is no point airiedthe scene to attach to. The following dialog

appears:

Press the leftmost button. You get here:
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input -35mm as DY. You see now what follows (mayyba will need a redraw,
main bar):

button in the

We are cutting the steel. Now we must move in +DKe DU from the last point to the web is 100
(a multiple of 50)

Press once more the space bar place a tick irlrikert, in the vertex from which this side starts,

a circular bevel' check box to mean that in this corner there balapplied a circular bevel:

Choose once more the leftmost button and enter a$@DX.
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You'll get here:

Press the space bar once m@move the tick from th#nsert, in the vertex from which this side
starts, a circular bevel" check boxand specify -130 as DY (we understood that -13Basright

distance examining the distances as already exgalpinyYou get here (always remember you can

redraw  to refresh the screen):

Now specify -100 as DX, always in the same way, geuhere:
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Now press once more the space Ipdace a tick in the' Insert, in the vertex from which this

side starts, a circular bevel' check boxspecify -35 as DY you get here:

We can now close the polygon choosing existing ggoifihe first, moving horizontally (remember

to remove the tick from the circular bevel check flom now onward):
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The second moving vertically

And the last point, back in horizontal directioryeo the same very first point we have clicked,

getting to an immediate end of the command (becgos®e re clicked the start point), here:
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Notice that the bevels have been applied. Thene isiore overlap. Now unselect the left member,
select the right one, and re-apply the command &efdorkings. Do basically the same things in

the symmetric mode. Here is a sketch of an interatedtep.

You will finally get here:
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2.3.4 Apply double angles

Now we will apply double angles. Switch to a Isontetziew and have a look at the left pane

"Renode".
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You see all the sizes you need. In particular yee that h1= 134mm, so the clear web height is
134mm, and the angles will be say 120mm high. Atsthe web thickness is 9mm, the double
angles will have to be spaced 9mm. Notice that mestll in extraction mode: as all the other
members do not interact with what we are goingaeve can stay here in extraction mode.

Slightly change the view so that the inner contastiveen the front beam and the column gets

visible. You can do that by using these buttonthémain bar: . Get to see like this

the inner part (a zoom has been also applied ulsenghouse wheel):

Now, before moving forward - for the reason thall e clear in a while - execute tlsplay-

Scene pointscommand ( button in the main bar), and set the significazegng points as here

explained:
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We avoided to use as significant point the facdersrto avoid a possible confusion between the
beam web end-sides mid-points, and the beam emddanter, as these points are very close.

However this is not really necessary as we woutéae aligned points instead of 2, if leaving the
face centers, as well.

Now execute th&®enode-Components-Add throughcommand ( button in the left bar) you get
the following property sheet:

Choose double angles. You get here.
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As shown specify L 60x6 (after choosiegual legs only, and 120 as length (part of the beam web
height), 9 mm as internal distance between thessMetice that a new component named "L1" will
be added. The material is that of the member baules235, but you can change it. Choose to
execute Simplified checks for this component, remove the tick from thdsé torsior’ check
box, and leave all default values. You are askiogto prepare the fem model of this component.
To check it in a simplified way and not to considlee torsion applied to the legs cross-sections (a
generalized force which usually is balanced byacdnpressures of the leg faces).

Press OK you will get here.

Enlarge the small window resizing it, so that yoill better see the significant points. Then press

once the button in the Rz row (i.e. apply a -90 angle vaoiaaround axis Z). The object rotates
clockwisearound the global Z axis. You get what is showmhig next picture. Now press the Ins
Point button, and choose the point shown in the piekure.
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This point is the mid-side point of the right carsede, it is at mid height. This point will be p&d
in the scene by the next operation, so that thetmbiosen here will coincide with the point chosen
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in the scene. Pre€3K and you are back in the global scene. Noticerti@ating the mouse the red

circle tells you which significant points are aaile.

Choose the visible web side mid point, as showherpicture above. You will get what follows:

If you use the sounds a click tells you that nortayehas occurred.

Change views to be sure the component has beeteidgeoperly, for instance use a +X view:
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Now we can copy this component to the other sidéhefcolumn. Choose the commaRdnode-

Components-Copy(the  button in the left tool bar), you get here:

Choose th&kotation method,Member + angle i.e. the 2nd button from the right. You are back
the scene. Notice that moving the mouse facesigklighted. Choose a face of the column, that is,
tell the program you wish to use the column as mexmivhose axis is the rotation axis. As all the
column faces have their centers in the mid heightch around the mid height. Using the mouse
wheel you can zoom out. Once the column face idéuthe mouse" i.e. it's green, left click. It will

open the next dialog. Leave 180 and pf@Kks
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We are copying component L1 around the column &xigreate a new component, which will be
L2. Once you've pressed tBK button, you will hear the "clack" meaning that tdugy was ok. In

the left paneRenode a new component appears, L2, and is selected.

We are still in the +X view. Let's stay there asasnfortable for the next operation which will lme t

add the bolts joining L1 and L2 to the column.

2.3.5 Join the angles to the column, have a look at bdiyout addition dialog

Unselect all (by the picture above you see thatctiraponent L2, hidden, is selected as it has just

been added), by pressing the button in the main baModify-Select-None command). Now
select the L1 trunk in front of you in the view lojicking over it. Notice that the left pane is
upgraded, now it's yellow L1. This last selectismbt strictly necessary but will help in the next
command as we will have to select a face of théruik.

Now execute the bolt addition commarkRefode-Components-Add bolt layoyt by pressing the

button in the left toolbar. Notice that moving ti@use the face of the selected object (i.e. L1)
gets highlighted. If no object was selected thafaaks in the scene would have been selectable.
Now click the front face of L1 as shown in the npidture. Be sure to select the from face and not
the rear face. The front face is smaller than ¢ae face. It is the first face bolts will drill.
Also note that unselecting the rear component L#e&ded to avoid a possible error in selecting the
faces which would have equal projected images. irspecifically true due to the orthogonal view

we are using.
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Now click left to select the face. You get intosthiery important dialog box, used to manage bolts.

First of all notice that a one bolt initial boltytaut is available. The bolt is placed at the ceatehe

clicked face (which is the red face). The greerfiaahe currently selected face among those in the
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scene. The distances are drawn using the greeeciae) face. This distances are important to

understand if bolts are properly placed. To chatige selected face use th@ce arrow keys
pointed by arrow in the previous picture.

First of all we decide the bolt diameter and cl&gss th€hangebutton (it's up left). You will get
here:

Choose class 8.8 and diameter M10 between EURO-BH&¥. LeaveTotal area andNormal

hole. Pres©K. You are back in the main BL dialog, but some dkitnave changed: the drawing
and the bolt identification string.
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Using the Rows arrow key change the row number. thl@ve to the clicked face using the Face
arrow keys. The clicked face (where we are puthn@is) must get green. Then, using the Zoom

slide control enlarge the drawing so that you emurthe distances, like this:

The image you see here has been pasted fromdlog diox. To do that you just press the
Copy button, and then paste into the program you amgu®.g. Word). This is a very useful
feature when preparing documentation referringheodonnection studied with CSE. The distances
from the border are ok (1.2éfom borders, 2.2gbetween bolts).

We could basically consider finished the geomatrigput phase. Let's have a closer look at
the dialog.

Notice that in théBase Information box, there are read only values that tells ustti@net
bolt length will be 21mm (6mm L1 thickness + 9mmnucon web thickness + 6mm L2 thickness =
21mm); that the minimum thickness of the drilledeals is 6mm; that the multiplicity of the bolts
is 2, meaning that there are two sections in sfasa8 objects are joined).

Notice that in the Limit values of elementary action§ box, read only values appear,
referring to ideal simple actions taken by the lmjbut: a shear (V) of 226,194.67N is applicable.
This is merely the sum of the bolt shears accortbnipe standard in use, and keeping into account
multiplicity:

A= px10%/4= 78.5398 mrh
ov2=1.25
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3x0.6x800 N/mrfix 78.5398 x 2 /1.25= 180,955N

Now let's choose the resistance settings of thelagbut, i.e. how the bolt layout works, which
kind of checks must be performed, and so on.

This is basically in the left middle bottom arealwd dialog, fronShear only boltsto Check block
tear.

If we want a low axial stiffness for the bolts (traction and no bending carried by the bolt layout)
we can place a tick in ttighear only boltscheck box. However here, if we just think at theeam
shear, there will be a small bending due to theridetween theoretical application point and the
bolt plane, and no other joiner will be capableaory that load. As the parasitic bending is lowe, w
are not worried about possible slight tractionthm bolt, to carry that momewe leave the tick in
the shear only check box: we will later see how thioice will affect result€ompressed boltss
used where bending or compression is relevantwanevant to check bolt stem for compression:
usually this is not required as the compressiotaken by surfaces in contact. Here we are not
expecting these action so leave the check box blank

Slip resistantis a flag meaning that the bolts will be slip stsnt. If the flag is on then we will
have to specifyriction data, by pressing the button immediately at the rigtttu can have a look
how it works, in this example we are not usingtioin bolts.

In an anchor is not applicable here, as this is not a steetigzia connection.
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Use bearing surfaces a very important flag. When there is a bendimgre the bending will be
low, and equal to the shear force F times the sdistthnce from theoretical application point totbol
resisting sections), this flag tells the progranuge a compression-only surface-contact to carry
bending and compression (and mixed actions). Waatresing this feature now. If we would have
used this, we would have also pressedBéaring data button, to define a no-tension constitutive
law, and the ->bearing" button, to define the surface to be used to hedprying the
bending/compression. Also we could have used #wlite bolt net-area for bearing calculation
flag and theAdd inertia of bolts in bearing calculation flag. As we are not using bearing surface,
these flags are un-relevant.

Finally we find theCheck block tear flag, which is important and applicable here. # lgave the
tick in the check box, then the Bolt Layout will bbecked for block tear, i.e. all the components
joined by this bolt layout will be checked for blotear. Block tearing is a quite complex matter,
still not completely addressed by standards inapinion. CSE performs very many checks using
hypotheses on the safe side. Leave the tick. Te hgweview (remember that CSE is a program to
study connection, not just a program to check thefrthe situation of this connection for block

tearing, press the buttd@lock Tear. You get this dialog.

First of all use the Face arrow keys to selecL.théor L2) bolted smaller face. You get here:
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Now using the arrow keys in the "Preliminary stuthgX, browse to 90 degrees, which will be the

direction of the force expected. You get here:

Assuming that all the bolts will carry the samedpthe program predicts a maximum shear force
equal to 62195N. Notice that the failure line ighitk black and use two bolts, not all three, rees t

program has computed this situation is worse. i ywess the Diagram button you get what
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follows, i.e. a diagram plotting the maximum foxsethe angle of the resultant. If you ideally draw
a line from the centre at an angle a relative ehtbrizontal rightward semi-axis, you cut the gree
line in a point which gives you the maximum fortattcan be applied in that direction, without
tearing theface of the object currently selected. Block tearinggde over thefaces of each

connected object.

The minimum is 58695N. If you press tiMorst condition button, after un pressing tildagram

one you see what it means, i.e. you see the peedfeilure line for a force which turns out to be
inclined 35° degrees. Notice that the failure lsegments are not parallel to the force. This is in
fact a possible mixed shear-normal stress conditieer the failure line which is not clearly
addressed by standards.

Block tearing check in a very general context likat of CSE (it works with any possible
components and directions, load combination anthmee of the renode) is currently a research
matter. The program implements a very general wiging safe side result in most of the cases.
Further studies are on scheduled on this matter.

Before the true checks, in this preview, the batts assumed to be equally loaded by a shear force
equal to global resultant divided by the numberbofts. In the true checks, each bolt in each
combination will be considered with its true shieace.

Exit from here. It seems that the maximum forcd kgl about 60 + 60 kN for each beam (as we are

in for adding a new bolt layout). This means 12GkIBOkN predicted by the initial guess.
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PresfOK or Canceland go back to main BL addition dialog box.

PresOK to finally apply the bolts. You will see:

Now let's add a new bolt layout, equal to the presj to the left side of the double angle. Notice
that the L1 selection is lost, and that B1 (the Iyevdded bolt layout is selected). By two clicksiyo

will unselect the BL and select L1, once more.

Press once more the bolt layout addition button)( and now choose the symmetric face on the
left. Like this:
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You get into the main BL addition dialog. Noticetlall is already set as for the last added BLt Jus

press OK and you get here:

2.3.6 Join the angles to the X beams

Now we must add a bolt layout joining L1 with th& beam web. Do do that we must change

view. First execut®raw-Std viewscommand (  button in the main bar), and press lb@metric

button in the dialog. Then adjust the view by uding buttons in the main bar, and

zoom to get something like this:
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The aim is to see the outer face of the L1 leg eotad to the beam web. This face will be drilled
by the next bolt layout. Unselect all ( button in the main bar) so you now will browse aigall

scene faces. Press once more the Add bolt laydtdrbin the left bar ( ) and choose the proper

face, like this:

Click left. You are once more in the bolt layoutdnbn dialog. Like this:
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In order to reduce the lever of the shear forcewateshift all bolts to the right. Press the Dx up

arrow key to shift to the right until you get here:

Notice that the drawing is continuously updatedesBrthe Hexagon button to see if the hexagon

will interfere with the fillet:

The distances are ok. Press OK and see what follows
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We still did not use special features which alldw positioning of each bolt or group of bolts just
where you want. We are adding bolts in a standadner. However, keep in mind that you can do
what you want: the placement is free.

Now the connection is not finished yet: we musit atid the bolt layout which joins L2 with -X

beam web. We can do that copying the B3 just adiledice that B3 is the only component
selected:

We can copy it around the column axis. Press they dutton ( button, commandRenode-

Components-Copy, press the second button from the right
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and choose a column face, then

leave 180 degrees. You hear a "clack”, and noliaeih the left pane appears B4, selected. Now to
see that everything is ok, execute command Drawv&ws, and choose +X, zooming (mouse

wheel) you will see:

then once mor®raw-Std viewsand choose -X, zooming (mouse wheel) you'll see:
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and now is clear what B4 is.

2.3.7 Adding a gap between beam end faces and the colummeb

Basically we have joined the two X beams to thieirom. Before considering finished this
part of the connection we will probably wish tofslihe end faces of the beam from the column
web, to avoid problems for rotation. A5 mm gapl Wi added. To do that we cannot anymore
apply a shortening to members, as the two beamsa@rgrism anymore. We will shorten by
shifting end faces. Unselect all and then seleet #X beam. Execute the command Renode-

Workings, you get here:
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Write "GAP" as description, choose "Face transtdfiand then select the end face of the +X beam,

the face in contact with the column web:

Click left. Then input -5 (mm):

You will hear a click meaning that the operatiorsvsaccessful. Now unselect the +X member and

select the -X member. Repeat the command, and ettbhesnd face like this:
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Afterwards input -5 mm, as done previously. Nowrg®the view to +Z and zoom, you will see

what follows:

There is a gap as necessary between the end fadéiseacolumn web.

2.3.8 Check for overlaps

Now switch to Iso view and execute the commBRashode-Check overlaps(the button in the
left toolbar). As you are still in extraction modbe check will only be donenly considering the
extracted objectsThe following message informs you that anythm@K.

You can now exit from extraction mode, by un pneggihe button in the main baDfaw-

Extract command). You will see
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We are now ready to joint Y beams. This will be @ampart 2 of this tutorial.
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