express

Eurocode “

A comprehensible and integrated design tool for the structural
Eurocodes

EUROCODEexpress is a work and study companion for all the Eurocodes, from Eurocode
0 to Eurocode 8. Design principles (EC0), loads (EC1), snow load (EC1-3), wind load
(EC1-4), reinforced concrete (EC2), structural steel (EC3), timber (EC5), masonry (EC6),
foundation and retaining walls(EC7), seismic loads (EC8). A complete package, and
source of information on designing and understanding the Eurocodes, and the National

Annexes.
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License and Copyright

If you do not agree with the terms of the following Disclaimer and License Agreement, return the program
before you install and activate it, to RUNET Norway as, within 30 days of purchase for a full refund of software
cost and sales tax.

Disclaimer

This software should be used only from experienced and licensed professional engineers. The software must be
considered as a helping tool for the designer engineer, and can never replace the knowledge, the experience
and the judgment of a professional engineer. The user of this software must understand that no matter how
advanced and well checked this software is, he should carefully check the results and take responsibility of
their use.

Copyright
This software is owned by RUNET Norway as, and it is protected by EC (European Community) Copyright Laws

and International Treaty Provisions. This software and the accompanying materials must be treated like any
other copyrighted material (e.g. book). It is allowed although to make one copy of the Software for backup or
archive purposes. You may not copy and distribute the accompanying materials. It is strictly prohibited by law
unauthorized reproduction or resale of this software product and the accompanying materials.

Software License

This is a legal agreement between the legal user of this software and RUNET Norway as. By installing this
software you agree to be bound by the terms of this agreement. If you do not agree to the terms of this
agreement then do not install this software and return within 30 days after purchase, for a fully refund of your
payment.

Scope of License

Each licensed copy of EUROCODEexpress, must be used either on a single computer, or installed on a single
workstation used non-simultaneously by multiple people, but not both. This is not a concurrent use license.
You may not rent or lease this software. You may not modify, adapt, translate, reverse engineer, decompose,
or disassemble the software. Any violation of this agreement terminates your right to use this software.

Liability Limitations

EUROCODEexpress, in no event shall be liable for any damages whatsoever (including without limitations,
damages for loss of business profits, business interruption, or any other loss) arising of the use of this
software. RUNET makes no warranties, either expressed or implied, as to the quality or performance of this
software, that the results and calculations of this software will meet your requirements, or that the operation
of this software will be error free.

This software is a helping tool to aid you in the design of timber structures. The results of this software must
be reviewed and interpreted from experienced licensed engineers, and by no means constitute an acceptable
engineering design.

EUROCODEexpress and related documentation are provided "AS IS" and without warranties as to
performance or merchantability or any other warranties whether expressed or implied. Because of
the various hardware and software environment into which this software may be put, no warranty
of fitness for a particular purpose is offered.

Under no circumstances shall RUNET Norway as and its personal be liable for any direct or indirect, incidental
special or consequential damages resulting from the use or inability to use of this software or related
documentation, even if RUNET Norway as has been advised of the possibility of such damages.

This agreement shall be governed by EC (European Community) laws. If for any reason a court or competent
jurisdiction finds any provision of this agreement, or portion thereof, to be unenforceable, that provision of the
agreement shall be enforced to the maximum extend permissible so as to effect the intent of the parties, and
the remainder of this agreement shall continue in full force effect.

If this license is too restrictive with the laws of your country, do not use this software and return
within 30 days after purchase, for a fully refund of your payment.
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1 Design with Eurocodes

Below a short description of subjects of the Eurocodes included in the program EUROCODEexpress
and the codes the subjects are based on:

1.1 Eurocode 0, Basis of structural design

Basic design principles and verification equations
Partial safety factors

Load combinations

Material factors

EN 1990:2002/A1:2005/AC:2010
Eurocode - Basis of structural design

1.2 Eurocode 1, Actions on structures

General action

Category of use

Imposed loads on building parts
Snow load

Snow load on the ground

Snow load on roofs

Snow load on snowguards

Snow overhanging the edge of the roof
Wind Load

Wind velocity pressure

Wind pressure on vertical walls

Wind pressure on flat roofs

Wind pressure on Monopitch and duopitch roofs

EN 1991-1-1:2002/AC:2009

Eurocode 1: Actions on structures - Part 1-1: General actions - Densities, self-weight, imposed
loads for buildings

EN 1991-1-3:2003/AC:2009

Eurocode 1 - Actions on structures - Part 1-3: General actions - Snow loads

EN 1991-1-4:2005/A1:2010 /AC:2010

Eurocode 1: Actions on structures - Part 1-4: General actions - Wind actions

1.3 Eurocode 2, Design of concrete structures

Design charts of Reinforced concrete
Concrete-steel properties, creep, shrinkage, concrete cover
Section capacity in bending, shear and axial loading
Design charts for bending
Design charts for columns in single and double bending
Effective length of columns
Design charts for deflection control
Reinforced concrete slabs
Slab sections in bending
Ribbed slab sections in bending
Flat slab sections punching shear
Slab sections in bending, lightweight concrete
One way continuous slabs
Cantilever slabs
Two way slabs
Reinforced concrete beams
Rectangular beam cross section in bending
T beam cross section in bending
Beam cross section in torsion
Rectangular beam cross section, lightweight concrete
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T beam cross section, lightweight concrete

One span beams in composite loading

Continuous beams with distributed loads

Reinforced concrete columns

Column section in biaxial bending

Isolated column in simple bending

Column strength (single eccentricity)
EN 1992-1-1:2004/AC:2010
Eurocode 2: Design of concrete structures - Part 1-1: General rules and rules for buildings
EN 1992-1-2:2004/AC:2008

1.4 Eurocode 3, Design of steel structures

Tables and graphs from Eurocode 3
Flexural buckling
Lateral torsional buckling
Effective length of columns
Steel sections
Steel section properties, all international profiles
Classification and resistance of steel cross sections
Resistance of steel cross section
Single actions
Double actions
Combined actions
Buckling resistance
Buckling, members in compression Nc
Buckling, members in compression and bending Nc-My-Mz
Lateral torsional buckling My
Lateral torsional buckling Nc-My
Design of beams
One span beams
Two span continuous beams
One span with cantilever
Design of columns
Column under axial load
Column under axial load and bending
Column under axial load and double bending
Design of bolted connections
Double shear joints
Beam to beam connection with web cleats
Beam to column connection with end plate
Simple column base connection

EN 1993-1-1:2005/AC:2009

Eurocode 3: Design of steel structures - Part 1-1: General rules and rules for buildings

EN 1993-1-3:2006/AC:2009

Eurocode 3 - Design of steel structures - Part 1-3: General rules - Supplementary rules for cold-
formed members and sheeting

EN 1993-1-5:2006/AC:2009

Eurocode 3 - Design of steel structures - Part 1-5: Plated structural elements

EN 1993-1-6:2007/AC:2009

Eurocode 3 - Design of steel structures - Part 1-6: Strength and Stability of Shell Structures

EN 1993-1-7:2007/AC:2009

Eurocode 3 - Design of steel structures - Part 1-7: Plated structures subject to out of plane loading
EN 1993-1-8:2005/AC:2009

Eurocode 3: Design of steel structures - Part 1-8: Design of joints

1.5 Eurocode 4, Designh of composite steel and concrete structures

Steel concrete composite floors
Timber concrete composite floors

ﬁ Copyright © RUNET Software © www.runet-software.com 8



EUROCODEexpress RUNET software

EN 1994-1-1:2004 Design of composite steel and concrete structures, General rules and rules
for buildings

1.6 Eurocode 5, Design of timber structures

Design of cross-sections in Ultimate limit state
Tension
Compression
Bending
Shear
Torsion
Stability
Design of timber connections
Timber-to timber (single shear and double shear)
Panel to timber (single shear and double shear)
Steel plate to timber (single shear and double shear)
Design of timber beams
Simply supported
Continuous over two spans
Design of single span floors
Design of two span floors
Design of Roofs
Truss rafter roofs
Truss rafter roofs with carpentry connections
Collar roofs
Monopitch roofs

EN 1995-1-1:2003 Design of timber structures — General - Common rules and rules for
buildings
EN 1995-1-2:2003 Design of timber structures - General - Structural fire design

1.7 Eurocode 6, Designh of masonry structures

Mechanical properties of masonry
Material factors
Compressive strength
Shear strength
Flexural strength
Eurocode 6 design charts
Out of plane eccentricity
Reduction factor for slenderness and eccentricity
Bending moment coefficients for flexural design
Strength
Compressive strength
Shear strength
Flexural strength
Design
Masonry subjected to vertical load
Masonry subjected to shear load
Masonry subjected to lateral load
Masonry building design

Eurocode 6 EN 1996-1-1:2005 Design of masonry structures, General rules for reinforced and
unreinforced masonry structures

1.8 Eurocode 7, Geotechnical design

Soil bearing capacity
Drained conditions
Undrained conditions

Spread footings
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Flexible centrically loaded footings
Flexible eccentrically loaded footings
Footings of steel columns (pinned)
Footings of steel columns (fixed)
Retaining walls
Cantilever type without back heel
Cantilever type with back heel
Basement walls
Earth pressure coefficients (active and passive)

EN 1997-1:2004/AC:2009
Eurocode 7: Geotechnical design - Part 1: General rules

1.9 Eurocode 8, Design of structures for earthquake resistance

Elastic response spectrum
Design response spectrum

EN 1998-1:2004/A1:2013/AC:2009
Eurocode 8: Design of structures for earthquake resistance - Part 1: General rules, seismic actions
and rules for buildings

1.10 FRAME2D Design

Design of 2-dimensional Frame structures and grillages, from reinforced concrete, structural steel
or structural timber. A 2-dimensinal finite element model, with additional design in ultimate limit
state of the members according to Eurocodes 2,3 or 5.
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2 After program installation
2.1 National annex, Structural parameters and report settings

The program is based on the structural Eurocodes. The application as well as the parameters of
Eurocodes may differ from country to country.

It is advisable to consult the National Application Documents, which define the parameters, the
supporting standards and provide national guidance on the application of Eurocodes.

After the installation of the program, you must select the National Annex of your area. If it is
necessary you may also adjust various parameters such as material constants, safety factors
Eurocode options, snow and wind regions, and default values.
The user can decide the appearance of the report by adjusting: user defined graphic and logo text,
page margins, font selection, size of indentation etc. The Report settings must also be adjusted to
meet the requirements of the program user.

=

o+
Ca

"'4.o§' From Parameters:

NA-National Annex, Select the National Annex to apply in the design
Design Parameters, Check and select options or modify (if it is necessary) the various
design parameters of every particular Eurocode.

e Materials, You can adjust the characteristic material properties for concrete, steel,
timber, soil etc.. It is advisable to consult the National Application Document of the
Eurocodes 0,1, 2, 6, 7, 8.

Snow load on the ground Default region and snow zone
Basic wind velocity Default region and wind zone
e Seismic design Default region and seismic zone

From Report setup:

You can adjust the report appearance (margins, font, cover, company logo, page caption, page
footnote, indentations, graphic appearance, pagination).

From [Setup/Decimal point] you can select type of decimal point symbol.

You can change program language from [Setup/Language Set-Up]. By changing the language
and confirm it by [apply]. You must recalculate the design objects to take the new language in the
report.

From [Help/Program user's manual] you can read or print the program user's manual.

2.2 Basic philosophy in program use

With the program you create and manipulate various design objects or structural elements. The
design objects can be a variety of structural elements such as: beams, columns, connections,
simple frame structures, footings, etc. All the program activity takes place within the main
window.

Within a project you may create as many design object as you want. All the data are saved in one
project file. A common report is created. You can select the structural objects that you want to
include in the report. The main window displays and handles all the necessary information and
actions for the design objects of the project.

You can create new design objects with the action buttons (one for each Eurocode) at the top of
the main program window.

Each design object, with a name you specified, the Eurocode number, and a characteristic icon, is
shown in a list in the [Design objects] window. From this window you can regulate their
appearance and the order of appearance in the report. The right side window shows the
calculations of the selected design object.

By double clicking a design object you enter its calculation window, where you specify the
dimensions, the loads and the design code parameters. When the object is created the parameters
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take the default values. All the required data are well marked with a sketch, and the appropriate
dimensions. The program constantly checks for wrong or inappropriately entered values.

With right clicking a design object you can select from the popup menu actions like computation,
report previewing, printing, exporting, or CAD drawing.

In front of every design object is a check box. Only the objects that are checked will be included in
the common report.

The basic steps in using the program are:

Open a Project File from menu [File].

e Select a design object, from the [Design objects] window, or create a new one from the

action buttons at the top of the main program window.

e Activate the computations of the object, by double clicking the design object or by clicking

the computations button. If it is a new object the computations are activated automatically.

e In the object's calculation window enter the necessary data for the particular design object

and do the computations.

e In the calculation window you can see the drawing of the object, its characteristic properties,

and you can preview or print the report of that particular design object.

e Check the objects you would like to appear in the report, and adjust their order of

appearance in the [Design objects] window.

e Preview and Print the report and the reinforcing bar schedules, for the marked objects.
Specify the design and code parameters, and the default values from the menu Parameters
Adjust the report appearance and the contents. Adjust also the units used in the report.

Adjust program appearance and basic parameters.

design code parameters,
default materials

Structural Action buttons creating report setup,
Tools  Analysis design objects Frame 2D design report preview  printreport  margins, font.ete
I ] AProgram Files (x86)\RUNET\EUROCODEexpress\ProjectsPri0] - u] x

File |Design Pgrameters Reports Print Setup Help date

| EE .||“£n .| Y0 ~ BN - BN2 - N3 - B4 - BNS - BNG - BN27 - BB -|

lel=]

| &

A
Deesign objects Project m.Prqec! Eurocodes t EN1 1 s EUROCODE express
V3 ECTWIND-003 - -
4 3[ ECTWIND-004 A
M EC2COLUMN-D02 EC2-SLAB-005

1 TJn EC2BEAM-003

71 /3 EC2COLUMN-O03 Cross section of ribbed slab in bending

B (EC2 EN1992-1-1:2004, ECO EN1990:2002, )
g ECE-MASONRY1-001
M & ECE-M. wWALL200 h= 0.180 m, hs=0.070 m, Med=20.00 kNm
¥ A, ECTFDOTING001 :'_=°‘15° : l_?1=°-5°°d-

ECESPEC-D-001 einforce concrete @5l
o & ETE 02 Design (EC2 §3)
A ] ECISNOW.005 objects (ECZ §4.4.1)
5. (EC2 §4.4.1)

WA (& EC2-COLUMN-004 N
v [ EC25LAB-004 o= (EC2 §3.1.€)
Wiy EC2-5LAB-005 fotd=oct -£ctk (ECZ §3.1.€)
P ECZBEAM-004 Eyd=fyk/ys= (EC2 §2.2.7)

Modulus of elasticity of comcrete Ecm=31.0GPa
M qr EC2BEAM-005 Dimensions and loads

WA = ECZ-BEAM-00E

A {4 EC2-BEAM-D07 Slab thickness h 80 m, hs=0.070 m, Bending moment Med=20.00OkNm (ULS), Med=14.00kNm (SLS
” Rib width bw=0.l150m, clear distance between ribs bl=0.500m, rib spacing b« 0
9 EC2-BEAM-008
¥ - Effective depth of cross section d=h—dl, dl=Cnom+@/I=15+10/

Ultimate limit state (ULS),6 design for bending (ECZ EN1S52-1-1:200

"

Arrange design objects

_______ fi k PL L - . A )
/ € - n tk top flange
Minimum slab reinforcement, As-=0.I¢€bd fctm/fyk =50mm'/m (ECZ §5.3.1)
: minimum principal reinforcement 10 8/85.0 TTmmt fm)

Main slab reinforcement 3@10/65.0 ( 362mm*/m)
Ultimate moment capacity of cross section (ECZ ENL§82-1-1:2004, §6.1) [;I
a1 0 i h=1 AN =1 &N Ag1=3F "mmE v
EUROCODEexpress © RUNET® | Vers.25.09/2017 |Registered user: RUNET Norway as, 01001-Kv28-0022... |
. )
Program version Registered User

2.3 Design objects

The design objects can be a variety of structural parts of a structure such as : beams, columns,
connections, bracing systems, footings etc...

We refer to these calculations as design objects or structural elements.

You create the design objects with the action buttons on the top. In a project you may create as
many design objects, as you want. Automatically the program gives a default name to each
object, (which you may change), and assigns a small characteristic icon in front to recognize the

L
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type of the design object. You may change the name of the design object. Design objects must
NOT have same names. Design objects must have different names. This is absolutely necessary.
The design objects are autonomous and each one has its own drawings, material properties and
computations. All the design objects of the project are listed in the window at the left, which is the
basic window in working with the design objects. By selecting (clicking at) an object, the
corresponding computations appear on the right window. If the object appears in red colour, the
computations have errors or are not satisfying. A characteristic sketch of the selected design
object appears underneath.

With double clicking on a design object you enter its calculation window. With right clicking on a
design object you can select actions like computations, report previewing and printing exporting,
or drawing.

The objects checked in front, * are included in the report. A common report is produced from the
selected objects. In the Report Setup you may specify the report of each design object to start in
a new page.

The order of the objects, which is also the order of appearance in the report, is regulated with the

two buttons Sl | i . You can delete one or more selected objects by clicking at Del key or =
(multiple selection of design objects with [Shift] and mouse click, or [Ctrl] and mouse click). You

can duplicate a selected object by clicking at |~

Design objects Project name| Project 22/09/215
design object =% STRENGTH-OM
checked objects i COLUMN-Om
appear in the WA M BEAM-D0N FRAME-001
object in red if errl:l.t“_g A JOINTdn Single-span frame
in computations M JOINTd002 { EC3 EN1533-1-1:2005)
i ity BEAM-002
4 £F STRO-001 FRAME-001 selected object
= Ji COLUMN-002 Design codes computations
%l {ig] FRAME-00T EN1990:2002, Eurocode 0 Basis of Struc
hA iz FOOT-001 EN1331-1-1-2002, Eurccode 1-1 Actions
EN1551-1-3:2003, Eurocode 1-3 Snow loa

5981-1-4:2005, Eurccode 1-4 Wind act
EN1533-1-1:2005, Eurccode 3 1-1 Design
EN1533-1-3:2005, Eurccode 3 1-3 Cold-f
EN1993-1-5:2006, Eurocode 3 1-5 Plated
EN1953-1-8:2005, Eurocode 3 1-8 Design
CEN/TS 1992-4-1:2009, Design of fasten
CEN/TS 1992-4-2:2009, Design of fasten
activate computations, EN1358-1-1:2004, Eurocode & Design in
of selected object (or Basic data

up-down move of
selected object

/

duplicate object

delete object

double ckick on object)
Geometry of frame atructure
sketch of selected —H—1 = Bay width LS 2.kl o
object : e / Total height (max) H= 5.000m
]‘ Lo Column height Hl = 5.000 m
I — e Total length B = 2Z1.000 m (5x
s = 4.

Spacing of frames 200 m

2.4 Calculation Window

A calculation window has a typical
sketch of the steelwork object that is
to be designed. All the necessary
input data are marked with their
dimensions. Depending on the speed
of the computer the user can choose
to have the computations performed
simultaneously with the data
input/change or when clicking the
button [Computations]

The calculations appear in the
window underneath. This window can
expand by clicking [Report Up].
Warnings and errors for inadequate e
design values are shown inred inthe .. .. ..
calculations. '

When the object is created all the parameters take default values. A check is always made for
wrong or erroneous input values. After the computations an OK or Error (in red) message is shown

T [ Pt CF] | % o | | i || o
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on top left. With Preview you can preview the full report of that design object. From the preview
window you can print or export the report to PDF or Word file.

File Design Materials Reports Print

2.5 Files o
pen..

You create, open and save files. The data are saved automatically as you .

change them and you do computations. All the structure objects are saved in Delete...

Read Cemmand Line File

the same unique file with an extension [xxxxxxExpressData]. When you
specify a new file name you don't have to type in the extension.

Printer setup ..

Exit

EA\STEELexpress\Projects\Pri0

2.6 Units

The units used in the program are SI (System International Metric) units. The unit of any input
value is marked next to the place you enter the data. The unit of every value in the report is also
marked.

Units used in the program:
length [m].and [mm]
forces [kN]

moments [kNm]

stresses [N/mm2] = [GPa]
concentrated loads [kN]
distributed loads [kN/m?2]
line loads [kN/m]

2.7 Coordinate system

R

M - B

r I

T ol iy

¥ i ¥ |n [P R h
="

— -

[ ‘I. |

B

2.8 Step by step, program use

Open a Project File. Use New for new project and Open for an existing project file.

A All the data are saved in the same file. The data are saved automatically.
T
Open
Save
Save As.,
Delete
¥ Create a new Design object, From the drop-down
buttons on the top, automatically you enter the
[ s computation window for this object.
= = Beam of one span You may select an existing design object, from the
£ Pmpamter b B ermresiemeie e [Design objects] window, and activate the computations

? Design of Roof Beams 4 uilm Beam of one span with cantilever by dOUbIe ClICkIng at the ObJeCt’ e.g. BEAM_OOl, or by
clicking at @

@1 Copyright © RUNET Software ® Www.runet-software.com 14
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In the window with the computations, enter the necessary data for the particular design object

and click on

Computations [lauta computation

When the Auto-computation is checked, the calculations are performed automatically when you

change the data.

=)

Click to see more

Computations
# Design OF.

x Etror, Inadecuate design

1 Drawing

El R epart

Design objects

[« (=B

of calculations.

All the computations for the design object are performed.

A message appears if design is OK, the computations and the dimensions
are adequate.

If the design has problems due to inadequate dimensions this message
will appear.

Automatic generation of CAD drawings.

Preview report. From preview you can export the file to PDF or Word
format.

Select (check) the objects you want to include in the report. With the
arrows you can adjust their order of appearance in the report. In the
report only the objects checked in front will appear.

Report setup. Adjust the appearance of the report. You can adjust: font
size, margins, captions and footnotes, line distances, character font, new
page after each object printout, line thickness and paragraph indentation
Print the report

L]
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2.9 Parameters

Basic program parameters for materials, design E o . E E

program parar ials, desig & = &
parameters and regions for snow, wind and earthquake

loading. “Zoges Structural Eurocodes

NA - National Annex, EN+ NA Eurocode EN
2.9.1 National Annex

¥;¥, Design Parameters &
Select the National Annex of the country you want to &@ Materials G
work. To do this, first click [Locked] to unlock. The . . o
various design parameters (load factors, material factors | () LoadsSnow, Wind, Seismic '

etc..) are set according to the National annex. This does
don affect the regions for snow, wind and earthquake, which have to be selected from the next
menu lines of the parameter menu.

2.9.2 Materials

Structural steel, Concrete, Reinforcing steel and Soils for the foundation. You can change (edit)
material properties.
In order to avoid accidental material changes the edit capabilities are locked. To edit, click first

% Lo to unlock the edit capabilities. With *t' — you add or delete lines from the property

. Reset .
tables, with the original program values are loaded.
Concrete properties (£C2 ENTS92-1-1:2004 53.1) |
Reinforcing Steel (EC2 EN1992-1-1:2004, §3.2) x i i
Clasz l lek ‘ ek e Tetm Tkl 015 rnﬂ! ‘ fean Tk | T3 e w
;i i vk ftk.c Es euk L [ara) [ssPa) [naPa) [nra) MPa) MPa] MPa) [Gea) 1GPa) [kwm®]
Reinforcing steel Class o e oy = B | £l [t : : ; : =il e 2intie
cizns 12m 1Lm 160 1 20 33 oz = n o]
5220 22000 22000 20000 250 1400 e B e R i e ot B oy e = &
s400 40000 0000 20000 250 1400 A e T e e s ST g 3 =
54005 40000 400,00 20000 750 1400 i i i - , =
5500 50000 500,00 20000 250 1400 CUF W0 WM 2% 200 30 T 045 M 10 =
55005 500.00 500,00 20000 750 1400 s %00 | 4500 | 320 20 420 GW 05 M 5 =
BE00 50000 500,00 20000 250 1400 %0 W | mm | 3% 260 46 sW 08 B 1 =
B5008 50000 500,00 20000 500 1400 COSS | 500 | S5O0 | 380 270 4% 360 045 % 15 =
B450C 450,00 450.00 200.00 750 14.00 Sl i e W | x| ne | as i b 2
SE70/500 67000 800,00 20000 750 1400 EEVTS L AL =TT S LML e = = =
BS54 550,00 550.00 20000 250 14.00 Cms nm mom 450 ax (11 1] 1man nas an 1% =
COMSs G0 | SO0 | 480 30 6N M 045 | a2 1% =
BE508 55000 550,00 20000 500 1400
COOM05 | %000 | 10500 500 350 G0 1040 045 M 1t =
fyk: charaotsristic ield srength, t.o: tensile strength. Es: modulus of slasticty, euk: maimum strain, L: stes! bar length o = T = S =
fetiel 05 noth, et 95 Inree stong, ot it srengh, hvek: shear stength, Eo modulus of
wlmbcidy, Ge Shoar modubus, we und weesghl
& = [ Fee | Anchorages 0K | B locked | EyPint | P Hep
¥ E @locked| By | 7 b
Soil preperties =
v Vs e 0 qui Ea K
o Ly M) | fehme . ‘ fmme] | pemme) | pemes | (upa ‘ L i) ’
Laron el L [ 03 0m mm 015 | 20000
baan gavel W0 W0 00 (1] oM 040 w0 015 140000
Th gravel 60 20 =0 am 0x 040 Gm 015 | toomm
Sand W00 180 0w am 0% 03 =m 0X | 0w
Lexm saned 1400 1R00 00 nm o 0 1500 [ 0
Sy wored 2100 2300 200 nm LaL] (L] nm (L] 0o
O 20 AW 20 e 018 015 500 0X 00
O »0 A0 B0 o 015 015 500 03X 000
¥a dry unit weight, v, saburated unit weight, ¢° agle of internal Eiction, ¢ cobesion,
4, sllowsble bearing preseure, q, beanng cspacity, Es madulus of elamaty,
& Poigson ratio, K5 modulus of subgrade reaction
* = [FOF | @locket | Bypm P Heb
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2.9.3 Design Parameters

The National Annex parameters are set according to the
National Annex you select. You may although want to
change some of them, or specify some design
considerations not mentioned in the national Annex.

NAD parameters

e Action coefficients for Ultimate limit states
EQU and STR. According to Eurocode 0 Table
A1.2A and Table A1.2B.

Click Reset to reset to National Annex values.

¢ Load Combination coefficients according to
EurocodeO Table A1.1.
Click Reset to reset to National Annex values

¢ Material factors for Steel according to Eurocode
386.1

¢ Material factors for Reinforced concrete
according to Eurocode 2 §2.4.2.4., used for the
reinforced concrete in the foundation.

¢ Material factors for Soil according to Eurocode 7
Annex A. Used for the foundation design.

National Annex parameters -

Action coefficients | Load combination factors | Matenial factors | EN1993-11

Ewocode 3 [Steel stryctures] EC3 EN1993-1-1:2006 §6.1

Vong= 1.00 Yo 1.00 M= 125
Eurtcods 2 [Reinforced corcrets] EC2 EN1992-1-1:2004 §2.4.2.4

Ye= 1.50 ¥s=1.15

Ewrocode 7 [Geotechrical desian] ECT EN1997-1-1:2004 Annes &
YqulEQUGEO)= 1401 Vg (EQU,GED)= 1.25

Eurocode 3, design parameters

Lateral torsional buckling computations base on
Eurocode 3 Eq. 6.56, and Tables T 6.3, and T 6.4.
(most common)

Lateral torsional buckling computations base on
Eurocode 3 Eq. 6.57, and Table T 6.5.

Method for Bending and compression.
Method 1 Annex A or method 2 Annex B (most
common)

-5 -2 5
g ¢
“BiBes Structural Eurocodes

A - Mational Annes,  ER+ MA Norway NS-EN +MNA-NS: 2006
«
¥ ¥, Design Parameters L4
&@ i ¥;¥, Eurocode 0 (Basis of Structural Design)
L
-Q 4 T;Ez Eurocode Z {Reinforced concrete])
EC3
* Eurocode 3 {Steel structures)

PE?" Eurocode 4 {Composite steel and concrete structures)

g

4

Eﬁ Eurocode 5 {Timber structures)

ﬁCG Eurocode & {Masonry structures)

E Eurocode 7 {iGeotechnical design)

National Annex parameters
Aclion coefiicients || Load combination factors | Material factars | EN199314

ULS [EQU]ECO EN1990:2002 §6.4 Tah.A1.24

Action coeflicient for permanent loads, unfavourable Voump= 110
Action coefficient for permanent loads, favourable VY .inf= 0.90
Action cosflicient for variable loads, untavourable va= 150
ULS [STR)ECOEN1930:2002 56 4 Tab.A1.2B

Action cosflicient for permanent nads, unfavoursbls Vgsup= 1,35

E= 0850

Action coefficient for permanent loads, favourable V. inf= 1.00
Action cosflicient for variable loads, unfavourable va= 150

National Annex parameters

Action coefficients |- |

Load combination factors ECO EN1350.2002 Tab.A1.1

Action wo | wl w2
Category A (domestic and residential areas) 0.70 0.50 0.30
Category B (office areas) 0.70 0.50 0.30
Category C (common areas) 0.70 070 060
Category D (shopping areas) 0.70 070 060
Category E (storage areas) 1.00 0.90 0.80
Category F (parking areas light <=35kN) 070 070 0.60
Calegory G (parking areas medium 35kN= ~ <=160KN) 070 0.50 030
Calegory H (roofs) 0.00 0.00 0.00
Snow loads on buildings (H>100 ma.s .1} 0.70 0.50 0.20
Snow loads on buildings (H==100 m.a.s.l.} 0.50 020 0.00
‘Wind loads on buildings i 0.80 0.20 0.00

National Annex parameters
Action coefficients  Load combination factors  Material factors EN139311 SLSEC3§7.2

Lateral tarsional buckling [EN1993-1-1 $6.3.2.3)
Mathod of computation

(O ECIEQESE @ ECIEEST?

ILT,u: 0.40 p= 075

Bending and compression [EN1933-11 §6 3.3
Method of computation

O Method 1 @) Method 2 (O Methad 1 and 2

Elastic: critical moment for |ateraktarsianal buckling

NSM E771 Tab 3

National Annex parameters

Action caeflicients | Load combination factors | Material factars | ENT993-11

Lateral torsional buckling [EN1993-1-1 86.3.2.3)
Method of computation
(JEC3EqB56 (® ECIEQES?

Ao 040 =075

Bending and compression [EM1993-1-1 §6.3.3]
Method of computation

(@) Method 1 ) Method 2 (O Method 1 and 2

@ Copyright © RUNET Software ®
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Critical elastic moment for lateral torsional buckling Mcr

The values of coefficients C1,C2,C3, for the evaluation of elastic critical moment Mcr can be found
in literature. You may choose the source of definition of these parameters

e prEN 1993-1-1:2002 Annex C This is an intermediate publication of Eurocode 3 in 2002.
After this the subject has been removed from Eurocode 3.

ENV 1993-1-1:1992 Annex F

ECCS 119/Galea SNO30a-EN-EU Access Steel 2006

Kolekova Y-Balaz I. Engineering Mechanics 2012

Vagias 1., Stahlbau 73(2004), Heft 2

BS5958:1:1990 tables 15 and 16

NSN 6771 Table 9

Deflection limits for Serviceability limit state (SLS)

The limits for these deflections are usually National Annex parameters EC3 EN1993-1-1:2005 [~ |
defined in the National Annex. EN1993-1-1 § Material factors EC3 661 EN133311 863 SLS EC3§7.2

7.2 and EN 1990 Annex Al.4 According to
EN1993-1-1 these limits may be specified for
each project and agree with the client.

Usual values: vertical deflection L/200,
horizontal deflection H/150, vertical deflection Masimum roof deflection in general Wax<=L/13 fa= 200
due to bending L/ZOO. Roof deflection due to variable action w3<=L/4 4= 2500

Limit for vertical deflection we=L/f1 fl= 2000

Limit for horizontal deflection u<=H/f2 f2= | 1500

Design parameters for buckling control

Columns
(1): (most reasonable default)

e In plane buckling, critical buckling length Lcr=system length points of axis.

e Out of plane buckling and torsional buckling and lateral torsional buckling, critical buckling Lcr
the column height up to the haunch, or the distance of lateral restrains Lm1, if is specified
smaller than the column length.

(2): (conservatively)

e In plane buckling Lcr=system length points of axis.

e Out of plane buckling and torsional buckling and lateral torsional buckling, Lcr the system
length or the distance of lateral restrains Lm1.

o
]

= i
At haunch bottom At system length
Rafters

(1) (most reasonable default)
e In plane buckling Lcr = system length. This s computed from the total span L and the
first buckling mode.
e Lateral buckling length at span the purlin space, torsional buckling the distance between
torsional restraints Lm2
(2) (conservatively)
e In plane buckling Lcr=system length
e Lateral and torsional buckling length, the distance between torsional restraints Lm2.
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2.9.4 Snow load on the ground

Default region and snow zone.

Click and select the snow region of your area. The
snow zone and the amplitude, and the
characteristic snow load value on the ground sk is
set according to Eurocode EN1991-1-3:2003.

}ﬁ EC1
ﬂ EC1

ﬂ EC8-1 Seismic region, Seismic coefficients: Europe, 0, agr/g=0.040

-3 Snow load, Iberian Peninsula, z=1, A=100m, Sk=0,10kMN/m?

-4 wind load, Italy UMI EN, Ub,0=25.00m/s

Climatic region - Snow load

Snow load on the ground Sk (EC1 EN1991-1-3:2003, §4, Annex C)

U e 'y O Eureps Snow zone Alitude above sea level
i -2000 m
%f e O lesland -

) Nomway
i = ij,‘;’;j ) Sweden, Finland
[ Sweden, Finland
B UK. Repubiis o Ieland | | UK. Riepublc of heland Q2
[ Ibeian Perinsula = -1000m
— (il O Ibetian Penirsula
[ Cenal East
I Czech Ficbubic O Cenraltwest S
S Poland - D
B &ipine Region () Central East
[ Meditenanean Region
) Czech Republic
[ Greece o
) Poland Qa5 =
r - |
@® Alpine Aegion . & I=m™
(O Medieransan Fegion Snow load on the ground
() Greece Sk=| D82 ixwmﬂ
® Snow Wind - i
[ o || X concal | k=0, 164(3} 0.082+ 400/9BE=0.824 KN/ [ K || X cancel |

2.9.5 Basic wind velocity

Select wind region and wind zone. The default
basic wind velocity is set.

2.9.6 Seismic zone

Default seismic region and seismic zone. The ground

acceleration a=Qq/g is set.

Basic wind velocity (EN1991-1-4 §42) o
Eucceds IN
Maximum ;-':_/ B [ zemercason fura DENCRM EN
Wind [ ] 2omen 2110 23mis ukgwa BOS EN
Speeds 2\ [7] Zonem 2330 2800 Chonm CY5 EN
B o stz Cavch Ragubie CSEN

Basic vared vy EWIEH14 §4 29

&1 | AR Dok LSRN
Frarca NFEN
Firiarel SFS.EN
Gowsc ELOT N
Teslard 15T EN
sk UNIEN
Moy NEEN
Ratuaria SR

Zora [ Vhia 2 e

Zone 0 21 Vb <

Zonw B 20w Wbin <8
® Linted Kirgriom BS EN

Zorw IV e Vot 2

) Zora ¥ Zhmini Vhio Vukar: E0

Sumnden S5 EN
Slovabia STN EN

Mo 00

o 05| X Cocal

HHorizontal acceleration ratio (ECE §32.2.2)

Sesmczone 4w n.—.%: DOH =0 e 02 e

-
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3 Eurocode 0, Basis of structural design
EN 1990:2002/A1:2005/AC:2010

A source for all the partial factors , load combination factors, and material factors.

FC0 Partil safrly Gartors EN1090,§ A3 { F¥I001-1-13007 + NA Norway NG-EN, 66 ) =

Design values of hobions{ EN19%0:2082 + WA Horway HE-EM, 6.4, 96.5 )

Vitimate Limit State (VLS) (BOW), $6.4.3.2, T.R1 3R E
VBB b yQ-GkL 4yl de-GRE +oyQode-Gk3 (B 6,100 ECO Load combination factors EN1990, § 6.4.4 ( EN1990:2002 + MA Norway NS-EN, T ||
VO SupsL.EU (Uniaverablel - - E - -
VG, Anten 90 (Pavorable ) Action wo wi w2 I
W =L.E0 (Hntaverahisl
N Category & (domestic and residertial areas) 070 050 030
ka6 104} Category B (office areas) ora 0.50 030
& sup=l. 36 cummxmullw.*ﬂ-uu Higrper G 6. dond Categary C (cOmMman areas) oo 070 060
vE.inl=1.00 (Faverable 1 T
v =150 {Unfavorable) Category D (shopping areas) o.yo oo 0Ed
VI D00 (Faversble
fo0. 000, L-yGen, muEL, D5el, 20 Category E (storage areas) 1.00 0.90 080
Vitimate Limit State (VLS)Seismic sitwatiom, §6.4.3.4, T.R1 3 Catesory F (parking sress light ==35kM) 070 070 0&0
Td = G+ hed ¢ 2-0RL + 9Z-ORE + 42-0k3  {Ba.6,1%k) |
Suz: Lity Limit State (3.3} 2 comtsinat $6.5.3, T.m1.4 Category G (parking aress medium 35khs ~ ==160kN) 070 050 030
Bl m 3 4 Gkl t ga-Uer b ge-Okd (Kq 6o1an)
Sowwinnshdlity Limit Stats (STS), Proquest coshination, €08 3, 7014
Ed v C 4 yitOl + ¥2:OkZ + wi-Ok:  (Eq.€.LEk) Categary H (roafs) 000 200 | 200
B L el sorbination, £6.5.3, LML Snow loads on buldings 070 0.50 020
Wind loads on buildings 0E0 0.20 000
(3o ) (e ] (L (& | [ B oo |

Partial safety factors Load combination factors

| conge( - K3 |

Ultimate Limit Frate {ULE} (TR

Bd = yE-CN 4+ v@-GRE ¢ v@we QN (B4 6. 100
VB, upel. 38 (Vnlaverabiel
=0,

bo om0 asd
Hasd combinstsans (VIS) (ST,
Parmimant Iasd Gk, Viriahls lesd-1 Gkl Varishls Iasd-3 gkd
LG, 701: 1,35GkT.500 6.100
L.C. FOE 1.SSGKeD.£00KE {Rg.6.101
PR 1500k 3, SENGKA, SO0KISE, 0SOKE (1,6, 101
FrETs Ol S0CKIs 1 $ExCkeD. SODKIST.0SOKT (Tg.6. 101

Ed e Gk 4 Q1 4 worGkI 6 w0 0k3 *CCharscterismac coabinacion) (34,6, 14B)
2

L.E. 38R CAkD (B,
L5, #4856 b Dk 0,002 19,6, L4a]
I3 G+ QAT 4 0.700MD g8, L4a]

ad-1 Gkt Varisble dosd 3 Gkt
_E00KLID. 000EZ
L D00KLIL. SO0EE
L. S00kL4L. DSUED
LOSOKLEL. SOQEE
LUOUNLD. DOQRE
LUOUNL+L. DOQRE
L UOUKLD. TO0RE
0quL+L. D0GMT

[ Prevew | [ B Pree 5, e |

Material factors

Load combinations

You obtain the complete list of load combinations for various structural load cases.

[£C0 Materisifactars 51990, 5645 {ENI991-1-1:2002 + NA Norway LN, 56) o

Maberial fasbors

Concrate design, Eeroceds If EN133Z-1-1:2004 + MR Norway N3-EN, $2.4.27.4, T.2.1 3
Conerars o
Concrate, | Ascidental it 1
Concrate, | 8 ability limit state b
Reinforcing w

. Aecidental SiTwani
{ Berviceabilivy limit state |

Reinforeing s

U Aeeidental sicustions |
. | Serviceshilicy limic srave § el 0

Tisber design, Bweoceds §5¢ EN1995-3-1:200% + MR Muewar NS-EN, 82.4, T.2.1 3

Tinber and wood bazed materisie el
Clusd laminated Eimker Vitel. L5

M1 30
E Wite1, 30
Aecidental situstions yH=1.08
Zerwicesbility limic stars M=l 00

Steel design, Bwrevods B0 ENI993-1-102005 + MK erway N8-EN, $6.1 )
3 1

al e Vis=L, 0
al st viLeL 00
al Fraal yMI=L.I5

[ Prervewe || B P 3 Chsn
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4 Eurocode 1, Actions on structures

EN 1991-1-1 General Actions
Categories of use of buildings
Imposed loads
EN 1991-1-3 Snow load
EN 1991-1-4 Wind load
EN 1991-1-1:2002/AC:2009
Eurocode 1: Actions on structures - Part 1-1: General actions - Densities, self-weight, imposed loads
for buildings
EN 1991-1-3:2003/AC:2009
Eurocode 1 - Actions on structures - Part 1-3: General actions - Snow loads
EN 1991-1-4:2005/A1:2010
Eurocode 1: Actions on structures - Part 1-4: General actions - Wind actions
EN 1991-1-4:2005/AC:2010
Eurocode 1: Actions on structures - Part 1-4: General actions - Wind actions

4.1 General Actions

4.1.1 Categories of use of buildings

| Categuries of use § ENI991-1-1, § 6.9.0.1 (ENI991-1-1:2002 + HA Normay M5-EM, T6.1 )
Categary Speific thae | Frampie -~

Arens 1or Gome sl nd resdentisl  [K0OME i reskirbe bukings snvd houtes, Bedrcoms n holpess, holels and hostels
A motvties b and wies in bosplnis
bedruonss i bbels s bostels klchers and lodets

B Office areas

€ Aress wrhere poogle ey congregales

C1 Areas wih Tabies £41, 80683 i Schoolz, (183, reStarants, Sy hals, readng roome, receptions

€2 Aross wih Fixed seady # 4. arews i churches, healres o cinemas, conference rooms, leclure halls, sssanbly halls, waling rooms

3 ATSBIWENLECDSIACIS 1Of MOV €., ArERZ I MIZELMS, &xPEIN 100MS, E1C. BN BCCESS Aeat I Ak and samnistrabon Easidryls, Fitels,
pengie Pespbsin

€4 Amas wih poasinie physical activities £g danes hals, gymnnatic rooms, minges
€5 Amas suscrplitiein lwge crowdln. &g In bullings Tor plic pvents e concet hals, aports halis inclusing stands

D Ehoppig arens

m Areas i gerral relad shops

o2 At i deprimend slores

L Storage areas

El Ay susceplkie bo scoumislion of gouds, ichadng scosss srees

] Inchustrial use

F Tratfi: and parking aress Traffic e parking aress for bghl velackes (==30kN gross vebich weight ard == § seals)

G Teadfic and pasking ares: Trnefic arel parking e 0 mocum viehicies (s 306 o1 BN gross vebicin weight)

W Reets Hioots rk e sithe exceot 1or nommal markenance sl repar

1 ooty oot aecesinie wilh necupaney accoeting to ealegones & 10 0 =

< »

| & P 3| Clasn |

4.1.2 Imposed loads

Imposed loads $ EN1991-1-1,§6.3.1.2 { EN1991-1-1:2002 + NA Norway NS-EN, §6 ) |
ak [vert ) Ok (vert ) ak [horiz.)
Category [Klim?] o] Ikltim]

Category & [domestic and residential areas)

Floors 200 200 1.00
Stairs 300 200 1.00
Balconies 400 200 1.00
Category B [office areas] aon 200 1.00
Category C [common areas)
C1 [Areas with Tables] 200 4.00 1.00
C2 [Areas with Fixed seats) 4.00 4.00 150
C3 [Areas without obstacles for moving people] 5.00 4.00 150
C4 |areas with possible physical activities] 5.00 7.00 150
5 [Areas susceptible to large crowds) 500 400 300
Category D [shopping areas)
D1 [freas in gerersl retail shops) 500 400 1.00
D2 [Areas in department stores) 5.00 7.00 1.00

Category E [storage areas)
E1 [Areas susceptible to accumulation of goods, including access areas) 7.50 7.00 200

E2 [Areas susceptible to accumulation of goods, including access areas)

Category F [parking areas light <=35kN] 250 2000
Category G (parking areas medium 35kMN< ~ <=160kN) A.00 90.00
Category H [raafs) 075 150

L
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4.2 Snow loads

4.2.1 Snow load on the ground

Click and select the snow region of your area. The snow zone and the amplitude, and the
characteristic snow load value on the ground sk is set according to Eurocode EN1991-1-
3:2003. and the National Annex of the country.

Climatic region - Seow load | | Snow laad on the ground Sk (EC1 EN1991-1-3:2003 54, Annex C *
| 4 Sraow 200 Albude shove
s ) Eucps | N } o m::em
' ) lesland o A .
- poend o - -
®) Sweden, Friard | 35 Al
- I Icedard |13 _Ji. 2
' B oy - - AN .
B Svoden, Friand ) Iberian Permnaula o
= LK n-gn-: rﬂm ) Ceniral West - -1000m
v Pera: \ = J ~
I Certea Wt ) Ceniral Eant L D3
= Certeal East ) Crech Riepublc =
Caech Rlebublic Y
I Peland ol = .
=l‘\*hre Reegon A ) Al Ragon s
edienanesn Fegon 5 _ ) N
B Greece . Mexestanean Regon £ - Om
_) Gevece ET 5
s ) Iy J - A=[1800 | Zim
. 4 ) Cypus -
£ ) Buigaria e A Sriow koad on the ground
2t O Fiepublc o beand Sk=[ 2109 i
o i & | 2 Slovakia i
X Corcel || | Skl 164201060+ 1B00/96542 103 KN/ X e

Default region and snow zone.

4.2.2 Snow load on roofs

pla) () Name of design object [ECT-5NDw-001 |
= 2
n s=Hi Ce Ci s k (kNJ’m ) Show load on the ground [EC1-1-3 84, Annex C) Sk= 0.801 {:}karrF
a0
0,5p:(ay () Evpasure cosfficient (EC1-1-385.2(7)) Topogrephy|Homal & ce< 1.000 [f2]
(mny 16
Themal cosficient [EC1-1-3 §5.2(8)) o 1000 [f2]
F®) 0,50 (ay)
(my I —— ;: Angles of pitch af the ook w=| 3000 {41+ wp=| 33000 [[4]
a, a, H1 Roof type [EC1-1-386.3)
maonopitch roofs pitched roofs multi-span roofs cylindrical roofs
[ 15° 30 44 607 3 ]— O ‘Q @ O OD O

Fences o obstiuctions exists at lower roof edge  left side [ right side [ ﬁ

Select the type of the roof, monopitch, pitched, multi span or cylindrical.

The roof angle of pitch, or other dimensions.

From the topography, windswept, normal or sheltered roof, the exposure coefficient is set (usually
1.0).

Set the temperature coefficient (usually 1.00)

The snow load is computed according to Eurocode 1-3 EN1991-

3:2003, from the characteristic snow load on the ground and the roof i) ()
slope. t

0,5m(ay M)
s=p; Ce Cy ¢ (EN1991-3:2003 §5.2) [kN/m2] iy

The three characteristic load arrangements of EN1991-3:2003 §5.3.3 () 0,5u(cy)

are considered in the load cases. If the roof is flat (a=0°) one load
arrangement is considered s= 0.80 C, C; sy

The characteristic snow load on the ground s, can be defined directly
by selecting the snow region, snow zone and the altitude, according to
EN1991-3:20 Annex C.

()

ay uzl

The snow load arrangements according to Eurocode 1-3 are
Flat roofs. Load case (I)
Pitched roofs Load cases (I) (II) III)

L]
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4.2.3 Snow load on Snowguards and snow overhanging the edge of a roof

2

E=H2s¢b sing (kNm) Se=K(HaSk) [ (kNm)
2.0 20
1.6 16
10 d 10
0.8 08

., u \ H
o 16 an® 457 60° L3 ise o 15 il 45! 1] o

4.3 Wind load

4.3.1 Wind peak pressure

Wind pressure on vertical surface in kN/m2. The wind pressure is computed from the wind velocity
and the topography of the region according to Eurocode 1-4:2005.

Set wind velocity. Click at &= to set wind velocity from the wind zones and amplitude of the
region.

Select the terrain type (0 to IV).

Define oreography factor by selecting the type of terrain a,b,c,or d, and setting the distances X, L
and H according to the drawings. You may select co=1, for orography factor 1.0 or co= and you
specify freely any value you want.

AZ)=Celz){Vipl VD =[0.001xh613x0.625%25.00°1.802 KI/m* Name: of design object ECTWIND-001
Basic wind velocity [EN1991-1-4, §4.2) B wo= 2500 [[3]misee
z[m] .
100
" 7 177 Buiding height above the teniain 2= 1200 [i2]m
77

a /' /‘” /" /‘/“ Turbulence factor [EN1531-1-4, 54.4) k= 1000 {3}
0 = T
w A NARNWa i ]
- / / / / Sea, coastal area exposed to the open sea
40 / /S
" s
20 (al

Orography factor (EN1951-14, §4.33] co-| tsl
10 —d
5 ; I O = 4 ‘ . . 4 0- ®b O¢ ol Qcostd  Ocos

Celz]
%= 10 |[$n L= 1000 [[Alm W20 (2w
%
% X M
100 m ‘[ I
F z z
=
10

4.3.2 Wind load on vertical walls
The wind pressure in front and back of the wall are computed according to Eurocode 1-4:2005 §7.2.5
and Tab 7.4a and Tab. 7.1, The horizontal load and overturning moment on the wall are evaluated.

L]
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AlZ)=Ce(z)-(:p)- VD =[ 1043 | Ce(Z}X0.625%25.00 kN m* Name of design abisct EC1AWIND 01
W k={1.50)x1.206 =1.810 KN/m
Bassic wind velocity [EN1991-1-4, §4.2) =] Vb= 2500 [ +{misec
zml (2]
100 / / Il Building height b= 1200 [Tym
Ll / 77 Bvilding cross wind dimension b= 15.000 {: } m
a0 wv_| 1 nfre [a]
/ / / / Building depth o= 10000 [4]m
7o (ol
/ / / Tubulence factor (EN1931-1-4, 54.4) ke 1.000 f2]
60
/ [/ o
50

Sea, coastal area exposed to the open sea

Cefz)

a(z=120m)

s
%
Oragraphy facter (EN1991-1-4, §4.33) com = >< Y
il
Oa Ob Oc Od ool oom
) 100 fam =00 (4w {20 [f4n

4.3.3 Wind load on roofs

The wind load is computed for various places at the roof according to Eurocode 1-4:2005 §7.2.5 and
Tab 7.4a and Tab. 7.1. for flat roofs monopitched and duopitched roofs. The total wind forces on the
roof and total moments of the wind forces around the roof edge are computed.

° oV < [R801 pi B 1EI0 R
g 60638 = DI, g Kb A1 b

Hawse of deesign chisct

Banic wind velncity [EN1931.14, 54 2]

zm)

100

w [/
7

a0 W

b

(4]

&0

&0

E

Fol

10

[

"U 1 2

1

T

]
O fof W ] o |2
H
i

e

E We 10

ECTWINDO0T

B s

[
e 1200 {2im

fa)
1o imisee

b 15000 {3 ]m
e 10000 f2]m
a= 3000 j3i

[P
ke 1180 =)

2

I [
Lakes or area with regiigible vegetation and
without obstacles
Diography fcios [ENISE114. 5437)  com t=] P
il
Ca Ob @e Od Ceonldeos
folm L vom ff2lm e
100 m
E
1!
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5 Eurocode 2, Reinforced concrete design

Design charts for Reinforced concrete
Material properties, creep, shrinkage
Capacity of cross-sections in bending, shear and axial loading.
Design charts for Kd , med w,.
Interaction diagrams, biaxial bending and compression charts.
Effective length
Deflection control

Solid and ribbed slabs
e slab sections (solid, ribbed, flat, light weight)
e one-way continuous slabs
e two-way slabs
e cantilever slabs

Beams of rectangular or T section
e beam sections in bending shear and torsion, light weight concrete
e one span in composite loading
e continuous beams in uniformly distributed loading

Columns
e column sections in biaxial bending
e isolated columns in single bending
e isolated columns in double bending
e section capacity

5.1 General input data for concrete components

Most of the concrete design objects have some basic common data as follows:
¢ Name of design object
e Concrete and reinforcing steel class
e Partial safety factors for actions
¢ Environmental class
e Load combination coefficients for variable actions
e Concrete cover
e Reinforcing bar diameter
e Final creep coefficient
e Total shrinkage strain
e Include rebar schedule in report
e Set specific reinforcement

Marne of design object ECZ-BEAM-003
Concrete-Steel class B25 - BS00C
Partial factors for materials [EC2 52.4.2.4) ve= 150 ¥ws= 115 £
Final creep coefficient [EC2 §3.1.4, Anrex B.1] wl=fa)=| 2500
Total shrinkage strain [EC2 $3.1.4, Annex B.2) Fes=-| 0300 |%%a
M aximum crack width [EC2 §7.3.1, Tab. 7.14] wh [mm]= 030 || ®C1
Environmental class (EC2 §4.2) ®C1
Concrete cover [EC2 $4.4.1) [mm] Crom= 20 {: } mm
Reinforcing bar diamster [mm] ks @| 8 |[wom @] 16 [#]om  fed@ 0@
Set specific reinforcement il T ension reinforcement, {:i (7]

Compression reinforcement {:i i)
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5.1.1 Name of design object
MName of design object BEAM-003
Every design object has a name that appears in the report. In the creation of each object the

program assigns a default name e.g. slab-001, Beam-002 etc., which may be changed any time.
(names up to 16 characters long). Design objects must have different names.

5.1.2 Concrete-Steel Class

materials of reinforced concrete X

Concrete Reinforcing steel

Concrete-Steel class C25/30 - B500C OCi2A5  OC35Ms ) 5220

Ocie/20 (O ca0/50

Concrete and steel classes used in the calculations of the design

object. When a design object is created the concrete and steel Otanzs  OCasss
classes are set automatically to the default values. The default ®C580 O s
values for the program are set from [Parameters/Concrete and )
Steel class]. @I
é“Cmcrele ﬁ Steel properties

5.1.3 Reinforcing bar diameter

Reinforcing bar diameter [mm] i 10 E]mm

You specify the reinforcing bar diameter used in the design of the concrete object.

If you check fived & [] (&) , then only the selected bar diameter will be used in the design of the
concrete element. If you do not check next to the bar diameter, the reinforcing bar diameter which
is going to be selected in the design, is going to be a bar diameter, resulting in economical
reinforcement. If the selected diameter although is outside the limits (minimum and maximum rebar
diameter) is not going to be used. The lower and upper limits of rebar diameters for the concrete
objects are specified in [Parameters/parameters for reinforcing concrete], [Parameters/Parameters
of footings], [Parameters/Parameters of retaining walls].

The initial values for the reinforcing bar diameter, when a design object is created, are the ones
specified in the [Parameters/Reinforced Concrete]. The rebar diameter for beam stirrup
reinforcement is defined in [Parameters/Reinforced Concrete].

To select other bar diameter, click the arrow and choose from the standard diameters for reinforcing
bars.

5.1.4 Partial safety factors for actions (Eurocode 0, Annex Al)

Partial safety factors for actions ; (EM1392-1-1, &1) v3=|1.35 ﬂ )= 150 ﬂ

Factors for the combination of permanent and variable actions, Eurocode 0 Annex A 1.
Usual values defined in Eurocodes for these factors are yG=1.35, and yQ=1.50
The design values for actions are combined as:

2/G,j Gk,j +7Q,1 Qk,1+2yQ,i wQ,i Qki

5.1.5 Partial safety factors for materials (Eurocode 2 §2.4.2.4 Table 2.1.N)

Partial factors for matenials [EM1332-1-1, §2.4.2.4] |',.rc= 1.50 ,¥s= 115 j

Factors to take account for the differences between

the strength of test specimens of the structural Table 2.1N ; ; ;
material and their strength in situ. (Eurocode 2 Design situations | conciete rei“fo"rci“g pres";ssi“g
§2.4.2.4 Table 2.1.N) steel steel
Persistent &
The design strength of the materials is fd=fk/ym Tfa'ﬁ'si;:: 1.5 1.15 1.15
where ym is the material factor, yc for concrete, and :
Accidental 1.2 1.0 1.0

ys for reinforcing steel.
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5.1.6 Concrete cover (Eurocode 2 §4.4.1.2)

Ervironmental class #C1

Concrete cover [EC2 54.4.1] [mm] Chom= 15 %:%mm

By clicking at you can select concrete cover from the environmental conditions according to
table 4.3N and 4.4N

Chom=Cmin +ACdey ACdev=10 mm EC2 §4.4.1

Concrete cover Cnom is the distance between the outer surface of the reinforcement and the
nearest concrete surface. Minimum required concrete cover depending on the environmental
conditions is given in Eurocode 2 §4.4.1.2.

In general: The minimum cover for dry environment and for interior of buildings is 15 mm, for
humid environment without frost 20 mm, and for humid environment with frost 25 mm. For more
severe environment as humid environment with frost and de-icing salts, or seawater environment.

5.1.7 Creep and shrinkage coefficient

The final creep coefficient is used in the calculations of deflections and crack control in Serviceability
limit states (SLS). You can compute the creep coefficient from the environmental parameters and
the sizes of the cross sections according to EN 1992-1-1:2004, par 3.1.4. and Annex B.

Final creep coefficient [EC2 §3.1.4. AnnexE) pleio)=| 2500
Tatal zhrinkage strain Ecg="| 0300 %5
Final creep coefficient (EC2 EN1992-1-1:2004, §3.1.4, Annex B) X
Concrete C16/20 ~
inside conditions outside conditions
0% 50% 100%
Relative humidity RH [%) 50 % .
. . | - l _ 2bh
Notional size ho (ho=24c/u) (mm) 200 ~mm | N ] h ho= h+h) {mm)
ho=h {mim) ]_
—h—
Age of concrete at loading in days| 10 = days

Final creep coefficient (EC2 EN1992-1-1:2004, §3.1.4, AnrexB)  w(=.fo)=| 3.779

5.1.8 Include rebar schedule in report.

If checked, the corresponding rebar schedule is included in the end of the report of each concrete
object.

5.1.9 Set specific reinforcement

In all the design objects (plates, beams, columns, fundaments, retaining walls) you can specify the
desired reinforcement.

Set specific reinforcenment [F] Tenzion reinforcement E:% ]
Compression reinforcement E:% L]

If [Set specific reinforcement] is Not checked (default), the program computes the necessary
reinforcement in ULS. Then checks with this reinforcement the defections and crack width in SLS is
performed. If it is not enough, a warning shows in red.

If you check [Set specific reinforcement], you can specify more reinforcement. This is the
reinforcement to be used in SLS checks and reinforcement schedules.
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5.2 Concrete slabs

Dimensioning of concrete slabs of solid, ribbed @ eca e 5
a0s

cross sections or cross sections of flat slabs. You
can design two-way slabs, or one-way multiple
span concrete slabs. Full code check, according to
Eurocode 2, is performed. A detailed report with all
the computations, graphs, and code references is
produced. The reinforcing bars are automatically
placed in the reinforcing bar schedules.

The design actions are obtained with combination
of permanent and variable actions yG Gk +yQ Qk,
(Eurocode 0, EN 1990:2002 ).

The flexural reinforcement is computed according
to Eurocode 2 § 6.1, in ultimate limit state (ULS)
for bending.

The crack and deflection are calculated according to Eurocode 2 §7.3, §7.4 requirement in
serviceability limit state (SLS).

The reinforcing steel detailing and minimum requirements are according to Eurocode 2 §8, §9.3.

Slab section in bending  EMN1992-1-1, £6.1

d 1

Ribbed slab section in bending

? slab section, Punching shear EM1992-1-1, § 6.4

[E=T] slab section in bending (Lightweight concrete)  EM1992-1-1, 5 11
One-way continuaus slab

One-way cantilever slab

Two-way slab

= . i

You specify the desired diameter for flexural reinforcement, and the spacing and number of
reinforcing bars are obtained. You may check to use specific reinforcement diameter or the program
optimises the reinforcement around the desired diameter. The reinforcing bars are automatically
placed in the reinforcing bar schedules. The default diameter for longitudinal reinforcement is
defined in [Parameters/Reinforced Concrete/Plates].

You can design the following slabs:

Slab sections. Design of slab section of solid or ribbed type subjected to a bending moment.
Sections of flat slabs in punching shear, and sections of solid light weight concrete.

Two-way slabs. The type of each edge support (simply supported or fixed), can be specified for
each slab side. Linear elastic theories are used for the computation of bending moments. Marcus
method, or tables by Czerny or Bares of linear analysis are used for the computation of the bending
moments.

One-way multiple span slab. Design of one-way continuous slabs up to 8 spans with optional end
cantilevers, and uniform load with dead and live components on the spans. The lengths, the slab
height and the loading may be specified for every span. The static solution is performed with finite
element analysis taking into account the most unfavourable placing of live loads on the spans in
order to obtain the maximum or minimum design values for bending moments. The support
moments are computed at the faces of the supports. The design moments can be modified by a
moment redistribution, Eurocode 2 §5.5, if the percentage of moment redistribution is specified >0.
A load factor <=1.00 can be specified for each span to introduce the load distribution in continuous
2-way slabs.

Cantilever slabs. Design of cantilever slabs of variable thickness. Uniformly distributed dead and
live loads and concentrated line loads (dead and live) at the free end, can be specified.

5.2.1 Slabs section design

£c2
— e
Design of slab section, of solid or ribbed type, subjected to a v\l'v'lsd X F.q
bending moment. o € v
Ultimate Limit state for bending, Eurocode 2 §6.1. /9 ./
Basic principles: ) _ &1 |,
e Plane sections remain plain e c = Fsq
e The strain in bonded reinforcement is the same tooTem
as the surrounding concrete.
e The tensile strength of concrete is ignored. ost fyk
The stress-strain diagram for concrete and steel is as WYS
in the figures below. Es €s(ooo]
fyd
fyk 77777 /
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E'J Cross section of solid stab in bending (EC2 EN1992-1-1:2004, ECO EN1990:2002, )

File Reinforced Concrete Computations Reports

o Dtign OK. Mo of design obect EC25LAB-003
................. Cancrate Steal elazs C25/30 - BSO0OC | O
Pastial Factors bor materials [EC2 52.4.2.4) Yew 1.50.ym 115
Mgk 20 00kNm/m
Firal cronp cosfficient [EC2 531.4, Arne B.1) o{w.fo)=| 2500 o}
h-0.180m d| _ o m
Total shiinkage stain [EC2 5314, Annex B.2) Fes = 0300 |%e el
Masirum crack width [EC257.31, Tab 7.1H) v [memjel 040 || #C1 | el
[ T Slab thackness [m] hel 0180 5 hel60mm
f A e B, i o et =
d1 CaomeiSem EErEE ) _0"
Concrete cover [EC2 $4.4.1] fmm] Crom= 15 |5 mm
Fieinfoncing bar diametes fmm) S W wom hed @[]
St specific renfoicament O sz 1 wm o= 25 Tmm
i@ mm g= 4 < mm
Blending moment (1.35g+1 50q) Ukimete firit state (ULS]]  Med (ULS)= 2000 |/ 3 khm/m
Bending moment [1.00g+0 3] [Serviceabdly ki state [SLS] Med [SLS)s 1400 | S kNmim

Slab thickness h in meters [m].
solid slabs is 50 mm.

The minimum slab thickness according to Eurocode 2 §5.3.1 for

5.2.2 Flat slab, Punching shear

%7 Slab section, Punching shear  EM1992-1-1, § 6.4

Design of slab section in punching shear according to Eurocode 2 § 6.4. Verification of the shear
capacity at the control perimeters around a rectangular column. If the design shear veg4 exceeds the
shear capacity vgq,the program computes the necessary shear (links) reinforcement.

1] Desigr NT992-1-1:2004, ECO EN 1902002, =

Fde PBeind

o Deign 08

ete Computations Reports

+ Nl design chiect EC25LABO6
22 | Concrete Sieel clans Co5/30 - B500C | O
| netotem Pt Lacas bor muheriahs [EC2 524 24) we= 150_pis 115
enza.ﬁf i -L "

Mo crack vadth [EC2 5721, Tab 71N
Deflecton contval [EC2 5741

Shab $ackress [m]

Ervroremertal claes 02 542

Canerete cover [EC2 54.41) fms]

Slab shaa iriosceesent || & VES NO a8

— Shea e Vidsl X000 [ &14n
[SE P urn ool 0300] 2l
= Ehe
Oe o 030 Sm
Flartoicanert ks bardngiOmmion] fewe @] 15 | wf] 1250
e e
T el % BS280

Input values

Shear force Vgq on the column face.
e Longitudinal reinforcement over the column in x and y directions.
Specify with Yes or No if you want to use shear reinforcement.
If Yes, then the appropriate shear reinforcement will be computed if the shear force BVey>Vrq,c.
Column dimensions.
Column position (internal, edge or corner).

Punching shear reinforcement

The selected diameter for the reinforcement is used. If it is not enough, a higher reinforcement
diameter is selected.

For shear reinforcement the minimum number of perimeters is 3.

The radial spacing of links does not exceed 0.75d.

The tangential spacing of links does not exceed 1.5d within the 2d distance of the column face.

The first shear perimeter is at distance <0.35d of the column face.
The last perimeter is at distance 1.5d inside the outer perimeter where shear reinforcement is no
longer required, Eurocode 2 Eq. 6.54 and Fig. 6.22
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5.2.3 One-way multiple span slabs (up to 4 spans)

Design of one-way continuous slabs up to 4 spans with optional end cantilevers, and uniform dead
and live loading on the spans. The slabs may have solid or ribbed cross section. The span length,
the slab height and the loading can be specified for every span. Cantilevers at the left and right end
can be specified. The loads are multiplied by a load factor k (default value 1.00). This factor is used
for the load distribution when two dimensional in plane solution of a slab system is performed. On
the right window you specify slab thickness, span length, and loads and by pressing the set button
you set these values for all the spans. On the left window you can change values for each span.

Full code check, according to Eurocode 2, is performed. A detailed report with all the computations,
graphs, and code references is produced. The reinforcing bars are automatically placed in the
reinforcing bar schedules.

The design actions are obtained with combination of permanent and variable actions as in EN
1990:2002 (yG Gk +yQ Qk). They are analysed as continuous beams with rectangular cross section
of width 1.00 m. The static solution is performed with finite element analysis taking into account the
most unfavourable live load placing on the spans in order to obtain the maximum or minimum
design values for the bending moments.

The support moments are computed at the faces of the supports. The design moments are
redistributed (EC2 §5.5), if the percentage of moment redistribution is specified >0. In the moment
redistribution the negative support moments, calculated using linear elastic analysis, are reduced by
the ratio of moment redistribution, with a corresponding increase of the positive span moments,
such as the resulting moments along the plate remain in equilibrium.

The flexural reinforcement is computed according to Eurocode 2, §6.1, in ultimate limit state for
bending. The crack and deflection are calculated according to Eurocode 2 §7.3, §7.4 requirement in
serviceability limit state (SLS). The reinforcing steel detailing and minimum requirements, are
according to Eurocode 2 §8, §9.3.

You specify the desired diameter for flexural reinforcement, and the spacing and number of
reinforcing bars is obtained. You may check to use specific reinforcement diameter or the program
optimises the reinforcement around the desired diameter. The reinforcing bars are automatically
placed in the reinforcing bar schedules. The default diameter for longitudinal reinforcement is
defined in [Parameters/Reinforced Concrete/Plates].

Number of spans
Mumber of zpans 2 ﬂ cantilever at left endl cartilever at ight endl

You specify the number of spans of the continuous slab. By checking cantilever at left or cantilever
at right, you specify the existence of cantilevers at the left or the right end.

The spans are automatically created with the default length Lo, the default thickness ho, and the
default loads g and g. From the left window you may change these values for span length L,
thickness h, and loads g and q.

Slab thickness

Slab default thickness [m] ho= 0,180 E:im h=180mm  set thickness of all spans E]

Slab thickness ho, in meters [m], is the default slab thickness of the spans. Clicking at E] the
thickness at all spans is set to the default value. To set the thickness for each span click and edit the
corresponding cells at the left window under the beam sketch.

Span length

Span default length [m] Lo=| 3.600 E:}m set length of all spans

Length in tranzverse direction [m] Ly= 9.000 {:im

Slab length Lo in meters [m], is the default span length. Clicking at the span length is set to
the default value at all the spans. At the cantilevers (if they exist) the span length is set to (1/4) of
the default value. To set the span length for each span click and edit the corresponding cell at the
left window under the beam sketch.

Loads
Uniform loads [g=dead, q=live] [kN/m#] gl= 0.80 E:} g= 2.00 E:}kNx’n‘F zet loads on all spans
Load factor k. gr=kg. qx=kq k= 1.000 E:}

Default loads in [kN/m2], g1 for the dead load of the slab finishing, and q for the live load on the
slab. From the left window under the slab sketch, you may change these default values for every
span. The total dead load is computed by the program as g=(gl+self weight).
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By clicking at you set the values for the loads at all the spans to the default values.

The loads are multiply by a load factor k (default value 1.00), when two dimensional in plane
solution of a slab system is performed. The design actions are obtained with combination of
permanent and variable actions as in Eurocode EN 1990:2002, yG Gk +yQ Qk).

Load factor K. The loads are multiplied by a load factor k (default value 1.00). This factor is used for
the load distribution when two dimensional in plane solution of a slab system is performed.

Percent of moment redistribution

Support width [m] bsup= 0.200 Et%m Percent of mament redistibution 0 {:%X

Check redistribution with ma permiszible EC2 §5.5 (4]

The support moments, in continuous slab, calculated using linear elastic analysis,
are reduced by the ratio of moment redistribution, with a corresponding My
increase of the span moments, such as the resulting moments remain in
equilibrium (Eurocode 2, §5.5). The ratio of redistributed moment, to the moment
before redistribution, is defined by the user in percent (%).

M. at support
face

f-oee ]
Support width

Mean support width in meters (m). The design support moments, for the computation of the
reinforcement over the supports, are computed at the support faces at a distance b=bsup/2 from
the axis of the support.

5.2.4 Two-way slabs

Linear elastic theories are used for the computation of bending moments.
The design methodology for computing the bending moments is:

Tables of Czerny Czerny F., Tafeln fur vierseitig und dreiseitig gelagerte Rechteckplatten ,
Beton Kalender 1983, Berlin, Ernst Sohn, 1983

the values for bending moments are mx=q.Lx2/TV mx=q.Lx2/TV

for shear forces are vx:=%£q.Lx/TV vx:=%q.Lx/TV

TV are coefficients obtained from tables for various Lx/Ly ratios and support conditions.
Tables of Bares Bares R., Tables for the Analysis of Plates, Slabs and Diaphragms Based on the
Elastic Theory, Bauverlag GmbH., Wiesbaden und Berlin 1971

the values for bending moments are mx=q.Lx2.TV, my=q.Ly2.TV

for shear forces are vx:=%q.Lx.TV vx:=%q.Lx.TV

TV are coefficients obtained from tables for various Lx/Ly ratios and support conditions

Marcus method of analysis. Marcus H., "Die vereinfachte
Barechnung biegsamer Platten", 2nd ed., Springer-verlag, Berlin,
T 5 N 1929.

0 | The method is based on two orthogonal strips of unit width at
Ly % o Ty midspans having equal deflections in the middle. From this the

, total slab load q is split into two parts, in the two main directions,
l x | qx=kq and qy=(1-k)q. This simplified model does not take into
——— - account the transverse shear forces along the sides of the plate

qx A strips. These shear forces, caused by the continuity between
ety

individual plate strips produce torsional resistance, which reduces
w =TV the deflections of the strips. The effect of torsional resistance of

fx the plate in reducing the span moments, is taken care with
additional approximate formulas introduced by Marcus.
The two directions x-x and y-y of the slab are designed separately. The direction with the maximum
bending moment defines the lower reinforcement layer. Full code check, according to Eurocode 2, is
performed. The reinforcing bars are automatically placed in the reinforcing bar schedules. The
design actions are obtained by the combination of permanent and variable actions as in Eurocode 0,
EN 1990:2002 (yG Gk +yQ Qk).
The flexural reinforcement is computed according to Eurocode 2 §6.1, in ultimate limit state for
bending. The crack and deflection are calculated according to Eurocode 2 §7.3, §7.4 requirement in
serviceability limit state (SLS). The reinforcing steel detailing and minimum requirements are
according to Eurocode 2 §8, §9.3.
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You specify the desired diameter for flexural reinforcement, and the spacing and number of
reinforcing bars are obtained. You can check to use specific reinforcement diameter or the program
optimise the reinforcement around the desired diameter. The reinforcing bars are automatically
placed in the reinforcing bar schedules. The default diameter for longitudinal reinforcement is
defined in [Parameters/Reinforced Concrete/Plates].

] Two-way slab (ECZ EN1992-1-1:2004, ECO EN1990:2002, ) =

File Reinforced Concrete  Computations  Reports

# Diesign OK 4| Magne of dasion obiect ECZ5LAB-004
1500 Conciste Steel chass C25/30 - BS00C | (i
=
Pautial Factors for matesials [EC2 §24.2.4) ye= 150, o= 115
Paitiad safety lactons for actions | [EN1990. A1) y0=|1.35 [& yO=| 150 | &
Load combination cosfficients for variable actions W= | 070 |5 Wy 080 |5 Wpe 030 |5
z w180 = Finl croep confficiort €231 4 AremB.1) (o) =[ 250 i
gl BNy Total shrirkage stran [EC2 §3.1.4, Annex B.2) Eea=-| 0300 |%; pr}
R | Masininim crack vadth [EC2 5731, Tab. 7.1N) wh [roen]={ 040 || %01 | e}
f] Deflaction control [EC2 §7.4.1 wem LY, | 250 = w=L/250
4

H Emvionmental class EC2§4.2) X1 | v}
- Corciete covel [EC2 54.4.1) fran] e O L - -
Reriorcng bar dhameter [mm] @) W0 |wmm xx[] yy[O@

Inchude rebar schedul in rapon E
Set specific renforcement O #»=& mm s 2 mm
v @ mm 3= * mm
Siady thicknmss [m] hel 0180 = m  hel180mem
Support condions and spans L. Ly [m) ﬁ ¥ L 26002 |m Ly 45002
Methed of analysiz Caemy
Unidorm loads [gedead, qeive], urdoemly datibuted [kNin?] gls| 080 | & isem? g 200 |2 um

Support conditions

free span lengths in
# and y direction of slab

SLAB-15
sLag-16

Supportcondilors sndspsns L Lyl | B[ %) L] 2600 2]m L= 4500 [2]m
O stes-or
[ stes-0z
select type of support O stae-oz
conditions — |3 sLes0d
[] sies-os
[ siae-0e
supported edge [} siee-o7
[} siasos
1 slas09
1 stee-1o
fined edge | T} sLag-11
- - 3 stesaz
' free edge ] stee13
L reE

P siae1a

[

Torsional resistance
Specify to take into account or not the reduction of span moments due to _ T
the torsional resistance of the plate when you use Marcus method of torsional esistance T2 a0

. YES
analysis.

Loads

Uniform loads [g=dead, g=live), uniformly distributed [kM/v?]  gi=| 0.80 ﬂkNa’n‘F g=| 2.00 ﬂkNa’n‘F

Loads in [kN/m2]. gl for the dead load of the slab finishing, and q for the live load on the slab.
The design actions are obtained with combination of permanent and variable actions as in Eurocode
2 EN 1990:2002, yG Gk +yQ Qk. The total dead load is computed by the program as g=(gl+self
weight).

5.2.5 Cantilever slabs

Design of cantilever slabs of variable thickness. You can specify uniformly distributed load in
[kN/m?2] with dead and live components, and concentrated line loads in [kN/m] (dead and live
components) at the free end. The design actions are obtained with combination of permanent and
variable actions, (yG Gk +yQ Qk) (EN 1990:2002.). Full code check, according to Eurocode 2, is
performed. The flexural reinforcement is computed according to Eurocode 2 §6.1, in ultimate limit
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state for bending. The crack and deflection are calculated according to Eurocode 2 §7.3, §7.4
requirement in serviceability limit state (SLS). The reinforcing steel detailing and minimum
requirements are according to Eurocode 2 §8, §9.3. A detailed report with all the computations,
graphs, and code references is produced. The reinforcing bars are automatically placed in the

reinforcing bar schedules.

E'_i One way cantilever slab (EC2 EN1992-1-1:2004, ECO EN1990:2002, )
File Reinforced Concrete  Computations Reports

o Desgn OF.

P 00kN /e

0 =2 O8N

Pig=0 006N/

Hame of design obect

Conciete-Steel class

Patial lactors for matenals [EC2 5242 4)

Partal safety bachors bor schons : [EN1390, A1)

Load combanation cosfficients for variable actions

Final creep cosfficient [EC2 53.1.4, Annex B.1)

EC2:5LAB-005
C25/30 - BS00C | O
Ye= 150, ysm 115
¥o=(1.35 & yQ=[150[}&
Wo= | 070 |5 Wre| 06D (3] Yo=| 030 |2

Ly =4 900w wlwdo)=| 250 ol

I h 0180m Total shirkage st (EC2 531 4. Annex B.2) s =030 |%0 v}

E Maitium rack width [EC2 57.31, Tab. 7.1H) wh jrenjsl 040 /%01 | )
L Lx ~1.200m Dieflection contiol [EC2 §7.4.1 wald f= 250 |3 {w=Ls250
Ervirormertal class (EC2 §4 ) H0 | b
Concaete cover [EC2 §4.4.1] frmes] Croenm 15|/ men

foced rebar diameter

Reirdoreing bar diamatar fmen] D 0 |wimm xx[] pp[Je

Inchade rebar scheduie n report

Set speciic reinforcement O ==& 1 e = - m
1S o o= 450 [Bfmn

Shab thickness [m] (h=support, b1 =fee end) bl D180 3 m hi= 0180 | 5 |m

Cartbever e span Lalml.  Transverss span Ly [m] La=| 1.200 |5 m Ly= 4800 /5 m

Unfosm loads [gedead, qeivel, undormiy distibuted [kM/e] glel D80 | & il gol 200 | % iaues

Loads at the liee end [Pgedead. Paskve] lh/m] Pos 000 |[&|kN/im  Poe 000 |[&|kN/m

Slab thickness

h1
Slab thickness [m] (h=support, b =free end) h= 0180 [={m hi= 0.180/{2]m
Slab thickness h at fixed end and h1 at free end in meters (m). . :
Pq
Free span 1 4 ¥
T T TITIITTIT1IT]
Cantilewver free span Lx [m].  Tranzverse span Ly [m] Lx= 1.200 {:}m Ly= 4.800 {:}m 9, Py
T TITIITTITIT]]
- Ly
Loads
Uniform loads [g=dead, q=live]. unffarmly distibuted [kN/n?] - g1= D80 [[${kM/mE g 200 (3 {kN/n
Loads at the free end (Pg=dead, Pa=live] [kN/m] Fg= 0.00 [[#{kN/m  Pg= 000 |2 ]kN/m

Uniformly distributed loads in [kN/m2], g1 for the dead load of the slab finishing, and q for the live
load on the slab. Pg [kN/m] is the dead concentrated load at the free end and Pq [kN/m] the live

concentrated load at the free end.
The design actions are obtained with combination of permanent and variable actions as in Eurocode

EN 1990:2002 (G Gk +yQ QK).

5.2.6 Ribbed slabs

Slabs with voids, in order to reduce the self weight. They are designed as solid slabs, but the
reinforcement is placed in the ribs. Additional data from the solid slabs are the rib (web) width bw,
and the overhanging (void) width b1. Some requirements for ribbed or waffle slabs are in Eurocode
2 §5.3.1 (6)

5.2.7 Light weight concrete
Select the concrete density p Kg/m?

[ ]
[v]D
[ ]
(v]<2

[

Set zpecific reinforcement T enzion reinforcement

Compreszion reinforcement
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5.3 Beams

Dimensioning of concrete beams, of rectangular or T cross-section. You can design single or multiple
span continuous beams. A complete check according to Eurocode 2, is performed. A detailed report
with all the computations, graphs, and code references is produced. The reinforcing bars are
automatically placed in the reinforcing bar schedules.

The loads can have dead and live components. The design actions are obtained with combination of
permanent and variable actions as in Eurocode EN 1990:2002 (yG Gk +yQ Qk).

The flexural reinforcement is computed according to Eurocode 2 § 6.1, in ultimate limit sate for
bending. The shear reinforcement is computed according to Eurocode 2 §6.2.

The crack and deflection are calculated according to Eurocode 2 §7.3, §7.4 requirement in
serviceability limit state (SLS).The reinforcing steel detailing and minimum requirements are
according to Eurocode 2 §9.2. The number of reinforcing bars and stirrup spacing is computed. You
may check to use specific reinforcement diameter or the program optimise the reinforcement around
the desired diameter. The reinforcing bars are automatically placed in the reinforcing bar schedules.

You can design the following beam types:

ﬁ ECZ Eeams L4 D Beam cross section in bending-shear-axial  EM1992-1-1, §6.1,6.2

T beam cross section in bending-shear-axial

Eeam cross seckion in torsion  EWN1992-1-1, § 6.3

Beam cross section in bending-shear-axial (Lightweight concrete)  EM1992-1-1, § 11
T beam cross section in bending-shear-axial (Lightweight concrete)

Cne span beam in composite loading

I -=50%s

Continuous bearn with distributed loads

Beam section. Design of a rectangular or T beam section subjected to combined bending and shear
and axial force large and small eccentricity.

Torsion. Design of a rectangular or T shape beam section subjected to combined torsion shear and
bending.

Single span beam in composite loading. Dimensioning of single span beam under composite
loading. The beam cross section can be rectangular, T section, or edge beam. The effective flange
width is evaluated according to Eurocode 2 8§5.3.2.1. The left or right end support conditions of the
beam may be specified as simply supported or fixed. The loading is the superposition of uniformly
and triangularly distributed loads, and concentrated loads.

Multiple Span Beam. Design of continuous beams, up to 4 spans with optional end cantilevers, and
uniform dead and live loading on the spans. The beam cross section can be rectangular, T section,
or edge beam. The effective flange width is evaluated according to Eurocode 2 §5.3.2.1. The
lengths, the cross section data and the loading may be specified for every span. The linear static
analysis is performed taking into account the most unfavourable placing of the live loads on the
spans to obtain the maximum or minimum design values for bending moments and shear forces.
The support moments are computed at the faces of the supports. The design moments may be
redistributed (Eurocode 2 EC2 §5.5), if the specified percentage of moment redistribution is >0.

with flange at one side only as
beff=bw+(1/10)Lo<b1+bw. Eurocode 2 §5.3.2.1(3).
The distance Lo is the distance between the point of
zero moments in the span. In a continuous beam Lo
may be taken as 0.85L for end span and 0.70L for A= 5 — d
internal spans Eurocode 2 §5.3.2.1(2).

Effective flange width b, -E_J‘
| bl
[ :
The effective flange width for symmetrical T beams Wrrpprrd bzl L ZZ ]
may be taken as beff=bw+(1/5)Lo<b and for beams é ‘ , Q %
|

h=085h
| T

1

o= |
0,15(): + I k=071 ‘ I =015 k+ &
-j._‘ ! T —

B
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5.3.1

Beam cross section subjected to bending- shear and axial load

Design of a rectangular or T beam section under combined bending and shear loading. The flexural

reinforcement is computed according to Eurocode 2, § 6.1,

in ultimate limit sate for bending. The

**shear reinforcement is computed according to Eurocode 2, § 6.2.

11] Design of beam section for bending, shear and axial force (EC2 ENT992-1-1:2004, ECO ENTSS02002.

File Reinforced Concrete Computstions Reports

o Dosgn OF. Mame of design obyect ECZBEAM 008
2 Dol Bln__, Concrete-Steel class C/30 - BS00C | (i
T 34 Tr £
As? By <0 180m Pastial Lnchors bor materials [EC2 §24.2.4) = 150,y 115
M ™ - B =
Ed-100.00» Final cieep coefficient [EC2 §3.1.4, Annex B.1) plwto)=| 250 o}
11! N &
d 't’d' - by =0 500k | Total shvinkage stiin EC2 §31.4, Annex B 2] Feg=" 0300 % D}
bz Masarran exsck wikh [EC2 6721, Tab. 7.1H) wk vl 040 |51 | il
r
At Erwicemental class [EC254.2) A1 | o)
/4 E3
¥ \ Concrete coves [EC2 §4.4.1) [ Crome' 20 | & mm
L Byt 25t 070 200
Rsnloiting b disntet ] Wa@ 8 |wom O 6 |wm medo]@
Set ipecihic seniocement Teron reninicesment 4 =@ 1
Compression isnlocement T2 4
T pechon demenons, widh and heght [m] b 0250 [ 81m  he 050021,
Eftective Harge wadth, slab thickneas [m| beffe 1250 S'm h= Q1803 m
Ulimate it state [ULS)  Serviceshiiy imi stabe [S15]
[1.38g+1 5041 [1.00g+0 304
Cross-secton achons Bendng moment kHm]  Med= 10000 3 iNm  Med= 7000 | 3 kNm
Shew force [kKN] Yed= 10.00 L Ved= 700 =
Aol force [kN] Hode 1000 'S I0H  Nede 700 |[SikN
Emam span [m] Le 4000 3em
e 1] a T
B = =

Support conditions and lengths are used for the design for shear between web and flanges for T
sections, § 6.2.4.

5.3.2 One span beam under composite loading

Dimensioning of one span beam under composite loading. The beam cross section can be
rectangular, T section, or edge beam. The effective flange width is evaluated according to Eurocode
2 §5.3.2.1. The end support conditions of the beam may be specified as simply supported or fixed.
The loading is the superposition of uniformly and triangularly distributed loads, and concentrated
loads. Full code check, according to Eurocode 2, is performed. The reinforcing bars are automatically
placed in the reinforcing bar schedules.

The design actions are obtained by combination of permanent and variable actions as in Eurocode 0,
EN 1990:2002 (yG Gk +yQ Qk).

The flexural reinforcement is computed according to Eurocode 2 § 6.1, in ultimate limit sate for
bending. The shear reinforcement is computed according to Eurocode 2 § 6.2. The crack and
deflection are calculated according to Eurocode 2 §7.3, §7.4 requirement in serviceability limit state
(SLS). The reinforcing steel detailing and minimum requirements, are according to Eurocode 2,
§9.2.

You specify the desired diameter for reinforcement and the number of reinforcing bars and stirrup
spacing is obtained. You may check to use specific diameter for reinforcing bars, or the program
optimises the reinforcement around the desired diameter. The reinforcement is automatically placed
in the reinforcing bar schedules.

The default diameter for longitudinal reinforcement and the diameter for stirrup reinforcement are
defined in [Parameters/Reinforced Concrete/Beams].
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1 One span beam in composite loading (EC2 EN1992-1-1:2004, ECD EN1990:2002, ) *

File Reinforced Concrete Computations Reports

# Design OK Name of design obiect ECZBEAM-006
LI TTT T T T T 1) ot a1 wim Concrete Steel class C25/30 - B500C 2%
T T T LT 1 ) g2,2 kitm Paaitial factors for matersls [EC2 §2.4.2.4) ye= 150, ysm 1.15
(0 e e g, g3 kiim Partial safety factors for actions : (EN1330, A1) ¥o=135 |2 y2=[150 |2
e e nnl e 04 g4 kim Load combination coefficients for variable actions wo= | 070 |5 w060 |3 wom 030 | 5
xd _l G4, 01 kN Final creep cosficient [EC2 53.1.4, Annex B.1) wlm.fo)=| 2500 o}
"3_1 G2,02 kN Total thinkage strain [EC2 531.4, Annex B.2) Eca =030 %0 prd
= M crack width [EC2 §7.31, Tab. 7.1N) wh [mmle 040 || #C1 | e}
% L - 4 Deflection control [EC2 §7.4.1 wes LAY, | 250 * wals250
Envronmental clers (EC254.2) X1 | oed
T Conciate cove [EC2 54 4.1] ] Crome| 20 |21 mm
h Reinforcing bar diameter [mm] ki@ B |wmm O 16 |wmm fed@[]d
l Inchude rebar schedule in report EA
Set specihc renforcement a Termion renforcement 4 s 9
—b— ]
Compression reinforcament =18
Cross zechon width. heaght. slab thickness [m) bel 0250 % m e 0500 % m hisf 01802 mn
Cross saction lypa . (O] == =0
Beam span [m] L= 3600 & m Support width [m] beup= 0200 | & m

I, b {id
gls 400 (S kM/m qis{ 1000 | S kM/m od= 000 |2 kN/m od= 000 |2 kM/m
g2= 000 [SkN/m g2« 000 |5 kN/m G1= 000 |5kN O1= 000 | S kN ¥l= 000 |&m

g3 000 | TkN/m  q3<{ 000 | TkN/m G2 000 | TEN 02« 000 | SkN x2« 000 |Tm

Beam span

The span L of the beam in meters (m). If you give support width>0 then for the fixed supports the
negative moments are computed at support face, which basically means that the free span of the
beam is L-bsup/2 for a beam fixed at one end and L-bsup for a beam fixed at both ends. For a
simply supported beam the free span is L.

Loads

The values for the loads are according to the diagram on the left. The distributed loads are in
[kN/m] and the concentrated loads in [kN]. The distance of the concentrated loads is measured
always from the left beam support in meters (m). The design actions are obtained by combination of
permanent and variable actions as in Eurocode 0, 1990:2002 (yG Gk +yQ Qk).

5.3.3 Multiple span continuous beams

Design of continuous beams up to 4 spans with optional end cantilevers, under uniform loading on
the spans. The load can have dead and live components. The beam cross section can be rectangular,
T section, or edge beam. The effective flange width is evaluated according to Eurocode 2 §5.3.2.1.
The lengths, the cross section data and the loading may be specified for every span. Cantilevers at
the left and right end may be specified. Full code check, according to Eurocode 2, is performed. A
detailed report with all the computations, graphs, and code references is produced. The reinforcing
bars are automatically placed in the reinforcing bar schedules

The design actions are obtained with combination of permanent and variable actions as in Eurocode
0 1990:2002 (yG Gk +yQ Qk). The static solution is performed with finite element analysis taking
into account the most unfavourable live load placing on the spans to obtain the maximum or
minimum design values for bending moments and shear forces.

The support moments are computed at the faces of the supports. The design moments may be
redistributed (Eurocode 2 §5.5), if the specified percentage of moment redistribution is >0. In the
moment redistribution the support moments, calculated using linear elastic analysis, are reduced by
the ratio of moment redistribution, with a corresponding increase of the span moments, such as the
resulting moments remain in equilibrium.

The flexural reinforcement is computed according to Eurocode 2 § 6.1, in ultimate limit sate for
bending . The shear reinforcement is computed according to Eurocode 2 § 6.2. The crack and
deflection are calculated according to Eurocode 2 §7.3, §7.4 requirement in serviceability limit state
(SLS). The reinforcing steel detailing and minimum requirements for reinforcement, is according to
Eurocode 2, §9.2.
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The number of reinforcing bars and stirrup spacing is computed. You may check to use specific
reinforcement diameter or the program optimises the reinforcement around the desired diameter.
The reinforcing bars are automatically placed in the reinforcing bar schedules.

The default diameter for longitudinal reinforcement and the diameter for stirrup reinforcement are
defined in [Parameters/Reinforced Concrete/Beams].

11 Continuous beam with destrbuted losds (EC2 EN1992-1-1:2004, ECO EN1990:2002, ) w
File Reinforced Concrete Computstions Reports
4 DesignOK 51| Mesme of design obiect EC2EEAM007
Concrete Steel class C25/30 - B500C o
inssunssnuns fisnssnunanns fiunnnanannas Jinannnnannn]
00 OO OO0 2 O OO T T4 Tor materials [EC2 524 2.4) Yem 150 ysm 115 .
& ] 3 2 - 3 .3 ]
- Patial salely fackors fox actions : [EN1390, A1) yo=[135] 2 yo=[150| =
Lim] |bim) |Him) |him) |atiim] [alkiam] = . .
1] 36m 00 050 180 400 1000 Laad corbination coaficiars for vaiable sctions we (070 3| we[oB0 ]2 wulom0 | 2
L2] 36m L= LE 0180 Am 100 Final crasp coefficient [EC2 5314, Annex B.1) w(=lo)=] 2500 o}
13| 260 0180 400 10.00 -
o | Total shiinkage stian [EC2 5314, Annex 8.2 £es=-[ 0300
Caf3e0 ) (020 ( ) (T80 ) ¢ ) (000 St ! “ %o o
= [ e M e Mavamum crack width [EC2 §7.31. Tab 7.1N) i fmnj=| 0.40 || X1 | ;e
Length, section vith, section helght, lead fer sach span Deflection corteal [EC2 5741 we L, 1] 250 = we L7250
Enveonmertal class [EC2 §4.2) #0 | ord
Concrete cover [EC2 §4.4.1] fmm) Crem= 20 | % mm
Reinfoecing bar dismeter [mes] e @ 8 wmm @ 16 |[wmm Red@ [
Inchicks reba schedhube in ieport =
Set specihc iendecement (m| Tension rendorcement £ ik
Compression reinforcement @ 1
Detault T
seclion properties, [ Hurber of :pans 4 |[§ cotieveratieend]  canever atright end |
span langhts .,
loads | -
L T Croes paction width, haight. tlab thicknass ] bei 0250 %' m e 0500 5 m his{D1ED|S m

1 Cicsks swction by BC =@ =0 o b, by

L == ™\, TBeam defaui tpan fei Lo 7600/ %m et ergh of ol e[
hi | N
o B " Uindormm koads [gedead. qebee) kM /m) gl= 400 |3 o 1000/ kN/n  oslloads on ol spans 0.0=
| Suppart widh [m] baup= 02005 m Percent of moment redtrbution, 0 | $1%
AL , e )
—h— Check nedeiibution with max permessble EC2 555 (4] B4

Beam cross-section

The cross section data are for the default cross section. By clicking at il the default cross section
data are set in all the spans. From the table at the left window under the beam sketch you may
specify the cross section data for every span.

Span length

Beam length Lo in meters [m], is the default span length. By clicking at :l the span length is set

to the default value at all the spans. At the cantilevers (if they exist) the span length is set to (1/4)

of the default value. To set the span length for each span click and edit the corresponding cell at the
left window under the beam sketch.

Number of spans
Mumber of spans 2 E - } cantilever at left end[_] cantilewver at right end_|

You specify the number of spans of the continuous beam. By checking cantilever at left or cantilever
at right, you specify the existence of cantilevers at the left or the right end.

The spans are automatically created with the default length Lo, the default thickness ho, and the
default loads g and g. From the left window you may change these values for span length L,
thickness h, and loads g and q.

Loads
. _ I | [a] [a]
Uniform loads [g=dead, g=live] [kM/m] gl= 4.00 (=] 9= 10.00 [= JkMdm zet loads on all spans

Default loads in [kN/m], g1 for the dead load on the beam, and g for the
live load on the beam. From the left window under the beam sketch, you
may change these default values for every span. (The total dead load is
g=self weight + g1, the self weight is computed by the program)

By clicking at I
default values.
The design actions are obtained with combination of permanent and I(_ bsup_)|
variable actions as in Eurocode 0 1990:2002 (yG Gk +yQ Qk).

My

M4 at support
face

- you set the values for the loads at all the spans to the

L]
.I Copyright © RUNET Software © www.runet-software.com 37



EUROCODEexpress RUNET software

Percent of moment redistribution
bsup= 0.200 %:%m

[a]s

Support width [m] Percent of moment redistribution| O [*]%

Check redistibution with max permissible EC2 §5.5 4]

The support moments, in continuous beams, calculated using linear elastic analysis, are reduced by
the ratio of moment redistribution, with a corresponding increase of the span moments, such as

the resulting moments remain in equilibrium (Eurocode 2, §5.5). The ratio of redistributed moment,
to the moment before redistribution, is defined by the user in percent (%).

Support width

Mean support width in meters (m). The design support moments, for the computation of the
reinforcement over the supports, are computed at the support faces at a distance b=bsup/2 from
the axis of the support.

5.3.4 Beam section subjected to torsion

Design of a rectangular or T shape beam section, under combined torsion, shear and bending. The
design is according to Eurocode 2, §6.3.2,

Trd,max is the design torsional resistance moment Eurocode 2 §6.3.2. [ Ted ]+[ ed JEI
Vrd,max is the design resistance shear relating to a strut inclined at an T

angle 45°, Eurocode 2 §6.2.3.,

The calculation for necessary stirrups in torsion and shear are made separately.

You specify the desired diameter for reinforcement and the number of reinforcing bars and stirrup
spacing is obtained. You may check to use specific diameter for reinforcing bars, or live the program
to optimise the reinforcement around the desired diameter. The default diameter for longitudinal
reinforcement and the diameter for stirrup reinforcement is defined in [Parameters/Reinforced
Concrete/Beams].

Fd i vﬂd,ma

/Desian 0K
ds | bete=1.250m g

;
a2 hreo l[BUm

T

MEd-100.00kHm

NE=10.00kN
iy h =0500m

VEd-10.004

! by UZSUI Crom=20mm
=0.250m

Mame of design object
Concrete-Steel class

Pailial factors for maleials [EC2 §2.4.2.4)

Final creep coefficiert (EC2 §3.1.4, Annex B.1)
Total shrinkage strain [EC2§3.1.4, Annex B.2)
Matimurn crack width [EC2 §7.3.1, Tab. 7.1N)
Environmental class [EC2 §4.2)

Concrete cover (EC2 §4.4.7) [mm]

Reinforcing bar diameter [rm] inks@ 8 [¥om @ 16 [om fed@ @

Sel speciic reinforcement O Tensionteiforcemen| + |31

Compression reinforcement s@

Crass section dimensions, width and height [r]

Effective flange width, slab thickness [m]

Ultimate imit state (ULS)  Serviceabiity limit state (5LS)

(1.20a+1.50q)

Ciosssection actions  Bending moment (k] Mec= 10000 [{3]kNm  Med 70.00 [ #{ktim

Shear force [kN] Ved=| 10.00

Auial force (kN] Med= 10,00

Beam span [m] L= 4.000

w(olp)= 2500
£cs="[ 0300 (%o

wh [rm]= 030 | <C1

{ale e 700 [3]kn

e
[
I~
[P
&2

EC2-BEAM-D0E

B25 - B5S00C

ve=150,y5= 115 |w

®C1

Crom= 20 [{3{mm

bu= 0260 [(29m  he| 0500 [{m
befi< 1.250 [(#3m ki 0.180 [${m

(1.005+0.30)

KN Heds 700 {29kN

]
]
Jm

3 e M
5]

5.3.5 Light weight concrete
Select the concrete density p Kg/m?

Concrete-Steel classz

Fartial factors for matenials [ECZ §2.4.2 4]

Lightweight concrete p=1407-1601 ko'm®

7o) S 7o)

% |LB25 - B500OC

ye= 150, vs= 115

v

y
LUl copyright © RUNET Software ©

www.runet-software.com

38



EUROCODEexpress RUNET software

5.4 Concrete columns

Columns of rectangular or circular cross section in compression with biaxial bending. The
dimensioning is according to biaxial bending interaction (P-Mx-My) diagrams which are obtained
using a numerical integration. For rectangular columns you select the reinforcement arrangement
(reinforcement at the corners or around the perimeter). The reinforcing bars are automatically
placed in the reinforcing bar schedules.

Isolated columns in single and double bending. The design is according to Eurocode 2 §5.8.
The slenderness effects and second order effects are considered in the design. The effective length
and end restrained conditions are specified as §5.8.3.2. The analysis method is according to
§5.8.7.3. Moment magnification factor. The applied loads are axial loads and bending moments in x-
x and y-y directions . The reinforcing bars are automatically placed in the reinforcing bar schedules.

Section capacity of rectangular or circular columns subjected to compression and uniaxial
or biaxial bending moments. The ultimate capacity of a column cross section, with given
dimensions and reinforcement, is computed by numerical integration of the forces acting on the
cross-section at equilibrium. The internal forces are the forces of the concrete (parabolic
compressive stress-strain diagram), and the forces (elasto-plastic stress-strain diagram) of the
steel. The results are tabulated values and graphs for the failure surface, Pn-Mn values for the
uniaxial bending, and Pn-Mx-My for the biaxial bending.

% ECZ Colurmns

-

m Zolumn cross-section in biaxial bending
ﬁ Isolated column single bending  EMN1992-1-1, £ 5.8
ﬁ Isolated column double bending

m— Column skrength (simple eccentricity)

5.4.1 Design of column section in double bending

Design of column of rectangular or circular cross section in biaxial bending with compression. The
dimensioning is done using a numerical integration of the

300

concrete and steel forces over the column cross section. In
addition approximate design values are obtained, using

biaxial bending interaction (P-Mx-My) diagrams for . l
concrete cover column side/10,Kordina K, T *
Bemessungshilfsmittel zu EC 2 Teil 1, Planung von z Nl e
Stahlbeton, Berlin, Beuth, 1992. = ‘ . e

/| /
|
|

For the numerical integration accuracy you give the ~
number N of subdivisions per column side. The numerical 135 = AN
\\

integration is performed with a subdivision of the cross
section in NxN elements. A value of N=10 seems to give

adequate accuracy. The dimensioning is done using the \ N

biaxial bending interaction (P-Mx-My) diagrams. The
slenderness effect or secondary moments due lateral

deflection under load are not taken into account. -

The axial force in [kN], positive for compression and the bending moments in [kNm]. You specify if
the reinforcement is placed in the four corners of the cross section or if it is distributed around the
perimeter of the section. The position of the reinforcement plays roll in the evaluation of the
equilibrium of forces of the cross section.
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/Des@" oK Gl MName of design object ECZ-COLUMN-0M
N, =200.006H B | Concrete Stesl class B25 - B500C
: Partial factors for materials (EC2 52.4.2.4] ye= 150, ys= 115 »
Mg, 0 00kHm
| b =0300m Final creep cosfficient [EC2 83.1.4, Annex B.1] @(W,f )= 2500
7
= Ratio of loading SLS /LS (effective creep] [EC2 §5.8.4) 050

Maximum crack width (EC2 §7.31, Tah. 7.1N] wh [wml= 030 | KO
Mg g,50.00kNm Calculation of erack width 0
| P h=0.300m

Erwironmental class [EC2 §4.2) O
Conerets cover [EC2 §4.4.1) [mm] Crom= 20 [{3rm

|ToRr— Reinforcing bar diameter [l @ 20 [wm e
Include rebar schedule in repart
|| Set spesifc reinforcement O =1
'[ P
l wtreert— || Column type and reinforcing bar position O o @
3 ..
— Cross section dimensions [m] b= 0300 [4]m he 0300 {2{m D= {2im
Vetical losd and bending moments [l force) Med=  20000{4{kN  [shear]Ved= 000 {2 ]kN
bending) Medyy= 50.00 [4]kNm Medzz= 0.00 {2 ]kNm
5 Column length ffloor heighi] L= 2000 {#}m  Numberofcomns 1 (%]
T Mumber of subdivisions per calumn side for numerical evaluation ny=nz= 10 {:i

The length and the number of columns are used for the rebar schedule.

5.4.2 1Isolated columns in single and double bending
The design is according to Eurocode 2 §5.8. The slenderness effects and second order effects are
considered in the design. The effective length and end restrained conditions are specified as

§5.8.3.2
Slenderness and effective lendth, direction z-z [EC2 §5.8.3.2
o) o) o) ® o) o) O ke 4]
L L M M +
¢ VR
[ladl)-z=
G & G & { {
k2-z= E:}
lodl = lodl =2 lo/l =0.7 lo/l =05 ladl =1 0.5<lodcl lodx2

The analysis method is according to §5.8.7.3. Moment magnification factor. The applied loads are
axial loads and bending moments in x-x and y-y directions . The reinforcing bars are automatically
placed in the reinforcing bar.

5.4.3 Column section capacity

Section capacity of rectangular or circular columns with given reinforcement, and subjected to axial
loading with uniaxial or biaxial bending moments. The dimensions and the reinforcement of the
columns are specified. The ultimate capacity of the cross section is computed, by numerical
integration of the internal forces on the cross section at equilibrium. These internal forces are the
forces due to compression of the concrete, and due to tension and compression of the steel at the
positions of the reinforcing bars.

The following assumptions are used:
¢ Plain sections remain plane.

e Parabolic stress-strain distribution diagram for the
compressive stresses of concrete.

e Elasto-plastic stress-strain relationship for the steel.
e Tensile stresses of concrete are ignored.

For the numerical integration accuracy you give the number
N of subdivisions per column side. The numerical integration
is performed with a subdivision of the cross section in NxN
elements. A value of N=10 seems to give adequate

accuracy.
The results are tabulated values and graphs for the failure surface, Pn-Mn values for the uniaxial
loading and Pn-Mx-My for the biaxial bending.
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5.5 Eurocode 2, design charts

5.5.1 Stress-strain diagram of concrete
EN1992-1-1,53.1.6 Stress-strain diagram of concrete = RUNET®
EN1992-1-1, §3.1.6 Stressstrain diagram of concrete

Compression

acifed

oc=fed sc{10.25¢c)
fed=acc-fck/yc=0.85-fck/1.50

C12/15 fed=0.85-1201.50=6.80 MNimm®

C16:/20 fed=0.8516/1.50=9.07 MNimm®

C20/25 fod=0.8520/1.50=11.33 MNimm*
C25/30 fod=0.85 2501 50=1417 Nimm*
€30/37 fed=0.85-30/1.50="17.00 Mimm*
C35M45 fod=0.85-351.50=19.83 Nimm*
C40/50 fed=0.85-40/1 50=22.B7 Nimm*
C45/55 fed=0-85-45/1-50=2550 Mimm*
C50/60 fod=0.85-50/1.50=28.33 Mimm*
CH5/67 fod=0.85-55/1 50=31.17 Nimm*

050 -100 -150 -200 -280 -3.00 -350
£c oloo

www runet eu

E Fl[:luse ‘

EEE

5.5.2 Parabolic diagram for concrete under compression

EN1992-1-1,§3.1.7 Stress-strain diagram of concrete @ RUNET®
EN1992-1-1, §3.1.7 Stressstrain diagram of concrete
eclo/on] fhifed ar ka eclo/oo] fhifed ar ka
oc 0.049 0.025  0.334 -1.80 0.990 0.630 0.369
0.095 0.043 0.335 -1.85 0.994 0.640 0.370
fed 0.144  0.073  0.335 -1.90 0.998 0.64% 0.372
0.130  0.097  0.335 -1.95 0.998 0.658 0.373
0.234  0.120  0.337 -z.00 1.000 0.667 0.375
0.276 0.143  0.338 -z.05 1.000 0.675 0.377
0.319 0.165 0.338 -z.10 1.000 0.683 0.378
0.360 0.187 0.339 -2.15  1.000 0.690  0.380
0.399  0.208  0.340 -2.20 1.000 0.687 0.381
0.438 0.229  0.341 -2.25 1.000 0.704 0.383
0.474 0.250  0.342 -2.30  1.000 0.710 0.385
£c 0.510  0.270 0.343 -2.35  1.000 D.716 D.386
0.54%4  0.290  0.343 -z.40 1.000 0.722 0.388
-2%o0 -3.5%o0 0.577 0.308 0.344 -2.45 1.000 ©0.728 0.380
0.60%9  0.325 0.345 -2.50 1.000 0.733  0.391
0.640  0.347  0.345 -2.55 1.000 0.73% 0.392
0.669 0.365 0.347 -z.60 1.000 0.744¢ 0.394
0.637  0.383 0.348 -z.65 1.000 0.746 0.395
0.7232 0.400 0.349 -2.70  1.000 0.753  0.397
0.750 0.417 0.350 -2.75% 1.000 0.75% 0.398
a2 0.774  0.433  0.351 -2.80 1.000 0.782 0.400
amkax 0.798  0.449 0.352 -2.85 1.000 0.786 0.401
x=6-d a 0.819  0.465  0.353 -2.80  1.000 0.770 0.402
F, 0.540 0.480 0.354 -2.95  1.000 0.774 0.404
€ 0.859 0.495 0.355 -3.00  1.000 Q.77%  0.405
0.577 0.509 0.358 -3.05 1.000 0.781 0.406
0.834 0.523  0.358 -3.10  1.000 0.785  0.407
z=7d 0.910  0.537  0.359 -3.15  1.000 0.786 0.408
0.92z4 0.550  0.360 -3.20 1.000 0.792 0.410
0.938 0.563 0.361 -3.25 1.000 0.795  0.411
0.949 0.575 0.362 -3.30  1.000 0.79% 0.412
€31 Faq 0.960  0.587  0.364 -3.35 1.000 0.801 0.413
— 0.969 0.598 0.365 -3.40 1.000 0.804 0.414
0.978 0.809 0.366 -3.45 1.000 0.807 0.415
0.984 0.820 0.368 -3.50  1.000 0.510 0.416
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5.5.3 Stress-strain diagram of reinforcing steel

EM1992-1-1,8§3.2.7 Stress-strain diagram of reinforcing steel © RUNET®
EN1992-1-1, §3.2.7 Stress-strain diagram of reinforcing steel

asfyd

Tyd=fykiys=500/1.15=435 Nimm*

1.00
0.40
n.an
070
0.60
0.40
0.40
0.30
0.20

Es=200 GPa

27

250 5.00 7.50 10.00
5 0/00

www. runet.eu

J5l Close |

’ & Frint ]

5.5.4 Bending capacity of plate section

CEM1992-1-1.%6.1 Mement capacity of plate section © RUNET ﬁ
EN1992.1.1, §6.1 Mament capacity of plate section

Bending capacity (ec'esi=3.50/15.30) Md =51.00kNm =]
Colmolo L2530, Steel class: BSMC
Inforcement @10 /100 mm
e =0 B S0-14 17 Nimme®, fyd =501, 157438 Nimm?®
Ac=1000:200=200000 rard, As1=TDx10001100=TBS menSm
= H (Crom-HAR ) 20 (A5 +1007) - 160 mm
Minirnurn reinforcement
minfl] % h-d-‘l:llrn’!\tk 0 X1 01 RA2. HII.‘\I]I. 00013 b=l
2=

H= 200 2] mm

Cnom 35 |2 /mm [
Concrete Btewl class

C25/30 v| Hs0OC

Hea—

Fieinforcement V0 A= memm

B0 [/ 100 {3] om

L 3 B3 S4+15 30)=0, 186, == Bmn

ar=0.810, ka=0.418, Fe=sr b x fed=Fa1= 311EH¢N Agl=Fz1/yd=T28memem
eod-kan= (] 1-ka Ao 24es1 ) Jd, 2fd=1 0-0 4160 1860 9203, 22147 Bmm,
Hd®=1/0.810 0.186 0.523.14.17)=0.508 mm®N, Kd=0.712

Hending capacily  Mre b 63 0000001 e A000x 1 BIFA 806251 kNm
Dending capacity fec'es1=3.50/15.20) Mr <51.00kNm

=15 t=21

1‘ﬂr(']*ll+)|/) OB/, x=80 Fren

ar=0.010, ka=0.416, Fe=arbx-fed=Fel= 1131 B9KN, As1=F 1 435=2603mmim
24 ), 2d=1 040 416l F1750 743, 25118 9mm,

A7)=0.120 | Kid=0.435

'(:lr W= ¥ ) OO A0 LA T500=1385 (ke

T
f— 2 —

Bending
9

w2
a=0.010, ki

g ] 1‘(|I(']*\II+‘|III) 0412, xB& Srnm
A6, Fe=ar b w-fed=Fs1= 755 SOkM, As1=F=1frd=1730mmim

=k w= (] 1-ka oA I, 2= 00 A6l 1220 5X, 2=137 Bmm,

Kd=1/0.510-0.4120029 =0.256 mmN, Kd=0.5

Bending caj '(:lly Ml b |I"1Vd 0 OO0 k1000 1BIRA 256101 (0kNm
=] 5

w2 1‘(”(']*\“-" ‘|IIJ 0318, x4l Hrnm

ar=0010, ka=0.415, Fe=ar b-xfod=Ts1=000.04kN, As1=F=1frd=1343mmim
od kx| 1-ka e Bifec 2401 ) Jd, 24d=1.0-0.418x0, 3180868, 22138 8mm,
Kd=1/0.510-0.318-0.860-14.17)=0.316 mm¥N, Kd=0.5
Bending capacily  Mre b dfd 0000001 x 1000x 1500316852 00kNm

=] 5 1= = 4
wfd=ec 22 ves }=3, 5003 S010.00)=0,258, x=41.5mm
ar=0.010, ka=0.416, Fe=ar b« fod=Fs1=475.72kN, As1=F21frd=1094mmrm
e=d-ka x=(]1-ka eifec24es1)d, 2id=1.0-0.416x0,255=0 592, =142 7 mm,
Kd*=1/0.6100.259-00092-14.17)=0.377 mm%N, Kd=0.614
Bending capacily M= ¢%5d=0.00000 1 1000x 150037 F=63 00kNm
wo=ecAec2+e31 =3, 5003 50420 00)=0,143, x=23 Bmm
ar=0.010, ka=0.416, Fe=ar b-x-fod=F1=270.20kN, As1=F1Myd=029rmm7m
z=dka =] 1-ka ec2iee ez ), 2/d=1.0-0.416:0,149=0.938, =150 1mm,
Kd*=1/0.810-0.143-0.930-14.17)=0.624 mr/N, Kd=0.720
Bending capacity Mreb d%%d%=0.000001 x 1000x 16050 E24=42 00khm

mawayonloy |v
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5.5.5 Bending capacity of beam section
EN1992-1-1,%6.1 Moment capacity of beam section © RUNET®
EN1992-1-1, §6.1 Moment capacity of beam section

Bending capacity {ec/es1=1.83/19.87) Md =40.00kNm [
- La] - [a]
B= 250 [5jjmm H=|500 3|mm Concrete: C25/30, Steel class: B500C

B=250 mm, H=500 mm, reinforcing bars 4 #8 mm

Cnom 25 {2]/mm fed=0.85%26/1 B0=14.17 Nfmre, fyd=500/1.15=435 Mimm?
Ac=280x500=125000 mim?, As1=4x50=201 rm?
Concrete Steel class d=H-[Cnom+@s +E72)=500-(25-+10+8/2)=461 mm
E C25/30 |~| BSDOC Minimum reinforcement

=min(0.26-b-d-fctm/Myk=0.26x250:461:2.60/500, 0.0013-b-h=0.0013x250x500)= mm?
£c2=-1.830/00, £51=19.687 0fon, As1/b-d=0.00175(0.175%)

=] = wid=ec2/(ec2+es1)=1.83/(1.83+19.87)=0.084, =38 Imm

[S——— S = I AL = ar=0.636, ka=0.370, Fe=arb-x-fcd=Fs1=87 S6kN, As1=Fs1/fyd=201mm?

z=d-ka ¥=([1-ka-ec2/(ec2+es1)]d, z/d=1.0-0.370:0.084=0.969, z=446 Bmm,
Kd*=1/{0.636 0.084-0.969-14.17)=1.359 mm?%N, Kd=1.166

Bending capacity Mr=b-d%Kd*=0,000001x250:461211.359=40.00kNm

j——b —— €2 fea Bending capacity {ec2/es1=1.83/19.87) Mr =40.00kNm

ss=uimme Reinforcement

azka 202=-3.500/00, £51=2 170fo0, Asl/b-d=0.01627 (1 627 %)

T ~t
w=E-d
wid=ec2iec2 +281)=3 80/3.5042.17)=0.617, x=284 4mm
=zd

ar=0.810, ka=0.416, Fe=ar b-x-fod=Fs1=815 31kM, As1=F31/435=1875mm?

Y
FC
z=d-ka ¥=([1-ka-ec2f(ec2+es1)]d, 2/d=1.0-0.416x0.617=0.743, z=342.7mm,
h d Meq | = Kd*=1/0.810-0.617-0.743-14.17)=0.130 mm?#N, Kd=0.436
Bending capacity Mr=b-d*/Kd*=0.000001:250x4612/0.190=280.00kNm
£02=-3.500/00, £51=5.000/00, As1sh-d=0.01086(1 085%)
For wid=ec2f(ec2+e1)=3 50/(3.50+5.00)

Az £51 12 #=189 Bmm

— —- ar=0.810, ka=0.416, Fe=ar b-w-fod=Fs1=544 24kN, As1=Fs1/fyd=1252mm?
4 3 z=d-ka ¥=([1-ka-gc2/(ec2+es1)]d, z/d=1.0-0.416x0.412=0.829, z=382.0mm,
! [ Kd*=1/0.810-0.412-0.825-14.17)=0.256 mm?N, Kd=0.506
d1 Crom Bending capacity Mr=b-d*/Kd*=0.000001:250x4612/0.256=208 00kNm

£c2=-3.500/00, £51=F G00/00, As1/b-d=0.00833(0.839%)
wid=ec2/(ec2+e51)=3 50/(3.50+7 60)=0.318, x=146 Tmm

ar=0.810, ka=0.416, Fe=ar b-x-fod=Fs1=420 55kN, As1=Fs1/fyd=967 mm?
z=d-ka ¥=([1-ka-ec2(ec2+es1)]d, z/d=1.0-0.416:0.318=0.868, z=400.0rmm,
Kd*=140.810-0.318-0.868-14.17)=0.316 mm?%N, Kd=0.562

Bending capacity Mr=b-d¥Kd*=0.000001x250:46120.316=163.00kNm

£C. .500/00, £51=10.000/00, Asl/b d=0.00554(0.684%
wid=ec2/iec2+e51)=3.50/(3.50+10.00)=0.259, x=119.5mm

ar=0.6810, ka=0.416, Fe=arb-x-fod=Fs1=342 67kM, As1=Fs1/fyd=788mm?
z=d-ka w=([1-ka-ec2/(ecZ +es1)]d, z/d=1.0-0.416:0.259=0.892, z=411.3mm,
Kd=1/0.810 0.259-0.822- 14 17)=0.377 mm%N, Kd=0.614

Bending capacity Mr=b-d%Kd*=0.000001:250x46120.377=141.00kMNm
£c2=-3.500/00, £51=20.000/00, As1/b d=0.00393(0.393%)
wid=ec2/{ec2+es1)=3.50/(3.50+20.00)=0.149, »=65.7mm

ar=0.810, ka=0.416, Fe=arb-x-fod=Fs1=196.85kM, As1=Fs1/fyd=453mm?
z=d-ka ¥=([1-ka-ec2/(ec2+es1)]d, z/d=1.0-0 416x0.149=0.938, z=432.4mm,
Kd*=1/{0.810 0.149-0.938-14.17)=0.624 rmrm%MN, Kd=0.790

Bending capacity Mr=b-d¥Kd*=0.000001x250x461%0.624=86 00kNm

www runet eu |w

5.5.6 Bending capacity of T-beam section

EN1992-1-1,56.1 Moment capacity of T-beam section © RUNET®
EN1992-1-1, §6.1 Moment capacity of T-beam section
Bending capacity (ec/es1=0.76/19.89) Md =44.00kNm
_ [} _ [al
B=|250 7)mm Beff= 1000 ) mm Concrete: C25/30, Steel class: B500C
et H= 545 {:} mm  Hf=272 {:} mm B=250mm, Beff=1000mm, H=545mm, Hf=272mm reinforcing bars 4 @8 mm
T fod=0.85x25/1.50=14.17 M/rmr®, fyd=500/1.15=435 Nrmrm®
T T Cnom 25 3] mm Ac=250x545=136250 mm?, As1=4x50=201 mm*
1 e : Steel cl d=H-(Criom-+is +E2=545- (25+10+8/2/=506 mm
J 0"(_:[9 £ eel class Minimum reinforcement
C25/30 |v| B500C =min{0.26-b-d-fotm/fyk=0.26x250x506x2.60/500, 0.0013-b-h=0.0013x280x545)= mm?
. gc2=-0.760/00, £51=19.890/00, Asl/b-d=0.0004070.040%)
Re'“[ff]“e"‘e"‘ o wid=ec2i(zc2+e51)=0.764(0. 76+18.89)=0.037, x=18.6mm
= 1 [l B8 |wi+0 [*] 2|8 v ar=0.332, ka=0.345, Fc=arb-x-fod=Fs1=87 55kN, As1=Fs1/fyd=201mm?*
z=d-ka w=([1-ka-ec2/(ec2+es1)]d, z/d=1.0-0.345x0.037=0.987, z=499.6mrm,
Kd*=1/(0.332-0.037-0.957-14 17)=5.854 mm3N, Kd=2.419
| b e | £c2 Oca Bending capacity Mr=h-d?Kd*=0.000001:x1000x506%5.854=44.00kNm
f Fe ¥=18.6 mm== Hf= 272mm neutral axis in flange
t g
hi| I' l| | x¥26d Bending capacity {ec2?/es1=0.76/19.89) Mr =44.00kNm
L |
M,
_43_ el ) o= Z-d
hd
J L Es1 Fs1
.......... [
f-b—l
www runet. eu
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5.5.7 Capacity of rectangular columns

EN1992-1-1,56.1 Capacity of column section © RUNE
EN1992-1-1, §6.1 Capacity of column section

_ (7] _ (7] Capacity Nd = 1223.59 kN
B=250 7jmm H=250 (z)mm Concrete: C25/30, Steel class: B500C
[al B=250 mm, H=250 mm, reinforcing bars 4 #16 mm
Cnom 25 (3] jmm fod=0.85x25/1.50=14.17 Wimm?, fyd=500/1.15=435 N/mm?
= Concrete Steel class Ac=280:250=62500 mm?, As=4x201=804 mm*

Minimum reinforcement
T =max(0.01Ac 0. 20Ac fodAyd=max(D.01x62500,0.20x62500514 17 /435=625mm?
AT i Reinforcament Mr=fed (Ac-As)Hyd As=14 17 x(52500-804) +435x804=1223592 N = 122359 kN

1 4@ 16 [vHo Hale v

C25/30 |~ B500C

——ef=250——
[}
(-} lN
fyd 7
|
fed f——
e [L)g

5.5.8 Shear capacity

EN1992-1-1,8§6.2 Shear capacity © RUNET®
EN1992.1.1, §6.2 Shear capacity

B=250 [3]/mm H=500 (3] /mm Shear capacity without shear reinforcement ¥rd.c = 31.24 kN
= Shear capacity of shear reinforcement ¥rd,s = 188 81 kN

Cnom 25 {2jmm Compression strut capacity Vrd.max= 304.02 kN

50—

Concrete Steel class Shear capacity Vid = 188.81 kN
7 c2530 [v| Bs00C Concrete; C25/30, Steel class: B500C

B=250 mm, H=300 mm, reinforcing bars 4 &% mm
E fod=0.85:25/1.80=14.17 N/mm?, fyd=500/1.15=435 N/mm?
4 3@ 8 |v[ro [F@|s [v]| | Ac=250x800=125000 mm?, Asl=4xS0=201 mme
d=H-(Cnom+@s+2/2)=500- (25104872461 mm
|—g=250—]| Links|1 M @ 10 |+ {150 {:} mm Shear capacity without shear reinforcement Vrd,c
i Wrd,c=[Crde-k(100-p1-fok}*0.33] bw-d»=vmin- bw o
fok=25 Mimm?, k=1+{100/461 D}*Va<=2, k=166
pl=AsT/{bw-d), As1=4 & B, p1=201/250x461)=0.0017
Crd,=0.15/1.50=0.100
—— rd,c=0.001:0 1051 .66x(100%0.0017 x25)"0. 33 )% 250x461=31.24 ki
Wrd e(minj=0.035 k{1.50)-fok™ Ve b d=0.007 x0.03531 BEM1. 50025 Vex 28046 1=43 .08 kN
Verd,c=31.24 kN
Shear capacity of shear reinforcement Vrd,s
Asw=2x79=157 mm?, s=150 mm
Wrd s=(Asw/s) 7 fywd cotB
Wed=440 B3k, (Ved/maxVrdrmax)j=1.00, 8=45.007), Wrd 5=0.001:(157 /150)x0 90461 %4351 00=188.81 kN
Wed=402.72kN, (Ved/max(vrdmax)=0.91, 6=33.00%, ¥rd 0013157 /150)x0.80x461 %4351 54=290.74 kN
Wed=304 D1kN, (Ved/max¥rdrmax)=065, 8=21.807), rd 5=0.001:x(157/150)x0 90461 x435x2 50=472.06 kN
B : angle between concrete compression strut and beam axis
Vrd,s>=188.81 kN
Compression strut capacity Vrd,max
Wrd max=acw bw- z-v1 fod/(cotB+tanfl), B=21.80°, cotB=2.50, tanf:=0.40
acw=1.00, z=0.9d, fck=25.00<=60 MPa, v1=0.60
rd,max=0.001x1.00x250x0.9x461 060141742 50+0.40)=304.02 kN
Vrd,max=304.02 kN
Minimum link reinforcement
pow=0 1 {fek ek, pw=0 Tx(26)%/A00=0 0010
min Asw/s>=p w bw=0x1000.0000x250=0.25mm&mm,
@5A400mm

Reinforcement

5= 201t

f——

fe———
[~
N
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5.5.9 Dimensioning for bending Coeff. Kd, ks

| EM1992-1-1.56.1 Dimensioning for bending Coeff. Kd. ks « RUMET» X
EN1992.1.1, §6.1 Dimencianing for bending Cosff. Kd, ke
b € cofesl ®fd  zfd  Ks C12/13 C1e6/20 C2O/25 C23/30 CIOFIT CASS43 CA0/50 Ca3f35 Cs0fe0
L al L3 . Loy =500 [H/mm*] Kd
] 0.50/20.0 0.0:4 0.992 2.3% 16.29 14.11 12.62 11.20 1 ez e,
F
M 0.75/20.0 0.03€ 0. 11,21 9.70  8.68 7.7 614
et ® 1.00/20.0 0.048 O. 7.52  6.72  6.01 4.76 4.
l 1. .0 0.059% 0. .22 3.56 1.98 3. 3.
1.5 .0 0. 0.9 5.37  4.00  4.30 3.4 3.3
h d z 1. .0 0,080 0. 477 427 3. 3. 2.
2. .00, o. 4.34  3.88 3. 2. 2.8
2 .o o, o. 4.02 359 3. 2.3
E z .0 0. o. 376 3.36 3. 2.2
As1 £l z .0 0,121 0. 3.56 3.8 2. z.
a 3. .00, . 3.3 3.08 2. . 2.02
T 3.2 .0 o, o. 3.25  2.90 2. .08 1.
di C 3. -0 0. 0.9 3.1z i, .98 1.
ram 3.8 .o ol o. 3.06 2} 1.94 1.0
d fem ) M, 3. .0'0.163 0. 3.00 2.68 2. 1.89 1.
kg = —Sfem cm?]m kg —coshim 3.8 .0.0.A71 0. 2.93  2.62 2.3 1.85 1,78
d |
TM"'D"N"‘I - 3. .0 0,179 0.9 2.86 2.56 2. .81 1.
ac 3.50/15.0 o, o. .80 Z.50 2.2 197 1.6
[ Py 3. 4.0 0, 0. 2.7 .44 2. 1.7 1.
Lnm e 3. 3.0 0, o. 2.65 2 1.68 1.5
¥ 3.5 .o, o. 2. 2. 1.63 1.8
| M. 3.5 .0 0. 0.9 2.8 2. .50 1.
ne 3 Mo Moq o MaMadh2) 3.5 0o, 0. 2. 1. 1.53 1.
3.8 .50, o. 2. 1. 1.81 1.
| 3.8 .0 o, o. 2. 1. 1.48 1.
4 3. .5 0.282 0. z. 1. 146 1.37
3.5 0o, 0. 2.2 1. 143 1.
3. .50, 0. 2. 1. 141 1.
3.8 .0 0,333 0. 2. 1. 1.38 1.
3. .5 0. o. z. 1. 1.35 1.
3.8 0 0,360 0. 2. 1. 1.9 1
3. 5 0. 0. 2. 1. 128 1.
3.5 .0 0,412 0. z. 1. 1.26 1.
3. -3 0. 0. 1.9 1. 1.22 1.
3. .0 0.467 O. 1.8 1.5 1.20 1.1
3, .50, 0. 1. 1. 117 1.
3.8 .00, o. 1. 1. 1,14 1.
3. .5 0.583 O. 1. 1. 111 1.

5.5.10 Dimensioning for bending Coeff med, w

EN1992-1-1,86.1 Dimensioning for bending Coeff med, w & RUNET®
EN1992-1-1, §6.1 Dimensioning for bending Coeff med, w
F%I Eg

* % -ez2/lesl xid z/d w med
‘ 0.50/10.00 0.0453 0.984 0.0109 0.011
Meda x iEg' 0.75/10.00 0.070 0.976 0.0229 0.0zz2
g 1.00/10.00 0.091 0.968  0.0379 0.037
‘ 1.25/10.00 0.111 0.961 0.0550 0.053
h d z 1.50/10.00 0.130 0.953 0.0734 0.070
1.75/10.00 0.14% 0.945 0,0923 0.087
2.00/10.00 0.167 0.93% 0.1111 0.104
2.25/10.00 0.184 0.930 0.1293 0.120
AS 2.50/10.00 0.200 0.922  0.1467 0.135
_¥ | 2.75/10.00 0.216 0.914 0.1634 0.143
> _rC_ 3.00/10.00 0.231 0.907 0.1795 0.163
di 3.25/10.00 0.245 0.899  0.1950 0.175
3.50/10,00 0.259 0.8%2 0.2099 0.187
3.50/ 9.50 0.269 0.888 0.2179 0.194
Med 3.50/ 9.00 0.280 0.384 0.2267 0.zo00
my=——-— 3.50/ 8.50 0.29z 0.879 0.2361 0.z07
b-dfed 3.80/ 8.00 0.304 0.873 0.2464 0.215
3.50/ 7.50 0.318 0.868 0.2576 0.223
A.= w-D-d- fed fu =r£=5_00=435[ N 3.50/ 7.00 0.333 0.861 0.2698  0.232
5= o Ve 11 mm? 3.50/ 6.50 0.350 0.854 0.2833 0.242
3.50/ £.00 0.363 0.847 0.2932 0.253
3.50/ 5.50 0.389 0.838 0.3148 0.z64
3.50/ 5.00 0.412 0.829 0.3333 0.276
3.50/ 4.28 0.450 0.813  0.3642 0.296
3.50/ 4.00 0.467 0.806 0.3778 0.304
3.50/ 3.50 0.500 0.792  0.4048 0.321
3.50/ 3.00 0.53% 0.776 0.4359 0.338
3.50/ 2.50 0.583 0.757 0.4722 0.358
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5.5.11 Column design chart, rectangular cross-section

EM1992-1-1,%6.1 Column design chart, rectangular cross-section © RUNET®
EN1992-1-1, §6.1 Column design chart, rectangular crosssection
Concrete Steel class a0
C12/15-C5h5/67 B50OC - C12/15-C55/67 | B500C
di
d1/h we= o =0.100
oiop = @ he=100 _ As1+As2 fyd
- w=
Ote=150 b-h fed
’ As2 | Td1
=5 Ote=200 —
Ned -3 weq—
e
=
=2 ——
&= Asi Td1
=
%T = —
T
N Mey
h ed ||| g
. 0.30 0.40 . 0.60 0.7a
™ .
b m=Med{b-h*fcd)
[ &) Frint ] | FI Cloge |
5.5.12 Column design chart, circular cross-section
EM1992-1-1,%6.1 Column design chart, circular cross-section © RUNET®
EN1992-1-1, §6.1 Column design chart, circular crosssection
Concrete Steel class a0
C12/15-C5h5/67 B50OOC - C12/15-C55/67 B500OC
d1/D e AL - o100
[RTIT @ f==100
x] As tot fyd
Ned | g1 — 'rr-rz%
As
Ned 4
= Me
2
E T
%_;- Ii [ 4'
T
0.20 0.30 0.40
m=Med/{2rrr*fed)
[ & Print ] | ﬂ Cloze |
I i ® www.runet-software.com
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5.5.13 Column design chart, Biaxial bending with compression

EN1992-1-1,86.1 Column design chart, Biaxial bending with compression © RUNET=
EN1992-1-1, §6.1 Column design chart, Biaxial bending with compression
Concrete Steel class 0 Ea
C12/15-C55/67 B500C I C12M15-C55/6T B500C
Ned dl _
di/h n=Ned/{b-h-fcd) b-hfed =0.20 T 0.100
0100 2 D200 As,tot fyd
& 8 & -0.50 =—r="_ 1=
= “=Tbh fod
Asik Asid | d1
) ] J_
-0.40 Medy
T Ned # «&e—11—
= Medx
.:_E 0.30
3 U}
'i:’: asi [Td1
s oo b
L
Moy =
010
h Ned M, i
0.00
010 0.20 0.30 0.40 0.50 0.60
b mx=Mech{fed- hy-hx?
[ & Print ] | Fl Cloze |

5.5.14 Column design chart, Biaxial bending with compression

EM1992-1-1,§5.8.3.2 Effective length © RUNET®
EN1992-1-1, §5.8.3.2 Effective length

) Braced members-EN 1392:2004 Eq [5.15)
) Unbraced members-EN 1992:2004 Eq 5.16]
) Braced membersENY 19921989 Fig 4 27
©) Unbraced members ENY 19321983 Fig 4 27

| '
UL I T

Kb

B
& L
ps & | g, ik
H 1, —+ =
1
K L
- T ‘ KB’;al]ch
i 01 02 03 05 1 152 34 & 10 50 100
Ka
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5.5.15 Column design chart, Cross section moment of inertia-stiffness in

bending
EN1992-1-1,85.8.0 Design chart, Cross section moment of inertia-stiffness in bending @ RUNET®
EN1992-1-1, §5.8.8 Design chart, Cross section t of inertia-stiffi inl ling
g
T o 1.00 F—8—H
3 B - T T
ST |
4 e O D BD I\ d
§113\mmnmmnm1§ o - L
Maximum displacement .
Gmaee =0.01 302 (o LILSEN 070 v oo
. N p=As/{b-d) p=As"{b-d} p=As/({B-d)
- =Es-As-d? n=EsiEc
io ao - EFEs-As-d? EsiE
! 050 % Semee——e=—no
040
d
0.30
0.20
b — 0.10
El=Es-Ag-d’
s5Asd"§ 000
0.10 0.20 0.30 0.40 0.50 0.60
n.e

0.vo

o lp=1.00
=D 75

*Jp=0 50
et 40
im0 20
prip=0.20
o"1p=0.10
tfd= 025
tfd= 0.20
tid= 015
tfd= 010

7= 0.05
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6 Design of steel structures
EN 1993-1-1:2005/AC:2009

EURD EURD EURD EURD EURD EURD il [ wrerm |
CODES . CODE4 - CODE5 - LODEE - COITIE:"l - CODEE - o - g - E %
: E =) ey

EC3
* EC3 Parameters EN1993-1-1 * |es. EN1890.1998 + NA Norway NS-EN EUROCODEexpress
EC? Eurocode 3, Tables and Graphs vl A
ﬁ EC3 Steel sections  EM1993-1-1, §5.6 4

a_;_:‘/f’ EC3 Resistance of cross-section  EM1993-1-1, §6.2 4 t

+
EC3 Buckling resistance  EM1993-1-1, §6.3.1 } Buckling resistance of members in compression Mc,ed  EM1993-1-1, §6.3.1

Buckling resistance of members in compression Mc,ed - My,ed - Mz,ed  EM1993-1-1, §6.3.1
Beams 4

Buckling resistance of members in compression & Mg, kdyQ Mg,k

% EC3 Lateral torsional buckling  EM1993-1-1, §6.3.2 4
A
=
ﬁ“ Columns 4 Buckling resistance of members in compression G Mg, kv QMg k - w5 M kbyg Mk

t%—‘ e { -

% Design of Bolked connections  EM1993-1-8 4

6.1 General input data for steelwork components

Most of the steelwork design objects have some basic common data as follows:

. Name of design object

. Structural steel grade

. Partial safety factors for actions

. Partial factors for materials

. Actions

. Steel section
Marme of design object |5TF|EN|3TH-EIEI2 |
Structural steel grade [EMN1993-1-1 §3.2) |5 355 MWL fu=355M An fu=4700 A vl
Fartial safety factars for actions '}‘G‘= = '}’Q= =

Partial factars for materials EC3 '}"mf = '}"MF = Vg =

6.1.1 Name of design object

Every design object has a name, which appears in the report. In the creation of each object the
program assigns a default name e.g. Beam-001, Beam-002 etc. which may be changed any time.
(names up to 16 characters long). Names of structural design objects must be unique. Two design
objects cannot have the same name.

6.1.2 Structural steel grade

Select the steel grade from the steel materials available. Most of | Concrete fioor 100mm 2,50 khim™ >

. . C te fl 0 1.75 kN/m?
the used steel grades are included in the program, and are Conerte floor 100mm 253 kM

loaded according to the national Annex you select. You can add Conerete. foor 150mm... 3.5 KNS ...
. . Concrete floor 200mm  5.00 kN/m®
steel grades, or change properties for steel grades in the menu Concrate floor 250mm 6 25 kh/me

Parameters/materials/Structural Steel. The program Concrete fioor 300mm . 7.50 kN/m*

icall ts th ti teel rti fyk, fuk, E Timber fioor 0.30 kN/mE
automatically sets the respective steel properties (fyk, fuk, Es e e P
etc.).
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Steel grades included in the program

S 235 EN 10025-2 fy40:235;fu40:360
S 275 EN 10025-2 fy40:275;fu40:430
S 355 EN 10025-2 fy40:355;fu40:510
S 450 EN 10025-2 fy40:440;fu40:550
S 275 N/NL EN 10025-3 fy40:275;fu40:390
S 355 N/NL EN 10025-3 fy40:355;fu40:490
S 420 N/NL EN 10025-3 fy40:420;fu40:520
S 460 N/NL EN 10025-3 fy40:460;fu40:540
S 275 M/ML EN 10025-4 fy40:275;fu40:370
S 355 M/ML EN 10025-4 fy40:355;fu40:470
S 420 M/ML EN 10025-4 fy40:420;fu40:520
S 460 M/ML' EN 10025-4 fy40:460;fu40:540
S 235 W EN 10025-5 fy40:235;fu40:360
S 355 W EN 10025-5 fy40:355;fu40:510
S 460 Q/QL EN 10025-6 fy40:460;fu40:570

S 220GD+Z EN 10147 fy40:220;fu40:300
S 250GD+Z EN 10147 fy40:250;fu40:330
S 280GD+Z EN 10147 fy40:280;fu40:360
S 320GD+Z EN 10147 fy40:320;fu40:390
S 350GD+Z EN 10147 fy40:350;fu40:420
H240LA EN 10268 fy40:240;fu40:340
H280LA EN 10268 fy40:280;fu40:370
H320LA EN 10268 fy40:320;fu40:400
H360LA EN 10268 fy40:360;fu40:430
H400LA EN 10268 fy40:400;fu40:460
H260LAD EN 10292 fy40:240;fu40:340
H300LAD EN 10292 fy40:280;fu40:370
H340LAD EN 10292 fy40:320;fu40:400
H380LAD EN 10292 fy40:360;fu40:430
H420LAD EN 10292 fy40:400;fu40:460

S235H EN 10210-1 fy40:235;fu40:360

S275H EN 10210-1 fy40:275;fu40:430

S355H EN 10210-1 fy40:355;fu40:510

S 275 NH/NLH EN 10210-1 fy40:275;fu40:390
S 355 NH/NLH EN 10210-1 fy40:355;fu40:490
S 420 NH/NLH EN 10210-1 fy40:420;fu40:540
S 460 NH/NLH EN 10210-1 fy40:460;fu40:560
S 460 NH/NLH EN 10210-1 fy40:460;fu40:560
S 460 NH/NLH EN 10210-1 fy40:460;fu40:560
S 460 NH/NLH EN 10210-1 fy40:460;fu40:560

220GD+ZA EN 10214 fy40:220;fu40:300
250GD+ZA EN 10214 fy40:250;fu40:330
280GD+ZA EN 10214 fy40:280;fu40:360
320GD+ZA EN 10214 fy40:320;fu40:390
350GD+ZA EN 10214 fy40:350;fu40:420

The steel grades for cold formed steel C Z and U sections are included.
6.1.3 Partial safety factors for actions

The partial safety yG, yG.sup (permanent loads unfavourable), yG.inf (permanent loads
unfavourable), yQ (variable loads), and coefficients wo, w1, w2 for combining actions, are set
according to the national Annex selected. They can be changed from the menu Parameters/Design
parameters/Action coefficients. And Parameters/Design parameters/Load combination factors.
Common values yG=1.35, yG.inf:=1.00, yQ:=1.50, wo:=0.70.

6.1.4 Partial factors for materials
The material partial factors yM0 yM1, yM2, are set according to the national Annex selected. They
can be changed from the menu Parameters/Design parameters/Material factors

6.1.5 Actions

In some cases (as the cases of evaluating the resistance of cross-section) you specify the design
value for actions Ned (axial force), Medy, Medz (bending moments), etc.. that is the result of
combining permanent and variable actions.

Ned = yG-Ng + yQ'Ng1 + yQ-wo'Ng2  (Eq.6.10)
Med = yG-Mq + yQ-Mqg1 + yQ-wo-Mq2

In most cases you specify the permanent and variable actions and the program evaluates the design
actions.

In cases of designing structural parts as floors, or roofs you specify the environmental loads
permanent and variable on the structure.
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Permanent loads on floors

Weight of floor finishing, the weight of the floor finishing (tiles etc.)

Weight of floor structure then weight of the floor structure If you select thin concrete slab (70mm)
or timber floor The floor beams are checked as unrestrained. For thicker concrete slab are checked
restrained, and for steel floor (steel plates etc) are checked later restrained at one middle point. The
lateral restraining selection can be altered afterwards

Variable loads on floors Flors 200 KN, v
Floors 2.00 kMim®
Stai 3.50 kMin?
You can select from the table of EN1991-1-1 6.3). vk 200 ke
Category B (office areas) 2.00 kMim*
1 -&reas with Tables 3.00 kMim?
Permanent loads on roofs C2 -Areas with Fixed seats 5.00 kM

03 -Areaz without obstacles for  5.00 kNm?®
Cd _Areas with possible physical  5.00 kkin®

o Load of roof covering [kN/m?] It includes the weight of the sheeting, C5 -Areas susceptible to large ©  7.50 ki
H H : : [ -Areas in general retail shop 5.00 kRAn®

purlins and insulation materials. D2 -roas in departmert stores 500 ke

e Load of ceiling under the roof [kN/m?] £l Siorade aress 720 khime

o self weight of frame elements, calculated by the program from & i e oo 200 ke

the element cross sections with Unit mass p= 7850 Kg/m3

Concrete floor 100mm 250 kN/im® e
Variable loads on roofs Concrete floor 70mm 175 kNIm®
Concrete floor 100mm_ 2.50 kN/m®
A Concrete floer 150mm__3.75 kN/m?
e Imposed load according to EN1990-1-1 Tab 6.1, calculated by |cencrete fioor 200mm  5.00 kN/m?
H H Concrete floor 250mm  §.25 kN/m®
the program according to the selected National Annex el
Timber floor 0.30 kN/m*

e Snow load according to Eurocode 1-3:2004 lesTioon il

The characteristic snow load on the ground SK IS oo i on e g seecr ensssnr 200 56 ammenc y
specified in kKN/m2. _ e e

Srw zone Attt sbarve ves level
2000 m

Click f"\'f, and a special dialog window appear. In
this window you set the snow zone and the (o
height above the sea level. The characteristic 3
snow load on the ground is computed according

to Eurocode 1-3:2004, and the National Annex. . ) ¢ \
The snow region can be selected from P { ) _ on
Parameters/snow load on the ground. The snow ; LR a[1600 |3
load on the roof is computed according to 2 S e an v
Eurocode 1-3:2003. :

+

“B

n

e Wind load, according to Eurocode 1-4:2005

The wind pressure on vertical =]
Surface |S Spec|f|ed |n kN/mZ. 1= B VO o6 30035825000 1,807 ki T

e

Click ™Y and in this window e
you compute the wind pressure ' 1 71 7 7177
from the wind velocity and the - " fi— // /ﬁ

topography of the region 3 A 7T F1 771
according to Eurocode 1- : i /// ;
4:2005. ¥ y
The wind load is computed for
various places at the roof and : _ : e
the vertical walls according to g :
Eurocode 1-4:2005 §7.2.5 and '

Tab 7.4a and Tab. 7.1.

The wind region, which specifies the wind velocity, is selected from Parameters/Basic wind velocity.

Wind internal pressure wi in kN/m2. This is internal pressure and it acts from inside outwards on the
walls and roof. It is subtracted directly (without further multiplication by pressure coefficients) from

any uplift wind pressure on the outside surfaces.
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Seismic load Eurocode 8-1:2004

The program performs a verification of the S e ——— a
structure under seismic loading, using both Lateral T fns ﬂ-:-;’,;:, | s _T“?:;‘i::" o
force method, and Modal supe:position spectrum PP . ot :Ifrpiun-r'r;r’s
=0 £ i e acerdesson [ECH3223) ealeg= 045 |2 |2 —[harizontal]
ana|ySIS gRl“’g I:I 1EI:I ﬂ W n=[im | —— |vtical]
Basic value used in the seismic de5|gn is the ratio Stk e FI522) s=h 3 ||,
Soal Lo [vertcnl) =100
of horizontal seismic acceleration. Click 7”“ and a e TER
Bekura factor [vemical] = 150 -
special dialog window appears where you may in et v g 1122 Tl B -
detail specify all the necessary seismic parameters st bRy (ER 2| G o
(soil factors, spectra periods, behaviour factors, e W00 E i :
etc..) for the design spectrum, according to B e v
- ol = The 005 | | 005 sec
Eur‘OCOde 8'1:2004. Fh=agm s R §ig, Fr =hglgiag 1 Py A 5 fgy | ?gr: ‘o(\I':: -
E:':':: .mﬂ;gﬁﬁhm Wr= 030 |4 | Impotartclasses [ECU T4
; 11 vy basking: -
Sncer load combration factor [EC0 T.41.7) o= 0 -
Fieset o 0e | | X Coresl T Mo
6.2 Eurocode 3, Tables and charts _
From the menu you can see various helpful charts and tables m Flexural Buckling, EN1993-1-1, § 6.3 v

of Eurocode 3.

Flexural buckling
Lateral torsional buckling

g Lateral torsional buckling, EN1993-1-1,§6.2.2

1 Effective length of columns 4

Effective length of columns in braced and unbraced frames.

fredbmm yy: 8, 15 b
trdbmm b 3T

A b1

b b 2.2

o o e \ - W2 o toem yy: 2 d

Eredtavtion tasar
L

== e

x|
-laz,-02)

=]
1508
1an
1500
om 1380 [
[—— " 138 e
— ose 1ag I
e i 1. w1 r™
b 1568
e 12 1
1568
— - ™ 1o0e
o 1 1oeo
o — - 10 250 =
— o8 4m 9%
o - 18 2o 1508
= 2604 s

— - 15 am |
—] s ™ e
- 18 1h3 [
— s st e
— - 10 120 Ban

—
e = 107 o B3
B 15 100 aa s
~ - o8 ] 2z o5
[C—] 130 180 131 aa
e 150 e P
e " T 138 o
= bs s i | oud

o
] ]
fivvrinsrimiig

L
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6.3 Design tables for Structural Steel Sections,
Eurocode 3, EN1993-1-1:2005 § 5.5

N

Tables with steel sections, with their ﬁ Steel Section Properties v |

dimensions, properties, classification, &t

resistance and buckling resistance o @ Stenderd sections

ValueS aCCOFding tO EurOCOde 3 ﬁ Classification and Resistance of cross-sections (report) Q Mon standard sections
1-2-5-4

Three (3) groups of sections are included in iﬁ L s e

the program.

e Standard sections. All international section profiles.

e Non standard sections. Sections with dimensions given by the user.
e Welded sections. Welded sections made from rectangular steel
plates, with dimensions given by the user.

® % b

N\

6.3.1 Tables with dimensions and properties of standard steel sections

From the left tree you select the section type e.g. IPE, HE etc. On the right the table shows all the
standard sections for this group and their dimensions and properties. Moving up and down the table
on the right the section drawing is shown in scale (you can grab and move the section drawing
around the window and you can make it small or bigger with the arrows).

Click Q_}@‘ ?** | or double click on a section and you obtain analytical report for the classification,
resistance values and buckling resistance of the selected section.

| steel Section Properties O X
=5 Steclisections] = ‘ h | b | w ‘ if ‘ ' | A ‘ G ‘ Iy | Wy ‘ wply | [ ‘ vz | Iz ‘ Wz | wiplz ‘ [ ‘ By | It ‘ it |
=1 [ [ [ o [ [ | o [ Kam | ont | et | o | e | ot [t | ot | o | om | o [ oo | vt |
: % ‘:EE I i 80 42 39 59 33 757 594 7780 1850 2270 321 330 629 300 546 0812 4% 07 1000
- HD I no 100 50 45 BB 45 1060 B34 1710 3420 3970 402 472 1220 488 834 107 6BD 147 3076
: % m I na 120 S| 51 77 51 1420 111 320 5470 B350 491 645 2150 741 1363 123 893 249 784
G-I W (ASTM} I nao 140 B6 | 57 BE 657 1820 143 5730 €180 9520 561 832 3520 1070 1873 133 1135 3% 1779
¢ :% ﬂ;i‘fﬂa I neo 160 74 83 95 63 2280 179 930 1170 1360 640 1054 5470 1480 2741 155 1408 B0l 3633
@I | GOST I nso 180 82| B9 104 B9 2780 218 1450 1610 1870 721 1300 8130 1980 386 171 1706 876 BE73
: E tl I 1200 200 90| 75 113 75 3340 262 2140 2140 2490 800 1560 1170 2600 4826 187 2034 123 1222
:E t:t e T 1220 220 98| 81 122 81 3350 311 3060 2720 3230 880 1855 1620 3310 B1.79 203 2331 1657 20859
i@ hot olled \ I 240 106 87 131 B7 4610 362 4250 3540 4110 960 2175 2210 4170 7764 213 2777 2276 33463 |
¢ %l Zj: ;Z:EZ: I 1260 260 | 113 94 181 94 5330 419 5740 420 5130 1038 2541 2880 5100 9514 232 &7 WE2 5125
-0 D=10.2- 3.7 o I 1250 280 119|100 152 101 6100 473 7530 5420 6310 1115 2943 b——106 —— “¥
: g B g: gg::: I 1300 00 125|108 162 108 BI00 542 96800 6530 7610 1192 375 =] T
- D=101 61530 mm I 1320 220 13 | 116 173 115 7770 B10 12510 7820 9130 1283 3834 If*e
: g B:;?g 13132;2 m v|[[| T 140 340 137 | 122 183 122 8670 690 15700 9230 1078 1346 4326 |
b I 1380 360 143 130 185 130 5700 7B1 19610 1090 1274 142z 4ss3 (1240 fire?
z I 1380 380 149 | 137 205 137 10RO 840 24000 1260 1480 1438 5434 |
trT ;:' I 1s00 400 | 155 | 144 216 144 1180 924 29210 1480 1712 1573 BO37 — =~ g
r I 1425 425 163 | 153 230 153 1320 1040 36970 1740 2041 1674 6758 |
tw I 1850 250 170 | 162 243 162 1470 1150 45850 2040 233 1766 7613 |
v ¢ |h I 17 475 178 | 174 256 171 1630 1280 55480 2380 2795 1851 8500 | ]
I 1500 500 185 | 180 270 180 1730 1410 E8740 2750 3235 1960 9368 :l:l_ ]
I 1550 550 | 200 | 190 300 190 2120 1660 93180 3610 4229 2163 10491 N - ]
:(:I I 1500 B0 215 | 21.6 324 216 2540 1930 133000 4630 5465 2339 1357 T e —.0
show steel section diawing Qi“ 398 ] Close
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6.3.2 Classification and resistance of standard steel sections

Classification of cross section according to EN1993-1-1:2005 §5.5.
Resistance values of cross section according to EN1993-1-1:2005 §6.2.
Buckling resistance and lateral buckling resistance according to EN1993-1-1:2005 §6.3

From the tree on the left you select the section with its designation. On the right, a drawing of the
section profile is displayed together with the section dimensions and properties.

On the right window are also displayed:

Classification (1,2,3,4) according to EN1993-1-1:2005 §5.5 for axial loading and loading with
bending moments.

Resistances of the section in compression, bending in y-y and z-z axis, and shear according to
EN1993-1-1:2005 §6.2

¢ Buckling resistance for various buckling lengths (Lc) according to EN1993-1-1:2005 §6.3.1

o Lateral torsional buckling resistance for various lateral buckling lengths (L) according to
EN1993-1-1:2005 §6.3.2

| Steel section with properties defined by the user, Classification and Resistance, (EN1933-1-1:2005 §5.6, 56.2) O X
E-I | @ Cross-section HP 320x103-5 450 ~
@I IPE 36—« Dimensions of cress section
-z I HEA Depth of cross section h= 307.00 mm
“‘“15 HE Width of cross section b= 306.00 mm
=-I HF Web depth hw= 293.00 mm
- HP 220:57.2 Depth of straight portion of web dw= 225.00 mm
T HP 260475 Web thickness Tw= 14.00 mm
-dL HP 260x87.3 Flange thickness tf= 14.00 mm
--JC HP 305:88 Radius of root fillet r= 27.00 mm
--JC HP 305195 Masa = 102.80 Kg/m
T HP 306110 Properties of cross section
-dC HP 305126 Area A= 13100 mm*
--IC HP 3054149 Second moment of area iy— 2 ”;i:;g? mm":
I HP 306180 = 8T 7
. o o :
T HP 3054156 - Section modulus :3_ 4:3;5232 K!
I HP 3054223 Ptie cotion et e s saaDhac s Y
Cross-section HP 320x103-5 450 ~
T HF 3204117 Classification and Resistance of cross section (EN1993-1-1:2005 $5.6, $6.2)
T HP 3206147 Steel Class Tension Compression Moment resistance Shear resistance
T HP 3204134 Nx Myy Mzz  NtRA[kN] NcRA[kN] McRdy[kNm] McRdz [kNm] VcRdz [kN] VcRdy [kN]
I HP 3504843 5 235 1 1 1 3079 3079 379 159 744 1162
I HE 38;10‘9 5 275 2 2 2 3603 3603 443 186 871 1360
" 5 355 3 3 3 4651 4651 510 156 1124 1756
~d HP 3604133 s 450 3 3 3 5764 5764 632 193 1393 2177
- HF 360152 (¥MO= 1.00, yMl= 1.00, yM2= 1.00}
% HP 360x174 Buckling resistance, Buckling length Lc[m], (EC3 §6.2)
HF 3604180 2 5 3 q
Lc[m] 1.0 15 2.0 2.5 3.0 3.5 4.0 5.0 6.0 7.0 8.0 9.0 10.0
% HP 400x122 S 235 Nbrdy 3079 3079 3079 3072 3029 2983 2937 2838 2731 2614 2484 2343 2189
--dL HP 400x140 Nbrdz 3079 3042 2925 2808 2684 2558 2426 2146 1859 1589 1348 1145 979
I HF 400x158 5 275 Nbrdy 3603 3603 3603 3574 3516 3458 3267 3127 2968 2796 2605 2399
I HF 400x176 Wbrdz 3603 3523 3376 3224 3066 2900 236 2007 1682 1409 1185 1005
-JL HP 4004194 5 355 Nbrdy 4651 4651 4646 4562 4478 4390 409 3874 3623 3339 3037 2739
T HP 400:213 Nbrdz 4651 4469 4251 4027 3786 3534 2246 1832 1507 1251 1051
T HP 4004231 3 450 Nbrdy 5764 5764 5712 5537 5476 5349 4600 4219 3810 3335 3003
w-T 1PN Nbrdz 5752 5453 5147 4824 4484 4127 2432 1954 1591 1308 1095
5 C UB Nbyrd: buckling resistance about y-y axis, Nbzrd: buckling resistance about z-z axis
5-I, L equal angles Lateral torsional buckling resistance, Buckling length Llt[m], (EC3 £6.3)
+__L L unequal angles Llt[m] 1.0 1.5 2.0 2.5 3.0 3.5 4.0 5.0 6.0 7.0 8.0 5.0 10.0 12.0
T @ Square hollow 5 235 Mbrdl 379 379 373 368 363 357 352 340 328 315 301 287 273 248
O Fect Jar holl Mbrd2 379 378 369 363 357 351 344 331 317 303 289 275 262 237 %
-1 Rectangular hollow ¥ | |2 578 wwAt Az a1 a3 ane  as1 ara ane  sen 273 aca  2:c  w1& a1 aEy

Preview | ZyPint | [i| Cose | 2 Hel

Symbols

- NtRd [kN]: Tension resistance EN1993-1-1:2005 §6.2.3

NcRd [kN]: Compression resistance EN1993-1-1:2005 §6.2.4

Mcrdy [kNm]: Bending resistance about the strong y-y axis EN1993-1-1:2005 §6.2.5

Mcrdz [kNm]: Bending resistance about the weak z-z axis EN1993-1-1:2005 §6.2.5

G R gl g0 o

Vcrdz [kN]: Shear resistance in the axis z-z parallel to web EN1993-1-1 §6.2.6

Verdy [kN]: Shear resistance in the axis y-y axis parallel to flanges EN1993-1-1:2005 §6.2.6
Nbrdy [kN]: Buckling resistance in compression about the strong y-y or weak z-z axis, for
Nbrdz [kN]: various buckling lengths Lc (1.00,1.50...15 m) EN1993-1-1:2005 §6.3.1
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Mbrd1 [kNm]:
Mbrd2 [kNm]:

Mbrd1:
diagram along the beam
Mbrd2:

the beam
h [mm]: Depth of cross section
b [mm]: Width of cross section
hw [mm]: Web depth
dw[mm]:  Depth of straight portion of web
tw [mm]: Web thickness
tf [mm]: Flange thickness
r [mm]: Radius of root fillet
G [Kg/m]: Mass
A [cmZA]: Area
ly [em™]: Moment of area about axis y-y
Iz [cm4]: Second moment of area about axis z-z
Wy [cm?3]: Section modulus about axis y-y
Wz [em?]: Section modulus about axis z-z
Wpy [cm]:  Plastic section modulus about axis y-y
Wpz [cm?®]:  Plastic section modulus about axis z-z
iy [cm]: Radius of gyration about y-y axis
iz [cm]: Radius of gyration about z-z axis
Avz [cm?:  Shear area parallel to web
Avy [cm?]:  Shear area parallel to flanges
It [cm‘l: Torsional constant
Iw [em™]: Warping constant

6.3.3 Tables of non standard steel sections

Lateral torsional buckling resistance for various lengths between constrains LIt
(1.00,1.50 ....15 m) EN1993-1-1:2005 §6.3.2
Lateral torsional buckling resistance for constant (uniform) bending moment

Lateral torsional buckling resistance for parabolic bending moment diagram along

Tables with steel sections organized as the standard sections, but the user can change the basic
dimensions. Changes are activated with the [Edit]. As you change the dimensions the new geometric and
strength properties are evaluated. These sections can be used as standard sections.

6.3.4 Tables of user defined welded steel sections
Click [Edit] and you enter the window where you can enter the basic dimensions of a welded steel
section. The strength properties of the section are listed at the same time.

For adding new section or deleting existing click ‘t'

B AHMMHHHHHEA " §

oM

= . Click [Stop edit] to stop editing.
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Classification and resistance of steel sections (detailed report):

Select section group (standard, non standard, welded) _ _
From the tree on the left select the section. ﬁ Steel Section Properties

Select the combination of actions on the cross-section. If it is &t Classification and Resistance of cross-sections (tables) »

3

combination with axial force and bending moments specify LIS
the actions. &t Classification and Resistance of cross-sections (report)
1-2-3-4

You obtain a detailed report of the section classification according to EN1993-1-1:2005 §5.5.
You can adjust also the steel grade and the partial safety factors.

®- IPE ~

Cross-section Class 1 i Name of design objesct SECTION-001
= HE A [IPB1) Evronorm 53-62 Stuctural steel rade (EN193311 §3.2) 5 275 fy=27EN/mn? fu=430N/mE
HE 1004
HE 1204 Panlial safety factors for actions w135 ][4 vo-[mia]  wso)fa]
HE 1404
HE 160 4 Fartial factors for materials Hac=| 1.00 {:i Haf®| 1.00 {:i Voa®| 1.25 {:i
:E lﬁgi 5 Section actions
HE 2204 = Fent
HE 240 & Mt Tension
@ Ne Compression
Nc.ed= |Mw Bending @
Mzz Bending
HE 3004 Mz, ed= [MiMzz Brasid bending
HE 3204 [ Bending
e vy Temmom iy
HE 3604 ekl ME 2604 T Standard sectors == (1)
HE 400 & Standard 7
HE 4504 I qln are 18 =
lled I, H and channel sect
FIE 500 £, Cross-section HE 260 A I Pols =na shannel sestons
HE 550 4 Dimensions of cross sed O 574 and rectangular holow sections
HE BO0 & Depth of cross secrion |G Cieular hollow sections
HE 650 4 Width of cross section Hon standard sections
HE 7004 Web depth i i
Wl ey wielded (fabricated) sections
HE 9004 Web thickness tw=  7.50 uw
HE1000 A& Flange thickness tf=  12.50 um
= HE A4 Radius of root fillet r= 2400 wn
#-HE B (IPB] Euronom 5362 Hass = 68.20 Kg/n
#- HE M [IPBv] Euronom 53-62 Properties of cross section
- HE Euronomm 5362 Area A= 8682 um*
2 + HL Second moment of area  Iy= l.045E008 mm*4
% HD @l e e v
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6.4 Resistance of cross-sections (Eurocode 3, EN1993-1-1:2005 § 6.2)

Design of cross-section in Ultimate limit state, for various combinations of actions

Design load combinations

e Single actions
Tension Nt
Compression Nc
Bending Myy
Bending Mzz

Shear Vz
Shear Vy

e Double actions
Bending and compression Nc-Myy
Bending and compression Nc-Mzz
Biaxial bending Myy-Mzz
Compression and shear Nc-Vz
Compression and shear Nc-Vy

e Combined actions
Compression, bending and shear Nc-Vz-My
Tension, bending and shear Nt-Vz-My
Bending and compression Nc-Myy-Mzz
Bending and tension Nt-Myy-Mzz
Axial force shear and bending N-V-M

Select section group (standard, non

standard, welded)

From the tree on the left select the section.
Specify the design actions on the cross-section.

Double action

E—_—

5 Single sction

Combined action
Buckling resistance-Compression

Buckling resistance-Bending

-
45 Double action 3
4
]
% Buckling resistance-Bending

B

Buckling resistance-Compression » Z:‘r/
4
B
B

Combined action
Buckling resistance-Compression » 77

Buckling resistance-Bending 3 Tj

I‘; Tension Nt, EN1993-1-1,§6.2.3
dF
"B

Compression Nc, EN1993-1-1, §6.2.4
Bending Myy, EN1993-1-1,§6.2.5
Bending Mzz, EN1993-1-1,§6.2.5
ShearVz, EN1993-1-1,§6.2.6

=

ShearVy, EN1993-1-1,§6.2.6

Bending and compression Nc-My, EN1993-1-1,§6.2.9
» Bending and compression Ne-Mz, EN1993-1-1,56.2.9
4 Bending and tension Nt-My, EN1993-1-1, §6.2.9
13 Bending and tension Nt-Mz, EN1993-1-1,§6.2.9
Bi-axial bending My-Mz, EN1993-1-1,§6.2.9
Compression and shear Ne-Vz, EN1993-1-1,§6.2.10
Compression and shear Ne-Vy, EN1993-1-1, §6.2.10
Bending and shear Vz-My, EN1993-1-1,§6.2.8

Bending and shear Vy-Mz, EN1993-1-1,§6.2.8

kR Rh b R R R W

Compression, bending and shear Nc-Vz-My, EN1393-1-1,56.2.10
Tension, bending and shear Mt-Vz-My, EN1993-1-1, §6.2.10
Bending and compression Ne-My-Mz, EN1993-1-1,§6.2.10
Bending and tension Nt-My-Mz, EN1993-1-1,§6.2.10

Axial force shear and bending N-V-M, EN1993-1-1,56.2.10

Detail report is obtained for the design of the selected cross-section under the specified loading. If
the cross-section is not appropriate to resist the loading, error messages are displayed.

# Design 0K = IFE A Mame of design object STRENGTH-OM
= IPE Ewronom 1357
IPE 80 Structural steel grade [EN1993-1-1 §3.2) § 275 Ty=278N/nf fu=430N/mn v
IPE 100
IPE 120 Fatial safety factors for actions vo=[135 (5] vo=[150 i)  w=[oa]i]
IFE 140 = = =
L Partial factors for materials Yo 100 ] e 100 3] et 125 12
PETB0 {Z) Loading
IFE 200 . .
o Noed=[1000 |2l Myed=[¢d00  |2hun (3)
IPE 240
IPE 270
Selected
IPE 200 e IPE 180 T Standard sections PO
IFE 330 :
IFE 380 a8
IFE 400 Cross—section TPE 180-S 215 T Rolled I, H and charmel sections
IPE 450 Dirensions of cross section [ Siqusrs: snd rectangulsr hollow ssctions
IPE 500 Depth of cross section b € Cireular hollow sections
(53 =1 Width of cross section b T Non standard sections
IFE 800 (= @i B e\ ieded [fabricated] sections
- IFEA Depth of straight portion of web  AW-"" iou.ve s
@ IFE O Teb thickness tu= 5.30 mn
w-IPEY Flange thickness tf= 8.00 mm
#- IPE 750 Radius of root filler r= 9.00 mm
# HE HMasz = 18.80 Kg/m
# HD Properties of cross section
4 HP Area A= 2305 um?
# 1PN Second moment of area  Iy= 1.317E007 um*4
=W RS TM} Iz= 1.009E006 mn’a
® LB, UC B3] Section modulus Eyi l:zfgg mm’
& ISMB, SC, HB == T
T T U Plastic section modulus Wpy= 166400 um?®
2 L pz= 34600 um3
@ Badins nf _ceration s 74 _mm &
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6.5 Buckling resistance of members (Eurocode 3, EN1993-1-1:2005 § 6.3)

6.5.1 Uniform members in compression EN1993-1-1:2005 § 6.3.1

Columns with axial load only -
7 single action 3
Select section group £ voutieacion ,
From the tree on the left select the section.
Specify the design actions. Axial load Nc,ed [kN]. % combned zcen g
Specify the member length L in meters, and the A | B e s 00
buckling lengths in y-y and z-z direction. The # sucking esstance-gencing > ] Buckiing resistance o members in compresion Ne- V-, EN1983-1-1,5 6.3

buckling lengths are specified by the ratios to
the member length. The ratios may be selected from the standard buckling lengths by click at (3 or

from the buckling lengths of frame columns by clicking at Tyry for braced or unbraced frames
according to Eurocode 3.

o Clotian OF L ; -

Y= 15

Pameal factoes ki menanials M 100 b el 110 o

Mo.ed= 10000 [fads (3
o Le=[5000 2]

Lery= 100 [f2lx
Lera=| 100 || 2] 500

SN PE 0 450 @ T Sranard sactia e LT

Salocted

o 450-% 35§

6.5.2 Uniform members in bending EN1993-1-1:2005 § 6.3.2

Beams with vertical load only Z -

¥ singleaction »
4 Double action 3

$ Combined action 3

Select section group

From the tree on the left select the section.

Specify the beam loading as a combination of uniform i
[kN/m] and concentrated [kN] loads. For concentrated loads Jl  Bucking resistance Compression

specify the distance x [m] from left support. The loads are '/ & Torsonabucking Wy, EN1SE31-1,5632
for permanent and live loading conditions. & Lateattorsionsl bucking Ne-ty, EN1953-1-1,5 632
Specify the end support conditions of the beam (simply

supported, fixed at one end or fixed at both ends).

Specify the member length L in meters, and the lateral buckling length Lc [m]. The lateral buckling

length is the distance of lateral supports.

o Diasign 0K E * | Neme cf design object

HE
FJI&:EABIJ% = ME A PE1T) Eurnnoes £3-62 Sruckueal stoel grace [EN19931-1 533

Lstorel bencing lesgLe Le=| 3000 |
Londng e gis 160 knm

0 el
0

q
o

0 N o 950
Him  a;
q

bditiym  qie 000 (eSlkhym

Pkim gt 000 Hknim

L]
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6.5.3
EN1993-1-1:2005 § 6.3.3

Columns with axial compression and end moments

1.Select section group
2.From the tree on the left select the section.

Uniform members in bending and axial compression,

3.Specify the column axial load Ng [kN] (permanent) and Nqg [kN] (live).

4.Specify the column end moments at top point A and bottom point B. Moments Myy [kNm] for the
bending around the main axis and Mzz [KNm] for bending around the secondary axis. Moments
MyyAg, MzzAg, MyyBg, MzzBg for permanent loading and MyyAq, MzzAq, MyyBq, MzzBq for live

loading.
5.Specify the member length L in meters,

6.Specify the buckling lengths in y-y and z-z direction. The buckling lengths are specified by the
ratios to the member length. This ratios may be selected from the standard buckling lengths by

click at {$ or from the buckling lengths of frame columns by clicking at | for braced or

unbraced frames according to Eurocode 3.

Mazdge 00

MyBage 12
MzrBag= 0.0

o Diosign OF A Mami of design obpect L
Svecenl stoel grede (ENT9531-1 §12)
Purtisl ealoty I8ciors foe schons
Parial factors for motarios
” Loading Hg=| 2000 1=
¥ Mot
{17 II Mhyhge 4500
| Mzzhge 000 Leditim
| )
[ y
L MyyBge 7500 =diim
MezBge 000 e inim
Cakern height L=7 2lm [O][r7 @
Buking langth Ley= 150 |2]se/700 [ (1]
Bucking longth -2 Lore=| 050 |2 7.00 m| (%
Skt

owd
secion  J2MaI BB

I Srndord secions

275

k=  320.00 ws
B= 100,00 ma
Bam 302,40 mm

eb  dws 253,60 mm

Beams with vertical load and axial compression

Select section group
From the tree on the left select the section.

e 8,80 mn
= 0,00 n
= 17.40 mm -

1

2

3. Specify the axial load of the beam Ng[kN] permanent, Nq[kN] live load.

4. Specify the beam loading as a combination of uniform [kN/m] and concentrated [kN] loads. For
concentrated loads specify the distance x [m] from left support. The loads are for permanent

and live loading conditions.

5. Specify the end support conditions of the beam.

6. Specify the member length L in meters, and the lateral buckling length Lc [m]. The lateral
buckling length is the distance of lateral supports.

o Dessgn OF, "f‘“‘__ [ A | Mor ol design cbiect BEAW-0Z
sl e — N I A

Poarial frctors for meteriels T 100 L2 g 100 B e[ 195 1
Suppod comdfcng Ol () T ¥ " [5“)
Span kength L= 000 :ﬁ... =3
—Le =1 ()
Loterl bracig lengthLe. Lg=| 4000 [ ——L——
Campressian Ng=[ w000 (4 Nq= 25000 [4in @
Londng EOImEIID  gle 800 RESm o qie 200 (ke
= &1= 1000 :ﬁm a1- ann :i‘;m ¥1e 2000 Bm @
p—r— G2 1000 :ﬁw 2w 400 :gw x2=| 6000 5,,
e 000 [N q2e 000 e
m— g 000 [EHrm g 000 [SHinm
acortmme i 000 [(Sbm  qde 000 (i
T Ipn f::,ﬁ“ WPE A SO0 T Standard sectices - (\)
W (ASTM} r
& LB, LIRS
D ehB 86 1e Sove wootion TPE A unls 275
g Depth of B 497,00 mm
L wideh of b= Z0D.00 mm
- hol rolled Wek depeh P 46800 mm e
G hot roleel | s el
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6.6 Connections EN1993-1-8:2005

Design of various connections. For most types of connections there is

1. Connection design, Specify the connection loading and the program selects optimum connection
geometry and bolt arrangement to satisfy the design of the connection.

2. Connection capacity, you specify the connection geometry and the bolt arrangement, and the
capacity of the connection is evaluated

6.6.1 Connection types
Tension connections (design and capacity)

e double shear joint

Beam to beam connections (design and capacity)
e Beam-on-beam connection with web cleats

M24 5.1

Beam to column connections
e Beam on column connection with end plates

Simple column base connection

The connection has a base plate connected to the column by
fillet welds. Holding down anchoring bolts are designed. The
bolts are anchored in the concrete foundation with hooks or washer plates. If the connection is
simple connection then the connection is not designed to carry bending moment. (pin connection).
In the case of pin connection the bolts are located in the middle of the column. If the connection is
designed to carry bending moment (fixed connection), the bolts are located outside and close to the
peripheral of the column.
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6.6.2 Connection data

Connection loading

Design forces and moments on the connected members as the drawing shows.
Connection bolts EN1993-1-8 §3.1

Diameter of bolts in mm M (from 8 to 30 mm)
Grade of bolts. (From 4.6 to 10.9) according to EN1993-1-8 Tab3.1.
Regular or preloaded bolts (only for bolts of grades 8.8 and 10.9) EN1993-1-8 §3.1.2. In case of
preloaded bolts give the values of Ks, p ,yM3 according to EN1993-1-8 §3.9.1
e Shear plane through the treated part or not. EN1993-1-8 Tab 3.4.

Boltz [EN1993-1-8 §3.1) () Reqgular bolts

Boltz, diameter, strength grade M 22 v | Grade/109  w (*) Preloaded bolts
through the through the .

Shear plane of bolt (EN1993-1-8 §3.5) threated iit O untheated ﬁ ® Loading Ne.ed=| 400.00 3 kn
portian portian

Slip-resistance connection ks= 1.00 E{ p=| 0.50 E{ Y| 1.25 E:i

Connection plates
Dimensions of the connection plates are given in mm.

Connected plates = =
Plate-1, width b and thickness t bl= 240 [{&{mm 1= 10 [[2{mm

Plate-2, width b and thickness t b2=| 240 E{ mm o 2= 8 E{ mm

Joint geometry

In case of evaluating the capacity of a joint, the number and positioning of the bolts has to be
chosen. The basic distances between the bolts have to be specified.

In the case of designing a connection for a given load, the program selects the optimum geometry
and the necessary number of bolts.

The distances from the edges and between the bolts are according to EN1993-1-8 Tab 3.3 and Fig.
3.1

[0 =[O 40 =IO

Joint type EEO EEO E[O EC‘
Edge distances of balts el=en=| 5O Eimm e2=ey=| B0 Eirnrn
Spacing of bolts pl=px= 113 E{mm p2=py=| 140 E{mm
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6.7 Design of Steel Beams

-

% Beams, EN1993-1-1,56.3 *

Beams in Uniform load

e Beams of One span, = R Beomof onespan
e Two spans or one span <ZF Design of Floor Beams ¥ ||
° Beam Wlth one span and Cantllever' ? Design of Roof Beams L4 “&” Beam of one span with cantilever
Beam loads Beam loads
Uniformly distributed permanent and variable load ~ Pemanenticad Enien1g52)  k1-[700 [ S um - gia-| 700 [ toum
in Kn/m. The program adds the beam self weight. Varoblelood EN199111 §63)  cki=[ 800 [Tl cko<| 800 |/ um
Beam spans L1= = L2= =1
Conditions of lateral restraining qklﬂ'rrrrrrrrrrrrm—m—l—l—l—l—l—l—l—lqkz
Laterally Laterally Lat. restr. at  Lat. restr. at MO OO
unrestrained  restrained Ls2 L/3 gkl g2
Te"To o 1o | |
‘.& L1 ‘Q‘ L2 |

Beam span and lateral restrains

Beam span L in Meters

Conditions of lateral restrains, laterally unrestrained, laterally totally restrained, and laterally
restrained in middle span or at one third span.

6.8 Design of Steel Columns

e Columns in axial load
e Columns in Axial load and simple bending
e Columns in Axial load and double bending

Columns, EN1993-1-1,56.3 4

B w— |

ﬁ" Column under Axial load
e
Design of calumns n simple constructions *| [§]  Column under Avil load and Bending

H Effective length of columns o ﬁ Column under Asial load and Double Bending

r

Loading

Loading

Permanent load (EN1391-1-1 §5.2)  Mg=[ 625.00 | -5 kN Myg=| 40.00 |3 kNm  Mzg=| 20.00 |5 kNm
Yariable load [EN1991-111 §5.3]  Ng=| 36000 -3 kN Muyg=| 2000 |3 kNm  peg= 1000 |3 kNm

Axial load in (kN) and bending moments in (kNm) in the two bending directions. Y-y is the main
bending direction, z-z is the secondary bending direction. Permanent and variable load.

Column height and buckling lengths

Column height =|3400 |&m U EC3(86.3.2.2) EC3(36.3.3]

, = x| (OEC3EqREE O Method
Buckling lenath y-y Lerp=| 20003 % 3400 800 m (S ] @ Mothod 2
Buckling length z-z Ler.z=] 1,00 ]y 3 400 3.40m /¢ § @EC3ELEST () Method 1 and 2
Buckling lengths, In-plane buckling Buckling lengths Out-of-plane bucklin

O ® O O O O ® O O O
¥ ¥ 1
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Column height and buckling lengths in the two bending directions, y-y and z-z n. The buckling lengths are specified
by the ratios to the column length. The ratios may be selected from the standard buckling lengths by click at |: % or

from the buckling lengths of frame columns by clicking at THFY for braced or unbraced frames according to
Eurocode 3.

Eurocode 3 options

You can select the lateral buckling curves of Eq 6.56 or Eq. 6.57.
You can select the method (1 or 2 or both) for computing the interaction factors Kyy,kyz,kzy and kzz.

6.9 Short theoretical overview of steel structures

6.9.1 Units

The units used in the program are SI (System International Metric) units. The unit of any input
value is marked next to the place you enter the data. The unit of every value in the report is also
marked.

Units used in the program:
length [m].and [mm]
forces [kN]

moments [kNm]

stresses [N/mm2] = [GPa]
concentrated loads [kN]
distributed loads [kN/m?2]
line loads [kN/m]

6.9.2 Coordinate system

R

6.9.3 Materials EN 1993-1-1:2005 § 3.2

The steel grades listed in Eurocode EN 1993-1-1 Table 3.1 and EN 1993-1-3 are included in the
program.

The steel properties (yield strength f, and ultimate strength f,) can be changed from
Parameters/Material.

Design values for: Modulus of elasticity E=210000 N/mm?2, Poisson ratio v=0.30, Unit mass p=
7850 Kg/m3

6.9.4 Steel grades included in the program

S 235 EN 10025-2 fy40:235;fu40:360
S 275 EN 10025-2 fy40:275;fu40:430
S 355 EN 10025-2 fy40:355;fu40:510
S 450 EN 10025-2 fy40:440;fu40:550
S 275 N/NL EN 10025-3 fy40:275;fu40:390
S 355 N/NL EN 10025-3 fy40:355;fu40:490
S 420 N/NL EN 10025-3 fy40:420;fu40:520
S 460 N/NL EN 10025-3 fy40:460;fu40:540
S 275 M/ML EN 10025-4 fy40:275;fu40:370
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S 355 M/ML EN 10025-4 fy40:355;fu40:470
S 420 M/ML EN 10025-4 fy40:420;fu40:520
S 460 M/ML' EN 10025-4 fy40:460;fu40:540
S235WwW EN 10025-5 fy40:235;fu40:360

S 355w EN 10025-5 fy40:355;fu40:510

S 460 Q/QL EN 10025-6 fy40:460;fu40:570
S 235H EN 10210-1 fy40:235;fu40:360

S 275 H EN 10210-1 fy40:275;fu40:430

S 355 H EN 10210-1 fy40:355;fu40:510

S 275 NH/NLH EN 10210-1 fy40:275;fu40:390
S 355 NH/NLH EN 10210-1 fy40:355;fu40:490
S 420 NH/NLH EN 10210-1 fy40:420;fu40:540
S 460 NH/NLH EN 10210-1 fy40:460;fu40:560
S 460 NH/NLH EN 10210-1 fy40:460;fu40:560
S 460 NH/NLH EN 10210-1 fy40:460;fu40:560
S 460 NH/NLH EN 10210-1 fy40:460;fu40:560

S 220GD+Z EN 10147 fy40:220;fu40:300
S 250GD+Z EN 10147 fy40:250;fu40:330
S 280GD+Z EN 10147 fy40:280;fu40:360
S 320GD+Z EN 10147 fy40:320;fu40:390
S 350GD+Z EN 10147 fy40:350;fu40:420
H240LA EN 10268 fy40:240;fu40:340
H280LA  EN 10268 fy40:280;fu40:370
H320LA EN 10268 fy40:320;fu40:400
H360LA EN 10268 fy40:360;fu40:430
H400LA  EN 10268 fy40:400;fu40:460
H260LAD EN 10292 fy40:240;fu40:340

H300LAD EN 10292 fy40:280;fu40:370

H340LAD EN 10292 fy40:320;fu40:400

H380LAD EN 10292 fy40:360;fu40:430

H420LAD EN 10292 fy40:400;fu40:460

220GD+ZA EN 10214 fy40:220;fu40:300
250GD+ZA EN 10214 fy40:250;fu40:330
280GD+ZA EN 10214 fy40:280;fu40:360
320GD+ZA EN 10214 fy40:320;fu40:390
350GD+ZA EN 10214 fy40:350;fu40:420

The steel grades for cold formed steel C Z and U sections are included.

6.9.5 Partial factors EN 1993-1-1:2005 § 6.1

The partial factors yy are applied to various characteristics resistance values. The partial factors are
defined in the program from the selected National Annex., and can be overwritten in
Parameters/National Annex parameters.

Usual values for steel structures

Ymo = 1.00
ym: = 1.00
ymz = 1.25

Usual values for concrete structures (EN1992-1-1 Tab. 2.1N)
Yc = 1.50 (concrete)
Ys = 1.15 (reinforcing steel)

6.9.6 Second order effects EN1993-1-1 §5.2.1

The material behaviour is considered linear elastic. The second order effects are geometrical (P-A
and P-9) effects. The practical consequence of (P-A)-effects is to reduce the stiffness of the frame,
with a result the increase of the deflections and the internal forces beyond the ones calculated from
first-order analysis.

The effects of the deformed geometry are quantified using the factor a.,, EN1993-1-1 §5.2.1

acr=Fcr/Fed EN1993-1-1 Eq. (5.1)
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Fed: is the design loading of the structure

Fcr : is the elastic critical buckling load for global instability mode based on initial elastic stiffness.
The frame is considered sufficiently stiff and second order effects may be ignored in a first order
analysis if ag; = 10

For portal frames with shallow slopes according to EN1993-1-1 §5.2.1 (4) a. can be estimated as

U = (hj[i EN1993-1-1 Eq (5.2)
VEd H,Ed

Hed : total design the total design horizontal load

Ved : total design vertical load

Oned : is the horizontal displacement at the top of the columns
h : is the column height

Axial force in the rafters may be assumed to be significant if

_ Af
A <0.5 Y EN1993-1-1 Eq (5.3)
Ed

According to EN1993-1-1 §5.2.2 (5), single story portal frames designed based on elastic analysis
the global analysis second order effects due to vertical load may be calculated by increasing the
horizontal loads Hed by equivalent loads ¢ Ved due to imperfections and other possible sway effects
according to the first order theory by an amplification factor

_
1-%
acr

If a.- < 3, second order analysis is necessary

provided that a. = 3 EN1993-1-1 Eq (5.4)

6.9.7 Imperfections EN1993-1-1 §5.3.1

Global initial sway imperfection: ¢ = Qg ¢ a, ® ¢
@o: Initial value =1/200
an: Reduction factor for column height = 2/vh (2/3 < a, < 1) (h: structure height)

®m: Reduction factor for number of columns in a row g, = 110.5‘1+%n)
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6.9 Steel section types included in the program
— T 3 IPE 80-500
I IPE Ewuranarm 1357 European |-beams I::"PEE(':J&FSDE;FEDDDD
T IFE & IPE ¥ 400-600
T IFED IEE 730
T IFEY
I IFE 750
e E ide flange b HE A 100000
uropean wide flange beams
IE HE A [IPB1] Euronom 53-52 HE B 1001000
IE HE &4 HEh 1001 000
I HE B [IPE] Euronom 53-62 HE 400-1000
I HE M [IPE%) Euronorm 5362
HL 10004100
IE HE Euronomm 5362
I HL
= HD . )
I HO-1 Beams with very wide flanges | HD 260x54 .1 — 4001056
T HD-2 ASTH AGAS G
= HF
I HF Wide flange columns HP 20057 2 — 400x231
= IFH Wide flange bearing piles IPM 80-550
I PN
= W (A5 T}
European standard beams Wy 3E0x 371 34
T w1 ASTH AB/S BM Wy 1100400499

@@@@@@@@@@@@@++++++|]='+++ﬁ+++H+++H+++H+H+H+ +|@|++++++|@|+++++I@Im

T -2 ASTH AESS BM
T w3 ASTH ABS B
UE, UC [BS)

T UB-1 BS 4 part 1-1993
T UE-2 BS 4 part 1-1993
I UC BS 4 part 1-1993
ISME, SC, HE

American wide flange beams

Eritizh universal beams

B 178x102x19
LB 31 4241 9355

T 1521 52023
LI 356406634

T I5ME Indian Standard
T I55C Indian Standard
T ISHE Indian Standard
- ] Britizh universal columns PN 30-65
T UPN LIPM 50-400
: European standard channels AR S0-300
C U&P MF A 45-255
C UPE UPE 50-400
= L )
L. L20x20+3. 8048048 Euronorm 56-77 SR el 22 | e
L, L100w10048 160160419 Evronom 56-77
L L120x180x16. 250x2560:28 Euronom 56-77 Equal angels L 30x20:3
L 2580x90:16
L L30420x3. 80x4048 Euronom 57-78
L L90¢R0%6.1320440:12 Eurcnomm 5778 Uregual sngels #@102x1 0
L L150x75%9.250%90=16 Euronorm 57-78 101 B 400
m EE':"”T; ?gc‘””‘; Circular hollow sections 205201 5
> sppfs Elodns 40040012 5
£ wuxpfs Elaans
£ A Square hollow sections cold 40x40e2 6
* gfﬁpnng_?;gr:m formed 4004005200
+ O=38.0- 2.5 mm Sguare hollowy sections hot 30201 5
¥ D= 70.0- 229 i rolled S00x3001 2.5
+ D=101.6-153.0 mim Rectangular hollow sections S0%30x2 6
+ D=1658.3-1932.7 mm cold formed 4002601 7.5
+ [0'=219.1-355.6 ram
+ D1 =406 4502 0 mm Rectangular hollow sections
T : hiot rolled
+ D=559.0-660.0 ranm
+ D=771.0-1016 mm
— 1
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6.9.9 Classification of cross sections EN 1993-1-1:2005 § 5.5

The design of steel elements can be done with elastic or plastic analysis depending on the class of
the cross section.

The design of sections of classes 1 and 2 is based on the plastic resistance, the design of cross-
sections of class 3 is based on elastic resistance, and the design of cross-sections of class 4 is based
on elastic resistance and effective cross section properties.

The classification of cross sections in 1, 2, 3 and 4 classes depends on the ratios of thickness to
width of the parts of the cross-section which are in compression according to tables 5.2 of EN 1993-
1-1:2005.

Table 5.2 EN 1993-1-1:2005 — Internal compression parts

Internal compression parts
I$ | —
_H‘TC _ _ IC _ ¢ _ ¢ _  Axis of
bending
t j; e el ﬁt
— _—— 1
t
L iI [ *I
- At [ *t —_ Axis of
c c Cc i
il - = L = - ‘ - bending
Class Part subj_ect to L ectto Part subject to bending and compression
bending compression
f f f
Stress — — =
dis_.'tribution + + + | lac
" In parts c c c
compression - _
positive) — —= \:
f)' f)’ f)’
when 00> 0,5: ¢/t < 129661
1 c/t=72e c/t=33e "
36e
when o £0.5: e/t£—
o
456¢
when o >05: ¢/t < B
2 c/t<83 c/t<38e 41‘2_
when 00 <0,5: ¢/t <228
o
1 f
Stress d _f d
distribution
in parts c + e C
(compression | |2
positive) I
f, v,
42e
when y>-1: ¢/t <——
3 c/t<124¢ c/t<42e 0.67+0.33y
when yw<—17: ¢/t <62e(1 —qj}-\,"r(—tp)
e— [235/F f, 235 275 355 420 460
L € 1,00 092 0,81 0,75 071
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Table 5.2 EN 1993-1-1:2005 — Outstanding flanges

Outstand flanges

— 5 |1

t t t t! e
———— 1
Rolled sections Welded sections
Class Part subject to compression e Part s.ubjec.t Snilendn e compression
Tip in compression T1ip in tension
Stress oc oc
distribution __ m +
in parts T e —
(comp_rgssion | ! 00 j ' N
positive) v c | ! c
9e 9e
1 c/t<9e e/t — c/ts —
o O/ Ol
10e 10e
2 c/t=<10e c/t€— clts—=
o O O
Stress
distribution __ i / _ 1+
in parts T e | 5 ﬁ;l o
(compression | ! |'—'| | i |..—..|C | i |..—..|C
positive) ' I I

e/t <2lefk

3 e/t<14e A
For kg see EN 1993-1-5
e=_[235/F f, 235 275 355 420 460
N £ 1,00 0,92 0,81 0,75 0,71
Table 5.2 EN 1993-1-1:2005 - Angles
Angles
—
t Does not apply to angles m
Refer also to “Outstand flanges™ b continuous contact with other
(see sheet 2 of 3) components
Class Section in compression
Stress
distribution f
across —
section
(compression L
positive)
b+h
3 h/t<15e: ——<11.5¢
2t
Tubular sections
t-
i‘r\ d
Class Section in bending and/or compression
1 d/t <508
2 d/t<70e’
3 d/t <90e?
NOTE For d/t > 90e’ see EN 1993-1-6.
] £, 235 275 355 420 460
e=,[235/f, e 1,00 092 0,381 0,75 0,71
g’ 1,00 0.85 0,66 0,56 0,51
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6.9.10 Ultimate limit states, EN 1993-1-1:2005 § 6.2
Tension EN 1993-1-1:2005 § 6.2.3

hgl

Nt,Rd

Design plastic resistance of the cross-section.
A-f,

NpI,Rd =
MO

Design ultimate resistance of net cross-section at holes for fasteners.

0.9A - f,
Nu,Rd = AH
M2

A area of cross-section

A, area of net cross-section (minus holes)
f, yield strength of steel
f, ultimate strength of steel

Vmo » Vwmo Partial factors for material

Compression EN 1993-1-1:2005 § 6.2.4

<1
N c,Rd
Nc Rd = fy for class 1, 2, 3 cross-sections
Mo
A\eff ) fy )
Nc rg =—— for class 4 cross-sections
7mo

A area of cross-section
A effective area of cross-section

fy yield strength of steel
Vmo Partial factors for material

(EN 1993-1-1, 6.5)

(EN 1993-1-1, 6.6)

(EN 1993-1-1, 6.7)

(EN 1993-1-1, 6.9)

(EN 1993-1-1, 6.10)

(EN 1993-1-1, 6.11)

In case the design value of shear is V, > 0.50Vp|’Rd the reduced yield strength is used.

2
(l—p)fy , Where p = (\?/—Ed—ll

pl,Rd

(EN 1993-1-1, 6.29)
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Bending moment EN 1993-1-1:2005 § 6.2.5

M Ed
—=2 <1 (EN 1993-1-1, 6.12)
Mc,Rd

Design resistance of cross section for bending about the principal (y-y) or secondary (z-z) axis.

W
Mg =M e = oLy for class 1, 2 cross-sections (EN 1993-1-1, 6.13)
Tmo
Wpl 7’
M,rs =M, gs =——— forclass 1, 2 cross-sections
’mo
Wel y ' fy
M, gy =My g =—— forclass 3 cross-sections (EN 1993-1-1, 6.14)
Tmo
M,rs =My pe = —2_ 7 for class 3 cross-sections
Mo
Weff y fy
M, gy =M pg =——— forclass 4 cross-sections (EN 1993-1-1, 6.15)
Mo
W, fy
M, g =M s = 27 for class 4 cross-sections
VMo
Wp,,y Wp,,Z plastic section modulus about principal and secondary axis,
W, , W, , elastic section modulus about principal and secondary axis,
W, , Wy , effective section modulus about principal and secondary axis,
fy yield strength of steel
VMo partial factors for material

When bending moment acts together with axial force design check is performed according to :

M Ed
—E < (EN 1993-1-1, 6.31)
M N,Rd
N 2
Myrs =M el 1- =
: P N\ rg (EN 1993-1-1, 6.32)

In case the design value of shearis Vg, > 0.50V o, the reduced yield strength is used.

pl,Rd

2
(1- p)fy, where p = (N—Ed—l] (EN 1993-1-1, 6.29)
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Bi-axial bending EN 1993-1-1:2005 § 6.2.9

Mo ) (M,
y,Ed +( z,Ed J Sl
M y,Rd M ZRd
For I and H sections: a=2, B=5n, B=1 (N=Ng4/Npird)

For circular hollow sections: a=2, =2
For rectangular hollow sections a=$=1.66/(1-1.13 n2)

Shear EN 1993-1-1:2005 § 6.2.6

VLUSI

c,Rd

Plastic shear resistance parallel to the cross-section web.

_ATy
\/§7Mo

Vz,Rd :Vpl,z,Rd

(EN 1993-1-1, 6.41)

(EN 1993-1-1, 6.17)

(EN 1993-1-1, 6.18)

Plastic shear resistance parallel to the cross-section flanges.

A, T
Vy,Rd :Vpl,y,Rd :_\/gy}/ y
MO

(EN 1993-1-1, 6.18)

AVy A, shear areas parallel to the cross-section web or flanges,

fy yield strength of steel

Ymo  partial factors for material
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6.9.11 Buckling resistance of uniform members in compression
EN 1993-1-1:2005 § 6.3.1

Buckling resistance due to compression.

N
B <« (EN 1993-1-1, 6.46)
b,Rd
JAf,
Npre = for class 1, 2, 3 cross-sections (EN 1993-1-1, 6.47)
Y mi
f
Nb’Rd = M for class 4 cross-sections (EN 1993-1-1, 6.48)
M1

The reduction factor y is determined from the non-dimensional slenderness 4

B 1
oo

o =051 +ali-02)+ 7]

<1 (EN 1993-1-1, 6.49)

A non-dimensional slenderness,
N_ elastic critical buckling load,

Ler equivalent buckling length,
A slenderness,
i radius of gyration.

cr

The imperfection factor & that corresponds to the appropriate buckling curve ao,a,b,c,d should be
obtained from Table 6.2 of Eurocode 3, EN 1993-1-1:2005:

Buckling curve a, a b C d

Imperfection factor a 0.13 | 0.21 | 0.34 | 049 | 0.76

Equivalent buckling lengths Lcr/L

2.0 0.7 050 10 .<1.0 2.0 .=20
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Table 6.2 EN 1993-1-1:2005 Selection of buckling curve of a cross-section

Buckling curve
Buckling [ § 235
Cross section Limits about S 275
axis S 355 S 460
S 420
ts = V-V a ap
_ ol tr= 40 mm -
— O _ zZ—Z b a
7] :é F — VY
8 = | 40mm<t;<100 | Y ) E
= z—z c
3 h| vy y
B y—y b a
= ~ te< 100 mm Z_7 c a
E\:: —
1 v
I Q o
‘ = t:= 100 mm y—y - €
b z—z d c
= itf :ttf tr < 40 mm ¥y=) = =
o 5 z—z c c
L O
% ; Y —" Yy — Y
= 7 ¥—-¥ c c
te> 40 mm 7—7 d d
Zz Zz
_— hot finished any a ag
=
=5
- cold formed any c c
1Z t
y L | | gena-alllyi (e:i(cept as any b b
2z . elow)
32| o y—r-—r—v
= 9O S
R ] i ty thick welds: a = 0 5t;
= [ | b/ts << 30 any c c
|l Z b hit, <30
g & |
= B
B § — — - any c c
g | any b b
é Y
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6.9.12 Lateral torsional buckling for uniform members
EN 1993-1-1:2005 § 6.3.2

Lateral torsional buckling of uniform members in bending.

M Ed
YR <1 (EN 1993-1-1, 6.54)
b,Rd
W, f
Mgy = 20 (EN 1993-1-1, 6.55)

Vmi
W, =W, , forclass 1, 2 cross-sections,

W, =W, , forclass 3 cross-sections,

W, =W, , for class 4 cross-sections.
The reduction factor y, ; is determined from the non-dimensional slenderness At

1

— <1 (EN 1993-1-1, 6.56)
2 2
(DLT +\/CDLT _ﬂ”LT

X =

;= 051+ @ (Ar —0.2)+ 2 |

Aur = |2

cr
The imperfection factor @ which corresponds to the appropriate buckling curve a,b,c,d:

Buckling curve a b C d
Imperfection factor ot 0.21 0.34 0.49 0.76

Recommended values for torsional buckling curves:
Rolled Sections h/b<2 buckling curve a, h/b>2 buckling curve b
Welded sections h/b<2 buckling curve c, h/b>2 buckling curve d

The critical elastic moment for lateral torsional buckling is computed according to Annex F of Eurocode
3-1-1 (1992).

2ZELL (kY 1, (KLYGI )
Mcr:ClW (k—J f+7z-2—E|Zt+(szg_C3Zj) _(CZZQ_CSZj>

C1, C2, C3, coefficients depending on the loading conditions and support conditions,
for a beam with uniform bending moment diagram C1=1.000, C2=0.000, C3=1.000
for a beam with parabolic bending moment diagram C1=1.132, C2=0.459, C3=0.525

w

I, St Venant torsional constant,

|, warping constant,

I, second moment of inertia about the weak axis,

L  beam length between the support points,
k, kW coefficients depending on the support conditions,

Zg distance of shear center from point of load application
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6.9.13 Uniform members in bending and compression EN 1993-1-1:2005 § 6.3.4

NEd + I\/lY,Ed Ivlz,Ed
XyNRk/7M1 yyZLTMy,Rk/VW szz,Rk/7M1

Neqg Tk My e M., e
zy 7z
X, N / 7w ZLTMy,Rk/7M1 Mz,Rk/7M1
Ng = Af,
Wiy f for class 1, 2 cross-sections

y,Rk

yrk =W, f for class 3 cross-sections,

yRK = W, y f for class 4 cross-sections,

=W, fy for class 1, 2 cross-sections

=W, fy for class 3 cross-sections,

T L L5 L

2rk = Wes fy for class 4 cross-sections.

(EN 1993-1-1, 6.61)

(EN 1993-1-1, 6.62)

The interaction coefficients k .k, K, , K, are determined from tables B.1 and B.2

yz!rtzy !

Table B.1 interaction coefficients k K, KK,

yz! zy !
: Design assumption
Int t y f s 5 = = = 5
f:;'z l;on ;[;giiﬁ:aﬁs elastic cross-sectional properties plastic cross-sectional properties
’ | class 3, class 4 class 1, class 2
N o ' N
C {1+0 o)wiﬂ] cm_\{1+(1}. —0.3)_751]
k. L-sections Xy N Yan XyNr / Tan
e RHS-sections N.. ( N
<c [1+06—E" sc*m,[1+0.s_‘—5°J
| %N Yan ) %yNr /i
I-sections
ke RHS-sections ke 0.6k
I-sections
Ky RHS-sections 0.8 kyy 0.6k,
{ _ \ N
c |1+ —06)—m
. X=Ng /Yo
I-sections | N i
| 1+0.61 LJ SCop| 14142 ]
= K=Ne Yo X:Nr /T
o ( Ng N Y
stm[1+0.6\17J C 1+(l2_0_1)7m
\ XN Y = ' %:Ni /T
RHS-sections Nz
<C m(1 + 0.3_7&']
XNz / Yan
For I- and H-sections and rectangular hollow sections under axial compression and umaxial bending M, z4
the coefficient k_, may be k_, = 0.
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Table B.2
In : Design assumptions
teraction . . . : . .
factors elastic cross-sectional properties plastic cross-sectional properties
class 3, class 4 class 1, class 2
K kyy from Table B.1 k., from Table B.1
| ' k. from Table B_1 k., from Table B.1
|__ 005k N, {1 0 Ng, }
(C o —0.25) % Ng, /Yan (Car —0.25) % Ngw. / Yan
o[y 005 Np, 2{1_ 0 XN }
e (Crr —0.25) . Ngy /Mo, (Cuar —0.25) XNz /Yan
for k. < 0.4:
= . _z N
k, =06+A:<1—— 0.1A Ed
] (Cozr —0.25) X Ny /Yan
k. k_, from Table B.1 k,, from Table B.1
Factor Bending axis Points braced in direction
Cmy y-y zz
Cmz z-Z y-y
CmLT y-y y-y
Table B.3
Coy. Cpz B Cprunder loading
Moment Diagram Fange ——
Distnibuted Concentrated
M s wM 1=y=1 0.6+04yz=04
M Ml
- YW | o<gc1 |1=sy=1|  02+080.204 0.2+ 080,204
\. i | :|M‘ 7
_ O=y=1 0.1-0805=04 - 0805204
1=0,=<0
a, = M /M, A1=Zw=0]01(1-y)—-080;=04 | 02(-w)—08a;=04
1) My D=ap=l [-12v=1 0.95+0,05 ap 0.90+0.10 oy
)M, = M, . 0=y=1 0.95+0.05 oy 090+ 0,10 oy
-l =Zap <0
oy, = M, /M, l=w =0 095+005 ap(l +2v) 0,90 - 0,10 ap(1 + 2v)
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7 Eurocode 4, EN 1994

EURD& EURD EURD EURD EURD -.* E
COoDE ¥ | COOE ¥ COoDE ¥ COOE ¥ CO0OE w7 - — -
%, =5 —

Q EC4 Floors  EM1994-1-1 » Q Steel-Concrete composite Floor - EM1994-1-1, §6

ﬁ Timber-concrete composite Floor  EM1995-1-1 Annex B

7.1 Steel-Concrete composite floor (EN 1994-1-1 §6.2)

Simply supported composite beams. He web of the steel section is encased by reinforced concrete
and shear connectors are provided between the concrete slab and the steel beam. The concrete
works in compression and the steel section works in tension. Action effects are calculated by elastic
global analysis. The bending resistance of the composite cross-section is based on plastic model.
When sufficient shear connection exist to develop the full plastic resistance of the section the
connection is consider “full shear connection”. When the resistance moment of the section increases
with the number of shear connectors, the shear connection is “partial shear connection”.

11EC4, EN1994-1-1  [Steel-Concrete composite floor]
File Computations Reports
# Design OK, Name of design object EC4-DESGN-001
T ir [FEEEEGE = ‘ Concrete-Steel B25 - B500C [@ ye= 150, ys= 115 |
150 1" =
L i —‘7 Structural steel S3I20GD+ZA _ fyb=3200/mm* fu=330Nmm? (v
BAMZ0-120 - ¥ — 5 .
o 810 o™ 1.00 {vi at 100 {.f e 1.25 %.i
IPE 450 YG= 120 {:i YQ: 150 ‘[:i
Slab thickness h= 160 {3 {om ko= 110 {3 {mm
f 10+ 7
il
qh=2. 50 H/ut Beam section IPE 450 e
gi=5. 00 3i/n shear connectars [shear connectors Composie beam)  d= 20 ({3 }mm  hee= 120 {2 m
- [Conerete slab-Steel bieam) fu= 450 | {Hinme yo= 125 (%]
IPE 450
S320hrs z Span length L= 8200 {#]m
I 3 Spasing of beams be= 3200 |[#]m
73-2'66}5\% |f__f—3-_rz-n'n'{ﬂ’//| Weight of flace fiishing gkl= 200 |[% ki
‘Weight of ceiling under floor gk2= 0.50 %:}thm’
Live Inad an the foor ok= 500 {2 jkhlim

7.1.1 Basic input data Steel-Concrete composite floor

Partial factors for actions: permanent action yg, live action yq. Design action Qeq= Yg -G+ Yq-Q

Concrete slab
Concrete and steel classes.
Material factors yc and ys
h (mm): Total slab height above the steel section
hc(mm): Slab thickness, solid part of slab.
Steel Beams
Steel strength classes
Material factors yMo, yM1 yM2.
Steel beam profile
Shear connectors, ductile headed studs
Diameter of the shank of the stud connector d (mm)
Overall nominal height of stud connector hsc (mm)
Ultimate tensile strength of headed studs fu (N/mm?)
Partial factor for design shear resistance of a headed stud v,,
Beam dimensions
Clear span length L (m)
Beam spacing in transverse direction bs (m)
Floor Loading
Weight of floor finishing gk1 (kN/m?)
Weight of ceiling underneath (if any) gk2 (kN/m?)
Live load on the floor gk (kN/m?)
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Design load of the floor ged= yg - (gk1+gk2+gk3+gk4)+ yq-qgk
(gk3 is weight of concrete slab, gk4 weight of steel beam, both evaluated by the program)

7.2 Timber-concrete composite floor (EN 1995-1-1:Annex B)

In this type of composite floors the concrete is only in compression, and timber is used in tension.
The load carrying capacity and the out of plane rigidity of the floor is increased compared to a
timber floor. The design of the composite cross section is based on EN 1995-1-1:Annex B.

In addition to the data supplied as in one span floors the data for the concrete/steel material, and
slab thickness must be supplied, and the size, spacing and strength of the metal fasteners. If the
spacing of the metal fasteners is set to zero (0) then the program selects an optimum value.

If the concrete slab is quite thick then the neutral axis is inside the slab and a design failure
message appears for the concrete slab. In this case you may reduce the thickness of the concrete
slab or increase the gap between concrete and timber h3, so to have the concrete in compression
only.

«f_] WOODexpress [Timber-concrete compaosite floor]
File Computations Reports
/Desigm 0Ok Name of design object ECS-FLOOR-001
. Timber class C24, fimk=24.0MPa, ftok=14 OMP| %
Senvice clasges [EN1995-1-1, 52.3.1.3] Class 1 moisture content<=12% ||
Material bactars Vg Timber 1.25 | Steel 1.10 Laad combination Factors| A-W0=0.70, Wa=0.30 s
h ‘ h . ‘Weight of floor finishing 0.500 EikNrm’
h-{ Pl i Weight of floor beams and insulation 0100 |{&{knime
h n A Weight of ceiing uder foor 0300 {4
l Py 3 : L | Live load on the floor 2.000 l[zikNrm’
Spacing of floor beams d= 0.600 E{m
Spar of floor beam L= 3000 {:}m
Cross saction of floor beam B= B0 t:i mm H= 220 {:{ mm | 60x220 |
Thickness of concrete slsh = 40 [Eem B 2400 (5 kg
Gap between concrete and timber h3={ 20 Ei mm
Concrete and steel strength class _EZEBU :v _EEEUA v
Diamneter, and tensile strength of fastener Di=| 10.0 {:i il fu= 500 EiN.l‘mm’
Spacing of fasteners (if zero, program selects] 5= 100 I[:i m

7.2.1 Basic input data Timber-concrete composite floor
Timber class and service class
Material factors yM for timber and steel (fasteners).
Concrete slab
Concrete and steel classes.
Concrete weight pc (kg/m?3)
h1(mm): Slab thickness, solid part of slab.
h2(mm): Gap between concrete slab and timber beam.
Shear connectors,
Diameter of the shank of the stud connector d (mm)
Ultimate tensile strength of headed studs fu (N/mm?)
Spacing s (mm) of shear connectors. If s set to zero (0) the program selects an optimum spacing.
Floor Loading
Weight of floor finishing gk1 (kN/m?)
Weight of beams and insulation gk2 (kN/m?)
Weight of ceiling underneath (if any) gk3 (kN/m?)
Live load on the floor gk (kN/m?)
Design load of the floor ged= yg - (gk1+gk2+gk3)+ yq- gk
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8 Eurocode 5, EN 1995-1-1:2003 Design of timber structures

8.1 Ultimate limit states

Design of various cases of single or combined action according to Eurocode 5,
EN 1995-1-1:2004 §6. You specify the timber cross-section dimensions, the
timber properties, the cross-section loads, and the design check is performed

according to Eurocode 5.
Tension
Compression
Bending

Shear

Torsion

Stability

-] WOODexpress [Column stability (ECS EN1995-1-1:2009, §6.3.2)]

f’ Design Ok

Mame of design object

Timber class

Service clazses (EN1935-1-1, §2.3.1.3)
Material factors ¥ Timber| 1.30
Rectangular cross section (bxh mm)

Round cross section, diameter d [mm]

Structural fire design—
Cross section actions
Element length in m
Buckling length around y-y

Buckling length around z-z

Crass section reduction (%] (EM1335-1-1, §2.4.2)

Time of Fire expasuret=| 10 gm\n B~ e

o E—
| C24. fik=24. 0N/, frok=14.0/m |
|E\ass 1. moisture contents=12% j
Load duration classes (EN1995-1-1, Table 2.1)|Permanent -
" b= ﬂmm h= ﬂmm
& g 140 2l
000

Bn=] 080 mm/min
Feoa=/500 [2]kn

L=[z000 [4fn
Sk,y=’wx’mmﬂ
Sk,fmxlmmﬂ

%

!

Tensian

&

]

a Y Compression
i”r‘;] Bending
j]-? Shear

e

-E| 4 Torsion

a# Skability

3

3

Many Ultimate limit cases can run automatically using the actions and section properties from other
programs, using the Command language, Appendix 1.
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8.2 Connections

Design of nailed connections of various types. You specify the

properties of the nails, (nail dimensions, round or square cross
section), and the properties of the connection wood or metal =% Timber-to-timber connection v
plate. The Nail Capacity Rd is computed according to Eurocode 5,

SL

A7) ) i
EN 1995-1-1:2004 §8 ‘_‘[TT Panel-to-timber connection +
i . i % Steel plate-to-timber connection ¥
e Timber to timber connection
e Panel to timber connection é Carpentry joints ,
e Steel plate to timber connection
e Carpentry joints
= WOODexpress [Connection steel-to-timber (Double shear connection) (ECS EMN1995-1-1:2009,§6.3.1.4, %8.5.1.3)]
j |. # Mail capacity Rd=1.107 kN Mame of design object JOINT-001
Timber class | C30, fok=30.0Mmn, frok=18.0N/m |
Service classes [EN1995-1-1, 82.3.1.3) |Class 1, moisture contents=12% i
Material factors Vig Timber| 130 Steel| 1.10 Load duration classes |Permanent -
Metal fasteners Mail properties Cross section Pre-diiling

Nails {s Mail diameter ci=| 4.0 ﬂmm 40:100 - % round o NO
Ealt - - a
o Nallengh  L=[100 [£fmm fus[800 £uimn?|  square " YES

Sorews 0

Thickness of timber t2=| 60.0 ﬂmm Steel plate thickness t1=| 2.0 gmm

Example of Steel plate to timber connection

& WOODexpress [Carpentry joints (Carpentry joint 2) (ECS EN1995-1-1:2009, §6.2.2)]
# Fd=14.69kN Mame of design objsct ’W

Timber class | C24 fmhk=24.0N/mrr?, ftok=14.04/ |
Service clazses [EN1995-1-1, §2.3.1.3) |I:Iass 1. mioisture contentd=12% j
Materisl factors Vi Timbar,ﬁ Steel| 1.10 Load duration classes ,W‘
Cross section 1 (131 mm) B1=[60  [2]mm HI-[190  [4{mm  [E0v40 <]
Cross section 2 (b2+h2 mm] B2-[ 60 [2]mm H-[ 190 [A{mm  [E0v40 <]
Angle between timber members B= ’mﬂ’

Cutting depth and shear length tv=’?ﬂmm Lv=ngm

Example of Carpentry joint
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8.3 Beams and Floors

In this session of the program you can design:
e Floor over one span

e Floor over two spans

e Simply supported beams

e Beam over two spans

e Timber-concrete composite floors
8.3.1 Floors over one or two spans

4 |,

E‘ Floor over one span
!%' Floor over bwo spans

=1 Simply supported beam
=1 Beam over bwo spans

ﬁ Timber-concreke cormposite Aoor

The internal forces are computed at the ends and the midspan of the floor beam, and the elastic
bending deformations at midspan, for all the load combinations according to Eurocode 0,1 and 5.
All the checks of Eurocode 5 are performed in ultimate limit state. The deformations are checked in
serviceability limit state according to EN 1995-1-1:2004 §7.2. The Eurocode 5, EN 1995-1-1:2004
§7.3.3 considerations are taken into account for the check of floor vibrations.

The user has the option to select the way the moment of inertia of the floor
beams is evaluated for the computation of deformations and vibrations.
a. as T cross/section with flange the floor finishing.

b as rectangular cross section.

LT+ 0°

£ WOODexpress [Floors]

# Design OK Name of desian objsct
Timber class

Service classes (EN1995-1-1, §2.3.1.3)

Load of floor finishing

Self weight of floor beams and insulation
Self weight of ciling under flaor

Live load on the floor

Spacing of floor beams

Span of floor beam

Cross section of floor beam

Thickness of flaar finishing

Floor width

8.3.2

Material factors W Timber| 130 Steel| 1.10

Ratio of floor bending stiffnesses [EMN1995-1-1, §7.33)

T —
Load combination factors | A-$0=0.70, W¥2=030 +
[0500 | &{kn/me
[0100 [ 2]k
[0300 | 2]kime
[2on | &{k/me
o=[0E00 | 2fm
L300 m L2=[3000 2]m
B=[ B0 [2lmm He[220 | 2|om [B0e220 -]
m-[5  &m LiTe 00
b= 5000 [2]m
EE, [0100 (2]

Simply supported beams and beam over two spans

Simply supported beams under line load. As in one span floors the internal forces are computed at
the ends and the midspan of the floor beam, and the elastic bending deformations at midspan, for
all the load combinations according to Eurocode 0,1 and 5.

& WOODexpress [Simply supported beam]

¢ Design OK

MName of design object

Timber class

Semvice classes [EM1995-1-1, 82.3.1.3)

Dead load

Live: lnad

Span of floor beam

Craoss section of floor beam

Material factors ¥ Timber| 1.30  Steel| 1.10

FLOOR-004

| C24. frok=24 O /e tok=14.10 |

|C\ass 1. moigture contentc=12% j

Load combingtion factors | A-Wo=0.70, W2=0.30 -

0500 |4 kNdm
(2000 |2 ]kNdm

L=[3000 [ 2fm
B=[60 | Zfmm H-[220 [3|om [6Gz20 ~
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8.4 Timer roofs

From the programs main menu you can choose from various roof structures. Select the one you prefer, and
perform a full design according to Eurocode 5. The loadings are evaluated according to Eurocode 1. The roof
finishing (rafter), the purlins and the truss members are design for all the load combinations prescribed in
Eurocode 1 and Eurocode 5. The internal forces of the trusses are computed with finite element analysis of the
truss structure. The user can select the degree of stiffness of the connections (stiff or flexible joint connections).
The truss is considered as a two dimensional frame structure, and the stiffness of the connections is adjusted
according to the selected degree of stiffness.

In order to compute the design values for internal forces in various loading conditions, the internal forces are
computed for unit loading, and from their combination the internal forces in various loading conditions are
obtained.

All the load combinations according to Eurocode 0 and Eurocode 5 are taken into account and the
checks are performed in the most unfavourable loading conditions, for combined action in ultimate
limit state of design, according to EC 5 §6.

The deformations are checked in serviceability limit condition, according to EC 5 §4. The truss
deflections are checked in serviceability limit condition, according to EN 1995-1-1:2004 §7.2.

The maximum deflection for finishing or purlins are computed as:

1: Beams fixed at one end, when the span of finishing (distance of purlins) or the span of purlins
(distance between trusses) is less than the half of the timber length defined in parameters and
assumptions,

2: Simply supported beam when the span is larger than half of the timber length.

In EN the coefficients for checking the limit of allowable deflections are specified in the program as
parameters. are defined in Table 7.2, as regions L/300~L/500, L/250~L350, L150~L/300. In the
program in menu [Parameters/Parameters and assumptions] you can define the values you want.
Default values (L/300, L/250 and L/150). The limits for cantilevering beams are taken as half of the
above.

The natural frequencies of the roof trusses are also computed after a dynamic analysis.

The connections can be nailed, screwed or bolted joints with metal plates and they are dimensioned
according to EN 1995-1-1:2004 §8.

A detailed report is produced, and shows analytically all the computations, design steps, design assumptions and
references to the corresponding design code paragraphs. Automatic generation of truss drawings that can be
manipulated with the CAD modulus. Warnings in red appear in the report in cases of inadequate design.

8.4.1 Roof dimensions

In the calculation window there is a sketch of the object. Specify the basic roof dimensions in meters
[m], according to the roof truss drawing. The roof pitch (angle with the horizontal) may be specified.
If you give the roof height the roof pitch is obtained, otherwise, if you give the roof pitch the roof
height is obtained.

You can specify dimensions at the nodal points (intersection of element axis) or the total
dimensions. Select what dimensions you are giving.

You can also choose if you want the truss to be extended at left and right ends with cantilever
elements or if you want an asymmetric roof..
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o Design 0K 3 E]_‘\
42.45%
<[ 23m =
b

[ —————— Dimesions at Nodes

Dimesions at Nodes Dimesions at Nodes

=i
A 1 5 2y
Utees [5l— [oem0 |2
| WJ‘F !EET ;|m I |
‘ [ Dimesions element ends " dimensiones at nodes 3{‘ % o
Dimesions at elements ends (¢ dimensions at element ends

Dimesions at elements ends

8.4.2 Element cross sections

Cross section of elemerts

For the elements of the truss you specify the cross section

. . A Elemerts E [mm] H [mm]
dimensions. The elements of the same cross section are o — !
grouped according to the most common sizes in different K - o 36x143

. . . . 422148
countries, EN1313-1. The cross section is rectangular with 5 - 48148
width B and height H. The dimensions of the cross section 10,11 0 o
are in [mm] 1243 il 42x198
In the program there are included user defined groups of e

timber sections for the truss elements and the purlins. The
user can define two(2) groups for timber sections for truss e R,
elements and two (2) groups for purlins. From click for standard cross sections
[parameters/timber sections] you can select the group of
timber sections you want to appear in the design of roofs.

48223
73x223
70100
70150

8.4.3 Reduction of timber sections . .
. ) . ross section of elements
Specify the cross sections of the elements used in the Elements B[mm]|H[mm]|
truss. If the timber of the trusses are old, damaged or v 0 140 | v i Sestion
suffered from deterioration, you can specify a reduction ) i el | reduction

of cross section in %. 34 B0 | 10 |0 =i
B B0 140 | v

8.4.4 Roof secondary structure

You can select between three types of roofing.
e Roof consisting of purlins and timber finishing on top. The finishing may be rafters laid on top
of the purlins. The tiles are laid on top of the finishing.
e Roof consisting of purlins and no rafters on top. The tiles are laid on top of the purlins.
e Roof with the timber finishing (rafters) nailed directly on the roof truss.

I

spacing —— =
s spacing ez spacing fuss spacing

8.4.5 Roof loads

You specify the loads:
» dead load of the roof covering materials [kN/m?],
» snow load on the ground [kN/m?]
= wind load as wind pressure on a vertical surface in [kN/m?] .
= self weight of purlins and roof finishing materials (insulation, water proofing) in [kN/m?
= dead load of the ceiling under the roof in [kN/m?%
= dead and live loads on the attic floor in [kN/m?]

The default values for these loads are set in the menu [Parameters].
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Show load on the ground Sk=|1.000 |2 kM e 1:7‘ Snowguards at left |
J J Showguards at right!
Wind pressure on vertical suface qw=| 0.500 ﬂkNa’rrF ﬂ
Load of roof covering 0.450 gkN s |Ti|es from clay j
Self weight of purling and finizhing 0100 gkN.-'lITF
Self weight of ceiling under the raof 0,300 ﬂkN s %
I
spacing
Tuvpe of roof secondary stucture H_U I i | (¥ — - minu
8.4.6 Concentrated loads
Enter the nodal loads in [kN]. Node (first column) is the nodal Hodal loscls |
X4 | point where the concentrated force is applied. Fy, vertical nodal Node [Py [Feiv [iLosd |ﬂ
force positive downwards. Fx horizontal nodal force positive 2 52 0 o
towards the right side. #Load in the last column is the load case for the = 5 B ;
nodal loads. 2 | 32 P
Permanent loads, Load case =0
Snow loads Load cases 1 to 4 (see fig pg. 10)
Wind loads Load cases 5 and 6 (pg. 11)
=l

8.4.7 Snow and wind loading

For the snow load you specify the characteristic snow load on the ground in kN/m?2. The snow
loading on the structure is computed according to Eurocode 1, EN 1991-1-3:2003. For the wind
loading you specify the wind pressure on a vertical surface in kN/m?.

The wind loading on the structure is computed according to Eurocode 1, prEN 1991-1-4:2004.

8.4.8 Spacing of trusses Spacing of purlins

-
oot finishing, P

purlin spacing

truss spacing

8.4.9 Truss connections

The connections are considered as bolted, nailed or screwed joints with single or double steel plate
and they are dimensioned according to Eurocode 5, EN 1995-1-1:2004 §8.
e The user can select or specify :

The type of connection, nailed, bolted or screwed connections.

The diameter of the nails, bolts or screws, as well as the type of nails (round or square). The
tensile strength of the steel for the nails, screws or bolts can be specified.

The plate arrangement. Double plates on both sides of the truss surface or inside the truss
member, single plate on the outside surface or inside the truss member.

The thickness of connection plates.

The yielding stress of plate steel.

The degree of stiffness of the connection to perform the truss analysis.

Multiple or single plates for each joint. Selecting multiple plates reduces the plate size in
connections with more than two members.
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Truss conn_ections, Steeln plates o Connection plates é
Select the thickness of plates in mm. In the case of nailed joints you can
select standard plates as (BMF plates 1.50 or 2.00 mm). When you choose Steel plate thickness

BMF plates the program selects the optimal plate size from the available BMF plate 2.0mm  ~
plates, and marks it in the drawings details of the connection. If the BMP Viekding stress
plate is getting too large, or no reasonable dimensions for BMF plates are i =|ﬁjw i

! : . L iy = R
available, the program will choose ordinary steel plates and this will also
show in the drawing and reports.
You specify also the characteristic value of yielding stress of the connection
plates fy in kN/mm2. The default value is defined in parameters and Multiple o zingle plate
assumptions BN
When the steel plates are getting very large, try multiple plates. —
Truss connections, Nails
Specify the nail diameter (in mm), as well as the type of nails

(round or square). In case of selecting BMF plates automatically Mailz + Baltz Serews
the nails are set to 4mm shank nails. Specify also the tensile

strength of the nails fu kN/mm?2, (EN1995-1-1:2004, Eq. 8.14). Mail diamflef ™ round nails

The default value of the tensile strength of nails is specified in EEREL o

parameters and assumptions. ] —
The minimum nail length will be specified automatically by the Tensie strength fu=| 800.0°| [N/

program according to EN1995-1-1 88, and shown in the report
and drawings.

. Mails Balts (+ Screws
Truss connections, Bolts .
When you are using bolts in connections, specify the following: ol digmeter = =
The diameter of the bolts in mm. 8.0 ﬂ'“'“ fo 0
The position of the connection plates: ] <
o double plate on both faces of the timber members. Tensle strength fu=| 400.0°| 2 |N/mn?

e single plate on one face of the timber members.
e single plate in the middle of the timber members.
e double plate inside the timber members.
The tensile strength of the bolts, fu in kN/mm?2, (EN1995-1-1:2004, Eq. 8.30). The default value of
the tensile strength of bolts is specified in parameters and assumptions
The steel plate thickness t in mm .
The yielding stress of the steel of the connection plate, fy in kN/mm?2. The default value of yielding
stress of the connection plates is defined in parameters and assumptions.
Truss connections, Screws
When you are using screws in connections, specify the

foIIow.ing: . Mails Balts Scraws [+
The diameter of the screws in mm.
The position of the connection plates: Screw diamneter H Ei d& EHEI
¢ double plate on both faces of the timber members. 55 | 4]mm G ol Sl o
e single plate on one face of the timber members.
e single plate in the middle of the timber members. Tensile strength fu=| 400.0 ﬂNe’mrrF

e double plate inside the timber members.
The tensile strength of the screws, fu in kN/mm?2, (EN1995-1-1:2004, Eq. 8.30). The default value
of the tensile strength of screws is specified in parameters and assumptions
The plate thickness t in mm.
The yielding stress of the steel of the connection plate, fy in kN/mm2. The default value of yielding
stress of the connection plates is defined in parameters and assumptions

The minimum screw length will be specified automatically by the program according to EN1995-1-1
§8, and shown in the report and drawings.

Carpentry joints

In carpentry joints you specify the cutting depth (tv) and shear surface length (Lv) for each joint.
When you select timber section dimensions tv and Lv are set to the default values which are tv=h/4
and lv= h. The minimum value if Lv is 150 mm.

When the [Alllow optimisation] is checked, the values the user is specifying for tv and /v, may
change if from the solution comes out that larger values are needed. If this option is unchecked then
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tv and Iv are kept and if the joint is inadequate an error message shows. By pressing the reset
values tv and /v are reset to the default values (h/h and h or 150 mm)

B
H.L % 1\1\8// {],\< Design of connections v
é ¢
T

W=| 4 T t\.-=| 42 mm | be=] 40 mm || be=| 40 mm | &llow optirization of by rd

Iv=|155 mm Iv=|155 mm | ke={155 mm

Stiffness of connections

You select the stiffness of connections. By moving the bar at left the truss is

solved with very flexible (almost pin) connections. By moving the bar to the right |sfness of commections
the truss is solved with very stiff connections. The connections are considered as . .
bolted, screwed or nailed joints with single or double steel plate and they are min f— ‘[ max
dimensioned according to EN 1995-1-1:2004 § 8.

Truss connections, Plate arrangement

The user can select the connection plates to be multiple plates instead of
single plate in order to reduce the plate sizes. If the pointer is moved to
the left the program selects multiple plates in the connections. If the af ,_J_ B
pointer moves to the right the program selects single plates in the
connections. If the pointer is placed between the program depending on the size of the plate selects
multiple or single plate automatically depending on the connection type and the angle of the
connected members.

The user is advised to perform a solution with single (right position) and with multiple (left position),
and select the preferable configuration.

Multiple or gingle plate
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8.4.10 Asymmetric roofs

Symmetny:

e s

In design window, choose asymmetric and adjust the dimensions.

8.4.11 CAD drawing of roof trusses

The CAD modulus of the program automatically creates a detailed truss drawing. You can adjust the
scale of the drawing, and you can choose the visible layers. The properties of the drawing
components, (line thickness, colour, text size) can also be adjusted. You can also specify the
dimension units that are shown on the graph.

Before previewing or printing the drawing you can select the printing paper size, and move the
drawing to the desired position on the paper.

& Truss Drawing @
¥ View lapers C i o= _ . .
o popstiss Scale|1:40 @|@|ql B | H =] e @:@ = | g N
View project panel Binzrre T = Giid ize 0.80m |+ | <[] ==
Lapers 7 X
| Timber elements
| Timber element fill
v Connections
Connecion test
W Element awis
! Main Dimensions
v Secondary dimensions
| Section sizes
Grid
| Hidden lines
v Supports
v|Node numbering
a
500 3000 L, eon
K1 L ﬂ
#=B.788, y=1.430

L]
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CAD Features

Scale of Zoom Layers Dimension units | Grid
Drawing
Z00M ares Layers ? X Dimersions in| mm |+ GIEE1 m B
zoom in -
Scale (175 |+ zoom out | Timber elements 0.00m 0.10m

= v Eimber ?llement fil L.000 m 0 20m
175 = onnections
110 @J G—l| El| 1 »H v Cannecion text — gggm
115 | Element axis D'EDm
1:20 | Main Dimensions 060
1:25 maove v Secondary dimensions 'I' &
1.30 marve vertically v Section sizes i
1:40 move horizontally Grid
1:50 mave o Zero Hidden lines
1?2 v Supports )
180 v|Mode numbering
1:100
1125
1:150
1178
1:200

Scale/Move/Zoom If you cannot see all or parts of the truss on the screen, you can scale or move
your drawing. You activate/deactivate the move command (hand) by double clicking on the drawing.
By right click you can change cursor.

Layers Choose the layers you want to be visible and printed. The properties of the layers are
defined of the Properties of drawing components.

Dimension units

Choose unit for dimensions appearing on the truss drawing. This will be the default unit until you
change it.

Grid If you want the grid to appear, from the layers panel, check the grid and choose the size from
the pull down menu. By clicking on the small arrows on the right, you move the grid in relation to
the drawing.

Line thickness, colour and font sizes

By using this panel you can adjust the appearance of the truss drawing.

Turn on or off the layers from the panel with Layers.

For the line type of Axis and nodes, choose line thickness 1 for dashed line, line thickness 2 for
the thinner solid line etc.

Lavers 7N Properties of drawing components 7 X
v Timber elements | Colors Font size-color Line
£ Em&iﬁiﬁ&ent fil |Timber elements II—LI ||:|j |5 ﬂ I.—LI |1 ﬂ
v Connecion test |Eonnections - |Dj |8 ﬂ - |1 ﬂ
v El b & re -
v M:megima:r:iions |A”i3 and nodes |.j |8 = |.j |1 =
v| Secondary dimensions |Dimensions [ BN BRI
w| Sectioh sizes =
Gid i O e
v glbdpdpeor'rlt!;nes |r00f pichin® W roofpichin® [ mowve test |3IJ ﬂ
v|Mode numbering |Dimensi0n distance mm|450 ﬂ Texst distance mmlED ﬂ Reset

There are three levels of dimensioning. By adjusting the dimension distance you move the
dimension lines further or closer to the truss element.

By adjusting the Text distance you move the connection text further or closer to the truss
connections.

The values you are setting are maintained automatically. By clicking at Reset you restore the
original default values of the program.

Add extra dimensions

If you want to add extra dimensions on the drawing, use the ﬂ Click on the point at beginning
and the end of the distance you want to insert. Stop the process by right click.

If you want to remove all the extra dimensions added, use the '}G’ .
For the standard dimensions, use the layer function to turn the dimension on or off.
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The extra dimensions added are not maintained in the data file.

Print - preview drawing

Before you print your drawing it is advisable to preview the contents of you drawing first.

[4ENE

L\“@ Click on the Preview Button and set the parameters
of printing.

Choose Paper size and orientation, Scale and check for
Black and White according to your printer.

You move (click on the drawing and move the mouse) the
drawing to place it at the desired position inside the
drawing paper.

In case your screen size does not allow you to see all the
drawing paper by choosing another Paper scale you scale
down the screen image.

Choose the text panels you want included in your drawing.

Parameters of Printing ? X
Paper size Frint panels with text

A4 Landzcape * | |[v General information

v Elements, connections

Scale | 1:25 | =
[v Project information
Paper scale 11 = Text font fant size
™ Blackandwhie el =] 7 x]
Ll B| %
Printer | _Preview FOF Close

When you check/uncheck a text panel you can see the area available for the truss drawing is

changing.

You can change text font and size. Be aware if you increase the text size in A4 paper. The text may

become too large for the text area.

rﬁ Truss Drawing @W
sesefia0 -] 2| @| Q| el k] O K[ H =] cgl 2 = 2| &
View project panel Dimensiong in |0.00m | = Grid zize | 0.60m | - jjﬂ = DxF . )

|

222

Parameters of Printing ? X

Paper size Frint panels with tewt

Ad Landscape = | [ General information

Seale |1:40 I Elements. connections

[~ Project infarmation
Paper zcale | 1:1

Text font font size
[ Black and White bid ] 8 =]

== T b
Ed ‘ z
Prirter Previgw Claze

|« [

#=4.347, y=0.965

Print preview drawing.
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Portrait

Landscape

General Info|

General Information

Elemant Information

Connection e Froject nfo
Element and connection information | Project Infa

Page orientation for drawings.

Project panel Text on project panel 7 %
Praoject Iv |Tennfiord School
Title-A v |Truss 01
Wiew lapers ] TleB W [Twer
vﬁ::x E:g:fc't“sznel To edit appearance of th_e text panel for Dae v [20mazns
the drawings check the fields you want to o o r—
be included and type the wanted text.
Draw.Mo. v |12345-1
Filename | |testproject0l
Iv |Y0ur design office

The project title is automatically taken from the name of the ~ D=ianfim
project.

The title A is automatically taken from the name of the design object.
The Design Firm title is automatically taken from the settings of the report parameters, see pg. 28,
report page footer.

Export drawing to PDF format -
From the CAD modulus of the program you can save you truss drawing in PDF ‘ & 2
format L0 DF

Export drawing to dxf format
D=F ] From the CAD modulus of the program you can save you truss drawing in .dxf format. This

file can be read from Autocad In the window that appears specify the file name and adjust the text
size and decimal symbol in the new file.

"Write drawing to file in DxF farmat T X
File name |C:\F{unet\WDodExpress\PrDjeds\decﬂtestROOF—DDE. o
Size aftextin mm |5 il
Decimal symbol Faint (1 o CixF to file

L]
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9 Eurocode 6, EN 1996 Design of masonry structures

9.1 Characteristic strength of masonry

Characteristic compressive strength of masonry EN 1996-1-1 § 3.6.1
Characteristic shear strength of masonry EN 1996-1-1 § 3.6.2
Characteristic flexural strength of masonry EN 1996-1-1 § 3.6.3

The characteristic strength is computed from the properties of the masonry units, mortar and the
construction type of the masonry.

9.2 Basic input data masonry

Masonry construction type

General classification
Unreinforced
Confined
Reinforced masonry

Construction type
Masonry with filled head joints
Masonry with unfilled head joints
Shell bended masonry g/t=0.3
Shell bended masonry g/t=0.4
Shell bended masonry g/t=0.5
for shell bended masonry g: is the total width of the mortar strips, t is the thickness of the wall.
Execution control 82.4.3
Classes 1 to 5 . Selecting the class of execution control the material factor is set according to the
table in 82.4.3
Masonry units. §3.1
Select the type of masonry unit according to 83.1.1 (1) and specify the additional data category,
group weight, compressive strength fb, and final creep coefficient.
Mortar 83.2

Mortar type M2 general
M5 general
Etc...
By selecting mortar type by name the remaining properties are set to match the mortar properties.

Method of specification
Designed
Prescribed
Any mortar
Method of application
General purpose
Thin layer
Lightweight
Method of production
Factory made
Semi-finished factory made (pre-mixed)
Side made mortar
Compressive strength fm (N/mm2)

9.3 Masonry wall design

Masonry design for vertical loading
Masonry design for shear loading
Masonry design for lateral loading

In addition to the masonry units and mortar data as above you specify the wall dimensions, the
support conditions on top and bottom, and the design loads on the wall top.
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9.4 Design of Wall in one, two or three floor building

Masonry units and mortar
As above.

General wall dimensions.

Wall thickness, floor height, and floor thickness.

Values in meters. By click at the [ b= ], hh:l, [ i ] the

values are set for all floors. Then you may change every
individual floor from the left boxes on the drawing of the
wall, values in millimeters.

Wall length (L) is the length of the wall face.

Floor span length (Lf) is the span in transverse direction
of the wall, and is used to compute the load
eccentricities according to Annex C of Eurocode 6.

Wall solid parts and openings

Wwiall thicknesz bw [mm)

Floor height

Wall length L [m]

Floor zpan length Lf [m]

Floaor thickness i [mm)]

1400 E{mm

(2]
3000 | $im
12.00 [‘]]m

[]
B6.500 [w]M

200.0 fﬁmm

A wall generally, is not solid. It includes windows and doors. To take this into account
in the design, the percentage of wall openings of the wall have to be specified. The

ratio Lw/L shows the ratio of the openings length in respect to the wall length.

Wall loads

Permanent gk, and variable gk, loads in kN/m2 on the floors.

By clicking at the lﬁj, [qki: the values are set for all floors. Then you may change
every individual floor from the left boxes on the drawing of the wall, values in kN/m?2.

Wind load qw on the wall surface in kN/mz2.
The loads on the wall top are computed as

Qk=(yk-gk + yk-gk) -Lf/2

Lw/L=/10.0%

In case you want to design for seismic loading, specify the horizontal seismic force coefficient. The

Horizontal seismic force will be evaluated as the (total vertical force) x(seismic coefficient). The
distribution of this force will be triangular along the height of

the building according to Eurocode 8.

9.4.1

Modulus of elasticity of wall and floor material. For wall
material usual value is the same as the characteristic

compressive strength of the wall material in GPa according

to Eurocode 6, 3.7.2.

Variable Load on floors

Wind load oh wall surface

Permanent Load on floors

[a]

gk= 430 | Zykeume
ak=| 350 Eikmw

[ &

[ &

]
qw=| 0ED = krlitn?

Horizontal seismic force cosfficient HAY=| 0100 {ii

[a]

wG=| 1.35 =

= [«] - [«]
y@=| 1.50 = w2=| 0.30 =l
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10 Eurocode 7, EN 1997-1:2004 Geotechnical design

10.1 Soil Bearing resistance

+
Soil bearing resistance, EM1997-1-1, Annex Dk Drained conditions
TEEEEr Tt 11t

Undrained conditions
GEEEE

The basis for the design of foundations is the bearing resistance of the soil.

The design bearing resistance can be calculated using analytical or semi-empirical methods. Annex
D of Eurocode 7, EN1997:2004 describes a method of obtaining the design bearing strength of the
soil.

L4 Soil bearing resistance, Drained conditions

Wame of design object FOOTING-001

H Med Soil properties

ed [

<+ Undrained shear strength Cyg=| 30 [ kPa
Angle of shearing resistance FD}F 35 : £
Cohesion intercept th=| 0 : kPa
Weight density K=| 18 :':9 ki

Footing dimensions

Foating breadth B=| 1.50
Foating length L= 1.80
Footing depth d= 1.20
Total height h=1.20
Footing loads

[EpTe] e e
= R I H - )

Wertical load MNec= 420
Horizontal load Hed=| O
Morment Mecx= 0

kM

KRlim

IR IRIE A

toment Medy= 0 kMm

Drained conditions
£0il bearing pressure gquk= 1.04Hfmm?

The methods of Annex D Eurocode 7, EN1997:2004 for drained and undrained conditions are
implemented in the program.

The design bearing strength of the soil is estimated for EQU, STR and GEO conditions.

The computation of design bearing strength is for drained and undrained soil conditions.

For drained soil conditions the important soil property is the angle of shearing resistance ¢, [°] and
the cohesion intercept c[kPA].
For undrained soil conditions the important soil property is the undrained strength c, [kPa].

For the computation of design bearing strength other parameters are the dimensions and depth of
the footing, as well as the loading and the load eccentricities.

In the program’s foundation design for the soil strength we use the soil bearing pressure quc (N/mm?).
This is corresponding soil strength to the soil allowable pressure. In the foundation design we use as
design bearing soil pressure qu,s=qu/Yqu, Where yg, is the partial factor for unconfined strength
(Eurocode 7, Annex A).

To be consistent in order to convert the design strength estimated from Annex D of Eurocode 7 to
the soil bearing pressure used in the program, the design value has to be multiplied by vg, qu =
Gud- Yqu- Yqu =1.40 for EQU and 1.00 and 1.4 for STR-GEO.
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In all the designs of footings and retaining walls the utility has been added.
Click the button and the design of fundaments or in the design of retaining walls and you get into a
calculation window for design bearing resistance.

Soil bearing resistance calculations 1
Soil properties Footing dimenzions Footing loads ”I\M ed
Neg o &

. -~ " "
Undrained shear strength Syg=| 200 = kPa Footing breadth ~ B=| 2.40 m “erlicalload ~ Med= 551 khl Heq -"
Angle of shearing resistance. %= 30 : Foating length L= 2.40 m Harizontal load Hed=| 120 ki }
Cohesion intercept k= 0 : kP& Foating depth d=| 200 m Moment Mecte= B0 khlm h
wieight density K= 170 kM3 Taotal height h=| 250 m Moment Medy= 0 kMm
Drained conditions
[] Undrained conditions T T T T T T T T T T T T T Tquk

I BxL {
DPrained conditions ; So0il bhearing pressure guk= 0.44 H/mm*
-

So0il bearing resistance calculations (EC7 EN1997-1-1:2004 Armex D)

Undrained shear strength culz= 200.0 kPa

Angle of shearing resistance gk = 30.0 °

Cohesion imtercept ok = 0.0 kPa

Weight density vk = 17.0 kNsm®

Footing length Lx=B= 2.40 m

Footing breadth Ly=L= Z.40 m

Footing depth d= 2.00 m

Total height h= 2.50 m

Vertical load Hed= EEL KN

Horizemtael load Hed= 120 kN

Moment. Mzed= &0 kNm

Moment Myed= 0 kNm

Mied=MxedtHedxh=60 +1Z0xZ.50=360k Nm, Myed=0 kNm

en=Mxed/Ned=360/551=0.65 n, ey=Myed /Ned=0/551=0.00 u

B'=Lx-Zex=Z.40-Zx0.65=1.10 m

L'=Ly-Zey=Z.40-2x0_00=2.40 m

B'/L'=1.10/Z.40=0.46

Drained comditions (EC7 EN1957-1-1:700d4 Lrmex D.4)

»
C’? [¥] Include ealculations in report ? Help

In this window you have an estimate of the soil bearing resistance g, from the soil and fundament
parameters. This bearing resistance quis the value you may use in the program.

If you check to include the calculations in the report, then the design bearing resistance will be set
to the minimum estimated and the calculations will be included in the report of the footing design
(remember that if you alter the dimensions or loading you have to re-evaluate qy).

10.2 Spread footings

Design of square or rectangular spread footings,

subject to vertical load and biaxial overturning L EC7 Spread footings  EM1997-1-1, 6.5 F
moments. .

Dimensions. The footing dimensions you specify D Flexible centrically loaded Footing M
are: the length and the width of the footing, the

thickness of footing and the size of column sides i, Flesdible: centrically laaded Faoking M - M
IEI Pre-dimensioning. After you give the loads
111l by clicking at this button, you get a first
estimate of the footing dimensions. In this &
predimensioning the dimensions that are checked, Iﬁl Footing of steel calumn (Fixed) MN-H-1M
remain unchanged.

+
I_,,.i.‘._l Footing of steel column {pinned) M - H

Loading. The loading is on the top of the footing. The vertical load, that you specify, does not
include the self weight of the footing. In the case of centrically loaded footings the loading is the
vertical dead and live load in [kN]. The vertical load is positive downwards. You can specify negative
vertical loading (dead or live) if the load is upwards. In the case of eccentrically loaded footings in
addition you supply the moments Mxx and Myy in [KNm] for the dead, the live and seismic
components of the loading on the top of the footing.

The design load combinations are according to EN 1990:2002, and Eurocode 7,Annex A.
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Loading-1 yGxDead + yQxLive,
Loading-2 Dead + y2xLive + Seismic x-X,

Loading-3 Dead + y2xLive + Seismic y-y

YG, and YQ are according to EN 1990:2002 and Eurocode 7, Annex A, for unfavourable and

favourable permanent and variable actions for EQU, STR and GEO limit states
The design for earthquake loading is activated/deactivated from [Parameters/Design rules]

Soil properties.
Soil bearing capacity in [N/mm2] (GPa) .

You can select capacity by Clicking at El and choose soil from the table with soil
properties.

Click at %EEMH”E” DL you get the soil bearing capacity from the soil properties and the

footing dimensions, according to Eurocode 7 Annex D. Having EC7&nnexD[¥] checked the
soil bearing capacity is obtained automatically from the computations according to Annex
D of Eurocode 7, when you alter any dimensions of the footing.

From [Parameters/Soil properties] you can edit (change properties, or add new) the table with the
soil properties.

Geotechnical design. The program determines the exact pressure distribution under the footing
using numerical integration, even when only a part of the footing is in contact with the soil.

The geotechnical design i performed: According to Eurocode 7 §6.5.2. The bearing resistance of the
footing Rd is greater than the design load Vd, Rd>Vd. The bearing resistance Rd=quxA'/yq, where
qu is bearing capacity of soil and the A' is the effective design area of footing as is defined in Annex
B of Eurocode 7. The partial factors for soil properties yM are used for the design values of
geotechnical parameters according to Eurocode 7 Annex A. EQU, STR and GEO limit states.

Concrete design. The flexural reinforcement is computed according to Eurocode 2 § 6.1, in
ultimate limit sate for bending. The shear strength is checked according to Eurocode 2 §6.2 2. The
punching shear is checked according to Eurocode 2 §6.4.3. You specify the desired diameter for
flexural reinforcement, and the spacing and number of reinforcing bars is obtained. You may check
to use specific reinforcement diameter or the program optimise the reinforcement around the
desired diameter. The reinforcing bars are automatically placed in the reinforcing bar schedules. In
[Parameters/Parameters for reinforced concrete/Footings] you specify the limits for reinforcing bar
diameter and reinforcement spacing that are applied in the design.

In [Parameters/Parameters for reinforced concrete/Footings] you can specify if you want
for the min and maximum reinforcing steel areas to apply the requirements for plates
§9.3.1. Eurocode 2 is not clear on this subject.

Design parameters. From [Parameters/Parameters of footings] you can adjust the
various design code factors, as partial safety factors, allowable limits, safety factors,
eccentricity limits with or without seismic loading, minimum rebar requirements, seismic
coefficients etc..

From [Parameters/Soil properties] you can edit and update the data base with soil
materials which are used in the program.

Report. The report shows in detail all the calculations of soil pressures, load combinations, internal
force evaluation, stability controls and strength design. The report has references to relative
paragraphs of the Eurocodes, and sketches aside of the text, which explain the notation, and show
the stress distributions, and rebar position.
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Dimensions and loading

centrically loaded footing

by clicking a you get a first
estimate of footing dimensions

checked dimensions do not
change in dimension estimate

Dead load (kM) M= I 150.00
Live load [ki] Mo= I £0.00

eccentrically loaded footing

Loading table, axial

Dirmensions inm
Loads, forces In kN, moments in kiNm

insuu m 1500 m |

Soil bearing capacity [Nmm?]

forces and 5 Dead |Live ‘Seismic
h[kR] 12000 |90.00 000
1800 Wr hhex[khim] 40.00 30.00 | 2000
Niwtyytim] 3000 2000} 2000
1 w y
|0.300 1y
[——
i
| |2100 m[™ f
0300 m o .

0700 |
m

0.300 I—L

o

o | "
- - Dimensions in m
o200 | =R

Loads, forces In kN, moments in kN Soil bearing capacity [Nimm?]

The foundation depth can be specified so the extra weight of the soil above the footing is taken into
the account in the design. This is very useful in the case of vertical upwards loading of the footing.

10.3 Spread footings, centrically loaded

1@1 # Design DK

[P = = e —

Dead lnad (kN]Na=| 70.00
Live Ioad [kN]Ng=| 30,00

&

4

%:mr

T —
[casrmn-soo0 (g
vo=[135 [2] sef1m0 3]
=[oe [+] v=[om <]

Coom= 75 |3 m
@[ 12 vl feed @ 2
v

Hame of design obiect

Concrete Steel class

Partial facters for materials [EC252.4.2.4)

Partial safety factors for actions : (EN1380-1-1, A1)
Load combination cosfficients for variable actions
Concrete cover (EC2 §4.4.1) [mm]

Reinforcing bar diameter [mm]

Inchide rebar schedule in report

Sl bearing pressure [N/mr]

[o200 [ S{umer

10.4 Spread footings eccentrically loaded

Dead  [Lie [enmic

\Weight of sail [k /] 17.000 ﬂkN/m‘
Foundation depth ] 200 | 2]m
Name of design object FOOTING D03

7000 ¥[3000 000

s o Desion OK
[@[ NEN]
= Mz{khm]
HyylkNm]

000 <o <o+
0o s[5 fomm *

Concrete-Steel class

€25/30-5500 g%
ye= 150, 3= 115 v

Partial factors for materials [EC2 §2.4.2.4]

1800 Il

4

Patial safety factors for actions : (EN1390-1-1, &1) ¥G=[1.35 ﬂ +0=[ 150 ﬂ
Load combination coefficients for varable actions wi= [080 | 3| w2=[030 | 5]

[ 1-- T% ~x | Concrsts caver (EC2 §4.4.1] [mm] Crone] 75| 2{mm
T [0 il i et g s et ] @[ 12 vl fed @ ol
[0a00 Include rebar schedule in report W
_L_ e en e e e ] [0200 % Wi g
| ,% S | Weishtof sail (k] ngw
| + Faomdtifm dtetoff] [T200 2|m
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10.5 Fundaments of Steel columns

The concrete footing of steel structures has to be designed to resist soil pressure for maximum

vertical load and it must have enough

I ; I 11- .
Weight to resist uplift (from wind or =& Footing of steel column Ned-Hed (EC2 EN1992-1-1:2004, ECO EN1990:2002, )

seismic forces). You can design a pln (N J Design OK. Vertical load downwards Medl=1.35Ng+1 50Mgs| 240,00 :&l
and H forces) or a fixed (N H forces and j Wetical load upwards Ned?2=0.90Ng+1 50Ngw 70.00
Moment) base connection. Harizontal load Hed =1.35Hg+1.50Hgs| 12000
[P Y-7 | —

Loading on the fundament 0600 | & m ¥ -
S . o 3
The final actions after multiplication with T 3100 sml] ¥
safety factors (ys and yq) Eurocode- 0500 |- ‘
1990-1-1, Table A1.2 ! |
25800 |+ T
For downwards loading usual values are: 1 | iﬂ-%ﬂ .

Y =1.35 (unfavourable), yq=1.50.

For upwards (uplift) loading usual values are:
Y =0.90 (favourable), yq=0.00.

The height of the load application over the foundation must be specified.
Steel Tie and Passive earth pressure

The high horizontal forces acting at the base are acting outwards as a result of bending in the
columns due to vertical loading on the roof.
This is resisted in two ways.

e Steel tie at column base. ” ||
A tie cast into the floor slab connected to the base of the columns. This ——
should be considered more safe method to resist the horizontal forces at the C
base of the columns.

e Passive earth pressure on the side of the foundation.
In this case the earth filling and compacting on the side of the foundation must —
be performed carefully, so that the passive earth pressure is not reduced. The Forg
fundament transverse width By and the height Bh are used to compute the active g
area for passive earth pressure.
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10.6 Retaining walls

Basic types of retaining walls are:

. IJ_FL EC7 Retaining walls  EM1997-1-1, 59 F
Cantilever walls

The walls consist of a steam on a base slab, both fully reinforced I__f| Cantilevver wall bype A

to resist the bending moments and shear forces which are

subjected. Major part for their stability is the weight of the soil Pl__, Cantilever wall bype B

acting on the heel of the wall, and the large dimensions of the

basement. Two types of cantilever walls are included in the EI Basement wals

program. One with no heel and the other with large heel. Jle €7 eanth pressure coefficients »

Basement walls
Walls with restricted horizontal movement at the top. Earth pressure at rest (Jaky 1944)

10.6.1 Earth pressure

The computation of the passive and active earth forces is done
using Coulomb's theory. For gravity walls and for cantilever walls
with small back heel (Type A) the active earth pressure is
computed at the back face of the wall using Coulomb’s theory. For .
cantilever walls with back heel (Type B) the active earth pressure is g H
computed at a vertical surface at the end of the heel, (see drawings i l
below) using Rankine’s theory.. The additional seismic forces, due
to earth pressure, are computed using the theory by Mononobe-
Okabe (Eurocode 8, Part 5, Annex E)..

\X

Lateral earth pressure

Active earth pressure is the force which is developed on some surface by a granular material, when
the latter moves over a very small distance away from the granular material..

Passive earth pressure is the resultant pressure developed by a granular material against some
surface, when the latter shifts over a small distance towards the material.

The basic assumptions for lateral earth-pressure, using a simplified wedge theory are set by
Coulomb (1736-1806).

Additional seismic forces due to earth pressure according to theory by Mononobe-Okabe [ref ],
(Eurocode 8, part 5, annex E).

rh?
active earth pressure PA=2_KA

Ka- coz? (g - 8)
3 Sin (g+8) sin (9P |2
cosd B cos (B+3) |:1+V—cos (6vE) cos 106

rH?
passive earth pressure % =2— Kp

=2

cos? (g +8)

Kp B 2 _ _ '||| SN () sin (peF_ ?
£os* 8 cos (8-0) IE] cog (B-3) cos (B-F) ]

¢ angle of internal friction of soil

& angle of wall friction

10.6.2 Stability controls

are performed based either on Ultimate Limit State Design according to Eurocode 7, Annex A for
EQU, STR and GEO limit states or on Working Stress Design method. The user selects the method of
analysis. The partial safety factors and load combination factors have values as defined in Eurocode
7 Annex A for EQU, STR and GEO limit states, but they can be adjusted by the user from
[Parameters\Retaining walls]. In the case of working stress design method, the safety factors for
overturning and sliding, (default values 2.00 and 1.50), can be defined by the user. The safety
factors may have different values in seismic loading. The participation of passive earth force is taken
into account as defined in Eurocode 7. In the case of working stress design method, and in the
seismic analysis, the effect of passive earth force is taken into account by a factor, which can be
defined by the user.
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10.6.3 Strength design

The design of cantilever type walls is based on Ultimate Limit State Design of concrete according to
Eurocode 2.

The design checks are performed at each tenth of the stem height and for cantilever walls the
reinforcement of the stem is optimised. The reinforcing bars are automatically placed in the
reinforcing bar schedules.

10.6.4 Seismic design

The seismic forces due to earth pressure are computed using the theory by Mononobe-Okabe.
(Eurocode 8, part-5). Additional seismic loads are horizontal and vertical seismic forces due to the
mass of the structure according to Eurocode 8 part 5..

10.6.5 Design parameters
From [Parameters/Parameters of retaining walls], and [Parameters/Parameters for reinforced
concrete/Retaining walls], you can adjust the various code parameters, as:

e partial safety factors

o safety factors (overturning and sliding)

e participation coefficients for passive earth force with or without seismic loading

e eccentricity limits with or without seismic loading

e minimum rebar requirements

e seismic coefficients.

From [Parameters/Soil properties] the material properties for the soil types included in the program
can be defined.

10.6.6 Dimensions

Give the basic wall dimensions according to the drawing. Click at to enter drawing.

All the dimensions are in meters [m], and the angles (soil surface slope, wall batter) in degrees.

In order to give the batter of the front or the back face of the wall you have to check next to the
angle to activate it, otherwise you can give the horizontal projection of the wall face and the batter
is computed.

You can supply up to 3 soil layers, marked with numbers on the wall drawing. Two soil layers (1 and
2) are behind the wall and one soil layer ( 3 ) in front. The soil layers 2 and 3 exist if their heights

are >0. If you have high water table level behind the v/ Desin Ok varieallosd NI deaB00_]3 Iwe[T00_J2 o[0T m
wall, then use two soils. In that case the height of soil e L L LI g LI

2 is the height of the water table level, and in the soil Suchaige dead loxd 100_] ki
properties of soil 2 checked to be under the water L
table level.

Together with the wall dimensions you give (if they == bR
exist) the surcharge distributed (dead and live) loads ' ]

in [kN/m2]. The surcharge is assumed to act all over

the top ground surface. \T\_/_IW‘ mf ' T )0
In addition you can specify, as in the case of bridge ﬁw“k;:m O -—F-
abutments, line load (vertical or horizontal, dead and e-{B00] ¢ !

live), acting on the top of the wall. To improve the - H .
wall behaviour in sliding, a base key can be specified. G702 m ‘ i

Specify the height of the key and its distance from the :m _I

front toe. : —

[ELE
1.500
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10.6.7 Soil properties
Properties of soil layers for lateral earth forces

You specify the soil properties for the
three soil layers as shown in the wall N 5oil 1 [ Soi-2 | [N Soil-3
sketch. The two soil layers 1 and 2 are
behind the wall, and soil layer 3 is in
front of the wall. The soil layers 2 and
3 exist if their height is specified >0. Unit weight of soil [ aturated) [kN /7] ¥s=| 2000
If you have high water behind the wall
table level, use two soil layers. In that
case the height of soil layer 2 is the Cohesian of soil [N /mr] &= 0.000
height of the water table level, and in
the soil properties of soil layer 2 check
[Soil below water table level].

Soil Type Dense sand

Uit weight of soil [diy) [kKM/mwé] wd=| 17.00

Aingle of sheanng resistance of soil [*] = 35.00

Wy W Wy WY Wy

Angle of shearing resistance between soil and wall [] fe=| 0.00

Soil below water table level |

By clicking at E‘ the table with soil

types appears from which you can select a soil type and its properties are loaded.

The table of soil types can be edited (change values, add new soil types) from the menu
[Parameters/Soil properties].

Foundation soil

Properties of foundation zoil

Angle of shear resist. between soil-footing [*] (P;= 35.00 {:%
Cohesion between zoil and footing [N /] L= 0o {:}
Soil bearing pressure [foundatian] [N Amme] EC7 fnnex D[ ]duyz| 0.300 EA%

The properties of the foundation soil are defined under the sketch of the wall. Click at @ the table
with soil types appears and you can select a soil type. For the shear resistance between wall and
soil, you specify the angle of friction in degrees, and the friction coefficient (shear resistance) is
computed as the tangent of this angle. You specify the soil bearing capacity when the geotechnical
design is according to Eurocode 7,

Click at EE? Annes DL you get the soil bearing capacity from the soil properties and the footing

dimensions, according to Eurocode 7 Anndx D. Having ECT&nnexD[¥] checked the soil bearing
capacity is obtained automatically from the computations according to Annex D of Eurocode 7, when
you alter any dimensions of the footing.

10.6.8 Stability design

The design of retaining walls is based either on Ultimate Strength Design method according to
Eurocode 7, or on Working Stress Design method. Form [Parameters/Design rules] you select which
of the two methods you want to use.

Stability checks using Ultimate Limit State Design, Eurocode 7, §6.5 and §9.7

Stability against overturning Msd<Mrd,

Msd are all the overturning moments (active earth pressure, seismic forces).

Mrd are the moments resisting overturning (self weight, backfill weight).

Overturning moments are computed in respect to the wall toe.

Stability against sliding Hd<=Sd+Epd

Hd is the horizontal component of the driving forces (active earth pressure, seismic forces).

Sd is the design shear resistance between the foundation and the soil. Sd=Vd tan¢d+A' Cu, where
Vd is the design vertical load on the foundation surface, ¢d is the design shear resistance between
foundation and soil. A' is the effective footing area (EC7 Annex B). Cu is the cohesion between
foundation and soil.

Epd is the passive earth force.

Stability against soil bearing capacity failure Vd<Rd

Vd is the design load at the wall base (self weight, backfill weight, earth pressure, surcharge load).
Rd is the bearing capacity of the foundation Rd=A" qu. where A' is the effective footing area (EC7
Annex D), and qu is the soil bearing capacity (EC7 Annex C).

Load eccentricity in the foundation according to EC7 §6.5.4.
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The actions are multiplied with the partial load factors given in Eurocode 7, Annex A. These factors
are for unfavourable (overturning moments, sliding forces), or favourable (moments resisting
overturning, foundation shear resistance, passive earth pressure) loading conditions. The load
factors for favourable or unfavourable loadings can be set from [Parameters/Retaining Walls/Check
wall stability with Eurocode 7]. The soil parameters are divided by the partial factors for soil
parameters given in Eurocode 7 Annex A.

The limit states EQU (equilibrium), STR (structural) and GEO (geotechnical) are considered.

10.6.9 Seismic loading

Check to perform or not the design for earthquake loading, and you specify the design ground
acceleration ratio (Eurocode 8, part-1, §4.2.2). The seismic forces, due to active earth pressure, are
computed according to Mononobe-Okabe (Eurocode 8, part-5, Annex E).

10.7 CAD drawing of concrete footings and retaining walls

The CAD modulus of the program automatically creates detailed drawings of spread footings,
retaining walls, corbels and deep beams. You can adjust the scale of the drawing, and you can
choose the visible layers. The properties of the drawing components, (line thickness, colour, text
size) can also be adjusted. You can also specify the dimension units that are used.

Before previewing or printing the drawing you can select printing paper size, and move the drawing
to the desired position on the paper.

¥ Structmre Drawing 5
B0 =) B2 =l 21z
10.7.1 CAD Features
Scale of Zoom Layers Dimension units/ Grid
Drawing Reinforcement
= rwngg;’"ié”om ” o apers ? Xl Gidsze 1m |
Scale | 1:75 [
= | Fill 0.70mm
155 scae[175_[-] @ @| Q) wa[> v Soil Dimensions it | mm - 0. 20m
:II‘I?DE | Reinforcement 0.25m
118 move w| Reinforcenment-1 0.00 m 0.30m
170 s renacotaty v Reinforcement bext 0.000 m 0.50m
1j25 move to zero v| Element axiz mm 0.60m
1130 v| Main Dimensions im
140 ¥| Secondary dimensions
JEF v Text
1jBD v| Loads
175 Grid
1:40
1:100 Reinforcement, &3 8/20(cm] | =
1zs 2 B/20(cm)
1 B
11253 B3 Bim
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Scale/Move/Zoom If you cannot see all or parts of the object on the screen, you can scale or move
your drawing. You activate/deactivate the move command (hand) by double clicking on the drawing.
By right click you can change cursor.

Layers Choose the layers you want to be visible and printed. The properties of the layers are defined
of the Properties of drawing components.

Dimension units

Choose unit for dimensions appearing on the drawing. This will be the default unit until you change
it.

Grid

If you want the grid to appear, from the layers panel, check the grid and choose the size from the
pull down menu. By clicking on the small arrows on the right, you move the grid in relation to the
drawing.

Line thickness, colour and font sizes

By using this panel you can adjust the appearance of the drawing.

Turn on or off the layers from the panel with Layers.

For the line type of Axis and nodes, choose line thickness 1 for dashed line, line thickness 2 for
the thinner solid line etc.

Properties of drawing compaonents ? [E
| Colours Fuant gize-colaur Line
loee 2 (X |Eoncrete B B 8 =~ =
- ¥ - ] g &l 1 &l
| Dutline Soil . hd =] . hd [+]
| Fill
V| Soil |Heinf0rcement . hd . w 38 I[E} . v 2 I[3]|
| Reinforcement . al =l
| Reinforcement-1 |."3\:-:IS and nodes N~ <) I[:] RS 1 '[:]
v| Reinforcement text . .
|D|men3|ons - 7 I[E} [ IR 1 E]‘
V| bain Dimenzions =1 =1
| Secondary dimensions ||—°‘5'ElS . e 8 3 . hd L
v .
= [De:gs |F|emfnrcement tet 100 121 slops ® slope 2 ] test |30 A
i |Dimensic-n distance 500 &1 Distance of reinf. 0 [=] Feset

There are three levels of dimensioning. By adjusting the dimension distance you move the
dimension lines further or closer to the design object.

By adjusting the Text distance you move the text further or closer to the design object.

The values you are setting are maintained automatically. By clicking at Reset you restore the
original default values of the program.

Add extra dimensions

If you want to add extra dimensions on the drawing, use the ﬂ Click on the point at beginning
and the end of the distance you want to insert. Stop the process by right click.

If you want to remove all the extra dimensions added, use the K .
For the standard dimensions, use the layer function to turn the dimension on or off.
The extra dimensions added are not maintained in the data file.

10.7.2 Print - preview drawing
Before you print your drawing it is advisable to preview

X . Parameters of Frinting ? X
the contents of you drawing first.

Paper size Piint panels with text

’m [v General information
Click on the Preview Button and set the parameters Soale [1:25 [+ ||| Elements, connections

of printing. ¥ Project information
Choose Paper size and orientation, Scale and check for Paperscale |11 (™ o (o fant size

Black and White according to your printer.
You move (click on the drawing and move the mouse) the

[~ Black and White il =7 =l

drawing to place it at the desired position inside the = s :
drawing paper. L\Y';I 2 ?'
Frinter Preview L Cloze
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In case your screen size does not allow you to see all the drawing paper by choosing another Paper
scale you scale down the screen image.

Choose the text panels you want included in your drawing.

When you check/uncheck a text panel you can see the area available for drawing is changing.

You can change text font and size. Be aware if you increase the text size in A4 paper. The text can
become too large for the text area.

[EdStrcture Orawing EE|
\ sea(13 2] Gl @G sl B kIH BB e e = 2| 1

Cumeraions i 000 » | * Pisrboncamant (3 8/2000mm) = Ghied | 0 50 | JJj

Paiamabias of Prirdieng X
_:T.:,,., = | Ersvons
S Tt bort fort i
I PR |
= IR S
Fivie | Preeee SR | sE-_ g
unlis - -
_315_ 24T ) 4
Print preview drawing.
Portrait
a
Landscape
General Info
Ganeral Information
9]
Connection nfo Project nfo
Project Info
Page orientation for drawings.
10.7.3 Project panel
[ IWiew layers Text on project panel 7 ¥
[]Wiew properties -
[w"iew project panel Froject  [v ITennhord School

To edit appearance of the text panel _
for the drawings check the fields you Tiled [ |Trussmi
want to be included and type the wanted text. TileB ¥ |TypeB

Date v |2D£DS£2DD4

. . . . i I,ﬂ_ i A
The project title is automatically taken from the name of Designer [V JauetiAmy

the project. Draw.Mo. v |12345-1

The title A is automatically taken from the name of the Filerame [~ |testproject01
deSIgn ObJeCt' Diesign firm [v IYDur deszign office

LE]
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The Design Firm title is automatically taken from the settings of the report parameters, see pg. 28,
report page footer.

24

10.7.4 Export drawing to PDF format
From the CAD modulus of the program you can save your drawing in PDF format

10.7.5 Export drawing to dxf format

DxF From the CAD modulus of the YWrite drawing to file in DF format T X

fpgSn%;atTTzlci)sufﬁzncgivt;eeyr?eua::ldf:?)mn,gultr(;(;g()j(fln File name |C:\RunetiWoodExpress|Projectsidec 1testROOF -008. v
the window that appears specify the file Yy p— ls—j

name and adjust the text size and decimal
symb0| in the new file. Decimal symkol Paoint (1 = DF to file
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11 Eurocode 8

EN 1998-1:2004 Design of structures for earthquake resistance

11.1 Seismic spectra

Elastic and Design seismic spectral for Horizontal and vertical seismic activity.
Select ground types according to Eurocode 8 3.2.2.2.2,. You can alter all the basic spectra

parameters.

Sample seismic time series simulated from the spectrum, is shown under the spectum.

[

5=0.300g=2.843m/s?

Seltiy =

——tharizontal]

. \ frertical
ﬁzﬂ 135g=1 azzh?\

AN

0 0.30 1 T(sec) 2

0209
S
l_bﬁg ave

-0.20g

If Parameters of recommended spectrum is checked, then all the spectra parameters, periods and
soil factor, except the damping ratio § and ratio a,¢/dg , are taken as recommended in Eurocode 8

Mame of design object EC&-SPEC-E-O01

Horizontal acceleration ratio [ECE §3.2.2.2] dg=| 0100 [‘}*9

[

Parameters of recommended spectrum [ECE T.3.2, T.2.3)
Spectium type (ECH §3.2 2. 2(2)P] ® ype @l
Ground type
Ground type ‘ s ‘ Tb T ‘ Td |
O
A- Rock -ike geological formations 1.00 015 040 200
®8
B- Very dense sand, aravel s tiff clay 1200 015 050 200
- Mediurn-dense sand, gravel, stiff clay E X A .
Oc C- Mediumn-d; d I, stiff . 115 020 0ED 200
(@]lb] D- Loose to medium cohesionless soil 135 020 080 200
OE E- Surface alluwvium layer 140 015 050 200
Sail factor [ECB §3.2.2.2) S=

Damping comection factor [ECE §3.2.2 2]r|=\|1|]1(5+§] =155 (24h)

§%)=

Characteristic spectral periods [EC883.2.2.2) Th= {:%sec Te= %:isec Td=

Fundamental vibration periad T1(sec) (ECS $4.3.3.2) T1= 030 %:}sec

3.2.2.2.2 and 3.2.2.2.3 and the national Annex, for spectral of type 1 or 2.

If Parameters of recommended spectrum is NOT checked, then the spectrum parameters, periods

and soil factor and ratio a,¢/qg, can be defined by the user.

The value of fundamental vibration period, is the value of the fundamental vibration period of the

structure. In the graph is shown the spectral amplitude for horizontal and vertical movement for this

eigenperiod.
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12 Tables of structural analysis
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Tables for Beam diagrams (unit koad) b4
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13 FRAME?2D design

Finite element Design of 2-D structures and dimensioning of members for
Reinforced concrete, structural steel and timber according to Eurocodes.

FRAME2D design user’s manual
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14 Standards and Bibliography

EN 1990:2002/A1:2005/AC:2010 Eurocode - Basis of structural design

kK%

EN 1991-1-1:2002/AC:2009

Eurocode 1: Actions on structures - Part 1-1: General actions - Densities, self-weight, imposed loads
for buildings

EN 1991-1-2:2002/AC:2013

Eurocode 1: Actions on structures - Part 1-2: General actions - Actions on structures exposed to fire

EN 1991-1-3:2003/AC:2009

Eurocode 1 - Actions on structures - Part 1-3: General actions - Snow loads

EN 1991-1-4:2005/A1:2010

Eurocode 1: Actions on structures - Part 1-4: General actions - Wind actions

EN 1991-1-4:2005/AC:2010

Eurocode 1: Actions on structures - Part 1-4: General actions - Wind actions

EN 1991-1-5:2003/AC:2009

Eurocode 1: Actions on structures - Part 1-5: General actions - Thermal actions

EN 1991-1-6:2005/AC:2013

Eurocode 1 - Actions on structures Part 1-6: General actions - Actions during execution
EN 1991-1-7:2006/AC:2010

Eurocode 1 - Actions on structures - Part 1-7: General actions - Accidental actions
EN 1991-2:2003/AC:2010

Eurocode 1: Actions on structures - Part 2: Traffic loads on bridges

EN 1991-3:2006/AC:2012

Eurocode 1 - Actions on structures - Part 3: Actions induced by cranes and machinery
EN 1991-4:2006/AC:2012

Eurocode 1 - Actions on structures - Part 4: Silos and tanks

XKk

EN 1992-1-1:2004

Eurocode 2: Design of concrete structures - Part 1-1: General rules and rules for buildings

EN 1992-1-1:2004/AC:2010

Eurocode 2: Design of concrete structures - Part 1-1: General rules and rules for buildings

EN 1992-1-2:2004/AC:2008

Eurocode 2: Design of concrete structures - Part 1-2: General rules - Structural fire design

EN 1992-2:2005/AC:2008

Eurocode 2 - Design of concrete structures - Concrete bridges - Design and detailing rules

EN 1992-3:2006

Eurocode 2 - Design of concrete structures - Part 3: Liquid retaining and containment structures

XXk

EN 1993-1-1:2005/AC:2009

Eurocode 3: Design of steel structures - Part 1-1: General rules and rules for buildings

EN 1993-1-2:2005/AC:2009

Eurocode 3: Design of steel structures - Part 1-2: General rules - Structural fire design

EN 1993-1-3:2006/AC:2009

Eurocode 3 - Design of steel structures - Part 1-3: General rules - Supplementary rules for cold-
formed members and sheeting

EN 1993-1-4:2006

Eurocode 3 - Design of steel structures - Part 1-4: General rules - Supplementary rules for stainless
steels

EN 1993-1-5:2006/AC:2009

Eurocode 3 - Design of steel structures - Part 1-5: Plated structural elements

EN 1993-1-6:2007/AC:2009

Eurocode 3 - Design of steel structures - Part 1-6: Strength and Stability of Shell Structures
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EN 1993-1-7:2007/AC:2009
Eurocode 3 - Design of steel structures - Part 1-7: Plated structures subject to out of plane loading

EN 1993-1-8:2005/AC:2009

Eurocode 3: Design of steel structures - Part 1-8: Design of joints

EN 1993-1-9:2005/AC:2009

Eurocode 3: Design of steel structures - Part 1-9: Fatigue

EN 1993-1-10:2005/AC:2009

Eurocode 3: Design of steel structures - Part 1-10: Material toughness and through-thickness
properties

EN 1993-1-11:2006/AC:2009

Eurocode 3 - Design of steel structures - Part 1-11: Design of structures with tension components

EN 1993-1-12:2007/AC:2009
Eurocode 3 - Design of steel structures - Part 1-12: Additional rules for the extension of EN 1993 up
to steel grades S 700

kK%

EN 1997-1:2004/AC:2009

Eurocode 7: Geotechnical design - Part 1: General rules

EN 1997-2:2007/AC:2010

Eurocode 7 - Geotechnical design - Part 2: Ground investigation and testing

EN 1998-1:2004/A1:2013

Eurocode 8: Design of structures for earthquake resistance - Part 1: General rules, seismic actions
and rules for buildings

EN 1998-1:2004/AC:2009

Eurocode 8: Design of structures for earthquake resistance - Part 1: General rules, seismic actions
and rules for buildings.

EN 1998-2:2005/A1:2009

Eurocode 8: Design of structures for earthquake resistance - Part 2: Bridges

EN 1998-2:2005/A2:2011

Eurocode 8: Design of structures for earthquake resistance - Part 2: Bridges

EN 1998-2:2005/AC:2010

Eurocode 8 - Design of structures for earthquake resistance - Part 2: Bridges

EN 1998-3:2005/AC:2013

Eurocode 8: Design of structures for earthquake resistance - Part 3: Assessment and retrofitting of
buildings

EN 1998-4:2006

Eurocode 8 - Design of structures for earthquake resistance - Part 4: Silos, tanks and pipelines

EN 1998-5:2004

Eurocode 8: Design of structures for earthquake resistance Part 5: Foundations, retaining structures
and geotechnical aspects

EN 1998-6:2005

Eurocode 8: Design of structures for earthquake resistance - Part 6: Towers, masts and chimneys

Other Standard references

CEN/TS 1992-4-1:2009

Design of fastenings for use in concrete - Part 4-1: General

CEN/TS 1992-4-2:2009

Design of fastenings for use in concrete - Part 4-2: Headed Fasteners

CEN/TS 1992-4-3:2009

Design of fastenings for use in concrete - Part 4-3: Anchor channels

CEN/TS 1992-4-4:2009

Design of fastenings for use in concrete - Part 4-4: Post-installed fasteners - Mechanical systems

CEN/TS 1992-4-5:2009

Design of fastenings for use in concrete - Part 4-5: Post-installed fasteners - Chemical systems
EN 13391:2004

Mechanical tests for post-tensioning systems
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