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FEDRA, Design of masonry structures with Eurocode 6, Version 3/08, User manual

The sofware FEDRA (design of masonry structures with Eurocode 6), described in this users
manual, is furnished under a license agreement. The software can be used only in accordance
with the terms of the license agreement. Information in this document is subject to change
without notice.

1. License Agreement

You should carefully read the following terms and conditions before using this software.
Unless you have a different license agreement signed by RUNET software &expert systems,
your use of this software indicates your acceptance of this license agreement and warranty.

Each registered copy of FEDRA can be used at a single workstation.

Governing Law
This agreement shall be governed by the European Community (EC) laws.

Disclaimer of Warranty

THIS SOFTWARE AND THE ACCOMPANYING FILES ARE SOLD "AS IS" AND

WITHOUT WARRANTIES AS TO PERFORMANCE OF MERCHANTABILITY OR ANY
OTHER WARRANTIES WHETHER EXPRESSED OR IMPLIED. Because of the

various hardware and software environments into which FEDRA may be put, NO WARRANTY
OF FITNESS FOR A PARTICULAR PURPOSE IS OFFERED. Good data processing
procedure dictates that any program be thoroughly tested with non-critical data before relying
on it. The user must assume the entire risk of using the program.

ANY LIABILITY OF THE SELLER WILL BE LIMITED EXCLUSIVELY TO PRODUCT
REPLACEMENT OR REFUND OF PURCHASE PRICE.

RUNET Norway as
Tennfjord 6264
Norway

e-mail: info@runet-software.com
Internet: www. runet-software.com
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2. About FEDRA

FEDRA is a tool to design of masonry buildings, according to Eurocode 6, EN 1996-1-
1:2005. The concrete floors and columns, are designed according to Eurocode 2, and the
timber roof according to Eurocode 5. The seismic loads are defined as static horizontal
loads, with a reverse triangular distribution. For the floors it is assumed that they act as
horizontal stiff diaphragms.

A complete report is produced, with analytical computations and drawings for the floor
plans and reinforcement.

The program contains an easy to use drawing package where you can define the building
and the properties of the building elements.

The expert system, built in the program does an automatic topology recognition of the
structure of the building and produces automatically the structural model, with automatic
load transferring, and mesh generations.

Notice although, that no matter how advanced and easy the program is to use, in no case
the experience, knowledge and the opinion of the engineer can be replaced in a design. The
program is a tool which helps the engineer to obtain results for complicated structures. The
designer engineer should not forget that he has to understand, and interpret correctly the
results of the program.

okl

F RUNET-FEDRA-Masonry design, Eurocode 6 - Project :-Two floor building-[c:\runeteng\fedra\projectsiexample-1]

File Report Parameters Timber design Options Help  Update

Earthquake Design [EC8 §3)

v |8 Seismic cosfficient [ECB&E3.2]

v |8 Ground tpe [ECS §3.1.2)

(0] Building class [EC8 54.2.5] Il gl=1.00
G | Building Ch

Category: ¥, a=0.060g=0.53 m/s*
B. 5=1.20 T1=015sec T2=050zec

<

Building shape - Floore Floors abowve ground level : 2 Floors below : O

S =3 A

<lel<jzle
BEEEBE

Construction level
Structure Loads [EC1)
Permanent loads [kMAnf]
WVariable loads  [kM/mé]
Actions

Loads on roof [FMNAmé]
Fioof weight [KM /]

ejelofele
BDEEE

Timber roof - imber floor
v |® Dimenzioning with Eurocode 5
Masonry Materials

v |@ b azonm wialls

v B Concrete - Sail

v |® Dirawing plans
v |@ Topology

Déﬁ (] Computations

FEDRA © RUNET® Vers.03.001 /2005

Confined masonry  Class 1

Floor Finishing =0.80, Light “/alls =0.00
Floor=2.00,5tair=5.00 Balc.=5.00
y0=060, p1=080, y2=030

Snow load=1.00, Wind load=1.25
Fioof= 0.70, Ceiling= 0LE0

Timber Roof: Tirnber Floors
Errick wall-ME 0.30

C16/20-5400 qu= 0.20Mpa

Drawing plans - Masoniy computations

walls-openings-besms
building topology loads:

mater. slabs bearns walls column

Tupe of Floorz 0.15-Timbe
Type of Roof Timber Roof Report
Floor heights [m] 2 R0-2.60- o B Genenal

v B B azonry Materials

+ [ bazonmy Hnits

+ [ Eoncrete Slabs

+ B 5lab Desion

+ B Sish Rertorcerent

~ [ Baam Elsmsnts

B Bea Sthiictial Analisiz
+ B Baam Diesigk

+ B Beam Renloicement

+ B eitical loads o walls s
+ B Seismic lnads on walls s
+ [ Masanm Design s
~ [ Shimssns v wall elamistits

+ [ Calumbis

+ [ Foundation

+ [ Techhical Repart

+ B Dgamings

+ [ Dgamings to DSGF fles

Registered user: RUMET Norway as, 01001-5625-0036
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3. Basic program philosophy
1. All general settings are made from the main menu

File, Report, Parameters, Timber design, Options.. .

File: Parameters Opkions
Mew Dpen Project. .. Project Parameters. .. Language Set...
Save As... Material ,
aterials
Copy project Files 3
Loads 3

Project descripkion... n
Initial walues

Rename project. ..
Delete project. ..

fain folder For Projects, ..
Browse, .,

Printer...

Exit

1 2FLOORGT . RPR
2 TEST700.RPR.

2. Computations

The parameters and the coefficients for each design as well as various computed values are
shown on the yellow pad on the left. To change the loads, parameters or coefficients of a
project, click at the corresponding lines at the yellow pad.

Earthquake Design [EC8 §3)
+ || Seizmic coefficient [ECE 53,2 Category: IV, a=0.20g
« || Ground type [ECE 53.1.2) B. 5=1.20 T1=015zec T2=0.50zec
|| Buiding clasz [ECE 54.2.5) Il gl=1.00
General Building Charactenistics
+ || Buiding shape - Floors Floorz above ground level : 2 Floors belaw ; 0
« || Type of Floors 0.15-0.15-
« || Type of Roof Timber roof on zlab
« || Floor heights [m] 3.00-3.00-
& | Constuction level Unreinforced mazony Class 3
Structure Loads [EC1]
+ || Permanent loads [kMNAmvé] Floor Finighing =0.80, Light wallz =1.00
+ || Variable loads [kN/m] Floor=2.00 Stair=3.50 B alc.=5.00
v || Actions w0=0.70, y1=0.50, y2=0.30
+ || Loads onroof [KM/me] Shiow load=0.65, Wind load=1.25
o || Roof weight [KMNAmé] Fioot= 1.50, Ceiling= 0.50
Timber roof
« || Dimensioning with Eurocode 5 Timber Roof with Eurozode 5 [ECH]
Maszonry Materials
o || M azonm walls Brick wall-M5 0,30
+ || Concrete-Sai C20/25-5220 qu= 0.20Mpa
Drawing plans- Masonry computations
+ || Drawing plans walls-openings-beams
D%s [ Topology
[ Computations mater. *slabs® *beams® *wallz® *column®
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3. Reports
The various chapters of the report are created
simultaneously with the computations. By clicking on
the lines of the green pad you preview the
corresponding chapters of the report.
Red lines appearing in the reports warn you for errors
in the computations. It is always necessary to check
the report chapter ‘Masonry design’, ‘Slab Design’,
‘Beam design’, ‘Columns’, and ‘Foundation’, for errors
in the design.

4. Print report

LA A S L4

L S A e

L0444

You can print or preview the report from [Report] menu or the buttons on the right side.

Report

Print repart...

Preview report. ..

Export repart (POF ar WiORDD, ..
Print drawings...

>. Help Save drawing in DxF...
Report contents. ..
Floors included in report, ..
Report setup...
User Manual 8
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4. What to do just after the program installation

1. Define the parameters, building, materials, and seismic coefficients, from the menu
parameters.

Parameters/Materials, Check the masonry units, mortars and masonry walls
existing in the program and adjust them according to the ones in your region.
The same for the properties of concrete and steel.

Parameters/Loads, Check and adjust the various loads according to the
design code of your region, or your country.

Parameters/Initial values Set the default materials, dimensions, seismic
coefficients, and other coefficients.

Parameters/Reinforcing bar symbol. Set the symbol for the reinforcing bars
usually @, (default #).

2. Create a project folder with the menu [File/Main folder for Projects].

3. Define your report appearance from [Report/ Report setup].

5. Basic design steps

1. Open a new Project from the [File] menu.

2. When you open a project file the default coefficients and parameters you have chosen
for the program are loaded into the project file. The original default parameters (materials,

seismic coefficients, coefficients, loads) are maintained in the program in the menu
[Parameters/Initial values].

Project File
Praoject Falder : C:A\PROGRAM FILESA\RUMETA\FEDRA\Projects
project File : examnple-1.1pr
Froject Folders
| 4
Folders Frojects
= T emamnple-lamr ]
(&= PROGRAM FILES example-2.ipr
(&= RUNET example-3.1pr
= FEDRA
= Projects
£ example-1
7] example-2
7] example-3
Drives
|= ¢ [GTDELLD) =
# OK X Cancel | 9 Help |

3. Check the coefficients and the parameters of the project, and if necessary change some
of them by clicking on the corresponding lines of the yellow pad. (E.g. To add floors in the
building). Keep in mind that all the project parameters written in the project files, can be
changed by clicking at the corresponding commands on the yellow pad. The program
default parameters (materials, loads, action coefficients, seismic coefficients) are
maintained in the program through the top menu [Parameters].

User Manual
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Y - -5

Building shape-Floors

Floors aver the ground floor

|2 3-
¥ Foof

|~ Roof on slab

[~ Bazement

x Cancel | ? Help

4. Click at the place of the hand pointer Drawing plans.
See Chapter Drawing for details.

H Drawing = @

Objects IEdit | Scale | Drawing| Prirt | Help |

Bl H | 2]l |- E, | o | P 2%
I

Object properties

[ e BT
=
Name il alll 3
[M agonmy matetial
[Brick wall-u5 0.30 -]
8
Length [m] 11.00 v
Thickness [m] .3
Height [m] 250 = =
Load g [kM/m] 1}
ll kind of basement hd
Footing Centric - 4{‘; i _elb_
— @ o o
Load g [kN/m] |0 a ]
Floor Gr. floor hd LU _;_ _;_
Outline None hd 3
Angle [degress] | 180.00 Bd "
) 11.00
o) — ’4 K
a [m] 9.00
1,20 %
P ﬂ 1
Fy F
* %
o
r
Layers | ’— Flan Wiew ‘ Gr. floor 415t floor |
X825 Vi-1.18 Scale 1:100

Reqgistered user: RUNET Norway as, 01001-5628-0036 ’@

5. After you enter all the building elements (walls, beams, columns ), you must do a

topology recognition by clicking at EI on the top right, or by clicking the [Topology] line
on the yellow pad.
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Tepology evaluation-Two floor building-[c:\runeteng\fedra\prejectsiexample-1]

Recognized 3 slabs dmil
in Gr. floor @ ZZ M 21 ><1 sm'"fm
Murber | Thick | Loads | Areas Compute .

concrete slab

P

\Gr. oo AT st floor /

6. After the topology recognition click on the line Computations of the yellow pad in order
to do all the computations. Solution and dimensioning of concrete slabs, beams and
columns. Finite element solution of each wall in its plane, and checking all the requirements
of Eurocode 6. The load transferring, building element interconnection, mesh generations
etc., are done automatically.

7| Masonry Computations

Gr. floor, wall 3 formation of stiffness matrix 324x324 -~
Gr. floor, wall 3 support conditions. nodal loads

Gr. flaar, wall 9, sclution of stiffness equations 324x324

Gr. floor, wall 9, solution of stiffness equations 324x324

Gr. floor, wall 9 computation of element streszes
[12:03:23]

Gr. floor, wall 1 strength checks

[12:03:23]

Gr. flacr, wall 2 strength checks

[12:03:23]

Gr. floor, wall 3 strength checks

[12:03:23]

Gr. floor, wall 4 strength checks

[12:03:23]

Gr. floor, wall 5 strength checks

[12:03:23]

Gr. floor, wall B strength checks

[12:03:23]

Gr. flaar, wall 7 strength checks

[12:03:23]

Gr. floor, wall 8 strength checks

[12:03:23]

Gr. floor, wall 9 strength checks

[12:03:23] Design of columns

[12:03:23] == End of Computations ===
[12:03;23] == Summary of problems in computations
**nroblem in slab desigr in foors Gr. Aoor
Solution and dimenzioning of beams 0K
Direnzioning of mazonmy done [YOU MUST CHECK the repart zection mazanny Design)
Column checks 0K

Footing dimenzioning DK

sz

ol >

E{l Cloge ‘
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7. After the computations you must preview the reports and the drawings, by clicking on
the lines on the green pad. Red lines appearing in the reports warn you for errors in the
computations. It is always necessary to Preview (check) the reports under chapter
‘Masonry design’, ‘Slab Design’, ‘Beam design’, ‘Columns’, and ‘Foundation’, for errors in

the design

8. From [Report/Print report] you can print and choose chapters to be included.

i

Print report

Murnber of first pagelﬂ vl

Left margin in mm|2EI 3,

General

b azonimy M aterials
Mazonm Units
Concrete Slabs

Slab Design

Slab Reinforcenment
Yertical loads on walls
Ceizmic loads an walls
i azonmy Design
Foundation

X @
Print Cancel Stop

= ?
Frinter Help

User Manual
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6. Project

You can create a new project, or you open an old one. The program automatically creates
all the necessary files and folders for the project. You just enter the project file name in a
project folder. To choose an old project just double click on the name on the right window
(with the extension .rpr) The name must not include illegal file characters ( * , etc). To
choose an old project just double click on the name on the right window (with the
extension .rpr) .

["ruject File

Project Folder : C:APROGRAM FILESSRUNETAFEDRAMProjects

project File : exarnple-1.rpr

Praject Folders

! =]
Falders Projects
(= C Example-1.ior
7= PROGRAM FILES g:zmglg-%:g:
(&= RUNET :
(== FEDFR&
= Projects
£ example-1
£ example-2
£ example-3

Drives

B3 C: [GTDELL-C] =

/DK I X Cancel I ? Help

In the dialog appearing next, enter the title of project, owner and some notes for the
project.

Project title

ITWD ghorey building in Bellingham

Building owner

iEiIIy Brown

Laozation

iBeIIingham

Dezign firm

1.&3 Architect group Ikd

Maotes

place for small notes.. |

A Close i ? Help

User Manual 13
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e Project Files

For every project it is created many files as: the input data, the results, and files for the
report production.

The file organization of the program is as following.

You define some folders as project folders with the dialog of the menu Options/Project
folder . These folders are used as containers for the folders of each project. By default the
program has a project folder \projects.

For each project you choose a hame with the menu command [File/Project]. Then inside
the project folder another folder is created with the name of the project and inside there all
the corresponding files to the project are placed.

If you name e.g. a project, Pr1002 then a folder \projects\Pr002 is created and all the files

of the project pr002 are placed inside there.The saving of the data in the files is done
automatically, when changes are taking place.

) Project Folder

The project files are kept in a separate folder for each project These folders are created
inside the basic folder containers which we name project folders. So for each new project
you select the project folder and inside this folder the project folder is created. E.g. for the
project Building-1 you select project folder \...\Projects-A. The program automatically is

going to create a folder \...\Project-A\Building-1 and inside there is going to place all the
files of the project.

You define the project directories with the menu Options/Project folder
You open a project and a corresponding files by selecting it on the right (*.rpr) window.

Project Folder : c:\program files\runet\fedra\projects

Project Folders

|E:\PF|DGFMM FILES'\RUMETAFEDRA%Projects ﬂ
Folders Projects
o Browse [=CA exampla-1.mpr
) (= PROGRAM FILES il
Browse for projects. You choose (= RUNET etb
project folder and as you select a (= FEDRA
. f the left wind =, Frojects
project from the left window ] exemple-
(extension rpr), you see the date and £ example-2
short description of the project. (£ example-3
£ test0m
Drives
|E= C: [GTDELL-C] |
x Cancel | ? Help |
Delete files

File : c\program files\runefifedralprojects\example-2.rpr  14/02{2003

Two floor building from YTONG
¢ Delete project
Delete a project and all its files. The
folder which contains the project files
|S deleted . Select File Select Folder
1. C:5 ARUNETSFEDRAVPojects
%"253355:2:?5?'" e | iect 1 veee |
[ example-3.rpr (= CA
[ testO01.rpr [= PROGRAM FILES
= RUNET
= FEDRA
= Projects
£ example-1
[ example-2 Z Hel
[iz=] exam;a-ﬁ ﬁ
£ testOO1 El o
Select Diive
= c: [gtdell-c] -
User Manual
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7. Drawing

The drawing part of the program is object oriented. By clicking the mouse you create,
place on the drawing canvas, move and delete various objects. the objects which you can
see on the drawing palette on the top are : outline, walls, windows, doors, beams,
columns, slab beams, balconies, dimensions. Each object has characteristic properties as
length, position etc. you can see and change the properties from the left window. Choose
the objects with the mouse and place them on the drawing canvas. Automatically they take
the default properties. Then by clicking on each object you select it, and you can move it,
by moving the mouse, or you can change its properties on the left property window.

e Drawing palette

Ohject Properties Beam
ointel Calumn Cantinuaus drawing
Cross Slab bearn

Objects |Edit | | Seale | Drawing]| Priet | Helo

S0+ 20 | o | Pl
|

Trapezoid wall Dimension Topolagy
Wall with roof Balcany Wall finite elernents
Rectangular wall Daar
Cutline indow

Clicking the object, you can use the object until you
| thoose another,

| Ewerytirme you wish to use an object you have to
chooge itwith the mouse.

Layers |
¥ Wall: Dperings Balcories

¥ Beams Slab-beams

¥ Colurnng

¥ Dutlines

¥ Dimensions

Zoom in L Esit
Zoom out Grid Mesh

a iectsl Edit Scale |Drawing| Print I Help I Prirt I Help I

ﬂ 500 4DD|250|2DUI‘IDD 50 | 25 | 20 | 10 | % Grid 100 - : 50 -
| ' |
Scale 1:500 ..1:10 Grid distance (om) Mesh distance {cm;)

The contents of each drawing are defined from the layers. Each object set is on a different
layer. By defining which layer is active you can have various objects to appear.

After checking the parameters and setup of different default values, you can enter the
drawing part of the program. Here you draw and define your building in details.

User Manual 15
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8. Step by step, your first example

To make the drawings of the building we are using an assisting line to define the building’s
outer side and we call it outline. The outline will be used to place the outside walls of the
building easily. We will start with the ground floor.

Select Outline. E

Click at the drawing pad to give the outline nodes. Mark the four corners of a rectangle

about 5m (y) high and 8m (x) long. Start at the left down corner and go toward right. Do

not worry if you don't hit exactly the right points, we will straight up the outline later.
The mesh at this point is set to 1m.

At bottom left you can see the coordinates of the mouse pointer, the angle and the length of
the outline side. You can also enter or edit the nodes of the perimeter from the Node Table,
by pressing the (Insert) key on the keyboard. But this is needed only for complicated
designs.

Close the outline with right click on the mouse at the last outline node.

The rectangle you just made has 8 square node points.

To straight up the rectangle we need to select the object by clicking next to it. When the
object is selected, it turns red.

L
Press Tab Edit and choose Snap to mesh |-|1-' and the outline becomes adjusted to the
mesh. Click anywhere in the drawing pad to release the outline.

N1=TE

Ohiects | Edt | Scale | Drawing| Fint | Help |

B s Dml== 200 |- s, I « | i S
Dbject properties _ lﬂil;l

Mame Outinel

Floor Gr. flo j
Modes j

Layers | Plan Wiew | G floar A1 st floor / |

%953 [7:483 [Scale1:100 | Drawing surface A

NOTE

If you draw something you are not satisfied with, select the object with the arrow of the

Objects menu and click Edit/ @ or the Delete button at your keyboard.

User Manual 16
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We are ready to make the walls

Go to Tab Objects and choose rectangular wall !I
Move the pointer to the middle node of the left outline where you want the wall to be
placed and click. A grey thick line with a thin red outline is your wall. The walls will be
numbered in the sequence you make them.

# Drawing package ;IEIEI
Objects | Edi | Scale | Drawing| Print | Help |

5o Ol D | ] [* | me

Object properties |

| = 2l

Mame e alll j

|Matetia|

IBrick wallM2 0.30 vl

Lengthlm) 5.00

Thickness [m] 030 an. f

Height [m) 3.00

Load(kndm] 1}

all kind Recta =]

Footing Centra = |

Floor Gr. flo =]

Outling Outlin |

lngle (degrees]  |-90.00 |

#lm) 1.00 Lavers | Flan Wiew | Gr. floor 4,13t flaor |
| olm] go0 |
|><:5.DD |Y:B.DD | |Drawing surface 4

To continue drawing walls click at _d, top right of your screen, and then you can keep on
drawing walls until you release it.

Click at all four sides of the outline to make four walls.

Make an inside wall from wall 2 to wall 4 about 3m from the left.

Release |

For the moment we finished making walls.

You can drag the walls or the beams with the mouse or you can set their exact position
from the properties. From the properties you can also select different masonry materials, or
change their dimensions.

In the same way you place columns, windows, doors etc. you can drag all these objects
with the mouse to a different place.

User Manual 17
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-," Drawing package ;IEIEI

Objects | Edit | Scale | Drawingl Print | Help |

S H | Ol | e | | e

Object properties |

[fweats = 2
M ame W/ all »
W . . . . . . . . . .
IBrick wall-+2 0.30 vl
Length{m) 5.00
Thickness [m) 0.30 B ) am . _ ’,% ) N !
Height [m) 3.00
Load(kn/m] 1]
all kind Recta ~|
Footing Eentra;
Floor Gr.floa >/ X - -
O utline None | - [ . . . T .
Wngle (degrees)  [-90.00 =] T T
o () 3.85 Layers Plan Yiew |_"'.Gf- flaar #1 st floar
_ﬁo[m] E.00 1
|><:B.50 |Y:3.1 3 |Angle:-90.00 Distance: 4.65 |Drawing surface 4

Notify the Object properties window. When you select an object, a full description of
the object is given in the Object properties window. Every object has its name, length,
thickness, etc, etc..

The little blue mark you see when the object is selected is the origin point of the
object. This is the point the coordinates Xo and Yo are referred to. Each object has a
direction, which is from the blue point at left to the other end at right. If you want to
change direction of an object, change its angle by 180°.

Click on the different walls to see their properties. When the Object properties window
is empty, no object is selected.

We will make a column in the middle of the right room.

Choose column m and place a column in the centre of the room.

We will make a beam from wall 5 over the column to wall 3.

Choose ﬂ at the object menu.

Click with the pointer at the middle of wall 5 to wall 3 by click, drag and click.

A double line shows up. This is your beam.

Click anywhere on the drawing area to release the beam, or right click on the mouse.

Choose the window E tool and place some windows on the wall by clicking on the wall
with the pointer.

The window is drawn in its default values. If you want to change its properties go to
the Object properties window and change them. When the window object is selected
(red) you can slide it along the wall.

Click anywhere on the drawing area to release the window object.

Up to now you have been working on the plan of the ground floor. You can see a view of
the wall at the ground floor by :
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Clicking on the wall so you see it marked selected.
[ frawing packoge -loix

Objects | Edit | Seale | Drawing | Pint | Help |

Bln H (] (== (20 |-~ | R,

| ol | e

Object properties |

D

Mame i all4 j l ‘ ‘ ‘ l ‘ ‘ ‘ J.
Material
Lengthirm] 8.00
Thickness [m] 0.20 f | !
Height (m) 2.00
Load(kn/m) 0
all kind Recta ¥ ]
Footing EentraL .
Fioor Gr.fla ~]| ——
Outline Outlin® = |
1 nale [degrees) 0.00 hd T
a [m] 1.00 Layers HW Wiew | 4G floorfTst floar / ‘
o (m) 1.00

%313 [7110  [Soal1:100

|Drawing suface

Click on the tab [View] under your drawing pad.

If you like to move a window, select it and pull it around on the wall’s view.

# Drawing package

Objects |Edit I Scale I Drawingl Pririt I Help I

B H{ L=

2l=700| s

I [ 3

|| ol | Pl

Object properties

= AL
-
M ame windowz —
Owner i alld j
Open width [m] 1.20
Height () 120
Diistance Lafm) 510
indow bottom | 1.00
Lavers | Plan || Wiew 4G, flocr 41 st floor / |
|><:5.45 |Y:'I.3El |Ang|e:-SEl.EIEI Distance: 465 |Drawmg surface 4

1. Go back to the plan of the ground floor.

We will construct the 1. floor. Since the 1. floor has the same form as the ground floor, we will
just copy the ground floor and then do the necessary changes.

Choose the arrow, go to the Tab Edit tab and mark a generously a rectangle around all the
four walls.

Click copy, ﬁ (all the selected objects)

Click on the Tab [1st Floor], and Paste.
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It is important you are sure the walls have been copied to the 1.floor and not the original
floor. In that case you will have problems with the topology recognition because you have
walls over walls in the same floor, and there is no way to have a meaningful structural
object. First click the tab and change floor, and the do paste.

19. Draw a beam from the column to wall 2.

If you want to move the beam, choose it with the arrow, it becomes red, and you can
adjust the position. If you want to change other properties go to the Object properties
window and change them.

20. When the beam still is marked red, go to the Object properties window and
change the length to 2,5m. Move it to its final placement.

-," Drawing package ;Iglll

Objects | Edit I Scale I Drawingl Print I Help I

Bl H I Usied 0| Eme] || o e

Object properties |

IBeam2 vl il_’l
— | [
Length{m] 250

S ection dv'[m] 0.20
S ection d=(m] 0.50

Load(Kn/m) 1]
Floar Tstfio | . I ) ) = - =i - |
Outline Hone = |
lingle [degrees) | 30.00 hd
o () €.50 . . . . . . . .
i m] 3.45 — e —

Diimension B[m] 280 R ‘

Layers | Plan Wiew | 4 Gr. floar i1 st flaar / |

#8400 Y280 |Angle:90.00 Distance: 2. 38 |Drawing surface 4

Remember, If you draw something you are not satisfied with, select it and click )@ or
the Delete button at your keyboard.

Also you can select any object and move it around with the mouse, or change any time
its properties, from the object property editor.

You can do multiple selections e.g. pressing the [Shift] key and clicking at three walls, you
can after change the masonry material for all three of them. In the same way you can
delete all the three walls by pressing [Delete].

Stay on the plan of the first floor. We will draw a balcony and a door on the 1 floor.

Go to the Object Tab and choose Balcony E, place it on the right wall by clicking on the
wall.

If you want to change the balconies properties, go to the Object properties. You can
move its position by slide it along the wall.

Draw a door to the balcony by choosing Door E and click the wall in front of the balcony.
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-,"Drawing package ;Iglil

Objects |Edit | Scale I Drawingl Prirt I Help |

ElRE=Hw T == i gl | i

(Object properties |

|D00r1 - 1|_’|
= [ -

Mame Doorl —
Oz i all e j . . . . . . . .
Open width (m) 0.50
Height [m] 220
Distance La(m 1.0

z 1 ===

Layers | Flan iew | NG roorMsthoor}

[#:885 [Y:255 |Angle:30.00 Distance:2.38 |Drawing suface 4

We go back to the ground floor, choose Tab of Gr. Floor.

Now we will put some dimensions on the drawing.

Choose Dimensions d

Choose Continuous
Click on the walls you want to dimension.
Click on the windows, and other object you want to give dimensions.

Release

Also you can place dimensions by clicking at two points.
The dimensions are placed automatically. If you want to move the dimension lines, select
them and move them with the mouse.

This program does not include stairs, but we will draw a hole in the plate to make the
opening for the stairs.

Go to the plan of the 1% floor.
Click on slab Topology EI to view your plate.

On Tab 1% floor you can see the floor has four numbered slabs. The slabs have the default
thickness.

zl
Choose the button —Thigk | and you can see the preset thickness of the slabs.

Click on the 3™ slab and give plate thickness 0,00. This area has now no thickness and
makes an opening for the stairs.
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ETDDO'OQY evaluation-exam-[c:\program flestrunet'fedra’projects’ e; x|
Recogrized 4 slabs s<dmin em =
i 1st floor @ ZZ w £ Defauit s 1N
Murber | Thick | loads | Areas Compute I j‘ Cloze
concrete slab
& P1

12}

33

£
WG floga'l st floort)

If the topology of plates is not right (plates are not connected), increase the dmin inside
the window and click Compute again.

When your plate looks Ok, Close the Topology Evaluation.

EHIT|
Press EXIT_fI”I to leave the drawing modulus of the program.

Drawing plans- Masoniy computations i

L |||3 Drawing planz wallz-openingz-beams
¥ ||@ Topology plate topology loads
D%, || M Solution mater. "slab® "beam® “wall® *col®

Click on Compute, and the entire buildings element will be calculated and checked.

T RO

Gr. floor, wall 4 strength checks

S
- ” [17:41:11] Design of columnz ¥ [ Beam Renforcement
v ” H ;i:]l ::II H ***** : End of Col;ﬁputgltions_ ***** . v [ Yertical loads on walls
241:11] == Summary of prablerns in computations === i
” Solution and Dimensioning of slabs OK. pd oalls
¥ ” Salution and dimensioning of slabs [k i
” Dimensioning of masonry donef0LU MUST CHECK. the report section mazsonry Design) e on el slamakits
Calurmn checks OF. v
” Foating dimensioning OK. [ Eolumts
¥ | v [¥] Eourdation

Exit and Recompute.

NOTE. You must go to the Masonry design report to check for comments in red colour. The
red comments mean that the calculations are not verified.

Adjust parameters (e.g. Change wall materials), when your design is not verified, and then
compute again.
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e Drawing - Object properties

e Masonry walls

e Beams
e Openings
e Columns
e Walls
I arme: IW’aIIE
I aterial
Brick wall#42 0.30 i
|_engthlm) 1880
Thickness [m) 0.30 Hi
Load(Kndm) 1]
Height Halm] 300
all kind Trapezoid j
Height Hb(m] 3.00
Floor Gr. floar j
Cutline MHane j
nole [degrees] | -0.15 j
o [m) 1.10
Yo (] 5.85

. Beams

M ame Beamnl
Length(m) 5.90 Inad
Section di’m) 020 -
S ection dZm) 0.50 -]
Load(kn/m] a
Floar Basement j oz
Il atliroe: tare j

ngle [degrees)  |-30.00 j

o [ 7.90 -
' [m] £.90 o —

Ciimengion B(m) 280

User Manual 23



FEDRA Masonry Buildings RUNETsoftware

. Windows

|Name indow
[Dvaner wall |
||:| per width [m] | 1.20
|Height (m] 1.20
IDistanu:e La(m) 227
o bottarn 1.00

. Columns

I M arne Calurn

S ection d#m) 0.35 “V
S ection di[m) 0.35 oy
Height [rm] 3.00
Floor Gr. flaar j o J
Footing Central j o :
Outline Mone j Yo

o [mn) 205 l
"o [m) 5.35

You can change drawing scale, the size of the drawing grid or drawing mesh.

Gid Mesh

Objects | Edit | Scale  Drawing | Print | Help |
Grid |‘||:||j Mesh |5|:| j
| I
|

Grid distance (cm) Mesh distance {crm;

The contents of each drawing are defined from the layers. Each object set is on a different
layer. By checking the active layers, you can define which objects to appear.

—Layer:
v wall: Openings Balconies
[¥ Beams Slab-beams

[+ Columnsz

[v Outlines

v Dimensions

I Exit |
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9. Building topology

The topology of the plates of each floor, the surrounding beams and walls, the shape and
anything that is needed for the slab analysis and the load evaluation, are automatically
recognized by the program expert system. The user has complete overview of the topology
and all the analytical computations in the reports. If the topology is not correct, then you
can move or change the wall and beam position slightly, or increase the minimum
recognition distance d min and click the Compute button again.

Even in case of timber roof you have to do a topology recognition, so the closed areas of
the roof are recognized and the roof loads computed and distributed to the walls.

Objects |Edit I Scale I Drawingl Prirt I Help I

Bl H o] 1| ol | Bl

Drawing plans- Masonry copmutations

¥ || [ Drawing plans wallz-openings-beams
D%, || @ Topology
|| [ Computations mater.*slab” “beam” “wall® *col*

Topology evaluation--[c:\runeteng\fedra\projects*

z | W
Thick | Loads

< dmin cm ?
i Help

=

Areas

Fiecognized 3 slabs
in Gr. floor @

Humber Campute

concrete slab

il

i

\Gir. floor A7 st floor /

In case you do not get a right topology recognition...

Increase the value of d min and click Compute. Repeat this until the topology is right or go
back to the drawing and change the length or the position of the walls. In setting the wall
in the drawing, It is advisable when the walls crossing to overlap.

Another reason if you do not get a right topology solution, is that maybe you have placed
objects on top of each other. E.g. A wall is placed on top of another wall in the same floor.
(this can happen when you copy a floor and you paste in the same floor). Also, do not place
beams on top of a wall along the wall. The beams must be free to deform. They can span
between two walls. Do not place columns inside walls, the columns must be free around
and they must have beams on top to take load.
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Plate numbering. You can change the automatic plate numbering by clicking with the
mouse at the corresponding plate. If you change something on the drawing or the distance
dmin the new automatic topology recognition may change the plate numbering.

concrete slab

plate number

Apply | X Eancell

Plate, d min of topology recognition. Minimum distance for topology recognition. Basic
distance which is used by the programs expert system to close the drawing gaps between
walls and beams. Initially this distance is set to half wall width. If in the topology
recognition the closed regions of plates are not recognized, increase dmin and click at
Compute until you get the right topology recognition.

Plate areas. By clicking you can see the area of each plate.
Compute. By clicking the topology recognition is performed with dmin

Plate Thickness. You can change the plate thickness [m], by clicking at the button [Thick]
and then on the plate.

The default values are the ones you have chosen in the central menu for each floor. By clicking
Thickness and then Default, the default values are set in all the plates.

concrete slab
plate thickness [m] 015

X Cancel |

Apply |

Plate default values for load and thickness. After you choose loads or thickness, by clicking
this button you reset the default load or thickness values.

Plate Loads. You see and you can change the loads of the plates. You change the loads by
clicking at a plate. The default loads are the ones from the central menu Loads in kN/m?2.
By clicking Loads and then Default, the default values are set in all the plates.

concrete slab

dead load [N /] I_D.B

live load [KM/F] 20
T
X Cancell =2t

Apply |

|| Structure Loads
¥ ||m Dead [kN/nf] FI. Firish =0.80, FI. %alls =0.00
v || @ Live [kNAm?] Floor=2.00.5 tair=5.00 B alc. =5.00
W ”G Actions Wo=0.60, N =060, W2=0.30
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10. Masonry Materials

To set the default values of the materials in the program enter the menu

Parameters/Initial values /Materials.

The mMaterials used in the program are kept in various data bases. The material properties
can be edited, updated and deleted, from the menu Parameters/Materials. The folder the
materials are kept is the folder \FEDRA\DB1. A backup of the first installed materials is kept
in folder FEDRA\BAK\DB1.

Parameters

Project parameters, .,

Materials 4

Loads 3

Initial walugs r Earthquake. ..
Building. ..
Dimensions. ..
Masanry...
Materials, .,

Design pararnekers., .,

e Masonry walls

A list of masonry walls exists in the program. In order to see the properties or to change
them, or insert new wall, click at Edit, or double click on a table line. This list and the
masonry wall properties must be updated with the data of the region, or country the
program is used.

H Masonry Walls
& | 3 2
M Pirt | Edit Help
Hame Thickness [m]‘ Compressive Sllenglhlshear Stiength frko | fad
Brick wallt2 0.20 0200 |m] 119 [N/mn?] 010 [N/mme]
Erick wallt2 0.30 0300 [m] 132 [N/mn¥] 010 [MNAmme]
Erick wallh5 0.30 0300 [m] 1EE  [N/mn¥] 020 [Mdmne]
Erick wallh5 0.25 0250 [m] 150 [N/mn] 020 [M/mme]
Brick wallt5 0.30 0300 [m] 166 [N/mm?] 020 [N/me]
TTONG-ME 0.25 0250 [m] 164 [N/mn¥] 018 [MNAmne]
TTONG- 0.25 0250 [m] 197 [N/mn] 020 [M/mne]
¢TONGHM5 0.30 0300 [m] 164 [N/mnf] 015 [N/me]
YTONG - 0.30 0300 [m] 197 [N/mme] 020 [Nme]
Stone wall M2 050 0500 [m] 222 [N/mn¥] 010 [MNAmne]
Stone wall M5 050 0500 [m] 280 [N/ 015 [M/mme]
Store wall M2 0.60 0600 [m] 222 [N/mne] 010 [N/mme]
Stone wall M2 0.70 0700 [m] 222 [N/mn¥] 010 [MNAmne]
Concrete units wall 0.20 0200 [m] 232 [M/mme] 015 [Mmme]
Concrete units wall 0.40 0400  [m] 232 [N/mnf] 015 [M/me]
Concrete wall 0.25 0250  [m] 797 [N/mne] 015 [N/mme]
Leca wall0.25 0250 [m] 1E7  [N/mn¥] 018 [MNAmne]
Leca wall 0.30 0300 [m] 167 [N/mn¥] 018 [MAmne]
POROTHERM 33 0380 [m] 433 [N/mnf] 015 [N/me]
POROTHERM 30 0300 [m] 433 [N/mmt] 015 [N/me]
POROTHERM 25 0250 [m] 433 [N/mn¥] 018 [MAmne]
FPOROTHERM 20 0200 [m] 454 [N/mn] 015 [M/mnf] v

Give the values in the corresponding boxes. In order to change values you must first
unlock. For a new masonry wall you give first the name and the thickness, then choose
masonry units, and mortar, and check if the masonry has or not longitudinal joint.
Automatically the masonry properties are evaluated according to Eurocode 6 (§3.6.2.3,
§3.6.2.4, §3.6.2.5). By clicking at [compute] the computations based on Eurocode 6 are
performed. The modulus of elasticity E is set equal to 1000xfk according to Eurocode 6
§3.8.2 . The shearing strength fvkO is set according to EC6, Table 3.5, ENV 1996.

User Manual 27



FEDRA Masonry Buildings RUNETsoftware

Properties of Masonry Walls (E6, §3.6)
5 = 5 A
A= a5 v
| J I | J I I l ‘ i Open Print Help Close
| Masonry ﬂ |
| MName Thickness [m] Longitudinal joirt: |
| [vTONG-0.25 | oz [ - _’] |
Comprezsive Shear Strength maxShear Strength todulus of |
=U.80 'n == Strength Fka [N Ammé] Fvkmas [M o] Elasticity
| b fle. [M Arore] [ECE, §26.2) E [GPa]
[ECE. 83.6.1) [ECE. 83.7.2)
| k=00 R I | 100 R

Spec. Weight [KMN/m?]  weight [kN /]

| [ sm [ zm e _ B e | Bzl

| Mazonry Units

| Masonry Units Dimensions of Masonry Units Campressive Strength b

| |YTONG 25425460 | [ e [en [ 2 | th=2.88 M)

| Type of kazonry Units: Categorny Group Spec. weight [KM /]

| |erated concrete EN 7714 | |2a 8.00

| M azonmy Mortar |
| Mortar tdortar type: Compressive Strength fm |
| ]YTDNG special mortar j |Thin layer mortar [1mm-3mm) | fn=10.00 [MAmmé]

: Motes

e Masonry units

List of masonry units in the program. In order to see the properties or to change them click
at Edit, or double click on a table line. Basic requirement of Eurocode 6 (§2.2), for the
compressive strength is fb>=2.5 N/mm?2. This list and the masonry unit properties must be
updated with the data of the region, or country the program is used.

i Masonry Units (EC6 §3.1)
| <l m 7 | A
Frink Edit Help Close

Hame |Complessive Strength fb |A
Clay brick unitz 9x6x19 2520 [Mmne]
Clay brick unitz 9x6x19 2520 [MN/mne]
Clay brick unitz 9x9:19 2940 [MN/mne]
Clay brick units 1412425 3000 [MAmnE]
Clay brick unitz 18x18x33 3390 [MNAmne]
YTOMNG 20425460 3120 (W]
YTONG 25425460 2880 [MN/mne]
YTONG 30425460 2880 [N/mne]
Matural stone units 20520825 9200 [MAmnE]
Matural stone units 201 5230 8000 [MAmne]
Matural poraus stones 20x20x25 B7E0 [N Amn] r
Matural parous stones 20x2040 B750 [MNAmne] E
Concrete units 19419239 B700  [MAmne]
Concrete blocks 1.00x1.00x25 18400  [M/mmé]
Leca units 25x25x50 3450 [MNAmne]
Leca units 30x25x50 3450 [MNAmne]
POROTHERM 38 11.400  [MAmme]
POROTHERM 30 11.400  [M/mme]
POROTHERM 25 11.400  [M/mmé]
POROTHERM 20 12300 [M/mme]
POROELOK 3 11.400  [M/mme]
POROBLOK 6.5 12500 [N/mnF] (v

Give the properties of the masonry units at the corresponding boxes. You can also choose
the type of masonry units from the six types of Eurocode 6. From the dimensions of the
masonry unit the values of coefficient & is obtained based on Eurocode §6.3.1.2 table 3.2.
The category I or II depends on the quality control criteria. The group of the masonry units
is according to Table 3.1 of the Eurocode 6.
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Group-1: volume of holes <=25% and volume of one hole <=12.5%.
Group 2a: volume of holes 25-45% for clay units and 25-50% for concrete aggregate
units and volume of one hole <=12.5%for clay units and <25% for concrete aggregate

units.

Group 2b: volume of holes 45-55% for clay units and 50-60% for concrete aggregate
units and volume of one hole <=12.5%

Group 3: volume of holes <=70%.

In order to do changes you must first unlock.

Properties of Masonry Units (E6, 83.1)

[ ?
o <[ o[ mi]+] =[] ] |
i Open Print Help Cloze

Mame Type of Mazonmy Units: |
| |Clay brick units %4519 | =l

Lenath [rmm] wfidth [rm] Height [mm] Categary Group |
|| 1s0 L | E0 [ =l [2 -]
| Modulus of Elasticity Es [GFaSpec. Weight [N /] Factar [delta)
[ 300 [ 15m [ oss
| Compressive Strength [N/mnfNormalized Comprassive Strength

|l a0 | 252 b=

| Motesx

084 200= 252[M/mm]

| |Clay brick units with holes, of low or not established quality.

Mortars

List of mortars that are included in the program. In order to see or change properties click
on Edit, or double click on a table line. The mortars are classified according to their
compressive strength. A mortar M5 has a compressive strength 5 N/mm2. According to
Eurocode 6 (2.3) for unreinforced or confined masonry the mortar must be M5 and above,
for reinforced masonry must be M10 and above. The mortar properties must be updated
with the data of the region, or country the program is used.

]General purpose-M5

¥ Mortars (EC6,53.2)

| - [ | ? El

Print | Edit Help | Cloze

Hame |Eomplessive Strength fm |A

General purpose-h2 2000 [M/mme]

General purpoze-h5 5000 [M/mme]

General purpoge-k10 10,000 [M/mnf] |

General purpose-k15 15.000  [Mmme] -

¥TOMG zpecial martar 10,000 [M ]

Caricrete infill 12000  [M /]

Caonerete C16/20 16.000  [N/mree] [w]
Properties of Mortar (EC6.83.2)

- ) ? | A
RIS ; = .
* I i { { 1 Aj 1 i Open Frint Help Close
."Nam.e. : . .M.ol.t.ar ty‘ne“ i ..Ca.mplessive Stre‘ngt?"w‘ fk [N."mn’?] o
General purpose mortar

5| |

5.000

General purpose morkar

Thir layer mortar [1mm-3nmmm)
Lightweight 600-700 Ka/m?
Lightweight 700-1500 Ko/

Mokes
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e Gunites (wall strengthening with concrete covering)

In menu [Parameters/Materials/Masonry] you find the Masonry walls. To change the walls

properties click on Edit.

If the wall has concrete strengthening with gunites, then check and click at Gunites

Gunite |

and you enter the properties of the gunites.

There you define the thickness, and the reinforcement of the concrete covering, and
automatically the masonry wall properties (thickness, compressive and shear strength), are
changed with the gunite strengthening. This new wall with gunite strengthening is added to
the masonry wall database. You have to be careful, in order to don’t loose the existing
masonry wall without gunite, make a new wall with the same properties and add the gunite

to it.
Properties of Masonry Walls {E6, 53.6) Jackets {gunites) from reinforced concrete
KJ{JbIH‘+J—|A| { | H @ =) £ EH Initial Masonr
i Open il Piint Help | Close :
Mazonry Thickness [m]
| Masony i’ | Mazonry Compressive Strength [MAmm?]
| Mame Thickness [m] Longitudinal jaint; Masoniy Shear Strenath [N/mne]
| [vTONG-025 | o250 [ | :j | i
Compressive Shear Strength ~ maxShear Strength Modulus of | Masonry Madulus of Elasticity [GPa]
| _ - Stength fiekeor [N#mé] fwkman [M/mmé] Elasticity :
;r 0.80f, fie [N mir?] [ECE. 5362 E [GPa] Masanry Weight [kN/rf]
| [ECE. $36.1) [ECE, §3.7.2] 7
| [ rena0 197 020 LT [ 1w Concrete jacket
Spec. Weight [KM/m]  Wweight [kN/mé] | d
| | Jacket Thickness [m
| 5w | >0 \[” Gunits | Compute | ml o007
| Concrete of Jacket C12/15 «| SE00
| Masonmy Units
| Masonry Urits Dimensions of Masonm Units Compressive Strength i | Jacket Reinforcemail |2 - ! 10
| |YTONG 2542560 ~| [ eoo | 250 250 | th=2.88 [N/mne]
| Type of Mazonmy Units: Category Group Spec. Weight [KN/mf] o " double jacket
| |terated concrete EN 771-4 | 2a | .00
| Masoniy with concrete jacket
Mazonry Mortar |
Martar tartar tupe: Compressive Shiength fm | Maszonry Thickness [m]
| [¥TONG special mortar x| [Thinlayer mertar (1 mmn-3mm) | fm=t000 Wm] :
| Masonry Compressive Strength [M/mmé]
[l Mazonry Shear Strength [M/mmé]
[l Mazonmy Moduluz of Elasticity [GFa]
Mazonmy Weight [kMN./mE]

e Concrete - Reinforcing steel

Material properties - Concrete

]

2513
Compressive Strength Fek [N /mn] 5
Tensile Strength fotk 005 [N mimé] 1.80

f=
H

Strength Class of Conciete

el

Tensile Strength fetm [MAmmé) 2E0 i ;
Tensile Strength fotk095 [N /mmé] 330 O a1 EL..
Shear Strength Feck [N/mmé] 0.45

Flexural Strength fot fl (N Amnf) | B.60

Modulus of Elasticity Ec (GPs=kMmrt] | 31

Poizson's ratio 015

Coeff. of Thermal Expansion [/°C) 0.00001

§C12/15 [ C16/20 f C20/25 4 C25/30 {30737 [ C35/45 | CA0/50 / C45/55 { CRO/E0

& Lacked 1 2 Frint 1 ? Helb J

Computations 5{ Clase P Help

-
¥ Material properties - Reinforcing Steel E]@
Clagses of Reinforcing Steel 5400 e
+E.
Yield Strength fy [MPa) 400 ] :
400 oo
Tensile Stength ft (MPa)
200 T==fyke
odulus of Elasticity Es (GPa]
Coeff. of Thermal Expanzion [/*C) 0.000m
\5 220 ,5400 45500 £5400s 455005 /
% Lacked ‘ Prirt | ? Help
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11. Structural Loads

Pararneters

Project parameters. ..

Materials r
Loads r Skruckural loads. ..
Initial walues K Action coefficients, ..

Foof loads. ..

e Structural Loads

In order to change values you must first unlock. The loads must be adjusted according to
the loading code of the region or the country the program is used.

-,

Structure Loads (ECT)

Load of floar finizhing [FMmre]
Load of ight wallz on floore [KNA

Live loads of floors [KN./mé] % Locked

Live loads on stairz [FH /mé]

Live load on balconies [kN/nE] Print
Show loads on roaf [KMNAmé]
Wind laads an roof [KM /]

Loads of Ceiling [K.M/nf]

_8 Lot |
_&pin |
_ e |

? Help

REEREEE

Roof Load Coefficient

Note on Roof and Floor load evaluation

The roof loads are computed from the enclosed roof area (after topology recognition),
multiplied by a factor c=Roof Load Coefficient. The total roof load is distributed to the
carrying walls in proportion to their length.

The loads from the concrete floors are computed doing a static analysis (slabs according to
Marcus theory, beams as a grid).

The loads from wooded floors are computed and transferred to the walls as the roof loads
above.

e Action coefficients Eurocode 0, T.A1.1

The coefficient w2 (psi2) is used as a multiplier of the live loads in the earthquake loading.
In order to change values you must first unlock.

-

Coefficients of action combination (ECO T.A1.1)
Live loads | vo | v1 [y2 &
Class & : Residential buildings 0.70 050 030
Class B: Offices 0.70 050 030
Clazz C: Building with people concetration, zchools, ete 0.ra 070 Q.60
Clagz D : Shops o0.ra 0.70 060
Clagzz E : Storage places 1.00 0490 n.an ]

% Locked ‘ Print | ? Help
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12. Initial values

You define the default values the program uses.
These values are loaded in a project, the first time

the project file is created.

o Earthquake

Parameters

Project parameters. .,

IMaterials ¥

Loads 3

Initial values 3 Earthquake. ..
Building. ..
Dimensions. ..
Masanry. ..
Materials. ..

Design parameters. ..

Initial (default) values for earthquake design. You choose values with the corresponding

button.

Define a, the proportion of the horizontal ground acceleration to the acceleration of gravity.
The total horizontal force of a building due to earthquake is H=axV where V is the total
vertical load of the building (V=G+y2xQ). The distribution of the seismic force vertically is a
reverse triangular distribution.
You define also the variation of the seismic eccentricity in (%). Eg. defining a variation of
20% means that if the computed earthquake eccentricity is e (offset of mass center in
respect to elastic center), the eccentricity used in computing the earthquake forces is
1.20xe. The elastic center axis is defined as the elastic center of the floor closer to 0.8H.

General Elements for Earthquake Design

Seismic Region

Increase of seismic
eccentriity 2]

Soil Categary

Building Importance

a= 0160
ID
B T1=015zec T2=0E0:ec

C2 gl=1.00

|

Seismic Coefficient

Seismic coefficient a=

x|

Horizontal seismic ground acceleration =a.g

ﬂ LCloze

Category of foundation soil

Fiock or semirack formations spread in adequate length and depth . without shown

strong deterioration.

Layers of well graded gravel with small percentage of silt less than 70 m,

Layers of very hard compressed clay, of thickness less than 70 m.

e Seismic
coefficient

x|

e Soil class

Strongly deteriorated rocky soils,
Layers of graded materials of thickness larger than 5 m.

Layers of hard pressed clay.

Layers of graded material of thickness less than 5 m.

Silty sands of small strength, of thickness more than 5 m,

|
= = = | =

?He\p | i'LCIose k

Soft clay soil, [|p>B0) of thickness mare than 12 m.

| xcan:e|| A code | % Help
x|

Buildings of small impartance concerning the safety of the

e Building

z
1 public eg. farm houses, etc. I
mportance
5 Common Buildings for living, apatment bulldings, office
2 buildings, factories hatels etc..
5 School buildingz. public buidings, buildings where people stay
3 for lang time of the dap
5 Buildings impartant during and after an earthquake, hospitals,
4 telecommunication buildings, fire stations. ete.
X Cancel | Al Code | ? Help
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e Building

You define the default building configuration.

-

Building shape-Floors

Floors over the ground floor
2 >

[ Roof

[~ Roof on slab

[~ Baszement

X E;ncel | o ? He.lp. ]

e Dimensions

You define the default values for some dimensions of building parts, used id the drawing
modulus.

P -7

Default dimension values

Floaor height [m] 200

ikt

[roor height [rn] 2.20
Droor width [m] 1.00
Window width [m] 1.00

]

Windaw height [ra] 1.20

X Cancel l ? Help l

e Masonry

You define the Masonry type and construction level according to Eurocode 6 .
Masonry Type Eurocode 6, §2.4.3.

H Masonry type, Construction level (EC6 §2.4.3)

Type of Masonny 1 | [ Execution control class (ECE $2.4.3)
' || ¢ Class 1 (righ)
| 7 Unreinforced Masonm |

| £ Clasz: 2
| Confined Masanmy % Claszs: 3 [good)

[ (" Class: 4

" Class: B [acceptable)

f u] 4 X Cancel ? Help
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e Materials

=

Default Material Properties
Mazonmy Brick wall-p5 0,30 =3
Concrete C16/20 =i
R einforcing Steel s400 =3
S il bearing capacity qu=0.20 [N mé tPA] =3

o Design parameters
Design parameters

Minimurn distance for topology evaluation [m] 015

Mumber of finite element vertical subdivisions g

Fioof support eccentricity [e/t]) 0.00

Action coefficients [ECO, T.41.2] ¥e=| 1.35

Action coefficients [ECO, T.41.2] Yo=| 1.50

Earthquake, Partial safety factors for matenial [ECS, $9.6.(3]) '}"ﬁd=2/3'?’w1 2

Earthquake, Accidental floor eccentricities [ECS 54.3.2) eai=Li » | 0.080

Earthquake, Multipliers far seismic eccentricities [ECS §4.3.2.4] emax=e » | 1.20
emn=e x | 0ED

Reduction of shear capacity by 30% [ENY 1996, §3.6.3(8] Foke= 070w fek [

Floor mags distribution at upper and lower floor Top[%]| 50
Bottom [%]

Seizmic shear force redistribution [0-25%) [ECE, §9.4.5) r (%) 25

Precast beton wall elements r I}‘:i

Reset

E{l Cloze |

Plate d min of topology recognition. Minimum distance for topology recognition. Basic
distance used by the program's expert system to close the drawing gaps between walls and
beams. Initially this distance is set to half wall width. If in the topology recognition the
closed regions of plates are not recognized, increase dmin and click at Compute.

Finite element mesh. Each masonry wall is automatically divided in finite elements. These
finite elements are plane stress quadrilateral elements, with four nodes. A number between
8 and 16 for element separation across the height gives usually very good results.

Stress smoothing. Before the checks the stress results from finite element solution are
smoothed over 3 or 5 elements, to avoid stress concentration regions.

Roof support eccentricity. Defines the eccentricity ratio over the wall thickness, of the roof
support in respect to the wall axis. (See more in chapter below, or Eurocode 6 Annex
Q).
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13. General building characteristic

¢ Building Shape - Floors

Building shape-Floors

Floors over the ground floar
2 v

|+ Roof

I Roof on slab

[ Basement

X Cancel | ? Help ]

¢ Floor type-floor height

You define the kind of the floors (concrete slabs, or timber). The floor heights are
from top of the floor to the top of the above floor.

Type of floors

Slab Floor
thickness heights

[~ Caoncrete slab

=
o

v Concrete slab
015 ]—‘
||v Concrete slab 0I5
X Cancel l ? Help ‘

e Masonry type

You define the type of masonry and the category of execution. The category of
execution is according to Eurocode 6, §2.4.3.

/] Masonry type, Construction level (EC6 §2.4.3)
Tupe of Mazonne 1| Execution contral class [ECE 82 4.3)
' [ | ¢ Class 1 high)
| 7 Unreinforced Masonn |
| 7 Clasz 2
| " Confined Masonmy + Clazs: 3 [good)
[ (™~ Class: 4

" Class 5 [acceptabls)

4 Ok X Cancel ? Help
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14. Reports

The reports are produced simultaneously with the
computations. You can print the reports or preview
them by clicking on the right green pad. You can
always choose chapters before you print the report.

The reports for Vertical wall loads, Seismic loads and
Masonry design, can be quite long because they
include detailed calculations. You can have a short
version with summary of the results by choosing short
report.

e Printing Report

You select /deselect the chapters you want to print by clicking
on them. The mark V means that the corresponding chapter

will be printed.

By clicking Print you print the selected chapters.

In case the printing has been interrupted in the middle
of a report, then start printing from some chapter, after
you have deselect the ones before (mark >> off) and
specify the number of the first page to start in the box
First Page.

If you want to print a part of a chapter then check the
box One part, page selection, Click Print and in the
dialog it appears specify the beginning and the end
page of the chapter numbering, as you see it in the
preview.

LRSS L4

L0445

L0445

Report

Print Repoart...

Preview repart., ..

Export report (PDF or WORD)...
Print Drawings. ..

Save drawing in DxF. ..

Report Contents...
Floors included in report., ..

Print report
Numberoffirstpage!” 'vi Left margin in mml2D 5,

v/ General

[v| tdazonmy b aterials

(] Masormy Units

|| Concrete Slabs

[l 5lab Design

¥l 5lab Reinforcement
|| Beam Elements

¥l Beam Structural Analysis
|| Beamn Design

[¥] Beam Reinforcement
vl Wertical loads an walls
|| Seizmic loads on wallz
[v| Masorm Design

[w| Calurnns

[w| Faundation
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e Printing drawings

In order to print a drawing you select it from the left objects and them by drag and drop
you place them on the right corresponding pages. E.g. If you want among the printed
drawings to have the drawings of slab reinforcement of the 1st floor, you select with the
mouse the object 1st floor from the left objects and by drawing and dropping you place it
on the page slab reinforcement.

With you preview the printout. By selecting an object on a page at the right window
and pressing the Delete key you remove the corresponding drawing from the printouts.

pe -
Report Drawings
5 h To print select object from left and diop to the right

Figi 7| Bfae20ew o] scdeftnm < GG

Prink Report. .. Building Objects | Drawings ko be printed

Prerview repart, ., + m Basement Plans ISIab reinforcemenl] Beam leinlorcememt] WView I Finite elements

Export report {PDF or WORD),.. T m Gr floor m [ﬂ

Print Drawings. .. Eﬂﬁ "

Save drawing in DXF... + ekl Gr flaor Basement

Report Contents...

Floors included in repart...

@ Tkt floor

e Save drawing to DXF file

You can save the drawings in dxf files and then you can process then with AutoCAD or
other drawing programs.( The DXF files contain lines and not objects).

After you open the project you click and in the dialog window which appears you give
the name of the files *.dxf, where the drawings will be saved.

By clicking at [Save in files] the new DXF files are created for each floor. The drawings
have various layers.

To process the drawing in AutoCAD you must do Select all and il Explode
I save drawing in DXF [|[=]

Drawing in DxF. Give file name. For each floor a file wil be created

Save drawing in DxF : |x-D><F

C:\.. hprojectshexample-1 Files * dxf

= T
(== program files
[E=r unet
= tedra
[ projects
= example-1

EEED =l Seinfies |

2 e ||
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15. Timber roof with Eurocode 5

A detailed analysis according to Eurocode 5, EN 1995-1-1:2004, Design of timber structures -
General - Common rules and rules for buildings. All the load combinations of the Eurocode 5 are
considered and all the checks of the truss elements in combined loading. In addition the
nailed joints are designed, and the natural periods of the trusses are computed.

FedraRoofs © Runet® Timber Roofs according to EC5S ﬂ

File Actions Help

Compute

Roof type Timber class [EN338]

Service classes, [ECE, §3.1.5)

C22 k= 22, frok= 13N /e j
Clazs 2, moisture <=20% j

Sk:l 1.000 | kMAw?
qw:l 1.250 kMAn?

| IEET
|D.SD Stone plates j

ID.2DD KM/
IEI.BUEI kM

Preview

Show load Sk kNAe on the ground EC1 2-3 85

w' Computations Ok Wind pressure gw kM/nf on vertical surface EC1 2-4 85

Permanent loads of roof covering IStone plates

Self weight of raof purlins and finishing

Permanent load of ceiling under the roaf

Spacing of purling

-?—L1 —F L

Cross section BxH of purling

Cross section of elements

Thickness af raof finishing

% Spacing of usses E 0800 m

0300 | m
[5s50 ~ben<] 50 [ 50 mm
hi= EI 20 i

Elements B [mm] H [mm] |

1,234 100 LI

56 70 1 v
7.8.9 70 100 Ll

Technial description

Construction type

Tiwber roof, from trusses with timber C22. The truss type is as the abowve sketch.
Truss span 6.00 m, height 1.50 m, roof pitch 26.565°, truss spacing 0.60m
Finishing from timber C22, of thickness 20 umn

Purlins from timber C22, with dimensions 5050 wm, in spacing 0.30 n

Truss element cross sections BxH [mmxmm]

Elements 1, 2, 3, 4, cross section 70x100 nm<nm

Elements 5, 6, cross section 70x100 Mmxmm

Elements 7, cross section 70x100 mmmm LI

Stiffness of jaints

Trusz span L [m]

Trusz height H [m] I 1500 m
Truss length LT [m] I 1.500  m

E Report Up i’

|Fedra Roofs Runet® | Reqistered user 01001-5625-0036 Runet Software and expert syst 2

Compute L Preview. Pririt

You can compute, preview and print the roof design from the main screen of roof design.

¢ Roof type

You define the basic roof type, which is used for the load computation and distribution.

Design data for timber roofs. You give the dimensions, loads and cross sections for the
timber roof truss. Then you press compute to do the calculations. The program checks for
dimension compatibility. If the cross sections are not enough you will get warning
messages in red in the report.
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e Dimensions element cross sections

Cross section of elements

Elements B [mm] H [morm]

1.2.3.4 223 Ll
5.E 73 190 -

I_ 36x148

ree 73 223 42x148

48148

element cross sections M 36:x198

42x198

42x198

click for standard cross-zections 48x198

61x198

48xZ23

e Dimensions of truss

Give the span of the truss and the height. If it is necessary give the intermediate

dimensions L1 or H1. All the dimensions in meters (m).

o Stiffness of joints

You select the stiffness of joints. By moving the bar at left the truss is solved with very
flexible (almost pins) connections. By moving the bar to the right the truss is solved with

very stiff connections.

e Spacing of trusses

¢ Spacing of purlins

roof finisking
purlin spacing

Ft\—l

russ spacing

User Manual

39



FEDRA Masonry Buildings

RUNETsoftware

¢ Roof finishing

Loading of roof covering

Loads in kN/m2 of the roof covering ( tiles or other materials ).

¢ Strength classes

The classification of timber in various strength classes, are given in EN338 "Structural

timber-Strength classes”, as follows.

e Service Class EC5 3.1.5

Class frk. fi 0k fr30k, felk fedik vk Elm EQ5 E90m |Gm po
[MPa]  |[MPa] [|IMPa] |[[MPa]l |(MPa] [(MPa) |(MPa) |(MPa) |[MPa] |[MPa] | [Kgdmé]
C14 14.00 8.00 0.40 1600 200 170 7000 | 4700 230 440 290
16 1600 1000 080 1700 220 180 8000 5400 270 500 310
C18 18.00 1100 060 18.00 220 200 9000 BOOO 300 560 320
g C20 20000 0 1200 080 1500 230 220 9500 6400 320 540 330
-i_g Cz2 2200 1300, 060 2000 240 240 10000 6700 330 E30 340
ﬁ_; C24 2400 1400 080 2100 280 250 11000 7400 370 E40 350
é Cz7 2700 0 1600 0EOD | Z200 260 280 11800 7700 380 720 370
;_ C30 3000 0 18000 0.0 2300 270 300 12000 2000 400 70 380
;:; C35 3500 200 0EOD | 2500 280 340 13000 8700 430 810 400
E C40 40000 0 2400 0kOD | 2600 2590 380 14000 9400 470 2a0 420
Ca5 4500 2700 0EOD | 2700 310 380 15000 10000 500 540 440
Ch0 5000 0 3000 0.0 2300 320 380 16000 10700 530 | 1000 | 4RO
D30 3000 0 1800 0EOD | 2300 800 300 10000 8000 £40 500 530
§ D35 3500 2000 0.0 2500 840 340 10000 &¥00 £90 B0 5ED
% D40 40000 2400 0EOD | 2600 880 380 11000 9400 750 700 590
E D0 5000 0 3000 0.0 2300 970 460 14000 11800 930 ga0 50
= DED G000 3600 060D | 3200 1050 530 17000 14300 1130 10680 70O
* b7 7000 4200 0.0 | 3400 1350 600 20000 16800 13300 1250 0 900
GL24h | 2400 | 1650 | 040 2400 270 270 11600 9400 | 390 720 380
GL28kh | 2800 | 1950 045 2650 300 320 12600 10200 420 780 410
GL3zh | 3200 | 2250 050 29.00 330 380 13700 11100| 460 850 430
E GL3Ekh | 3600 | 26.00 ) 06D 31.00 360 430 14700 11900 4490 910 450
% GL24c | 2400 | 1400 035 21.00 240 220 11600 9400 | 320 540 350
GL2Bc | 2800 | 1650 040 2400 270 270 12600 10200 3490 720 380
GL32c | 3200 | 1950 045 2650 300 320 13700 111000 420 | F8S0 0 410
GL3Bc | 3600 | 2250 050 29.00 330 380 14700 11900 460 850 430

In Eurocode 5 the service classes are defined from the mean moister content of the timber.

In most cases National Application Documents, define this classification.

According to Eurocode 5:

Classl1 In this class the mean moisture content of coniferous timber is below 12%
Class 2 In this class the mean moisture content of coniferous timber is below 20%

Class 3 Higher moisture content.
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¢ Snow loading EC1 part 2-3

The snow loading on roofs according to Eurocode 1 EC1 is: s=pni.Ce.Ct.sk [kN/m2]

ui shape coefficient of the snow loading

Ce and Ct coefficients depending on the exposure to wind and the thermal insulation of the
roof correspondingly and usually they have values =1.

sk Is the characteristic snow load value on the ground in kN/m2.
For the EC countries the values of sk are given in Eurocode 1, part 2-3, Appendix A.

The values of pui used in the program are according to Eurocode 1 part 2-3 3.1 and 3.2

Case of mono-pitch roof

iy ALEEECCEEE TR TE

p1

a

Case of double-pitch roof

0 . . T MBig,
X 1

(i} _
015# ‘o ]

_ — H2q,
(HRALL) —
Mia, (I

(i)

e — 0,5u4

o Wind loading EC1 part 2-4

For single-pitch roofs one loading (pressure) is considered.

For double pitch roofs two loading are considered, one with wind from left to right
(pressure at left drag at right), and second with wind from right to left (pressure at right
drag at left)

In the program the wind loading is computed as we=qw.Cpe, where qw is the wind
loading on a vertical surface in KN/m? .

The wind loading according to Eurocode 1 part 2-4 is : we=qref. Ce(ze).Cpe

qref=(p.vref?)/2 [N/m?, p is the air density =1.25 kg/m>

vref is the wind reference velocity (m/s). vi=qref. Ce(ze)

Ce(ze) is computed according to diagram 8.1 of Eurocode 1.

Cpe is the pressure coefficient and is computed from the roof pitch according to EC1
part 2-4 6.1.3 for mono-pitched roofs, and according to EC1 part 2-4 6.1.4 for double-
pitched roofs.
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16. Wall load eccentricity

Basic factors for the design strength of the masonry, according to Eurocode 6, is the load
eccentricity of the floors and the roof. This eccentricity is a part of the reduction factor
®=1-2e/t of the vertical load resistance of the masonry, which is reduced a lot with the
eccentricity. The exact evaluation of the load eccentricity is difficult. Eurocode 6 shows on
Annex C some methods, which have been used in the program.

Eurocode 6 also in Annex C, proposes for wooded floors a bearing depth 20% of the wall
thickness. This for the case of roofs, as there is not wall load from top, gives very severe
eccentricities that reduces the vertical load capacity to zero. In the program the eccentricity
of the roof is a parameter (ek=e/t), and the user, depending on the way the roof supports
are constructed, can define the load eccentricity in the menu Parameters/Loads/Floor loads.

EKK =g/t

For the concrete floors the eccentricity (Mi/Ni) is computed according to Eurocode 6 Annex
C.

Y4 —
4 —
2 h,
Wy w,
A 3 « v
1 h‘ E3'13+E4']4
- El.ll E2.12
) 4 < £
77 hy h
ll [1
I .

For wooden floors the eccentricity is computed according to Eurocode 6 Annex C with
bearing depth 0.20 x wall thickness.
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17. Design methodology

The design of the masonry buildings is based on the assumption that the maximum part of
the vertical and horizontal loads are taken from the masonry.

The concrete floor design in vertical loads is done considering the beams as space grillage.
The concrete slabs are solved with the method of Marcus. The horizontal seismic forces on
each floor considered as equivalent static loads. The floors are assumed that they act as
horizontal stiff diaphragms. The wall stiffness and the wall stresses are computed using
finite element analysis.

The dimensioning of the concrete elements (slabs, beams, columns, footings) is based on
Eurocode 2. The masonry dimensioning is done using the Eurocode 6. The timber roof is
dimensioned using Eurocode 5. The seismic loading is based on Eurocode 8.

If some checks for the masonry are not verified will appear with red font in the reports. In
that case you must change masonry dimensions or materials, or masonry mortar.

. Slabs

The topology of slabs, the surrounding beams and walls, the shape and elements needed
for the slab analysis are automatically recognized by the program expert system. The user
has complete overview of the topology and all the analytical computations in the reports.
The design of concrete slabs is based on Marcus method.

l N\

In the masonry building, in most cases, the plate arrangement is simple and almost
orthogonal. In that case the solution with Marcus method produces satisfactory results.
This method is based on the solution of unit plate strips located at mid spans, with equal
deflections at the plate centers. From this assumption is obtained the plate load distribution
in the two main plate directions. The advantage of the plate torsional resistance is not
taken into account. Each plate strip is solved as a continuous beam. The solution is
obtained through specific coefficients, which are obtained from the solution of continuous
beams of equal spans. These coefficients are taken such as to obtain the maximum design
values for internal forces in each case. The minimum (maximum in absolute value) support
bending moments are obtained using the most unfavourable position of live loads in an
equivalent continuous beam. Correspondingly the maximum (minimum in absolute value)
support moments are obtained using the most favourable position of live loads, and from
these support moments are obtained the maximum span Moments with additional span
loading 1.35g+1.50 q.

The loads transferred on the beams and walls are obtained for loading with live load both
slabs on the left and right side of the beam or wall. In the case of slabs with span ratio over
2, or load factor <0.10, the load is transferred only in one direction. In this case the beam
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which does not take load from the slab is loaded with a minimum uniform load equal to
wL/4 where w=1.35g+1.50q. (g, q dead and live load of the plate, L the beam span).

The design for ultimate strength is done according to Eurocode 2 §6.1. The design for
serviceability conditions is base on control of the slenderness ratio (EC2 §7.4.2). In
addition the minimum steel reinforcement requirements are verified. The minimum cover
for steel reinforcement is set to 20 mm which satisfies the code requirements (EC2 §4.4.1)
for dry or humid environment.

° Beams

The concrete floor beam system is designed as a system of beam grid. The structural
analysis is done with finite elements. The finite elements are beams with 3 degrees of
freedom per node, rotations around x-x and y-y axis and vertical displacement along the z-
z axis. The grid is supported on the walls and the columns. When the wall is not parallel to
the beam axis the rotations are zero. For the computation of the beam stiffness the
effective flange width is taken 0.70L/10 for each beam flange (left or right).

The solution is done for unit uniform loads on each span of the grid. The most unfavorable
load combinations are obtained with combination of the unit loads results (1.35g and 1.50
q). The solution is done with Gauss method for symmetric banded matrices.

The dimensioning of beams is done based on Eurocode 2. For the design the support
bending moments are taken at a distance 10 cm from the support (wall or column) axis.
The design shearing force values are taken at a distance d (beam height) from the support
face (EC2 §6.2.2). The effective flange width is taken 0.70L/10 for each beam flange left or
right. The minimum reinforcing steel coverage is set to 50 mm which satisfies the code
requirements (EC2 §4.4.1) for dry or humid environment. The verification of crack width
requirements and maximum deformations are done according to (EC2 §7.4.2).

¢ Masonry walls

The masonry walls are carrying most of the vertical and all the horizontal loads. The
computation of the horizontal seismic forces for each floor level is based on equivalent
static loads. The vertical distribution of the seismic loads is reverse triangular.

The distribution of the total horizontal floor force on the masonry walls is done using the
stiffness of each wall. This stiffness depends on the wall dimensions and the dimensions
and positions of the openings. The wall stiffness is computed wit a finite element analysis of
each wall, for unit relative displacement between the top and bottom wall ends. After the
computation of the horizontal loads the evaluation of the internal stresses of the walls is
done also with a finite element analysis, for the various load combinations.

The design for the masonry is done for the ultimate limit state based on Eurocode 6,
chapter 6. All the checks for loading cases 1.35g+1.50q, and 1.00g+0.30g+earthquake,
are done for compression, and shear. In addition verification of slenderness ratio
requirements and checks for strength at stress concentrations are performed according to
Eurocode 6.

These checks are:

Nsd<Nrd, Nrd =design vertical load resistance (Eurocode 6 §6.1.2).

Nsd Vertical design load, which is evaluated as vertical load per unit length from the
maximum compressive stresses, obtained from the finite element solution (the regions of
stress concentrations at beam supports are excluded).

N 1)
Rd Yo

®i,m is the capacity reduction factor, which takes into account the effects of slenderness
and eccentricity of the loading. The eccentricities for the computation of capacity reduction
factors are computed from the loads on the slabs and beams based on Eurocode 6 §6.1.3
and annex C.

t : is the wall thickness,

fk : is the characteristic compressive strength of the masonry which is obtained based on
Eurocode 6 §3.6.1, for each masonry type depending on the masonry units, and the
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masonry mortar.
yM : is the partial safety factor for the material and is obtained according to Eurocode 6
§2.4.3.

The slenderness ratio check performed based on Eurocode 6 §6.1.3. The effective height of
the wall is taken hef=ph h. The coefficient p is computed for partial or complete restrain on
the top and bottom of the wall and we consider p3=p4=1 for vertical wall edges, as most
unfavourable.

The shear verification is done according to Eurocode 6 §6.2.

Vsd<\Vrd.

Vsd is the applied shear load which is computed as horizontal force per unit length from the
maximum shearing stresses obtained from finite element analysis (excluding stress
concentrations at beam supports).

V — (kaﬂ)
e ™M

The maximum compressive stresses obtained from finite element analysis at the places of
beam supports are verified according to §6.1.7 to be less than fk/fM.

+ -+ + —+ b
ﬁ
+ +—

e Columns

The horizontal seismic forces are taken only from the masonry walls. The columns of the
building due to their small stiffness compared to the walls do not take any horizontal
loads.. The columns are designed in biaxial bending with compression. The moments Mxx
and Myy at the column top are computed from the corresponding rotations of the floor
beam grid. The reinforcement is computed from the corresponding tables second order
effects are not taken into account, instead the slenderness ratio is checked to be A<25
(EC2, 84.3.5.5.3)

¢ Foundation

The building foundation is assumed to be in the same ground level, and that all the
insulated footings are connected in both directions with foundation beams.
The minimum width of foundation is computed so the bearing soil pressure is not exceeded.

e Seismic Design

The seismic design is based on equivalent static loads at the level of each floor according to
Eurocode 8 §4.3.3.2. The percent of mass distribution of the walls at the upper and lower
wall level can be adjusted in the program parameters Parameters/Design parameters/.

The total seismic force is defined as in Eurocode 8 §3.2. The distribution of the seismic
force along the structure height is a reverse triangular distribution.
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At each floor the eccentricity of the horizontal loading is computed. Additional accidental
eccentricities are defined as Eurocode 8 §4.3.2. In the program parameters you can adjust
the parameters for accidental eccentricities.

The horizontal load of each floor is applied to the mass center of the floor, and the building
is assumed to rotate around an elastic axis. The elastic axis is defined as the axis passing
through the elastic center of the floor which is more near to the level 0.8H, where H is the
building height.

A part up to 25% of the base shear in the various walls, obtained from the distribution of
the total shear force of the floor, can be redistributed among the walls Eurocode 8 §9.4.6 .
The redistribution percentage is defined in the program parameters.

e The Finite Element method

With the finite element method a continuum with infinite number of degrees of freedom is
approximated from a discrete system of elements connected only at a finite number of
nodal points. The solution of the problem is reduced to a discrete number of equations,
from which the unknown values at the nodal points are obtained.

The method of finite elements has founded in the end of 1950 by Argyris, Turner and
Clough. After that a large nhumber of theoretical work and computer programs together
with the rapid developments in computer power made the finite element method a powerful
tool of analysis in all the branches of applied science.

In the program we use plane stress quadrilateral elements with four nodes. The finite mesh
is obtained automatically keeping an element ratio (width to height) less than 2. The
solution algorithm and the accuracy of the results have been checked with other well
established programs, SAPIV, STRUDL.
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18. Basic directions

e Drawing Beams

The beams considered in the program are free to deform. Do dot use beams lying on top
and along a wall, as bond beams or lintels. Bond beams lying on top and along the walls
must not be given in the program.

Example of floor beams. In the drawing you draw two beams from one wall to the opposite.
The program automatically recognizes and numbers the two spans of each beam.

| | | [ | I I

| | I |
The concrete floor beam system is designed as a system of beam grid. The structural
analysis is done with finite elements. The finite elements are beams with 3 degrees of
freedom per node, rotations around x-x and y-y axis and vertical displacement along the z-
z axis. The grid is supported on the walls and the columns. When the wall is not parallel to
the beam axis the rotations are zero. For the computation of the beam stiffness the
effective flange width is taken 0.70L/10 for each beam flange (left or right).

The grid is solved for unit uniform load on each span. The most unfavourable load
combinations are obtained with combination of the unit loads results (1.35g and 1.50 q).
Gauss method for symmetric banded matrices is used in the solution.

In the solution of floor beam system you can get an error of unstable solution because
there are not enough supports. This can happen when you have unconnected beams, that
means beams not crossed by other beams or walls. In this case the rotational degrees of
freedom cannot be blocked to have equilibrium. To avoid the problem extend the beam
until it meats (crosses) a wall or another beam.

" Avoid this ; : E | FExtend the beam until it
— ) Crosses a wa]l

The dimensioning of beams is done based on the Eurocode 2 (EC2). The support bending
moments are taken at a distance 10 cm from the support (wall or column) axis. The design
shearing force values are taken at a distance d (beam height) from the support face (EC2 §
4.3.2.3). The effective flange width is taken 0.70L/10 for each beam flange left or right
(EC2 § 2.5.2.2). The minimum reinforcing steel coverage is taken 50 mm which satisfies
the code requirements for dry or humid environment (EC2 § 4.1.3.3). We use only straight
reinforcing steel bars, and the shear force is taken only with vertical stirrups. The minimum
requirements for steel reinforcement are verified (EC2 § 5.4.2). The verification of crack
width requirements and maximum deformations are done according to Eurocode 2 (EC2 §
4.4.1 and § 4.4.3) .
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¢ Drawing Columns

The columns in the program must be free columns. Columns inside the walls are not
considered, these are strengthening of the wall system. In order for the columns to take
loads they must have beams on top. The loads are transferred to the columns only from
beams.

typical column
arrangement

] —_Tlﬁ; l:a:m;]t he I.IISEI‘.I cu‘]lu.mn; mustlbe frée stm;d.ing =

) O
7| .| .
R

|
" this column dlr"ueé nat take load
ere must he a beam on fop

The dimensioning of beams is according to Eurocode 2. For the design, the support bending
moments are taken at a distance 10 cm from the support (wall or column) axis. The design
shear force values are taken at a distance d (beam height) from the support face (EC2
§6.2.2). The effective flange width is 0.70L/10 for each beam flange left or right. The
minimum reinforcing steel coverage is set to 50 mm which satisfies the code requirements
(EC2 84.4.1) for dry or humid environment. The verification of crack width requirements
and maximum deformations are according to (EC2 §7.4.2).
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19. What kind of buildings can be desighed with
FEDRA

You can design buildings where the major part of the loads is carried by the masonry. The
floors are assumed that they act as horizontal stiff diaphragms. All the horizontal seismic
forces are carried by the masonry. There can exist free columns from reinforced concrete,
but they do not take any seismic loading. The stiffness of the columns is negligible
compared with the masonry wall stiffness.

The shape of the building must be simple and the slabs about orthogonal.

Design codes in masonry buildings.

The masonry dimensioning is done using the Eurocode 6 (EC6).The dimensioning of the
concrete elements (slabs, beams, columns, footings) is based on Eurocode 2 ( EC2. The
dimensioning of the timber roofs is done using Eurocode 5 (ECS5). The earthquake loading is
considered as static horizontal loads at the floor levels with a reverse triangular distribution
Eurocode 8 ( ECS8).

Slabs
Slabs are designed with the method of Marcus. Non orthogonal slab shapes must be
avoided.

Beams
Beams are designed as space grid.

Masonry
On top of the masonry walls, and the openings, the existence of small concrete beams is
assumed, which are taking the small tension stresses.

Columns

The columns must have rectangular cross section, with about equal dx and dy dimensions.
Long columns must be replaced with masonry elements. The columns are designed in
biaxial bending and the reinforcing steel is considered symmetric on each column side.

Footings
They are considered as centric footings. Some small moments are taken from connecting
foundation beams.
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e What you cannot do

1) You cannot have columns on top of slabs, beams, or walls. A column must

continue with a column underneath.

2) You cannot have a wall under two walls or a wall on top of two walls. A wall

must have a wall underneath.
3) You cannot have flat slabs.

e Program limitations

H Program Limitations

BEX]

b amimun number of plates per floor=1 20

b @mirmunn number of columng per floor=60
b asirnum number of wallz per floor=100

b amirmunn number of plates per wall=50

b amirmum number of beams on a wall=50

t amimunn nurmber af balconies per flaor=20
b amirmunn number of openings per wall=20
b axirnum number of beams per joint=16
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20. Report parameters

From the main menu you can adjust the

appearance and the printout of the reports by using
the [report parameters setup].

Report -setup

Header, page footer, paper size, orientation, line
distance, margins etc.

Setup of report appearance

:RBPDI" { Page setup I Fants, paragraphs, } Graphics }

=} Header

1=} Main report

=i Footer

click to setup page Header

click to setup main report

click to setup Footer

Feset {1 Close ? Help
. Report Page Header
s On the page’s header it can e poge Fonde!
appear, a small picture (bitmap), at the project — =
title, the chapter title, the page number and an Yisble Object B o | PR Senip
horizontal line underneath. By checking the 2! -
corresponding boxes you can choose which of the |- ruue pivan ] F 3 Chosse pictute
above objects you want to appear on the caption. -
The position of these objects is regulated from F? Hationta Line 8§ —— s &
the numbers in mm you specify in the boxes in = = RO ool
columns 2 and 3. In the last column you can set i
the font, or select a bitmap for the icon, or the H Ep i R 53 o B
thickness and colour of the line. At the page ETe—— T =i P et
place you can specify the letters you want to iy
appear before the page number e.g. Pg. With o Fevew | &P | S | Keane | 7 Hop
the buttons at the bottom you can preview or
print a sample of the header.
. Main report
1] Main report You select the font type, as well as the size of ~ “emes=sdion
the font. For the font type it is wise to select el Cualiniore =
non proportional fonts, such as Courier, Courier new, Lucida ot Non e
Console, so that the report formulas and tables to be aligned Eoie o E7R
properly. I
e e S e pe e L e e
You can also specify the page margins (left, right, top, bottom) in ot o be el d ceer
millimetres (mm). Fusd ich Fes
Lelt margin in (mm] 0 2 Topmaginin fmm) [io =]
° Report page fOOter Hight s er ] 10 =4 | B (b e in (] [ro 2]
1= Faoter On the page’s footer it can appear, the logo of o
. the design firm, the file name of the project, :
the report subtitle or chapter title, the report date, and e =
an horizontal line on top. By checking the Lo o e T
corresponding boxes you can choose which of the PR | o e e e
above objects you want to appear on the caption. The iz £
position of these objects is regulated from the R HoterialLos P i
numbers in mm you specify in the boxes in columns 2 ¢ twasmim @ 3l poE | e | Chosssion
and 3. In the last column you can set the font, orthe |, .. 5 4 s 3 L oo o
thickness and colour of the line. TE = Pt e
With the buttons at the bottom you can preview or ::m:k ' — —

print a sample of the page footer.

o UK

i

Pryrtds

X Coed | 7 e
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e Page setup

. Report cover

You can design your own front page of the report. From
[Report Setup/Page Preview/Report Cover]

you can edit the features on the cover of the report. The
cover can be displayed with an outline, a picture (from
bitmap file) and two text lines. You can adjust the contents
with the checkboxes.

The outline's colour and thickness be changed.

If you wish a picture on the cover, you can choose from the
examples or choose your own bitmap.

The style of text in the two text lines from the font style
editor box.

You can Preview your new report

Setup of report appearance

Report  Page setup | Forts, paragraphs, ... ] Graphics]

Page aorientatior
{+ Portrait

" Landscape

Page size

(" Default

Preview kind
" Simple
* Composite

7 A3 234420 em

~ ;
Lo 2 Jv Print on bath sides

E Report cover |
% printer test |

" Legal 8.5x14 in

5 printer properties |

Reset

fLEIose | ? Help |

. & Report cover _loix|
cover and also do test print.
—— Dutline i wickh () | 10 inethickness (1 3| 4 Coloe J—l_—cnlnr of outline
£ I |
Picture W wickh [mm] | 100 height [mmi| 100 il Chooss Picture j—' picture from file
distance from left [mm] | 30 distance from fop (mm| 70 |
Text-1 W [Tenfiond shole 20012002 a8 Font j—;—TexM style
Toud-2 distance fiom left ]| 40 ditence fomicp fral] 30 | widthjoml| 100 |
[ "ot Prevew | Text2 W [RUNET NOFwAY &5 o Font :|-5—Text.2 style
& Pt datance fiom left (mm)| 40 distance from tap (men)| 200 wadth from) [ 100 |
W 0K 7 Heb ‘
preview cover  print cover
. Report setup, Various
Report setup

Report paragraphs etc.

If you check, [Change page for each chapter], The
computations of every design objects will start on a new

page.

If you check, [Print Errors in red colour ], warnings will be
printed in red when computations are not satisfying the
codes or standards.

You can adjust the line distance in mm and the paragraph
left margin in characters.

The indentation of paragraphs can be adjusted from the
margin already set in [Report setup/Page-setup/main report].
The indentation can be adjusted in characters (not mm).
margins are according to the figure.

paragraph margin-1 —|Computations of structure object :

Report | Page setup  Paragraphs 1 Graphics etc. ] File Exuull]
Wertical line distance [mm)
Line thickness-1 o

Line thickness-2

Paragraph margin-1 Paragraph margin-2

Paragraph margin-3 Paragraph margin-4

Paragraph margin-5 Paragraph margin-&
v Paragiaph numbering in report

Iv Print Enors inred calar

[ Change page for each chapter

[v Plain text for references

[V Align references at right

Fleset

[il Close ? Help

COLUMH-001

paragraph margin-2 ——{Column cross section in biaxial bending

EC Z,

Table .3 {ac=1.50, as=1_1E5})

paragraph margin-3 4|Ccmcret.e—5t,eel class: CEZS5F30-3500, Concrete cover (EC E, §4.1.3.3)

Column of rectangular cross section b=0.300 m, h=0_300 m

paragraph margin-3} ———Loads,

axial MNsd=100.00 kN, moments Msdxx=0.00 kNm, Msdyy=0.00 kNm

M=dxx=
M=dyy=
N=d =- 100.0 kN

0.0 kNn isdxx=(Msdxxsbhifcd)=
0.0 kNn isdyy=(Msdyyshbifcod)=

0.0/00.200x0.2002x16700
0.0/00.200x0.2002x16700

wd=(Id/ (bhfcd) =- 100.0/¢0_200x0_200 x1£700

from biaxial bending with compression diagrams utot=0.10
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