Software for Architecture,
Engineering and Construction

CYPE 3D

Practical example

Three dimensional bar structure project with steel,
aluminium and timber sections, including foundations
(pad footings, pile caps, strap and tie beams) and
bracing systems against lateral loads, allowing ties that
work only in tension. Joint and baseplate design for
metallic structures.
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Introduction

For this example, a 40m long by 20m wide warehouse will be designed. It will consist of 9
frames at 5m intervals. Their ridge heights will be at 10m and lateral heights at 8m. Within
the warehouse, a small slab will be built at a height of 4m corresponding to the location of
the office. The warehouse will have two openings measuring 6x5m on its right side and one
with the same dimensions on its left side.

The first step to carry out is to establish the loadcases corresponding to the loads acting on
the structure.

Dead loads:

o Self weight of the purlins

o Roofing material (80mm sandwich panel and 0.24kN/m?).
o Self weight of the joist floor slab (25+5): 3.7kN/m?

o Screed: 1.2 kN/m?.

Live loads:

In accordance with table 6.2 of Eurocode 1: Actions on Structures - Part 1-1: General
actions - Densities, self weight, imposed loads for buildings, the live load
corresponding to a B use category (office zones) is of 2 kN/m?.

In accordance with table 6.10 of Eurocode 1: Actions on Structures - Part 1-1: General
actions - Densities, self weight, imposed loads for buildings, the imposed load
corresponding to a category H roof (only accessible for normal maintenance and
repair) is of 0.4 kN/m?.

Wind action:

In accordance with Eurocode 1. Reference speed 26m/s, Terrain category: Single IlI
Zone with vegetation or buildings distributed in a regular manner, Land orography Flat.

Snow loading:

In accordance with EC1.
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> Portal frame generator

The Portal frame generator will be used to design the purlins of the roof and to generate
the appropriate loads to then be used in CYPE 3D.

Open the Portal frame generator. From the File manager, select New. Give the job a name
(e.g. wh_1) and introduce a description (e.g. warehouse example).

& new job E55
Name of the job
CACYPE Ingenieros'\Projects’\Portal Frame Generator', Browse
File name (keyword) wh_1 ap3

Description

Warehouse example

=3

Figure 1

Having accepted, a new window appears asking whether you wish to introduce a new
frame. Choose answer yes and in the new dialogue box select dual pitch. A new window
will open where the type of roof can be selected. Leave the default option: Rigid frame.
Introduce the dimensions shown in the figure, by pressing on the dimensions to edit them.

|E| Dual pitch portal frame generation @
Type of roof: [ngid frame -
¥AIVCIyDIRd| Zm

——_a—
—a—
—-10

10 } 10

Ganes

Figure 2
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Having accepted the dialogue box, the previously described frame will appear on the main
screen. If any modifications are to be undertaken, click in the middle of the frame and a
window will open containing various edit options.

. Portal frame generator - v2015.f - [C:\..\wh_1.gp3] EI@

File General data Configuration Help

CEHE B RAQALAN LG W-F 9

& Edit menu: Framel [0

10

o @
Delete the frame

1 10 f 10

Figure 3

Select General data > Job general data and fill in the data as shown in Figure 4 (number
of spans, which in this case is 8, the distance between the frames: 5m, the weight of the
roof covering and its live load, the codes to be used to generate the wind and snow loads).

It is essential the With lateral covering option be activated so the lateral and front wind is
generated correctly. In this case, the lateral covering will consist of precast concrete panels
and will rest on the tie beams of the foundation and so, its self weight can be ignored by
assigning a value of zero to its weight.
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MNumber of spans 8 9
Distance between frames 500 m
With roof covering

Extemnal panel weight 0.24 kN/m?

[¥] Extemal panel live load 040 kN/m?

With lateral covering
Extemnal panel weight 0.00 kN/m?

With wind load Eurocode 1 {EL)
With snow load

Load combinations for purin analysis
Limit states
Fracture U.L.5. Cold formed steel: Eurocodes 3 and 4
Fracture U.L.5. Rolled steel: Furocodes 3 and 4
Snow [Nt'rtude less than or equal to 1000 m v] @

Displacements
Characteristic loads @
Use categories

Rolled steel: Eurocodes 3 and 4
Cold formed steel: Furocodes 3 and 4

[B. Offices v]

[ General data @

Figure 4

For the wind load, select Eurocode 1, reference speed 26m/s, terrain category Single and I,
flat land in the X and Y directions and a service period of 50 years.

& Wind Ioad code o |5
B ) USA @ Eurocode 1 “ 9
(4] © Canads EN 1951-1-4 (2005)
==l Eurocode 1: Loads on structures
= O India Part 1-4: General Actions - Wind loads
@ © EU
01 ) Belgium Location data
- © Buigaria Reference speed 260 m/s
01 O France [] With directional factor
B () Gemary
11 © taly

) Portugal
= © Spain —
E () Algera
*) Morocco Terrain category
5 @ Amertina @ Single (7 By direction
& el @0 @ ©1I @m ON
& © Colombia Zone with vegetation or buildings distributed in a regular manner, or zones with isolated obstacles
- with @ maximum separation between one another of 20 times their height. For example. small
E= () Cuba urban nuclei, suburban zones, pemanert forests, etc
I+ © Mexico
== @ Parsquay Land orography
11 @ Peu Tr direction () |L dinal direction {Y)
B O Vereasels | @ Pt O fscendng O Descending O Hil
Service period fyears) 50
With openings Edit fagade opening list
Obstruction coefficiert for isolated roofs 1.000
o
Figure 5
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Mark the With openings box, which will open the Facade openings dialogue box, where the
dimensions of the openings and the position of their centre of gravity with respect to the
origin.

. Facade openings @
ab+ 8|
Facade Dh {m) D {m) Ph {m) Pv {m)
500 6.00 7.50 300
Left (1) lz‘ 5.00 6.00 3250 3.00
Right (3) lz‘ 5.00 6.00 3250 3.00

The openings are permanently open

=

Figure 6

®

The following image displays the location of these openings.
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Figure 7

It must also be indicated, within the Fagade openings box, whether the facade openings are
permanently open or not. If the openings can be closed, the program generates two new
loadcases for each wind load; one combining the external pressure with the maximum
internal pressure, if the leeward openings are closed, and the other with maximum suction
if the windward openings remain closed. For this example, select that the openings are
permanently open.

For the snow loads, select Eurocode 1, United Kingdom, Republic of Ireland, Zone 2,
Normal landscape and a topographic height of Om.
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. Code for snow load @
@ © ASCET-05(USH) L)
Climat i
11 © NEC 05 (Canads) e regen :
") Alpine region ") Meditemanean region gl
B ©) DIN 10555 (Gemany) el
°) Central eastem °) Central westem
= ©) IS: 875 (Part 4)- 1987 (Reaffimed 1997) (India)
— ) Greece ) Sweden, Finland
e IETSIRE SR ) lperian Peninsuia @ United Kingdom. Republic of Ireland
= ) NTE (Spain}
@ Eurocode 1
D1 @2 ©3 ©4 ©45 Kl
[l ) Eurocédigo 1 {Portugal) v
11 ©) Eurocode 1 (Francs) Landscape
11 ) Eurocode 1 (Belgiqus) ) Exposed to wind @ Normal () Protected
B0 ©) N 84 (France) Areas in which there is no foreseen snow redistribution due to the land, other
structures or trees.
Bl © RSA (Portugal)
L1 © NTC: 144012008 (kaly) Topographic height T om
mm ) Hapesfia No3, 21 oma 2004 (Buigaria)
Exceptional conditions
Q D) Generic snow [ An exceptional snow fall is considered.
[ An exceptional snow drift is considered
==

Figure 8

For the load combinations, select use category B: Office use. (In the image, it can be seen
that this is in accordance with that stated in the Eurocode. It may occur that if the user has
not used the required code in a previous job, that the option to select it may not appear. If
this is the case, select any option, then once the frame has been completely defined, the
appropriate code can be selected in Configuration > Codes. Having selected the code, click
on Job data > General job data and modify the information). Accept the dialogue box to
confirm the data.

For this example, the lateral covering will consist of lightweight concrete panels, therefore
it must be specified that there is lateral cover otherwise the wind loads acting on the sides
of the frame will not be generated. To do so, click outside the frame, at the side at which
the wall is to be introduced. Click on Lateral wall and indicate it is to have a height of 8m.
Activate the Braces the column against buckling box but do not activate the Self-
balanced box, by doing so, the wind pressure loads that are generated are transmitted to
the columns of the warehouse.

[ Portal frame generator - v2015.2 - [C:\..\wh_L.gp3]

[E=BECR =3

Help

a C
CH B bEefRAALAOLE G- ER9

10

20

Figure 9
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Repeat the process with the wall on the other side. The walls are displayed on screen.

Now the roof purlins are to be defined. To do so, select General data > Edit lateral and
roof purlins > Purlins on roof. Here the deflection limit is to be specified as well as the
number of spans the purlin is to cover and how it is attached. For the section type, press
the button containing the section name, and select Rolled from the scroll menu and the
IPE section series. Click on Accept.

Once the section type

optimisation.

|E| Roof purlin edition @
L]

[ Analysis data
Deflection limit: L /250 -
MNumber of spans: Two spans -
Type of attachment: Rigid fixing -

[ Purin description
Section type: [ IPE 80 ] [ Design ]
Separation: 1 m
Steel type: s275 =

Accept
Figure 10

has been selected, there are a further three options for its

&8 Portal frame generator - v2015.a - [CA\...\wh_1.gp3]

File Generaldsta Configuration Help

ZHBE Bboerf REALAI LR

o

[®] Reof purlin edition

[ Arialysis data
Deflection limit:
Number of spans
Type of attachment:

L/250 -
Two spans =

Rigid fixing -

[Purtin description

Section type: Section optimisation for the selected steel and separation
Separation 1 m Separati ion for the selected section and steel
Steel type: Section and separation optimisation for the selected steel
e |
: 10 | 10 1
‘ 20 |
Figure 11

The first option optimises the section for the selected separation. In this case the program
will run through the sections of the series verifying them for the selected separation.
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The second type optimises the separation between the purlins for the selected section.
Finally, the option is available to design the separation and section, where the minimum
and maximum separation to check is to be indicated as well as the separation increment
for each iteration. Once the design has concluded, the results will be displayed as a list
where the section is shown as well as its weight and separation. Those that fail have a
forbidden or hazard sign next to them. To select a section from the list, double click on its
row. It will be highlighted in blue and, upon accepting the dialogue box, shall be
incorporated in the job.

When choosing the layout, users must check that the selected separation is valid for the
type of sandwich panel that is going to be used in the project; in this example, change the
separation value to 1.40m and click on the first design option. From the results, select an
IPE 120.

.Section design =] @
Name Weight xN/m3  Code check text L
A\ IPE20 0.04 Usage: 151.30 %
& IPE 100 0.06  Usage: 65.96 %
0.07 Usage: 37.97 %
0.09 | Usage: 25.79 %
# IPE 160 011 Usage: 1811 %
 IPE 180 013 Usage: 1333 %
 IPE 200 0.16 | Usage: 3.83 %
¥ IPE 220 0.18 Usage: 766 %
% IPE 240 0.22 Usage: 613 %
' IPE 270 0.25 Usage: 481 %
# IPE 300 0.30 Usage: 3.85%
# IPE 330 0.34 Usage: 3.14 %
# IPE 360 0.40 Usage: 253 %
& IPE 400 046 Usage: 2.12%
# IPE 450 0.54 | Usage: 1.73 %
# IPE 500 064 Usage: 143 %
 IPE 550 0.74 Usage: 120 %
% IPE 600 0.86 Usage: 1.03 %

Meaning of the icons
/A Element that fails a Code check.
¥ Element that meets all the Code checks.

==

Figure 12

Now the purlins have been selected, the data can be exported to CYPE 3D. To do so, click
on General data > Export to CYPE 3D. Select the options shown below. The number of
frames and type of support conditions to be generated must be indicated and if the
buckling coefficients to be generated are those for sway or non-sway framed (as ties will be
introduced later on in CYPE 3D, select the buckling coefficients to be generated for non-
sway frames).

In case the selected code has different load areas for the roof when considering wind
loads, the planes of the frames are not to be grouped as the loads are not symmetrical and
errors could arise if frames with different loads are grouped.
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lE‘ Options for exporting to CYPE 3D @
[ Support configuration Buckling options I:@

Pinned frames Do not generate buckling lengths (7]
@) Fixed frames Buckling in sway frames

@ Buckling in non-sway frames

[ Type of generation Number of spans: &
lsolated frame (20)

‘@ 3D frame generation

Grouping options
@ Do not group
Group all

Group central and end

Cancel

Figure 13

2.1 Loads generated by the program

The program generates the loadcases corresponding to permanent loads, live loads on the
roof, wind and snow loads.

2.1.1 Dead loads

The program generates the dead loads due to the self weight of the purlins and the roof
covering.

The dead load due to the floor slab has to be defined in CYPE 3D and add this load to the
dead load loadcase.

2.1.2 Live loads

Given that a load of 0.4 kN/m? corresponding to a category H roof (only accessible for
normal maintenance and repair) has already been chosen, the program will generate the
loadcase and load.

2.1.3 Wind loadcase

The warehouse is exposed to wind acting in all four directions: 0°, 90°, 180° and 270°.
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2.1.4

Side 2
Back

Wind 90° = ' Sl

Side 3
Right
Wind 180°

Side 4
S Front
Wind 270°

Figure 14

This implies that there will be at least four wind loadcases. The roof in this example has a
pitch of +11.31°. In accordance with table 7.4a of Eurocode 1, Part 1-4, two loads are
generated for this pitch, which implies the loadcases for wind at 0° and 180° are duplicated
due to these situations.

The warehouse contains openings, but as they have been defined as being permanently
open, the loadcases are not duplicated for the sides at which the openings are located.

Snow loadcase

The program determines the snow load using the height and winter climate zone.

Due to snow drifting, unsymmetrical distributions of the snow may arise, where one side of
the roof is loaded and the other with half the load. For this reason, three snow loadcases
are created when exported to CYPE 3D.
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CYPE 3D

Node and bar introduction

Upon accepting the dialogue box, a wizard is launched to guide users with the introduction
of the job in CYPE 3D. All these options can be modified later on in the Job menu.

B Mew job =)
p Codes L]
o Limit states
+ Steel

+ Foundations

Concrete | Eurocode 2 (EU) -
Cold fomed steel | Eurocodss 3 and 4 (EL) -
Rolled steel [ Eurocodes 3and 4 (EL) -
Timber Eurocode 5 (EV) -]
Auminium [Eurucode 3 ~ I
[ With dynamic earthquake loading

Figure 15
Bl New job ==

+ Codes L]

p Limit states

+ Steel

+ Foundations

Concrete: Eurocode 2

=

F - Eur 2
Fracture U.L.5. Cold formed steel: Eurecodes 3 and 4
Fracture U LS. Rolled steel- Furocodes 3 and 4
Fracture U.L.S. Timber: Eurocode 5
Aluminium ultimate failure limit state: Eurocode 9
Ground bearing pressures

Snow [Hemaimng CEN Member States, H <= 1000 m v]

Displacements
Characteristic loads @

[ Configure combinations for each limit state ]

o>

Figure 16
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B New job (=]

Cod )
¥ Codes Rolled steel 9
v Limt states (Fe36D ()Fed30 () Fe510 (15235 © 5275 () 5355
p Steel Cold formed steel
w Foundations [ 5235 v]

|| Check fire resistance (EN1993-1-2:2005)

Figure 17
Mew job ==
+ Codes L]
o Limit states
¥ Sz Foundation soil
p Foundations [~ Verfy footing sliding
25.00

Persistent stuations 0.200 MPa| (¢u

Seismic and accidental situations 0.300 MPa

Loads

Consider wind combinations
Consider earthquake combinations

Concrete

Tie
Maximum aggregate size 30 mm
Steel

Footing 5400 -

:

Strap and tie beams

< Previous Mexd >

Figure 18

After the wizard has finished, the program will ask for a name to be entered for the
structure in CYPE 3D. Once this dialogue box has been accepted, the generated structure
will appear with its loads in CYPE 3D.
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[ c¥PE 3D - v2015.F - [CA\..\Warehouse example.ed3] - [3D]

File Job Planes Generstion Node Bar Shells Load Analysis Jojnts Window Help

B8 KRS

= (=[x
Y@ G a8

s

ing =]

CHEAM O RAQLAGD Bwsk 0o 2[=2a
@3 ¥ CPEHE® S EP LY L TR Dt
&« 0
E

¥
X

<

Structure < Foundations
Select an option from the menu

Figure 19

3.1.1 Layer management

As of the 2015 version, a layer system is available to manage the views of the bars and load
panels. This is a tool to help program users as all the bars which hinder the introduction of

new elements in the program can be deactivated, as wel

| as allowing for an identification

colour to be assigned to each layer, and so display all the elements assigned to that layer in

that colour, if the option is activated.

Now the layers to be used in the job will be defined. This can be done via Job > Layer
management or by pressing keys “Alt + q". A window will open in which layers can be
added, specify which is the active layer and configure its visibility. Add the following layers:
Columns, Beams, Ties, Floor slab_beams, Floor slab_columns.

BE] Layer management R
gt
Active MName of the layer Visible Colour Bars Ties Panels Shells
by default | ]
O |Columns [ ]
O Beams | ]
O |Ties
[ Flocrslab_beams [ ]
] Floor slab_columns o
Represent the structure using layer colours
—
Figure 20
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3.1.2 Show/hide planes

3.1.3

The reference lines generated by the program may be eliminated to work more easily.

First of all, go to Planes > Show/hide planes and upon accepting the dialogue box, select
all the nodes whose reference lines are to be hidden, then press the right mouse button to
validate the selection. If later on, these are to be reactivated, it can be done using the same
method but using the Show option.

The second step is to deactivate the Show/hide new planes option also in the Planes
menu. This way, when new nodes are introduced in the job, their associated planes will not
be displayed.

m Show/hide planes @

W () Show m
> (@ Hide
Cancel
Figure 21

Bar introduction and dimensioning

The bars supporting the internal slab of the warehouse will now be introduced, as will the
columns of the gable wall:

1. Activate the planes where the support nodes are located; in this case the bottom left-
hand support and the ridge node of the gable wall.

[ C¥PE 3D - v2015f - [C:\..\Warehouse example.ed3] - [3D] felE =]
File Job Planes Generation Node Bar Shells Load Analysis Jojnts Window Help BE[E
EHEAMN - BRQALANE WuwnL s 005224 Q@ @ wE &
O P CBREN(® | E L L P LD a &
g «
v
%
Suciure < Foundalions
Planes - Show/hide pianes. Select a group of elemerts.
Figure 22
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2. Using the option Node > New, introduce the three nodes by snapping to the reference
line of the bottom left-hand node. Please recall that to carry out this operation, the
Nearest and Intersection object snaps must be activated in the Object references

option in the top part of the menu @ o

=¥y

Object references
Object snaps
O [C] Endpoint
£ [C] Midpoint
b [C] Pempendicular
X V] Mearest
¥ [¥] Intersection
Tracking
+ Extension
+ Pempendicular
+ [¥]Orthogonal

X5

{_Accept §

[ Cancel ]

Figure 23

Introduce the first point between the left support and ridge reference lines; the second by
snapping to the intersection of the ridge and support reference lines and the third between

the ridge and right support reference lines.

¥
%

<,

[ CYPE 3D - v2015.f - [C:\..\Warehouse example.ed3] - [3D] = |
File Job Planes Generation MNode Bar Shells Load Analysis Jojnts Window Help MG
= M A REEQ LAY Wb £ 08T 22K QW F P =
I I BT e P I T &

g« o v

Structure <_Foundations
Node - New. Insert a poirt.

Figure 24
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To place these nodes at their exact positions, click on Planes > Dimensions > Add.
Introduce the value of the distance, in this case 5m, and click on the support reference line
and the first new node. Then, click again on the new node followed by the next node.

Figure 25

Distance between lines m

{4+ ) Dimension X

@ ) Dimension Y

g@[‘inenﬁmz

(LAccent |

Figure 26

Fle Job Planes Generation MNode Bar Shells Load Analysis Joints Window Help [REET
EEBEAN - REQALAOVPE LY OTE 2R M | 0@ @ o &
@31%1?%{%%1*1‘JQHEE'@UP.E@E@EQ‘—:——*—ﬁ#iA'*EP"-ﬁ®m+|ﬁ£1£“-‘l‘-4‘—-"10‘ i, Pl
%‘ — v

IE

EE s )
Structure < Foundations
Planes sions - Add. Select the refe lines or planes between which the distance you wish to introduce will be defined
Figure 27
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Eile Job Planes Generation MNode Bar Shells Load Analysis Joints Window Help

EEdBEAMN - RQQALAOE WL el O5%H =2 | 0@ & o F &

< [ v

= «
Structure < Foundations
Planes - Dimensions - Show. Select th refe lines or planes i dist you wish ta introduce will be defined

Figure 28

Another way of introducing the nodes is by selecting the configuration icon from the top
; -}% #4 . This way the program will always ask for the dimension to be

toolbar O = °

introduced when a new bar or node within a bar is defined.

File Job Planes Generation MNode Bar Shels Losd Analysis loints Window Help [BER]
CHBEAN - - RAALAOR B L O0DEE2 60 | 0@ & @2
OF P BEE(D FidEF AL e TR~ W@ A g H A
) « [ E
E

Figure 29
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Having positioned the nodes, the new bars representing the end columns can be
introduced. To do so, a 2D view will be created of the plane containing the gable wall.

Creation of new views

To create windows with new views of the structure, go to Window > Open new > 2D view
in a plane orthogonal to the X, Y or Z axis. Mark two planes defining the 2D plane. A
dialogue box will appear asking for a name for the new window (e.g. Gable wall).

m New view @
(7] @ 2D view in a plane othogonal to the X. Y or Z axis
Q 1 2D view of a plane
(3 ) 30 view of the whole structure
@ —1 3D view of a part of the structure
F8 () 3D view of a selection of elements

Select two lines to define a plane they must intersect at a point or
be parallel).

Figure 30

The new view will automatically appear on screen. By clicking on Window > Tile vertical,
the 3D view and 2D view can be seen at the same time and if the cursor is moved in the 2D
window, the plane in question is shown in the 3D window.

[ CvPE3D - 20154 - [CA\..\Warehouse sxample.ec3] ===
File Job Planes Generation Node Bar Shells Load Analysis lojnts Window Help
ERHEAMN e RQALAD R B LS OTE DR Y Gl S
@ FAE(CHRIER R XLV AL~ (e &
B 20: Gable wall =@ =]|Es3wmD == 2]
) « m |« m ,
-
L < i
. EX m v
Structure < Foundations
Select two lnes to define a plane fhey must intersect at a point or be paralil).
Figure 31
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Warning: if the window is closed, the view will be lost and will therefore have to be
redefined. Use the maximise and minimise buttons of the window to change between
views.

Using the 2D view, the bars from the nodes that have been previously defined will be
introduced up to the lintel. First of all though, the active layer must be changed to
Columns. Press the Layer management icon ¥ select “Columns” as the active layer and
accept. Click on Bar > New. A window will appear displaying the active layer to which the
bars to be introduced will belong to, the type of section that will be introduced and its
layout. A list is also available which displays the section types that have been introduced in
the current job, allowing for a quick selection process.

Mew bar =
Active layer: Columns

IPE 80 [ roTon
Fo+ A
L L 4

Angle 0.000 degrees

Sections used

Figure 32

As the Eurocodes were selected as the design standards, the program automatically opens
with a predefined series. Users can change this section series by pressing on the section
button. Having done so, the Describe section window will open in which, having selected
the material, the type of section to be introduced can be chosen. By fist of all choosing the
material and then pressing the Edit the list of elements button [}, users can define a
section, by defining its geometry, or import a section series from a library, by pressing the
Import of predefined section series button I} By clicking on this button, a window will
appear containing all the manufacturer libraries which contain the previously selected
section. In our case, as the section series has already been selected, close the Import of
predefined sections window and the Series of sections window, to arrive at the Describe
section window.

In the Describe section window, select IPE 240 and begin to introduce the bars.

To do so, bring the cursor close to the node until it changes to a cyan colour. Click on it with
the left mouse button and bring the cursor close to the intersection of the bar with the
lintel until the object snap symbol appears. Click with the left mouse button to confirm the
point. Click on the right mouse button to complete the introduction of the first bar and to
be able to select the second origin node, otherwise bars will continue to be introduced
from the last marked node.
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CYPE 30 - v2015.f - [C:\..\Warehouse example.ed3] =8 EoR =
File Job Planes Generation Mode Bar Shells Load Analysis Joints Window Help
EEEAMcc RGAQLAMB R L O0 =R M QW F GE &
OF T (P BHE@ FHHNEF L2 L[] RAL—+ | Ha L &
[ 2D: Gable wall == == | B:» [= ==
8 « o v m v
- E
z .
L, «
Stucture < Foundations
Select an option from the menu.
Figure 33

Repeat the process with the remaining bars of the gable wall and then repeat for the

opposite gable wall.
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Figure 34
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Now change the layer by pressing the Layer management button F or by pressing Alt+q.
Select “Floor slab_beams” as the active layer; this will be used to introduce the beam which
will support the floor slab. Return to the 2D gable wall view by pressing Window > 2D:
Gable wall. Click on Bar > Generate node at intersection points or the = icon from the
toolbar, (it is important this option is activated when a bar intersecting another is
introduced so that nodes are generated at their intersection points, otherwise the program
will interpret that the bar that has been introduced does not touch the intermediate
columns). Now click on Bar > New and place the cursor on the left column of the frame,
click with the left mouse button and introduce a distance of 4m from the bottom support.
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Figure 35

Bars

When introducing bars, it is important to only introduce them as they are really going to be
used on site. In other words, if the slab beam is going to be a single 20m element
supported by the intermediate columns, the bar is to be introduced from one end column
to the other end column. This way, the program interprets that the whole bar is a single
element and so when the bar is described, the fixity coefficients will be applied to the
element. If, on the contrary, 4x5m bars are going to be used on site, 4 bars should be
introduced from column to column.

If a bar has been introduced by accident, and the real intention was to introduce
independent bars, the error may be amended using the Bar > Create elements option,
then clicking on the initial and final nodes of the bars to be created. With this option, a bar
can be divided into several smaller bars or combine several small bars to create a large
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bar. The program represents the bars with a thick line when an intermediate node is
present between the two end nodes of a bar.

Return to the 3D view by selecting it from the Window menu. Now create a new view for the
second frame to finish off defining the floor slab area.

Introduce the beam spanning from the column on the left to the column on the right at a

height of 4m.
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Figure 36

Now introduce the 3 columns reaching the beam that has been introduced, having first
changed the active layer to Floor slab_columns and select an IPE-220 section.
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Figure 37
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Return to the 3D view and select “Beams” as the active layer. Introduce the transverse bars

of the floor slab reaching the gable wall. For these, use an IPE-160 section.
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Figure 38

Carry out the same process to tie the roof of the two gable walls to their closest frame.
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Bracing

Now to define the bracing at the end frames. To do so, select “Ties” as the active layer and
choose a solid round @ R16 bar. Remember to deactivate the option to Generate nodes at

intersection points =4= in the Bar menu, since the bars to be created must be

independent from on e another.

This option is valid as long as the selected bars meet the following conditions:

e Diagonal bars described as ties consist of bracing and are contained within a
quadrilateral frame, or along three sides for bracing reaching external supports.

e The program only considers these bars to work in tension, hence neither buckling nor

fixity coefficients may be assigned to them.

¢ No loads may be applied on them

CYPE 3D - v2015.f - [C:\..\Warehouse example.ed3] - [3D]
File Job Planes Generation MNode Bar Shells Load Analysis Joints Window Help

[E=5E=R 5

- =k

DI R L
> &

Sections used
IPE 160

IPE 220

IPE 240

R 16

¥
%
- I

SHEAn REQALANE WL b i 00 5EZR M4
QOB PA I G SN ER 25 gLy~ B
[New bar Bl m
Active layer: Ties
o+ A
Angle D.000 degrees |+ o

b

m

Structure <. Foundations
Bar- New. Insert a point

Figure 40

Finally, select the “Beams” layer and introduce the beams which define the openings in the
lateral frames, at a distance of 6m from the ground, and the beam tying the top of all the

columns. Define these beams as IPE-160 sections.
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3.2
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Figure 41

Node and bar description

Once the bars and nodes have been introduced, the supports (external fixities) of the new
columns can be described. The other supports have already been described when the
frame was defined in the Portal frame generator. To do so, go to option Node > External
fixity. Select those nodes which have yet to be described individually (or use a capture
window). Having selected the nodes, click on the right mouse button and the External fixity
dialogue box will open where the type of support can be defined. Select the Fixity option
and leave all options as fixed.

[ External fixity (146) (=23

W W Y S N S S ©
NP PETED G

Displacements
[ @ Fixed () Hastic

4
%

[y @ Fixed () Hastic
Dz i@ Fixed () Hastic

Rotations
Fx i@ Fixed () Hastic

Ry @ Fixed () Hastic
Fz i@ Fixed () Hastic

Figure 42

CYPE 3D - Practical example / 27



The next step consists in describing the type of section to be assigned to the bars that were
exported from the Portal frame generator, as well as their material and associated layer. To
do so use the Bar > Describe section option. First select the columns of the frames and
having done so, click on the right mouse button to indicate the type of section.

Describe section

I?\@

Sections used

Material sclection L]

HIPE 160

IPE 220
IPE 240
R16

$9 /P8 T EE T

JI[L L LiL | @& @

rr=
Ssction IFE 300 - €

Additional data

Layout

@) Simple section

(2) Simple with haunches

(7) With concrete slab

() Double welded in box

(7 Double in box with batten plates
() Double in box generic joint
() Half section

) With lasteral plates

() Castellated fweb openings)

Figure 43

Select the rolled steel section option from the images at the top of the dialogue box and
from the scroll menu select an IPE-300 section.

Properties of the selected section =3
150
T Total depth: 300.0 mm
I * Flange width: 150.0 mm
Web thickness 7.1 mm
Flange thickness 10.7 mm
Chord radius between the flange and web: 15.0 mm
Section area: 53 80 cm?
= Iyy Moment of Inertia: 8356.00 cmd
- Zyy Plastic Moduius £28.00 cm?
lzz Moment of Inertia: 604.00 cm4
Zzz Plastic Modulus 12500 cm?
Torsional inertia 20.10 cm4
| :t E Warping constant: 126000.00 cmb
In -
71

Figure 44
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3.3

B ©YPE3D - v2015 - [C\..\Warehouse example.ed3] - [30] [EE]=]
File Job Planes Generation Mode Bar Shells Load Analysis loints Window Help B
EHEAMN o RQALANE Wue 0 FE248 Y@ I aE 5
I I e I Y YV I ¢

8 « L 5

Layer selection (N6/NT3) s

m

fo d

Structure - Foundations
Job - Assign elements to layers. Select a aroup of elemerts

Figure 45

Using the Assign elements to layer option in the Job menu, select the columns that were
exported by the Portal frame generator and assign them to the columns layer. Similarly,
select the lintels and assign then to beams layer.

Section layout

The next step consists in describing the layout of the bars, i.e. the angle and level they will
have on site. Start with the intermediate columns of the gable wall.

Activate the option Bar > Describe disposition, select the columns of the gable wall and
right click. In the emerging window, select the 90° rotation button.
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3.4

Describe disposition
Rotation angle

Lt e

Position

@@L NG
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Ot e |

(@ Same at both ends
() Differert at either end
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— e — - — - — - ———— - — -
acement: ” r}
Displ s in global axes - -

@ Same at both ends
() Different at either end

X 0 mm i ‘
Y 0 mm i |
z 0 mm

Accept

Figure 46

Grouping of equal bars

The wind loads, due to the openings of the warehouse not being symmetrical, result in
non-symmetrical pressures and therefore the design of the bars after the analysis cannot
be symmetrical. To avoid this, the bars may be grouped using the Group option in the Bar

menu.

Select all the IPE-300 columns of the frames then right click with the mouse to validate the

group.
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Figure 47
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3.5

3.6

This way, the columns are grouped and when a modification is carried out on a column of
the group, all the columns are modified at once.

Repeat the same process with the IPE-300s for the beams of the frames. Group the IPE-240
columns of the gable wall, the IPE-240 beams and IPE-220 columns of the office slab and
the IPE-160 bracing beams between frames. Finally also group the ties.

Materials

Once the bars have been described, the material they are made of can be indicated using
the option Bar > Describe material.

Select a bar, and the program proposes the material defined in General data be used
(which can be accessed by clicking on Job > Steel sections). Alternatively, a material can be
defined for the bar.

m Describe material @

Rolled steel
@ Material selected in the general data options (5275)
Select material for the bar

Cancel

Figure 48

For this example, leave the Material selected in the general data options (S275) option
for all the bars. Double check by clicking on Job > Steel sections that the selected material is
S275 for rolled steel.

Fixity coefficients

The next step consists in pinning the ends of the bracing bars between frames. This is done
using the option Bar > Pin ends. By clinking at the centre of each bar, both ends will be
pinned. If only one of the ends is to be pinned, just click on the end in question. Floor slab
beams reaching the webs of the columns are also to be pinned. The beams at the ends of
the gable wall containing the floor slab will be fixed to the external columns and pinned to
the internal columns, i.e., each end connecting to the internal column of the floor slab must
be clicked on. Also pin the top end of the centre columns of the gable walls.
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37 Loads

Having described the geometry, the loadcases which are yet to be added to those provided
by the Portal frame generator can be completed.

3.7.1 Add loadcase

To add or modify loadcases, use the option Job > Loads. The Portal frame generator has
generated 1 dead load loadcase, 6 wind loadcases and 3 snow loadcases.

As this example includes a slab for office use, a new live load loadcase must be created. To
do so, click on the option and in the emerging window click on Additional loadcases. Since
the floor slab that has been added is for office use, a new live load loadcase must be
defined but in use category B (Offices).

m Loads @

(7)
[7] With dynamic earthquake loading 9

[ Limit states (combinations) ]

I Additional loadcases ]

e

Figure 49

Once category B has been defined, click on the edit button corresponding to the live load
and add the new loadcase.

mAddrtlona\ loadcases @

B. Offices )
Loads

Automatic Additional
Self weight 1 -
Dead load

Live load
Wind
Earthquake
Snow

Soil pressures

B B B B o[

R L |

Accidental

Cancsl

Figure 50
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B Use categories
[] A. Domestic and housshold
B. Offices
[F] €. Meeting areas
[]D. Shops
[ E. Warehouses
[C]F. Viehicle weight <= 30kN
[C1G. 30kN < vehicle weight <= 160 kN
[]H. Roofs

Figure 51
.
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New additional loadcase m
Acting ‘Mdnional loadcases \ |Ed|t|DeIe1e o
L 4

Live load

] New additional loadcase

Reference  LL Office

Description  Cffice live load

[] With different load dispositions

Accept

Figure 52
[ Additional loadcases

B. Offices c @
Loads

Automatic Additional
Self weight 1 -
Dead load (=
Live load 2
Wind (=
Earthguake 0 S
Snow 3 |l
Soil pressures [
Accidental [ =
(LAccept |

Figure 53
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3.7.2 Panel loads: panels and surface loads

Having created the live load loadcase, the corresponding loads can be introduced using the
option Load > Introduce panels.

Once the option has been selected, the load panels that have been created by the Portal
frame generator will be displayed. To introduce a load panel, select the points that form
the polygon of the slab (Fig. 54). Having done so, click on the right mouse button and select
the direction the applied loads are to span. For this example, select the direction parallel to
the longer side of the warehouse.
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Figure 54

Upon selecting the direction of the applied loads, by clicking on the right mouse button, a
new window will appear where the loads associated to the panel can be introduced. Add
the following loads associating each one with its corresponding loadcase. First, add a load
associated to the dead loadcase corresponding to the dead load of the slab whose value is
3.7 kN/m?; another load of 1.2 kN/m? corresponding to the screed and finally a live load of
2 kN/m?.
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Figure 55

Accept the Loads on panel window and the load distribution carried out by the program
can be consulted. To do so, click on Load > Visible loadcase, select /oadcase LL Office,
accept and the loads generated on the bars for that loadcase will be displayed

automatically.
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3.7.3

3.8

The lintels of the openings will have to support the loads from the small part of the facade
they have to support. Go to Load > Introduce loads on bars and introduce a uniform load
of 7.5 kN/m in the self-weight loadcase, on the three lintels.

Wind loads

The surface loads that have been generated by the program for each wind loadcase can
also be consulted. To do so click on Load > Viewed loadcase. For this example, activate
the loadcase corresponding to 0°, external pressure type 1 (W(0°) H1 from the scroll menu)
and the loads generated on the bars will automatically become visible. If, additionally, the
surface loads applied by the Portal frame generator are to be consulted, click on Load >
Edit surface loads (Fig. 57). The program generates the surface loads corresponding to the
external pressure for each panel that has been introduced and the loads corresponding to
the internal pressure, as separate loads.
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Figure 57

Buckling

Now that the loads acting on the warehouse have been completed, the buckling
coefficients of the bars that have been introduced in the program can be defined. The
buckling coefficients of the main frames in their plane have to be modified because the
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Portal frame generator has provided buckling coefficients for non-sway frames, as was
explained in Fig.14, which is correct in the longitudinal sense of the warehouse due to the
bracing, but is not the case (until proven) in the other direction.

To assign the buckling coefficients, select Bar > Buckling and select the IPE-160 beams
bracing the frames. Bearing in mind the structure has IPE-100 purlins with a separation of
1400 mm and are rigidly fixed to the cover panel and additionally, the warehouse is to have
150 mm concrete panels as its external wall, it can be assumed that these bars will not
buckle; the whole structure would have to be completely loaded for this phenomenon to
occur. Therefore, a buckling coefficient, B with a value of zero in the XY plane and a value of
1 in the other plane will be assigned to these beams.

m Buckling @
e
L7)]

Zh.
"

e ol O N N N

Assign buckling length (xz plane)
p=0 | PB=05| p=07 | [B=10" p=20| p=7 | L.=?

1 L

Assign moment coefficient (xy plane)
Equivalert uniform moment factor Cm 1.000

Assign moment coefficient [z plane)
Equivalent uniform moment factor Cm  1.000

==

Figure 58

As for the IPE-160 beams joining the two frames supporting the office slab, the same rules
can be applied to them as in the previous case, due to the presence of the slab preventing
the steel sections from buckling in their XY plane.

For the IPE-220 columns supporting the internal frame of the slab, a buckling coefficient of
B=0.7 is to be used. This way their base will be fixed and their top pinned in both planes.

Finally, the IPE-240 columns of the gable wall will not be able to buckle in the XY plane due
to the presence of the wall in which they are contained. A value of $=0.7 (fixed at its based
but pinned at the top) will be applied to the XZ plane. It is important to remember that
when there are intermediate nodes present, such as at the gable wall containing the floor
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slab, the value has to be modified. A value of $=0.7 has to be assigned to the three columns
for each of their complete lengths, hence an equivalent buckling length has to be assigned
to each part of the columns (Fig. 59): 10 x 0.7 = 7m for the centre column and 9 x 0.7 =
6.3m for the other two columns.

Buckling @
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‘—/!

Assign buckding length (xy plane)

o O W ..

Assign buckling length {(xz plane)

I AT R

Length 7.000 m

Assign moment coefficient {xy plane)
Equivalent uniform moment factor Cm ~ 1.000

Assign moment coefficient (xz plane)
Equivalent uniform moment factor Cm ~ 1.000

Figure 59

For the lintels of the three openings, assign buckling coefficient, p= 1 (pinned) in both
planes.

As was mentioned previously, the non-sway condition is correct for the longitudinal
direction of the warehouse but not for the transverse direction until it is proven otherwise.
Therefore, the buckling coefficients for the central frames in that direction have to be
modified.

If the warehouse is exported again from the Portal frame generator, however this time
stating the frames are sway frames, the buckling coefficients applied by the program in the
planes of the frames are p= 1.20 for the columns and p= 1.135 for the beams. These values
are to be assigned to the central frames of our example. For bars with intermediate nodes,
the required modifications have to be carried out, or alternatively, assign the following
buckling lengths in the XZ plane to all the central frames:

. For the columns |, =1.20 x 8 =9.6m

. For the beams I, =1.135x10.198 = 11.575m
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3.9

3.10

Lateral buckling

Lateral buckling can occur in the beams of the central frames of the warehouse due to
wind suction on the roof. If so, this would affect the bottom flange of the sections. This
situation is avoided in practice by bracing the bottom flange against this phenomenon. To
simulate this in the program, use the option Bar >Lateral buckling and select the IPE-300
beams of the roof of the warehouse. Once selected, right click with the mouse button to
edit the lateral buckling values. For the bottom flange of these beams, place braces every 4
purlins with a free buckling length of L,=4.2m.

m Lateral buckling @

Isjy - 9
(e vx

| Top flange (S5)
B0 ﬂ\,:US 9\«:‘-0 a‘,:a'.p B=7| [L,=7
= =t =] o o

Separation between bracing 1400 m

Equivalent uniform moment factor Cm 1.000

/| Bottom flange (1)
B,=0 | B,=05| B,c10| P20 B,=?|[L,=7

Separation between bracing 4200 m

Equivalent uniform moment factor Cm 1.000

/| Assign critical moment factor

Critical moment madification factor C, 1.000

==

Figure 60

For the IPE-300 columns of the central frames indicate the lateral buckling is braced in both
planes.

For the lintels of the three openings, assign a lateral buckling coefficient of g,= 1 (pinned) to
the top flange, as it is the flange that is in compression.

Analysis and design of the structure

Once all the previous steps have been carried out, the structure can be analysed and then
designed. To analyse the structure click on Analysis > Analyse. A window will appear
offering various analysis options: Do not dimension sections, Quick section design or
Optimum section design. In this case select the first option: Do not dimension sections.
Displayed in the bottom part of the window are a further two options: Check bars and
Consider the finite dimension of the node. Select Check bars and, since the joints will be
designed later on, also mark the Consider the finite dimension of the nodes box.
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Figure 61

3.10.1 Check bars

Once the analysis procedure has concluded, click on Analysis > Check bars to validate the
initial design, or if, on the contrary, bars have to be modified and the structure must be re-
analysed.

Upon selecting this option, any bars not verifying all the checks will be displayed in red. By
moving the cursor over one of the IPE-300 sections of one of the central frames, a box
appears informing users of the error. If this bar is then clicked on, a new window emerges
indicating which sections of the series verify all the checks and highlighted in blue is the
section currently in use in the job. To modify the section, simply double click on the row
containing the replacement section and accept (this row will then be highlighted in blue). In
this case, do not modify the initial section, as the failure percentage is not too great and it
is best to check the tensile state of the bar to be able to choose between changing to a
greater section or provide a haunch at its connection with the column.
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Figure 62

3.10.2 Force consultation

Activate the option Analysis > Forces. In the emerging window mark Envelope, Selected
bars only and Stress/Use. Click on the beam that was previously selected using the Check
bars option and the force diagram of the tensile state of the bar will be drawn in the XZ
plane. The part of the bar verifying the tensile force of the bar is displayed in green and
that not verifying the tensile force of the bar is displayed in red.
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Figure 63
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It can be seen that the area in which the beam connects to the column fails. The amount by
which it fails can also be seen by activating the Display maximum and minimum values

option at the bottom of the Forces dialogue box.
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Figure 64

The U.L.S. checks report can be seen for any bar of the structure, and that way see due to
which forces and force combinations a bar may fail. To do so, select Analysis > U.L.S.
checks, mark At the worst point and click on the beam. A report will appear displaying all

the checks that have been carried out on the bar.

[ u.Ls. Checks (Ban)

[7]Only show the falled checks

o o)

View the complete listing

Status

¥ Verfied
¥ Verfied
¥ Verfied
) Enor
¥ Verified
¥ Veified

Code checks
Crushing of the web induced by the compressed flange (Eurocode 3 EN 1993-1-5: 2006, Aticle 8)
Resistance to axial tension (Eurocode 3 EN 1993-1-1: 2005, Aticle £.2.3)
Compression resistance (Eurocode 3 EN 1993-1-1: 2005, Atticle 6.2.4)

'Y - Aus bending resistance (Eurocode 3 EN 1993-1-1: 2005, Aticle 6.2.5)

Z - fus bending resistance {Eurocode 3 EN 1993-1-1: 2005, Aticle 6:2.5)
Resistance to shear in the Z direction (Eurocode 3 EN 1333-1-1: 2005, Aticle 6.2.6)

€ There are 2 checks that fail

Y - Axis bending resistance (Eurocode 3 EN 1993-1-1: 2005, Atticle 6.2.5)

[} Page preview Setup L Pint i Search

R share ) Export~

Y - Axis bending resistance (Eurocode 3 EN 1993-1-1: 2005, Article 6.2.5)
The following criteria must be satisfied:

For positive bending:
The worst case design force occurs at node N27, for load combination SW+1.5-W(0?)H1.
MEd+‘ Worst case design bending moment.

ni_ 0995

n:_ 1.629 X

Mt
Ed : 103.24 kN-m
For negative bending:
The worst case design force occurs at node N27, for load combination
1.35-8W+1.5-LL+1.5-LLOffice+0.9-W(180°)H2+0.75-5(IS).
M WMinrrt mnma Aacian handins meaneans - ¥
Accept
Figure 65
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3.1

The next step consists in optimising the sections. How to proceed in this situation depends
on the practical solutions each designer is used to applying. For this example, carry out the
following changes:

e The columns, except those of the gable walls, those supporting the floor slab, and the
two corner columns at the end where there is no floor slab, are to be increased to IPE-
360 sections.

e The two corner columns mentioned above are to be increased to IPE-500 sections.

e The beams of the central frames are to be increased to IPE-360 sections with 1.5 m
bottom haunches.

e Ties are changed to 20 mm solid bars.
e The central columns of the gable walls are to be increased to IPE-270 sections.

e The lintels of the openings are also increased to IPE-240 sections.

Joints

As of the 2008 version of CYPE 3D, the program incorporates the analysis and design of
connections in accordance with several design codes.

More information on the types of connections that are designed can be found on the
following web pages:

https://info.cype.com/en/product/welded-joints-of-rolled-and-welded-steel-i-sections/
https://info.cype.com/en/product/bolted-joints-of-rolled-and-welded-steel-i-sections/

https://info.cype.com/en/product/welded-connections-of-rolled-and-welded-steel-i-
sections-for-building-frames/

https://info.cype.com/en/product/bolted-connections-of-rolled-and-welded-steel-i-sections-
for-building-frames/

https://info.cype.com/en/product/joints-v-flat-trusses-with-hollow-structural-sections/

3.11.1 Generate joints automatically

The program allows users to define each joint individually, but also has the option to
Generate the joints. This implies the program analyses the joints that can be applied to
each node of the project by taking into account the bars reaching each node.
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Figure 66

Once the joints have been generated, all the nodes for which a joint has been detected are
displayed in blue. If no further modifications are to be carried out, use the Design option to
design all the joints that were generated in the previous step.
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A window will appear where the type of connections to be used in the design must be
chosen: welded, bolted or keep the previously defined connection method. This latter
option is to be used if changes have already been made to the types proposed by the
program.

Design
() Resolve all the nodes with welded connections
@ Resolve all nodes with bolted connections
() Resolve all nodes keeping the previously defined connection method
[ Use prestressed bolts

Available joints modules

Joints |: Warehouses with steel | sections. Welded joints

Joints 1I: Warehouses with steel | sections. Bolted connnections
Joints [1I: Building frames with steel | sections. Welded joints

Joints [V: Building frames with steel | sections. Bolted connnections

Joints V: Flat trusses with holllow structural sections

A S .

Baseplates module
w Module acquired with license.

Figure 68

Select bolted connections and after the design process, the joints that have been solved
are displayed in green and those failing a check in red.
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Select an option from the menu

Figure 69

Use the Edit option to edit the joints and see why they fail. In this case, edit one of the
column-beam joints at either gable wall. A window will open displaying the selected joint.
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To see where the problem lies, press the Design button < and select to design the joint
with bolted connections.

Connection (Type 34)
B

Components
Column IPE 220

4
End tim &4
Beam (a) IPE 220 [&
Beam (b) IPE 220 [}
Beam (c) IPE 160 [&

RAULADD

(T

 BOLEE]

Error @

Beam IPE 220: The flange width of section Column IPE 220" is not sufficient to be able to place
the bolt columns. To solve this, increase the number of available bolt diameters, or the flange
width of section ‘Column |PE 220",

fr

ax

e Beam (c) IPE 160: The joint has not been defined. =
€3  Beam (b) IPE 220: The joint has not been defined. L4
e Beam (@) IPE 220: The joint has not been defined.

e Beam (b) IPE 220: Mo stiffeners have been found near this flange. 2

=

Figure 70

Design options @
i 9

() All with bolted connections

() Specific method for each element

Connection elements
@ Use the defined configuration for the job

() Use a specific configuration for this node

Available joints modules
¥ Joints |: Warehouses with steel | sections. Welded joints

¥ Joints |I: Warshouses with steel | sections. Bolted connnections

v Joints Il: Building frames with steel | sections. Welded joints

¥ Joints [V: Building frames with steel | sections. Bolted connnections
¥ Joints V: Flat trusses with holllow structural sections

v Baseplates module

¥ Module acquired with license.

=

Figure 71
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Here we can see there is not enough room for the beams to be connected correctly to the
columns if we are to use bolts. Click on the Design button and choose to desing the joint
using welded connections.




The joint is now designed correctly.

] Connection (Type 34) ?@
& W
Components cHBE > RELLAMG
Column IPE 220 Ed @ ] =

End tim @ -
Beam (a) IPE 220 Z &
Beam (b) IPE 220 @ ]
Beam (c) IPE 160 @

m

Incidents
. No emors have been found.

Figure 72

3.11.2 Define joints manually

In the previous section, we saw how joints can be defined automatically. In this section, we
shall see how joints can be defined manually by specifying one by one the joints to be
analysed in the job. To do so, using the New option in the Joints menu, select the bars
reaching the node which are to be connected, then click on the right mouse button to
confirm the selection. A window will open displaying the connection to be edited.

3.11.3 Editing the joint

When a new joint or connection is created, a window opens displaying the joint in question.
On the left of the window is a list of the components of the joint together with their
individual edit buttons. To the right of the list is the graphical 3D view of all the
modifications that have been carried out on the node. Any errors that have been
encountered upon designing the node are displayed below the image. Lastly, along the top
are the Design, Code check, Complete report of the node and Detailing buttons.

So, click on Joints > New and select the column-beam joint of one of the central frames. To
do so select the four bars that reach the node, then right click to confirm the selection. A
window will open displaying the joint.
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m New connection = @
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Beam (c) IPE 160
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€3 Beam (c) IPE 160: The jeint has not been defined .
€3  Beam (b) IPE 160: The joint has not been defined |
€  Beam (s) IPE 360: The joirt has not been defined

Beam (g) IPE 360: No stiffeners have been found near this flange. v
=
Figure 73

Edit the column and use the End trim option indicating the trim is to be carried out in
accordance with the IPE 360 beam. The column is then trimmed along a plane parallel to
the flange of the beam.

] New connection =E=)

[ Aference w9

HEE| >~ REA LA NE

Companents

Column IPE 360 | D
End tim
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[ cotumn PE 260 o [@] =] b

B (g di b (B HEN > RAQALA| R O =2HDO R @

NEEEE
» BOdE ¢
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Bl End trim == P
) Nottimmed ) /
@ In accordance with element "Beam (a) IPE 360
(@) In accordance with elemertt ‘Beam (c) IPE 160"

(@) In accordance with element ‘Beam {b) IPE 160 L

]

Extension length 10 mm
z -
Accept Cancel
Incidents 0*
€ Beam @)1 ¥ = =
€ Beamb)l| | ¢ [ n ] + H
Be: | 7
D oot
€ | Beam (3) IPE 360: No stiffeners have been found near this flange. 52
Focepi
Figure 74

Now the stiffeners of the column have to be created. To do so, use the Generate
reinforcement elements option and the stiffeners of the column are generated
automatically. Since the column has been trimmed, one of the stiffeners has to be adjusted
to the new geometry of the column.

CYPE 3D - Practical example / 48



&1 Column 1PE 360

Bl dedah

= v e RGQLENEE 00

= ===
= - )

-

m

Figure 75

The program contains the following options to modify the joint. These can be seen along
the top of the window:

E"..»l Reverse the viewpoint. Using this option, the elements located on the opposite side
of the beam can be seen and modified.

% Generate reinforcement elements. If there are no reinforcement elements, the
program automatically generates them.

column ends.

‘ Introduce stiffener. This can be done in two ways. The first consists in selecting the
blue dot located at the intersection of the beam and the internal side of the column flange
and moving the cursor to the opposite flange. The program will introduce the stiffener. The
second method consists in selecting the yellow dot that is surrounded by a red circle
located at the intersection of the beam flange and column flange. If the cursor is placed
near the dot, the introduction possibilities will be displayed. If it is clicked on, the yellow dot
on the opposite flange will then have to be selected to define the position of the other end
of the stiffener.

i Edit stiffeners. Allows for several stiffeners to be edited at once to modify their
dimensions and welds.

‘ Delete stiffeners.

{h Move stiffeners.
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- Introduce new reinforcement element for moment connection at the web.
Introduces a vertical reinforcement element between the horizontal stiffeners to aid in the
connection of the beams with the web of the column.

‘ Edit reinforcement element for moment connection at the web. By selecting the
connection plate between the beam and stiffener, a new window opens in which the
dimensions, position and welds of the connection plate and reinforcement can be edited.

Bl Woment connection of the web m@
Bila&® - RAQLAOD ¢

215

Figure 76

‘ Delete reinforcement element for moment connection at the web.

t Introduce reinforcement plate at the web. To introduce a reinforcement plate, the
two stiffeners must be selected, between which the web of the column will be reinforced.

viﬁv Edit the reinforcement plate at the web. If the plate is selected, users can modify its
thickness, material and welds.

ﬁ Delete the reinforcement plate at the web.

To continue with the example, use the Delete stiffeners option ‘ to delete the stiffener.
Then click on the ‘ option to reintroduce it and select the yellow point with the red circle.
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Figure 78

Accept and the changes will be saved. Edit the type of connection of the IPE 360 beam.
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(B Beam (o) PE 300 55
Welded connection

Blement |Haunch

Web weld

Throat thickness 6/mm  Execution of the welds

length 210 mm

Weld of the flanges

Top

Throat thickness 6 mm  Execution of the welds
Bottom

Throat thickness 6 mm  Execution of the welds

Bolted connection
End trim

Figure 79

Now edit the IPE-160 beams. In this case, they are to have a pinned connection using
lateral plates.

m New connection = @
e L@
= ¢ [ £cam (b) PE160 =]

Column IPE 360 &} @ « || Welded connection ;
End trim Ea
Beam (a) IPE 360 s
Beam {b) IPE 160 &} %
Beam (c) IPE 160 I
@
Bolted connection
() Using front plate Dimensions: 53.5¢130.4x5 (S275) &
© Using lateral plate Botts: 3x IS0 4D17-M1230-4.6
End trim [&] using lateral plate ==
EHEEDE - RaQLae@ ¢
0
€3 Beam (¢) IPE 160: The joint has not b
€  Beam (b) IPE 160: The joint has not beer|

Figure 80
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Accept and click on the Code check icon to see if the joint has been designed correctly and
if not, modify those points where it fails a check, then repeat the code check process.

This joint design process must be repeated for the remaining nodes. If joints have already
been generated, a joint can be assigned to other nodes if the program detects they are
composed of the same number of sections. To do so, use the Assign option. Select the type
of joint to be assigned, the Edit connection window will open, accept and all the nodes to
which the joint can be assigned will be displayed in yellow. By clicking on the node, the type
of joint will be assigned to it.
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Figure 81

Joints generated by the program are grouped automatically. However, if a joint is
supporting much greater forces than the rest of the joints, it may be best to Ungroup the
joint so not to oversize the other joints of the group.

The program has an option to Block joints which are not to be modified if the Design
option is reused. If a blocked joint is edited, a locked padlock is displayed in the top right-
hand corner of the edit window of the joint (Fig. 82). If you wish to unblock it, just click on
the lock.
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Components
Front plate

Dimensions: 200c400x14 (S275)
Bolts: 6 150 4017-M20x60-8.8
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Figure 82

312 Baseplates

Now that the sections of the warehouse have been designed, the baseplates will be
designed. As of the 2015 program version, baseplates can be edited within the Joints menu.
When joints are generated, the baseplates are also generated and can be edited in the
same way as was seen in the previous section with the Joints.

B Connection (Type13) o |5

[ElRsferencs g @

Eomponent> ¢EEBEH > RAALADE

Column IPE 270 4
Baseplate
Baseplaie

X Width: 550 mm I3
Y Width: 550 mm
Thickness: 24 mm

Stiffeners

X Parallel: - IZ
Y Parallel: 2(150cb10.0)

Bolts

(]

> ﬂ@q@
E

6@30 mm L=20 cm Ef
180 Degree hook
Incidents
B No emors have been found
e

Figure 83
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313 Foundations
3.13.1 Footing introduction

Upon reaching this point, click on the Foundations tab at the bottom left hand corner of the
screen to design the foundations. The new screen displays a floor plan layout of the
sections whose nodes have been described as having external fixity. The baseplates are
drawn if they have been defined previously.
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Figure 84

To introduce the footings and tie beams, click on Foundation elements > New.

Mew =l
> ﬁ Reinforced concrete footing L]
ﬁ Mass concrete footing
T#j File cap
= Tie beam
5 Strap beam

=i Beam with automatic balancing at the ends

Figure 85

Click on Reinforced concrete footing in the floating menu and from the window that
appears, select a Rectangular footing (third option from the left).

m Reinforced concrete footing @I

S 9
@ With a single start With multiple starts

IEEEES

==

Figure 86
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Upon accepting this option, the cursor becomes a footing. Depending on the area of the
column over which the cursor is moved, the footing will become a corner footing, centred
footing or edge footing. By clicking on the starts with the left mouse button, introduce, as
centred footings, all the footings of the warehouse.

File Job Foundation glements Limits  Analysis Help

EHEAN D - RAALANG AL @ 055 =2H2 M
BARx 2=y Egmaisa HAAAA %e O

Figure 87

3.13.2 Tie beam introduction

Proceed introducing the tie beams. To do so use the Automatic beam option, and by
clicking from one start to another, the beams are introduced.

File Job Foundation glements Limits Analysis Help
ERBEAMN - RGALAODR WL b 000 24 2HM
@A |[Bx 2= b kG m ey MAAAN %o | O

Immm-ﬂm-hﬂﬂhﬂmﬁchdmﬂhm Insert the second point.

Figure 88
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3.13.3 Data definition before the design

Having defined the geometry of the foundations of the warehouse, the allowable bearing
pressure of the soil and the type of concrete and steel to be used must be defined. This is

done in Job > General data.

General data
Foundation soil
[ Verfy footing sliding

Persistent situations

Seismic and accidental situations
Loads
Consider wind combinations

Consider earthquake combinations
Concrete
Type:

Madmum agaregate size
Steel
Footing

File cap

Strap and tie beams

Accept

0.200 MPa | ¢

25.00

0.300 MPa

R B
1 3 |

£

[
1l
&
1

Figure 89

Due to the facade of the warehouse being supported by the tie beams, the soil below them
is compacted. Click on Job > Options > Tie beams and a dialogue box appears where the
Surcharge due to soil compaction can be introduced.

In this example, the weight of the concrete panel

is of 2.7 kN/m? (and has a height of 8m),

therefore the surcharge to introduce, with its applied safety factor, is:

Qsc = 2.7 X 8% 1.6 =34.6 kKN/m

Tie beams

Minimum percentage of axdal load

[ Provide stimups inside the foundation

Surcharge due to soil compaction (with applied safety factor) 3460 kN/m @)

sl

=

[ Save as default settings
Figure 90

Finally, when the foundations of a warehouse are designed, the main problems that arise
are not related to the forces transmitted to the soil, but the weight of the element. The
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internal pressures that occur due to wind suction, which combined with the small forces
that descend down the columns, may cause uplift in the footings. As a result, very large
footings may be provided in the design.

Due to this occurrence, it is preferable, for this type of foundations, to start off the design
with large initial footing depth dimensions. To do so, click on Job > Options > Pad footings >
General tab and introduce a value of 50cm for the minimum depth. It is also convenient, in
order to avoid this phenomenon, to return to the structure and introduce the load
transmitted by the tie beams to the footings. In other words, a point load (dead load) acting
in the negative Z direction, equal to the facade load supported by the tie beams is to be
applied at each column start (the node defining the start of the bar). Then re-analyse the job.

[ cvpe 3D - v2015.5 - [\ \Warehouse sxample.ed3] - [3D] =8 EcN ===
File Job Planes Generation MNode Bar Shells Load Analysis Jeints Window Help N5
EEHBEAM e RGO LAMNE B b2 0w 5 2R 8 0@ & W=
POF FAS P EHEB FUBEP L L P AP - [ RE LM
@ 4 1 3
/-— T
LT
Tﬁ-‘ '--Q\ Y \
. \( -
X . ~ )
- - |
- - il
4 o &
i -
b 7
e .
|

oy

Structure <, Foundations
Select an option from the menu.

Figure 91

3.13.4 Foundation design and check

Having carried out the previous steps, the foundations can be designed. To do so, return to
the Foundations tab and click on Analysis > Design. After the design process, elements
containing errors will be displayed in red. By moving the cursor over the footing or beam of
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the job, an information window appears indicating the design data of the footing
(dimensions, reinforcement, bearing pressures and forces) or beam.
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Figure 92

The program allows for each element to be edited, checked and designed using the option
Foundation elements > Edit.

3.13.5 Matching

The pad footings are to be matched to obtain more homogenous results. To do so use the
option Foundation elements > Match.

Once the option has been activated, select the Master footing. It will be displayed in brown
and all which are the same as it. The remaining footings will be displayed in yellow. Click on
all the footings of the internal frames to match and once concluded, click on the right
mouse button.
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Figure 93

3.14 Results

3.14.1 Drawings

Having designed the structure and its foundations, the job drawings can be obtained, To do
so click on the ¥ button which is located in the Foundations and Structure tabs. Once

clicked on, the Drawing selection dialogue box will appear.

Drawing editor
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3D View

2D View

I

2D: Gable wal

2D: 2nd frame
2D Floor slab frame

Scale 1: 100

Section: @ Axis () Real
Dimensions Mode references
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[ Bar lengths Integration strips

[ Reference of the applied joints
[C] Baseplates [

[ Envelope
[ Pen thickness and test
[ Layer visibility

XY XZ

Effective length factors

i

Absolute maximum deflection limit [7] [7]
Relative maximum deflection limit [—] []
T
T
T

Absolute active deflaction limit
Relative active deflection limit

Fixity at ends

Figure 94
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Drawings can be added within this window by clicking on the button and selecting the
type of drawing from the Drawing editor dialogue box. In this case select a 3D Structure
drawing.

In this case, select a 3D Structure drawing and select to view the axis of the sections, the
dimensions, section type and node references.

Add three new drawings: Joints, Foundation floor plan and Foundation layout plan.

Add another three new drawings. For the first select joints, for the second Foundations floor
plan and for the third Foundations layout plan.

[ Drawing composition =0|Ech <)
0 a 5 @ & —
New Delele empty Certre ol Cenire selected | Edé Mave Drawing | Delaiofal | Pt  Pint R@E £ 8@ [0~

drawing  spaces  drawings  drawings object object detail |thedrawings | all selection

(2)A0 {3)A0

Group: DXF

Figure 95

Specify the peripheral to which the drawings are to be launched and click on Print.

3.14.2 Reports

3.14.2.1 Structure report

The program has two options available regarding reports of the structure: the first option
provides a report of all the structure, and the other, provides a report on only those
elements that have previously been selected.
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Report on all the structure

The option for the report of all the structure & is located to the left of the drawings
option. Upon clicking on this option, a window appears with a tree menu containing a box
at each of its branches, which when activated displays the elements that will appear in the
report.

B Reports ==

Al chapters -
o M Index

& [ Job data

i ¥ Codes considered

- [ Limit states

Project situations
[J Combinations

Seismic

Global stability anatysis

Fire resistance

cture

m

Nodes
Bars
: Materials used

Description

Mechanical characteristics
Takeoff table

Wl Takeoff summare

Figure 96

Reports on a selection of elements

This option is available within the Job menu in the Structures tab. Upon activating it, users
must select the bars or nodes for which the report is to be produced. Once selected, click
on the right mouse button to validate the selection and the window will appear in which
the chapter and sections to be included in the report are to be indicated.

3.14.2.2 Foundations report

To obtain a report on the foundations, click on the Foundations tab and then select the &%
button.
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