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1. BEAM MODEL

Objective The objective of this design example is to determine the internal forces, longitudinal reinforcement and
shear links of the two-span continuous reinforced concrete beam illustrated below. The loads will be
presented subsequently.

" 12,00 . 10,00 ,

The cross-section is uniform along the beam: 400 mm*720 mm rectangle shape. The beam is analysed
according to Eurocode 2 standard.

Start Start AxisVMX4 by double-clicking on AxisVMX4 icon in its installation folder, found in Start — Pro-
grams menu.

New Create a new model by clicking on New icon. In the dialogue window replace Model file name with
D ‘ ‘beam’, select Eurocode from Design codes and set Unit and formats to EU.
Select a view &
to start with Folder |C:\Users\\stva'n T\Desktop'Step by Step v| =
Model file name: ‘beam ‘
Tgbvaiew Design code  Eurocede ~ m
Units and formats  EU ~ Change settings...
Lﬁﬁ Report language |3 English ~|
Front view
Page header
k@ ‘Project |
Par?pemva (Company logo) ‘Analyswsby |
Comment |
Project
Analysis by
Model: beam.axs

If necessary, enter the name of Project and designer (Analysis by) at Page header. Company logo
also can be uploaded. This set page header will appear on the print image and documentation.

Click OK to close the dialog window.

Views Check the view (workplane) of the model when starting a new model. On the left side of the main win-
_i: dow find Views icon, open it with moving the cursor over the icon and select X-Z view. The actual view
is presented by the global coordinate system sign at the left bottom corner of the main window.

B Iy A &%

The global coordinate system can be changed during modelling, several local coordinate systems or
workplanes can be set. The directions of global coordinate system are marked with capital letters (X, Y
or Z). Please note that gravity force acts in -Z direction according to the default settings, but it can be
modified by the user.

Define of Select Elements tab to define geometry and structural properties of the beam. On the tab the icons of
geometry - available functions are displayed.
Elements

Geometry Elements ‘ Loads l Mesh l Static l Bucklingl ‘u’ibrationl Dynamic] R. C. Design | Steel design l Timber designl

4 DLY-Pry-y L

I
59|
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Draw objects
directly

&

Ao

Horizontal beam

Cross-section
editor

i

By clicking on Draw objects directly icon, brings up the following window:

IS mE=Y-= Pl |

SACY

Type Beam
Material - »
Allow variable cro..|[”
Cross-section
Local x orientation | Forward
Local z reference | = Auto
[#-End releases

o

Click on Horizontal beam icon (the second one on the left among the top row icons). Choose it even
if this is the active one because of the sequences of steps. The following dialogue panel shows after

clicking:

Warning

! Mo element cross-section defined.

@ Browse cross-section libraries...

{3 Cross-section editor

Select Browse cross-section libraries and click on OK.

Cross-section editor - New cross-section

Eile Edit Display Window

é%ﬁ‘ o v o Thin Thick |

2@sT HO0ODIIVVTOO0-a¢

The following, Cross-section editor window shows after clicking:

X

s o0 B O S

®RQE P g

Z]= 0.00]

Lmm*]= 0.0
LImm*]= 0.0

v pllmm?] =" 0.0

]: 1033.9
1t 67.03

x|~

0.00}
0.00}
0.0
0.0
0.0
0.0
ol
0.0
0.0
0.0
0.0
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Rectangular shape

In the window find and click on Rectangular shape icon:

Dimensions
b [mm] = (400
h [mm] = [720]
Rotation

| Place | | Cancel |

Enter 720 for height (hfmm]=) and click on Place button. (The b size of the rectangle shape is equal to
the default value, so it does not have to be overwritten now.) Click anywhere in the workspace to place
the cross-section. The following result can be seen:

tion editor

File Edit Display Window

ég‘ v v o . Thin Thlckl

v @
2@mT DOODIXIVTeo-ac|wOn
| ~
New cross-section

2 “Ax[mm?] = 28800000,

y[mm#] = 1.2E+10

Iz[mm*] = 3.8E+09

Iyz[mm*] = 0.0

S0 o a——

2 *[mm] = 0.0

T, [mm*] = 1.2E+i0

I[mm*] =  3.8E+09

af°] = 0.00

LaElo o 4B 0 P&

d¥[mm] : 36.4 drfmm] : 135.4
dz[mm] : 130.4 d a[°]: 74.40
y difmm] : 135.4

QA+t oae< 5

|Click to edit properties of selected elements or draw a frame to select nodes. Use SHIFT to add elements to the selection.

v

Notes: Stress calculation points are automatically placed at the corners and at the centre (please see
numbering 1..5). Stress is calculated only in these predefined points. These points can be modified or
cleared or more points can be added. In our analysis there is no need for these points because the
longitudinal reinforcement is calculated directly from internal forces.

By clicking on OK shows a dialogue panel asking for the name of the defined cross-section:

New cross-section
Enter cross-section name.

Name |400x?2'0 |

Remember cross-section position

[ ok | canca |

Click on OK to close the panel.

The following message shows up:



8 [AX1SVM X4

Warning
Mo element material defined.

# Browse material library...

By clicking on OK shows the following window:

Material Library Import - Eurccode

Design code Materials C25/30 | —
- CSA S6-06 [Rev. 2010 ~ S5320GD+Z275 ~ | Type Concrete
- DIN (German) 5330GD+2275 - lsotropic
C12/15
=8 Furocode C16/20 E [M/mm?] 31500
- Burocode [A] €20/25 v 020
(- Eurocode [B] C25/30 ap [1/°C] 1E-5
[#- Eurocode [CZ] C30/37 N
#)- Eurocode [D] 3545 P [ko/m=] , 2300
- Eurocode [FIN] Ejg::zg o [N/rmm=] 25.00
- Eurocode [H] £50/60 e 1.500
- Eurocode [NL] C14 B 1.00
& Eurocode [PL] C16 b, 200
- Eurocode [RO] c1e
- Eurocode [SK] e
[+ Eurocode [UK] c24
- MSZ (Hungarian) c27 oK
- NBCC 1995 7 30
< > 35 Y Cancel

Roll down in the list of Materials by using the vertical sliding bar (or simply roll down the mouse
wheel) and select €25/30, then click on OK to close the window.

Reference Leaving the references on auto option, the local x axis of the beam will be pointed in the direction of
the beam and the local z axis will be in the vertical plane.

The setuE Eanel shows the following:
X
l=evihOewo

Type Beam
Material C25/30 | .=
Allow variable cro..|[”

Cross-section A005720

Local x orientation | Forward
Local z reference | = Auto

[#-End releases

S ASCD
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Beam polyline

A

Nodes in Relative
coordinate
system

Zoom

On the panel, select Beam polyline function and draw the centre line of the beam.
To define the axis line, there are several options: it can be drawn graphically in the workspace or can be
directly defined by specifying coordinates.

Geometry definition using coordinates:

In our example the axis of the beam is defined by drawing two lines between the three supports. The
coordinates can be set in the Coordinates panel which can be found in the bottom right corner of the
screen. The coordinates can be specified relative to global and relative origins. The relative origin is
symbolized by a blue cross (rotated 45 degrees) in the workspace and it stands in the endpoint of the
previously defined element. It can be relocated by moving the cursor to the desired point and pressing
Insert button. When starting a new model, the relative origin always stands in the origin of the global
coordinate system.

If d button is pressed on the Coordinates panel the values can be given relative to local origin (dX, dY,
etc...). If d button is not activated one could specify coordinates in the global system.

In our example relative coordinates are used. The local origin is now in the origin of the global system.
To determine the starting point of the line (X=0, Y=0, Z=0), press x button, then the cursor jumps to
the field of x coordinate on the Coordinates panel. Overwrite the highlighted actual value with 0.
X|[]dx[m] : ENENN drlm]: 13.097
d¥[m] : 9.700 d a[®] : 47.79
dZ[m] : 0.000 dh[m] : 0.000
dL[m] : 13.097

After press y button and enter 0. Similarly, specify z value, finally close the input with Enter key.
To specify the other two points, hit the buttons in the following order:

X 12y 0 z 0 <Enter>
X 10 y 0 z 0 <Enter>,

after press mouse right button and from the quick menu select Cancel to finish the drawing process.
Press Esc twice to exit from the command of object drawing (Draw objects directly).

To bring up the Zoom icon bar, move the mouse on Zoom icon (in the icon bar on the left side of the
main window). It contains six icons. Select the third icon (Zoom to fit). This function scales the drawing
of the model to fit the graphic area. This function can be activated even if pressing Ctrl-W or double
clicking on mouse wheel.

QR -

An alternative way of zooming is to press + and - on numerical keypad.

As a result, on the following screenshot the axis of the beam element (blue line) and the contour view
of the cross section (yellow lines) can be seen:
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Geometry check Click Geometry check icon on the Geometry tab to filter the errors in geometry. In Geometry check
HE panel, the maximum tolerance (distance) can be specified to merge nodes.
v

B Geometry check X

Geometry check

Tolerance [m] =

[[] Selection of problematic nodes
[[] Selection of intersecting elements

["] Select unattached nodes or lines
[] List deleted nodes

Check domain contours

Tolerance [m] =

[ Check all loads
Rebuilding of loads may cause loss of results.

After the geometry check a summary of actions shows:

o Geometry check
Modes deleted: 0

Lines deleted: 0
Surfaces deleted: 0

Setting Check the perspective view of the beam. Click on Perspective icon on the left icon bar

erspective vie . . . . o
perspective view In Window menu, Perspective settings panel can be activated, if it is checked. On the panel the pa-

{T: rameters of perspective view can be modified and the model can be rotated.

The actual view can be rotated with moving of mouse when Alt + mouse wheel pressed.

KR A o T

By closing the perspective panel, the view mode is preserved.
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Display options

A0
oo

Zoom to fit

EA
'}

Nodal support

e

Click on Display Options icon for showing local coordinate system of the elements, node numbering,
graphical symbols, etc... Display options menu can be activated more quickly by pressing right mouse
button and selecting the last menu row on the panel. On Symbols tab, in Local Systems group check
Beam box. On Labels tab check Cross-section name in Properties group.

By closing window with OK button, the sign of local coordinate system of the beam and the name of
the cross-section is shown on the element. Moving the cursor near the reference line of an element,
some properties of the element are also visible in the hint: number of the beam, number of start and
end point, the length of the beam, material, the name of the cross-section and the z reference (auto or
user defined)

Change view from perspective to X-Z plane.

Click on Zoom to fit icon for better visibility.

Staying on Elements tab, click on Nodal support icon and select the inner node, then click OK. In the
window that appears, stiffness of the support in each direction can be set in different ways: the indi-
vidual components can be defined in the global system, reference direction can be adapted or can be
set relative to a beam/rib or edge. Select global direction and set support stiffness. Rx, Ry and Rz are
the components of translation stiffness. The default stiffness value is 1E+10 [kN/m] for fixed and 0 val-
ue for free to move in a given direction.

Rxx, Ryy and Rzz are the components of rotational stiffness. The default stiffness value is 1E+10
[kNm/m] for fixed and 0 value for free to rotate around a given direction. Set rotational stiffnesses and
Ry component to 0 and leave default values (TE+ 70 [kN/m]) for Rx and Rz components.

Support for Node 2 X

@ Define O
@ Global Ry
O
O
o) --..\Rxx
Reference |
Ry [kM/m] = [1E+10 w
Rz [kM/m] = [1E+10 w
Pick up » Caleulation... Cancel

Click on OK to apply settings.



12

Select the other two nodes and set the stiffness components of the support as above, but create a roll-
ing vertical support as follow:

Nodal supports

@ Define O Modify

Direction Rzz
® Global G Ry
> Referential Ry a?
> Beam/Rib relative | ol

> Edge relative ! I Ry 3'5'*3“

Reference [ Monlinear parameters

Ry [kN/m] =
Ry [kN/m] =
Rz [kM/m] = |1E+10
Ry [KNm/rad] =

Ry [kNm/rad] =

Rzz [kMm/rad] =

Pick up » Caleulation... Cancel

If the support conditions are set correctly, the given non-zero components of the support are indicated
by brown symbol on the screen.

Loads To apply loads and support movements select Loads tab.
Geometryl Elements Loads | Mesh | Static | Bucklingl Vibrationl Dynamicl R.C. Designl Steel design | Timber designl

ph Ao G BN B Gy ol AP FFE K| G

L #
LS

Load cases and load  Various loads and support movements should be separated into load cases. Click on Load cases and

groups load groups icon. The following window shows:
.1“| hd Load groups and load cases
-~ Ungrouped Load case Dugli Add
bbb STW S Duplicate
ST1 "
contains no loads. LTTEE W ﬂ
. F 5
Load group W K;F) &
Ungrouped
=% XF
—~ *
“’:::‘ Eurocode
Load group Add
@
]
-
-
@
3 Delete Critical load group combinations... oK Cancel

The software automatically generates load case STT which can be seen in the list on the left. Click on
the name of STT and rename it to SELF WEIGHT. Then click on OK button to go back to model space.
The last edited load case (named SELF WEIGHT) will be the active case, this can be checked on Status
panel in the top left corner of the screen.
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Display options
PALLN
og

Self weight

G

Static load case

H

Load along line el-
ements

rulll

Load cases and load
groups

u .

Click on Display options icon. On Symbols tab, unselect the followings: Object contours in 3D, Cross-
section shape in Graphics symbols group, Beam box in Local Systems group. On Labels tab, unselect
Cross-Section Name in Properties group.

Click on Self weight icon then select all elements with All (*) button. By clicking on OK, a blue dashed
line can be seen above the beam element which indicates the self weight of the element. Gravitational
acceleration can be set in Gravitation option (Settings/Gravitation). As a default setting gravity ac-
celeration is 9.81 m/s?and acts in -Z direction.

Open Load cases and load groups window again and click on Static icon in Add group. Create load
cases with names LIVE LOAD 1, LIVE LOAD 2 and SUPPORT MOVEMENT. Click on LIVE LOAD 1 then
close window with OK.

Click on Load along line elements icon and select beam on the left side then click OK. The following
window shows up:

Distributed loads (Beam 1) X
@ Define O
Direction

@ Global along element
 Global projective

t Local
Type Position

> By length - - -
Q Startpoint Endpoint
= Pys [kN/m] =0 pxz[kam]

Py [KN/m] 0 v Py [kN.fm]
P2y [kM/m] <0 pzz[kl'\l.."m]
Mrggy [kNm/m] 20 MroRz [kNm.."m]

Uniformly distributed load will be defined on the beam relative to the global system. Type in -717.5 into
fields pz1 and pzz then confirm with OK. The negative value means that the load acts downward, in
negative direction.

After clicking on down arrow next to Load cases and load groups icon, the following list shows up.

Geometryl Elements Loads l Me:
e g - ey
"4 SELF WEIGHT

LIVE LOAD 1
# LIVELOAD 2
4 SUPPORT DISPLACEMENT

The list contains all the load cases defined and the actual one is highlighted with blue background. Se-
lect load case LIVE LOAD 2 with mouse or arrow keys.

With the same method, apply -77,5 kN/m (in Z direction) line load on both beams.
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Support displace-
ment

fut o
-}

Load
combinations

[}

New row

+

Change load case to SUPPORT DISPLACEMENT then click on Support displacement icon. Select the
inner support and click OK. The following shows up:

Support displacements at Support 1 *

@ Define o
o = "
0 ey ? ey/',,_q’y
. o N
0 5 H“Px
Pick up » 0K

Type in value 20 in field e.. During data input always observe signs and directions. If necessary, switch
on the local coordinate system of the support (Display Options icon/ Symbols tab/ Local systems
group/Support checkbox). The color coordinate system show the x, y and z directions (x - red, y - yel-
low and z - green).

» dxX[m] : 5.084 dr[m] : 11.558
d¥[m]: 0 d a[®] : 319.43
dZ[m] : -7.777 dh[m]: 0

di[m] : 11.958

[]Beamn
Support

X B E @A 0 [ EL 5L L a2

Activate Load Combinations by clicking on its icon, then Table browser shows up:

Table Browser - o x

sl x> e B 2B
Custom load combinations by load cases

‘ Type ‘swwucm |u-mom< ‘wzwnna SUPPORT DISPLACEMENT Comment

) SELF WEIGHT (22)
4 LIVELOAD 1 (1)
+ LIVELOAD 2(2)
4 SUPPORT DISPLACEMENT (1}
Load cases (4)
roup combinatians (1)

Create new ULS (ultimate limit state) load combination by clicking on New row icon. Load factors for
each load cases must be set. Set load factors as follows:
1. Load combination (Co.#7):

SELF WEIGHT 1.35 <Tab>
LIVE LOAD 1 150 <Tab>
LIVE LOAD 2 0 <Tab>

SUPPORT DISPLACEMENT 1.00 <Tab>

Type in all these values to cells then create another ULS load combination with name Co.#2, the factors
are as follows:

SELF WEIGHT 1.35 <Tab>
LIVE LOAD 1 0 <Tab>
HASZNOS 2 150 <Tab>

SUPPORT DISPLACEMENT 1.00 <Tab>

Create the third load combination setting SLS Quasipermanent one with the following factors:

SELF WEIGHT 1.00 <Tab>
LIVE LOAD 1 0 <Tab>
LIVE LOAD 2 0.60 <Tab>

SUPPORT DISPLACEMENT 0 <Tab>

The following table shows after data input:
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[emom |+ x|uelEE BIE
Cross-sections (1) Custom load combinations by load cases
KM ke pands Nara | e [sewecr [uveiomor |weiom: |supsosr oseacenent Comaat
References
Modes (23] ﬂ(u'! uLs 135 150 0 100
«+ Hements 2|Co®2 us 135 0 150 100
L Loade Eic. =) 5L5 Quasiperm.., 120 o 050 [
) SELF WEIGHT (22)
i1 LIVELOAD 1(1)
4 LIVELOAD 2 (2)
41 SUPPORT DISPLACEMENT (1)
Load cases {4)
rocees .
Editing Co #3, Load combination name oK Cancel
Remark: the cells are colored by different tone. These tones indicate differences between the specified
values for better visibility. For more information please see User’s manual.
Click on OK to finish.
Mesh The beam should be divided into parts (line meshing). (The type and number of the longitudinal rein-

Mesh
display on/off

[]

forcement can be adjusted to the parts only.) If necessary, the meshing of line elements can be deleted
or modified later. Removing a mesh does not delete loads and properties assigned to the line element.

Click on Mesh tab and select Meshing of line elements icon, that is the only active function now on
this tab.

Geometryl Elementsl Loads  Mesh | Static | Buckling | 1u’ibrationl
~| | EEEE B o <

Firstly, select the beam element on the left side and type in value 12 in field Division into N seg-
ments.

Mesh parameter for line elements *

Meshing criterion
> Maximum deviation from arc d[m] =

r Maximum element size d[m] =

® Division into N segments

{* By angle d[]=

After select the beam element on the right side and divide it into T0 parts with the same method
above.

In the bottom right corner between Speed buttons find Mesh display on/off icon. With this icon the
visibility of mesh can be switched on or off. Ask for a spatial view, the following shows up:

S=S

R
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Static

Click on Static tab for running analysis:

Geometr}r] Elementsl Loads ] Mesh  Static lBucinng l Vibration] Dynamicl R. C. Design | Steel design | Timber design

Linear static
analysis

Nodal degrees of
freedom

Statistics

AL

Click on Linear static analysis icon to run analysis. Before calculation, the software warns to save the
model if it was not saved previously.

The analysis starts with a warning message. The nodal degrees of freedom must be set, that have not
been done before. In this case the software examines the model and offers a possible setting based on
the model and its geometry.

o Neodal DOF

( Bearn with multiple support in X-Z plane )

Set the nodal degrees of freedom automatically?

["] Save model with these settings

Yes No

In our model the beam is not fixed in Y direction, on the other hand it is free to rotate around X direc-
tion. Please note: the software only filters out the basic faults in the data input, but cannnot find every
fault beforehand that can cause problem in the stiffness matrix.

On the dialogue panel check Save model with these settings and click Yes to accept suggested set-
tings (Beam with multiple support in X-Z plane).

Remarks: on Elements tab with Nodal degrees of freedom function the nodal DOFs can be set.

For all the nodes the following setting should be done: ex — free, ey, — constrained, e, — free, Qx — con-
strained, Qy — free, Q; — constrained. This is the same as default settings for Frame in X-Z plane, see in
list above the components.

The calculation continues and finishes with the following message:

S0 (uB4) Linear analysis of beam.axs

Analysis of beam.axs completed.

[[] Close if completed
Messages «
Statistics «

Click on Statistics to see more information about the analysis:
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Static Close window, click on OK button. The software activates the result display: SELF WEIGHT load case is
active, the vertical deformation ez [mm] is shown on the screen in Isosurfaces 2D display mode. Note,
the deformation calculated in linear analysis are not equal to the real deformations of the reinforced
concrete beam. After defining the reinforcement of the beam, nonlinear analysis must be done.

(x64) Linear analysis of beam.axs

Analysis of beam.axs completed.

[[] Close if completed

Messages <«
Statistics

«

Mumber of equations 69 x4 uss -
Equations memory 3 k —

Estimated memory requirement 627 k Rib -
Solver block size 1M Saring -
Largest available memory block: 9.279 G i
Analysis block size 1M )
Available physical memony: 10,92 G -
Total physical memory: 1594 G
CPU Intel(R) Core(TM) i5-6500 CPU @ 3.20GHz (4x)

Single thread 3192 MHz -
Model optimization 00:00 o . B
Maodel verification 00:00 m
Analysis 00:00 Combination 3
Result file size: 138 k. 00:00
Result display The following window shows up after clicking on Result display parameters icon and do the following
parameters settings:
=
) [EBXSSEWER]| oiineer analysis | Dynarmic analysi | [[@E) Envelope | Critcal |
leeslerss Component Section lines
[ 4 SELF WEIGHT ~] Zloml 7]
Scale by
Display mode
Diagram v
Display shape
Write values to
Nodes
Lines
[ Surfaces
Min./Max. only [] Draw diagram in the
plane of the elements
Miscellaneous settings... - -
Cut moment peaks over columns
[ Refresh all
Cancel

Select SELF WEIGHT load case and result component Displacement, ez [mm]. Change Display mode
to Diagram. If we leave Display shape on Undeformed the results are drawn to undeformed model.
Check Lines and Nodes boxes at Write Values to setting.
After click on OK the following diagram will be displayed:

e}
S
o
T T0059 7D ¥
B
-2.39% g
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Min, max values

=y
= min

The scale of the diagram can be given or set at the field next to the Display mode.

Check deformations in all load cases and combinations. Most of the errors in input data can be filtered
out with thorough inspection. To do this, click on the list right next to Result display parameters icon.
Select the first load combination Co.#1.

Geometryl Elements] Loads l Mesh  Static \Buck\ing l Vibrationl Dynamicl R.C. De;ign] Steel designl Timber des

* | Diagram w

. T, | B= | SELFWEIGHT v | ez [mm]

=L Linear analysis

;

4 LIVELOAD 1

4 LIVELOAD 2

4 SUPPORT DISPLACEMENT
+ Co.21 (ULS)

+ Co.22 (ULS)

+ Co.#3 (5L5 Quasipermanent)
3 Envelopes

To find minimal and maximal values click on Min, Max Values icon. The following window shows up:

Model extremes x

Displacements
eX [mm] fX[rad]
e¥ [mm] Y [rad]
ef [mm] fZ[rad]
eR [mm] fR [rad]

Select ez and click on OK. The result panel shows the highest negative deformation and its position,
after clicking on OK the highest positive deformation is shown. Click again on OK to close.

Click on the second drop-down list (next to load case list) and appropriate result component can be
selected from this list: displacement, internal forces, stresses, etc... Select internal forces My [kNm] first-
ly for the first and second load combination (Co.#1, Co.#2).

Gaometryw EIEments] Loads l Mesh  Static I Buckling l Vibration I Dynam\c] R. C. Design l Steel design l Timber design l

VT | B | sELFwaIGHT - | My (khm]

...................... v | Diagram S EE

= Displacement
.. e [mm]
€Y [mm]
.. eZ [mm]
- X [rad]
- FY [rad]
.. fZ [rad]
.. €R [mm]
- fR [rad]
—| Beam internal forces
- N [kN]
-y [kd]
- Vz [kN]
- Tu [kNm]
2 My [kkNm]
- Mz [kNm]
v Beam stresses
+ Nodal support internal forces
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R. C. design

Co.#1 — My [kNm]:

[ | T
Co.#2 — My [kNm]:

-150.728

-323.451

To design the reinforcement of the beam, click on R. C. design tab:

eomet ements oads ex| tatic ucklin Ibration namic R, C, Design teel design imber dezign
G ry | El Load Mesh | Static | Buckling | Vibration | Dynami gn | Steel design | Timber desig

B= | Col (ULS) » | Nx[kN] * [ None B E

Beam reinforce-
ment design

=]

=

E1H
= min

Click on Beam reinforcement design icon then select all the beam elements with All (*) button and
finally click on OK. In Beam reinforcement parameters window set the followings:
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Reinforcement
parameters

Beam reinforcement parameters - Eurocode X

Cross-section  Parameters

Concrete | C25/30 e
Structural class 54 w
A00x720
b, = :
X W [mm] = 400.0
b=
Environment classes, concrete covers Apply minimum cover
Top (+2) ¢, (+2) [mm]=[25.0 |z 250

Left (-y) XC1 8 <, (-y) [mm] = |25.0 > 250

Right (+y)} XC1 <, (+y) [mm] = |25.0 > 250
Bottom (-z) xC1 ¢, (-z) [mm] = =250

Stirrup | B300B w Longitudinal rebars | B300B w

Stirrup legs = - Type Ribbed -
° @, [mm] = @, [mm] = s
@, [mm] =
@y, [mm] =
@y, [mm] = 2.
Maximum number of applied T

rebar schemes

Step of stirrup spacing [mm] = _+_

[[] Use this rebar and stirrup steel by default Cancel

On Cross-section tab the cross-section of the beam can be modified if it necessary, but please note
that the internal forces will be recalculated only if a new static analysis is done. So, this option should
be used only in justified cases.

The material of Concrete can be modified, the structural class and the maximum aggregate size of
concrete can be set. Leave the latter at the default setting of 76 mm.

Environment classes and concretes covers must be specified on all four sides of the cross-section. In
our example select XC7 environment class on every side. By clicking on the link symbol right to the en-
vironment classes will set the same environment class on all sides. Apply minimum cover to calculate
the concrete cover automatically.

The reinforcement parameters can be set: stirrup parameters are on the left, parameters of longitudinal
rebars are on the right. Stirrup is displayed in green, rebars at the corners are red, other longitudinal
rebars are blue, their diameter at the top / bottom (Jt, @b) can be set separately.

Set B500B material for the link and longitudinal rebars as well. Set diameter of link to 70 mm, the step
of stirrup spacing should be the default value of 50 mm.

Set 25 mm for the diameter of bottom longitudinal rebars, but the top rebars at the corners should be
16 mm, for the internal top bars set 25 mm.

Maximum number of applied rebar schemes l|imits the number of different rebar distribution
schemes applied along the beam (number of top and bottom distribution can be set separately).
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On Parameters tab set the followings:

Beam reinforcement parameters - Eurocode

Cross-section  Parameters

[[] Shear force reduction at supports

Cracking

Increase reinforcement according to
limiting crack width

Top crack width [mm] =

Bottomn crack width [mm] =
Take into account concrete tensile strength
Load duration

Check allowed deflection
Deflection check will be performed only if the actual concrete
grade and cross-section is set.

Nonlinear analysis
Take into account concrete tensile strength

@ fnm 'O' fctrn,ﬁ

Ceefficient for seismic forces

[[] Use this rebar and stirrup steel by default

7 Short term (kt = 0.6) @® Long term (kt = 0.4)

Design internal forces Angle of the concrete compression strut
® Vz-My ti ®
45°
Vy-M
© ¥ - ¥ > Variable
2 Custom B= 45

45°

Beam: L/
Cantilever: L/

Checking Shear force reduction at supports allows the application of shear force reduction methods

according to the current design code, but in our example, do not switch on this function.

Eurocode 2 allows specification of the 8 angle of the concrete compression strut, leave this on the de-

fault value of 45°.

Checking Increase reinforcement according to limiting crack width the maximum allowed crack
width values can be entered. In this case the program increases the top / bottom reinforcement to re-
duce the crack width under the specified value. To perform cracking analysis the load duration must be

specified.

For Load duration set option Long term (kt=0.4).

Set L/250 criteria for the allowed deflection of Beam. Sign L represents the beam length. This check

will be performed only if the actual concrete grade and cross-section is set.
Take into consideration of concrete tensile strength in Nonlinear analysis.
Seismic load was not defined, so do not overwrite seismic coefficient, leave the default value of 1.

After click on OK to close window. The software shows a warning message as follows.

Reinforcement amounts must be calculated form ULS
cembinations, while cracking analysis requires SLS
coembinations.

Therefore to perform a full check of reinforced beams it is
recommended to select an apropriate envelope or critical
cembinatien from the list,

[[] Do not display this message

After taking notice of the warning, Beam reinforcement window in the background becomes active.
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The following diagrams are displayed on Design tab:

- schematic view of the beam model with dimensions

- design moment Myeq. If Envelope Min, Max (All ULS) is selected in the drop-down list, the
envelope moment curves are displayed. The blue curve with thick line represent the offset de-
sign curve in accordance with national design code.

- the third figure presents the required top/bottom reinforcement.

- the fourth figure shows the envelope of design shear force

- the last figure represents the required shear reinforcement and stirrup spacing.

12.000 m 10.000 m
Node 1 - j Node 3

~400x720 400x720 -

750627

M, g5 [KNm]
b Ed 56.775 22,609
AT oy 50728 29

3130
Ay (] 217, 51
359 359 359 78
- 3 — 387 5% 37
277264
Vaea [KN] | ,ffffj 103.864
| tassd
|"";7__— ————— Tzan
-164.589 P
491.1 4911
s, [mm] | 25 72 1369
320 20
awl [mm?/m] 4627 57 394
1156
aant o

After clicking on Calculated beam reinforcement tab, the following diagrams can be displayed: Enve-
lope of reinforcement (As), cracking (wk), moment resistance (MyRd), maximum shear force (VzRd),
relative deflection (ezrel), absolute deflection (ez,abs). To display other types of results and diagram set
the Display parameters.

®
)
N 12.000m 10.000m
B Naode 1; + <‘NGUE3
a =
. ~400x720 400x720
2016 +6225 [2]
Ag mm?] | 2018 — t—'—W ool 2016
i
A Ay, [mm?) (2025 3275 %5 w75 e
030 027 026030
wit) [rmm] | M T T —
wik{b) [mm] [ o — '(-,'.30-'-" 015
646452872998 546 452
Myea [NM] | 116,432 515,629 At 116.432
i
03988 535042 403 955 419.081 06741 213209
404,620
Vzg, [KN] |165.066 131226 206,848 129.341 129341 119.194
65,066 131,225 = 129,341 TA18.194
404,620 206,843
48,000 . 40.000
& ] | ¢ a— ————
e Xz
-48.000 ~40.000
22815 31584
s [mm] | __mas— e 0009
[ s
-33.549
TT

[ I

When determining the distribution of longitudinal reinforcement, the given parameters of rebars and
the line meshing (see before) are considered.



Step by step tutorial

23

Result display pa-
rameters

je=+]
B —
[ —

By clicking on Result display parameters button the following panel shows up, where you can op-
tionally choose the diagrams you want to see.

Display X

Diagrams . )
Display Labeling of
extremes

Maodel

Envelope of reinforcement [A_ ]

Side reinfercement against torsion [A 7, ]
Cracking [wki(t)]

Stirrup spacing [s,, ]

Moment resistance [Myp ;]

Maximurmn shear force [Vzp]

Torsion resistance [Tzp,]

Bending moment utilization [Mygy /Myg,]

Shear utilization [Vzzy NVzpy]

Torsion utilization [Tzz, Tzgy]

Relative deflection [Qrel ]

Absolute deflection [Qabs ]

Relative deflection, utilization [, o /€2, ]

A< < (s < 4 < i< sy < i< |
Oo0RxyOOO00NR0OHOH

Absolute deflection, utilization [e, .. /e, ]

["] Display bearn with its real proportions
Show allowed deflection

Vertical grid d [m] =

[[] Set current settings as default

By closing the Result display parameters window, on the Actual beam reinforcement tab the calcu-
lated reinforcement can be applied as actual reinforcement. Now, click on that tab and apply the of-
fered reinforcement.

12.000 ! 10.000

22.000 m

2016 +6@25 |2]
Ay 20516 +3225
2018 2016

Ap hmﬁa 055 30075 25

In the upper figure, pink coloring indicates the required reinforcement in case of the selected load
combination (or load case). The blue coloring indicates the actual reinforcement (minimum reinforce-
ment in the corners of the link). The vertical dashed lines represent the meshing of the beam (see be-
fore), the number of rebars can be set for each section. To select a line section, click on the sections
within the area of the section. Additional sections can be added to the selection by holding down the
right mouse button and dragging the mouse in the right direction or pressing Shift.
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Apply calculated
reinforcement
i

LI

The number of the longitudinal reinforcement can be modified. Edit boxes allow changing the number
of top and bottom rebars in the selected elements. The — and + buttons decrease/increase the number
of rebars.

Corner rebars +Longitudinal rebars

* 2016 [ ]+ @2
2025 [ ]+ @2

Select Envelope Min, Max (ULS) combination in the dropped-down list next to Apply calculated re-
inforcement icon. The following result will show up:

8.000 2.000 4.000 1.000 4.000 3.000

20116+6@25

boi6e3@28 [ @:Lﬁ*ﬁ“,a“ 2016+3225

, e

et [ [ ]|
35— i

4225

1000 7.000 ' 14.000

] 3)

! 12.000 ’ 10.000 '
22000m
20116 +6025 [2

~| 2015 43025

20186 2016
Ay 3 2025 25

[ I

The software generates the actual reinforcement followings the shape of the internal forces by increas-
ing or decreasing the number of rebars.

If Co.#3 (SLS Quasipermanent) load combination is selected in the drop-down list, the deflection and
crack width can be queried.

cement  Actual beam reinforcement l

% (#) Co#3 (5LS Quasipermanent) -

=20 Linear analysis
i44d SELF WEIGHT

1al reba

[ | E—

4+ SUPPORT DISPLACEMENT
4 Co#1 (ULS)
) Co#2 (ULS)
¥ Co.#3 (515 Quasipermanent)
E| 21 Envelopes
5.0 Envelope [Default)
-2 Envelope Min,Max
[ Envelope (Load cases)
42 Envelope Min,Max
21 Envelope (Load combinations)
-2 Envelope Min,Max
[ Envelope (All ULS )
-2 Envelope Min,Max
23 Envelope (ULS)
-2 Envelope Min,Max
2 Envelope (All SLS)
- Envelope Min,Max
=2 Envelope (SLS Quasipermanent)
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Sets display By clicking on Display parameters icon select only the required diagrams, the others should be

parameters switched off. Switch on the display of Model, Cracking and Absolute deflection diagrams.
=n “
B

Diagrams . .
Display Labeling of

extremes

Medel

Envelope of reinforcement [A_, ]

Side reinforcement against torsion [AsLT+ 1
Cracking [wki(t)]

Stirrup spacing [s,, ]

Morment resistance [Mypg]

Mazximurn shear force [Vzp, ]

Torsion resistance [Tzp, ]

Bending morment utilization [Myg, /Mypy]

Shear utilization [Vzzy Vzgy ]

Torsion utilization [Tzg, Mzg,]

Relative deflection [e, ]

Absolute deflection [e_ . ]

Relative deflection, utilization [e, /e, .. ]

gioaoooogooooabo
Oioaoooooooo oo

Absolute deflection, utilization [e, /e . ]

Diagram size

@ Fixed width
Margins Left 3% ~ Right | 25% v

Vertical size of result diagrams | 100% ~
+ Zoomable

["] Display bearn with its real proportions
Show allowed deflection

Vertical grid dx [m] =
[ Set current settings as default

BZ cIicking on OK, the foIIowing results are diselazed considering actual reinforcement.

8.000 2000 4.000 1.000 4.000 3.000
2016+6@25
émsqzza_mﬂl"%_'mﬁ i
: 2016 ._,— - I 2816
1,000 7.000 ! 14.000 —
e e e .
) , @
12.000 10.000
22,000 m
ol 009
WY ———
o - . 0.421
e 3626
—
Nonlinear static The above results for deflection are results of an approximate calculation (creep is approximated but
analysis without considering the effect of shrinkage). A more accurate calculation can be made by nonlinear
R - static analysis. This can be done by closing the Beam reinforcement window and going back to Stat-
u . . . . . . .
ic tab. Click on Nonlinear static analysis icon, the following screen will appear.
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MNonlinear static analysis X

Load cases Convergence criteria

Maximum iterations

Displacement
[ Force
[ Work

=+ SLS Quasipermanent ["] Use secant stiffness (only in appropriate cases)
f Co.#3 (SLS Quasipermanent)

Use reinforcement in calculation

1of7 @ Actual reinforcement
T £ Reinforcement calculated from critical values of internal forces
@ Force 00| Tracked node 1 Creep =0
Shrinkage
> Displacement Direction: |X
3 Pushover Maximal displacement: [mm] = |1 Nonlinearity
Follow nonlinear behaviour of 2 Follow geometric nonlinearity of
& Equal a Load factor materials and finite elements beams, trusses, ribs and shells
qual increments
Number of increments B
® lrEaray \A Store last increment only
<Bilinear> = N

The only purpose of the nonlinear analysis is to study the deformation of the structure, so check
Co.#3 (SLS Quasipermanent) load combination in Load cases list. Check Use reinforcement in cal-
culation, and considering Creep and Shrinkage. Set the other parameters according to the above
window. Start analysis by pressing OK button, the following shows up:

(x64) Nonlinear analysis of beamn.axs, Co.#3 (5L5 Quasipermanent)

Beam element equilibrated load assembly

[[] Close if completed

Cancel

Messag| ¥

13:42:11 Modal displacement vector assembly ~

13:42:11 Updating displacements

13:42:11 Beam element strain evaluation

13:42:11 Beam element stress evaluation

13:42:12 Beam element equilibrated load evaluation

13:42:12 Beam element equilibrated load assembly v
Statistics ¥

MNumber of equations 69

Equations memory 3 k X4
Estimated memory requirement 97 k
Solver block size 1M

Largest available memory block: 8933 G
Analysis blocksize 1M

Available physical memory: 1051 G

Total physical memory: 1587 G

CPU Intel(R) Core(TM) i5-6500 CPU @ 3.20GHz (4x)

Single thread 3192 MHz

Model optimization 00:00
Model verification 00:00
Analysis 00:01

Result file generation

Tracking

<«
Iterations ¥
Increment g (R}
1 == Dizplacement
2 — Force
3 — Waork
7 L L SO U AU S -
5
S T i
lterations

While running, information about the current steps of the calculation can be seen in the Messages list.

In the Iterations window, the actual convergence of the calculation is presented during each incre-
ment.
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The calculation finishes with the following message:

(x64) Nonlinear analysis of beam.axs, Co.#3 (5L5 Quasipermanent)

Analysis of beam.axs completed.

[[] Close if completed

Messages

13:42:13 Processing beam strain...

13:42:13 Processing displacements...

134212 Calculating beam midpoint internal forces.. ~
13:42:13 Processing beam plastic stress...

13:42:13 Processing support internal forces..,
13:42:13 Analysis of beamn.axs completed. Y]

Statistics

MNumber of equations

Equations memaory

Estimated memory requirement
Solver block size

Largest available memory block:
Analysis block size

Available physical memory:
Total physical memory:

= X4

3k —

CPU  Intel(R) Core(TM) i3-6300 CPU @ 3.20GHz (4x)
Single thread 3192 MHz
Model optimization 00:00
Model verification 00:00
Analysis 00:03
Result file size: 138 k. 00:00
Tracking «
Iterations ¥
Increment lg(pNie)
1 H H = Displacement
2 E E — Force
3 EEREEEEEEEE Leemee — Work
. | | 5
5 ' ' '
d s s :
7 : : :
s R S
El : : :
10 qmmmmme - R pommm e
1|7 2|1 2|5 lterations

Finishing the calculation, the result of the nonlinear analysis can be found in the drop-down list.

) Co#3 (5L5 Quasipermanent] [1] (1.0 = | eZ [mm]

4= Envelope Min
2= Envelope Max
€2 Envelope Min,Max
=0 Envelope (Al ULS )
4= Envelope Min
-4 Envelope Max
€2 Envelope Min,Max
=3 Envelope (ULS)
4= Envelope Min

> Envelope Max
€2 Envelope Min,Max
=0 Envelope (ANl SLS )
4= Envelope Min
-2 Envelope Max
€2 Envelope Min,Max
=L Envelope (SLS Quasip
4= Envelope Min

it)

2> Envelope Max
€2 Envelope Min, Max
=3 Nonlinear analysis

E|D With actual reinforcement
=3 Long term deflection

[ Envelopes

3 (5LS Quasipermanent) [1] (1.000)
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Display the deflection curve of the beam as a result of nonlinear analysis (Displacement - ez [mm)]).
Set Diagram display mode, its scale can be freely adjusted (field next to Display mode)

Geometr}rl Elementsl Loads l Mesh Static | Buckling l Vibration ] Dynamic l R. C. Design l Steel design l Timber design l

= Mak
= riin

7, 1. B= | %) Co#3(SLS Quasipermanent) [1] (1.0 v | e [mm] ~ | Diagram V[ &

The following result is obtained from the nonlinear analysis:

0.922 -3 2358

T .
-21.773
o«

-3.235

-21.77
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2. FRAME MODEL

Objective

Analyse the following frame and design column A1 and its pad footing:

\\/
</
|IPE400
| iPEs0 |
|
o180

Consider IPE 400 rolled steel cross-section for horizontal beam elements and HEA 280 for columns.
The cross-section of bracing elements is 0194.0 x 5.0 SV. Use material S235 and apply Eurocode
standard for the design.

Start AxisVMX4 by double-clicking on AxisVMX4 icon in its installation folder, found in Start — Pro-
grams menu.

Create a new model by clicking on New icon. In the dialogue window replace Model file name with
‘frame’, select Eurocode from Design codes and set Unit and formats to EU.

New model X

Select a view

2]

to start with Folder |C:\User5\|stva’n TiDesktop'Step by Step\FRAMEY ~ | =
Model file name: ‘frame |
{
* Design code | Eurocode ~ m
Top view
Units and formats  EU ~ Change settings...
I
T_Eﬁ Report language |EE English v|
*
Front view
Page header
I
k@ |ProJect |
£
msrasie (Company lago) [Anatysis by |

Comment |

Project
Analysis by
Model: frame.axs

Starting workplane also can be set on the left in this window. Change workplane to X-Y Top view. This
setting can also be done using Choosing view icon on the editing interface.
Click OK to close the dialog window.

The geometry of the frame will be created by using of editing tools. This can be done in several ways.
The geometry can be defined by drawing line elements, then structural elements and material proper-
ties can be assigned to those. In the following, the faster and complex Draw objects directly function
is presented.
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Define of
geometry - Select Elements tab to bring up Elements toolbar.

Elements

Geometry  Elements | Loads | Mesh | Static | Bucklingl ‘u’ibrationl Dynamicl R.C. D‘esignl Steel designl Tirmber designl

BRE 2200000y e —® AR - & 0 s mE| 2 L 1 Q|

Draw objects Firstly, the columns will be defined. By clicking on Draw objects directly icon shows following win-
directly dow:
&

e

levihewmal
4

Type Beam
Material v .=

Allow variable cro.|[~
Cross-section
Local x orientation | Upwards
Local z reference | = Auto
[+ End releases
Height [m] 3.000

|

Click on Column icon even it is already selected.

The following window shows after clicking:

Warning
Mo element cross-section defined.

@ Browse cross-section libraries...
7 Cross-section editor

Select Browse cross-section libraries... and click on OK. The following window shows up:

Cross-Section Library impert

‘ Parametric shapes HE European wide flange beams Parameters
h [mm] 2700
Name - Height [mm] Width [mm] Ax fmm b [mm] 280.0
L smemn - - —— twr [mm] 80
—IIIETOCOI |Hawe 2400 2400 toso031 ||t imm 130
Condr g e wo e s
HE 260 A 2500 260.0 8664.24 v lmm-] -
+ XA HE 260 AA 2440 260.0 6899.24 e 0
= y . : Ix [mm*] 6250104
HE 260 B 260.0 260.0 11846.74 Iy [mm*] 1.367626E8
=- | shapes HE 260 M 290.0 268.0 21966.74 Iz [mm*] 4,762693E7
e e ange ot -: e 4
HE European wide flange beams HE 280 AA 264.0 2300 7804.74 lw [mm®]  7.695338E11 ¥
HL beams with very wide flanges HE 230B 280.0 280.0 13138.74
HP wide flange bearing piles HE 280 M 3100 2880 2401874 ;
X °F HE 300 A 2900 3000 11255.68 =5
IPE Eurcpean |-beams 8 4 .
IPM European standard beams HE 300 AA 283.0 3000 8393.68
i+ UB British universal beams HE 300B 300.0 300.0 1491069 | cceeeeecfpooeos
i.. UC British universal columns HE 300 C 320.0 305.0 2251068
uc 300 ka 2ann a1nn snoinen Y
Filter: Europe EEE No filtering EEE
| shapes / HE Eurcpean wide flange beams
HE 280 A
oK Cancel

Roll down in the list of Cross-section tables by using vertical sliding bar (or roll mouse wheel) and se-
lect HE European wide flange beams, and click on HEA 280 A. Finish with OK.
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Views

The following message shows up:

Warning
Mo element material defined.

@ Browse material library...

Roll down in the list of Materials by using vertical sliding bar (or roll mouse wheel) and click on $235,
then click on OK.

The selected cross-section and material are displayed in the Drawing objects directly window.

Set Height to 3.5 m in the window:

4w

Type
Material

Cross-section
Local z reference

[+ End releases
Height [m]

Beam
§235

Allow variable cro..|[~

HE 280 A

Local x orientation |Upwards

= Auto

3,500

x

l=2eviOew<l

Note: in the window several parameters can be set which are not
mentioned here. End releases can also be specified or the local co-
ordinate system of the element can be modified. In our example, we
use default setting for these. (The end releases of an element are
fixed by default settings.)

Change view to top view (X-Y plane), if it is not the actual view. Note: if necessary, view can be modi-
fied with this icon, even if an editing command is active.

{7 [Tl 4. k|

Click on Column icon below to place the columns.

Click on the following positions in the graphical interface:

(0; 0) - (6; 0) - (0; 5) - (6; 5) - (0; 10) - (6; 10).

The next figure shows the result, the columns in X-Y plane view:
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Views

A

Horizontal beam
=

Cross-section
library import

Change view to Perspective, activate Perspective palette (in Window menu) and set the next param-
eters: H=15, V= 320 and P=0:

Xuwo Evmo Bol0 Bl @ | ey X
= | I 7

Click on Horizontal beam icon.

Click on Cross-section row in the window, then on Load from database icon. Select IPE 400 from
group IPE European I-beams.

Cross-Section Library import

| Parametric shapes 2 Enrpel= b Parameters
h [mm] 4000 &
Name & Height fmm] Width [mm] Ao fmm b [mm] 1800
wetes v e PR twr [mm] 86
—IIMETOOOI | wre 2200 1100 33762 | [timml 135
CIEOLTT LD | 2400 1200 3912.52 s EaEZ
" IPE 270 2700 1350 4595.40 w {E:Z} pdid
+ g X A IPE 300 300.0 150.0 528210 e mm] c12sToe
IPE330 3300 1600 6261.92 s AT
=1 shapes IPE 360 360.0 170.0 727022 Zmm*]  1.31785TE7
D wideflange cobames e aco et 4
HE European wide flange beams IPE 450 4500 190.0 9883.83 lw [mm®]  4,826562E11 ¥
HL beams with very wide flanges IPE 500 500.0 200.0 11533.92
HP wide flange bearing piles IPE 550 550.0 210.0 13443.90
IPE European |-beams| IPE 600 600.0 2200 15600.75
i IPN European standard beams IPE 750 % 137 753.0 263.0 17459.74
UB British universal beams IPE750% 147 7530 265.0 1875004 | cmmmemptoooeeees
*.. UC British universal columns IPE750x 173 T62.0 267.0 22134.36 .
InE 7305 108 Tmnn 1800 15003 14
Filter: Europe EEE No filtering EEE
| shapes / IPE European |-beams
IPE 400
oK Cancel

Close window with OK; then the selected cross-section is now displayed on the panel:

l=2¢vO=w<lm

AT

Type Beam
Material 5235
Allow variable cro..|[~
Cross-section IPE 400 vI | El »
Local x orientation | Forward
Local z reference | = Auto
[#-End releases

@
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Beam polygon

A

Beam

&

Cross-section
library import

Filter

Activate Beam polyline icon, then click on top of columns and draw the axis of beams as a polyline.
Draw the perimeter beams first, then press Esc to cancel drawing. Finally, draw the inner beam as well.
The next will be the result:

i

Change to Beam function on Draw objects directly panel.

Click on Cross-section row in the window, then on Cross-section library import icon. Select Pipes,
but geographical region must be change to view also Hungarian pipes in the list. Activate Filter func-
tion and select also Hungarian shapes. Select o Hungarian pipes under Pipes group in the list of
Cross-section tables, then find and select 0794.0 x 5.0 SV in Cross-section list:

[ Geographical regions

DUMAFERR
LINDAB
1. SWEDSTEEL

Filter: Eurape, Hungary _

0 Hungarian pipes Parameters
An h [mm] 194.0 A
MName - Height [mm] Width [mm] [ b [mm] 194.0
tw [mm] 5.0
0133.0X180 133.0 133.0 Ea |t jmm] .
0133.0X20.0 133.0 133.0 7l A [mme ] 2968.20
0159.0x% 405V 159.0 159.0 1| Ay mm?] 1485.70
0159.0x 455V 159.0 159.0 2 Az [mm?) 1485.34
0159.0x 5.05V 159.0 159.0 2 ™ [mm:l 265251887
: 01240x 40V 1940 1940 2] [ mem 11525998 E7
- Pipes 01240% 455V 194.0 194.0 g |[RMmmT] 132599867
-- O Dunadjvarosi Hungarian pipes 019 YV E Iyz [mm~] o
Joee e 0219.0x 405V 219.0 219.0 2
0219.0x 455V 2190 2190 3
0219.0x 505V 219.0 219.0 3
0219.0x 605V 219.0 219.0 4
0 245.0x 405V 2450 2450 3
0245.0x 455V 2450 2450 3w
< >
Filter: Hungary HH No filtering HH
mmm ritenng T
Pipes / O Hungarian pipes
0194.0x 5.05V
0K Cancel

Close window with OK.
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Beam polygon Draw polygon from the bottom node of A7 to the centre of beam in ¥ direction as shown below:

A e

i

then continue drawing to the bottom node of the next column.

\\ / Iw/ | f

iy
Press Esc to close polyline function, then repeat previous steps to specify the bracing elements on the

other side of the structure.
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Translate / Copy Now, all the structure will be copied in Z direction to define the upper storey. Activate Translate icon,
‘—j select all the elements and in Translate window set the next:
Translate / Copy
N= <
1 = N 2
d = 0. Ty T T
[m] = |0.001 Ty - B :
Method Nodes to connect
@ Mone
o In.cre.mental > Double selected
s Distribute & Al
> Spread by distance
g;t:zecutwe CZ? F:':':_Eﬂt;
© Detach B =C-:|:; nodal masses
kA Copy dimension symbols
Select Consecutive and None checkbox under Nodes to connect title. Click on bottom node of one of
the column, then on the top of it, finally press Esc to close command.
The following will be the result:
w\#¥\ ==
I il
Nj _/‘
/h  —
,/’
-H-\’F
15
13
Geometry check Click Geometry check icon to check the geometry of the frame, which can be on Geometry tab.

ey

Geometry | Elementsl Loads | Mesh | Static | Buckling | Vibration | D’ynamicl R. C. Design | Steel designl Timber designl

| S AOS R0 00 FFHEBFEF XA SHS N LEH

In the window that appears, user can set maximum Tolerance for checking points and user may also
request highlighting of nodes and elements found during checking.
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Geometry check

Tolerance [m] =

[[] Selection of problematic nodes
[C] Selection of intersecting elements
[] Select unattached nodes or lines
[] List deleted nodes

Check domain contours

Tolerance [m] =

[ Check all loads
Rebuilding of loads may cause loss of results.

After the geometry check, a report is displayed about the events:

o Geometry check
Modes deleted: 0

Lines deleted: 0
Surfaces deleted: 0

Zoom to fit Select Zoom to fit from Zoom functions for better view.

&3] @ QB e =]

Rendered view Select Rendered view from View modes:

& e

The following will be displayed:
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Display options Activate Display options and uncheck Object contours in 3D on Symbols tab.

05
e Display options X

Symbols  |abels Switches

Graphics symbols Local systems
MNode [] Beam
Trusses [ Rib
Beams [] Virtual beam
Virtual beams [] Surface
Ribs [] Domain
Center of circle [] Support
Domain [] Spring
[] Surface center [] Gap
[] Mesh [] Link
MNodal support [_] Edge hinge
Line support [[] Load panel
Surface support
[_] Display footings [1 Loads
Dimension lines Concentrated
dimens nes Line
Springs Surface
Gap elements Temperature
Links Fire
Rigids Self weight
Diaphragm Other
Reference Load panel
[] Cross-section shape Abutting wall or parapet (for snow
End releases loads) / Edges with return corner
Structural members (for wind loads)
[] Reinforcement param.
Reinforcement domain ['] Load distribution scheme
Mass [ Derived beam load

[[] Moving load phases

P4 Thickness reference points .
4 P Transparent load diagrams

[] Object contours in 30

Auto refresh
[ Refresh all

[] Save as default Cancel

Wireframe view Change back to Wireframe view:

i) ey Y

Elements To create nodal supports change tab to Elements:
Geometry  Elements | Loads | Mesh | Static | Buckling | ‘u’ibrationl Dynamicl R.C. Designl Steel design | Timber designl

BE 20000 Memo AF 2 & 02 E | 22 )L <R

Nodal support Click on Nodal support icon and select bottom nodes of columns, then confirm with OK. In the next
A window the stiffness can be set for the supports:
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MNodal supports

# Define O Modify

@ Global

> Referential

> Beam/Rib relative
> Edge relative

Reference [ Monlinear parameters

Ry [kM/m] = |1E+10
Ry [kN/m] = [1£+10 -
Ry [kN/m] = [1E+10
Ry [KNmy/rad] = [1E+10 -
Ryry [kNm/rad] = [1E+10 ~

Rz [kNm/rad] = [1E+10 ~

| Pick up »» | | Calculation...

ok | Concel |

Set rotational stiffness components to 0, but leave translational stiffness on default value (TE+10), as
shown below:

Ry [kN/m] = [1E+10 -

Ry [kN/m] = [1E+10 -

Ry [kN/m] = [1E+10 -
Ry [kNm/rad] = |0
Ryy [kNm/rad] = |0

Rz [KNm/rad] = q

then close window with OK.

Loads To specify the loads on the frame, change tab to Loads:

Geometryl Elements Loads | Mesh | Static | Buckling | ‘u"ibrationl Dynamicl R.C. Designl Steel design | Timber designl

aiE LA ae -]+ F
Lo bbbt @ RNV R cay oy M T ]
Load cases and Various loads should be separated into load cases. Click on Load cases and load groups icon to add
load groups new load cases.
“-l - Load groups and load cases
-~ Ungrouped Load case s Add
ST1. Conversion Hl i ﬂ
contains no loads. =
. F &
Load group -
Ungrouped ~ @ N &
= ¥
Load group Add
B
®
=
B
Critical lead group combinations... | | oK ‘ ‘ Cancel
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In the window that appears, click on the name ST1 in the top left corner and rename it to LIVE 1. (ST1
is an automatically generated load case, which should be renamed in our example.) Close window with
OK, then the previously edited load case (LIVE LOAD 1) is active. The actual load case is indicated on
Info palette, shown below:

x

Code | Eurccode
Case : LIVE LOAD 1

Load along line Add line loads to all horizontal beams. Specify 50 kN/m to beams at lower level and 25 kN/m to
elements beams at upper level in -Z direction. Activate the Load along line elements function and select upper
il beams with selection rectangle.

Confirm selection with OK, then in the following window set load parameters.

Distributed loads on beams and ribs x
@ Define &
Direction

@ Global along element
{+ Global projective

 Local
Type Position
> By length - =[1omm =
B oo " *
Q Startpoint Endpoint
JEN Pys [KN/m] 20 Py [kKN/m]

Py [KN/m] 0 Pya [kam]
Py [kN/m] 40 - pz,_[kam1
mrogs [KNm/m] 40 Mrom [kNmfm]

Set pz1 and pz: to =25, then finish with OK, then the load is indicated on the beam elements in cyan:
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L

N

Display options If the load intensity is not labelled automatically (this function is not active), then open Display op-
Ay tions:
oo

. Display options X

Symbels  Labels Switches

Graphics symbols Local systems
MNode [] Beam
Trusses ] Rib
Beams [] Virtual beam
Virtual beams ] Surface
Ribs ] Domain
Center of circle [] Support
Domain [] Spring
Surface center [] Gap
Mesh [] Link
MNeodal support ['] Edge hinge
Line support [[] Load panel
Surface support
[] Display footings I Loads
Dirr on lines Concentrated
nes Line
Springs Surface
Gap elements Temperature
Links Fire
Rigids Self weight
Diaphragm Other
Reference Load panel
Cross-section shape Abutting wall or parapet (for snow
End releases loads) / Edges with return corner
Structural members (for wind loads)
[] Reinfercement param.
Reinforcement domain [7] Load distribution scheme
Mass [ Derived beam load

[[] Moving load phases

%4 Thickness reference points
™ 5 Transparent load diagrams

[_] Object contours in 3D

Aute refresh
[] Refresh all

[] Save as default Cancel
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In the window, select Labels tab and check Load value under Properties title:

Display options *

Syrmbols Labels  Switches

Numbering

[ Node

[] Truss

[[] Beam

[ Rib

[[] Virtual beam
[[] Surface

[[] Domain

[[] Support

[ Links

[ Rigid

[[] Diaphragm

[[1 Spring

[1 Gap

[] Material

[[] Cross-section
Design member
Design optimization group
[[] Load panel

[[] Reference

[ Use finite element numbers

Story center of grawity
Story shear center

[ Labels on lines seen from axis
direction

Transparent labels

Prevent labels from overlapping

Auto refresh
[ Refresh all
[7] Save as default

Properties

['] Modal coordinates
"] Material name
['] Cross-section name
[] Bolted joint
[] Column reinforcement
["] Beam reinforcement
[_] Beam length
] Thickness
["] Domain area
[] stiffness reduction
[[] coBlAX labels
[ Load value
Concentrated
Line
Surface
Temperature
Fire
Self weight
Other
[] Mass value
[] Units

Actual reinforcement

Symbols Labels

axb axb

ayb ayb

axt axt

ayt ayt

Labels

@ Rebars + Reinforcement values

"+ Rebars + CQuantity x (Length)
According to the displayed result

component

Close with OK, then load intensity will be displayed:

ot

Load along line Activate again Load along line elements and select lower beams, then confirm with OK and set pz;

elements and pz: to -50.

Rl Close function with OK; the following will be displayed:
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Load cases and

load groups
M v

Static load case

I \

Load along line
elements

rulll

Click on Load cases and load groups icon.

Add a new load case to the list by clicking on Static icon in New case top icon row, and rename it to
WIND. After confirming with OK, all loads predefined will ‘disappear’ because the active load case will
be the newly defined one, as it is shown on Info palette.

Click on Load along line elements icon then select the rear two columns in the corner, as shown be-
low:

y

4 1
/
N 1
T §
- T

then apply 6 kN/m line load in x direction (px7 and pxz). The same way, apply 72 kN/m to the central
column in x direction.
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The next is the result:
[obe
[
| N
il
¥
1
Load Create load combinations on the basis of load cases. Using load combinations, load cases can be add-
combinations ed together, combining them by various factors.
i Activate Load combinations icon, the following window shows up:
o
Rl
File Edit Format Report Help
’I;A:l:r”:tl:e(lgrades(n N ‘ ‘ B3 ‘ ‘
Cross-sections (3) Custom load combinations by load cases
'ﬁi’::::“mh ‘ Mame | Type ‘LIVELOADT WIND Comment
Modes (24) _]
Elements
Loads
LIVE LOAD 1 (14)
) WIND (6)
Load cases (2)
Critical load group combinations (1)
Custom load combinations
By load groups
Functions
Weight report
|_=. LIBRARIES h
EStg oK Cancel
New row Create new ULS (ultimate limit state) load combination by clicking on New row icon.

Display options

A0
oo

Assign the following factors to each load cases:

LIVELOAD 1 150 <Tab>
WIND 1.50 <Tab>

Enter the values in the appropriate data field, then click OK to finish.
With this final step the data input has been finished.

Activate Display options and change to Symbols tab. Uncheck Node, Cross-section shape and Loads
checkboxes then uncheck Load value on Labels tab.
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Static Click on Static tab for running analysis:

Geometryl Elementsl Loads | Mesh  Static |Buckling| Vibrationl Dynamicl R.C. Designl Steel design | Timber design

E | | |
o - -
[}

I
~ min

Ll

)

Linear static Click on Linear static analysis icon to run analysis, the following shows up:
analysis
P

(x64) Linear analysis of frame.axs

Analysis of frame.axs completed,

u
smmmmERREEE

[[] Close if completed

Messages &«
Statistics w

Number of equations 132 -
Equations memory 27 k x_4 Beam 38
Estimated memory requirement 506 k Rib .
Solver block size 1M
Largest available memory block:  9.029 G
Analysis block size 1M
Available physical memory: 10,62 G
Total physical memory: 1587 G
CPU  Intel(R) Core(TM] i5-6500 CPU @ 3.20GHz (4x)
Single thread 3192 MHz

Model eptimization 00:00
Meodel verification 00:00 I:ola;:l cla;e 2
Analysis 00:00 Combination 1
Result file size: 80 k. 00:00

Click on Statistics to see more information about the analysis.

Click on OK after analysis. Automatically Static tab is activated with ez [mm] vertical deformations for
LIVET load case in Isosurfaces 2D view. To see results of other load combination, select combination
Co.#1 from drop-down list.

Loads | Mesh Static | Buckiing | Vibration

Wi LIVE LOAD 1 - ez
=L Linear analysis
- WIND

) Co#l (ULS)

-2 Envelopes

Change results view from Isosurfaces 2D to Diagram:

Diagram ~

Section line
Filled sectien line diagram
Isclines

lsosurfaces 2D
Mone

Views Change view to X-Z plane!
3
A A Bt 1y A, |

The following will be displayed:
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Let us define parts to see only specified parts or elements of the entire model

Parts
By clicking on Parts icon shows the following window:

5235 [34]

72y Cross-sections

HE 280 A [12]

IPE 400 [14]
0194.0x 5.05V [8]

' Architectural model

W b o o —

IPE 400 [14]

[y Other elements
01940 x 505V [8]

Oof7

[ Parts
Logical parts

Auto refresh

[ Refresh all

[[] Show non-visible parts grayed

OK Cancel

[[] save as default

Click on New icon and the following window enter 7 to the name data field, then close with OK.

New

+

o New part definition
Part name

[ Select from the entire model

[ Turn off all the other parts
[] Activate this part on all drawings in the Drawings

Library
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Select elements of the frame which will be in part name 7. The next figure shows how to select beam
elements on the right side with selection rectangle.

Materials
5235 [34]
Cross-sections
HE 280 A [12]
IPE 400 [14]
Q1940 5.05V [8]
Architectural model
Columns

HE 280 A [12]

T T A

IPE 400 [14]
Other elements
0194.0x 305V [8]

Parts Tof8
Logical parts

Auto refresh

[ Refresh all

[[] Show non-visible parts grayed

[] save as default oK Cancel

By closing window with OK; then the part with name T is created.

Views Change view Y-Z side view!

A A1 0[] 2. B
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Result display
parameters
=0

Min, max values

= Mak
= min

Click on Result display parameters icon, then check option Write values to - Lines checkbox in the

window:

Display parameters X

[IERXEERER | Monlinear analysis | Dynamic analysis | R3] Envelope | Critical]

Load case
[ Cort uLs) ~|

Component Section lines
E
Scale by
Display mode
Diagram v
Display shape
[ | Deformed
Write values to
Nodes.
Lines
[] surfaces

Min./Max. only

Miscellaneous settings...

Cut moment peaks over columns

L] Refresh all

(] Draw diagram in the
plane of the elements

Cancel

Close window with OK, the min./max. results are displayed on the line elements:

-2 Q76

@ Y w

2 g 3 2

= 2 . 3

1.056
-0.951

=
2
2
<

'—j

-1.005

-t

To find location of maximum deformation use Min, Max values function. Click on icon and select one
of the deformation components in the following window:

Model extremes *

Displacements

eX[mm] fX[rad]
eY [mm] Y [rad]
ef [mm] fZ [rad]
eR [mm] fR[rad]
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Confirm with OK, the software shows the maximum negative value and its location as well:

1758
4407

0851 -1.095

0788

Casez[Co 1, ULS

eX [mm] =
€Y [mm] =
Z [mm] =
K rad] =
¥ [rad] =
Zlrad] =

R [mm] =
R [rad] =

After click on OK, the result panel jumps to the maximum positive value showing its location.

1.758
1.6
4407

1.056

-0.951 {TTT 1.095

1301
0788
5730

Node 11
Case[Co#1, ULS

eX[mm] =
&Y [mm]
eZ [mm]
X [rad]
¥ [rad]
fZ[rad]
R [mm]=
fRlrad] =

B b "

Select Beam internal forces — Nx [kN] component from the drop-down list among result compo-
nents.

eZ [mm] * | Diagram
= Displacement

- e [mm]

- &Y [mm]

- X [rad]

- Y [rad]

- fZ [rad]

- R [mm]

- fR [rad]

= Beam internal forces
- e [l

- Wy [kN]

- Wz [kM]

- Tx [kMm]

- My [kMm]

- Mz [kNm]

+ Beam stresses

[+ Nodal support internal forces
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The next figure shows the results for Nx component:

= = -
S 2 =
o < o
i b
-166.266 /55.000 40,070 -288.486 -207.600
= o
= g
< &

17128

-554 924 -823309 -639.070

Change result component to My to see the bending moment diagram:

o ©
- g |- bt g
= & IS [ 2
= = =
117 906 © -1865, 265 123.057 117.009
g z
S g
o o
@
-
=8
b o
o & el B 3
] 3 o b =
e ~ = ~
5 2
-113.051 ) 108,138 3.71 114 180
172.450 1.0§1%0.390 216.633 \_\_’_//rfo 720
=
2
2
o
g
1.245, 853k 513
347 "j'

Finally select Rz component among Nodal support internal forces:

Aaaa Di
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Steel design Change to Steel design tab to check the corner columns and optimize them.

Geometryl Elementsl Loads | Mesh I Static | Bucklmgl V\bratmnl Dynamlcl R. C.Design  Steel design |T|mber des\gnl

@ = cox1uLs) - [ b [kN] - [sosufaces20 [T & 2o BB T

FHIETEREEIFE &S D

Design parameters  Firstly, design parameters should be assigned to the corner columns. Click on Design parameters
@ icon, then select all the columns in the corners. Confirm selection with OK and specify the followings
in the Design parameters window:

Design parameters - Eurocode X

Material 5235
Cross-gection | Original cross-section ~ HE 280 A

ULS (Ultimate Limit State) SIS (Serviceability Limit State)

Design approach Buckling coefficients &
By section class (elastic / plastic) ~ Flexural buckling
ity mmn - K=zl ~|.
Section class
i Buckling fact ~ = 1000 -~
® Automatic classification __I._ |E| uckiing factor K
o1 Oz O3 O14 Lateral-torsional buckling
Design member
| i S -
B el e Py Load position Calculation method for M,
Braced in local x-z plane Mon-sway ®T
°p ) Auto Mer ~
Mscemble design members O Center of gravity
& Bottom Lateral supports
® ﬁ; O Custom @ Automatic
> Estimated from kz, kv
O Fork supports at both ends
O #‘ O User defined
[ Web shear buckling
. - @ Mo stiffeners
Coefficient for seismic forces fo= O Transversal stiffeners

Pick up > Cancel

Set K, to 1,25-re, and select Auto Mcr method to calculate M., and close window with OK.

N-M-V Select Analysis - N-M-V (Axial force-Bending-Shear) results from listbox among toolbar:
Axial force- - — _ _ . - _
Bending- kling | Vibration I D’ynamlcl R. C. Design  Steel design |T|mber design |

Shear Tac [keM] hd | lsosurfaces 2D
= Beam internal forces
Wy [kN]
Wz [kN]
T [kMm]
My [kNm]
o Mz [kNim]
[+ Beam stresses
- Critical utilization
[ Limit states
= Analysis
b M-M-V {Auial force-Bending-Shear []
M-M-Buckl (Axial Force-Bending-Flexural Buckling) []
M-M-LTBuckl (Axial ferce-Bending-Lateral torsional buckling) []
Vy (Shear(y)) []
Wz (Shear(z)) []
L VWw-M-N (Web shear-Bending-Axial force) []
- Resistances
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The next figure shows the result for the selected analysis:

0.445

0.153

0.427

0499

0153

0.558

07521

0.243

0.2?_3I

0,782]

0.280

O.EE}QI

Utilization Select Limit states — Utilization ULS [ ] from the same listbox. The following diagram will be dis-
played:
0.543 0.625
1153 153
0.524 0.631
0992 1131

03%

oaqgi

The lower right column is not safe for the load combination, because the maximum utilization (7.737)
exceeds value 1. The design error will be corrected by using Optimization function.

Click on column AT and see the results of all checks:
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Steel design member 4 (EC)
o  cart s g S
T N-W-Buckd NW-LTBuck
(EN 1993-1-16:2.1,5.28,6.2.9) (EN 1993-1-16:3.3) (EN1983-1-16.33)
0.050 0.002
0752
0243 1 0.30: 0,112/
—_—
x X x
(EN1993\CY1-1 6.26) (EN 1993-1-1 szstzngs-w-s 51.53) (EN 199311529 glwgs—w-s 7.1) Material §235
' ' Cross-sedion HE 280A
Ax[mm?] 972874
e fmmé] 625010.4
0782 |y fmme] 14E+08
zimm?] 4.8E+07
0 [mm®] 77EA1
Wy,pl [mm?3] 11124830
ooz 0.116 o Wz,pl [mm?3] 5181616
g0z . N | sedtion class 1
Utilization Linear - Co#1
0.992 £, =1000
/ ] = 1750 Buckiing coeficients

N - 0389 1250
Q" N-V-Buck - 0802 1000
: K, 1000
N-LTBuck - 0622 = 800
i w = 0.002 alml -

vz = 0.118

Steel design member 4 o : P p——
x[ml=[1.750 =]l
Utilization g‘
Maximum Utlization = 0622 e -
21 uLs = 0622 Mer [kNm] 995973
3 1| sis - 0 n 0825
Xt 0.954
Total length: 3.500 m
. . . . . . . .
Design Click on Design calculations button to see detailed calculations which can be printed or added to the

calculations

Parts

Documentation as well:

Design calculations

STEEL MEMBER DESIGN

Design member 4

Nodes: 3-4

Code: Eurocode

EN 1993-1-1:2005 + AC:2009, EN 1993-1-3:2006
Material: § 235

Cross-section: HE 280 A

Load case: Co #1

Coefficient for seismic forces: 1.0

Section class: 1 (Plastic design)

1. Axial force-Bending-Shear
EN 1983-1-1:6.2.1,6.2.8,6.29
Cntical section: x = 1.00-L = 1.00-350.00 = 350.00 cm
"\"En'l._ = —55492kN yr.Err“ = 1.69 kN V:.En'“ = 5018 kN A!“-ﬂ‘"u = 17244.99 kNem = 172.450 kNm ﬂ!___sd“ = —471.66 kNcm
= —4717kNm M ., = — 501 kNem= —0.050 kNm
n

!jl_v_m,ﬂl =M =T752% passed

2. Axial Force-Bending-Flexural Buckling

EN 1983-1-1; 6.3.3, Annex B: Method 2

Critical section: x = 1.00-L = 1.00-350.00 = 350.00 cm

Cpe = 1204 Table B3

C,.=max (0.2+0.8-a, 04) = max (0.2+0.8:-0.371.0.4) =0.497 0.4 Table B3
fio=mmn (i *-02:08)=mn(0.39-02;08)=0193

,f__: = min (3-).__'— 06:1.4)

Nea, [(~554.92)|
k,=C,. -1+, - L (140193 ————""—| =105

w P 0.9289-2286.25
" l

m

(2-053-06:1.4) =0.465

Substitution

© B[ o ]

Close report with OK; and click again on OK to close Steel Design member window.

To view the full model, click on Parts icon in the vertical toolbar on the left side. In the window that

appears, uncheck User-defined parts, and close window with OK.
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Views
A
Design parameters

%

Steel cross-section

optimization
1

I

L d

New

Change view to Perspective!

To specify design parameters for the corners columns behind, click on Design Parameters icon and
select the four columns (2 on top, 2 on bottom). Confirm selection with OK and in the Design param-
eters window, and click on Pick up button. Point to column AT by clicking on it, then the software
picks up the set values. Close window with OK. The following will be displayed:

0.147

0.327

1153
0.120 0.554

1153

0.447
0.365

0.373

0.3ﬂ

0.2%L

Optimize the cross-section of the examined corner columns and correct design error mentioned
above. Click on Steel cross-section optimization, the next window shows up:

‘" Steel cross-section optimization
Design optimization groups  Optimization

+

|Click to get result values or draw a frame to select. Use SHIFT to add elements to the selection.

Click on New icon to specify New optimization group and set the followings in the window:

0 New optimization group
Name ||

@ From members with the same properties

{+ Separate group for each member
{Z All members in one group
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For the group of lower columns, enter the Name 'lower columns' and select All members in one

group. Close with OK and select 4 lower columns in the corners.

Finish selection with OK, the following window shows up again:

Steel cross-section optimization

Design optimization groups  Optimization

+ [ X

™ (1] lower columns (HE 280 A) <4>

Objective of optimization
@® Minimum weight
) Minimum height
O Minimum width

Maximum utilization

Candidates

Optimization from predefined shapes  Parametric optimization

Optimization checks
B Strength
Flexural buckling
Lateral torsional buckling
‘Web buckling

Constraints

0of0

Model cross-sections

Library

[#- | shapes

0K

Cancel

Library Click on Library tab and select cross-section groups, and add to the list of Candidates for optimiza-
tion. By clicking on the '+’ sign before label I-shapes, the list of I shapes opens. From the list select
HE European wide flange beams, and add to list on the left by clicking on the blue arrow between
the two listboxes.

The following can be seen after setting:

Steel cross-section optimization

Design optimizatien groups  Optimization

+ I X

Optimization from predefined shapes  Parametric optimization

Objective of optimization Optimization checks Constraints

[1] lower columns (HE 280 A) <4>

@® Minimum weight Strength < h[mm] £
O Minimurn height Flexural buckling
O Minimum width Lateral torsicnal buckling £ bmm] <
Maximum utilization Web buckling
Candidates 69 of 137 Madel cross-sections  Library
B Model o " E] BR_W_HP_AL "
£ Library - BROW_HP_CX
£ I shapes b4 . BR_W_HP_PF
(= HE European wide flange beams - Chinese H shapes
HE 10 Chinese |-beams
- HE 10K - HD wide flange columns
- HE 10 - HL beams with very wide flanges
HE 12 HF Canadian |-beams (imperial)
- HE 120 AA - HP Canadian I-beams (metric)
- HE 1208 - HP wide flange bearing piles
- HE 120 M - | Hungarian I-beams
HE 140 A | Romanian |-beams
- HE 140 AA -1 Russian | beams
-~ HE 14D B - IPE European |-beams
-~ HE 140 M - IPN European standard beams
HE 160 A M Canadian |-beams (imperial)
- HE 160 AA - M Canadian |-beams {(metric)
- HE 160 B - S Canadian |-beams (imperial)
HE 160 M 5 Canadian |-beams (metric)
wE 180 A v T L EL. . hd

|Click to get result values or draw a frame to select. Use SHIFT to add elements to the selection,

oK Cancel

Also create an optimization group for upper corner columns with name ‘upper columns’ and add HE
European wide flange beams shape group to the list of Candidates. The following will be the result:
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Optimization

Optimization

Steel cross-section optimization

Design optimization groups  Optimization

+ % X Optimization from predefined shapes  Parametric optimization
1] lower columns (HE 280 A) <4> Objective of optimization Optimization checks Constraints
[2] upper columns (HE 28 @® Minimum weight FA strength < h[mm] = m
© Minimum height Flexural buckling
& Minimum width Lateral torsional buckling EblmE
Maximurn utilization |0.850 Web buckling
Candidates 69 of 137 Model cross-sections Library
-~ Model cross-sections " 4 - BR_SOLDADOS_ESPECIAIS_400 ~
(= Library BR_W310
(-1 shapes x - BR_WH_2L
(=~ HE European wide flange beams - BR_W_HFP
.. HE 100 A - BR_W_HP_AL
- BRLW_HP_CX
- BR_W_HP_PF
- Chinese H shapes
- Chinese I-beams
HD wide flange columns
8 uropean vice tange bean]
- HL beams with very wide flanges
HF Canadian |-beams (imperial)
- HP Canadian |-beams (metric)
- HP wide flange bearing piles
| Hungarian |-beams
- | Romanian |-beams
- | Russian | beams
IPE European I-beams
- IPN European standard beams
< > v mat ot em v

0K Cancel

The Objective of optimization can be Minimum weight, Minimum height or Minimum width and
Maximum utilization can also be set. It is possible to ignore certain checks during the optimization
process. All strength checks are always performed but checks for Flexural buckling, Lateral torsional
buckling and Web buckling can be deactivated if necessary. These settings must be set for all the
optimization groups individually. In our example, select Minimum weight for optimization and set
Maximum utilization to 0.85.

Remark: optimization calculation is based only on the results of previously run static analysis. If cross-
sections are replaced in the model as a result of the optimization process, the internal forces may
change (can grow) because of the different stiffness parameters. Therefore, a new static calculation is
recommended to check the design members again.

By clicking on Optimization button, the specified optimization groups and present utilizations of the
cross-sections can be seen in the following window:

Steel cross-section optimization

Design optimization groups  Optimization

®| S Ed ) Cos1(ULS) | optimization
Original / optim.|  Optimization M ™ am b [ n || & Web
Grou | Allowed utilizat.. Utilization Objective Str. Buckl. LTBuckl. Errer Method Opt. |Repla..
P shape iR [kg/m] kg (%1 | tmm|fmmi |{memi | fren] i buckl Pt |Repl
7 [lower columns | HE 280A 1131 0.850 1131 76371] 1069.189 2800 2700| 80| 130|Weight B E s = 7
2| uppercolumns | HE 2804 0531 0.850 0631 76371 1069.189 2800 2700| 80| 130/ Weight . . . . - v

) Replace cross-sections

|Click to get result values or draw a frame to select. Use SHIFT to add elements to the selection

oK Cancel
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Optimization

Optimization o

Replace
cross-sections

€ Replace cross-sections

Click on Optimization button, then the software starts calculation procedure. A warning message will
appear, click on OK to continue.

Warning
AutoMer method was selected to check lateral-torsional

buckling. It may take a long time to complete the
optimization with this setting. Continue?

Yes No

In the bottom line, a proaress bar shows the current state.

Optimization process (Design optimization group: 1)

H ©

Index Name: Status bimml b [mm] tw [mm] tf [mm] Utilization
1 lower colu... Mm% 3000 3780 10.0 13.0 0.799
2 uppercolu..

Filness value

0 5 10 165 20 25 30 35 4 45 5O 55 GO 66
Number ofiterations

Optimization (Press Esc to cancel) 36% (9 sec IeFt

Exit

When the optimization process is complete, as a result the suggested cross-section is displayed under
the row of the current cross-section:

Steel cross-section optimization - 0

Design optimization groups  Optimization

| & ES ® Co1 (ULS) | optimition ()
Original / optim..| - Optimization . M ™ am b | n Y Web
Grou Allowed utilizat.. | Utilization Objective st Buckl. | LTBuck Error Method Opt. |Repla
P shape utilization [kg/m] [kg] (%1 | tmm]{ from] | {mem] | from] 7 buckl Pt | ReP?
1|lower columns | HE 2304 1131 0850 1131 76371 1069189 2800 2700] 80| 13.0|Weight . . . = v
HE 400 AA 0799 3 0799 92416 1203818 21/300.,378.,] 95| 130 = Library [ |
2| upper columns | HE 280 A 0631 0850 0631 76371 1069.189 | 280.0| 2700| 80| 13.0|Weight . . . . - 7
HE 260A 0759 - 0759 68171 954398 -11/260..) 250.. 75| 125 = Library | ]

) Replace cross-sections

Click to get result values o draw a frame to select, Use SHIFT to add elements to the selection,

oK Cancel

Considering the specified parameters for optimization, the software suggests to apply shape HE 260
A for upper columns, and HE 400 AA for lower columns.

In our example, only the lower columns will be replaced, the cross-section of the upper columns will
be kept. To replace cross-section, click on Replace field in the row of lower columns, then Replace
cross-section icon in the lower right corner becomes active:
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Steel cross-section optimization

Design optimization groups Optimization

& | & ES ) Co#1 (ULS) -] | gptimization
Original / optim.. | Optimization M ™ am b bt |t Web
‘ Group nope vtiotion|loved utizst. | Utilzston | el P P P P P (R . Buckl. | LTBuckl. | ° Eror Method Opt. |Repla.
1 lower columns | HE 280 A 1131 0900 1131 76371 1069.189 2800 270080, 12.0|Weight . . . . - v
HE 400 AR 0799 - 0799 92416 1293818 21/300.,378.. 95[ 130 - Library.
2| upper columns | HE 280A 0531 0900 0631 76371 1069189 2800 2700] 80| 13.0| Weight . = v
HE 260A 0759 - 0750 68171 954398 -11/260.., 250, 75| 125 E

Library.

) Replace crosssections

|Click to get result values or craw 2 frame to select. Use SHIFT to add elements to the selection,

Cancel
Activate Replacing cross-section icon, then software offers to save the model under a new name be-
fore replacing cross-sections:

Replacing cross-sections
Save the model under a new name before replacing

cross-sections?

Yes No Cancel

Click on No, keep the original file name.

In the following window click on Yes:

Xﬂ Saving model

= You have modified the model. Results will be cleared.
Save changes?

Yes No Save as.. Cancel

Changing the model by replacing cross-sections, the model must be saved and previous results of
static analysis will be deleted.

Linear static On Static tab, run a new Linear static analysis.

analysis

P
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Steel design Let us go back to Steel design tab and check utilization of the design members. Every member is safe
after the strengthening, the optimization can be finished:

0.303
0.101

0.359
0.218]"

0.221

0.1%L

In the figure can be seen, that the maximum utilization of the critical member in the right corner is
0,928 (92,8%) after modification. This result is greater than the value that was set for optimization.
This increase is due to the change in internal forces.

R. C. design Design pad footing of column A7, change to R. C. design tab:

Geometryl Elementsl Loads | Mesh | Static | Buckling | ‘u"ibrationl Dynamic R. C. Design |5tee| designl Timberdesignl

D 77 §= | Col (ULS) + | N[N v [ None v||1 =

xnak
= min

| RS RS

Pad footing design  Click on Pad footing design icon and select the nodal support of column A7. Confirm selection with

% OK.

Footing design pa-  Then Footing design parameters window shows up:
rameters
Footing design parameters X
Footing Reinforcement  Soil Checks
;—'\ E g I; Concrete  C16/20 hd
Check e
Plate footing [[IChecl —
R o 5 fkicy e ez
T H 1
~fEdr | o]t hv@-x- v E "
'h @1 W 1 h [mm] =
Footing plate hy, [mm] =

Bpae (MMl = 1500 (]| &

"
I

JE EN-
@ | o -
—1 1
_________________ 4
Coefficient for seismic forces £, =

Pick up »» Cancel
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Soil database

9

In the parameters window select quadratic pad footing, set concrete Concrete strength to €30/37,
soil cover - t [mm] to 1700 and bmax [mMm] to 1200:

Footing design parameters

e e

Focting Reinforcement  Soil Checks

Plate footing [ Check
s FaKe g B
T e
8 B g
B b :
Footing plate
X3 max (MM = (750 (& @y oo [mm]= (750 &) &
Xy max [MM] = 750 @| &Y o [MM]= {750 3| #
s
Pick up »

Concrete | C30/37

Coefficient for seismic forces

0K

I

Cancel

On reinforcement tab check Calculate reinforcement and Punching reinforcement function, and set
reinforcement parameters as shown below:

Footing design parameters

Calculate reinforcement

Plate thickness: 300 mm

cg [mm] = (20-234)

Pick up »

Footing Reinforcement  Soil Checks

Rebar steel B500B ~

Concrete cover Diameter Direction
o7 [mm] = (20-234)  @[mm]=
. .. @ [mm] =
T—»x 8 Fee @ [mm] =

Punching reinforcement

d =444 mm

Rebar steel | B500B ~

Shear reinforcement

d,, [mm]= |10 v

af]= (%0 “

Radial rebar spacing
o o=
=0.75d =333

Distance of the first perimeter
of shear reinforcement

sy [mm] = <5, =300

=

OK

0,5d =222

Cancel

On Soil tab, click on Soil database icon to select predefined soil characteristics, then the following

window shows up:
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Layer thickness

Add new soil layer

+

Soil database

<

Soil database X

Coarse 303D humid | underwater Fine Vo!d TS
damp ratio | ctiff | firm | soft
Cobbles, Loose | ASL | AMNL AVL 04 | kK4 | 154
gravel Solid | AST | ANT AT . 05 | K5 | 155 | IPS
Mixed non-silty, |Loose | BSL BML BYL SHiE 07 | k7 | IST | IPT
sandy gravel [ Solid | BST | BNT BVT 1,0 | IK10 | 1510 | IP10
Homegenous, | Loose | CSL | CML CvL 04 | JK4
coarse and
medium sand Solid | CST | CNT T Lean clay 05 [EIGEIEEE
Mixed silty sand Loose | DSL | DNL DvL ?’; JJ& JJSS‘I;; JJ;'-':;'
Solid | DST | DNT DVT a
04 | Kka
Homogenous fine | Loose | ESL | EML EVL 5 G
non-silty sand Solid | EST | ENT EVT Medium clay —
Very fine sand Loose | FSL | FML FVL 07 | KK7 | KS7 | KB
i Sofid | FST | FNT | FVT 1.0 |KK10 |K510 (RFI0
Ty Loose | GSL | GML GVL E’: t:: =
Solid | GST | GNT GVT Fat clay 2
07 | LK7 | LS7 | LPT
1,0 | LK10 | LS10 | LP10

OK

Select type CST (Homogenous, coarse and medium sand, in dry or damp column and Solid row),
then parameters of the selected soil are shown in bottom left corner:

ST vikg/m? 1| @71 | @r 1 | @z 7] | B INfmm?] | pl]
2000 35.00 32.00 27.00 63.00 0.20
Selid, dry sand

Confirm selection wi

th OK.

Enter 6,0 m in Layer thickness field.

Add defined soil layer to the Soil profile with + icon.

Click on Soil database icon in Backfill options to define soil type for soil fill above pad's bottom lev-
el. Select BST (Mixed Non-silty, sandy gravel in dry or damp column and Solid row). Then confirm
with OK. The following window will be displayed:

Footing design parameters X

Footing Reinforcement Soil

Soil profile

Pick up »

Checks

soill ~ )( n @

Soil

+/ 1t 1]x
csT D@

Solid, dry sand

Soil type | Coarse ~

Layerthickness  h[m]=

Modify layer

Backfill
BsT U <
Selid, dry, sandy gravel
X
Soil type | Coarse b
or-
"] Undrained loading
= |60.00
FA R d<=047V_

[ ] Passive earth pressure

e =

After click on OK and enter the Name of the specified soil profile:



Step by step tutorial

61

Save sail profile

Mame

soill

Save a copy to th

e soil profile library

Type in name ‘soilT’ and save profile with OK. Program calculates the required dimensions and rein-
forcement of pad footing.

The next warning message shows up, close it with OK.

Warning

Size of the footplate is smaller than the critical punching line
so punching cannot be checked.

Pad footing design - m]
File Display Window
PEHE 2R [(@oau -
X
Eurocode
Plate footing
€30/37
Nodal supp. 2
Load case : Linear, Co #1 (ULS)
| | | | | foa = 1.000
bx[mm] = 1058.0
- — by[mm] = 1058.0
fmm] = 1700.0
gl — L hy [mm] = 500.0
E hy [mm] = 100.0
85004
= = agyy [mm2/m] = 804
= agy; [mm2/m] = 804%
— — o = 0.952
al | Rhb .
NeQU rmax = 0.087
1 | I L | Y = 0.073
0.528 . oste Punching
e A N
1.058 olkN/mZ]=  727.013
q'[kN/m2] = 33.354
Settlement[mm] = 7.282
Limit depth[m] = -5.400
—x
B HAF GO B
Pick up > Design calculations N oK Cancel

The required

dimensions and reinforcement are shown in plain view and in Info window.

The view can be rotated as usual or a perspective view can be requested, if necessary (see Display

menu). By clicking on Settings icon, the desired display parameters can be set.



62

AX1IVM X4

Design
calculations

By clicking on Design calculations button, the software presents a detailed design calculation report:

Design calculations

Pad footing design
Code: Eurocode

‘Soil parameters

ToP | fhickness | Density Augle ofshear oo o | Young's | c0
o level resistance modulus .
Name Description by Py 0 < E, ratio
&) 3 2
| | Deim’] I VlkN/m il #
CST Solid, dry sand 0 6 2000 35.00 — 63000 02
Footing
Geometry: Materials
Concrete: C30/37
oy = 30 N/mm?
Density: p. = 2200 kg/m*
Reinforced concrete
Density: pye. = 2500 kg/n*
Rebar steel

Longitudinal rebars: BS00B
fip = 500,25 N/mm?

Punching reinforcement BS00B
Sro = 500.25 N/mm?

i J00 *
| o2 u.528 i

0528 [

1.058

1058 . 1058 .

Substitution

[ - & B[]

Click on OK;, to close window and function.
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3. SLAB MODEL

Objective

Start

Define of
geometry -

Elements

Calculate maximum bending moment, the required reinforcement of the slab shown below. Define ac-
tual reinforcement and calculate the maximum deflection by nonlinear analysis.

8.40

T Pimedsupport
. R
N
= = \‘
% ‘ §: a x‘ *
@ 2| 7 < 8
© e ‘ = | S
(= O
0 =z B Ul A
| | g
| N
A e e pa—— A
Pinned support
" 6.40 . 1.50 50

The thickness of the slab is 200 mm, concrete strength is C25/30, the rebar is B500A type. Use Eurocode
2 for design.

Start AxisVMX4 by double-clicking on AxisVMX4 icon in its installation folder, found in Start — Pro-
grams menu.

Create a new model by clicking on New icon. In the dialogue window replace Model file name with
‘Slab’, select Eurocode from Design codes and set Unit and formats to EU.

MNew model X
Select a view &
to start with Eolder ‘C:\Users\lstva’ﬂ T\Desktop\Step by Steph ~ | =
Model file name: |Slab ‘
i
s Design code  Eurocode ~ m
Top view
Units and formats | EU ~ Change settings...
z
LEH Report language |§|E English v|
%
Front view
Page header
z
k@ |Proje.:t |
®
Preraa (Company loga) |Ana|ysi5 by |

Comment |

Project
Analysis by
Model: Slab.axs

Starting workplane also can be set on the left in this window. Change workplane to X-Y Top view. Our
slab will be parallel to this plane, and the gravity load acts in -Z direction. This setting can also be done
using Choosing view icon on the editing interface.

Click OK to close the dialog window.

The geometry of the slab will be created by using of editing tools.

Select the Elements tab to bring up Elements toolbar.

Geometry Elements l Loads l Mesh l Static l Bucklingl Vibrationl Dynamicl R. C. Design | Steel design l Timber designl

s = e LA e
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Draw objects
directly

&

Ao

Slab

Material library
import

Type

Thickness

By clicking on Draw objects directly icon shows following window:

=20
Type

Material

Allow variable cro..
Cross-section
Lecal x orientation
Lecal z reference

[+ End releases

AT

x
= @ < (g

Beam

-

Forward
= Auto

O

Change element type to Slab. Click on this icon even it is already selected because of the order of fol-

lowing steps.

The following window shows after clicking:

Warning

Mo element material defined.

@ Browse material library...

Click on OK to Browse cross-section libraries...:

Material Library Import - Eurocode

Design code Materials

[#- CSA 56-06 [Rev. 2010 ~ | | 52B0GD+Z275 ~

4 DIN (German) §3206D+Z275
S3530GD+Z275

=8 Eurocode c12/15

[+ Eurocode [A] C16/20

[#- Eurocode [B] C20/25

- Eurocode [CZ] C25/30

[+ Eurocode [D] Eggji;

[+~ Eurocode [FIN] €40/50

[#- Eurocode [H] C45/55

[#- Eurocode [NL] C50/60

(- Eurocode [PL] c14

(- Eurocode [RO] gg

[+- Eurocode [SK] can

[#- Eurocode [UK] 22

[#- MSZ (Hungarian) C24

- NBCC 1995 v |

< > 30 v

C25/30
Type

E [N/mm?]

v

ar [1/°C]

p [kg/m?]
oy [N/mm?]
A\

Qe

L

/i
Concrete
lsotropic
31500
0.20
1E-5
2500
25.00
1.500
1.00
2.00

[AX1SVM X4

oK

Cancel

Roll down in the list of Materials by using vertical sliding bar (or roll mouse wheel) and click on

C25/30, then click on OK.

Change object Type to Plate.

Set Thickness [mm] to 200.
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Complex slab

)

Nodes in Relative
coordinate system

Nodes in Relative
coordinate system

Arc by three
points
AT

i

Line

&

Click on Complex slab icon. To define the geometry, user can draw the slab directly or define the coor-
dinates. Firstly, use global coordinates (when d button is not pressed in Coordinates palette).

Define coordinates by the following.
For the first point press keys below:

X 0 Yy 0 Z 0 <Enter>.

To enter additional points, select the relative coordinate system input. User can change coordinate sys-
tem by pressing the d button on the Coordinates palette.

If d button is down (pressed) it denotes relative coordinates. X turns to dX and so on indicating that we
are defining relative coordinates. The relative point of origin is shown as thick blue X (cross turned 45°.)

The next figure shows state when d button is active:

b dx[m] : 8.400 dr[m] : 9.062
d¥Im] : -3.400 d a[®]: 337.96
dZ[m] : 0 dh[m]: 0

dL[m] : 5.082

Continue defining the next point with relative coordinates. Press following keys:

X 79 \ 0 Z O <Enter>.

b dx[m]: 7.9 dr[m] : 0.400
d¥[m]: O daf®]: 0
dz[m]: o dh[m] : 0

dL[m] : 0.400

Now, click on Arc by three points icon on the tool palette under Draw objects directly window:

2 ECC oA S

Press following keys to define next contour points:

X 05 y 34 7z 0 <Enter>
X 0 y 68 z 0 <Enter>

Click on Line icon on the auxiliary palette:
x T *
MECCE A 4

Press following keys to define next points:

X -79 y 0 7z O <Enter>,

Then press Enter again to finish (close) contour definition.
Exit from Draw objects directly by pressing Esc.
The following will be displayed in the main window:
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To move the origin of the local coordinate system to the bottom left corner of the slab, move cursor to
that position and press Insert key.
Geometry Click on Geometry tab:
Geometrﬂaements] Loads | Mesh | Static | Buckling | Vibration | Dynamic | R. C. Design | Steel design | Timber design |
| AOE DO 0| F FHEBPE S CE A AT SHE N L H
Node Click on Node icon to create additional inner points and enter the following coordinates.

X 64 Yy 2.2 <Enter>

X 0 y 24 <Enter>
The given coordinates are relatives. After the first node has been cre-
ated, the relative origin jumps to the specified point.

Press Esc to close function.

The following will be displayed in the main window:

Please note, the thin red line represents the contour and type of the domain. Moving the cursor over
the contour, hint shows up displaying properties of the element:

[Domain 1 [plate]] 200 mm
C25/30

27998.221 kg

x Refs Auto, z Ref: Auto

Zoom to fit Click on Zoom to fit for better view.
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Elements Change to Elements tab.

Geomet Elements | Loads | Mesh | Static | Buckling | Vibration namic | R. C, Design | Steel design | Timber design
Ty g9 g g g

BE s/700dldduy e —eF@G 25 0 ma| Xl L p

Nodal support Define nodal supports. Click on Nodal support icon, then select inner nodes and confirm with OK. The
following window shows up:

3

MNodal supports
@® Define O Maodify

® Global

> Referential

> Bearn/Rib relative
& Edge relative

Reference [ Monlinear parameters

Ry [kN/m] = [1E+10 v
Ry [kN/m] = [1E+10 v
Rz [kN/m] =|1E+10

Ryy [kNm/rad] = [1E+10

Ryy [Nm/rad] = [1E+10 v

RE [kMrm/rad] = |[1E+10 i

Pick up »» Calculation... Cancel

Global node sup- Click on Calculation... button, then the following window shows up:
port calculation

Global node support calculation

[] Column above

aterial End releases
C25/30 '
Cross-section T “r
L[m]= ’J” ’J”
Column below
z Material End releases
= X
C25/30 v [l ¥
L Cross-section

‘ X

Ry [kM/m] = 0| Ry [kMm/rad] = 0
Ry [KN/m] = 0| Ry [kNm/rad] = o
Rz [kMN/m] = 0| Ryz [kNm/rad] = 0

oK Cancel

Here, stiffnesses of the support can be automatically calculated if the main parameters are specified for
(lower/upper) columns.
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New cross-section Click on New cross-section icon, the following window shows up:

L

File Edit Display Window

@%ﬂ < o Thin Thick |

QI DOOIEZIXVYTO@eanAe I

[EE-]

o 04 E S P

=
[

P

oo =
Wyplmm# ] =0
waz,pl[mm3
Wy, el t[mm3
Wy,el b[mm3
Wz, el t[mm3
wz,el b[mm?3
P, [mm] =
B;[mm] =

dY[mm] : 683.6 drfmm] : 1244.2
dZ[mm] : 1039.6 d  al°]: 56.67
y dL[mm] : 1244.2

BQH D >

1
1
1
1
1
1

~

Rectangular shape  Click on Rectangular shape icon and fill the required fields in the window:

. ngular shape

Dimensions
b [mm] = |300
h [mm] = |300
Rotation

I Place I | Cancel |

Set b and h sizes to 300 mm, and click on Place button. Click anywhere in the window to place the new
cross-section.

The following will be displayed:
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Line support

File Edit Display Window

ST o - - ™ Tk |

n@wT 00 DZXVTOeO0-ac|nda

LRSI SR i O 74

[
g

F o

L,

/&<

B

dv[mm] : 331.9
dz[mm]: 211.2
dilmm] : 393.4

More parameters

New cross-section
“Ax[mmZ] = 90000.01|
Iy[mm*] = 6.8E+08)
Iz[mm*] = 6.8E+08|

d r{mm] : 393.4
d al°]: 32.47

v

>

Click on OK and enter the Name of the new cross-section to save.

New cross-section
Enter cross-section name.

Mame m

Remember cross-section position

Set L [m] to 3-at, and click on OK. In the Nodal support window, the stiffness components will be set

automatically with the calculated values.
After click on OK to close.

To define line supports, click on Line supports icon, then select the following lines on the contour: se-

lect the two parallel edges and the one on the left.

Confirm selection with OK and the following will be displayed:
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Line supports

@ Define > Modify

Direction o L' . 1~
< Global B
<> Beam/Rib relative ‘ij

@ Edge relative

[1 MNanlinear parameters

" W
Wi
. Wi~
Ry [KNm/rad/m] =
Ry [kNm/rad/m] =
R.. [kNm/rad/m] =

| Pick up » | | Caleulation... | I oK | | Cancel |

Local line support Click again on Calculation.. button to calculate the stiffnesses automatically considering support con-

Calculation ditions. In the next window set L [m] to 3 and d [m] to 300:
Local line support calculation
[] Wall above
IMaterial : End releases
€25/30 ~ T
L [m] = |3.000 J,,
d [mm] = |200
Wall below
= Matenal End releases
Llm] =
d[mm] =
Ry [kM/m/m] = 2.33E+5 | Ry [kNm/rad/m] = 28F+4
R, [kN/m/m] = 9.33E+3 | R, [kNm/rad/m] = 1E+0
R, [kN/m/m] = 21E+6 | R [kNm/rad/m] = 1E+0
[ ok | conca |

To set End Releases to pinned, click on both icons:
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Local line support calculation

[] Wall above
Material End releases

€25/30 Nz “r

L [m] = |3.000 ,J,,

d [mm] = |200

Wall below
o B ® Material End releases
: 3
R, [kM/m/m] = 3.5E+5 | Ry [kMm/rad/m] = o
R, [kN/m/m] = 0| Ry, [kNm/rad/m] = 1E+0
R, [kM/m/m] = 3.15E+6 | R [kNm/rad/m]=  1E+0
[ ok ] cancel |

Confirm settings with OK and the calculated values are displayed at the components in Line support
window. Click on OK to close the window and the following will be displayed in the main window:

il

Loads Next step is to define loads on the slab, click on Loads tab:

Geometryl Elements Loads | Mesh | Static | Buckling | ‘u’ibrationl [}ynamicl R.C. Designl Steel design | Timber designl

hhtaygepo BN 2R el @@ n FE =&

i
&=
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Load cases and load  Various loads should be separated into load cases. Click on Load cases and load groups icon to add
groups new load cases.

|l“'| i Load groups and load cases = m} X
-1 Ungrouped Load case Add
b Duplicate
sT1
wers o
contains no loads. Conversion o4 a5
h F &
Load
oad group }ﬂ%" nEr &
Ungrouped
= ¥
"‘:} Eurocode
Load group Add
=
¥ Delete Critical load group combinations... oK Cancel

In the window that appears, click on the name STT in the top left corner and rename it to SELF-
WEIGHT. (ST1 is an automatically generated load case, which should be renamed in our example.)

Close window with OK, then the previously edited load case (SELF-WEIGHT) is x|

. . Code [l Eurocode
active. The actual load case is indicated on Info palette: Case : SELF-WEIGHT

Self weight Click on Self weight icon then select all elements with All (*) button. By clicking on OK, a red dashed
G line parallel to the contour line indicates the self weight of the domain.

G=-491

Display options Click on Display options, then on Symbols tab uncheck Mesh and Surface centre under Graphics
Ay Symbols group. Close with OK.
oo
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New Load case

H

Distributed load on
domain

A

Distributed
domain load

Domain line load

Al

Arc by
three points

0|

Load value

Open again Load cases and load groups window and create new Static load case with Name FINISH-
ES, this load case will contain loads from slab finishes (in our example 2,5 kN/m?). Close with OK.

Click on Distributed load on domain icon, then the following window shows up:

x Cw—
Direction Load value Pickup =

Type py [kN/m?] =

m [y pz [kNfm?] = @
BooD2 02 L Close

Global on surface w py [kN/m?] =

(=]
<

=]
<

(=]
<

Set pz [kN/m?] to -2,5 (negative value denotes opposite direction to local z direction).

Assign load to the slab by clicking on Distributed domain load icon, then click inside the domain.

To define line load on the arched perimeter (load of balustrade), click on Domain line load icon. The
following window shows up:

Directs i
T Py [N/l = [0 - Py [kN/m] = [0 || |
v
Py [kN/m] = |0 v Pys [kN/m] = |0 v
pzy [kN/m] = |0 ~ pzz [kN/m]= |0 w
M, (kNm/m]= |0 ~ M,z [kNm/m] = |0 -
//_‘DQA/-)F\“‘D/{I% Close

Set pz1 and pz2 load values at the endpoints to -T.
Select Arc by three points icon from bottom row, then click bottom, central and top points of the
curved edge. Then again click on top point of edge, finally press Esc to exit.

Switch on load intensity using Numbering function at Speed buttons (in the bottom right corner). Click
on Numbering icon and the following list opens:

] Node

[] Domain

[] Support

] Material

"] Cross-section

["] Cross-section name

[] Thickness

Load value
Line
Surface

Units

Here, check Load value and Units checkboxes.

The following will be displayed showing the load intensity and units on the domain:
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New Load case

Hl

Load
combinations

New row

+

New row

+

PZ=-2.50 kKNim*2

Create a new load case with name LIVE LOAD.
Specify live load on the slab in this load case. Define Distributed load on domain as shown previously.

Set load intensity to -3,0 kN/m?2.

Creating load cases have been finished, now load combinations should be set for design and checking.
Activate Load combinations icon to open the following window:

al
File Edit Format Report Help
MODEL DATA Al 4 ‘ By ‘Eg ‘ ‘
Materials (1)
- Cross-sections (1) Custom load combinations by load cases

ALAM timber panels | Name ‘ Type ‘SELF—WEIGHT FINISHES | LIVELOAD Comment

References

Nodes () |

EHements

Loads

SELF-WEIGHT (1)

- FINISHES (2)

LIVELOAD (1)

Load cases (3)

Critical load group combinations (1)

Custom load combinations

By load groups

Functions e

Editing oK Cancel

Add two load combinations to the list and specify factors to combine load cases. Create first load com-
bination by clicking on New row icon. Leave the name on default (Co.#7). Select SLS Quasipermanent
combination type, and apply the following factors for each load case:

SELF-WEIGHT 1.00 <Tab>
FINISIHES 1.00 <Tab>
LIVE LOAD 030 <Tab>

Enter these values into the appropriate cells.
Click on again New row icon to specify the second load combination. Keep the default name Co.#2, se-

lect ULS combination type and specify the following factors:

SELF-WEIGHT 135 <Tab>
FINISHES 135 <Tab>
LIVE LOAD 150 <Tab>

Click on OK to confirm load combinations.

We have finished with basic data input but mesh must be generated before calculation.
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Mesh Select Mesh tab to define domain mesh:
Geometr],rl Elementsl Loads  Mesh | Static | Eucklingl ‘u"ibrationl D],rnamicl R. C. Design | Steel design | Timber design

™| EEEE B o x

Domain meshing Click on Domain meshing icon, then select All (*) elements and confirm with OK. In the following win-
ﬁ dow select quadrangle as mesh type, set Average mesh element size [m] to 0.65. Check Fit mesh to
load and activate Adjust mesh to column heads function. Using the last option, the mesh will be

properly adjusted to column heads to prepare cutting of moment peaks (for more information, please
see User’s manual).

Meshing parameters X
@ Define < Modif
Mesh type

Average mesh element size [m] =

Fit mesh to loads

| Point loads | 2 [kN] = D
| Line loads | = [kh/m] = D
| Surface loads | = [kN/m?] =

Adjust mesh to celumn heads (te enable
cutting of moment peaks)

Contour division method
@ Uniform mesh size
(e} Adaptive mesh size

Smoothing
]

[] Create mesh only for unmeshed domains
[ Calculation of domain intersections
[[]Keep generated mesh guidelines if meshing fails

Click on OK, then the automatic mesh generation starts.

Progress bar shows the progress of meshing:

Mesh generation

Abort

The following will be displayed in the main window after meshing:
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Pz:I-B.UD:kNm;“Z ; A ’
Moving the cursor over the centre of a finite elements (red dot), a hint shows up displaying the proper-
ties of the element:
[Plate 84]
Jcasse | : .
200 mm
Domain 1
=|x Ref: Auto|= 1 7
z Ref: Auto
Display options Switch on visibility of local coordinate system of the defined finite elements. Activate Display options
Aan, and select Symbols tab:
oo

Display options

Symbols  Labels Switches
Graphics symbols Local systems
MNode ["] Beam
Trusses "] Rib
Beams ] Virtual beam
Virtual beams Surface
Ribs ["] Domain
Center of circle [] Support
Domain [] Spring
Surface center [] Gap
Mesh [] Link
Nodal support [] Edge hinge
Line support [[] Load panel
Surface support
[] Display footings [ Loads
[ Dimension lines Concentrated
[ Detailed dirnension lines Line
Springs Surface
Gap elements Temperature
Links Fire
Rigids Self weight
Diaphragm Other
Reference Load panel
Cross-section shape Abutting wall or parapet (for snow
End releases loads) / Edges with return corner
Structural members (for wind loads)
[] Reinforcement param.
Reinforcement domain ["] Load distribution scheme
Mass [ Derived beam load
[[] Moving load phases
Thickness reference points Transparent load diagrams
Object contours in 30
Auto refresh
["] Refresh all
[[] Save as default Cancel
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In Local systems group, check Surface checkbox and close window with OK.
Now, the local system is shown on every finite element: the red line denotes x direction, yellow for y
direction and green for z direction.

Display options Switch off Local system of Surface elements in Display options window, this will not be necessary
Ay now.

oo
Static Click on Static tab to analyse the model:

Geometryl Elementsl Loads | Mesh  Static | Buckling | Vibration | Dynamicl R. C. Design | Steel design | Timber design |

: : ‘ G= | 4 SELF-WEIGHT v | &Z[mm] - | Isosurfaces 20 v|| =
Linear static Click on Linear static analysis icon to run analysis.
analysis
P
Nodal degrees of Program checks the model, warns to set nodal degrees of freedom and offers one type in the following
freedom dialog box:
Nodal DOF

( Plate in X-Y¥ plane )

Set the nodal degrees of freedom autematically?

[[] Save model with these settings

Yes No

Check Save model with these settings checkbox and degree of freedom settings will be saved. Click
on Yes to accept suggestion (Plane in X-Y plane), then program continues analysis.

The progress bar shows the calculation process:

(xB4) Linear analysis of Slab.axs

PlateQ9 element equilibrated load evaluation

[[] Close if completed Cancel

<«

Messages
%5256 Winkler rib support element stress evaluation ~
5256 Winkler rib support element equilibrated load evaluation
4:52:36  Winkler rib support element equilibrated load assembly
4:52:56 PlateQ9 element strain evaluation
9:32:36 PlateQ? element stress evaluation

9:32:36 PlateQ9 element equilibrated load evaluation v
Statistics ¥
Mumber of equations 3373 x‘ -
Equations memory 2.35 M — -

Estimated memory requirement 8,51 M Rib .
Solver block size 233 M SoringG
Largest available memory block: 9,107 G o
Analysis block size 3 M .
Available physical memory: 10,71 G
Total physical memorny: 1594 G
CPU Intel(R) Core(TM) i5-6500 CPU @ 3.20GHz (4x)

Single thread 3192 MHz

Model optimization 00:00 -“: .
Model verification 00:00 I:o.a;i ca:e 3
Analysis 00:00 Combination 2

Result file generation

Click on Statistics to see more information about the analysis.
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Min, max values

=y
= min

The top progress bar shows progress of the actual task. The progress bar bellow is showing the total
progress. Estimated Memory Requirement shows size of used virtual memory for analysis. If the PC's
memory size is less than this, error message regarding size of virtual memory will be displayed.

The calculation closes with the next window, then click on OK to close window.

(x64) Linear analysis of Slab.axs

Analysis of Slab.axs completed.

[[] Close if completed
Messages ¥

9:52:56 Calculating smoothed surface force combinations.. ~
9:52:56 Saving smoothed surface force combinations...
9:52:56 Calculating surface support force combinations...
9:52:36 Calculating smoothed surface support force combinations...
9:52:56 Calculating support element internal force combinations..,
9:52:56 Analysis of Slab.axs completed. v

Statistics

£

Mumber of equations 3373 x‘
Equations memory 2.35 M —

Estimated memory requirement 8,51 M Rib -
Solver block size 2.35M Spring -
Largest available memory block: 9.107 G i
Analysis block size 3 M
Available physical memory: 10.71G —
Total physical memory: 1594 G
CPU Intel(R) Core(TM) i53-6500 CPU @ 3.20GHz (4x)

Single thread 3192 MHz 268
Model optimization 00:00 - . )
Model verification 00:00 Load case 3
Analysis 00:00 Combination 2
Result file size: 1.27 M. 00:00

Returning to the main window, the program displays automatically vertical deformations ez [mm] con-
sidering SELF-WEIGHT load case in Isosurfaces 2D display mode.

Select load combination Co.#1 (SLS) to check serviceability limit states (note: this is only the result of
linear analysis):

44 SELF-WEIGHT > |el[r

Linear analysis

-+ FIMISHES

44 LIVE LOAD

41 Co#1 (515 Quasipermanent)
#) Co#2 (ULS)

[ Envelopes

Deformation values are negative because the positive direction of global Z axis is opposite to the direc-
tion of the specified loads.

To find location of maximum deformation, use Min, max values function. By clicking on icon, shows up
following window:

Model extremes x

Displacements

eX [mm] fX[rad]
e¥ [mm] fY [rad]
ef [mm] fZ[rad]
eR[mm] R [rad]
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Select one of the deformation components. Confirm with OK; then the program shows maximum nega-
tive value and its location as well:

Node 545

Case:|Co #1, SLS Quasiperma

X [mm] =
& [mm] =
<Z [mm] =
X [rad] = L “p102mm
1 [rad] =
1Z[rad] = 0
eR[mm]= 237
1R [rad] = 0.00005

Click on OK to continue, then the result panel jumps to the maximum positive value:

Node 1

Case:|Co #1, 5L5 Quasiperma

eX[mm] =
&Y [mm]
eZ [mm]
fX [rad]
Y [rad]
fZ [rad]
R [mm]
fR [rad] =

L “p102mm

Color legend The Color legend shows boundary values of each color. Adjust number of boundary values by dragging
the bottom edge of the palette:
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x
eZ
[mm]
N o
e
u -0.325 X
n 0,456 22
W cee tmmi
e N o
= L=
=D T
W34 5780
W 50 T ~.046
il eso e
L= s
X )
W50 W1
= =
T ==
[15 [10

Find areas where the deflection is larger than 2.7 mm. Click on Color legend, then a setup window
shows up. On the left side, click on the bottom value of the list and change default value (-2.423) to -
2.1.

eZ Color legend setup

. 0.017 Values  Colors
m |2 Levels 10 |
B -0.515
L _?;‘22 Limits [ Round calculated values
| Wy © Min, Max of model -2.373...0.017
131
|| 1577 3 Min, Max of parts -2.373...0.017
= -1.842  Absolute max. of model -2.373..2.373
] -2.108  Absolute max. of parts -2.373..2373
21| o
Custom
@ Auto interpolate
p
' By step value A= |1

Save as.

Hatching for out of range values | Transparent

Color gradient direction | Reverse

[7] Isosurface contours
[] Isaline labels

Display

Auto refresh
[ Refresh all

OK Cancel

Press Enter, then Auto interpolate function sets the other boundary values.

Close window with OK, in the main window the following will be displayed:
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Area with larger than 2.7 mm is indicated by the hatched area in blue.

Isolines See results in Isolines display mode as well. Click on arrow right to Isosurfaces 2D title and select Iso-
lines in the drop list.

Isolines |v

Diagram
Section line

Filled section line diagram

Isosurfaces 20
Mone

The resulting figure is the next:

/ﬁ\

Views Change view to Perspective.
2
= 13 1y [ b

Change Perspective settings as shown below:
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Result display
parameters
=n
B
B

Views

A

X H|au.u ¢| 1..r|:32c|.u :| p|u.u ¢| Y, @ | & & & X
Observation distance

< U | I | =)

then click on X in the top right corner to close window.

To see the deformed shape, click on Result display parameters icon. Select Deformed Display shape
in the window and confirm with OK. Now, the deformed shape is displayed, if necessary change scale of
the diagram (next to the Display mode drop down list).

Change view to X-Y Top view!
{7 [y A B

After the deformations component ez, check internal forces of the slab.

For this purpose, firstly select load combination Co.#2 (ULS).

Click on arrow next to ez [mm] title, then the following drop list appears showing different result com-
ponents:

eZ [mm] * | Isolines
= Displacement
- eX [mm]

&Y [mm]

- ¥ [rad]

- Y [rad]
--fZ [rad]

- &R [mm]

- fR [rad]

- Surface internal forces
+- Intensity variation

+ Nodal support internal forces

i
£
- Surface stresses
&
[+

+ Line support internal forces

Select Surface internal forces — mx [kNm/m] then mx moments will be displayed in Isolines mode.
The mx specific moment represents the moment that rotates around local y axis. With same method,
select and see the following result components: my, mxy.

Now, select Rz [kN] component in Nodal support internal forces list to check vertical internal force in
nodal supports.
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Result display Activate Results display parameters icon:

parameters

EEH [EEXEEEEDER | Nonlinear analysis | Dynamic analysis | [JEEER| Envelope | Critcal
=
Load case Compenent Section lines
[ Co2uLs) ~] Rz [kN] hd
Scale by El
Display mode
Diagram v
Display shape
Undeformed [EZIGET]
Write values to
[ Nodes
[ Lines
[ surfaces
Min./Max. only ["] Draw diagram in the
plane of the elements
Miscellaneous settings... A Draw section plane
contou
Cut moment peaks over columns s
[ Refresh all

In this window select Write values to Nodes function and close with OK to see the results:

Change result component to Rz [kN/m] in group Line support internal forces. Activate Result display
parameters window and check Write values to Lines function to see the result values.

E EE b
z TE 2
~38.227 kNJ

|
E E E EE El
z z 2 zz z
£ £ £ ZZ £
= g & 83 3
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R. C. design Click on R. C. design tab to calculate required reinforcement and to apply actual reinforcement.

Geomet| Elements | Loads | Mesh | Static | Buckling | Vibration namic R, C. Design | Steel design | Timber design
y 9 g < g

|| HE [#cus * | axb [mm2/m] = [ None DS . KT
Reinforcement Click on Reinforcement parameters icon, then select All (*) and confirm with OK. The following Sur-
parameters face reinforcement parameters window shows up:

®

Surface reinforcement parameters (Eurocode)

Materials Reinforcement Cracking Shear

Materials
Concrete | C23/30 w
Maximum aggregate size [mm] =

Rebar steel | B500/& ~
Structural class <4 v

Exposition class Top surface
AC1 Dry or underwater ~
XC1 Dry or underwater ~

Bottom surface
Coefficient for seismic forces f

Nonlinear analysis
Take into account concrete tensile strength

@ fo O fama £, [%a] = 0,473

[] Set current settings as default

Pick up »» Cancel

Firstly, specify Exposition classes on Materials tab. Set XC1 for top and bottom surface.

On Reinforcement tab, set Primary direction of reinforcement as x for top and bottom. Check Apply
minimum cover checkbox:
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Min, max values

xnad
= min

Surface reinforcement parameters (Eurocede)

Materials Reinfoercement Cracking Shear

[7] Calculate with actual thickness

.

ul= (0

Concrete cover Diameter (mm)] Direction

m] = |25 > 25

- b "—H—'- e Top reinforcement
bl

" Bottom reinforcement
L» b3 e

Apply minimum cover

Load transfer

@) Two-way slab
) One-way slab

O In local x direction {3 In local y direction
Take into account the required [] Tep reinforcement
minimum reinforcement [] Bottom reinforcement

Reinforcement directions

® Localx y
O Custom

[] Set current settings as default

Pick up »» Cancel

Close window with OK.
Change display mode to Isosurfaces 2D-re!

Now axb [mm?/m] results can be seen, which is the required amount of reinforcement in local x direc-
tion at bottom of the slab. See Reinforcement values in the list of results where you can also select
required area of reinforcement for other directions as well.

By setting the boundary values of Color legend, the areas that can be reinforced with a certain rebar
spacing (e.g. for @10/160 reinforcement set 491 mm?2/m) can be isolated.

Let us check the required top reinforcement in local x direction, click on axt [mm?/m] result compo-
nent.

To find location of maximum required area of reinforcement, click on Min, max values icon. Select the
appropriate result component in the next window:

Model extremes X

Reinforcement values

axt [rmm?2/m] ayt [mmZ/m]
axb [mm?/m] ayb [mm?/m]
axb,axt [mmZ/m] ayb,ayt [mm?/m]
axb,ayb [mm?/m] axtayt [mm?2/m]
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By clicking on OK, the program shows maximum area of required reinforcement and its location.

Click on OK to exit.

Case:|Co #2, ULS

axb [mm? /m] = 0
ayb [mm?/m] = 0
axt [mm2 /m] = 750
ayt [mm?/m] = 555

o

Apply actual reinforcement according to the requirements.

As a base reinforcement, use @10/160 mm (491 mm?/m) reinforcement on top and bottom layers in
both direction. In the area of maximum moments use @70/760 mm extra reinforcement additionally
(in these areas the total area of reinforcement will be 982 mm?/m).

The previous figure shows that the maximum required reinforcement (750 mm?/m) is less than the ar-
ea of double-reinforcement (982 mm?/m), so the slab can be reinforced by these concepts.

To isolate areas with different reinforcement requirement, set number of levels in Color legend to 3.

Enter the above two values (497 and 982 mm?/m) as boundary values.

axt Color legend setup X

Values  Colors

Levels 3 '
Limits O
2 Min, Max of model 0..750
 Min, Max of parts 0..730
> Absolute max. of model 0..730
& Absolute max. of parts 0..730
& Custom
O Auto interpolate
7 By step value

Save as...

Hatching for out of range values | Transparent
Color gradient direction | Reverse

[] Isosurface contours
[ Isoline labels

Display

Auto refresh
[] Refresh all

Calculate... QK Cancel
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Section lines

Tt

Close settings with OK, then the program separates areas by colors where the specified reinforcement
spacing is still sufficient.

It can be seen that there is no need for upper reinforcement in the middle, hatched area of the slab. In
the blue areas @70/760 mm base reinforcement is needed, and in the vicinity of the columns extra re-
inforcement must be applied (870/160 mm+ @10/160 mm).

Let us examine again design moments in the vicinity of the columns. Go back to Static tab and select
mxD+ design component in Reinforcement design forces list. The result component mxD+ considers
also mxy internal forces.

Select Section lines function from vertical toolbar on the left.
In the popup window click on New section plane button and in the dialog window specify the name of
the section, type in columnT.

0 New section plane

Section plane name |co|umn'||

By clicking on OK, the location of the section plane should be defined. First click on top nodal support
then on bottom nodal support.

The following window will be displayed:
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e

[ Section segments r_—'l" SR J——— "

w i [ Section planes ST i N
W2 columni H“"-:_:._F T =
(71 Section lines \ * \T“‘-»-._ E\
S )
kS S __
column1
Section plane
1of1
New section segment _ o
[[] Draw diagram in the plane of the elements
Mew section segment group
Mew section plane Display
New section line @ In all load cases
3 Current (Co.22 (ULS))
Modify > In this load case only
Delete & For all result components
3 Current (axt]
Seaionlines O::"."'_'-'EE_-'.::“::"‘E"'.:"
Draw section plane contour
Refresh all e p—
Auto refresh
Click on OK to see moments in x direction in plane section of column]1.
Views Change view to Y-Z plane,

Speed buttons

[ 1 x|y 2. BR

and change results from Isosurfaces 2D to Section line, then the internal forces are displayed in sec-
tion defined previously. It can be seen on the diagram, that software cut moment peaks over columns
because this function was activated previously when meshing was created (see User’s manual for more

information about the rules and operation).

columni

columni

4\212 KkNm/m

52.285 kNmim
52.285 kNm/im
51.085 kNm/m
51.085 kNm/m

4/247 KkNm/m

22475 kNmim

1]
i

Now, turn off sections. Click on Section planes speed button (bottom right corner).

Click on Numbering icon (among Speed buttons) and uncheck Write values to

Lines and Units as well.

[] Node

[] Surface

[] Domain

[] Support

] Material

["] Cross-section
["] Cross-section name
[] Thickness

Load value

] Units

Write values to

] Modes

Lines

[] Surfaces
Min./Max. only
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Change view to Perspective and Section line display mode to Isosurfaces 3D.

The following will be displayed which shows design moments in local x direction:

View Return to X-Y view!

= It 1,

R. C. design To specify actual reinforcement, change tab to R. C. design.

Geometryl Elementsl Loads ] Mesh l Static ] Buckling ] 1u‘ibration] Dynamic R, C. Design ]Steel designl Timber designl

0 7 E= | Co2(ULS) | axb [mm2/m] v [ Isosurfaces 20 N ] &
Actual Click on Actual reinforcement icon, the following window shows up:
reinforcement Actual reinforcement %

% Parameters (Eurocode)  Reinforcement -

Min. thickness (h) [mm] = 200
Primary direction of reinforcement
5 =25

Top surface -

©x Oy : hIF*

®x Oy T_,x ..ﬁ::xcB

Bottom surface 23 225
Apply minimum cover

[7] Use this rebar steel and concrete cover by default
Auto refresh
Pick up » % | z:;|z:; % Close

Firstly, the base reinforcement (@70/760 mm) will be specified in each direction, the extra reinforce-
ment will be added to actual reinforcement later.

On Parameters tab, set x direction as Primary direction of reinforcement on top and bottom surface
and check Apply minimum cover checkbox.

On Reinforcement tab, set Rebar diameter @[mm] = 10, and Spacing [mm] to 160. Check Calcula-
tion rebar position function. After select Bottom reinforcement in x Direction and click on Add but-
ton. The next will be displayed in the window:
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Reinforcement over
an existing

domain

&

Actual reinforcement

Parameters (Furocode) Reinfercement

Rebars
Type |Ribbed ~

@ [mm] =

Spacing [mm] =

.

Rebar position [mm] = | 30

= x Direction
{  ..Top reinforcement (P): None
= Bottom reinforcement (F) = 491

) mm / 160 mm (30 mm) [R]
E| y Direction
- Top reinforcement: None

... Bottom reinforcement: None A [mm?2 /m] = 491

Calculate rebar positions

| Add | Delete

M Auto refresh

Criwr [h @& SE 4o

Define the other reinforcement layers in x and y Direction in the same way.
Performing the task, you will need to see the next:

Actual reinforcement

Parameters (Furocode) Reinfercement

Rebars
Type |Ribbed ~

@ [mm] =

Spacing [mm] =

.

Rebar position [mm] = | 40

(- % Direction
: é--Top reinforcement (P) = 491
- L.10mm /160 mm (30 mm) [R]
E| Bottom reinforcement (P) = 491
.10 mm / 160 mm (30 mm) [R]
E| y Direction
E| Top reinforcement = 491
10 mm /160 mm (40 mm) [R]
E| Bottom reinforcement = 491
.10 mm / 160 mm (40 mm) [R]

A, [mm2/m] = 491

Calculate rebar positions

| Add I Delete

Auto refresh

s [ @& ®

35 &
== 291

Now, the set reinforcement should be assigned to the domain. Click on Reinforcement over an exist-
ing domain icon, and click inside the domain. Finish selection with Close button

Actual reinforcement

¥ Auto refresh

L rewr [N BOOE S T

Change display mode to Isosurfaces 2D. The specified reinforcements are displayed on the slab:
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The thick brown lines and the titles indicates the given actual reinforcement. If only one direction of re-
inforcement is visible on the screen, then open Display options. On Label tab switch off According to
the displayed result component function.

Display eptions

Symbols Labels  Switches

Numbering

[[] Node

[[] Truss

[[] Beam

] Rib

[] Virtual bearn

[[] Surface

[[] Domain

[[] Suppert

[ Links

[ Rigid

["] Diaphragm

[[] Spring

[[] Gap

[[] Material

[[] Cross-section
Design member
Design optimization group
[[] Load panel

[ Reference

[] Use finite element numbers

Story center of gravity
Story shear center

[[] Labels on lines seen from axis
direction

Transparent labels
Prevent labels from overlapping

Aute refresh
[] Refresh all
[[] Save as default

Properties
"] Modal coordinates
[] Material name
["] Cross-section name
[] Bolted joint
] Column reinforcerment
["] Beam reinforcement
['] Beamn length
[ Thickness
[] Domain area
[] stiffness reduction
[[] COBIAX labels
[] Load value
[[] Concentrated
[] Line
[] Surface
[[] Temperature
] Fire
[] Self weight
] Other
[] Mass value
[ Units

Actual reinforcement

Symbols Labels

axb axb

ayb ayb

at axt

ayt ayt

Labels

@ Rebars + Reinforcement values

{r Rebars + Quantity x (Length)
According to the displayed result

component

X
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Reinforcement Select xb-axb result component in Reinforcement difference list.
difference

Click on Numbering icon (among Speed buttons) and uncheck Write values to Surfaces to see the
also the values not only the colors:

X
b - axb

[mm2 /m]

491
464
437
a11
384
357
331
308
277
251
224
157
171
144
17

L1 [ [ &

The specified actual reinforcement in local x direction is safe in Co.#2 (ULS) load combination because
any negative value cannot be seen in the figure.

We will come to the same conclusion if yb-ayb result component is checked.

Now change to xt-axt component:

X

xt - axt

[mm2 /m]
as1
437
384
330
277
223
163
116
62
9
a5
ET)
152

L]

L]

L]

H -206
) -259
o

15

L[ [

%91 %01

Around the nodal supports negative values can be seen indicating the areas where additional rein-
forcement must be applied.

Actual Increase reinforcement around the columns in 2x2 m square area. Click on Actual reinforcement icon
reinforcement and select Reinforcement tab. Set @10/160 reinforcement, select Top reinforcement in x Direction
% and click on Add button.

Rectangular Additional reinforcement can be defined using Rectangular reinforcement domain function. Click on

reinforcement the icon, then move cursor to the node of the bottom nodal support. Here, press Insert key to place

domain the origin of the local coordinate system, the first corner point of the square will be defined relative to

this point.
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=

Translate / Copy

44

Using relative coordinates, enter the following coordinates:

X
X

-1 Yy -1z 0 <Enter>
2 Yy 2 7 0 <Enter>

finally press Esc twice to exit.

The following will be the result:

491 499

2191
401
491
b

201
491

‘g1

210/ 160=49
10/160=491 o [N

@10/160=491

491 %91

1 a9f

R R R R REBBSDBDBDRDNDNDND EEBBESEDEE—ES=,

491 491 45

The results of xt-axt component around the bottom lower nodal support are positive, so the actual re-
inforcement is sufficient with the additional reinforcement.

Copy this actual reinforcement domain to the upper nodal support. Click on Translate icon:
—+ b — Tt
44 |44 4 ab £ ‘

Then move the cursor over the contour of reinforcement domain and click on it to select. Confirm with
OK to finish selection. In the Translate window select Incremental Method and set N=1:

Translate / Copy *

' & e ®
2 -
0.001 2y T .
gy >
Method
3 Incremental g
7+ Distribute &
> Spread by distance
C ti
g M:::CU - Copy elements
O
7+ Detach
%]
%]
O
O
| Cancel

Close window with OK and define translation vector by clicking on lower and after on upper nodal sup-
port. Performing these steps, we have copied the actual domain reinforcement, the following will be
displayed:
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Actual
reinforcement

There is not any negative xt-axt value, so the actual reinforcement is sufficient at top in x direction.
Now select yt-ayt result component. The negative values show that we also need additional rein-
forcement at top in y direction.

Press and hold Shift key, select actual reinforcement above columns, then click on Actual reinforce-
ment icon. In Actual reinforcement window change to Reinforcement tab:

Actual reinforcement

Parameters (Furocode) Reinforcement

X Direction g Rabars Type |Ribbed w
i [=-Top reinforcement () = 491 B
- .10 mm /160 mm (30 mm) [R] & @ [mm] =
; . Bottom reinforcement (P): None Spacing [mm] =
&~y Direction Rebar position [mm] = | 0 i
- Top reinforcement: None
... Bottom reinforcement: None A, [mm? /m] = 1003

Calculate rebar positions

Add Delete

Maximum of calculated reinforcement
for the selected elements

axt [mm?/m]= 750

Min. thickness (h) [mm] = 200 axb [mm?/m]= 238
o [mm] 225 ayt [mm?/m] = 555
cg [mm] 225 ayb [mm2/m]= 316

Auto refresh

o || e
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Click on the field of given reinforcement at Top reinforcement in x Direction, after click on Top rein-
forcement in y Direction. Finally, add the specified reinforcement to the last selected layer:

Actual reinforcement

Parameters (Furocode) Reinfercement

=- x Direction

Top reinforcement (P) = 491
.10 mm / 160 mm (30 mm) [R]
-.. Bottom reinforcement: None
y Direction

E| Top reinforcement = 491

&
%

Min. thickness (h) [mm] = 200
cp [mm] =25
cg [mm] =25

Auto refresh

Rebars

otmmi=[10__ ]|
Spacing [mm] =

Rebar position [mm] = | 40

A, [mm2/m] = 491

Calculate rebar positions

| Add I Delete

Maximum of calculated reinforcement
for the selected elements
axt [mmZ/m]= 750
axb [mm2/m]= 238
ayt [mm2/m] = 555
ayb[mm?/m]= 316

Click on OK to create additional reinforcement in y direction.

Now, the results of yt — ayt component are positive, so the actual (defined) reinforcement is sufficient

for all reinforcement layers.

Check crack width in Co.#1 (SLS) load combination.
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Crack width

Select load combination Co.#1 (SLS), then select Cracking — wk(b) result component which is showing
crack widths in local x direction at bottom surface of the domain (slab).

whk(b) [mm] > | lsost

[+ Nodal support internal forces
[+ Line support internal forces
[+ Reinforcement design forces
- Reinforcement values

(- Rebar spacing

[+ Actual reinforcement

= Reinforcement difference

- xb — axb [mm2/m]

- yb - ayb [mma/m]

-t — axt [mm2/m]

-yt —ayt [mm2/m]

- Shear resistance

= Cracking

- wike(t) [mm]

- wik2(b) [mm]

- wik2(t) [mm]

- whib) [*]

- whit) [°]

The following will be displayed:

7 s

Domain is hatched in blue which means that there are no cracks at bottom surface of domain applying
the selected load combination.

Select Cracking — wk(t) result component which is showing crack widths in local x direction at top sur-
face of the domain. The maximum crack widths above nodal supports is 0.72 mm.
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x
wkr(ntj

0.12
0.11
0.10
0.09
0.08
0.08
0.07
0.06
0.05
0.04

NEEE
3

0.03
0.03
0.02
0.01

El&lllll

.

To determine the deflection of the cracked slab you need to run Nonlinear static analysis considering
load combination Co.#T (SLS).

Static Click on Static tab to run analysis.
Nonlinear static Click on Nonlinear static analisis icon and the foIIowinﬁ window shows up:
analysis
Load cases Convergence criteria
Maximum iterations 50

----------- Displacement 0.001
«oad combinations 0

:ULS Force 0.001

(7 Cou#2 (ULS) ] Work 1E-6

[ SLS Quasipermanent

© 5 Cos#1 (515 Quasipermanent] [] Use secant stiffness (only in appropriate cases)

Use reinforcement in calculation

Tof3 @ Actual reinforcement
Solution control
@ Force 00 Tracked node 1 Creep 0
> Displacement 7 Shrinkage
& 1 Nonlinearity
O
3 Equal increments Lead factor
10 1.0000
& Inerement fanction Store last increment only
<Bilinear> v N
’ " Cancel

At Load cases select Co.#1 (SLS) load combination and check Actual reinforcement to use in calcula-
tion, and let us consider the effect of Creep and Shrinkage. By clicking on OK, then the analysis starts:
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Statistics Click on Messages to see more information about the analysis durng calculation:

[[] Close if completed

Messages ¥
12:52:44 Solution of equations: Backsubstitution ~
12:52:44 Solution of equations: Backsubstitution
12:32:44 Nodal displacement vector assembly
12:52:44 Updating displacements
12:52:44  Winkler rib support element strain evaluation

12:32:44  Winkler rib support element stress evaluation v
Statistics ¥
Number of equations 3375 x4 Tru -
Equations memeory 2,33 M — Beam -
Estimated memory requirement 4.12 M Rib -
Solver block size 2.35 M Spring -
Largest available memory block: 9.58 G Gap _
Analysis block size 3 M Lin;' ~
Available physical memony: 11.27G s
Total physical memory: 1594 G Erplinze =
CPU Intel(R) Core(TM) 5-6500 CPU @ 3.20GHz (4x) Membrane -
Single thread 3192 MHz Plate 268
5| .
Model optimization 00:00 'hE”
Diaphragm -
Model verification 00:00 |
Analysis 00:02

Result file generation

Tracking <
= ¥
Increment lg(paie)
Displacement

t
1g terations.

Iterations Click on Iterations to see how the calculations are converging for each increment:
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(x64) Monlinear analysis of Slab.axs, Co.;

Analysis of Slab.axs completed.

[7] Close if completed

Messages

12:33:12 Processing surface internal forces...
12:33:12 Processing surface element strain...
12:53:12 Processing surface element plastic stress...
12:33:12 Processing support internal forces..,
12:33:12 Smoothing surface interal forces...
12:53:12 Analysis of Slab.axs completed.

Statistics

Number of equations 3375

Equations memory 2.35 M xﬂ
Estimated memory requirement 4,12 M
Solver block size 235 M
Largest available memory block:  9.576 G

Analysis block size 3 M
Available physical memory: 11,27 G
Total physical memory: 15.94 G

CPU  Intel(R) Core(Th) i5-6500 CPU @ 3.20GHz (4x)

Single thread 3192 MHz Plate 268

Model optimization 00:00
Model verification 00:00

Analysis 00:30
Result file size: 1.67 M. 00:00

Tracking
Iterations

Increment g/}

Displacement
Force

0

I\amumu\hwm—t

1
1g terations

After click on OK, then program automatically activates vertical deformations ez [mm] in Isosurfaces
2D display mode in load combination Co.#7 with nonlinear analysis. Switch of Write values to Nodes
at Numbering speed button, then the following will be displayed:

D 160=491

101 460=491
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Plate punching
analysis

.

Concrete C25/30

Rebar steel B500A

Total plate thickness
By reinforcement parameter

Actual reinforcement

[%e] = |0.568

[= Open..

Parameters

Shear reinforcement angle

at=[ ||

Radial rebar spacing

s, [mm] = =0,75d=124

Distance of the first perimeter of shear reinforcen

ry [mm] = Es&ﬁd=33

=

Recalculate reinforcement for each control
perimeter

[ factor
@ Calculated according to Eurocode 2
By column position

< Internal column
i+ Edge column
r Corner column
 Custom

To check shear punching click on R.C. Design tab and select load combination Co.#2 (ULS). Click on
Plate punching analysis icon then select upper nodal support and click on OK.

The following window shows up:
Punching parameters *

The material types (for concrete or rebar) are set automatically applying the parameters set before.
Programs applies the current design code and national specifications. Set the parameters shown
above and click on OK to close the window. We get the following results:

x

Eurocode
Nodal supp. 1, Node 5

€25/30
BS00A
300x300

= 200

= 165

= 0.568

= 0.568

s0

= 124

1= 200

Hp [mm] = 200

Load case : Co #1 [1] (1.000)

1.000

Neg [kN] = -105.01
Meg, [kNm] = 0.86
Mggz [KNm] = 5.83
1.150

= 1.200

= 3.272

Vego [N/mm?] = 0.61
vegg [N/mm?] = 0.22
VR [N/mm2] = 0.88
VRd,max (Nmm2] = 5.40

Vedo / VRdmax = 011 <=1
Veg / Vpg,e =0.25 <=1
No punching reinforcement

is necessary.

VRdes T= VEd

According to the check, No punching reinforcement is needed.
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Design
calculations

Design calculations

To see detailed calculations about the punching analysis, click on Design calculations button:

Design calculations

Nodal supp. 1. Node 5
Input data

Punching
Code: Eurocode

Materials
Concrete: C25/30
S 25 Nimny?
Rebar steel: BS00A
Sre = 50025 N
Geometry
Cross-section: 300x300
Plate thickness:
h=02m
Rebar position:
u, = 0.03m
u, = 0.04m

Effective thickness:

Effective thickness:

2 2

Punching analysis result

d=h-u =02-003=0.17m
d =h-u,=02-004=016m

g dotd, 017+016

Substitution

e v [k ]

Click on OK to exit from Design calculations and click on Close to exit from Plate punching analy-

sis window.
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Intentionally blank page
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4. MEMBRANE MODEL

4.1. Geometry definition using parametric mesh

Objective The objective of the analysis is to determine the internal forces and reinforcements of the following
wall structure. The loads and support conditions will be determined later.

6,00
3.00

3.00

/‘/ \

\

LIS \

1,00, 80 8,40 .80

1,00 ,

The wall thickness is 200 mm, assume material C25/30 for concrete and B500A for the reinforcement.
Analyse the structure according to the Eurocode 2 standard.

Start AxisVMX4 by double-clicking on AxisVMX4 icon in its installation folder, found in Start — Pro-
grams menu.

New Create a new model by clicking on New icon. In the dialogue window replace Model file name with
IE ‘membran_T', select Eurocode from Design codes and set Unit and formats to EU.
Select a view o
to start with Eolder | Ci\Users\lstvin T\Desktop\Step by Step\ | &
Model file name: |membrane_1 ‘

=
T;;xwaw Design code | Eurocode ~
, FH Units and formats  EU ~ Change settings...
L Report language |EE English w
Front view

Page header
k@ |PfﬂJE(t
Par:pective (Company loga) |Ana\ysis by

Comment
Project
Analysis by

Model: membrane_1.axs

Cancel
(Starting workplane (X-Z plane/front view) can also be set in this window if selected from the list in
the left side.)

Click OK to close the dialog window.

In the following the geometry of the wall structure is created by editing toolbar.

View Check view (workplane) of the model when starting a new model. On the left side of the main window
'1: find Views icon, open it with moving the cursor over the icon and select X-Z view. The actual view is
presented by the global coordinate system sign at the left bottom corner of the main window.

o1 P AL b |

Define of Select Geometry tab to define the geometry and structural properties of the beam. On the tab the

geometry - icons of the available functions are displayed.
Geometry
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Geometry l Elementsl Loads l Mesh l Static l Buckling] ‘u"ibrationl D’ynamicl R.C. Designl Steel design l Timber design]

| AOS O D) E RPN A &S L

Quad division Create the geometry by Quad division function. On Geometry tab click on its icon, the following

@ shows up:

Quad divisien

Close panel with OK and specify the corner points of the top ‘body’ of the wall. The nodes can be
placed by editing tools or could be determined by their coordinates.

Geometry definition using coordinates:

To determine the starting point of the line (X=0, Y=0, Z=3.00), press x button, then the cursor jumps
to the field of x coordinate on the Coordinates panel, then enter 0. After press y button and enter 0.
Similarly, specify z value (3.00), finally close the input with enter key.

The other coordinates are specified as follows:

X 12 y 0 z 0 <Enter>
X 0 y 0 z 3  <Enter>
X -12 Yy 0 2z 0 <Enter>

Press mouse right button and from the quick menu select Cancel to finish the drawing process, then
the following result can be seen:

Quad division . . . . . .
To define the ‘legs’ of the wall structure activate again the function of Quad division. To define the

top part of the wall type in 20 for the value of N; and 8 for N:

In the window set value of 3 for N7 and 6 for N2:

Quad division
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Close the panel with OK and specify the four corner nodes of the leg on the left side.

The coordinates are specified as follows:

X 0 y 0 z -6 <Enter>
X 1 y 0 z 0 <Enter>
X 08 Yy 0 z 3 <Enter>
X -18 Yy 0 z O <Enter>

Press Esc to finish data input.

The following geometry can be seen as a result:

L
/
/
'J/
Mirror Mirror the previously drawn ‘leg’ to the symmetry axis of the wall (X=6 m).

The mirror function can be found on the vertical toolbar on the left side.

it | i7 el

By clicking on the icon, the selecting panel activates:

Ak

The selected elements will be highlighted:
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BBBEINE

Finish the selection with OK and the following dialogue panel will be displayed:

= =
Mirror Nodes to connect
> Copy @ None
@ Multiple > Double selected
O Move O AN
{+ Detach

Copy elements

[ Mirror local x-axis of line

M Copy
elermnents B C n
kA Copy dim

[ With guidelines
[ with DXF/PDF layer
[ Visible layers only Cancel

Select Multiple Mirror type and set None for Nodes to connect.

After clicking on OK, the mirror plane should be specified. First select any point on the symmetric
plane of the wall, then select any point in the vertical direction above or below that point.

Enter a second paint of the mirror plane]

As a result of mirroring the following can be seen:
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BE RS R R SRR RRRRE
9 \

T

1 \
/ \
L/

%
|
|
|

Shaonoi

The geometry of the wall has been successfully created.

Zoom Let's zoom to the structure. Move the cursor over the Zoom icon and the zoom icon bar pops up:
3
Q QQaEeba
Zoom to fit Click on Zoom to fit icon for better view.
Geometry check Click on Geometry check icon on the Geometry tab to filter the errors in geometry. In the Geometry

check panel, the maximum tolerance (distance) can be specified to merge nodes.

Geometry check *

Geometry check

Tolerance [m] = 0,001

[[] Selection of problematic nodes

ey

[7] Selection of intersecting elements
["] Select unattached nodes or lines
[] List deleted nodes

Check domain contours

Tolerance [m] = [0.001

[ Check all loads
Rebuilding of leads may cause loss of results,

Switch off the option of Select unattached nodes or lines, then close the window with OK.

After the geometry check a summary of actions shows:

o Geometry check
Modes deleted: 0

Lines deleted: 0
Surfaces deleted: 0
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Elements

Geometry  Elements | Loads | Mesh | Static | Buckling | ‘u’ibrationl Dynamicl R.C. Designl Steel designl Timber designl

B 2200l 0y B &~ AF & X 0 7G| 2 I/ 9

To define Surface elements, change tab to Elements:

Surface elements

»

Material library
import

G

Click on Surface elements icon and on selecting toolbar, click on All (*), finally close the panel with
OK. After the Surface elements window shows up:

Surface elements

@ Define & Modify

Type Membrane | Plate | &/
Material ~ "

Thickness [mm] =

Local x reference * Auto

Local z reference ® Auto

Color [ By material
I by aterial

Pick up

Set Type of the element to Membrane (plane stress).

Next to the label of Material, click on Material library import icon, then the following window
shows up:

Material Library Import - Eurocode

Design code Materials C23/30 1
- C5A 56-06 [Rev. 2010 ~ C12/15 ~ | Type Concrete
- DIN {German} C16/20 _ Isotropic
i orocode) EV/mm?] 31500
(- Eurocode [A] C30/37 v 0.20
&1- Eurocode [B] C35/45 ar [1/°C] Es
[#- Eurocode [CZ] C40/50 ;

&1 Eurocode [D] C45/55 p [kg/m?] , 2300
&- Eurocode [FIN] 51524’60 fope [Mfmm=] 25.00
- Eurocode [H] 16 Ve 1.300
&) Eurocode [NL] cie L 1.00
[#- Eurocode [PL] Cc20 e 2.00
[#)- Eurocode [RO] ca2

- Eurocode [SK] &

- Eurocode [UK] ca

[+- MSZ (Hungarian) 35

+1. NBCC 1995 v C40

< > C45 b

oK

Cancel

Select C25/30 from the material list, then confirm with OK.
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Thickness

Display options

Pl
oo

@ Define O Modify

Type Membrane | Plate [3E &/

Lecal x reference

Lecal z reference

Stiffness factors

Pick up »»

Materia C25/30

Thickness [mm] =

® Auto 5

L
® Auto db

«

Coler [ By material
| By material

2]

Stiffness reduction

Type in the Thickness edit box 200 [mm], then close the dialog with OK.

To view the local coordinate system of the Surface elements, click on Display Options icon in the
icons menu bar on the left side. The following dialogue window is displayed:

Display options

Symbols  |abels Switches

Graphics symbols

Node
Trusses
Beams
Virtual beams
Ribs
Center of circle
Domain
Surface center
Mesh
Nodal support
Line support
Surface support
[] Display footings

[ Dimension lines

[ Detailed dimension lines
Springs
Gap elements
s
Rigids
Diaphragm
Reference
Cross-section shape
End releases
Structural members
[] Reinforcement param.
Reinfercement domain
Mass

Thickness reference points

Auto refresh
[ Refresh all
[7] Save as default

Local systems
[] Beam
] Rib
[] Virtual beam
[] Surface
[] Domain
[] Support
[] Spring
[] Gap
L] Link
[] Edge hinge
["] Load panel

{1 Loads
Concentrated
Line
Surface
Temperature
Fire
Self weight
Other
Load panel
Abutting wall or parapet (for snow
loads) / Edges with return corner
(for wind loads)

[ Lead distribution scheme
[[] Derived bearn load
[[] Moving load phases

Transparent load diagrams
[] Object contours in 30

Check Surface checkbox in the Local Systems panel group. Accept the change with OK.



110

[AX1SVM X4

Line support

133333

If the Mesh, Node, Surface centre is switched on among the Graphics Symbols in the Display Op-
tions, you can see that the program uses 9-node membrane elements. These 9 nodes are the 4 cor-
ners, 4 midpoints and the centre point of surface element. If you move the cursor over the surface
centre symbol (a filled square), a hint window is displayed with the properties of the surface element:
its tag, material, thickness, mass and references (x, z), as shown on the next picture:

[Shell 86]
C25/30

200 mm

x Ref.: Auto
z Ref.: Auto

—— —— ot

The red line shows the x axis of the local coordinate system, the yellow one the y axis and the green
one the z axis.

To create supports, click on Line support icon and select the bottom lines of the ‘legs’ with a selection
box. We suppose pinned line support along these edges.

Press OK to go on, the following window shows up:

Line supports X

@ Define C Modif
Direction L i A
£ =
® Global z n
 Beam/Rib relative >
> Edge relative =X
D | ear parameters

=

"

v i -
Ry [kNm/rad/m] =

Ryy [kNm/rad/m] =
Rzz [kNm/rad/m] =

Pick up »» Cancel
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To define a pinned support, use the following settings:

Line supports

@ Define > Modify

Direction
® Global
{3 Beam/Rib relative
 Edge relative
[J Maonlinear parameters

Ry [kN/m/m] = [1E+7 w
Ry [kM/m/m] =|0
Rz [kN/m/m] = |1E+7 w
Ry [kMm/rad/m] = |0
Ry [kNm/rad/m] = |0

Rzz [KNm/rad/m] = [0

II< II< II< II II< I

o

oK

| | Cancel |

With this final step, the finite element definition of the wall structure has been completed.
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4.2. Geometry definition using domains

Objective

View

A

Define of
geometry -
Elements

The objective of the analysis is to determine the internal forces and reinforcements of the following
wall structure. The loads and support conditions will be determined later.

3,00

6,00

3,00
T
/

»1,00 , 80 , 8,40 80 1,00

The wall thickness is 200 mm, assume material C25/30 for concrete and B500A for the reinforcement.
Analyse the structure according to the Eurocode 2 standard.

Start AxisVMX4 by double-clicking on AxisVMX4 icon in its installation folder, found in Start — Pro-
grams menu.

Create a new model by clicking on New icon. In the dialogue window replace Model file name with
‘membran_2', select Eurocode from Design codes and set Unit and formats to EU.

MNew model X

Select a view =
to start with Folder |C:\User5\|5tva'n T\Desktop\Step by Step w | =
Model file name: ‘memhrane_z |
{03
; BE
Tepiisr Design code  Eurocode ~
Units and formats | EU ~ Change settings...
z
T_EH Report language |E|§ English \/|
4
Front view
Page header
z
k@ |PmJect |
x
e (Company lago) [Anstysis by |
Comment |

Project

Analysis by

Model: membrane_2.axs

.

(Starting workplane (X-Z plane/front view) can also be set in this window if selected from the list in
the left side.)
Click OK to close the dialog window.

In the following the geometry of the wall structure is created by editing toolbar.

Check the view (workplane) of the model when starting a new model. On the left side of the main
window find Views icon, open it with moving the cursor over the icon and select X-Z view. The actual
view is presented by the global coordinate system sign at the left bottom corner of the main window.

B 15 By A o%

Select Geometry tab to define the geometry and structural properties of the beam. On this tab the
icons of the available functions are actives.




Step by step tutorial 113

Geometry Elements | Loads | Mesh | Static | Bucklingl Vibrationl D’ynamicl R.C. Designl Steel designl Timberdesignl

LU E T W e~ AF D 0B G| 2 L

Draw objects By clicking on Draw objects directly icon brings up the following window:
directly
X
& levioewe
T
S Type |shell
Material -|.[»

Local x orientation | = Auto
Local z reference | = Auto
Thickness [mm] 200

O O

Domain Click on Domain icon (the second one on the right among the top row icons). Choose it even if this is
7 the active icon because of the sequences of steps. The following dialogue panel shows after clicking:
Warning

Mo element material defined.

@ Browse material library...

Material library The following, Cross-section editor window shows after clicking.
import
Material Library Import - Eurocode

Design code Materials C25/30 | —
- CSA S6-06 [Rew. 2010 ~ C12/15 A | Type Concrete
- DIN (German) C16/20 _ Isotropic

C20/25

2§ Eurocode E [M/mm?] 31500
- Eurocode [A] C30/37 v 0.20
- Eurocode [B] C35/45 ar [1/°C] £
[+ Eurocode [CZ] C40/50 N
- Eurocode [D] C45/55 o [kg/m] . 2500
. Eurocode [FIN] cs0/e0 o [N/mm?] 25.00
- Eurocode [H] 16 Ye 1.300
- Eurocode [NL] cg O 1.00
& Eurocode [PL] c2o b, 200
- Eurocode [RO] €22
- Eurocode [SK] e
[+~ Eurocode [UK] 30
- MS5Z (Hungarian) C35 oK
- NBCC 1995 7 C40
< > C45 W Cancel

Select C25/30 from the Materials list, then confirm with OK.
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Type

Complex slab

D

On the following panel, set Type to Membrane (plane stress):

x
ﬂ = 72 0D < m
Type Membrane (plane =

Material Membrane (plane stress)

Membrane (plane strain)

Plate
Local zreference | gy

Thickness [mm] 200

Local x orientation

OO0
Click on Complex slab icon. User can draw the domain directly or define its coordinates.

Geometry definition using coordinates:

To determine the starting point of the polygon (X=0, Y=0, Z=0), press x button, then the cursor
jumps to the field of x coordinate on the Coordinates panel, then enter 0. After press y button and
enter 0. Similarly, specify z value, finally close the input with Enter key.

In the following, use relative coordinates to define the nodes of the domain. Press button d on the
Coordinates panel. If it is pressed on the Coordinates panel the values can be specified relative to
local origin (dX, dY, etc...).

x dx[m] : 7.500 dr[m] : 12.985
d¥[m]: 0 d a[®] : 54.72
dZ[m] : 10.600 dh[m]: 0

difm] : 12.985

Continue defining next points of the domain with relative coordinates:

X 1 \% 0 z 0 <Enter>
X 08 vy 0 z 3  <Enter>
X 84 y 0 z 0 <Enter>
X 0.8 \% 0 z -3 <Enter>
X 1 y 0 z 0 <Enter>
X 0 Yy 0 z 6 <Enter>
X -12 \% 0 z 0 <Enter>
X 0 'y 0 z -6 <Enter>

Press Esc twice to exit from the command of object drawing (Draw objects directly).
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The following will be displayed in the main window:

z

L.

Translate / Copy Click on Translate icon!

Y]

—b || = Tt
44 |44 4 ih 4
Select the top horizontal line and finish the selection with OK. Choose Incremental from the Method

panel, N=1, Nodes to Connect. None, then close dialog window with OK. Now specify the translation
vector. Click on any empty place in the graphics area, then type in the following sequence:

X 0 Yy 0 z -08, after press Enter.

The following will be displayed in the main window:

z

L
The blue line on the inner contour of the domain indicates the type of the domain (in our case it is
membrane). Moving the cursor over it shows a hint window with the properties of the domain:

[Domain 1 [membrane]] 200 mm

C25/30
44,400 m?

22200.000 kg
x Ref.: Auto, z Ref.: Auto

Click on Mesh tab for domain meshing

Mesh
Geu:umetr}fl Elementsl Loads  Mesh l Static l Buckling l Vibratiu:unl Dynamicl R. C. Design | Steel design | Timber design

™| @l



116

Domain meshing Click on Domain Meshing icon. Select the domain with the All (*) button and finish selection with
ﬁ OK. The following dialogue window will be displayed:
Meshing parameters *
@ Define O
Mesh type

Average mesh element size [m] =

Fit mesh to loads
U 0
L
L

=

=1

[] Adjust mesh to column heads (to enable
cutting of moment peaks)

Contour division method
@ Uniform mesh size
& Adaptive mesh size

[] Create mesh only for unmeshed domains
[ Calculation of domain intersections
[[]Keep generated mesh guidelines if meshing fails

Type in 0.7 [m] for the Average mesh element size. After closing the dialog with OK, the automatic
mesh generation starts. The progress of Mesh generation is shown in the window:

Mesh generation

Abort

When mesh generation is completed, the following will be displayed:

If you move the cursor on the symbol of the surface centre (a filled square), a hint window is displayed
with the properties of the selected surface element: its tag, material, thickness, mass and references as
shown in the next figure:
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Elements

Geomet Elements | Loads | Mesh | Static | Buckling | Vibration namic | R. C. Design | Steel design | Timber design
Ty g g g g

BE s/70d0dlddv B e — @G 2 X 0 md| XL p

[Damain 1 [membrane]] 200 mm
C25/30

44,400 m?2

22200.000 kg

% Ref.: Auto, z Ref: Auto

Mesh size = 0.700 m

Return to Elements tab:

Line support

To create supports, click on Line support icon and select the bottom lines of the ‘legs’ with a selection

box. We suppose pinned line support along these edges.

Line supports

[] Monlinear parameters

Ry [kM/m/m] = [1E+7
Ry [kMN/m/m] = [1E+7 w
Rz [kN/m/m]=|1E+7 v
Ry [kNm/rad/m] = [1E+7
Ryy [kNm/rad/m] = [1E+7 w

Rz [kMNm/rad/m] = | 1E+7 w

@® Define O Modify
Direction L A
@ Global ; :
> Beam/Rib relative Y
 Edge relative X

Cancel
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To define a pinned support, use the following settings:

Line supports

@ Define > Modify
Direction L A &
@ Global ; &
> Beam/Rib relative t oy
 Edge relative X

[] Manlinear parameters

Ry [kMN/m/m] = |1E+7
Ry [kMN/m/m] = |0
Rz [kM/m/m] = [1E+7 ~
Ry [KMm/rad/m] = |0

Ryy [kNm/rad/m] =0

II( I( II( III( I(

Rz [kNm/rad/m] =0

Pick up » Cancel

Close window with OK; the following result can be seen:

With this final step, the finite element definition of the wall structure has been completed. In the fol-
lowing, we proceed the analysis with this model (Geometry definition using domains).

Loads The next step is to specify the loads on the wall structure. Click on Loads tab:
Geometryl Elements Loads | Mesh | Static | Bucklingl Vibrationl Dynamicl E3GE: Designl Steel design | Timber designl

Lol AL gD SN IRy Llojps M@l FEH = &5
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Surface edge loads Assume a 50 kN/m vertical distributed load. Click on Surface Edge Load icon, then select the second
c:ﬁ]IU line from top (created with the translate command before):

Finish the selection with OK and type in py [kN/m] to 50:

Edge load on membranes

@ Define O Modify
Direction
> Global on surface
& Global projective
@ Local

0 Overwrite & Add

o
W

p; [kN/m] = |0

Pick up > Cancel

Press OK and the load is applied.
The following result is displayed:
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Static The next step is the analysis and post processing. Click on Static tab:

Geometryl Elementsl Loads | Mesh  Static |Buckling| ‘u’ibrationl Dynamicl R.C Designl Steel designl Timber designl

E | | |
o hd -
o

Tk
~ rain

4|k

Linear static Click on Linear static analysis icon to start analysis.
analysis
P

u
snmmmmEREEE

Nodal degrees of To proceed with the analysis, you must set degrees of freedom (DOF). The program checks the model
freedom and offers a setting:

o Nodal DOF

( Membrane in ¥-Z plane )

Set the nodal degrees of freedom autematically?

[[] save model with these settings

Yes No

Check the Save model with these settings checkbox and degree of freedom settings will be saved.
Accept Membrane in X-Z plane setting and close with Yes button.

Analysis continuous and the following progress bar shows up:

(xB4) Linear analysis of membrane_2.axs

Writing model data to disk...

[[] Close if completed Cancel

Messages «
Statistics

<«

Murmber of equations 1753
Equations memory 710k B
Estimated memaory requirement 2,13 M Rib -
Solver block size -
Largest available memory block: 9.492 G
Analysis block size -
Available physical memorny: 11,17 G
Total physical memory: 15.87 G
CPU Intel(R) Core(TMY} i5-6500 CPU @ 3.20GHz (4x)
Single thread 3192 MHz

Model optimization 00:00

Model verification 00:00 Load case 1
Analysis Combination  —

Result file generation

Messages, Click on Messages and Statistics to see more information about the analysis.
statistics The following window will be displayed after analysis:
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Display options
A,
o

Zoom to fit

&

(x64) Linear analysis of membrane_2.axs

Analysis of membrane_2.axs completed.

[[] Close if completed

Messages
Statistics

MNumber of equations

1755

Equations memaory

Estimated memory requirement
Solver block size

Largest available memory block:
Analysis block size

Available physical memory:
Total physical memaory:

710k
213 M
™
9.483G
™
11166
1587 G

CPU
Single thread

Intel(R) Core(TM) i5-6300 CPU @ 3.20GHz (4x)

3192 MHz

Model optimization
Model verification
Analysis

Result file size: 262 k.

Membrane

Load case

«

£

After click on OK, the program automatically activates vertical deformations ez [mm] on Static tab in

Isosurfaces 2D view.

Switch off Loads in Display options on Symbols tab for cleaner view.

Click on Zoom to fit function for better view.

QL RAE D =&

The following will be displayed:

X

Linear analysis
Code [l Eurocode
Case :STL

E(F) :4.38E8
E(W) :4.38E-9
E(Eq) : 1.57E-13
Comp. : €Z [mm]

Select Surface internal forces — nx by clicking on arrow next to the text ez [mm] on Static tab:
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eZ [mm] - | Isosurfac

= Displacement

- eX [mm]

- Y [mm]

- X [rad]

- Y [rad]

--fZ [rad]

- R [mm]

--fR [rad]

= Surface internal forces
- nx [kl m

-y [kN/m]
-y [kN/m]

- vEd [kN/m]

-1 [kM/m]

- n2 [kM/m]
~an[7]

D [kN/m]

- nyD [kN/m]

[+ Intensity variation
- Surface stresses

[+ Line support internal forces

The nx diagram shows the membrane force in local x direction.

Min, max values To find location of minimum and maximum values use Min, Max values function. By clicking on its

fay icon shows following window:
= min
Model extremes
Surface forces
o [kN/m] n1 [kM/m] nxD [kN/m]
ny [kM/m] n2 [kM/m] nyD [kMN/m]
nxy [kN/m] an [°] Total
Total
[ ok | concel |

Select one of the Surface force components. Confirm with OK, and the program shows the negative

maximum value and its location as well.

Linear analysis
Code | Eurocode.
Case :sT1
E(P) :4.38E9
E(W) :4.385-9
E(Eq) : 1.576-13
Comp. ; nx [kN/m]

After click on OK, then the maximum positive value will be showed and its location will be marked.

Node 27

el ]

e [kN/m] =
iy [kN/m] =

291975
0454

239.030

163.172
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Color legend

—
Linear analysis
Code @llEurocode

Case :5T1

E(P) :4.38E-9
E(W) :4.38E9
E(Eq) :1.57E-13
Comp. : nx [kN/m]

Node 54

Case

nx [kN/m] = 230.025
ny [KN/m] = 0695

ey [kNfm] = 0

-201.975
7 29L975

H=—

The Color legend shows boundary values of each colour. Adjust number of colors and boundary val-

ues by dragging up or down the bottom edge of the palette.

®

nx

[kN/m]
ﬁ 239.030
—EECETH

163.172 X
.— nx
. 125.243 [kN/m]

87.314

L 49,385 N 5.030
= b !
o 1Las7 180.029
H -26.472 121.029
. -64.401 §2.028
. -102.330 3.028
m e -55.973
m e -114.973
- -216.117 -173.974
— -254.046 -232.975

-251.975 -291.975
p BT LTS

W
.

Find areas where the nx internal force exceed value of -700 kN/m. The boundary values can be set by
clicking on Color legend. In Color legend setup the values (next to the colors) can be edited. Click on
the last value and change the default minimum maximum value (-291.975) to -100:

nx Coler legend setup

. 238,020 Values  Colors
m | R0B Levels 10 |
121.029
= 62.028
[~ W Limits [ Round calculated values
|| -.5.59?3 2 Min, Max of model -291.975 ... 239.030
| -114.573 2 Min, Max of parts -291.975 ... 239.030
= -173.974 > Absolute max. of model -291,989 ... 291.989
] -232.975  Absolute max. of parts -291.989 ... 291939
- > Custom
@ Auto interpolate
Cr By step value A= 11

Save as..

Hatching for out of range values | Transparent
Color gradient direction | Reverse

[] Isosurface contours
[1 Isoline labels

Display

Auto refresh
[ Refresh all

oK Cancel

Press Enter to finish data entry and switch on Auto interpolate. This option will recalculate the inner

boundary values depending on the number of boundary levels.



124

By clicking on OK, the following will be displayed:

Areas with nx surface force exceeding -100 kN/m are hatched in blue.

Isolines After, let us have a look at the internal forces in Isolines Display mode. Click on arrow right to Isosur-
faces 2D text and select Isolines from the list.

lsolines |v

Diagram
Section line
Filled section line diagram

Isosurfaces 2D
lsosurfaces 3D
Maone

After selecting Isolines the following will be displayed:

View internal forces of the supports. Select Rz component between Line support internal forces in
the Result component combo box.

Result display pa- Click on Result Display Parameters icon, and check the Lines checkbox in the Write values to panel
rameters and set the Display mode to Diagram:
=] :
o — Display parameters
B
[EEEEEE | Monlinear anelysis | Dynemic analysis | ({2 Envelope | Critica |
e Component Section lines
[ 5T -] [Fepwvm) -]
Scale by
Display mode
Display shape
Write values to
[] Nodes
Lines
[ Surfaces
[ Min./Max. only [] Draw diagram in the

plane of the elements

Miscellaneous seftings.. £ Draw section plane

contour
Cut moment peaks over columns

[ Refresh all

o

Close the dialog window with OK and the values of vertical support forces will be displayed on the
screen:
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7

268199
-186.3:
186.5

288196

463.203
463,086

R. C. design The next step is to calculate the required reinforcement of the wall structure. Click on R. C. design tab:

Geomet| Elements | Loads | Mesh | Static | Buckling | Vibration namic R, C. Design | Steel design | Timber design
y 9 g g g

@ % |:| El EEZH |Nl 5M hd |axb[mm2fm] hd | MNone v”'l - :r:;: IE| j— W @ G%
Reinforcement Click on Reinforcement Parameters icon, and select all surface elements with All (*) button. Com-
parameters plete selection with OK, and set the followings on Materials tab:

@

Surface reinforcement parameters (Eurocode)

Materials Reinforcement Cracking Shear

Materials
Concrete | C25/30 ~
Maximum aggregate size [mm] =
Rebar steel | B300A -
Structural class 53 e
Exposition class Top surface
XC2 Humid, seldom dry ~
XC2 Humid, seldom dry ~
Bottom surface
Coefficient for seismic forces Foo

[C] Set current settings as default

Pick up »» Cancel
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Close dialog window with OK and the axb [mm?/m] diagram is displayed in Isosurfaces 2D view:

,/// ////.,/,//// // ///// //
/// ///////;"/4///// ////.//,// /,

s
7
7 ////’%//’/

7

The required specific reinforcement in the x direction is the sum of axt and axb values.
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5. SHELL MODEL

Objective Determine the specific internal forces and the amount of reinforcement for the water reservoir shown
below.

0,600

The thickness of the walls and the bottom slab is 250 mmm, the cross section of the ribs on the upper
edges is 300x600 mm. The reservoir is made of concrete C25/30, the type of rebar is B500B. Use Euro-
code 2 for design.

Start AxisVMX4 by double-clicking on AxisVMX4 icon in its installation folder, found in Start — Pro-
grams menu.

New Create a new model by clicking on New icon. In the dialogue window replace Model file name with
Iﬁ ‘reservoir’, select Eurocode from Design codes and set Unit and formats to EU.
Select a view &
to start with Folder |C:\Users\|stva'n TiDesktop'Step by Step' v| =
Model file name: ‘reservulr |
: O
TE;xview Design code | Eurocode ~ m
. Eﬁ Units and formats  EU ~ Change settings...
T_‘ Report language |EE English v|
X
Front view
Page header
I
k@ |ProJect |
X
I (Company logo) |Analysis by |
Comment |
Project
Analysis by
Model: reservoir.axs
Options Change settings for grid and cursor step. Click Settings/ Options/ Grid & cursor and set the followings

in the window:
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Options
Grid & Cursor Editing Drawing
Grid Cursor step
Display Mause snap
sim=[i | Simi=[o |
AY [m] =
A [m] =
Type
Grid lines v Cirlx
Auto refresh
[7] Save as default Cancel
Replace each value under Cursor step to 0.2.
Options
Grid & Cursor Editing Drawing
Grid Cursor step
Display Mouse snap
s ] smepz ]
=i | el
Type
Grid lines v Cirlx
Auto refresh
[7] Save as default Cancel
With these settings, the mouse cursor moves in 0.2 m steps (geometric imperfection or editing error
can be avoided while drawing the model).
Now, create the geometry using enhanced editing functions.
Define of Select Elements tab to bring up Elements toolbar.
geometry —
Elements

Geometry  Elements | Loads | Mesh | Static | Buckling | Vibrationl D’ynamicl R.C. Designl Steel designl Timber designl

ER 220000 M —®AF 2 5 07 Ha] = L9 R

Draw objects By clicking on Draw objects directly icon shows following window:

directly

&

T
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Domain

Material library
import

Thickness

Complex slab

L)

Views

A

X
levihewe
Type Shell
Material
Local x orientation | = Auto
Local z reference | = Auto
Thickness [mm] 200

OO GO

Click on Domain icon, the following window shows up:
Warning

Mo element material defined.

@ Browse material library...

The following window shows after clicking on OK:

Material Library Import - Eurocode = O X

Design code Materials C25/30 |

- CSA 56-06 [Rev. 2010 » | | S350GD+Z275 A | Type Concrete

[+~ DIN {German) Ejléj;.g _ Isotropic

D" C20/25 E [N/mm?] 31300

[+ Eurocode [A] 35,730 v 0.20

(- Eurocode [B] C30/37 op [17°C] 1E-5

- Eurocode [CZ] C35/45 (kg/m?] 2500

[+- Eurocode [D] C40/50 pLegrm g

5 Eurocode [FIN] C45/55 o [N/mm=] 25.00

C50/60 1500

- Eurocode [H] 14 Ye .

- Eurocode [NL] C16 Occ 1.00

- Eurocode [PL] C18 - 2.00

- Eurocode [RO] gg

- Eurocode [SK] Caa

[+- Eurocode [UK] a7

[+~ MSZ {Hungarian) 30 ok

- NBCC 1995 v |35

< > c40 Y] Cancel

Select €25/30 concrete in Materials list and confirm with OK.

Set Thickness [mm] to 250.

Click on Complex slab icon right to the first. The contour line can be drawn directly on the screen or

can be defined by coordinates.
Firstly, let us draw the side wall of the reservoir in the X-Z plane.

Change view to Front view (X-Z plane):

s vy g, ]

Choose the global origin as the first point of the polygon. It is at the bottom left,
where the horizontal and vertical brown lines (representing the global X and Z ax-
es) intersect. The blue cross (rotated 45°) shows the current origin of the actual
coordinate system.



130

AXIIVM X4

Nodes in relative
coordinate system

Views

A

Mirror

i

To enter additional nodes, select the relative coordinate system input. Press d button on the left of the
Coordinates window. If d button is down (pressed) it denotes relative coordinates and the coordinate
texts are marked by d (dX, dY, dZ, ...)

» dx[m] : 8.400 dr[m] : 5.062
d¥Im] : -3.400 d a[®]: 337.96
dZ[m] : 0 dh[m]: 0

dL[m] : 5.082

Move the mouse cursor to the following locations and click once to enter each vertex: 71.0 [m] right
and 0.2 down, down 0.4, right 1.0, up 3.6, left 12.0, down 3.0 (or by keyboard: x 11 z-0.2 [Enter] z-0.4
[Enter] x 1 [Enter] z 3.6 [Enter] x —12 [Enter] z -3 [Enter]).

Press Esc twice to quit the drawing function, when the polygon has been created.

The following will be displayed in the main window:

Change view to Perspective:

I, o4 z LL,
MBULM
Specify the following values in the Perspective settings window:

H 30.0; V 320.0; P 0.0.
Click on X button at top right corner to close window.

Create the parallel wall on other side by mirroring the first one with respect to the centre of structure
(Y=4). By clicking on the Mirror icon, the Selection bar is displayed:

x - AT g Cancel

Select the domain with All (*) button, the color of the selected elements changes, become pink. Finally,
finish selection with OK.

A

= =
Mirror Nodes to connect
> Copy > None
@ Multiple > Double selected
O Move @& All
{+ Detach

Copy elements
[ Mirror local x-axis of line %]

elermnents B4
%]
O
O
] o ]| conc

Select Multiple mirror type and All for Nodes to connect, then confirm with OK.
Define the mirror plane with two points, type in the following values using relative coordinates.

X 12 \ 4 7 0 <Enter>

X 1Ty 0z 0 <Enter>,
Press Esc once to close the command.
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The following will be displayed:

Zoom to fit

&

Click on Zoom to fit icon for better view.

LR AR D

Numbering Move the cursor to the bottom right corner, find Numbering icon and click on it (it is the second one
12 on the right), the next checkbox will be displayed:

MNode

[] Domain

[] Material

[ Thicknes:

["] Referenc

[ Units

Here numbering function can be turn on or off. Turn on the checkbox at Node, then the node numbers
appear immediately next to the nodes.

Translate / Copy To specify a slope for the watercourse, move the line between node 3 and 4 down by 0.2 m.

Geometry Change tab to Geometry:

Geometry ‘ Elementsl Loads l Mesh l Static ] Buckling l Vibration l Dynamic] R. C. Design l Steel design l Timber design]

| ADE O] oD ERHEEPRE 2 XN Y S &S B L

Select the line between nodes 3 and 4 by a selection rectangle:

All the elements within the rectangle will be selected (node 3, 4 and the line between them). To move

the line, move the cursor over the selected line, press and hold the left mouse button and drag the cur-
sor down.
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Geometry check

#

Elements

Select the Parallel move of line icon from the icon bar on the left and choose the first among the ac-
tive icons:

e >Nk T |

Firstly, the translation vector should be specified, type in the following to define the exact distance:

X 0y 0 z -02 <Enter>

Click on Geometry check icon on the Geometry tab, the following window shows up:

Geometry check

Tolerance [m] = |0.001

["] Selection of problematic nodes
[] Selection of intersecting elements
[] Select unattached nodes or lines
[7] List deleted nodes

Check domain contours

Tolerance [m] = [0.001

[ Check all loads
Rebuilding of loads may cause loss of results,

In the window, the maximum Tolerance (distance) for checking points can be set. Check the Select un-
attached nodes or lines checkbox and start the analysis with pressing OK button.

After the analysis, the following message report will be displayed:

o Geometry check
Modes deleted: 0

Lines deleted: 0
Surfaces deleted: 0

By clicking Elements tab types of the elements, their material properties, cross-sections and references
can be defined:

Geometry Elements l Loads l Mesh l Static l Buckling l 1|.|’ibrati0nl Dynamicl [l Designl Steel design l Timber designl

Reference point

=

LL2UONHAIAOY M ém@ EFE 2 X XS d| 22 1L 48

The local system of finite elements can be set by references. In this example a reference point is used to
define the orientation of the local Z direction of the domains and a reference plane to define the in-
plane X and Y axes.

Click on Reference point icon then click the centre point of the line between node 5 and 71. To locate
the centre point move the cursor along the line and check if the cursor shape changes from
/ (line) to Va. Press Esc to exit from function.
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Numbering
12

Reference plane

A

Domain

Thickness

Move the cursor over the Numbering icon on the Speed buttons toolbar. Turn on the Reference
checkbox. Now, an R2 label appears beside the reference symbol.

To set the local system of domains create a reference plane. Click on Reference plane icon on the Ele-
ments tab. You need three points to define a plane.

Click on node 6, then click anywhere on the line between node T and 2, finally click on node 2.

The following will be displayed:

Press Esc to exit from function.

Define a domain to create structural surface elements. Click Domain icon, then Selection palette ap-
pears. Click on the following lines between the given nodes to select domain contours:

12-6 6-1 1-7 7-12
1-7 1-2 2-8 7-8
5-11 5-4 4-10 10-11

Click OK on Selection palette, then Domains dialog window shows up:

® Define O Modify Normal -
Membrane | Plate [ES3Ea1 a
_ ~7
€25/30 Zll
Thickness [mm] =
Eccentricity [mm] = ¢ES£§
Local x reference »» ®

=
Lecal z reference ® Auto ¢

Stiffness factors ¥
Color ] ™ By material Stiffness reduction
] By material k=

Pick up > Cancel

Enter 250 mm into the edit field of Thickness[mm].
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Reference Set the Local x reference to R3:

Local systems

Domain

® Define O Modify

Normal

Membrane | Plate [EEEl

C25/30 il

Thickness [mm] = W
o

Eccentricity [mm] =

Local z reference »»

Stiffness factors ¥

Stiffness reduction

Color [ 1] By material
] By material

Pick up »

Local x reference >» = Auto |v ®

* Auto # e

Cancel

then close window with OK.

A green contour can be seen along the domain boundary showing the shape of the domain. The colour
depends on the element type, shell domains always have a green contour.

Turn on the display of the local systems of Domains by clicking on the Local systems speed button in
the bottom right Speed buttons toolbar (fourth icon on the right).

Define the other wall elements. Click on Domain icon, then Selection palette appears and select lines

between the following nodes:

2-8 8-9 3-9 2-3

then finish selection with OK. Choose Shell element type and R3 for Local x reference and R2 for Lo-

cal z reference, finally press OK.

Domains x
® Define © Modify Normal ~
Type Membrane | Plate ] @
_ o7
laterial | C25/30 “

Thickness [mm] =
0 e

Eccentricity [mm] =

£

Local x reference >>»

Local z reference 3>

Stiffness factors ¥

Stiffness reduction

Color [ ¥ By material
| ] By material

Pick up »

Cancel
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Domain Repeat creating shell elements, activate again Domain function, then select lines between the given

nodes:

3-9 3-4 4-10 9-10,
then press OK, then set 250 mm for Thickness, and leave references on Auto.

@ Define & Modify Mormal

Membrane | Plate [E3E @
o /

Vaterial | C25/30 ]
Thickness [mm] =
Eccentricity [mm] = 169

-
S
-

k torsion = |1.000
k,shear = |1.000

Color [ By material
I By material

Pick up »» Cancel

The following will be displayed:

Speed buttons Turn off Numbering of Nodes and Local systems using Speed buttons.

Line elements To define ribs on the upper edges, click on Line elements on the Elements tab. The Selection palette
appears, click on the 4 edges and close the selection with OK, then Line elements dialog window ap-

ﬁ pears:
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Line elements

@ Define O Modify
Type
- \T
L “
x
Material properties
Material | C25/30 v
Cross-section ["] Variable cross-section

Cross-section | 200600 v| x I

Leocal coordinate system

Local x orientation
PR T—)

End reiesses Startpoint Endpoint

Setup EEEEER EEEEEE
Eccentricity
Color Stiffness reduction
[ By material ky = [1.000
- By material k =[1000

Pick up »» Cancel

Cross-section To define the cross-section of the rib, click on Cross-section editor icon. The following window shows
editor up:

Cross-section editor - New cross-section
File Edit Display Window

.. . Thin Thick |

il

mn&eT DOODIXTTOO-A¢

[

——
Ax[mm:

Ay[mm?2
Az[mm?2
Ix[mm*
Ty[mm*
Iz[mm*
Iyz[mm*
Tw[mm®

1
1
1
1
1
1
1
1

Vo mm] =
25 *[mm] =
yofmm] =
2, [mm] =
I, [mm?] =
1o [mm#] =
arl =

P 0 o B O P

Ay =

Cwyplmm¥ T = o)

waz,plimm?] =

= Wy eltimm?] =
Wy, el b[mm?]

Wz,el tmm?]

Wz,el,b[mm? ]

P Imm] =

P;[mm] =

=
=z
=

X|[]dvimm] : 79.5 dr{mm] : 837.8
dz[mm] : 934.4 d ale]: es.is
¥y dufmm] : 937.8

R K D@D >

Rectangular shape  To define a 300x600 mm rectangular shape click on Rectangular shape icon, and type in the right val-

. ues for b and h:
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Bottom rib

A=

Rectangular shape

Dimensions
b [mm] = m
h [mm] = |400.0
Rotation

| Place | |

Cancel

Finishing the data input, press Place button to place the cross-section in the editor window. Click any-
where in the window. We get the next result:

Display  Window

g@‘ o w0 . Thin Thick |

z

=

Y
R

dy[mm] :
dz[mm] :
dimm]

TTOO a s || [E
& & T IOODEZXVT ae =l
[% New cross-section
Ax[mm<] = 180000.00}
& Iy[mm*] =  5.4E409
Iz[mm4] = 1.4E+09)
Q Iyz[mm*] = 0
Vo tmml = g
2 *[mm] = 0
4 T,[mm*]= 5.4E+09
LImm*]=  L4E+09
4, . 0
iy [mm] = 173.2]
c Vimml=  ses
o B [mm] = 1800.0}
14 oo mm] = 0
A Wore parameters

523.6
262.3
585.6

drfmm] : 585.6
d a[7]: 26.61

v

|Click to edit properties of selected elements or draw a frame to select nodes, Use SHIFT to add elements to the selection,

>

The 1st and 2nd principal direction of the cross section indicated by the crossing dashed lines on the
cross-section, marked with numbers 1 and 2. The centre of gravity is marked with G. The other cross-
section parameters are displayed within the property window. Click More parameters if you want to see

all parameters calculated automatically by a finite element analysis of the shape.

Click OK to close Cross-section editor, in the dialog window change default name of cross-section if
required. Click on OK again to confirm.

New cross-section
Enter cross-section name.
E =

Remember cross-section position

Cancel

Set eccentricity to Bottom rib then finish settings with OK. Rib centre lines are displayed in blue and
the contour of the rib is shown in yellow.
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Rendered view

L]

Rotate

-

Restores the
previous view

<

Zoom to fit

EA
]

Wireframe
]
Surface support

&

Move the cursor over a rib and wait for a tooltip displaying
[Rib 3/ [Domain 5 [shell]]]

element properties: 511
Exc.: Bottom (-173 mm)
8.000 m 3600.000 kg
C25/30, 300600

\ z Ref.: Aute

Move cursor over the View mode icon on the left icon bar. A fly out toolbar appears, then select the
third icon to choose Rendered view. In this view mode check the elements already defined.

B 0065

Click Rotate view icon on the Zoom toolbar at the bottom left corner of the main window. Drag the
model to rotate it. A special Rotation toolbar appears to control the rotation process. You can also hold
Alt + mouse wheel and rotate the view anytime.

Restore previous view with icon between Zoom toolbar.

Click on Zoom to fit for better view.

Select Wireframe from the View mode fly out toolbar.

@60 66|

To define supports for the structure click on Surface support icon on Elements toolbar, then Selection
palette appears. Click on the bottom two domains. Finish with OK, then the following window shows
up:

Surface support for domains X

<>

@ Define o}

|
Pick up > Cancel

Change Rx and R, to TE+3, then click OK. The following will be displayed in the main window:
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Loads To define loads click Loads tab:

Geometr}rl Elements Loads | Mesh I Static I Bucklingl Vibrationl D’ynamicl R..C. D‘esignl Steel designl Timber designl

AAALaeEg@ XY 3R ey ol s Pl FE = &g

g
L

Load cases and To define load cases click Load cases and load groups icon on the Loads toolbar. The following win-
load groups dow will be displayed:
“-l - Load groups and load cases
=--+ Ungrouped Load case o Add
ST () Duplicate
sri 0] o .
contains no loads. SRS H - ﬂ
I F &
Load group W x;; &
Ungrouped
=3 **
—~ *
": Eurocode
Load group Add
®
®
=
-
&
3 Delete Critical load group combinations... oK Cancel

Click on the selected load case STT and rename it to SELF WEIGHT, then click OK to close dialog.

Self weight To define self weight, click on Self weight icon. On the Selection palette click on choose All (*) icon or
G press grey * on the keyboard. Click OK to close Selection palette. Dashed lines along the domain con-
tours represent the self weight. Moving the cursor to a domain edge, a tooltip appears showing the

weight of the specified domain:
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Static load case

H

Fluid loads

Fun

Load
combinations

it

Bt
R

[Domain 2 [shell]]
Total self weight(-Z): 231.15 kN

To create another load case, click again the Load cases and load groups icon and click on Static load
case button in the Add new load case group box. Enter 'WATER' as the name of the new load case in
the tree on the left. Click OK to close the dialog.

To define the water load, click on Fluid loads icon. On the Selection palette click choose All (*) icon or
press grey * on the keyboard. Click OK to close the Selection palette. The following window will be

displayed:

Fluid load *

@ Define

O X

Pick up »

2 Modif

Direction of load variation

CY ®Z

z m=[son |
2 -

P@Z;) [kN/m?] =

P(Z,) [kN/m?] =

0OK

o
b |

To define water level 30 mm under the top edge of the reservoir change Z7 [m]=3.000 to 2.7, and set
the bottom pressure value p(Z2) [kN/m?] to -35 (pressure is in the negative local z direction) and click
OK. The following will be displayed:

To create load combinations, click on Load combinations icon. You get to the load combinations table
in the Table Browser:
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Table Browser X
Eile Edit Format Report Help
v A+ x| B a | E
aterials

Rebar steel grades (1) Custom load combinations by load cases

;L:?;if;::sjeh ‘ Name ‘ Type |SELFWEIGHT WATER Comment
References (3) il

- Nodes (12)
Elements
Loads
SELF WEIGHT (11)
WATER (7)
Load cases (2)
Critical load group combinations (1)
Custom load combinations

By load groups.
Functions
Weight report v
Editing oK Cancel
New row To create new load combinations, click on New row icon. Leave the name on default Co.#7 then select:

[+

Speed buttons

Mesh

— (user defined combination). Then enter 1.35 into the column of case SELF WEIGHT and 1.00 into
the column of WATER load case. Use Tab or Enter to jump to the next cell. Click OK to close the dialog.

Use the speed buttons: turn off Supports, Reference and Object contours in 3D on Graphic symbols

tab.

To create finite element mesh change tab to Mesh.

Geometr},rl Elementsl Loads Mesh | Static | Bucklingl ‘u’ibrationl Dynamicl R.C. Designl Steel designl Timber design

| o B E R B o <

Speed buttons

Domain meshing

el

Using speed button turn off Load display (the fifth icon on the right).

Click on Domain meshing icon. On Selection palette click Select all (*) icon or press grey * on the
keyboard. Click on OK to close the Selection palette. Select rectangular mesh type (in centre) and set

Average Mesh Element Size to 0.60 m.

Meshing parameters *

@ Define O Modify
Mesh type

Average mesh element size [m] =

Fit mesh to loads
O Point loads | 2 [kM] = |0
|
|

[] Adjust mesh to column heads (to enable
cutting of moment peaks)

Contour division method
@ Uniform mesh size
 Adaptive mesh size

Smoothing
"

[] Create mesh only for unmeshed domains
[l Calculation of domain intersections
[[] Keep generated mesh guidelines if meshing fails

Cancel

Click on OK to close dialog. Meshing process is can be followed on the status bar:
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Mesh generation

Abort

After completing, the following will be displayed:

Green points at the centre of surface elements represent Centre points of the shells. Moving the mouse
over a centre point, a hint appears after a while showing properties of the finite element.

[Shell 204]

0/\’ C25/30
250 mm

Domain 2

% x Ref.: Auto
zRefi R1

Speed buttons Turn off Nodes, Surface centre and Domains on Graphic Symbols tab, then turn off also the Mesh
Display.

With this last step, we have finished finite element modelling.

Static To run the static analysis, change tab to Static.

Geometr}r] Elementsl Loads ] Mesh  Static l Buckling ] Vibration ] Dynarnic ] R. C. Design l Steel design l Timber design

o
R.
c

B
ﬁ
=
4}

Linear static Click on Linear static analysis to start analysis.
analysis

The following dialog shows up giving feedback about the process of the analysis:
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Messages,
Statistics

x64) Linear analysis of reservoir.axs

Stiffness matrix evaluation

[[] Close if completed

Cancel

Result file generation

Messages <«
Statistics ¥
Mumber of equations 16668 x4 Truss -
Equations memory 29.2 M ——— Beam -
Estimated memory requirement 49,3 M Rib 68
Solver block size 29.2 M Spring _
Largest available memory block: 9.292 G Gap _
Analysis block size 30 M L ‘ B
Available physical memory: 1093 G S
Total physical memory: 15.87 G Ezallea =
CPU  Intel(R) Core(TM) i5-6500 CPU @ 3.20GHz (4x) Membrane -
Single thread 3192 MHz Plate -
Model optimization 00:00 Shell e
Diaphragm =
Model verification 00:00 Load case 2
Analysis 00:00

Combination 1

x64) Linear analysis of reservoir.axs

ges and Statistics to see more information about the analysis:

PlateC9 element strain evaluation
-
82%
[ Close if completed
Messages ¥
10:00:18 Rib elerment equilibrated load assembly ~
10:00:18 Membrane(i element strain evaluation
10:00:18 Membrane(Q8 element stress evaluation
10:00:19 MembraneQ8 element equilibrated load evaluation
10:00:19 MembraneQ8 element equilibrated load assembly
10:00:19 PlateQ9 element strain evaluation W
Statistics ¥
Mumber of equations 16668 x4 Truss -
Equations memory 29.2 M —— Beam -
Estimated memory requirement  49.3 M Rib 62
Solver block size 29.2 M Spring -
Largest available memory block: 9213 G Gap -
Analysis block size 30 M Link B
Awailable physical memony: 10,84 G -
Total physical memory: 1587 G Epziizs =
CPU  Intel(R) Core(TM) i5-6500 CPU @ 3.20GHz (4x) Membrane -
Single thread 3192 MHz Plate =
Model optimization 00:00 Shell e
Diaphragm =
Model verification 00:00 Load case 2
Analysis 00:02 Combination 1
Result file generation

The Estimated Memory Requirement shows the necessary amount of memory to run the analysis. If
this value is higher than the available physical memory, then AxisVM uses the hard disk to swap
memory blocks during the calculation. If the system of equations fits into the physical memory the cal-

culation is considerably faster.

The following window shows up after analysis:
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Numbering

Parts

(x64) Linear analysis of reservoir.axs

Analysis of reservoir.axs completed.

[[] Close if completed

Messages

10:00:45 Calculating surface support force combinations... A
10:00:45 Saving surface support force combinations...

10:00:45 Calculating smoothed surface support force combinations...

10:00:45 Saving smoothed surface support force combinations...

10:00:45 Calculating support element internal force combinations...

10:00:45 Analysis of reservoir.axs completed. v

Statistics

MNurmnber of equations

Equations memory

Estimated memory requirement
Solver block size

Largest available memory block:
Analysis block size

Available physical memory:
Total physical memory:

16668

202 M X4
493 M

202 M Spring
9.219G Gap
oM Gap
10.85G
15.87G

CPU
Single thread

Intel(R) Core(TM) i5-6500 CPU @ 3.20GHz (4x)
3192 MHz

Model optimization
Model verification
Analysis

Result file size: 3.17 M.

Load case 2

00:03 Combination 1

After click on OK, then Static tab is activated showing displacement of the structure in ez direction in
case SELF WEIGHT load and displayed in Isosurfaces 2D mode.

Click Numbering speed button and turn on Write values to Surfaces and Min./Max. only.

To see the result for the WATER load case, click on the dropdown button of the combo box displaying
SELF WEIGHT and select WATER:

4 SELF WEIGHT -

| &2 [mm]

=-£2 Linear analysis

YIS SE| F WEIGHT

#-C0 Envelopes

Select ey [mm] result component to display.

To hide the front wall (for better visibility) of the reservoir create a part. Click Parts icon on the icon bar
on the left, then Parts dialog shows up:
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C25/30 [11]
7y Cross-sections
300600 [4]
(1 Architectural model

250 mm [3]
Slabs
250 mm [2]

- oW s e P =

[ Parts

Logical parts

Auto refresh

[ Refresh all

["] Show non-visible parts grayed

[[] Save as default oK Cancel

Dof5

Define a part containing all the elements but the front wall, click on New icon and specify the name as

1.

o New part definition

Part name ||

[[] Select from the entire model
[C] Turn off all the other parts

[[] Activate this part on all drawings in the Drawings
Library

Change view to X-Z plane!

[t £y 1,

Press and hold wheel of the mouse, to pan the view, so the right part of model is fully visible. Use the

bottom slider if your mouse does not have a wheel button.
Use selection rectangle to unselect the wall on right hand side from the selection:
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conce |
Click on OK on the Selection palette, then close Parts dialog window with OK.
Restore the Restore the previous view with clicking the icon among Zoom toolbar — or activate Perspective view
previous view with Ctrl+4 keys. Defining the part, the front wall is not visible in the next view:

@

Min, max values To find extreme values of horizontal displacements, click Min, max values icon. The following window

=Man shows up:
= min

Model extremes

Displacements

eX [mm]
eY [mm]
ef [mm]

eR [mm]

X [rad]
Y [rad]
fZ [rad]
1R [rad]

[ ok ] cancel
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Result display
parameters

Select one of the deformation components: eY [mm]. Click on OK to show maximum negative value
and its location.

Min eY
Mode 27

eX [mm]
e¥ [mm]
eZ [mm
fx [rad
Y [rad
fZ [rad
eR [mm
R [rad

]
]
]
]
]
]

H
-~

Case:|WATER

Confirm with OK, then result dialog jumps to the maximum positive value.

Mode 1141
Case:|WATER |

eX [mm] = 0.594

eY [mm] = 1411
eZ [mm] = -3.151
£X [rad] = -0.00030
fY [rad] = 0.00003
fZ [rad] = 0.00001
eR [mm] = 3.503
fR [rad] = 0.00030

Close the window with OK.

Select load combination Co.#7 and eR resultant displacement.

Click on Result display parameters icon, set Display shape to Deformed, Display mode to Diagram

and Scale by to 2:

Display parameters

[IEREEERIRR | tonlinear analysis | Dynamic analysis | [[@ERY| Envelope | Critical |

Load case

[ com

Component Section lines
[fpom -]
Scale by
Display mode
Diagram -

Display shape

Undeformed T
Write values to
[J Modes
[] Lines
Surfaces

Min./Max, only

Miscellaneous seftings..

Cut moment peaks over columns

L] Refresh all

[] Draw diagram in the
plane of the elements

FA Draw section plane
contour

Close window with OK.
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Hidden line Go to the bottom right of the screen, turn on the Mesh display speed button and at the icon bar on
removals the left change the Display mode to Hidden line removal.

®

Rotate

=

Restore the
previous view

)

Result display
parameters
=0

Color legend

O BHOoH6 S

Click on Rotate view icon in the Zoom toolbar at the bottom left corner of the main window. Drag the
model to rotate and check the deformed shape.

Press Esc to exit.

Now, restore the view with pressing its icon among Zoom toolbar.

Click on Result display parameters icon: change Display shape to Undeformed, Display mode to
Isosurfaces 2D and restore Scale by to 1.

Use speed button to turn off Mesh display and change result component to Surface Internal Forces —
mxD+.

The Colour legend shows boundary values of each colour. Adjust number of boundary values by
dragging the bottom edge of this palette, set it to 22:
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!

mxCi+
[kNm/m]

29.267
27.177
25.086
22.996
20.905
18.815
16.724
14.634
12.543
10.453
8.362
6.272
4.181
2.091
a

N T T T TR ] [ B2

m
e

X

mxC+
[keMm/m]

E

29.267

27.874

26.480

25.086

23.693
22.299

20.905

159.511

18.118

16.724
15.330

13.937

12.543
11.145

9.756

8.362
6.968

5.575

4,181
2.787
1.394

Change result component to Surface Internal Forces - myD-.

Section lines

g

D section lines

0of0

Mew section segment

Mew sectien segment group

Mew section plane

Mew section line

Modify

| Delete

[ Section lines
Draw section plane contour

[] Refresh all
M Aute refresh

0K

Cancel

To specify sections for displaying myD- diagram, click on Section Lines icon on the icon bar on the left
side. The following window will be displayed:
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To define a new section plane, click on New section plane button in the dialog. The following message
box will be displayed to enter name of the section:

o New section plane

Section plane name |

ok | concel
Type in T as the name of the section plane and confirm with OK, then close the Section Lines window
as well with OK.

Views Change view to X-Z plane — or press Ctrl+1 keys!

3
‘l_ Z_|tr z LL
B e Iy 2L EXR
Specify a section plane in the middle of the reservoir.
The section plane can be defined by two points when side, front or top view is active. In front view, click
on the middle point of the rib and enter the second point somewhere under the first point in the verti-

cal plane.
Finishing the data input, the Section Lines dialog shows up. Close it with OK.

Views Change view to Y-Z plane — or press Ctrl+3 keys!

ES fry e[ 1, B

Change Display mode to Section line:

Numbering Click on Numbering speed button and turn on Write Values to Lines.

The result is the following:

Speed buttons Turn off Section Line Display mode.
Views Change to Perspective view.

3
‘l_ I, 47 z LL
Eo U By | A | u

Change Display mode to Isosurfaces 2D! Select Surface Support Internal Forces — Rz which shows
vertical reactions of the surface support and the following will be displayed:
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R. C. design To analyse the required reinforcement of the reservoir, change tab to R. C. design:

Geometry | Elements | Loads | Mesh | Static | Buckling | Vibration namic R. C. Design | Steel design | Timber design
g

o EEZH # Co#l T | axb [mm2/m] T | None (1 =
22 |

zMma
= rnin

LR TrToEE

Reinforcement Click on Reinforcement parameters icon then select All (*) and confirm with OK, then the following
parameters window will be displayed:
% Surface reinforcement parameters (Eurocode)

Materials Reinforcement Cracking Shear

Materials
Concrete | C25/30 ~
Maximum aggregate size [mm] =
Rebar steel | B300B ~
Structural class |53 ~
Exposition class Tep surface
AC2 Humid, seldom dry ~
#C2 Humid, seldom dry ~
Bottomn surface
Coefficient for seismic forces f o=

Nonlinear analysis
Take into account concrete tensile strength

@ Frpn C feoma £, [%a] = |0.473

Naonlinearity
e - N (Wall) k- M (Slab) Cre-MNrk-M

[[] Set current settings as default

Pick up »» Cancel

Set Exposition classes to XC2 for Top and Bottom surface on Materials tab.

Set Primary direction of reinforcement as x for Top and Bottom reinforcement on Reinforcement
tab. Check Apply minimum cover checkbox:
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Surface reinforcement parameters (Eurocode) x

Materials Reinforcement Cracking Shear

[] Calculate with actual thickness

Thickness (h) [mm] = 250

L

Unfavaorable eccentricity (N > 0) = |0 v |[*h

Unfavorable eccentricity (N < 0) = |0

| *h

Concrete cover Diarmeter (mm) Direction

30
"—:ZICT T i
= b Tt o reinforcement
= =y Bottom reinforcement
3 prm— i 1

Apply minimum cover

Load transfer

® Two-way slab
O One-way slab

&) O

Take inte account the required

[] Top reinforcement
minimum reinforcement

["] Bottomn reinforcement

Reinforcement directions
® Local Xy
) Custom

X
[] Set current settings as default

Pick up > Cancel

By closing the parameters setting dialog window with OK, the results of calculated bottom reinforce-

ment in local x direction - axb [mm?/m] can be seen on the screen. Change Display mode to Isosur-
faces 2D.

Speed buttons Click on Numbering speed button and turn off Write Values to Surfaces and Lines. The following will
be displayed:

4

‘

NS

e

SN

Check also ayb, axt, ayt reinforcement values!

Check crack width in case of load combination Co.#7 using actual reinforcement @72/150 mm in both
x and y direction at top and bottom. Let us define actual reinforcement.
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Actual
reinforcement

z

Selection

s

Click on Actual reinforcement icon, the following window shows up:

Actual reinforcement

Reinforcement -
Min. thickness (h) [mm] = 250
Primary direction of reinforcement
cr [mm] = |30 =30

Top surface

®x Oy

@®x Oy

Bottom surface 30 230
Apply minimurm cover

["] Use this rebar steel and concrete cover by default
Auto refresh
Pick up »» | | 0 Close
P [y | 28 4y & :

Specify the domains for which reinforcement should be assigned. Click on Selection function at the

bottom of the window. Click on All (*) on Selection palette and close it with OK.

The following can be seen after the selection:

Actual reinforcement

Parameters (Eurocode)  Reinforcement

Min. thickness (h) [mm] = 250

Primary direction of reinforcement

cr [mm] = |30 =30
Top surface
I @ 5 hI-l-l-r:icT
®x Oy T_H( —talet
Bottom surface 7 =20 =30

Apply minimum cover

[] Use this rebar steel and concrete cover by default
Auto refresh

Pick up »» OK

Cancel

Set x direction for Primary direction of reinforcement on top and bottom surface on Parameters tab

and check the Apply minimum cover checkbox.

Now, click on Reinforcement tab:
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Actual reinforcement

Parameters (Eurocode) | Reinforcement |

[=)- x Direction Rebars

Type |Ribbed ~
Top reinforcement (P): None
Bottom reinforcement (P): None @ [mm] =

E|y Direction Spacing [mm] =

i Top reinforcement: None
.- Bottom reinforcement: None

K&

Rebar position [mm] = | 30
A, [mm?/m] = 1005
Calculate rebar positions

Add Delete

Maximum of calculated reinforcement
for the selected elements

axt [mm?/m] = 914
Min. thickness (h) [mm] = 250 axb [mm?/m] = 510
or [mm] 230 ayt [mm?/m] = 362
cg [mm] =230 ayb[mm2/m]= 414
Auto refresh
Pick up » oK Cancel

Set reinforcement rebar on right hand side and assign it to each four reinforcement layers on left hand
side.

Set diameter to 12 for @[mm]= and Spacing [mm] to 150. Check Calculate rebar positions checkbox
then select x Direction — Top reinforcement in top left box and click on Add button.

The following will be displayed:

Actual reinforcement

Parameters (Eurocode) Reinforcement

[=)- x Direction Rebars

: Type Ribbed ~
2- Top reinforcement (P) = 754

&
2 8 mml = 12

0 mm (36 mm) [R]

Bottom reinforcement (P): None Spacing [mm] =

E| y Direction
... Top reinforcement: None

Rebar position [mm] = | 36

... Bottom reinforcement: None A, [mm?/m] = 754

Calculate rebar positions

Add Delete

Maxirnum of calculated reinforcement
for the selected elements

axt [mm2/m] = 914

Min. thickness (h) [mm] = 250 axb [mm?/m] = 510
= [mm] =30 ayt[mmzfm]: 362
cg [mm] =30 ayb[mm?/m]= 414

Auto refresh

Pick up » oK Cancel

Specify the other reinforcement layers by using the above method.

Finally, the following will be the result:
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Actual reinforcement *

Parameters (Eurocode) Reinforcement

[=- % Direction g L Type Ribbed v
-Top reinforcement (P} = 754
-----P12 mm /150 mm (36 mm) [R] g @ [mm] =
-Blottom reinforcement (F) = 754 Spacing [mm] =
: 12 mm /150 mm (36 mm) [R] 18
=~ y Direction
= Top reinforcement = 754 A, [mm?/m] = 754

- 12 mm / 1530 mm (48 mm) [R]
= ;Ottom rmforcement - ?4 Calculate rebar positions
B2 12 mm / 150 mm (48 mm) [R]

Add Delete

Maximum of calculated reinforcement
for the selected elements

axt [mm2/m] = 914
Min. thickness (h) [mm] = 250 axb [mm2 /m] = 510
o [mm] =30 ayt[mmzfm] = 362

cg [mm] =30

ayb [mmZ/m] = 414

Auto refresh

Pick up »» QK Cancel

As we can see, the rebar position is calculated automatically taking into account concrete cover, the po-
sition of each reinforcement layers and the diameters of the applied rebars.

Close window with OK button, the specified reinforcement is displayed on the domains:

A

e

S

“§

i

“:

/
SR

i

oy

‘\\\\\\\\\\-\'\: 4'".
W

0N

o8NS

\

/

The thick brown lines and their titles indicates the given actual reinforcement. If only one direction of

reinforcement is visible on the screen, then open Display options. On Label tab switch off According
to the displayed result component function.
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Symbols Labels  Switches
Numbering Properties
[] Node [[] Nedal coordinates
[ Truss ["] Material name
[] Beam [] Cross-section name
[ Rib [] Bolted joint
[] virtual beam [ Column reinforcement
[] Surface ["] Beam reinforcement
[] Domain [] Beam length
[ Support [ Thickness
[] Links [] Domain area
[] Rigid [] Stiffness reduction
[[] Diaphragm [] COBIAX labels
[[] Spring [] Load value
[[] Gap [] Concentrated
[] Material [] Line
[ Cross-section [7] Surface
Design member [] Temperature
Design optimization group [] Fire
[[] Load panel [] Self weight
[] Reference [ Other
[ Mass value
[[] Use finite element numbers L] Units
Actual reinforcement
Story center of gravi symbols Labels
Stog shear cenfer v =b =b
ayb ayb
[[] Labels on lines seen from axis mi mi
direction ayt ayt
Transparent labels Labels
Prevent labels from overlapping @ Rebars + Reinforcement values
 Rebars + Quantity x (Length)
According te the displayed result
component
Auto refresh
[] Refresh all
[7] Save as default Cancel
Crack width Select Cracking — wk(b) result component which is showing crack width at bottom surface of the do-

mains (outer face of reservoir, remark: the location of ‘bottom’ depends on the position of the local co-

ordinate system).
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All domains are hatched in blue what denotes that there are no cracks on outer face of domains.
Check crack widths on the inner face of the reservoir!

Select Cracking — wk(t) result component which is showing crack width at top surface of the domains.

The following will be disp

layed:
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reinforcement of the ribs, click on Beam reinforcement design icon, then click on the longer,
st rib on top of the side wall and finally click on OK. The following warning message shows

combinations,
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Beam By closing warning message, the Beam reinforcement parameters window shows up.

reinforcement . .
Set the parameters as shown in the next figures:

parameters
Beam reinforcement parameters - Eurocode X
-

Cross-section  Parameters

Concrete | €25/30 v Dyay [mm] = m

= - Vz - My

Structural class

LI T L O
by, [mm]= (3000 |

h[mm] =

Environment classes, concrete covers Apply minimurm cover
Top (+2) c, (+z) [mm] = |30.0 = 30,0
Left (-y) | XC2 8 ¢, () [mm] = |30.0 2 300
Right (+y} xC2 c, (+y) [mm] = |30.0 = 30.0

Bottom (-2)  XC2 ¢, (-2) [mm] = = 30,0

Stirrup | B500B ~ Longitudinal rebars | B500B ~

Stirruplegs:- Type |Ribbed ~

gt [mm] = |16 ~ L]

@, [mm]= (16 |~

@y [mm]= (16 |«
@y Imm]= |16 |«

L I )
Maximum number of applied T

rebar schemes

Step of stirrup spacing [mm] = _L

[[] Use this rebar and stirrup steel by default Cancel

Specify rectangular shape for the rib on Cross-section tab, and select $3 structural class.
Use XC2 Environment class on all four sides of the rib and check Apply minimum cover.

Set B500B material rebar for longitudinal rebars and stirrups. Use rebar @8 mm for stirrup and @16
mm for main bars.

For crack width control check Increase reinforcement according to limiting crack width checkbox on
Parameters tab:
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Beam reinforcement parameters - Eurocode

Cross-section Parameters

Design internal forces Angle of the concrete compression strut
& Vz- My ti ®
45°
Wy - M
® - ’ > Variable
> Custom B= |45

["] Shear force reduction at supports

22° 45°
Cracking
Increase reinfercement according to
limiting crack width
Tep crack width [mm] = (0,30
Bottom crack width [mm] = |0.30

Take into account concrete tensile strength
Load duration

"+ Short term [kt = 0.6) # Long term (kt = 0.4)
Check allowed deflection Beam: L/

Deflection check will be performed only if the actual concrete

300
grade and cross-section is set. Cantilever: L/ 400

Nonlinear analysis
Take into account concrete tensile strength

%ﬂ = &
@ fem O fom Fes [l
Coefficient for seismic forces

[[] Use this rebar and stirrup steel by default Cancel

After click on OK, then the following window shows up displaying the envelope internal force diagram
(in case of load combination Co.#7) and the calculated amount of reinforcement (main bars and link).
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By clicking on Calculated beam reinforcement tab, the required reinforcement, crack width consider-
ing the calculated reinforcement and bending resistance, shear capacity, etc... can be seen.
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On Actual beam reinforcement tab, the calculated reinforcement can be assigned to the rib or can be
specified according to the user’s intention. This feature is not presented now, similar example can be
found in chapter named ‘Beam model'.

Click on OK to close window.
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Notes
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