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1 General about BETONexpress

BETONexpress is a software that covers the design and analysis of structural concrete elements
according to Eurocode 2. In a unified environment you design concrete elements in a simple way. The
calculations of concrete components performed by BETONexpress cover all the needs of a structural
design firm. It simplifies all the repetitive and time-consuming every day calculations for concrete
elements.

In a graphical added environment you specify the necessary dimensions, loads and design code
parameters of concrete components, and the design is immediately performed. Default values and
checks for erroneous input values, facilitate the input data process. The detailed calculations can be
viewed immediately.

The report, which is created simultaneously, shows in detail all the calculations and the design steps
with references to the corresponding design code paragraphs. In case of inadequate design warnings
in red color appear in the report. Reinforcing bar schedule is also produced. With a special editor you
can add or edit reinforcing bars. The report quality is high with sketches, graphs and formulas, and
with user specified title block, logos and fonts.

In one project you can create as many structural elements (design objects) as you desire. All the data
are stored automatically in one file. A dedicated window helps you working with the design objects in
a project. Each structural element is well marked with a name and an icon. You can edit, copy or
delete design objects in a project with a click of the mouse.

You can select the design objects to be included in the final project report, and the reinforcing bar
schedule.

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 export file, or drawing.

A context-sensitive Help system, guides you through the use of the program and the Eurocode
provisions. On-line user's manual and frequently asked questions (F.A.Q.) are included in the
program.

You can adjust the material properties and the design code parameters according to the requirements
of the National application document.

Eurocode? is used for the concrete design, Eurocode 7 for the geotechnical design, Eurocode 8 for the
seismic design, and Eurocode 6 for gravity wall design. In addition in the design of footings and
gravity retaining walls, the allowable stress method may be used.

The concrete components you can design are:
Solid and ribbed slabs

e slab sections

e one-way continuous slabs

e two-way slabs

e cantilever slabs

e section capacity

e section capacity with FRP strengthening

Beams of rectangular or T section
e beam sections in bending shear and torsion
e one span in composite loading
e continuous beams in uniformly distributed loading
e section capacity
e section capacity with FRP strengthening

Columns
e column sections in biaxial bending
e isolated columns
e section capacity
e section capacity with FRP strengthening
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Spread footings
o flat or sloped footings
e centrically or eccentrically loaded
e eccentric footings

Retaining walls
e gravity type backwards inclined or not
e cantilever walls

Corbels-brackets
Deep beams

Light Wight Aggregate concrete (LWAC) Solid and ribbed slabs
slab sections
one-way continuous slabs
. two-way slabs
cantilever slabs
Light Wight Aggregate concrete (LWAC) Beams of rectangular or T section
beam sections in bending shear and torsion
one span in composite loading
continuous beams in uniformly distributed loading

Design charts Tables and graphs:

Tables and Design charts with Eurocode 2 as: Kd , med w, effective length.
Tools with charts and computational material to understand and use Eurocode 2.
Ultimate strength interaction diagrams, biaxial bending and compression charts.

In addition, various engineering tools are included: unit conversion, section properties, area
computations, reinforcing bar properties, lateral earth pressure coefficients.

From the parameters menu you can adjust the default dimensions, code parameters and material
properties, according to the needs of your region and the Eurocode National application document of
your country.
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2 After program installation

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 necessry
you may also adjust various parameters such as material constants, safety factors, default values, and
minimum requirements for reinforcement.

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.

From Parameters:

Design rules. You can select the design code you want to use. (select Eurocode or native code for
concrete design, Eurocode 7 or allowable stresses for foundation design, seismic design)

Concrete and steel class. You can select the default concrete class and reinforcing steel class.
Eurocode and National Annexes, select the National Annex to apply in the design.

Concrete properties, Reinforcing steel properties, Soil properties, Fiber Reinforced Polymer
materials. You can adjust the characteristic material properties. It is advisable to consult the National
Application Document of the Eurocodes 0,1, 2, 6, 7, 8.

Parameters of reinforced concrete, Parameters of geotechnical design, Parameters of
retaining walls. You can set the default values for the various design parameters.

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 check the right appearance of Greek mathematical symbols in the report. If you do not get the
right appearance of Greek characters, then from [Setup/Greek character support], you can select
the Greek characters to appear explicitly with English characters.

According to the notation used in the Eurocodes the report contains many Greek mathematical
symbols. Depending on the Window installation the Greek mathematical symbols may or may not
appear right. If you have Windows XP or 2000 you may add Greek language support in your Windows.
Go to [Settings/Control Panel/Regional and Language Options/Advanced].

If your Windows do not support Greek mathematical symbols, then from [Setup/Greek character
support] select NO. The Greek characters will appear as alpha, beta etc., in the report.

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.
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3 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 concrete parts of a structure such as: slabs, beams, columns,
footings, retaining walls, corbels, deep beams. 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 and reinforcing bar schedule is created. You can select the concrete
objects that you want to include in the report and the rebar schedules. 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 at the top of the main program window.

Each design object, with a name you specified, 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 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 and reinforcing bar schedule.

The basic steps in using the program are:

Open a Project File from menu [File].

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.

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.

In the object's calculation window enter the necessary data for the particular design object and do the
computations.

In the calculation window you can see the drawing of the object, its reinforcement lay out, and you
can preview or print the report of that particular design object.

Check the objects you would like to appear in the report, and adjust their order of appearance in the
[Design objects] window.

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.

Lond, Dead Pokel00. 006N, Live P, ddiel
2 ol Cgel.35, Cgel.=0

ded. 375-0. 020-0. 030s0. 325 = -
[a1=0, 020+0, 030+0. 000x10=0, 060 = [ |
[Frdsl, 351100.00 + 1.5030.00 =135.0 kN |l =l

BETCHenpress & Runetl  computafions of active siructure chiect Regstered user - 01000-67631
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4 Design objects

The design objects can be a variety of concrete parts of a structure such as : slabs, beams, columns,
footings, retaining walls, corbels, deep beams.

We refer to these calculations as design objects or structural concrete 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 type of the design
object.

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. The 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, and the reinforcing bar schedules. A
common report and reinforcing bar schedule 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

ks | W —
two buttons . 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 —

selected l_thect Dezign ohjects Project name IPrDject Beton
computations T ————__ | SLARON
design object M\Whﬂl properties-Parameters-Code reguirement
checked ohjectﬂs_ﬁf—g 2 FDDTWG'DD Dimens
appear in the Y RET. wall-001 Height of wall 5,000 o
object in red if error____| FH BEAM-002 Transwverse length of wall 10,000 m
in computations E—Hﬁ—EDHBEL-UU‘I Steam thickness at wall top 0.400 n
’g COLUMMN-001 Steam thickness at wall hottom 1.100 m
d f Midth of wall base Z.800 m
e ;’,‘J‘;:Et“ — Width of wall toe 1.500 o
ﬁ—l = | H Width of wall heel 0.200 m
R Height of wall steam 2.400
delete object __———] Thickness of wall footing 0.600 m
duplicate object Front thickness of wall toe 0.250
activate computations Back thickness of wall heel 0.250 m
of selected object (or Eatter at wall front 2.386"°
double ckick on object) Batter at wall backface 14.036°
Loads
sketch of selected——————— Dead load on wall top Op= 0.00 kN/x
object Live load on wall top Q= 0.00 EN/x

5 Calculation Window

A calculation window has a typical sketch of the concrete 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 design values are shown in red in the calculations.

You can enter a CAD drawing of the concrete component by clicking [Drawing], or by double clicking

at the centre of the sketch of the concrete object. The size of the letters in the object graph can be
adjusted from Report Setup.
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When the object is created all the parameters  [isusoein o e b iceawimzi i ]
take default values. A check is always made Y ek A LI—

for wrong or erroneous input values. After the ; B (e s o
computations an OK or Error (in red) message | [ffita s s s s ol 2 s 2

is shown on top left. By clicking at Drawing a D Gy T
detailed drawing appears. With Preview and bpdtonl i i
Print the full report of that object may be e dvee [ ot xtard i swem dipenc]
previewed or printed. From this preview you e T
can export the report to PDF or Word file. e =

Uridorm o oo, bl B 1000 3| o 70 S| setload on ol e g

2 Load bacton b, gk, qeebiy kel 1000 2
w z ]
= Yo

o Suppt wilth ] e 0200 sl Prstert of mossert sedsbibusion] 0 3 [%

(e | 7o ]| Kow| 20 |

. File:
6 Files New .
Dpen ...
You create, open and save files. The data are saved automatically as Save
. . Save As ...
you change them and you do computations. All the structure objects Delete .
are saved in the same unique file with an extension Read Command Line File
[BetonExpressData]. When you specify a new file name you don't have Print repart ..
to type in the extension. Preview repart

Repart setup ...
Printer setup ...

Exit:

A RUMETENG,BETOME xamplesiBeams
C\RUMETENGYBETOM\ExamplesiFoatings

7 U n its A RUNETENG,BETOMEx amplessddds

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].

forces [kN]

moments [kNm]

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

reinforcing bar diameter [mm]
concrete cover [mm]
You can select the units for the reinforcement in the report from [Setup/Units in report]
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8 Step by step, program use

File Open a Project File. Use New for new project and Open for an existing project file. All
Mew the data are saved in the same file. The data are saved automatically.
Open
Sawve
Sawve s,
Delete
Create a new Design object, From the drop-down buttons on the top,
@ - automatically you enter the computation window for this object.

EEE Slab section in bending

You may select an existing design object, from the [Design objects] window, and
activate the computations by double clicking at the object, e.g. Footing-001, or

== One-way continuous slab

El Twao-way slab

by clicking at @ .

v iy comthovmmin slab (167 ENTRSE1-1 008 (00 (B¥RI-1-1 00T} (%]

In the window with the computations, enter the
necessary data for the particular design object and click

W Auta computation
on . .

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

Click to see more of calculations.

Computations All the computations for the design object are performed.

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

M Eror, Inadequate design  If the design has problems due to inadequate dimensions this message
will appear.

lill Dirawing Automatic generation of CAD drawings.

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

format.
Design obiects Select (check) the objects you want to include in the report. With the
3 JOINT-001 arrows you can adjust their order of appearance in the report. In the
v 'O, SECT.-0M : . .
- report only the objects checked in front will appear.
ROOF -00m
v| i ROOF -002
IR TR

Al == 2] B

= 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
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9 Parameters

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

cou ntry. é?“ Concrete-Steel class: C25/30 - BSO0C
It i; advisable to consult the Nation_al Application Documer_1ts, wh_ich ,§ Eurotode and National Annexes
define the parameters, the supporting standards and provide national e

guidance on the application of Eurocodes. &F Dedan nues

7_4{ Parameters of reinforced concrete
After the installation of the program, you must select the National
Annex of your area. If it is necessry you may also adjust various &
parameters such as material constants, safety factors, default values, 1,_,0; Parameters of retaining walls
and minimum requirements for reinforcement.

Parameters of footings

Concrete properties

From the Parameters set:
Concrete and Steel class, default values for concrete and steel
class.

Eurocode and National Annexes, select the National Annex to
apply in the design.

Design Rules, select the design code you want to use, Eurocode 2 or
native code for concrete design, Eurocode 7 or allowable stresses for foundation design, Eurocode 6 or
allowable stresses for gravity wall design, seismic design or not.

Parameters of reinforced concrete, you adjust the load factors and you set the default values for
concrete cover, default rebar diameters, minimum and maximum rebar requirements for slabs,
beams, columns, footings and retaining walls.

Parameters of footing design, you adjust the partial safety factors for Eurocode 7, and the
coefficients for the foundation analysis with allowable stresses.

Parameters of retaining walls, you adjust the partial safety factors for Eurocode 7, and the
coefficients for the wall stability analysis with allowable stresses, participation factor of passive earth
pressure, etc.

Concrete properties, Reinforcing steel properties, Soil properties, Fibre Reinforced Polymer
(FRP) materials, you adjust the characteristic properties according to the requirements of your
region. For this it is advisable to consult the National Application Document of the Eurocodes 2, 7 and
1. You select also the default properties for concrete, reinforcing steel and soil to be used in the
program.

Reinforcing steel properties

Sail properties

Fibre Reinforced Polymer materials

V=Vo Mew parameters settings

In order to edit the material properties or other design  Furecede andHational Annexes
Concrete Design, Eurocode 2
parameters, first you have to click % Locked , to & Eurncode 2, EN 13321-1:2004 CENY 1992-1-1:1333
unlock the edlt procedures Geatechnical Design, Ewocade 7
() Eurocods 7, EN 1397-1:2004 (O ENV 1997-1:1997
Earthquake Design, Eurocade B
9.1 Eurocode and National Annex i)EurocodeB,ENgSSE-E;ZUEU!t (O ENY 1938-5:1998
azomy struchures, Eurocods
Select the Eurocode and National Annex to apply in @ Eurocods 6, EN 1936-1-1:2005 (CENY 1386-1-1:1995
the design. The Eurocode parameters are set Nationsl A
according to the National standards you choose. From e P— h
the menu paramers, you can view the parameters. e el N e DR 3 ]
. . . Cazch Republic CSN EN eset rocked[ 2 Help
If you select as National Annex - NA, the first option, L [DermaiDSEN
Eurocode EN, then also ENV (prestandard versions of et
. . Italy UNIEN
Eurocodes) are activated. These preversions of E‘ufwayﬂg;m
Eurocodes are expired, but are kept as an option in Unied Kinggo BSEN |~
the program if someone wants to calculate with old standards for comparison.
Design rules
9.2 Concrete and steel class
& Fomcode
Geotechnical design
C.B3t | Select the default values for concrete class and reinforcing & Ewscote? e
é"‘ steel class. s
& Ewocode £ " Allowable stresses
Seismic design
* Eurocode 8 " MO ssismic desian
# 0K | X Eancel‘ ? Help |

User’s Manual 14



BETONexpress RUNET software

9.3 Design rules
Options:
Reinforced Concrete Design
e According to Eurocode 2
¢ Native Concrete Design Code (if available)

Geotechnical design for footings and retaining walls
¢ Ultimate Limit State Design, according to Eurocode 7.
e Working Stress Design (allowable stresses)

Design of gravity type retaining walls
e Ultimate Limit State Design, according to Eurocode 6
e Working Stress Design (allowable stresses)

Seismic design
e Seismic design, (in footings, and in retaining walls), according to Eurocode 8
¢ No seismic design.

9.4 Parameters of reinforced concrete
Default values for parameters of the reinforced concrete design

Default values for action coefficients for permanent and variable actions and load combination
coefficients for variable actions, Eurocode 0, EN 1990:2002.

Default values for concrete cover, minimum mean and maximum steel bar diameters and spacing for
slabs beams columns and footings

These parameters may be adjusted according to the design code requirements and National
Application Document for Eurocode 2.

In the design of a concrete member the mean reinforcing steel diameter is used as a default value.
The minimum and maximum values for the steel bar diameters are the low and upper limits of the bar
diameters which are used in the design.

Action coefficients | Materialz | Slabs | Beams | Columng | Footings

Action coefficients Slabs | Beams | Columns | Footings

Action coefficient far permanent loads, unfavourable Yigep= 1.35
Default material factors yo= 160, ¥s= 115 |w
f= 085
Action coefficient for variable loads, unfavourable Vo= |1.50 EN 1992118 31.6(1) o= | 0,85
EMN 193211, 8316(2) Clet=|0.85
Load combination factar for variable actions Wo= 0.70
Load combination factor for variable actions Wq= 060
Load combination factor for variable actions Wa= 030

Action coefficients | Materials eams || Columns | Footings

Action coefficients | Materials | Slabs Beams Columns | Footings

Minimum concrete cover of reinforcement [mm] 15

tinimum concrete cover of reinforcement [mm] 20
tinirmum diameter of slab reinforcement [rmm] 8 Minimum diameter of beam reinfarcement [rm] 10
tean diameter of slab reinforcement [mm] 10 Mean diameter of beam reirforcement [mm] 16
Maimum diameter of slab reinforcement [mm] 25 Marimum diameter of beam reinfarcement [mm] a2
I aximurn spacing of main reinfarcement [rm] 500 Diameter of bearm stirups [mm) 8
Masimum spacing of secondary reinforcemnent [mm] 500 tinimum number of reinforcement bars in beam span 4

Action coefficients | Materials | Slabs | Beams Footings Action cosfficients | Materials | Slabs | Beame | Columng

Minimum concrete cover of column reinforcement [mm] 20 Minirmum concrete cover of foating reinforcement [mm] 75
Minirnum diameter of colurnn reinforcemnent [rm] n Minirum diameter of Faoting reinforcerment [rm] 1o
tean diameter of column reinforcement [rmm] 20 Mean diameter of footing reinforcement [mm) 16
4 awirnurn diameter of colurin reinforcement [mm] 32 taximurn diameter af footing reinfarcement [mm] 32
Diameter of column stirmips [mm] g taximum spacing of footing reinforcement [mm) 500

Riequirements for min-max reinfarcement as slabs
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9.5 Parameters for footings

Parameters for footings
These parameters may be adjusted according to ®  Design of foundation with Euracode 7 (vd<vi
the design code requirements and National O Design of founcation with allowabls stisssss
Application Document for Eurocode 7.
. . . (%) Eurocods 2 [Reinforced concrete) &)))
In order to edit the material properties or other
design parameters, first you have to click Sekmic design with Eurocads 8
Locked .
89| 4 unlock the edit procedures.
Eurocode 7 (Geotechnical design)
Paitial and comrelation factors
9.5.1 Design according to Eurocode 7 e
EQU STR GEDO SEISMIC
) . . Actions Permanent Unfavourable Yegst=[10 [13 [t [
Partial safety factors as defined in Eurocode 7 Annex A, ctions Pemanent Favourztle rouefom [0 [0 oo
for EQU, STR and GEO limit cases. You can adjust them deta el By Yogaslisn  [is0 130 i
according to the requirement of National Application A e Yastloos  ooo  oon " fooo
Docu ment. Soil parameters Angle of shearing resistance TU:W W W W
Soil parameters E ffective cohesion "}’c:W 1.00 125 1.25
Soil parameters Undrained shear strength Feu= W 1.00 1.40 1.40
- - Soil parameters Lnconfined strength Tqu:W 1.00 1.40 1.40
9.6 Design with allowable stresses e Vo=l [oe [im [ioo
When you design with allowable stresses and seismic
loading, a part only of the live loads must be considered.
N ) . . A U] Tisse || & Locked| ? Help |
This part is defined by a factor specified in these
pa rameters. Parameters of reinforced concrete
Eurocode 2 [Reinforced conciete]
Action coefficient for permanent loads, unfavourable Ye=|1.35
Action coefficient for variable loads, unfavourable Yey=|1.50
Load combination factor for varniable actions Wwq=11.00
9 6 1 R - f d t d - Load combination factor for variable actions Wa=0.30
" einforce concrete eSIgn Minimum concrete caver of faating reinforcement [mm] 75
Default values for action coefficients for permanent and M denclogricoing ienicicemenn | 1
variable actions, and load combination coefficients for o St ) o WO A et ] 500
variable actions. Default values for concrete cover, and Heon danciele oo oeforeemenclnm| 12
minimum mean and maximum steel bar diameters and e domete ol oo eniorcement Ln | A
maximum spaC|ng for reinforcement_ Requirements for min-max reinforcement as slabs v
In the design of footings the mean reinforcing steel
. . g g . g %Unlockad ? Help
diameter is used as a default value. The minimum and

maximum values for the steel bar diameters are the low
and upper limits of the bar diameters which are used in the design. The spacing of the reinforcing bars
in the design of footings will not exceed the maximum spacing specified in these parameters.

Requirements for min-max reinforcement as slabs. If checked the minimum and maximum steel
percentages are computed according to Eurocode 2 §9.3.1. (Eurocode 2 does not mention anything
about the min-max steel percentages for footings).
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9.6.2 Seismic design

The seismic design for footings is according to Eurocode 8 Part 5. Some factors although for the
seismic design must be adjusted according to the National Application Document of Eurocode 8, or the

native design code for earthquake resistance of structures.

Seismic design. You specify the default option for designing or not for seismic loading.

Design ground acceleration. You specify the default design ground acceleration ratio a. The
horizontal seismic acceleration is taken as ah=axg (where g is the acceleration of gravity).

Additional factors according to Eurocode 8.

The vertical seismic coefficients is taken according to Eurocode 8 Part 5,§ 7.3.2.2 as: kv=cxkh. The
usual value for coefficient ¢ (Eurocode 8 Part 5,§ 7.3.2) is ¢=0.50.

In seismic design, you can specify a limit for the load eccentricity on the footing. Specifying a limit
value for the effective footing area, it sets an upper limit to the eccentricity of the load. The upper
limit for the ratio of the (effective footing area)/(footing area) can be specified. (effective footing area
is considered the contact area of footing and soil). This coefficient has a usual value 0.50, which

corresponds to load eccentricity ratio 0.33.

Increase of allowable soil bearing pressure. In seismic design, when you design with allowable
stresses, you can increase the allowable soil pressure by a factor. In many design codes this factor is

about 1.20 to 1.30.

9.7 Parameters of retaining walls

Default values for parameters of the design of retaining
walls.

These parameters may be adjusted according to the
design code requirements and National Application
Document for Eurocode 2, 7 and 8.

9.7.1 Wall stability according to EC 7

Partial safety factors as defined in Eurocode 7 Annex A,
for EQU STR and GEO limit cases. You can adjust them
according to the requirement of National Application
document.

9.7.2 Wall stability with allowable stresses

Safety factors. Safety factors for wall stability
(overturning), and sliding. Usual values for these safety
factors are 1.50.

Participationfactor for passive earth pressure. In
designing with allowable stresses you can reduce the
favourable effects of the passive earth pressure by the
reduction factor, which you specify in this set of
parameters.

Eccentricity limit. A limit in the eccentricity ratio (e/B

e=load eccentricity, B= footing width) is imposed for the
loading on the wall foundation.

Parameters for retaining walls

o wall stability with Eurocode 7 [vd<Vr] m 32

" wiall stabiliyy with safety factor [SF>=] [& »»»

% Gravily retaining wall design with Euocode B ﬁ D

" Gravily retaining wall design with alowable stresses [& »>

f*  Euwocode 2 [Reinforced concrete) ﬁ ¥y |

Iv  Seismic design with Evrocode 8 [& o>

[i Close 7 Help
Eurocoede 7 (Geotechnical design)
Partial and conelation factors
[EC7 EN1997-1-1:2004, Annex A]
EQU STR GEO  SEISMIC

Actions Permanent Unfavourable Yegst=[1.10 1.35 1.00 1.00
Actions Permanent Favourable ¥Eisth|0.90 1.00 1.00 1.00
Actions Wariable Unfavourable Fadst=[1.50 1.50 1.30 1.00
Actions Wariable Favourable Yoysth|o.00 0.00 0.oa 0.00

Soil parameters Angle of shearing resistance ¥ip'=[1.25 1.00 125 1.25

Sail parameters Effective cohesion Ye=[1.25 1.00 1.25 1.25

Soil parameters Undrained shear strength Feu=[1.40 1.00 1.40 1.40

Soil parameters Unconfined strength Fau=[1.40 1.00 140 1.40

Soil parameters Weight density Fy=[1.00 1.00 1.00 1.00

Tl Eose]] @ Locked| 2 b |
Parameters for retaining walls
Wall stability
cohesive soil 5F= [2.00
eieny fecton S moments resisting overturning
oveiturming moments cohesionless soil 5F= [1.50
Wall sliding
resisting forces Sl Kl g
safety factor SF= z &

diiving forces

cohesiorless soil SF=[150
Farticipating passive earth pressure |1.00

Allowable load at the base
max soil pressure q= ga allowable soil pressure

cohesive soilga=|0330 xqu

cohesionless soil ga=|0.500  qu
Eceentiicity limit without seismic loading |0.333

& || & Unocked 2 Help

I” gacomputed from bearingrcapacity squation <,
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9.7.3

Properties of masonry wall materials.

fk [N/mm2] characteristic compressive strength of the
masonry (Eurocode 6, §3.6.2)

fvkO [N/mm2] characteristic shear strength (Eurocode 6,
§4.5.3)

9.7.4 Gravity retaining walls

(design with allowable stresses)

Properties of masonry wall materials.

fc [N/mm?2] allowable compressive stress.
ft [N/mm2] allowable tensile stress.
fv [N/mm2] allowable shearing stress.

9.7.5 Reinforced concrete design

Default values for concrete cover, minimum, mean, and
maximum steel bar diameters, and maximum spacing for
reinforcement for the retaining wall stem and the footing.

In the design of the wall stem and the footing the mean
reinforcing steel diameter is used as a default value.

The minimum and maximum values for the steel bar
diameters are the low and upper limits of the bar diameters
which are used in the design.

The spacing of the bars in the steam and the footing, which
is used in the design will not exceed the maximum spacing
specified in these parameters.

Requirements for min-max reinforcement as slabs. If
checked the minimum and maximum steel percentages for
the wall footing are computed according to Eurocode 2
§9.3.1. (Eurocode 2 does not include anything about the
min-max steel percentages for footings).

9.7.6

The seismic design is according to Eurocode 8. Some

Seismic design

Gravity retaining walls, (design according to Eurocode 6)

Gravity retaining wall design with Eurocode 6
Masonm properties
Masoniy name weight fk M/mme| ki ~
KN/ /i I
Concrete wall C12/C15 26.00 7.50 0z7
Concrete wall C16/C20 2500 950 030
Concrete wall C20/C25 26.00 11.60 030
Store wall with M2 martar 2000 3.00 010
Stone wall with M5 mortar 2000 250 0z0
Stone wal 2000 200 010
Concrete units type & 18.00 250 015
Concrete units type B 2000 250 015
Concrete urits type C 20.00 250 015
Concrete units type D 2000 250 015 ol
{+ fwk=fvk0 + 0.40fc " Fvk=0.50 fwkD +0.40fc:
Pattial safety factor for material gammatd =] 250
Resst o 0|5 Unocked @y7inc | 2 ol |

Parameters of reinforced concrete

Eurocode 2 [Reinforced concrete]
Minimurn concrete cover of wall reinfarcement [rmm]
Minimum diameter of wall reinforcement [mm]
M axirum spacing of wall reinfarcement [mm]
Minimur amaount of wall reinforcement [o/00]
tean diameter of wall reinforcement [mm]
td axirnurm diameter of wall reinforcement [rmm]
Minimurn concrete cover of footing reinforcement [mm]
Minimumn diameter of faoting reinforcement [rm]
M aximurn spacing of faoting reinforcement [mm]
Mean diameter of footing reinfarcement [rmm]

td axirurm diameter of foating reinfarcement [mm]

HEERREEEEER

Fiequirements for min-max reinforcement as slabs

%Locked| ? Help |

factors although for the seismic design must be adjusted
according to the National Application Document of
Eurocode 8 Part 5, or the native design code for
earthquake resistance of structures.

Seismic design. You specify the default option for
designing or not for seismic loading.

Design ground acceleration. You specify the default
design ground acceleration ratio a. The horizontal
seismic acceleration is taken as ah=o0xg (where g is the
acceleration of gravity).

Safety factors. In seismic design, when you design with

Seismic design of foundations (ECB EN1998-5:2004, §5)
Iv Design far seismic loading (ECE EN1998-5:2004)
Ground acceleration ratio ([EC8 EN1998-5:2004, §4 2 2]
A= (006 wg [g=acceleration of gravity]
Parameters (EC8 EN1998-5:2004, §7.3.2.2, §7.3.2.3]

Wert. shoriz. seismic cosfficient c=k/kh c={0.20
inimurn ratio of effective faoting areafoot area A'A8 Ad=10.50
Factor increasing allowable sail pressure in seismic loading 1.00

T o]

3 Unlocked 2 Help

allowable stresses, the safety factors against sliding and overturning maybe reduced towards 1.00.

Increase of allowable soil bearing pressure. In seismic

design, when you design with allowable

stresses, you can increase the allowable soil pressure by a factor. In some design codes this factor is

about 1.20 to 1.30.
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Additional factors according to Eurocode 8, Part 5.

The horizontal and vertical seismic coefficients affecting all the masses are taken according to
Eurocode 8 Part 5,8 7.3.2.2 as: kh=a/r, and kv=cxkh. The usual value for coefficient r according to
Eurocode 8 Part 5, Table 7.1, for walls with possibility of small sliding is r=2.00 to 1.50. The usual
value for the coefficient ¢ according to Eurocode 8 Part 5, § 7.3.2.2 is ¢=0.50.

In seismic design, you can specify a limit for the load eccentricity on the wall footing. Specifying a
limit value for the effective footing area, it sets an upper limit to the eccentricity of the load. The
upper limit for the ratio of the (effective footing area)/(footing area) can be specified. (effective
footing area is considered the contact area of footing and soil). This coefficient has an usual value
0.50, which corresponds to load eccentricity ratio 0.33.

According to Eurocode 8 Part 5, § 7.3.2 3 (6) the shearing resistance between soil and wall is
restricted to be less than a ratio (2/3=0.67) of the soil shearing resistance.

In the seismic loadings, a reduction factor can be applied on the favourable effects of passive earth
force. This factor has a usual value 0.50.

9.8 Soil properties
You can edit the values of the soil properties, from [Parameters/Soil properties].

E] insert and delete buttons. =il ] ) I il o i ) e IO ]
’Yd: dry unit weight , 'YS: Saturated unit Weight Large gravel 16.00 2000 4500 0o 030 0.0 8000 015 200000
. T i Mesn grave 600 M0 4000 000 030 040 7000 045 | 140000

¢°: angle of internal friction, c: cohesion Thin gravel 600 W00 W@ 0@ 03 040 B0 045 | 100000
Dense sand 17.00 200 3500 am 025 030 S000 o 125000

ga.: allowable bearing pressure, q,: bearing Sand 1500 | 1300 W@ | 0w 02 0% M 02 W0
Ca pacity, Loose sand 14.00 18.00 25100 0 020 025 1500 0.20 30000
Es: modulus of elasticity, u: Poisson ratio, R i o 0 v B
Clovy 20,00 200 000 om 015 015 s00 030 50000

Ks: modulus of subgrade reaction. sit 1500 000 W0 000 040 040 200 025 | 50000

9.9 FRP Fibre Reinforced Polymer Materials

Fibre Reinforced Polymer materials (F.R.P.), are used as coatings to strengthen reinforced concrete
components. Materials made from carbon (CFRP), glass (GFRP), or aramid (AFRP), bonded together
with a polymeric matrix, such as epoxy, polyester or vinylester. These materials have high strength
and stiffness in the direction of the fibres, low weight and they resist corrosion.

In order to edit the FRP material properties:

Waterial Modubis of elasiicity Ef [GPa|  |Tensile sirencih itk [Mpa] |
% Locked | . . |
in order to unlock the edit

procedures CFRP Carbin fioer-epoiy 140 2000
wu . GFRP Glass fler- a5 00
(=) insert and delete buttons. e
Lo . . Pobraster flor-apoxy 5 000
Ef characteristic elastic tensile modulus S —— @ 2000
[Gpa] FRP Figer - o
- apoey 10 1000

ftk characteristic tensile strength [Mpa]

9.10 Reset all parameters

From the menu [Setup/ Show all parameters] setting you can see the default values you have chosen
for your designs. You can any time change the parameters from inside the calculation window.

If you want to reset all your parameters to the original values of the program, press the button

Rezet to onginal program values

If you reset all parameters ALL your user defined values will be LOST.
Program will close down and you must restart the program.
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10 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
e 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

¢ Design 0K MName of design object BEAM-00G
i b =0.250m Concrete-Steel class (:25/30 - B500C
} i Partial factors for material: [EC2 §2.4.2.4) o= 1.50 ys= 115 v
Environmental class el
4 I Concrete caver [EC2 $4.4.1] [mm] Crom= 20 {3 mm
1 -0, 500)
™ | Rsinforcing bar csmetes [mm] ke @ 8 [wom @ 14 [wom fred G OE
Final cresp cosfficient [EC2 §3.1.4, Annex B) plefo)= 2500
Asl e e Tatal shiinkage stiain Ees = 0300 %o
i Cil Cross section dimensions, wicth and height ] b= 0250 [2m e 0500 [3]m
Ultimate limit state {ULS] ~ Servicsability limit state [5L5]
[1.35g+1 .00 [1.00g+0.30:)

Cross section actions  Bending moment [kHm] - Med= 10000 {#]km  Msd= 7100 kN

[a)
(x]
Shear force [kN] Ved= 1000 [{$]kN  Wed= 700 [{$]kN
[a]
)

il force [kN] Ned= 1000 [f$]kN  Med= 7.00 [f3]kn

10.1.1 Name of design object

Narme of desian object BEAM-003 . . . .
Ame ol SEsan See Every design object has a name, which appears in the report. In

the creation of each object the program assigns a default name e e i e
e.g. slab-001, Beam-002 etc. which may be changed any time. e =T
(names up to 16 characters long) © Cl2A5 Cdsss ~ g
= C16420 " CH0/60 i
10.1.2 Concrete-Steel Class ¢ C20/25 O CHEET o
I " CEOA7S " 5400z
Concrete-Steel class C25/30 - B500C g 530337. " CT0/85
+ 5500
" C35/45 i CBO/95
. . . " 5500
Concrete and steel classes used in the calculations of the design 2N S
object. When a design object is created the concrete and steel T | Bee |
classes are set automatically to the default values. The default
values for the program are set from [Parameters/Concrete and / Ok ? Help

Steel class].

10.1.3 Reinforcing bar diameter

Reinforcing bar diameter [mm] 10 E]mm

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

If you check fised 2 [ ] 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
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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.

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

Partial safety factors for actions ; [EM1392-1-1, &1) wi=| 135 ﬂ vi=|1.50 ﬂ

Factors for the combination of permanent and variable actions, Eurocode 0 Annex A 1.
The 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 +1Q,1 Qk,1+2yQ,i yQ,i Qki

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

Partial factors for matenals [EM1992-1-1, §2.4.2.4] |1,rc= 150, vs=1.15 ﬂ
Factors to take account for the differences between the strength of test specimens of the structural
material and their strength in situ. (Eurocode 2 §2.4.2.4 Table 2.1.N)

The design strength of the materials is fd=fk/ym where ym is the material factor, yc for concrete,
and ys for reinforcing steel.

Table 2.1H
S Ve Ts Vs
Design situations | concrete | reinforcing | prestressing
steel steel
Pemls_tent & 15 1.15 115
Transient
Accidental 1.2 1.0 1.0

10.1.6 Concrete cover (Eurocode 2 §4.4.1.2)

Enviranmental class =1

[

Concrete cover [EC2 %4.4.1] [mm)] Crom= 15 [,}mm

By clicking at you can select concrete cover from the environmantal 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.
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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, for interior
and exterior concrete components the minimum cover is 40 mm.

10.1.7 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 enviromental parameters and the
sizes of the cross sectionsaccordind to EN 1992-1-1:2004, par 3.1.4. and Annex B.

Final creep coefficient [EC2 §3.1.4, AnhexE) wimbq)=| 2500
Total gshrinkage strain g =" 0300 |9,
Final creep coefficient (EC2 EN1992-1-1:2004, 83.1.4, Annex B}
Concrete “C25-.-"éij - _.v\;
inside conditions outzide conditions
k4 B3 100%
Relative huridity RH [%) 50 % | B
Mational size ha [ho=24c/u] [mm] 200 mm | b ] h hg= {Iz)'—fl‘l} {mmj
= ho=h {mm}
—h—
&ge of concrete at loading in daps a : | days

Final creep coefficient [ECZ EM1392-1-1:2004, §3.1.4, Annex B] @(UDJ!O,]: 3.222

10.1.8 Include rebar schedule in report.

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

Dimensioning of concrete slabs of solid or ribbed cross
section. You can design two-way slabs, or one-way multiple
span concrete slabs, and compute the ultimate capacity of
slabs sections and slabs with FRP (Fibre Reinforced Polymers)
jackets. 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 i
permanent and variable actions yG Gk +yQ Qk, (Eurocode 0, EN =
1990:2002 ).
The flexural reinforcement is computed according to Eurocode o
2 § 6.1, in ultimate limit state (ULS) for bending. o
The crack and deflection are calculated according to Eurocode =
2 §7.3, §7.4 requirement in serviceability limit state (SLS). E| Twa-way ribbed slab
]
L]

Slab section in bending

One-way conkinuous slab

Two-way slab

mEll e

Two-way three supports slab

Two-way bwo supports slab

One-way cankilever slab

Ribbed slab section in bending

One-way conkinuous ribbed slab

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 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].

Moment capacity of slab section

Moment capacity of slab section with FRP strengthening

You can design the following slabs:
Slab sections. Design of slab section of solid or ribbed type subjected to a bending moment.

Two-way slabs. Three categories of two-way slabs are considered. Slabs supported on all four
edges, slab supported on three edges and having one edge free, and slabs supported on two adjacent
edges and having the other two free. 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.

Section capacity. Ultimate moment capacity of slab section with given reinforcement.

Section capacity with FRP jacket. Ultimate moment capacity of slab section with given
reinforcement and strengthened with FRP (Fibre Reinforced Polymer) jacket.

11.1 Slabs section design
£c2

Design of slab section, of solid or ribbed type, subjected to a *

bending moment. 1\Msd X / ?—ch
Ultimate Limit state for bending, Eurocode 2 §6.1. bl € —— —

Basic principles. ¢ '/ /551

Plane sections remain plain - 2 I

The strain in bonded reinforcement is the same as the
surrounding concrete.

The tensile strength of concrete is ignored.

User’s Manual 23



BETONexpress RUNET software

The stress-strain diagram for concrete and steel is as in the figures below.

A
O¢ fox
—— ==k
e I
Ve
V | ot fyk
a.fed S B
/ fed = fox/ Y
= Tek/ Ye —
/ I I fyd = f/ Ys
I Es €g[o/o0]
/ | >
I £
L
0 -0.002 -0.0035 fyd
T
fyk ,,,,, /
L4 Cross section of solid slab in bending (EC2 EMN1992-1-1:2004, ECO EN1990-1-1:2002 )
/# Desian OK M of design objsct 5LAB-005
£C2 Conerete-Steel class C25/30 - BEOOC
i Fatial factors for materials (EC2 §2.4.2 4] ye= 150, y5= 115 |w|
M X F:
B i l | Fingl cremp cosficint (EC2 §3.1.4, Anes 8] wiosfa)=| 250
1 =0.180m 3 D Tatal shrinkage stain fos="| 0300 |%a
Slab thickness [m] b= 0180 [2{m  h=180mm
csi E Environmental class X1
L ‘ A Cioncrste cover [E02 §4.4.1] ] Crom= 15 [+ ]rom
dy Criom =15mm Reinforcing bar diameter [mm] @ 10 Bmm fived & [
Bending moment (1.35g+1 50q) (Ukimste it stete [ULS])  Med ULS)= 20.00 {4 1kNm/m
Berding moment (1.00g+0.30q) (Serviceabilty lmi state (SLS)) Med (SL5)=] 14.00 {4 ]kNm/m

Slab thickness h in meters [m]. The minimum slab thickness according to Eurocode 2 §5.3.1 for solid
slabs is 50 mm.

11.20ne-way multiple span slabs (up to 8 spans)

Design of one-way continuous slabs up to 8 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].
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11.2.1 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 q. From the left window you may change these values for span length L, thickness
h, and loads g and q.

11.2.2 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.

11.2.3 Span length

Span default length [m] Lo= 3.600 E:%m zet length of all spans

Length in transverse directian [m] Ly= 9.000 E:%m

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.

11.2.4 Loads

Uniform loads [g=dead, q=live) [kM/mE] gl= 0.80 E:i g= 2.00 E:ikNJrrF set loads o all spans
Load factor k, ge=kg. qe=kg 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=(g1+self weight).

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.

11.2.5 Percent of moment redistribution

Support width [m] beup= 0.200 E:}m Percent of mament redistibution 0 {:}X

Check redistribution with max permissible EC2 $5.5 (4]

The support moments, in continuous slab, calculated using linear elastic analysis, M.

are reduced by the ratio of moment redistribution, with a corresponding Myg ot support
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 (%). |'_b3“°_’|

11.2.6 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.
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11.3Two-way slabs
Three categories of two-way slabs are considered.
Slabs supported on all four sides.
Slabs supported on three sides and with one side free.
Slabs supported on two adjacent sides and with the other two sides free.

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

4 Lx o Marcus method of analysis. Marcus H., "Die vereinfachte
Barechnung biegsamer Platten", 2nd ed., Springer-verlag, Berlin,

T ______ Ny 1929.

/' dy fy  The method is based on two orthogonal strips of unit width at
‘ /3 midspans having equal deflections in the middle. From this the total
l \ ; slab load q is split into two parts, in the two main directions,
Lo NN S 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
9=9:*+%y  strips. These shear forces, caused by the continuity between
w M=ty individual plate strips produce torsional resistance, which reduces
Fx the deflections of the strips. The effect of torsional resistance of 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.

You specify the desired diameter for flexural reinforcement, and the spacing and number of reinforcing
bars is 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].
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L Two-way slab (EC2 EN1992-1-1:2004, ECO EN1990-1-1:2002,)

]

¢ Desian OK.

3600

h=180rm
g=0.80kN /r?
q=2.00kN /rr?

+.500
Ly

]

11.3.1 Support conditions

Support conditions and spanz Lk, Ly [m]

SLAB-01
SLAB-02
SLAB-0
SLAB-04
SLAB-05
SLAB-06
SLAB-07
SLAB-05
SLAB-09
SLAB-10
SLAB-11
SLAB-12
SLAB-13
SLAB-14
SLAB-15
SLAB-16

select type of support
conditions

ninfninlninlsislninin nninln]s]

supported edge

fixed edge

— — — — 1

1 free edge
_—

|

11.3.2 Torsional resistance

torsional resistance YES |

[ e 3600 f2]m

Mame of design object

Concrete-Steel class

Partial factors for materials [EC2 §2.4.2.4]

Partial safety factars for actions : [EM1990-1-1, A1)
Load combination coefficients for variable actions
Final creep coefficient (EC2 §3.1.4, &nnex B)
Total shrinkage strain

Environmental class

Concrete cover [EC2 §4.4.1] [mm]

Reinforcing bar diameter [mm]

Include rebar schedule in report

Slab thickness [m]

Support conditions and spans Lx, Ly [m]

Method of analysiz

Uniform loads [g=dead, q=live], unifarmly distibuted [kN/wE]  g1= 0.80 {:}kamZ

free span lengths in
x and y direction of slab

/

[a]

Ly= 4.500 [w]m

mE] Lv=| 3600 [ 2]m

Czemny

5LAB-005
£25/30 - B500C
yo= 150 ,y5= 115 |w
w=[135]f4] Q{150 f2]
wo= | 070 [f4] w060 4] wos| 030 f2]
w(oofa)=| 2500
£c5=-| 0300 (35,
wC1
Crom= 15 E:}mm fived rebar diameter
@ 10 |[#]mm xx [ yy (B
h= 0180 [{3{m k=130
Ly=| 4500 [ +]m

o

o= 200 |4 knm

YES
Specify to take into account or not the reduction of span moments due to the
torsional resistance of the plate when you use Marcus method of analysis.

11.3.3 Loads

Uriform loads [g=dead. g=live). uniformly distibuted [kMN/mé]  gl=| 0.80 ﬂkNa"rrF g=| 2.00 ﬂkNa’n‘F

Loads in [kN/m2]. g1 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).
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11.4 Cantilever slabs

Design of cantilever slabs of variable thickness. You can specify uniformly distributed load in [kN/m2]
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 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.

£='j One way cantilever slab {EC2 EN1992-1-1:2004, ECO EN1990-1-1:2002,)
o Design 0K Name of design object SLAB-005
Concrete-Steel class C25/30 - BHOOC
Pq=0.00kN/m Partial factors for materials [EC2 §2.4.2.4] ye=1.50 ys= 1.5 [ve]
1 1 =2.00kM/# 4 Pattial safety factars for actions : (EN1990-1-1, A1) yG=|1.35 {:} ¥Q= 150 {:}
Load combination coefficients for variable actions wy= | 070 (2] we= 060 3] w00 {2
9.=0.80kN/m? Py=0.00kN/m
i i fol=| 2500
1 Ly sy | e ceep osficnt (25314, e ofefa)
0,750, Tolal shiinkage stiain Frg =-| 0300 %o [ps)
Ih:DJEDm Th porsim
Environmerttal class =C1
F% Concrete cover [EC2 §4.4.7) [mm] Crom=| 15 E:%mm sttt e
Reinforcing bar diameter [mrm] @10 Bmm xx Oy M2
Include rebar schedule in isport
Slab thickness [m] (h=support, h1=free end) h= 0.180 {:}m hl= 0.150 {:}m
Cantilever fiee span Lx [m].  Transverse span Ly [m] Lx= 1.850 {:%m Ly= 3.800 {:%m
Unifom laads (g=dead, q=iive), unfomiy distibuted [kN/i?] - g1= 080 [{3]kN/me  g= 200 (3 ]kN/m
Loads at the free end [Pg=dead, Pq=iive] [kN/m] Fg= 000 [[4]kN/m  Fo= 000 [2{kN/m
11.4.1 Slab thickness
; [a] [a] Pq
Slab thicknesz [m] (h=support, h1=free end) h=| 0.780 [=]m h1= 0.180 =
q +
TTTITITTITTITTITIT
4, Py
. . hi TITTTTTTITTITTITIITI
Slab thickness h at fixed end and 4 Ly
h1 at free end in meters (m). hI //_/JIM
1 Lx I
| Lx J
I |
11.4.2 Free span
Cantilever free span L [m]. Trangverse span Ly [m] Lx=1.200 {:}m Ly= 4.800 {:}m

11.4.3 Loads

Uriform loads [g=dead, g=ive), uniformly distributed [kN/E]  gl= 0.80 [[5{kN/me  q= 200 {3 ]kN/m?

Loads at the free end [Pg=dead, Pg=live] [kN/m] Fo= 000 [[2ki/m  Pg= 000 {4 ]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 (yG Gk +yQ Qk).
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11.5 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. In the case of two-way ribbed slabs the torsional resistance is not
taken into account. 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)

L4 Cross section of ribbed slab in bending (EC2 EN1992-1-1:2004, ECO EN1990-1-1:2002, )
# Desian OK Name of design object SLAE-005
£C2 Conerete-Steel class €25/30 - BSOOC
Patial factors for materials [EC2 §2.4.2 4] ye= 150, p= 145 |
M -2 kb Frd
\Sd A i Final creep cosfficient [EC2 §3.1.4, Anrex B) wl=ta)=| 2500
h R Total shinkage strain o3 = 0300 %o
Slabs thickness [m] fh=total height, he=solid part] h= 0180 {3 {m = 0070 [{3]m
€31 »F [a] [a]
‘ = 7 ®Fsd | Rib width bw, overhanging width b1=be-bw [m] bw= 0150 [#]m  b1< D500 |[#]m
{
ty (Crmm=15mm Environmental class HC1
i " Conerate cover (EC2 §4.4.1] [mm] Crome 15 [[3]mm
“ ‘ ‘ ’7 1h=0.180m Reinforcing bar diametar [mm] @ 10 [w)om  fred@ (]
| Bending moment (1.353+1.50) (Ulimats liit tate (ULS])  Med (ULS) 2000 [%]kNm/m
by b1=0500m byy=0.150m Bending moment [1.00g+030g) {Serviceabilly i state [SL])  Med (L5} 1400 |+ ]kim/m

11.6 Slab section, moment capacity

Evaluation of the ultimate moment capacity, of a slab section with a given reinforcement.

The ultimate bending capacity of the cross section is computed, by numerical integration of the
internal forces acting on the section. The 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.

Parabolic stress-strain distribution diagram for the compressive stresses of concrete.
Elasto-plastic stress-strain relationship for the steel.

Tensile stresses of concrete are ignored.

-{" Moment capacity of slab section (EC2 EN1992-1-1:2004, ECO EN1990-1-1:2002)
Md=21.24kNm/m Mame of design object SLAR-005
EC2
Concrete-Steel class C25730 - 5500 ﬂ
Maq Fed
‘\ Partial factars for materials [EC2 §2.4.2.4] ve= 1.50 ys= 1.15 -
h=0.180m d
Slab thickness [m] h=| 0,180 ﬂm h=180 mm
F0/2500 | As=3Tdor/m e E— ng Concrete cover [EC2 §4.4.1] [mm] Crom=| 15 ﬂmm
[ A
H il (cnomﬂ S
Slab reintorcement [Emmdem] 3| 10 ﬂf 25.00 ﬂmmjcm As=3.14cmiE/m

11.7 Slab section strengthened with FRP jacket (moment capacity)

Evaluation of the ultimate moment capacity of slab section, with a given reinforcement and
strengthened with jacket from Fibre Reinforced Polymer (FRP) material.

For the cross section you specify:
e The concrete and steel class.
e The dimensions and the reinforcement.
e The characteristic properties (Modulus of Elasticity, Tensile strength) of the FRP material
e The dimensions (width, and thickness) of the FRP material
e The bending moment under service load without FRP jacket.

By clicking at El you select FRP material from the table of FRP materials. You can edit and update
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the table of FRP materials from the menu [Parameters/FRP materials].

The ultimate bending capacity of the cross section is computed by numerical integration of the internal
forces acting on the section. The internal forces are the forces due to compression of the concrete,
due to tension and compression of the steel at the positions of the reinforcing bars, and due to
compression and tension of the FRP jacket. The initial deformations under service load, (bending
moment without FRP jacket) are taken into account in the evaluation of the stresses in the FRP jacket.

The following assumptions are used :
e Plain sections remain plane.
e Parabolic stress-strain distribution diagram for the compressive stresses of concrete.
o Elasto-plastic stress-strain relationship for the steel.
e Tensile stresses of concrete are ignored.
e Linear stress-strain relationship for the FRP material.

{4 Moment capacity of slab section with FRP strengthening (EC2 EN1992-1-1:2004, ECO EN1990-1-1:2002)
Md=112 80kNm/m Mame of design object SLAE-004
£z Concrete-Sieel class C25/30 - 5500 @

Partial factars for materials (EC2 §2.4.2.4) ve= 150, ¥s= 1.15 -
V\Msd Feo e he| 0180 ﬂm h=180 mm
Concrete cover [EC2 §4.4.1] [mm] Cnom=| 15 ﬂmm

h=0.180m q
Slab reinforcement [Zmm/cm]| @[ 10 j: 2500 ﬂmmgcm As=31denAm
G500 | As=3 1dcmit/m £51 | B F.q | Mameofstengihening (FRF) materal FRP+epoxy
‘ A 1f:1.00mm1 F P £l 100 ﬂﬁpaﬂ
dy Crom=15mm Tensile stiength of FRP [MPa] ae=|1000 ﬂMPa
Dimensions of FRP, tf=thickness [mm], wi=width [m] tf=| 1.00 Qmm wf=| 1.000 ﬂ
Moment under service load Mo=| 0.00 ﬂkNma‘m
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12 Beams

=4
Dimensioning of concrete beams, of rectangular or T cross- .
section. You can design single or multiple span continuous

. . . Beam cross section in bending-shear-axial
beams, and compute the ultimate capacity of beam sections D

and beams strengthened with FRP (Fibre Reinforced Polymer) lﬁr‘ T beam crass section in bending-shear-axial
jackets. Full code check, according to Eurocode 2, is performed.

A detailed report with all the computations, graphs, and code P Beam cross secton i torsien
references is produced. The reinforcing bars are automatically % One span beam in composite loading

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 D Mament capacity of beam section with FRP strengthening
§ 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 ﬁ' Moment capacity of T beam section with FRP strengthening
§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:

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 8 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.

Moment capacity. Evaluation of the ultimate capacity of a beam section with given reinforcement.

Moment capacity with FRP jacket. Evaluation of ultimate capacity of a beam section with given
reinforcement, and strengthened with Fiber Reinforced Polymer (FRP) jacket.

B Continuous beam with distributed loads

D Moment capacity of beam section

Iﬁr‘ Moment capacity of T beam section

b, M
12.1 Effective flange width e D]
Iz A 777770 T ]
The effective flange width for symmetrical T beams may g Ly é @
be taken as beff=bw+(1/5)Lo<b and for beams with b, | b: b, b
flange at one side only as beff=bw+(1/10)Lo<b1+bw. ; b .

Eurocode 2 §5.3.2.1(3).

The distance Lo is the distance between the point of zero i

moments in the span. In a continuous beam Lo may be ‘;’:;" ! ‘ e
taken as 0.85L for end span and 0.70L for internal spans h=085) 015(h+h) k=07h | k=015k*k
Eurocode 2 §5.3.2.1(2). " R L L A
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12.2 Beam cross section data

———bheff——

T :

[

b b

=

All dimensions in meters (m).

12.3 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.

L Design of T type beam section for bending, shear and axial force (FC2 EN1992-1-1: 2004, ECO EN1990-1-1:2002, }
¢ Design OK Name of design object BEAM-002
do | Bafr=1.250m | Concrete-Steel class C£25/30 - B500C
i g . he o Partial factars for matesials (EC2 §2 4.2.4) o= 150, 3= 115 |w
MEd100.00kNm Environmental class =01
NE=1000kH Concrete cover [EC2 §4.4.1) [mm] Crom= 20 {C}mm
d h -0.500m Rinforcing bar diameter [mm] links @ 8 E] mm @14 E] mm fieed @ (] (=)
VEd-1000k4 Final creep cofficient [EC2 §3.1.4, Annex B) p(elo)= 2500
2sl e Total shrinkage strain fes =" 0300 | %o
}:11 \*bw—‘l Crom=20mm Cross section dimensions. width and height [m] bw= 0.250 {C}m h= 0.500 {:%m
=0, 250
m Effective flange width, slab thickness [m] beff= 1.250 [[&{m  hi= 0180 ){2]m

Ultimate limit state (ULS)  Serviceablity imit state (SLS]
1.35g+1.00q) 1.00g+0.30q)

Cross section actions  Bending mament [kNm]  Med= 100.00 {:%kNm Msd= 70.00 {:%kNm

Shear farce [kH] Ved= 1000 [{#]kN  Ved= 700 [4]kN
el force [kN] Med- 1000 [{#]kN Mo 700 4]k
Bean span [m] L= 4000 {:%m
i s o i R w2
£ B @ £ B O A B O

| e 20

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

12.4 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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£ One span beam in composite loading (EC2 EN1992-1-1:2004, ECO EN1990-1-1:2002, )
7 Design DK, Mame of design object BEAM-007
[TTTTTTTITITIT] ot.at kim B ok £25/30 - B500C
Paitial factors for materials (EC2 §2.4.2.4) ye= 150, vs= 115 v
I i i R PN
Partial sofety faclars for actions : (EN1980-1-1, A1) ¥o=| 1.3 2] ¥Q= 150 {3}
[MIT T e g3.03 kum e ; ) i -~ - [a]
Load combination coefficients for variable actions WoF | 0.70 (3] WE| DB 3 Wos 030 (3
eI S g ) T
Gy Erwironmental class KOl
G1, 01 kH -
o "1 = 22 - Concrete cover [EC2 §4.4.1] [mm] Crom= 20 {,%mm
22 al . Reinforcing bar diameter [mm] ks @ 8 [®]om @ 14 |[¥)om  fved @[]
Include rebar schedule in repart
L
Final creep coefficient [EC2 §3.1.4, Annex B)] fo(m,f o)=| 2,500
Total shrinkage strain Ecg =" 0300 %g
Cross section width, height, slab thickness [m] b= 0.250 %:}m b= 0.500 {:}m hf=| 0.130 %:}m
Cross sectian type E® o e =0
b—b— Beam span [m] L= 3600 [4]m Support width [m] bsup= 0.200 [ #{m
DO 6 g o, gy c, - o o)

Loads, uniform, triangular, concentrated (g dead. g live)

gl= 400 [(kim gl 1000 [Sktiim  gé= D00 (A g4 000 [[Hki/m
g2 000 [(Skm g2 000 [Slkim G1= 000 (AN 015000 [[Hkv o = 000 (2w

g3= 000 |(fkN/m  o3< 000 [&lkN/m G2< 000 [4fkN G254 000 [AfkN w22 000 [&m

12.4.1 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.

12.4.2 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).

12.5 Multiple span continuous beams

Design of continuous beams up to 8 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].

E4 Continuous bearm with distributed toads (EC2 EN1992-1-1:2004, ECO EN1990-1-1:2002. ) &
v DesgnOK FL | Mame of design chyset BEAM-007
Concrete-Steel class C25/30 - BS00C (3
O T I D O (0
T T T4 LU T3 T T T T Ji | Patistfactore ot mateiais [EC2 §2.4.2.4) ye= 150, yi= 115 v
[4Y Y a Fi O
! : : : Patiad safety factors for actions | [EN1930:1.1, A1) y0= 135 (2] ¥ 150 1]
[T T T L Load comina fficierks for variatile act wg= 070 2w 060 (2] ee= 030 (2]
0250 0500 0180 2300 1000 b sl i S0 w10 0 ] bl £
0250 0500 e 2300 1000 Final creep cosfficient [EC2 5314, Annex B) wlmig)= 250 E}:
0250 0.500 0180 2300 1000 . L —
Total shinkage shran cs = 0300 9
0250 0500 0780 | 2300 1000 i — i &3
0260 0500 | 0180 | 2900 1000 AT TR (Eﬂ“
R (GED) (050 By (900 (g | Conerss cove EC25441) ] Crom= 20 {3 ]em
i T _'_'CH.____‘(’_'_ e Resnicecing bar diameter [mm] ke | 8 Emm 2 14 |wlmm  fveds? CE
Lenghit, section width, aection height, leads for each span Inchuds rabai sched b epon o]
Husbes of span: 4 5] comever sllelend¥]  eantiens al right endl¥]

Cioes saction widlh, heioht, slab hicknens fem] be 0250 [f2{m b 0500 [2m  his 0180 {3 ]m
[ = 3
Cioet saclion lypa 1 =g=c = st by, h[nhe]

|yBaam dafanit zpan ) Lom 1600 {4+ |m et lergth of ol spersi L=

retault -
section properties,
wpan beight,

——baff ——— Toads o

P" ']' e Uriform loads fg=diead. geive] ] gi= 400 {2} o= 1000 |21 kMim  sstioach ol sparsfaar]
D I Suppeet whdth ] bep= 0200 [ 2| Peicert ol mament tecistibuion 0 5]
J_ Check redisibesion with max pemissble EC2 555 14) [2]
—b—

12.5.1 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.

12.5.2 Span length

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

12.5.3 Number of spans

Mumber of spans 2 { = % cantilever at left end[_| cantilever 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 q. From the left window you may change these values for span length L, thickness
h, and loads g and q.

12.5.4 Loads

Uniform loads [g=dead. g=live] [kMN/m] gl= 4.00 {:} g=| 10.00 %:}kN.-’m set lnads on all spans

Default loads in [kN/m], g1 for the dead load on the beam, and q 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 M4

g=self weight + g1, the self weight is computed by the program) Msg at support

ace

By clicking at EI you set the values for the loads at all the spans to the
default values. IP bop Al

The design actions are obtained with combination of permanent and
variable actions as in Eurocode 0 1990:2002 (yG Gk +yQ Qk).
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12.5.5 Percent of moment redistribution

[a]s

Support width [m] bsup=| 0.200 %: % m Percent of moment redistibution| 0 [(x]%
Check rediztribution with max permizsible EC2 55.5 (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 (%).

12.5.6 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.

12.6 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, [ Teq Wiy
=1

Trd,max is the design torsional resistance moment Eurocode 2 §6.3.2.

Vrd,max is the design resistance shear relating to a strut inclined at an 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].

Rid mi '.."'IIIR d.ma

Id Design of beam section for bending, shear and axial force (EC2 EN1992-1-1:2004, ECO EN1990-1-1:2002, )
# Design OK Mame of desian obiect BEAM-008
do | Bagr=1.280m i Concrete:Steel class C25/30 - B500C
) T i hr :[I?Eﬂm Partial factors for materials [EC2 §2.4.2.4] Ya=150,ys= 145 |w
L <
ME 2100 00khim Environmental class KC1
NE1000KN Concrete cover (EC2 §4.4.1) [mm] Crom= 20 [ 4]mm
d 1 =0500m | torcing b cameter ] ks 8 [Tom & 14 [T ez
VEd-1000kM Final creep coefficient (EC283.1.4, Annex B) @(=fa)= 2500
Asl Total shiinksge strsin £cs="| 0300 %0
i : F & e Cioss section dimensions, width and height [m] bw= 0250 [ he 0500 |{$]m
=0.250
o Effective flange width. slab thickness [m] beff- 1.250{#]m ki< 0180 {%]m

UNimate fimit state (ULS]  Serviceabilty it state (5LS)
(1.350+1.00q) 1.00g+0.309)

L

Cioss section actions  Bendingmoment [kNm]  Med= 10000 [#{kNm  Msd= 70.00 |{%{kNm

La]
1+]
Shear force [kN] Ved 1000 [[$kN  vsd- 700 [[#{kN
La)
=]

il Foree [kM] Ned= 1000 [[${kN  Nsd= 700 KN
Eeam span [m] L= 4000 {2{m
o
A B @ A B O A B O

1] i =20

12.7 Moment capacity of beam section

Evaluation of the ultimate moment capacity of rectangular or T shape beam section, with a given
reinforcement.

The ultimate bending capacity of the cross section is computed by numerical integration of the internal
forces acting on the section. 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.

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

Elasto-plastic stress-strain relationship for the steel.

Tensile stresses of concrete are ignored.
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Hd Moment capacity of T beam section, Moment capacity of T beam section (EC2 EN1992-1-1:2004, ECO EN1990-1-1:2002, )
LS Name of design obiect BEAM-003
q b =1.250m
; ; H e L) Concrete-Steel class C25/30 - B500C
Ag2=302cnz  hr=0.180m
M _U Partial factars for materials [EC2 §2.4.2.4) o= 150, ¥5= 115 v
sd
Cancrete cover [EC2 84.4.1] [mm] Crom= 20 P& lom [ %01
d h-0500m 2
Crass section dimensions, width and height [m] b= 0.250 {: } m o h=| 0500 {: i m
Effective flange widh, slab thickness [m] beff= 1250 [#{m iz 0160 {#]m
Ag1=E1Benf [N ]
1 b0 250}cnomzznmf\’\ Beam reinforcement at battom faceds1 | 4 [ @] 14 E+ 0 Ee [E #51=6.16cn?
Beam reinfarcement at top face As2 2 3e| 14 E+ 0 =lla 14 E #52=3.08cm?

12.8 Beam section strengthened with FRP jacket (moment capacity)

Evaluation of the ultimate moment capacity of rectangular or T shape beam section, with a given
reinforcement and strengthened with a jacket from Fibre Reinforced Polymer (FRP) material.

For the cross section you specify:
e The concrete and steel class.
e The dimensions and the reinforcement.
e The characteristic properties (Modulus of Elasticity, Tensile strength) of the FRP material
e The dimensions (width, and thickness) of the jacket from FRP material
e The bending moment under service load without FRP jacket.

By clicking at El you select FRP material from the table of FRP materials. You can edit and update
the table of FRP materials from the menu [Parameters/FRP materials].

The ultimate bending capacity of the cross section is computed, by numerical integration of the
internal forces acting on the section. These internal forces are the forces due to compression of the
concrete, due to tension and compression of the steel at the positions of the reinforcing bars, and due
to compression and tension of the FRP jacket. The initial deformations under service load, (bending
moment without FRP jacket) is taken into account in the evaluation of stresses in the FRP jacket.

The following assumptions are used:
e 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.
e Linear stress-strain relationship for the FRP material.

L& Moment capacity of T beam section with FRP strengthening (EC2 EN1992-1-1:2004, ECO EN1990-1-1:2002. )

Md=234 65kNm

Mame of design object

do | Degr=1.250m | ConcreteSteel class €25/30 - BS0OC
[ O b et =
i kil e hf_:D'IEDm Partial factors for materials [EC2 §2.4.2.4] ye=150,ys= 115 IE%
3,08 =
M.y 4 Conoiete cover [EC2 §4.4.1) [mm] Cnom=| 20 {:%mm ®C1
Crass section dinerisions, width snd heiaht (m] b= 0250 {%]m  h= 0500 /{4 ]m
d h-0500m Effective flange width, slab thickness [m] beff=| 1.250 {:}m hf= 0180 %:}m
Beam reinforcement at bottom face As1 | 4 (31| @ 14 [w]+ 0 3@ 14 |[w] Asl-616cn
As1=6.16crf 9
o Beam reinfarcement at top face As2 2 E} | 14 B+ 0 {?] & 14 B A52=3.08cn?
T £=1.00mm F Criom=20rm
oy We=0.250m Name of strsnathsning (FRP] matsrisl FRP-+epoty
Me—r=eh
b,,-0.25 Modulus of elasticity of FRP [GPa] e 100 [[3]6Pa 5]

Tensile strength of FRP [MPa]

Dimensions of FRP, th=thickness [mm], wi=width [m]

toment under service lnad

BEAM-003

op=| 1000 [{4]MPa
La] La]
=100 {2 fmm  wi< 0250 %]
Mo 000 [[%]kNm
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13 Columns

Column cross-section in biaxial bending

Columns of rectangular or circular cross section in compression m
with biaxial bending. The dimensioning is according to biaxial ’m'
bending interaction (P-Mx-My) diagrams which are obtained using a ﬁ
=y
I

Isolated column single bending

Isolated column double bending

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 Column (stability control)

Column strength (simple eccentricity)

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 §5.8.3.2The 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.

Slender columns in double bending. The design is according to Eurocode 2 §5.8. The slenderness
effects and second order effects are considered in the design. For the end restrain conditions you
specify the end support conditions in both x and y directions (fixed, pin or free end). In the case of
column, which is part of a building frame, elastically restrained ends can be specified. The applied
loads are axial loads and bending moments in x-x and y-y directions at the top and bottom. 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.

Section capacity of rectangular or circular columns with FRP (fibre reinforced polymer)
jacket subjected to compression and uniaxial or biaxial bending moments. The ultimate
capacity of a column cross section , with given dimensions, reinforcement and FRP jacket, 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), the forces of the steel
(elasto-plastic stress-strain diagram), and the forces of the FRP jacket (linear stress-strain diagram).
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.

Column strength with FRP {simple eccentricity)

Column strength {double eccentricity’)

Column strength with FRP {double eccentricity’)

13.1Design 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
concrete and steel forces over the column cross section. In
addition approximate design values are obtained, using

I
biaxial bending interaction (P-Mx-My) diagrams for concrete T *
cover column side/10,Kordina K, Bemessungshilfsmittel zu i o[ v s w—t—
EC 2 Teil 1, Planung von Stahlbeton, Berlin, Beuth, 1992. ‘ .
: —_ —

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 dimensioning is done using the biaxial bending
interaction (P-Mx-My) diagrams. The slenderness effect or
secondary moments due lateral deflection under load are not
taken into account.

)
/
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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.

L4 Column cross section in biaxial bending (EC2 EM1992-1-1:2004, ECO EN1990-1-1: 2002, )
/ Design 0K, 1| Wame of design obiect COLUMN-004
N 20000k Bl | Concrete-Stesl class £25/30 - B500C
- Fartial factors for materials [ECZ 52.4.24) wo= 150, p5= 115 |w
M 50.00kMm Ervvrormsrtal class s
b=0.300m cal
| - Conerete cover [EC2 84.4.1] ] Cnom= 20 {{mm
Rieinforcing bar diameter [imm] @ A [wom fed@ @
Mgy 500018 | !| Include rebar scheduls inreport
b7 [R=0320m | ol type and reinforcing bar posiion e o o
| I et s il b= 0300 [#{m h= 0.300 [[3]m D= t2im
5 Vertical load and bending moments Meds| 20000 {210
Criam=20mm (] (]
Medyy=| 5000 [21kNm Medzz= 50.00 [%]kNm
Caurnn length [floor height] L= 3000 {#{m  Mumberof cobmns 1 (%]
Mumber of subdivisions per colurmn side for numerical evaluation ny=nz= 10 {3}

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

13.2 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

Slendemess and effective length, direction z-z [EC2 §5.8.3.2]

) ) 9 @; Ci' C; ) kl-z= (2]
{ ML
[lafl)-z=
& & & & { &
k2-z= E = }
Il Il =2 IB/=07  loA=05  lod =1 05l lo/b2

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.

13.3 Slender columns (second order effects)

Design of slender columns in double bending. The design is according to Eurocode 2, §5.8. The
slenderness effect and second order effects are considered in the design.

Axial loads and bending moments in x-x and y-y directions, can be applied at the top and bottom of
the column.

For the end restrain conditions you specify the end support conditions in both x and y directions
A e Aclc (fixed, pin or free end). In case of column, which is part of a building frame,

elastically restrained ends are assumed in non-sway structure. In this case select + , and
underneath specify the number of beams (n) at the column end in the x-x or y-y direction, and the
beam dimensions (b=cross section width, h=cross section height, L=beam length). You specify also
the dimensions (b=cross section width, h=cross section height, L=column length), for the columns
above and below. The rigidity of restraint at the column ends is evaluated according to Eurocode 2,
§5.8.
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Masimum shisanng lonc

Rigidity attop end
direction xx
Bearns framing into colurn in direction xx
{rmnuambies, b hesetion, L=lingik)
Benmz framing into column in direction w4y
Calumn abona

Rigidity at boton end
direction x:x

+& & o A

Boarns framing into colurnn in dinecion xx

I

{n=numbies, b hesecion, Lelongih)

Bixaarns Iraming inka coburna in dinecion y=y

Colurmn below

13.4 Column section capacity

Webes| 0000 kN

+& &+ - ALl

Mame of dezign object ,W
Concrete Steel closs cos90-ss00 g
Pariial snfety factors for materils (EC 2, 52.3.3.2) [vs 150 w105 =]
Concrn cover (EC 2, 541.33) [mm] dl= l_ mrrdeinloncng bar diarmei [rm) W]ijm fened @
Column type and reinforing bar position » m = [’:' (g)
Cross saction dimensions [m] b-w _:Im h= Wiim D.’_ﬂ m
Column length fioar height) w300 [2]m Number of columas 1| 2]
Loads atiop (comprezsion-bending moments) MHd4 10000 kN MEW’T ENm  Msdyayd 0.00 km
Loads ath i i Mdd 100000 kN MgM\-W kMNm  hMzches 0000 kHm

iy 0000 KN

directionyy + @ & ¢ AL ~ 1
ne| b 0250 m  hef 0500 m  Le|f 4000 m
ne| b 0250 m  hef 0500 m  Le|f 4000 m

I:-| 0300 m ke 0300 m =] 2000 m

direcionyy + & & A
n=| 2 b-l 0250 m ke 0500 m Le| 4000 m
n=| 2 I:-l 0250 m ke 0500 m =] 4000 m

b 0300 m kel 0300 m  Le| 3000 m

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,

positions of the reinforcing bars.

and due to tension and compression of the steel at the

The following assumptions are used: st s
e Plain sections remain plane. ~— e | )
e Parabolic stress-strain distribution diagram for the IE l )
compressive stresses of concrete. H ‘
2 - -
e Elasto-plastic stress-strain relationship for the : P—
\ %
steel. »%‘%
e Tensile stresses of concrete are ignored. X A
B i
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 ﬁb ) ‘ \ \ \

section in NxN elements. A value of N=10 seems to give

adequate accuracy.

Moo [KNm]

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.

_? B;—s\gn 0k

Cn om =20
As=12 BBon?

-1" Strength of column (double eccentricity) (EC2 EN1992-1-1:2004, ECO EN1990-1-1:2002)

G’).: Mame of design object

| Concrete-Steel class

| Partial factors for materials [EC2 $2.4.2.4]
| Concrete cover [EC2 §4.4.1] [rm)]

h=0300m |

| Cross section dimensions [m]
| Column reinforcement (total) |4 &) @) 20 :J+ 0 3@ 20 _:JAS=1255::H’P

| Mumber of subdivisions per column side for numerical evaluation

[ —
[Cz5/a0-s500 g
Ennm:Wﬂ.mm
[c .
b= 0300 | 2| ke[ 0300 [ ]m D [

Column type and reinfaring bar position D ~

nx:ny:W ii
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13.5 Column section strengthened with FRP jacket

Section capacity of rectangular or circular column strengthened with FRP (Fibre reinforced polymer)
jacket, and subjected to compression with uniaxial or biaxial bending moments.

For the column cross section you specify:
e The concrete and steel class.
e The dimensions, concrete cover and the reinforcement.
e The characteristic properties (Modulus of Elasticity, Tensile strength) of the FRP material
e The dimensions (width, and thickness) of the FRP jacket.
e The axial load under service load without FRP jacket.

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, due to tension and compression of the steel at the positions of the reinforcing bars, and due
to compression and tension of the FRP jacket. =

0= 300mm
A0 =003

The following assumptions are used:
e 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.

e Linear stress-strain relationship for the FRP
material.

Nsa (k)

For the numerical integration accuracy you give the .
number N of subdivisions per column side. The

numerical integration is performed with a subdivision <~ S ST e =00
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.

s{'j Strength of Column with FRP jacket (double eccentricity) (EC2 EN1992-1-1:2004, ECO EN1990-1-1:2002)
| Design 0K G| Name of desion cbisct COLUMN-005 |
| Concrete-Steel class C25/30 - 5500 ﬂ

Partial factars for matenials [EC2 §2.4.2.4] vo= 150, ¥s= 115 -
I D =0.300m [ Cancrete cover (EC2 84.4.1] [mm] Crom=| 20 ﬂmm
ety

¥

Colurit type and reintoring bar position [:] . E:] L o |
Crass section dimensians [m] b= ﬂ.m h= ﬂm D= 0.300 ﬂm

Colurin reinforcement [tatal] | 4 5] @] 20 1.|+ 0 &< 20 _VJASﬂzEEsz

Mumber of subdivizions per column side for numerical evaluation nx:np:'TD— Q |
€,y =20mm 2 : . i iR i SRR 3 -
As=12 BB Mame of shengthening [FRF) material W
(AR Modulus of elasticity of FAP [GPz] E100 2{aPa i |
| Tensie strength of FRP [MPa] se=[1000 | 3|Mra
FRP thickness [mm] t[:mﬂmm
Asial load under service load ND:WQKN

User’s Manual 40



BETONexpress RUNET software

14 Spread footings

Design of square or rectangular spread footings, subject to vertical
load and biaxial overturning moments. The footings can be flat or
sloped, centric or eccentric.

e

Centrically lnaded Footings

Dimensions. The footing dimensions you specify are: the length
and the width of the footing, the thickness of footing and the size of
column sides. In the case of eccentric footing the eccentricity of the
column in respect to the footing center must be specified. All the
dimensions are in meters.

Flexible centrically loaded Foating

Eccentrically loaded Footing

Flexible eccentrically loaded Footing

=2 o2 =2 - D=-

Eccentric Footing

1@[ Pre-dimensioning. After you give the loads by clicking at
=" this button, you get a first estimate of the footing dimensions.
In this predimensioning the dimensions that are checked, remain unchanged.

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.

Loading-1 yGxDead + yQxLive,

Loading-2 Dead + y2xLive + Seismic Xx-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.

You specify :

the soil bearing capacity in [N/mm2] (GPa) when the geotechnical design is according to Eurocode 7.
the soil bearing pressure in [N/mm2] (GPa) when the geotechnical design is with allowable stresses.

By clicking at El you can select a soil from the table with soil properties.

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 can be 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.

According to allowable pressure theory. The maximum pressure under the footing, as calculated from
the exact pressure distribution, is less than the soil bearing pressure qu.

From [Parameters/Design rules], you can choose to work with Eurocode 7 or allowable stresses for the
geotechnical design.

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 8§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
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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.

14.1 Dimensions and loading

centrically loaded footing eccentrically loaded footing

by clicking a you get a first checked dimensions do not
estimate of footing dimensions change in dimension estimate

Loading table, axial

%EE] forces and 5 Dead |Live ‘Saismic
JLAL] MM [12000 s000 000
Dead Iad [kN] Mg= | 150,00 Ten Modkiin] 4000|3000 2000
=l T — !
F—W i Live load k] Mg= | 50.00 MNmyytrim] 3000 {2000 ¢ 2000

B ' IU.SUU
0,300 l I
| ‘ AT | [z100 W -
——»| i 0300 m R oo M
0300 g [1500 m 7 i
«
[ I_W B
i o700 [
0700 vln_ N — e
|—0-3UU r l Dimensions in m

Dirnensions in m ioads, forces in ki, moments in kNm Soil bearing capacty [MNimm] 0200 | {3

Loaads, forcas in kN, maments in kNm Soil besring capacity [imm?] 0200 R

14.2Soil properties
Sail bearing capacity [MAnm?] ID.2DD El
You specify :

¢ the soil bearing capacity in [N/mm2] (GPa) when the geotechnical design is according to Eurocode
7.

e the soil bearing pressure in [N/mm2] (GPa) when the geotechnical design is with allowable
stresses.

click to select soil properties

From [Parameters/Design rules] you can choose
to work either with Eurocode 7 or with allowable  [Sitpupeti %]

stresses. for the geotechnical design Solyee Iyaum-'] yopnm | ¢ |cNiemi] raraw: [wmaw] [mum | a Ao
, .

Langn grareed 16m 2000 500 om ox as =m ns 2000

. . . Maan gavel 16500 2000 &0.00 (i1 [k ] o0& oo 015 10000

By clicking at _|m you can select a soil from the s WO mw om0 o om e o w5 i

tab|e Wlth 50” properties. Derae tand 17.00 2000 ®00 oo 0s (5] =0 020 125000

Sard 1500 1900 3000 0m [ F.] X A0 0x 20000

Loote sard 140 1800 2500 L] [k ox 1500 020 o0

From [Parameters/Soil properties] you can edit L R e T T o B

(change properties, or add new) the table with o D0 Hm W0 0@ 05 05 S0 00 s

¥y dry unat weight, ¥ saturated unit weight, * angle of intemal fnction, o cobenon,

the soil properties.

The foundation depth can be specified so the X Peissonrase, k¢ modams ofobgadiroumen

extra weight of the soil above the footing is taken ] s s
into the account in the design. This is very useful

in the case of vertical upwards loading of the footing.

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.
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14.3 Spread footings,

{E} ¢ Design 0K

[ = ] | —

0300 2m

—

Dead load [kN] Ng=| 70.00
Live load [kN]Ng=| 30.00

4

0300 Fml
|+

|

1@[ ¢ Design OK.

— e Iml

Dead load [kN] Ng=| 70,00
Live load [KN]Ng=| 30.00

1600 Sml

@

|

T \
|

Conciete-Steel class

Partial factors for materials [EC2 §24.2.4)

Partial safely factors for actions : [EN1390-11, A1)
Load combination cesflicients for variable actions
Conciete cover [EC2 §4.4.1] [mrm]

FReinforcing bar diameter [mm]

Include rebar schedule in repart
Soi bearing pressure [N/mn]
“weight of sail [kKN/n?]

Foundation depth [m]

Hame of design object
Concrete-Steel class

Partial factors for materials [EC252.4.2.4)

Partial safety factars for actions : (EN1990-11, A1)
Load combination coefficients for variable actions

Concrete cover (EC2 §4.4.1) [rara]
Reinforcing bar diameter [imm]

Include rebar schedule in report
Soi bearing pressure [N/m?]
weight of soil KN /7]

Foundation depth [m]

centrically loaded

L N of desian abisect

FOOTING001
C25/30-5500 (|
ye= 150 5= 115 v
we[1% 5] w01 (3]
yi=[060 ﬂ wi= 030 ﬂ
Cromd] 75 |2 {mm
B[ 12 wlm fked @ 2|
[

0200 | 3 {NAmn E
[17.000 | {knem
[EE

FOOTING-002
C25/30- 5500 14
o= 150,y5= 115 =
+i=[135 ﬂ =150 ﬂ
wi= 1060 ﬂ 2= 030 j
Crome] 75| 2 mm
@[ 12 w|m sl 2
v

0200 | 3 Mo E
17.000 | 2 Jkisme
s

14.4 Spread footings eccentrically loaded

# Design 0K Dead |Lwe |Se\smic
NEkM] 7000 ¥ 00 v~
Madkhim] (2000 *[1000 *[oo0 +
Mwlkhel [T000 500 *[oon #
o [1e0 sml M .
i
0300 *m TM”
I 1
T 1B00 sl i
0300 3
0500:\F| G
0300 Tml
l 1+
# Design DK Dead  [Live [ebsric
N[kM] 7000 s[;00 *om -
Mudktm] [2000 +[1000 +[ooo0 +
Mlhnl oo *[s00 *fom *

—] 1800 Sl

T

1600 Fml

14.5 Spread footings, eccentric (unsymmetrical) footing

&} / Design 0K

| TEm0 TmlC

L.

1600 Fml™

|

FOOTING-002
C25/30-5500 g
ye= 150, ys= 115 v
Partial safety factors for actions : (EN1980-11, 41)  ¥0=[1.35 Q 40=[150 ﬂ
Load combinalion cosffcients for variable actions 1= [0.60 3] wz=[030 [ 3]
Crame] 75| ={mm

[ 12 wlom  fed @ el

v

Include rebar schedule in report v
TR |
[17000 | i

Name of design object

Cancrete-Steel class

Patial factors for materials (EC2 §2.4.2.4]

Cancrete cover (EC2 §4.4.1] [mm]

Reinforcing bar diameter [mm]

Sol bearing pressure [M/mn?]
Weight of soil [N/?]

Foundation depth [m]

FOOTING-003
C25/30 - $500 @
ye= 150, ¥s= 115 =
Paital safety factors for actions : (EN193044, A1) 90=135 | 3| »@=[150 5]
Load combination coefficients for variable actions 1= [ 060 A E
Crome] 75| 3 Jom

212 vl fed@ 2l

Include rebar schedule in report I
[02m0 2w 28
[77.000 | < Juwsme

Name of dzsign obiect

Concrete-Steel class

Partial factors for materials [EC2 §2.4.2.4)

4

<)

Concrete cower (EC2 §4.4.1] [mm]

Reinforcing bar diameter [mm]

Soil bearing pressure [N/rie]
Weight of sai [kH/ie]

Foundation depth [m]

FOOTIMG-005

Name of desion obisct

Dead [Live [Selsmic
HIkN] 7000 73000 - 100
MadkNn] [100 +[100  *[100

MylkNm] [700 +[700  +[100

Concrete-Steel class

C25/30- 5500 (&
ye= 150 5= 115w

Partial tactors for materials (EC2 52.4.2.4]

Pattial safety factors for actions : [EN1390-1-1, A1) v3=|1.35 ﬂ +0=[150 ﬂ
Load combination coefficients for vaiiable actions ¥1=[060 | 3| w2=[030 [ ]
Crome] 75| {m

@[ 12 wlm ieed @ 2l

Inchude rebar schedule in report W

[0z [ 2lwme g

Concrete cower [EC2 §4.4.1) [mm]

Reinforcing bar diameter [mm]

Sl bearing pressure [N/mnf]

£ =
T30 2| Weishtofsol [N/ T7.000 [kt
l 1 + Foundation depth [m] 1.200 ﬂm
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15 Retaining walls

Basic types of retaining walls, which you can design with the program are:

Gravity walls. Their stability depends entirely upon the weight of the i{l Cantilever wall bype & ¥
masonry and any soil resting on the wall. Gravity walls must have sufficient _
thickness to resist the forces upon them without developing tensile ,L Cantilever walltype B ¥

stresses. Four types of gravity walls (backwards inclined or not), which
cover most of the gravity wall shapes encountered in practice, are included D\ Gravity wall bype & F
in the program.

Cantilever walls. They consist of a steam on a base slab, both fully ﬂ Gravity wall bype B ¥
reinforced to resist the bending moments and shear forces which are _
subjected. Major part for their stability is the weight of the soil acting on ﬂ Gravity wallbype © - ¥

the heel of the wall, and the large dimensions of the basement. Two types _
of cantilever walls are included in the program. One with short heel and the lf"__\l Gravity wallbype D ¥
other with large heel.

Dimensions and materials. For each type of wall the required input data, wall dimensions, backfill
slope, wall material properties, backfill soil properties, foundation soil properties, are shown
graphically at the corresponding places of the wall section. You can specify up to two different soil
layers of backfill materials, each one with different properties, and you can specify if one or both of
these soil layers are under the water table. A different soil layer can be specified in the front of the
wall. Surcharge load with dead or live components, can be applied on the free surface of the backfill.
On the top of the wall concentrated line load with dead or live components may be applied. This is
useful in the design of bridge abutments. The properties of the soils are defined in [Parameters/Saoil
properties]

Earth forces. The computation of the active and passive earth forces is done using Coulomb's or
Rankine’s theory. For gravity walls and for cantilever walls without, or with very small back heel, the
active earth pressure is computed at the back face of the wall using Coulomb’s theory. For cantilever
walls with back heel the active earth pressure is computed at a vertical passing from the end of the
heel using Rankine’s theory. The additional seismic forces, due to earth pressure, are computed using
the theory by Mononobe-Okabe. (Eurocode 8-Part 5).

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.

Strength design.

The design of gravity type walls from masonry or concrete is based either on Ultimate Limit State
Design according to Eurocode 6, or on Working Stress Design method. The properties of the wall
materials are defined in [Parameters/Parameters of retaining walls].

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.

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..

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
e allowable stresses limits
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e 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.

Report. The report is showing in detail all the calculations of earth forces, seismic forces load
combinations, internal force evaluation, stability controls and strength design. It shows detail rebar
design. The report shows references to relative paragraphs of the Eurocodes, and includes with the
text sketches which explain the notation, show the stress distributions and rebar position.

15.1 Earth pressure Fﬂ,?‘i
The computation of the passive and active ; % /
earth forces is done using Coulomb's o X g : I /
theory. For gravity walls and for cantilever RFs ooy & i | \ ,f
walls with small back heel (Type A) the ! oW i T S

active earth pressure is computed at the P I ‘

i

|}
L f??;‘:;LY[H']i.i.’g
|
|

back face of the wall using Coulomb’s
theory. For cantilever walls with back heel
(Type B) the active earth pressure is
computed at a vertical surface at the end of
the heel, (see drawings 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)..

£
|

A

15.2 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

~ cos2 (p-8)
= =i (9+8) sin (@B |
cos 8 cos +0) 1+ -ZREEEE 0G0 |

TH?
passive earth pressure % =2_ Kp

K,

=2

coz2 (i +A)

o= 2 5 [1- @B sn @B 1
cos f cos (5-4) |:1 cos (B-3) cos (B-F) :I

g angle of internal friction of soil

& angle of wall friction
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15.3 Dimensions

Give the basic wall dimensions according to the o Desion 0K Vertcalleod WU dead 00 ]2 W00 J2 eN[TTE2 m
. . . . Harizontalload H [kh/m] deag[000_|% ive[000 |3 eH=[0000]%
drawing. Click at to enter drawing. m®

i i i Surcharge desd load[ D00 |3 kNdn?
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. .

Lk

You can supply up to 3 soil layers, marked with Base key HE[TZ0 2 m

numbers on the wall drawing. Two soil layers (1 and 2) uaso+

are behind the wall and one soil layer ( 3 ) in front. The H : H [Ta]=
soil layers 2 and 3 exist if their heights are >0. If you (87002 /

have high water table level behind the wall, then use :m ! _I

two soils. In that case the height of soil 2 is the height ‘

of the water table level, and in the soil properties of soil CmEE ]

2 checked to be under the water table level.

Together with the wall dimensions you give (if they
exist) the surcharge distributed (dead and live) loads in [kN/m2]. The surcharge is assumed to act all
over the top ground surface.

In addition you can specify, as in the case of bridge abutments, line load (vertical or horizontal, dead
and live), acting on the top of the wall. To improve the wall behaviour in sliding, a base key can be
specified. Specify the height of the key and its distance from the front toe.

15.4 Soil properties

15.4.1 Properties of soil layers for lateral earth forces

Sollll | ol | soilE |

You specify the s_oil properties for the three soi_l S0l Type [Thin giavel E
layers as shown in the wall sketch. The two soil o _ —

layers 1 and 2 are behind the wall, and soil Unit weight of sl [diy) [kN/m] va=[ 1600 7]
layer 3 is in front of the wall. The soil layers 2 Linit weight of soil [Saturated) [/ ws=[ 20,00 ﬂ
and 3 exist if their height is specified >0. If o - T

behind the wall you have high water table level 9 sheainaresistance of sai [] v<[ 3600 [ <]
then use two soil layers. In that case the height  Cohesion of soil [N/mre] c=[0000 3]

of soil layer 2 is the height of the water table
level, and in the soil properties of soil layer 2

Angle of shearing resistance between soil and wall [°] 8= 17.60 ﬂ
check [Soil below water table level]. By clicking 50l bslow water table level N

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].

15.4.2 Foundation soil

Properties af foundation sail

&ingle of shear resist. between soilfooting [7] tan{p)= 0.58 ¢°=|30.00 ﬂﬁ

Cohezion between zoil and footing [M./mmé] c=|0.0m0o ﬂ
Soil bearing preszure [foundation] [M./mmé] fu=| 0.200 g

The properties of the foundation soil are defined under the sketch of the wall. By clicking at J 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, or the allowable bearing pressure when the geotechnical
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design is with allowable stresses. You choose to work with Eurocode 7, or allowable stresses, for the
geotechnical design, from the menu [Parameters/Design rules].

15.5 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.

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.
15.5.1 Stability checks using Working Stresses Design

Stability against overturning

(sum of moments resisting overturning)/(sum of overturning moments)>=Cf overturning.

The coefficients Cf for overturning is usually=1.50, but it can be set from [Parameters/Parameters of
retaining walls/Check wall stability with safety factors]. In seismic design this coefficient is usually
1.00 and can be set from the menu [Parameters/Parameters of retaining walls/Seismic design].
Stability against sliding

(Sum of resisting forces)/(sum of driving forces)>=Cf sliding

The coefficients Cf for sliding is usually=1.50, but it can be set from [Parameters/Parameters of
retaining walls/Check wall stability with safety factors]. In seismic design this coefficient is usually
1.00 and can be set from the menu [Parameters/Parameters of retaining walls/Seismic design]. From
[Parameters/Parameters of retaining walls] you can set the participation coefficient of passive earth
forces (coefficient which multiplies the passive earth force, default=0.50).

Soil allowable bearing capacity

The maximum soil pressure under the footing must not exceed the allowable soil bearing pressure.
Load eccentricity in the foundation.

The eccentricity limits are defined in [Parameters/Parameters of retaining walls/Check wall stability
with safety factors], and for seismic design in [Parameters/Parameters of retaining walls/Seismic
design].

15.6 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).
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15.7 Gravity type retaining walls

You can design four different types of gravity walls, backwards
inclined or not. The computation of the passive and active earth
forces is done using Coulomb's theory. The active earth pressure is
computed at the back face of the wall. The design of gravity type
walls from masonry or concrete is based either on Ultimate Limit
State Design according to Eurocode 6, or on Working Stress Design
method. The properties of the wall materials are defined in
[Parameters/Parameters of retaining walls].

&k

15.7.1 Design method

The design according to Eurocode 6 is based on the following checks:

Check for failure against normal vertical load Nsd<Nrd, (Eurocode 6 §4.4.1).

Nrd =design vertical load resistance, Nsd vertical design load.

Nrd=®i,m t fk/yM

@i, m is the capacity reduction factor, which takes into account the effects of slenderness and
eccentricity of the loading at each wall section, according to Eurocode 6 §4.4.3.

t : is the wall thickness

fk : is the characteristic compressive strength of the masonry according to Eurocode 6, §3.6.2
yM : is the partial safety factor for the material and is obtained according to Eurocode 6 table 2.3.
Check for failure against shear, Vsd<Vrd. Eurocode 6, §4.5.3

Vrd=fvk t Lc/yM

Vsd is the applied shear load, which is computed as horizontal force per unit length at each wall
section. .

fvk is the characteristic shear strength
The design using allowable stresses is based on the following checks:

ocnsd<on(allowable) The normal stress in the cross section wall must be less than the allowable .
The normal stress onsd is computed taking into account the eccentricity of the loading at each wall
section, and without permitting any tensile stress.

tsd<t(allowable) The shear stresses at each cross section tsd=Vsd/bxL, where b is the wall cross
section width, and L is the length (L=1.00m)

The choice to design the gravity wall according to Eurocode 6 or using allowable stresses, is selected
from [Parameters/Design rules]

The material properties are defined in [Parameters/Parameters of retaining walls] .

15.7.2 Wall materials

Specify the material properties. By clicking at E you can choose from the list of wall materials. You
edit and update the list of wall materials from [Parameters/Parameters of retaining walls].

You select to perform the wall strength design according to Eurocode 6, then for the wall material
properties you specify the self weight in [kN/m3], the compressive strength and the shear strength in
[kN/m?2].

If you select to perform the wall strength design using allowable stresses, then for the wall material
properties you specify the self weight in [kN/m3], the allowable compressive stress and allowable
shear stress in [kN/m2].
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15.8 Retaining walls of cantilever type

You can design two different types of cantilever walls. The

difference between these two is the size of the heel at the
é back-side of the wall. The computation of the passive and
=== active earth forces is done using Coulomb's theory.

For walls with small back heel the active earth pressure is
computed at the back face of the wall and for walls with back
heel the active earth pressure is computed at a vertical surface
at the end of the heel.

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. The reinforcement of the stem is optimised, and depending on the stem height the
reinforcement is reduced toward the top of the wall. The reinforcing bars are automatically placed in
the reinforcing bar schedules.

" Deaign 0%

Maru of desin aect e
-1 wisl length ] oo

Sl |5 | 58 |

Sod Type =
Lirit wescht o sodfeky] ] = [T000
Ueat wrgeght of soo [5-shurated ] [k ] B
Aingle of sheang iesistance of so '] = [E00
Cobmeorsof sod [Nioer| om [0000
gl ol sharng esistaren betmers: sl and mal [ & [T000
Sl bk wroln Lot bevel r

Suncharge dead kad g [kH/?]| 000
Suchange e boad 2 (K| 200

Diesad ot Gl kb | .00

Livee boad Qv Dekim]| 0001

I~ Dadgn bl sbiinss T Ground sccaliiation isiobe 0050 g

Conctete Staal clais cansan - ssou g
Pl safety lazions o maleniia [EC 2, 82332 pe=150,pee 115 =

Conceetn cover in wal [EC 2. $4.1.2.9 jom] COEE
Concrete covern footng [ 2 M1 0N ] e[ 75| 2 |me
[ [T pre——] @[ 17 x| ez
Fiebar damete for oot eiorcement ol @] 14w | ee@

mmﬂmm? A :"f%ﬂ Fiatal soldy lockes b st EC2 523221 v0m[ 105 w2 T80
e w0 | tesemmmenes e W0 @05 \Wall with small heel at the back-side.
" Digaign OF

Hame of design object [FET waor
Wil bength [ 1000

560 5@ | 5@ |

Sod Type !I

Suscharge desd koad a1 [KN ]| .00
Suscharge e load o2 M) 000

Do sad (s k] | 0,00

Lirik weight of sol idky) RHU?) yi= | 180
< yo= [Z200
Aingle of sheamg resitance of 2o [ g°= [
Cohesion of o [H/mnf] €= |00
Angle of sheatng ieristance between ol and vl ['] &% 000
Sl beowr wialer lable level |
e ™ Deain s =[50 =
Concontn Sl clas c2ss30 - S50 O

P ety ockors b madeias [EC 2. 523321 e 15075115 =
Conerehs cover in wall EC 2 §4.1.3.3) ) @[ F  almm

Coriein eiver mlostrg [EC2 541 330l 2o 75 Sem |
ek chameter ox well nsnfcrcement [min) a[ 17 w| fedd
Fiotar e o st oo o] [ =] el |
Pasial sslety achons fot aciont [EC252322)  yO=[ 1y %0
Lo ervbinaion comticinrss o wiisti sesions wi=[ 050 yi=[ 090

Cohsion between ol and koo /e
Sl by capuacaly [N ] que 0200

I Wall with large heel at the back-side.

16 Corbels / Brackets

Corbels and brackets are used to support beams and girders.
They are short cantilevers projecting from column faces.
When ac/hc<=1 then they should be design with deep beam
theory rather than flexural theory. Corbels and brackets are
designed for vertical and horizontal dead and live point
loading, according to Eurocode 2 §5.6.4,86.5, based on a
strut and tie model.

Corbels and brackets are designed according to Eurocode 2
§5.6.4,86.5. and Annex j.

Corbels with 0.40<=ac/hc<=1 are designed using a simple strut and tie model
Corbels with ac/hc<0.40 are designed using hc=2ac.
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Corbels with ac/hc>1 are designed using flexural theory, as cantilever beams.
The concrete bearing pressure under bearing plate is also checked.

16.1 Loading

The concentrated vertical load on the bracket, permanent (dead) load Fgk and variable (live) load Fgk,
in [kN]J.

The design vertical load is taken as: Fsd=yGxFgk+yQxFqk

You have to specify also the ratio of the horizontal to the vertical force. Hsd/Fsd. According to
Eurocode 2 Annex ], the corbel should be designed for horizontal force at least Hsd>0.20 Hsd.

Y Corbel/Bracket (EC2 EN1992-1-1: 2004, ECO EN1990-1-1:2002)
¥ Desian 0K (50| Wame of desian objsct CORBEL-001
Conerete-Steel class C25/30 - 5500 g
Feon 450000 sncnon | P act0rs for mateias (F02 52.4 2.4 Vo= 150 = 145 =
| Patialsafety factors for actions - (EN1330-1-1. e dl] 10=[135 | 3| y2[150 %]
g 0150 | Cancrets cover [EC2 54.41) [rm] trome[ 20| |
| Reinforcing bar diameter [mm] @[ 14 w|mm fisee ieber dameted ™~ 5|
@ Hz-0.2002 | Freban ciameter fo lnks [stmups] [mm] 2[5 vlm
b ot | Inchude rebar scheduls in repon "
| Carbel back and front heights ] he-[ 0400 3| b 0300 | % m
| Load distance from column face [m] [ 0150 | 3im be=[ 0300 | 2{m
| Column dimensions ] b 0350 | 2 b= 0400 2|
| Dimrier e ion e [ o] bl 250 | D ﬂ w=[20 jmm
Wetinal Inad dead (alive [a) (KN] Fug| 10000 2fkN Fa[ 3000 2]
By 0 Iy =0.400m |
| Riatio of horizortl foros to westisal force [0 20) HorFu=[ 0200 | %]

16.2 Bearing capacity at load point

The concrete bearing pressure, under bearing plate, is checked so to not exceed 0.60v.fcd Eurocode
2 §6.5.4.b. The area of the bearing plate must be adequate so the bearing capacity of concrete check
is satisfied.

16.3 Reinforcement

Eurocode 2 § 5.4.4 .The main tension reinforcement should be anchored beyond the bearing plate
using U loops. The minimum-bending diameter of the loop is computed according to Table 8.1.N of
Eurocode 2.

ac Fsd

In deep corbels, with a@c/hec<=0.50,
horizontal or inclined closed stirrups
== are distributed over the effective depth
to take the splitting stresses in the
(A) (B) concrete strut, with total area
Asw>=0.25 As, Annex 1.3

\
\
\
\

In shallow corbels, with @c/he>0.50, vertical stirrups are distributed over the width of the corbel
with total area Asw>=0.50 Fsd/fyd, Annex J].3.
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17 Deep beams

When Leff/H<2 then the strain distribution is no longer linear and the shear deformation becomes
significant. The usual flexural theory cannot be used. In this case the design of the beam is done
according to Eurocode 2 §5.6.4,86.5, using a simple strut and tie model. You can design deep beams
subjected to uniformly distributed dead and live load at the top and bottom face.

gkl gkl

OO T

gk2 gk2

Fhd Letf

17.1 Design method

Beams with Leff/H<2. The design method is based on elasto-plastic material behaviour. The design
model, is a simple truss model, combining strut and tie action (Eurocode 2, §5.6.4,86.5). [Schlaich,]
Schafer,K, Konstruieren im Stahlbetonnbau, Betonkalender 82,1993 Teil 2,313-458, Berlin,
Ernst&Son,1993.]

The lever arm Zf of internal forces is taken as :

Zf=0.30H(3-H/Leff), when 0.5<H/Leff<=1.0

Zf:=0.60H, when H/Leff>1.0

From the tension in the tie, the horizontal bottom reinforcement is computed. This reinforcement
should be fully anchored by bending up the bars, or by using U loops. The concrete compressive stress
in the struts must not exceed 0.60.fcd, according to Eurocode 2, §6.5.

Horizontal reinforcement must be distributed over the height Zf, to take the splitting stresses in the
concrete struts.

Reinforcement mats must be placed on both faces of the deep beam, in both directions according to
Eurocode 2, Annex J.

I Deep beam (EC2 EM1992-1-1:2004, ECO EN1990-1-1:2002)
# Design OK &1 Mame of design object D BEAM-001
Concrete-Steel clazss C25/30 - 5500 g
gk1=200.00kM/m @
qk1=100.00kN /m Patial factors for materials (EC2 §2.4.2.4] o= 1.0, ys= 115 -
= Paitial safety factors for actions : [EN1990-1-1, Annes A1) ¥0=| 1.35 ﬂ 0= 1.50 ﬂ
Concrete cover [EC2 §4.4.1] [mm] Cnom=| 20 ﬂmm
Reinforcing bar diameter [mm] @14 jmm fixed rebar diameter] ﬁ
H =4.200m | Rebar diameter for secondary reinforcement [mm] &8 jmm
Include rebar schedule in repoit v

Dimenszions of deep beam, span and height [m] Leff=| £.000 ﬂm H=| 4.200 ﬂm

_ k2 =50.00kM/m : =
J:F'EDD”‘ qk2=25.00kN/m Weh thickness [m] =] 030 [ ]m
I LRI Suppoit width [m] b=| D.EOD Jm
| ! )D/1J=EI 300m Top load [dead-live) [kMNAm] gk1=| 200.00 ﬂkN:’m gk1=| 100.00 ﬂkm’m
Leff=F 000m Battom load [dead-ive] [kN.m] gk2=| 50.00 kam gka| 25.00 kam

17.2 Reinforcement

The main tension reinforcement at the bottom of the beam, should be fully anchored by bending up
the bars, or by using U loops.

Horizontal reinforcement must be distributed over the height Zf, to take the splitting stresses in the
concrete struts.
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Reinforcement mats must be placed on both faces of the deep beam, in both directions according to
Eurocode 2, Annex J.

o] @ o |
| ®
Eal O

L] L

17.3 Dimensions

Dimenzions of deep heam, =pan and height [m] Leff=| 2.00 [m] H=| .00 [m]
Weh thickness [m] t=| 0200  [m]
Support wicth [m] b= 0300  |m

You give the dimensions in meters [m] according to the drawing below.
okl okt

gk2 gk2

Fhd Leff

17.4 Loading

Top load (dead-live) [khin] gk1=|2DD.DD [kMim] qk1=|1DD.DD [kMin]
Biottom |oad (deac-ive) [khin] gk2=|5|:|.|:|0 [kMim] qk2=|25.0|:| [knim]

Give the vertical loading a the top and the bottom face of the deep beam, permanent (dead) load gkl
and gk2 and variable (live) load gkl and gk2, in [kN/m].
The design vertical load is taken as: Fsd=yGxgk+yQxqk
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18 Leight weight aggregate concrete (LWAC)

Design of plates and beams made from light weight
aggregate concrete (LWAC).

The properties of light weight aggregate concrete are
computed according to EC 2 § 11.3. using the density
class. The density(weight) of the concrete is specified by
the user.

All the other data are the same as in normal
concrete.

Concrete-Steel class Lightweight concrete p=1407-1607 kgm® | v LC25/28 - BS0OC

4

Slab section in bending (Lightweight concrete)

One-way continuous slab {Lightweight concrete)

Two-way slab {Lightweight concrete)

Cne-way cantilever slab {Lightweight concrete)

Ribbed slab section in bending (Lightweight concreke)

One-way continuous ribbed slab (Lightweight concrete)

Two-way ribbed slab {Lightweight concrete)

Beamn cross section in bending-shear-axial (Lightweight concrete)

T beam cross section in bending-shear-axial (Lightweight concreke))

(One span beam in composite loading {Lighbweight concrete)

FEagamp il EOF DA

Continuous beam with distributed loads (Lightweight concrete)
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19 Reinforcement schedule

A detailed reinforcement schedule is produced. The design objects that participate in the bar schedule
are the ones checked in the Design objects window, and their order of appearance can be changed
from the Design objects window. For the supports of the two way plates you can select the way the
reinforcing bars are shown in the reinforcement schedule from the menu [Edit reinforcement
schedule]. They can show in double length symmetrical over the support center or half length.

You can edit the reinforcing bar schedule. You have to notice that if you make changes you must save
the schedule in a file. By clicking at column C the type (plate, beam, etc..) of the concrete object can
be selected. By clicking at [sketch], you can select the rebar type.

open EKWE to file review  print
ST I T I S PN R I - Wﬁta e | e ?
Lalo [l el =] 2l-|%] #
Wum | Structureohiect | € [ type | sketeh  [Liem [L2em [3em [L4em [ Lsem [tem [trem [ o [ opom] [ ompkaml [ enghim) [weigntikel |
1 SLAB-D02(Span-1) P 1 [ E— 413 50 & 0385 413 &1.57
2 SLABONA(Span2) P [ — 50 5 0385 413 a1.57
3 SLAB-002(Supp-0) P 4 —— 1 0 8 0.395 138 2726
4 SLAB-002(Supp-1) P 2 —1— 1 , 7 8 0.395 228 5133
5 SLAB-OD2ASupp-2) P 4 ; 50 & 0.395 138 2726
6 SLAB-002(Span-) P 5 | —I— (I 3 20 8 0.395 1000 73.00
- i
7 sLag-oozsoen2) SN . 2 . 2 8 0395 10.00 72.00
3:'5';;““ 2 E:mn 1 reinforcing bar position and type numbering
object oo 9
+ foaking —_— 2 £)
Pislab W rekaining wall q)’®. .® 9 ) i
Bibeam il 1 . I
C:column :
Fifooting D: deep beam 2 €] ®0 oo
Q:corbelfbracket il 7
D:deep beam 1
s
1 8
Reinforcing bar schedule
Hum Structure object type reinforcing bar [cm] no. L 3 g/m length weight
[mm | [kg/m] ] [kyl
1 |SLAB-00Z [Span-1) ——— 50 8 | 0.395 4.13 81.57
2z |$LAB-002 (Span-2) ——— 50 & | 0.395 4.13 81.57
3 |SLAB-00Z (Supp-0) 1 [r——— 50 g | 0.395 1.38 27.26
4 |SLAB-00Z (Supp-1) ——— 57 8 | 0.395 z.28 51.33
5 |SLAE-00Z [Supp-2) +m 50 s | 0.395 1.38 27.26
6 |SLAE-00Z (Span-1) — 20 s | o.395 | 10.00 79.00
7 |SLAB-00Z (Span-z) — 20 & | 0.395 | 10.00 73.00
Total weight [kg] 426.99
19.1 Reinforcement schedule for plates
Project Beton Slab schedule Pg. 1
slab name h Lx Ly span support reinforcement
reinforcement
[am] | [m] | [m] x-x ¥y O O | a
SLAB-001 D 13.0 4.00 4. 00@2/20.0_ [EE8/EZ0.0 #8/20.0 @00 [FESZ0.0 [EESEODLD
SLAB-00ZiLl) D 15.0 4.00( l0.00@Eesz0.0_ [@E/20.0 EBSZ0.0 @FBSEOL0
SLAB-00ZiZ) I:I 15.0 4.00( l0.00@Eesz0.0_ [@E/20.0 EBSZ0.0 @FBSEOL0
SLAE-00Z{2) ]| 150 4.00( 10.00@8/20.0_ [2/20.0 |#8/Z0.0 [@8/20.0
SLAE-00%3 {1} ]1s.0 3.00( 10.00@8/20.0_ [B2/20.0  |#8/Z0.0 [#2/19.0
SLAE-00%3{2) 1]|17.0 £.00( 10.00@8/20.0_ [B2/20.0  |#8/19.0 [@2/15.0
SLAE-003{2) ]| 150 4.00( 10.00@8/20.0_ [#8/20.0  |#8/15.0 [B8/20.0
SLAE-004 O |z0.0 £.00| &.00pEslE.0_  [B8/l2.0 [$#9/20.0 [@RSl7.0 [EEsl8.0 [BEs20.0

{ _=bottom layer of reinforcement, “=span reinforcement at top,:=reinforcement at top and
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You can edit the reinforcing bar schedule for the slabs. You have to notice although that if you make
changes you have to save the schedule in a file. The design objects that participate in the bar
schedule are the ones checked in the Design objects window, and their order of appearance can be
changed from the Design objects window.

save schedul
open existing fil

to file preview

print schedule

alalolnle]=la]|| % G & 7|z
= = fol' Help
Structure object I IOKI hlcm] I Lz [tm] I Ly [m] I Fexx I Feyy I Fexl I Fexx2 Feyy3 I Feyyd I;I
SLAB-001 O 18.0 | 400 | 400 | EE00_ 31200 81200 81200 81200 3120.0
SLAB-002(1) |g_| 15.0 | 400 | 1000 | dEe00_ 31200 81200 8200
SLAB-002(2) 1 O sieeor 1000 | dEe00_ 31200 81200 8200
SLAB-002(3) O 0 seeoz 1000 | dEe00_ 31200 81200 8200
SLAB-003(1) [ O sLas-03 1000 | dEe00_ 31200 81200 8190
SLAB-003(2) OO a4 1000 | dEe00_ 3200 ©819.0 D850
SLAB-003(3) OO O siae-os 1000 | dE00_ 3200 08150 8200
SLAB-004 a0 steeos 600 | dEME0_ 3180 8200 D8AT7.0 8180 320.0
O stas-o7
O siasos
0 siae-09
O stee-10
[ siae-11
O siee1z b
O stae13
Lol _——— .
19.2 Reinforcement schedule for beams
Project Beton Be am schedule Pg.1

beam name Span Support-i Support-B Stirrups
bottom top top bottom top bottom

EEAM-001 Span -1 3%14 %12 4814 [§ #&s16.0
& =

L=4.00[w] E=0.Z5m hL=0.50m 1216 1#16

BEAM-001 Span -2 3314 z23lz 4%14 [J #er1e.0
= r'y

L=4.00 [w] E=0.Z5m h=0.50n 1#1e 1218

EEAM-00Z Fpan -1 ] %14 [} #er17.0
—

L=5.00[m] B=0.25u h=0.50m l#lz

EEAM-003Z Span -1 3%14 it 34 3E14 g £2517.0
- =

L=4.00[w] E=0.25m h=0.50m 1#18 1#18

EEAM-003 Span -2 4817 2¢12 IEld 2%14 g #0/70.5
= =

L=4.00 [m] E=0.Z5m h=0.50n 1#18 1#16

EEAM-003 Span -3 3212 2312 2414 4%14 [} serez.o0
= =

L=4.00 [m] B=0.25m h=0_S50m 1214 12l

EELM-003 Span -4 3%lz z%lz 4514 z#l4 G #53/22.0
= =

L=4.00[n] E=0.Z5m h=0_S0m 114 1#18

EEAN-003 Span -§ 4%1z 2%lz 214 3814 g £2/20.E
= =

L=4.00[m] B=0.25m h=0.50m lele 1¥lg

EEAM-003 Span -6 3814 2¢12 IEld g £2/517.0
= r'y

L=4.00[m] E=0.25m h=0_S50m 1zls 1218
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20 Eurocode 2, design charts

20.1 Concrete-Steel

20.1.1 Stress-strain diagram of concrete

EM1992-1-1,53.1.6 Stress-strain diagram of concrete © RUNET®
EN1992-1-1, §3.1.6 Stressstrain diagram of concrete

Compression

oc=fcd:zc(1.0.25:¢c)
fod=ace-fock'y c=0.85-fck/1.50

aci/fed

C12/15 fod=0.85-121 50=6.80 Mimm?

C16/20 fed=0.85-161.50=2.07 Mimm?

C20/25 fod=0.85-2001.50=11.33 N/mm?
C25/30 fod=0.85-260M.50=14.17 Nimm*
C30/37 fod=0.858-3011.60=17.00 Mimm?
C35/5 fod=0.85-351.50=19.83 Mimm*
C40/50 fod=0.85-4001.50=22.67 Nimm*®
C45/65 fed=0185-450.60=26.50 Nimm*
C50/60 fod=0.85-5001.50=28.33 Mimm?
CH5/67 fod=0.85-5501 50=3117 Nimm?*

-0.50

-1o0 -1.a0 -200 <280 300 -3a0

£ 0/o0

www. iunet.eu
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20.1.2 Parabolic diagram for concrete under compression

EN1992-1-1.83.1.7 Stress-strain diagram of concrete @ RUNET®
EN1992-1-1, §3.1.7 Stress-strain diagram of concrete
=c[o/oo0] fhifed ar ka =c[o/o0] fhifed ar ka
oc -0.05 0.049 0.0z5 0.334 -1.80 0,830 0.630 0,389
-0.10 0.098 0.049  0.335 -1.85 0.994 0.640 0.370
ftd -0.15 0.144 0.073 0.335 -1.90 0.338 0.649 0.372
-0.20  0.180 0.097 0.336 -1.95 0.999 0.658 0.373
-0.25 0.z234 0.120 0.337 -z.00 1.000 0.667 0.375
-0.30 0.278 0.143 0.338 -2.05 1.000 0.675 0.377
-0.35 0.319 0.185 0.338 -z.10 1.000 0,633 0.378
-0.40 0,360 0,187 0,339 -2.15 1.000 0,690 0.3s0
-0.45 0.399 0.z08 0.340 -z.z0 1.000 0,697 0.381
-0.50 0,436 0.z2z9 0,341 -Z.25 1.000 0,704 0.383
-0.55 0.474 0.250 0.342 -2.30 1.000 0.710 0.385
Ec -0.60 0.510 0.z270 0.343 -z.35 1.000 0.716 0.366
-0.65 0.544 0.290  0.343 -2.40 1.000 0.722 0.388
-2%a0 -3.5%0 -0.70 0.5877 0.308 0.344 -Z.45 1.000 0.7z8 0.389
-0.75 0.608 0,328 0.345 -2.50  1.000 D0.733 0.391
c rled -0.s80 0.640 0.347 0.346 -2.55 1.000 0.739 0.392
-0.85 0,669 0,365 0,347 -Z.60 1.000 0,744 0,394
-0.90 0.697 0.383 0.348 -Z.65 1.000 0.748 0.395
-0.95 0.7z4 0,400 0,349 -z.70 1.000 0.753 0,397
-1.00 0.750 0.417  0.350 -2.75 1.000 0.758 0.398
Ee2 -1.05 0.774 0.433 0.351 -z.80 1.000 0.762 0.400
T PRI -1.10 0.998 0.449 0.352 -2.85 1.000 0.766 0.401
w=E-d . -1.15 0.819 0.485 0.353 -z.90 1.000 0.770 0.402
F, -1.20 0.840 0.480 0.354 -2.95 1.000 0.774 0.204
€ -1.25 0.859 0.495 0.355 -3.00 1.000 0.778 0.405
-1.30 0.877 0,509 0,356 -3.05 1.000 0,781 0,406
-1.35 0.894 0.523 0.358 -3.10 1.000 0.785 0.407
Z:(.d -1.40 0,210 0,537 0,359 -3.15 1.000 0,756 0,408
-1.45 0.924 0.550  0.360 -3.20  1.000 0.792  0.410
-1.50 0.338 0.563 0.351 -3.25 1.000 0.735 0.411
-1.55 0.949 0.575 0.362 -3.30 1.000 0.798 0.413
Ea1 Fs1 -1.60 0.960 0.587 0.364 -3.35 1.000 0.801 0.413
—- . -1.65 0.968 0.598 0.365 -3.40 1.000 0.804 0.214
-1.70 0.3878 0,609 0.366 -3.45 1.000 0.s07 0.415
-1.75 0,954 0.620 0.368 -3.50 1.000 0.810 0.416
www runet. ey
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20.1.3 Stress-strain diagram of reinforcing steel

EN1992-1-1,83.2.7 Stress-strain diagram of reinforcing steel © RUNET® E
EN1992-1-1, §3.2.7 Stress-strain diagram of reinforcing steel

osfyd

Tyd=fyk/ys=500/1.15=435 Nimm»*
1.00

0.90
n.an
070
0.60
0.a0
0.40
0.30
0.20
010
0.oo

Es=200 GPa

a7

280 5.00 7.80 10.00
IS 000

www runet. eu
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20.2 Capacity of cross-sections

20.2.1 Bending capacity of plate section

EHTH92-1-1_%6.1 Moment capacity of plate section © RUNETS ﬁ
EH1952.1.1, §6.1 Moment capacity of plate section
3 Bending capacity (ec'esl=350/1530) Md =51.00kHm il
- B
H=|200 |'- - Concrete: C2530, Steel <l s
[ 35 |2 E B=1000 mm, H=200 mm, relnforcement @10 7 100 mm
nom| 3] mm Sed=01 BSX A S0=14 17 Mimi®, Tyd =500 15=4385 Nimm®
% Concrele Sieel o Ar=1000:200=200000 rard, As1=TDx1000/100=TB5 mensm
= H om0 (54007 16D mm
3 C25730 a B Minirnurn reirforcement
Reinforcement |r||n|1|bhd||||rn’|\1k umnllmml.?mml 010013 b b= () DO 3 V0200 mrofn
2=
@ 3! 100 (3] mm Al a3 B3 A1 A0 168, « )saﬁmm
ar=0.810, ka=0.418, Fe=sr b x fed=Fa1=31161kN, As1=Fz1/Myd=T2Emem%m
2od ki = {] - kaee 224, 2Ad=1 00 4160 1660 93, 2=147 Bmm,
Hd=1/0.810 0.186 0.523.14.17)=0.508 mm®H, Kd=0.712
Bending capacily Wb g 000001 «I000xBR S0E-61 DkNm
o b e 1000 Dending capacity fec'es1=3.50/15.30) Mr <51.00kHm

.

whil 2 e )23 BE S 170617 1o Prom

ar=0.010, ka=0.416, Fe=ar b-fod=Fs1=1131 B9kN, As1=Fs1M435=2600mrn%m

eed ke (] -k g2+, o= 00 816l B17-0 743, 2118 Smm,

Kd*=1/0.810-0.617-0.74314.1 190 mmN, Kd=0.436

Bending capacily Me b 580 000001 1000x 16RO 190135 (0kNm
=35 .

whil o2+ ) =3 B S46 D00 412 168 Srom

ar=0.010, ka=0.416, Fe=ar b-«-fod=Fs1=755.50kN, As1=F21frd=1730mmrm

eed ka1 ka2t ehd=1 00 816a0 4120 529, 2=132 Bmm

Fd=10.3100.412:00029-14.1 256 mm TN, Kd=0.506

Horiny Capiacily M9t 0 0001 00RO 256-101 00k

wfil=a ):(.: 1) B ST ‘|IIJ 0318, 250 Yrman

ar=0.010, ka=0.416, Fe=ar b-x«-fod=F1=000.04kN, As1=F21fyrd=1343mmrm

2o ks (|1 ka2 4est ), 2hd=1,0-0.816x0, 318-0.568, 2-138 Bmm,

Kd*=1/0.810-0.310-0.060-14.17)=0.316 mmN, Kd=0.562

Baring capoeily Wb ¥K0.00000) nu.unw.u 31652 DkNm

f—— T —|
e —

Ao 2 o) 5w1(35.|.|uu.1] =025, x=41 5|m||

ar=0.010, ka=0.416, Fe=ar b« fod=Fs1=475.72kN, As1=F21frd=1094mmrm
s=deka n={] 1ok s s, 2id=1,0-0 41650, 258=0.892, z=142 Fimm,
Kd*=1/0.6100.259-00092-14.17)=0.377 mm?N, Kd=0.614

Benuing capacity Wb d*Ke'=0.00000 11000x180°0.277=50.00KNm

x)n—nul‘(eczleﬂ] 3,503 50 uIJLU] =U,14%, ¥=22 Bmm

ar=0010, ka=0.415, Fo=ar b x-fod=T 3 29kN, As1=F 21 rd=b29mm’m
z=dka =] 1-ka ec2ieeDees ), 2/d=1.0-0.416:0,149=0.938, z=150 Imm,
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
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20.2.2 Bending capacity of beam section

EM1992-1-1,56.1 Moment capacity of beam section @ RUNET®
EN1392-1-1, §6.1 Moment capacity of beam section

B= 250 [4]/mm H=[500 [2]/mm

Concrete: C25/30, Steel class: BS00C

B=250 mm, H=500 mm, reinforcing hars 4 #8 mm
Cnom 25 {3} mm fed=0.85x25/1.50=14.17 Nfmm?, fyd=500/1.15=435 Nfmm?
Ac=260x500=125000 mm?, As1=4x50=201 mm?
2 Concrete Steel class d=H-(Cnam+@s +@/2)=500-(25+1048/2)=461 mm
T C25/30 [~| B500C Minimurm reinfarcement

=min(0.26-b-d-fotm/fyk=0.28x250:461x2.60/800, 0.0013b-h=0.0013x250:500)= mm?
zc2=-1.830/00, £51=19.670/00, Asl/b d=0.00175(0.175%)

R — = e wid=ec2/{ec2+es1)=1.83/(1.83+19.87)=0.084, =38 Imm
—B=150—| [x] @ 8 g+ 03 a8 (i ar=0.636, ka=0.370, Fe=ar-b-w fod=Fs1=87 S6kN, As1=Fs1/fyd=201mm?
z=d-kar ¥=([1-ka-ec2/(ec2+es1)]d, 2/d=1.0-0.370:0.084=0.965, z=446 6mm,
Kd*=1/{0.636 0.084-0.968-14.17)=1.359 mm%MN, Kd=1.166
Bending capacity Mr=b-d%Kd*=0,000001:250:46131.359=40.00kNm

=201 Reinforcement
—

b—n

fe——b — €z fea Bending capacity (ec2/es1=1.83/19.87) Mr =40.00kNm
T T a
w=ged Ak ec2=-3.500/00, e51=2.170/o0, As1/b-d=0.01627(1.627 %)
Fe wfd=ec2/(ec2+e51)=3 50/(3.50+2.17)=0.617, »=284 4mm
L ar=0.810, ka=0.416, Fe=ar b-w-fod=Fs1=015 31kM, As1=Fs1/435=187amm?*

z=d-ka ¥=([1-ka-ec(ec2+es1)]d, 2/d=1.0-0. 41160 B17=0.743, z=342.7 mm,

Kd*=140.8100.617-0.743-14.17)=0.180 mm?2N, Kd=0.436

Bending capacity Mr=b-d¥Kd*=0.000001x250:46120.190=280.00kNm
.500/00, £51=5.000/00, As1/b-d=001085(1.086%,

=
-9
=
2
r
i
o
-8

st o Fai 2/(ec2+e51)=3.50/(3.50+5.00)=0.412, x=189.8mm
r | — ar=0.810, ka=0.416, Fe=arb-x-fod=Fs1=544 24kN, As1=Fs1/fyd=1252rmm?
z=d-ka w=([1-ka-ec2/(ecZ +es1)]d, z/d=1.0-0.416:0 412=0.829, z=382.0mm,
[ Kd=1/0.810 0.412-0.823-14 17)=0.256 mm%M, Kd=0.506

1 Crom Bending capacity Mr=b-d%Kd*=0.000001x250x46120.256=208.00kMm
zc2=-3.500/00, £51=7 500/o0, Asl/b-d=0.00839(0.639%
wid=ec2/{ec2+es1)=3 80/(3.50+7 50)=0.318, »=146.7mm

ar=0.810, ka=0.416, Fe=arb-x-fod=Fs1=420 55kM, As1=F51/fyd=967 mm?
z=d-ka ¥=([1-ka-ec2/(ec2+es1)]d, z/d=1.0-0 416x0.318=0.868, z=400.0mm,
Kd=1/0.810 0.318-0.868-14.17)=0.316 rmm%M, Kd=0.562

Bending capacity Mr=h-d%/Kd?=0.000001:250:46120.316=165.00kNm
2c2=-3.500/00, £51=10.000/00, As1/b d=0.00E54(0 684%)
wid=ec2iec2+es1)=3.50/(3.50+10.00)=0.259, x=119.5mm

ar=0.610, ka=0.416, Fe=arb-x-fod=Fs1=342 67kM, As1=Fs1/fyd=788mm?
z=d-ka ¥=([1-ka-ec2/(ec2+es1)]d, z/d=1.0-0 416x0 255=0.892, z=411.3mm,
Kd=1/0.8100.259-0.892- 14 17)=0.377 rm%N, Kd=0.614

Bending capacity Mr=h-d%/Kd?=0.000001:250:46120.377=141.00kNm
£c2=-3.500/00, £51=20 000/00, As1/b d=0.0039310.393%
wid=ec2fiec2+e51)=3 50/(3.50420.000=0.149, »=658 Tmm

ar=0.610, ka=0.416, Fe=arb-x-fed=Fs1=196.85kM, As1=Fs1/fyd=453mm?
z=d-ka w=([1-ka-ec2f(ec2+es1)]d, z/d=1.0-0.416x0.149=0.938, z=432.4mm,
Kd*=1/0.810-0.149-0.838-14.17)=0.624 mm?N, Kd=0.790

Bending capacity Mr=h-d%Kd*=0.000001:250:46120.624=86 00kMNm

=1l

www.runet.eu |w

20.2.3 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
Concrete: C25/30, Steel class: B500C

B-(250 [*]mm Beff- 1000 [2] mm

_ Refi— H=|545 {:} mm Hi=|272 {:} mm B=250mm, Beff=1000mm, H=545mm, H=272mm reinforcing bars 4 &8 mm
T fod=0.85x251.80=14.17 N/mm?, fyd=500/1.15=435 N/mm?
T Cnom(25 {2 mm Ac=250x545=136250 mm?, Ag1=4x60=201 mm?
1 d=H-{Cnom+@s +E@/2)=545-(25+10+8/2)=506 mm

Concrete Steel class Minimum reinforcement

C25/30 V B500C =rnin(0.26-b-d-fotrm/fyk=0.26x2580x506x2.60/500, 0.0013-b-h=0.0013x280x545)= mm?
ec2=-0760/00. e51=19.890/00, Asl/b-d=0.00040(0.040%)
wid=ec2/ec2+es1)=0.76/0.76+19.89)=0.037, x=18.6mrm

—H—

Reinforcement

8 1 [Hes 188 | | a=0332, ka=0345, Fe=arh v fod=F51=87 S5KN, As1=Fs1/fyd=201mrme
z=d-ka x=([1-ka-ec2/(ec2+es1)]d, z/d=1.0-0.345x0.037=0.987, =439 B,
k=140 3320 037 0. 98714 17725 854 mrd/h | Kil=2 419
} b et | £z T Biending capacity Mr=he02Kd%=0 000001 3100050525 B54=44 00k Mrn
[} T Fe ¥=18.6 mm<= H= 272mm neutral axis in flange
hi | II 'I | ¥26d Bending capacity (ec2/es1=0.76/19.89) Mr =44.00kNm
L |
%*} Med ) o -
hd
L £g1 Fs1
,,,,,,,,,, — —-
fa-by

www.runet. ey
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20.2.4 Capacity of rectangular columns

EN1992-1-1,56.1 Capacity of column section & RUNET®
EN1992-1-1, §6.1 Capacity of column section
o ] 7 ] Capacity Nd = 1223.59 kN
B=250 [5jjmm H=250 [jjmm Concrete: C25/30, Steel class: B500C
¢ 25 [a) B=250 mm, H=250 mm, reinforcing hars 4 @16 mm
NOMSY [ Y fd=0 85251 50=14.17 Mimmz, fyd=500/1 15=435 Nimm?
2| Concrete Steel class AC=250x250=52500 mm?, As=4:201=804 mm?
& an <] Minimum reinforcement
T C25/30 |w| B500C =max(D.01Ac,0.20A¢ fodffyd=max(D.01 62500 0. 20x62500 %1 4.17/436=625mm?
. Reinforcement Mr=fed- (Ac-Az)+Hyd As=14.17 x{52500-804)+435:804=1223592 N = 1223.59 kN
4 [Ho 6 #a .
———s8=2s0——
o
(-) l N
fyd
v 7
|
fed [
e [l)e

20.2.5 Shear capacity

EN1992-1-1,86.2 Shear capacity © RUNET®
EN1992-1-1, §6.2 Shear capacity

B=|250 E;} mm H= 500 E:} mm Shear capacity without shear reinforcement Vrd.c = 31.24 kN
i Shear capacity of shear reinforcement Vrd.s = 188 .81 kN

Cnom 25 (3 mm Compression strut capacity Vrd.max= 304.02 kN

Concrete Steel class Shear capacity Vid = 188.81 kN

2530 [v| B500C Concrete: C25/30, Steel class: B500C

B=250 mm, H=500 mm, reinforcing bars 4 &8 mm
} | fed=0.05x36/1.60=14.17 Nimin?, fyd=600/1.15=436 Mfmm?
4 [H@ 8 [v[+0 (@8 |v| | Ac=250x500=125000 mm? Asi=4xE0=201 mm?

p—— : H=H-(Cram+Bs-+Zr2)=500-(25-+10+E/2)=461 mm
—azs0—| Links 1 []@] 10 [«[/150 [] mm Shear capacity without shear reinforcement Vid.c

: il c=[Crele k[100- pl f2K)*0 3] b g=vmin- by o

fok=25 Wi, k=1+[100/461.0)Ve<=2, k=166
pl=Ag/f-d), Azl=d 0§, pl=201/{250x451)=0.0017

Reinforcement

=201 ry

——+t=s00—+

s s Crd e=0.15/1.50=0.100
— b Fe rd,c=0.001x]0. 1061 B6x (10000017 :25)"0. 331260 461=31.24 kN
T T - 7 “red g (rnin)=0.035-kA{1 50 feknY b d=0. 0010 03531 BEA(1E0)x254Yx260x461=43 D8 kN
4 Verd,c=31.24 kN

hd ¢ 1) 2=0.80d Shear capacity of shear reinforcement Vrd,s

l | Asw=2x79=157 mm?, s=150 mm

R — “rd s=(Aswis) 7 fywd cotB
- Fs1 Wed=440.83kN, (Ved/max(vrdmax)=1.00, 8=45.00%), ‘rd 5=0.001x(157 A150):0 90461 x435x1.00=185.81 kN

Wed=402.72kN, (Ved/max(rdmax)=091, B=33.00%), ¥rd 2=0.001x(157/150):0 20x461 x435x1.54=290.74 kN
Wed=304.01kN, (Ved/max(vrdmax)=0.69, 8=21.807, Wrd 5=0.001x(157 /1500 90x461x435%2.60=472.06 kN
B : angle between concrete compression strut and heam axis

Vrd,s>=188.81 kN

Compression strut capacity Vrd,max

Wrd pnax=acw bw-z-vlfod/(cotB+Hand), B=21.80°, cotB=2 .50, tan:=0.40

wew=1.00, z=0.9d, fck=25.00<=50 MPa, v1=0.50

wrd max=0.001x1.00x250x0 9x461x0.B0x 14 1742 5040 40)=304.02 kN

Vrd,max=304.02 kN

tinimum link reinforcement
pw=0.1(fek}vaifyk, pw=0.1x(25)"¥2500=0.0010
min Agw/s»>=p w bw=0x1000.0000x250=0 25 mm&mm,
(@8/400mm
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20.3 Design charts, Bending

20.3.1 Dimensioning for bending Coeff. Kd, ks

EH1992-1-1. 56.1 Dimensioning for bending Coaff. Kd. ks © RUMET®
EN1992 1.1, §6.1 Dimansioning for banding Cooff. Kd, ke

zfa

988
979

70

555 .3

983 2,3

975 2.3

FEE 2.3

c1zf1s

11,

16,2

o R g

o1/

L
N 5
3

C20/23 C23/I0 CIOSIT CIS/A3 CLO/50 C43/33 CI0/60
Kd
1

62 1 54
3
[:5
2
6
23
a3
m

L4l

a.
.
5.
4.
3.
a3,
3.

-
M EEanE

8.
5.
3.
4.00
4.
3.
3.
3.
I,

R T A G D

e
£,
4.
3.
2.40
3.
2.
z.
2.

b
e

b cofesl wfa
L al £z Loy =500 [H/mm*]
[ Fe 0.50/20.0 0.024 0.
M 0.75/20.0 0.03¢ 0.
et ® 1.00/20.0 0. o.
l 1.25/20.0 0. 0.
1.50/20.0 0. o.
h d z 1.75/20.0 0,000 0.
2.00/20.0 0. a.
2.25/20.0 0. o.
E oo, o.
Asl sl oo, .
A oo, .
£ T oo, o.
di C, o o. a.
ram o ol o.
d ) Mo i o0, 0.
kg= —SEmM aemy k,w 0.0.171 0.
TMnllkNm] [em] 0 0,179 0.
oo, o.
bm ) 5 15 0,260 o,
Chmm Eem O o212 0.
¥ oo, o.
M. 0 0.241 0.
nt ) 2M9 Maa = MaNafd h2) g eEss 0.
5 0. o.
l oo, o.
4 § 0.282 0.
0 0,904 0.
5 0. 0.
0 0,333 0.
5 0. o.
0 0,360 0.
5 0. 0.
0 0.412 0.
30 0.
0 0.467 0.
5 0. 0.
oo, o.
5 0. o.

L g Py

50/

75T

3.
T
2.
2.
2.5
2.
z.
2.
1.
1.
1.
1.
1.

e b b e e b e e e e e e e BB RS R B R R RD B B RO KD B L L L b e Dy

20.3.2 Dimensioning for bending Coeff med, w
}*%I Eg
* % -ecZ/esl xid z/d w med
| 0.50/10.00 0.048 0.984 0.0109 0.011
Meg X iEg' 0.75/10.00 0.070 0.976  0.0229 0.022
7 1.00/10.00 0.091 0.965  0.0379 0.037
‘ 1.25/10.00 0.111 0.261  0.0550 0.053
hl d z 1.50/10.00 0.130 0.953 0.0734 0.070
1.75/10.00 0.139 0.945 0.0923 0.087
2.00/10.00 0.167 0.935 0.1111 0.104
2.25/10.00 0.184 0.930  0.1293 0.120
As [ Fsi 2.50/10.00 0.200 0.922  0.1467 0.135
¥ . i 2.75/10.00 0.216 0.91% 0.1634 0.143
LA, 3 3.00/10.00 0.231 0.207 0.1795 0.163
di [C 3.25/10.00 0.245 0.839  0.1950 0.175
nor 3.50/10.00 0.259 0.892 0.2099 0.187
3.50/ 5.50 0.265 0.8858 0.2179 0.194
_ Med fod _eclik _0.85Fck 3.50/ 9.00 0.280 0.8384 0.2267 0.z00
o= b2t Y. "T1& 3.50/ §.50 0.292 0.879 0.2361 0.z07
*=Ted 3.50/ §.00 0.304 0.573 0.2464 0.z215
3.50/ 7.50 0.318 0.868  0.2576 0.223
A w-b-d- fol fu =r£=5_00=435[ N 3.50/ 7.00 0.333 0.861  0.2698  0.232
s= fiu V: 115 mm? 3.50/ 6.50 0.350 0.854 0.2833 0.242
3.50/ £.00 0.368 0.847 0.2082 0.253
3.50/ 5.50 0.389 0.838 0.3148 0.264
3.50/ 5.00 0.412 0.829  0.3333 0.276
3.50/ 4.28 0.450 0.513  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 0.538 0.776 0.4359 0.338
3.50/ 2.50 0.583 0.757 0.4722 0.358
www. runet ey
[ & Print H_mclose |
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20.4 Design charts, Columns

20.4.1 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
C12415-C55/67 B500C - C12/15-C55467  B500C
di
d1/h we= o =0.100
0100 = @ h==100 o Ast=As2 fyd
= Ote=150 b-h fed

As2 | Td1

Ned -3 we—
Me
=
=2 ——
& Ast Td1
=
%T = —
T
N Mey
h ed ||| g
. 0.30 0.40 . 0.60 0.70
e .
b m=Med{b-h*fed)

[ & Frint ] | mc\use |

20.4.2 Column design chart, circular cross-section

EM1992-1-1,%6.1 Column design chart, circular cross-section @ RUMET®
EN1992-1-1, §6.1 Column design chart, circular cross-section
Concrete Steel class 20
C12/15-C55/67 B500C i C12/15.(55/67 B500C
d1/D e AL - o100
=] fi<=1.00
0100 2 N ®T< _ Astor fyd
ed | (=150 W= T fed
f—-. Orie=200
. -,
&) :
R A Ned &
= Me
£ £
L T
%‘7 l— d
b
‘ ' Meq
b—D —+ 020 0.40
m=Med/{}rr*fcd)
[ & Print ] | m[ﬁ\nse |
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20.4.3 Column design chart, Biaxial bending with compression

EM1992-1-1.86.1 Column design chart, Biaxial bending with compression = RUNET®
EN1992-1-1, §6.1 Column design chart, Biaxial bending with compression
Concrete Steel class 0ED
C12/15-Ch5/67 Bso0C - C12/15-C55/67 B500C
Ned di
- b — = — =0.100
di/h - n—NedI(b’ I!fcd) bhifed 0.20 h
o100 3 o200 % As,tot fyd
= I, el 0.50 =—l—_r
= “ETbR fed
Asid Asid | Tdd
[ ] J‘
Medy
= Ned & &&c—7p——
= Medx
bl
2 ]
£ asi [Ta1
=
E — s —
L
Megy =
Meay
h Med
0.0 0.20 0.20 0.40 050 060
b mx=Mech{fed- hy-hx?)
I & Frint ] | m Close |

20.5Design charts, Slenderness and effective length of columns

20.5.1 Column design chart, Biaxial bending with compression

EN1992-1-1.55.8.3.2 Effective length © RUNET®

@® Braced members-EN 13922004 Eq5.15)
O Unbraced membersEN 1992:2004 Eq.[5.16)

) Braced members ENY 19921989 Fig.4.27

O Unbraced members-ENY 13321989 Fig.4.27

| '

Kb

Ie
A L
E : | &, %k
Tt
H—1—— * g
e
i
d i
. :
T ] KB—EQJ
El 01 02 03 05 1 162 34 B 10 a0 100
Ka

EN1992-1-1, §5.8.3.2 Effective length
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20.6 Design chart, Deflection control

20.6.1 Column design chart, Cross section moment of inertia-stiffness in bending

EM1992-1-1,55.8.8 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
U
S .
I ¥ o 1.00
S, | T
" = O neo g d
ST
* PO e T
Masinum displacement A3
Bmas =0,01302 (e LILSEN 070 \ b ~b— o
h p=As/{b-d) p=As"(b-d} p=As/(B-d)
fo ac EFFEs-As-c™ n=EsiEc

0.680

7LJ . \\\\{.\L_ ot

lp=0 50
bripet 40

d o"lp=0 30

*Jp=0.20

0.30 ;'f;=n 0

0.20 63

S 1= 0.15

b * 010 /d= 0.10

N 1= 0.05

El=Es-Asd”§
0.00
0.0 020 0.30 040 0.0 0.60 070
h.o
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21 CAD drawing of concrete elements

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.

E4 Structure Diawing =< |

s =] @) QY |t O Rl H ed BEo BB = 2
o] =| ror 3 =

Dimensiens in| 0 00m | PBerdoscement & A7) [* | G sos 050

Concrete
50l

Penforcement

Dimeraions

Leads

Prentocement 10| 795 3]
Diercions onca| 440 3 Detarce ol sociunl> 3| _Passt|

1

+ +
on , os, » ’ 1 ;
1= B Sod tasaring pressurne: 020 Plrwe]
:-!\ Tk, =2 106 T;
21.1 CAD Features
Scale of Zoom Layers Dimension units/ Grid
Drawing Reinforcement
zoom area o
e o _Loyes ? X Grdsize 1m |v
Scale | 1:78 |+ v E’ITHIHE SR
. v Fil X

e sook [15_[>] @ QY a[o]> v Soi — 0. 20m

110 v| Reinforcement Dimengionz in | mm - 0.25m

115 nove | Reinforcement-1 000 m 0.30m

120 move orizontaly | | Reinforcement test U.DUD 0.50m

1135 o to zero | Element axis el 0.60m

150 w| Main Dimenzions LInlxl} T i

140 v| Secondary dimensions

{iER v Text

TE v| Loads

175 Grid

1:90

1:100

1125

1:150

1175 Reinforcement &5 8/20(cm) | =

1:200 4 B/20(cm)

L2 Be2lmm]
5¢35 8/m

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.
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21.1.1 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.

21.1.2 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 components ? X
| Colars Font size-color Line
Lopmrs 7 X[ |Concrete | BN RN CECH B
7 0uie 5o - P e M-l [ s
vl Sail |F|einforcement |. 'l |. '| |8 ¢| |. "| |1 =|
v Fie!nforc:ernent | - = =
v Reinforcement-1 Ais and nades |~ 3 = [~ [1 =+
v| Reinf
L I ey T Sl
7 Sovomo diensions |Loads [ 4 B+ M~ | =
: [ext |Distance of reinf, | 100 2]
oads
Grid |Dimensinn distance mm 400 =] Distance of section| 6 =] _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.

21.1.3 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 ﬁ .
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.

21.2Print - preview drawing

Before you print your drawing it is advisable to preview Parameters of Printing ? X
the contents of you drawing first. Paper size il el vl
E 44 Landscape | |[v General information

B

. - [vw Elements, connections
Click on the Preview Button and set the parameters Scale |1:25

of printing.
Choose Paper size and orientation, Scale and check for
Black and White according to your printer.

[v Project information

11 hd A
Faper scale Text font font size

 Black andwhie |4l | |7 =]

You move (click on the drawing and move the mouse) the == I'::_C 2 'F—
drawing to place it at the desired position inside the - ooF {
drawing paper. Printer | _Preview Close

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.
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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.

[‘hsn-lm(nuh. G %
Tnm | seeis =) A@(a) sl @RI i 77 =
L L L LT Y 22
Live d
£
H
i 2
......... B
™
50 g pressure 030 Pemes)
Puisatirs of Prking T X
Pagm o0
farwscws =] et
N EEC  Mstenais reriorcement
¥ Propect infommation.
Paperscale 11|~ Tt hort font e
I sk ant et Mol = =l
= b S S
SRS ¥
] | I|
el A2y 2 ATE
Print preview drawing.
Portrait
= i
Landscape
i Ganeral Info
Gameral Infermation ¥
@ Re
Connection nfo Project nfo Project Info

Page orientation for drawings.
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21.3Project panel

V!ew layers ]
S w e To edit appearance of the text panel for the drawings check the fields you want to

be included and type the wanted text.

Test on project parnel 7T W

The project title is automatically taken from the name of the
project.

The title A is automatically taken from the name of the
design object.

Praject v |Tennfi0rd Schoal
Title- v |TIUSS o
Title-B v |T_I,Jpe B

Date v |20/03/2004 The Design Firm title is automatically taken from the
Desigrer  [v |Areti Amy settings of the report parameters, see pg. 28, report page
Dravw Mo W [12345 footer.

Filename | |testproiectﬂ1

Dezign firn [v |Y0ur dezign office

21.4 Export drawing to PDF format p]

From the CAD modulus of the program you can save your drawing in PDF =
format

%‘E
FOF | DxF

21.5Export drawing to dxf format

‘Write drawing ta file in DXF format T X
D= | From the CAD modulus of the
program you can save your drawing in .dxf File name [C\RunetiWaodExpress\Projects\dec2 1testROOF 008, e
format. This file can be read from Autocad In
the window that appears specify the file Size oftextin mm |5 j
name and adjust the text size and decimal Dec : |
) ) ecimal symbaol Puointr = D<F ta file
symbol in the new file.

22 Program settings

22.1 Greek character setup

According to the notation used in the Eurocodes the report contains many Greek mathematical
symbols. Depending on the Window installation the Greek mathematical symbols may or may not
appear right. If you have Windows XP or 2000 you can add Greek language support in your Windows.
Go to [Settings/Control Panel/Regional and Language Options/Advanced].

If your Windows do not support Greek mathematical symbols, then from [Setup/Greek character
support] select NO . The Greek characters will appear as: alpha, beta etc. , in the report.

22.2Language Set Up

The program interface and reports are in various languages. You can choose the language of the

program from the menu [Setup/Language Set-Up]. e

_Cho_osing the Ianguage _the program V\_liII close and when Greek character support ... [YE5 ]

it will be opened again is going to be in the new Language Setup ... [Enalish]

language' Decimal point symbol [.] k| w Paink (.}
Default main window size Carmma ()
Auto computational opkion ... [Level-Z ]
Units in report
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22.3Decimal point symbol
You specify (.) or (,) for the decimal point appearing in the input data and the reports.

22.4Screen sizes
The size of each window bas been optimised.

You can resize the main screen, and its size is maintained. The size of the main screen is
automatically set to the size the last time you opened the program. You can reset the main screen to
the default size by clicking at [Setup/Default screen size].

The calculation window takes a height almost equal to the height of the main program window.

22.5User’'s guide

. . ' Help
You can preview, or print the program user's
manual. You select to view it as a Word (doc) or as Help '
an Acrobat (pdf) document. @ Contents
Program user's manual 3 DOC Format {word)
F.A4.0, Frequently asked questions PDF Format {Acrobat)

wiww runek-software, cam

Program License
About BETOMexpress
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23 Reports

After designing the desired concrete objects they can be printed into a high quality report. The report
will contain all the objects that are checked in the [design objects] window. The order of which the
objects will appear in the report can be adjusted with the two arrows at the bottom of the design
objects window. Adjustments for the report, font, margins, logo of caption or footnote, etc. can be
done from [Report Setup].

23.1Preview report

preview repork

In order to preview the report you must have a valid printer installed in your system. If you
work in a network there must be installed a network printer. Otherwise the system will report -
invalid printer. In this case simply connect/add a printer, or select another printer as default.

The report preview contains all the objects that are checked in the [design
objects] window. You can adjust the order in which the object appears in the
report by using the two arrows at the bottom of the [design objects] window.

From the [Report Setup] you can adjust the looks of your report such as font, margins, logo of caption
or footnote, etc. In [Report Setup/Various/Change page for each chapter], you can choose to start
each design object in a new page.

23.2Printing report

Design objects
¥ |7 BEAM-OM A

— The report contains all the objects that are checked

—-.| in the [design objects] window. The order of the
objects appearing in the preview can be adjusted
with the two arrows at the bottom of the design objects
window.

check the abjects you
want to appear in the
report

v|| % CORBEL-001

Vi 77 SLAB-012
e SLABHE
o SLAB-014
e SLAB-015

Lo cowmnon

¥ 75 SLAB-004
v e SLAB-005 v

In order to print a report you must have a valid printer change the erder of
installed in your system. If you work in a network there objects —ﬂﬂ jﬂ @
must be installed a network printer. Otherwise the system

will report - invalid printer. In this case simply connect/add a printer, or select another printer as
default.

Adjustments for the report, font, margins, logo of
caption or footnote, etc. can be done from Report Setup.
In [Report Setup/Various/Change page for each
chapter], you can choose to start each design object in a
new page.

Left margin in mm |20 5

Print report

Murnber of first page 1l %

Report cowver
v| Table of contents
v| Repart
v| Slab reinforcement schedule
Bearn schedule
v| Reinforcing bar schedule
Reinforcing bar schedule [zmall]
Mumbering and position of reinforcing bars

@ ‘ =

Print Frinter

From the printing dialog you can adjust the page number
of the first page and the left margin in mm. More
adjustments for the report, font, margins, logo of caption
or footnote, etc. can be done from Report Setup.

In [Report Setup/Various/Change page for each
chapter], you can choose to start each design object in a
new page.

X

Cancel

?
Help
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23.3 Report to file

You can transfer the report (text only) to a RTF file,
which can be opened by Microsoft's Word. In order for
the report to appear right in the Word, select all the
text, expand the margins and set font to courier new
and the font size to10.

If your windows do not support Greek character set,
the Greek mathematical symbols will not appear right.

4

Preview report

Table of contents

&I = |

Depending on the Window installation the Greek B [EAEEIE e 4 Report o word ...
mathematical symbols may not appear right. If you Eh

have Windows XP or 2000 you can add Greek I3 Text Insert 5y Feport to POF ...
language support in your Windows, from Windows Eh
[Settings/Control Panel/Regional and Language Repart text ta RTF ..
Options/Advanced].

If your windows do not support Greek mathematical symbols, then from [Setup/Greek character
support] select the language without the support of Greek mathematical symbols. Thus the Greek
characters will appear as alpha, beta etc.

Ll

Preview report

23.4Text insert

You can insert your own text in the report, with the [Preview/Text Insert]
command.

In the window which opens, write the text or read it from a *.rtf file. This text
object can be treated like all the other objects of the program.

Table of contents

|

Export report 4
Text Inserk

23.5 Report editing

To edit the report, save the file to word or rtf format and do the changes from
the new document.

Units in repork

) [ o

23.6 Printer Setup
Select printer, and adjust printer properties. Standard Windows dialog.

23.7 Troubleshooting
Greek Mathematical symbols

According to the notation used in the Eurocodes the report contains many Greek mathematical
symbols. Depending on the window installation the Greek mathematical symbols may not appear
right. In case you still have windows XP or 2000 you may add Greek language support in your
windows, from windows [Settings/Control Panel/Regional and Language Options/Advanced].

In case your windows do not support Greek mathematical symbols, then from [Setup/Language Set-
Up] select the language without the support of Greek mathematical symbols. In this case the Greek
characters appear explicit e.g. alpha, beta etc.
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24 Report parameters

Setup of report appearance

Page setup | Fonts. paragraphs. . 1 Graphics]

=i Header click to setup page Header

From the main menu you can adjust the

appearance and the printout of the reports by using
the [report parameters setup]. £} Main report click to setup main report

24.1 Report —setup

iclmer—l : click to setup Footer
. . . . ¥ ?
Header, page footer, paper size, orientation, line f] oo | 7vep |

distance, margins etc.

24.1.1 Report Page Header

I?- Header . Setup page Header
Z On the page’s header it can T =
appear, a small picture (bitmap), at the project
title, the chapter title, the page number and an yEbeObe o Deaalenel Dt o o
horizontal line underneath. By checking the : -

. . - s Chanse picture
corresponding boxes you can choose which of the | Feue g o 3 B i
above objects you want to appear on the caption. e =0 o

ey - . Iv Honizontal Line = _—
The position of these objects is regulated from .
the numbers in mm you specify in the boxes in T 3 52 R Gigespis
columns 2 and 3. In t_he last cqumr_1 you can set —— ] — Choptr T e
the font, or select a bitmap for the icon, or the L
thickness and colour of the line. At the page W Page Number [iE 2 5 E e O, Chossolon
place you can specify the letters you want to : o
appear before the page number e.g. Pg. With =t ok | Ko | 7 |
the buttons at the bottom you can preview or
print a sample of the header. P
) ) Report font [CouierHew TUR  |a]
24.1.2 Main report pan
| Eocrerliow Exeava
Courier Courier Mew CE
i Enuner mew E‘fﬁk
M . P e I ol
I} Main report You select the font type, as well as the size of t T Dol vel
the font. For the font type it is wise to select e Lo Tl e
- - - - tables to be aligned properly.
non proportional fonts, such as Courier, Courier new, Lucida
Console, so that the report formulas and tables to be alighed FieeIFich Fons
properly. Left margin n ) [0 3 Topmerginin ) EE]
Richt aargin in (ram) [10°2]  Bonom marginin () [l 2]
You can also specify the page margins (left, right, top, bottom) in ok | Xewed| 7 |

millimetres (mm).

|Sel||po| page Faoter P.’i
e [ e ol
Wishie Dbject ni-.umha;rmmm nslw.l:'tel\mee(\ Sl
24.1.3 Report page footer ¥ ol Low P 3 i i_‘f' i
[} Footer On the page’s footer it can appear, | B J — '“,, e
the logo of the design firm, the file  |*™™" E = o _
name of the project, the report subtitle or chapter title, | s Posl | F = |
the report date, and an horizontal line on top. By 7 Rspon st £ (= B Chonae ot |
checking the corresponding boxes you can choose T wadewn o
which of the above objects you want to appear on the - —
caption. The position of these objects is regulated from | _whom | Sew | Lok | Kewed | 7 |
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the numbers in mm you specify in the boxes in columns 2 and 3. In the last column you can set the

font, or the thickness and colour of the line.

With the buttons at the bottom you can preview or print a sample of the page footer.

24.2Page setup

24.2.1 Report cover

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

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

The outline's colour and thickness be changed.

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

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

Setup of report appearance

Fiepot  Page setup | Fonts, paragraphs, ... Graphics]

Page size ' . | Page orientation——
| & Defaul | ™ Portrait
| " Landscape

Preview kind
| 7 Simple

(™ 432942420 cm :
| {* Composite

L v Print an bath sides

@ Repart cover 1

Z5 printer properties l % prifter test I

Feset j ﬂEIose | ? Help {

| © Legal 85x14in

You can Preview your new report cover and also do test print.

_lalx|
— Dutline i widh () [ 10 irethicknes [T 3] Cole :I—li -color of outline
...... Picture ¥ wishimm [100 peignt o 150 g Chasse Pctue i picture from file
distance fromlett ()| 30 distanca fiomtop fmm| 70
Tesl-1 ¥ [Teniipid shote 200172002 ah Funrj‘—TEX(-‘I style
Text2 ditarice fiom left frenl| 40 ditance bontop frml] 30 | widhiol [ 100 |
|
k Text-2 ¥ [AUNET NORwaY A5 o Fonl :|_ | Text-2 style
& Pirit distance fiom keft [mm]| 40 distanca from top (mm)| 200 wadth [mm}| 100 |
" OK 7 Heb |

preview cover  print cover

24.2.2 Report setup, Various

Report paragraphs etc Wertical line distance [mm) ’m
Line thickness-1 m
If you check, [Change page for each chapter], The et i
computations of every design objects will start on a new page. | Peegehmaan 0 2] Pacgmhmagnz [z 2
Paragraph margin-3 3 3| Paagraph margind |4 3
Paragraph margin 5 3| Paagraph margin-g 0 5
If you check, [Print Errors in red colour ], warnings will be ¥ Faragianh numbering in 1zport
printed in red when computations are not satisfying the codes ¥ i Errors in ed ol
" Change page for each chapter
or Standards. Jw Plain text for references
v Align references at right
You can adjust the line distance in mm and the paragraph left iy Sre] 9

margin in characters.

Report setup

HEDUIl] Page setup  Paragraphs lEUaDhIDS elc. I File Export

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

margins are according to the figure.
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paragraph margin-1 —'Cumputations of structure object : COLUMH-001

paragraph margin-2 4|Column crogs gection in biabal bending

EC Z, Table 2.3 fac=l.50, as=1.1%)
paragraph margin-3 4|C0ncret,e—5t.eel class: CEES30-8500, Concrete cover (EC E, §4.1.3.3)

Column of rectangular cross section b=0.300 m, h=0_300 m
paragraph margin-3 ————Loads, axial Nsd=100.00 kN, moments Msdxx=0. 00 kN, Msdyy=0.00 kNn

M=dxx= 0.0 kNw isdxx=(Msdzx/bh?fcd)= 0.0/(0.300x0.3002x1&700
M=dyy= 0.0 kNuw isdyys (Msdyy hb?icd)= 0.0/¢(0.300x0.300°x16700
N=d =- l00.0 kN vd=(Id/(bhfcd) == 100_0/(0.200x0_ 200 x1&700

from biaxial bending with compression diagrams wutot=0.10

25 Program settings

25.1.1 Greek character support

According to the notation used in the Eurocodes the report contains many Greek mathematical
symbols. Depending on the Window installation the Greek mathematical symbols may or may not
appear right. If you have Windows XP or 2000 you can add Greek language support in your Windows.
Go to [Settings/Control Panel/Regional and Language Options/Advanced].

If your Windows do not support Greek mathematical symbols, then from [Setup/Greek character
support] select NO. The Greek characters will appear as: alpha, beta etc. , in the report.

25.1.2 Language Set Up

You can choose the language of the program from the menu Setup/Language Setup]. By changing the
language and confirm it by [apply] program will close down. When you reopen, the program will
appear with the selected language.

25.1.3 Decimal point symbol Setup

. . . . . Greek character support ... [ YES]
You specify (.) or (,) for the decimal point appearing in Language Setup ... [Englih]

the input data and the reports. Decimal point symbol [.] ¥ v Foint (.3
Default main window size Comnma (,)
Auta computational option ... [Level-2 ]

Units in repork

25.1.4 Screen dimensions

You can resize the main screen, and its size is maintained.

The size of the main screen is automatically set to the size the last time you opened the program. You
can reset the main screen to the default size by clicking at [Setup/Default screen size].

The windows which are opened inside the main window have a height limited by the height of the
main screen. If you want to have these windows larger, simply open the main screen. .

25.1.5 User's guide

. . Help
You can preview, or prlnt the program user's manual. You Help .
select to view it as a Word(doc) or as an Acrobat (pdf) & Contents
document. Program user's manual 3 DiOiC Farmat (word)
F.4.Q., Frequently asked questions PDF Format (Acrobat)

i, rUnet-software, com

Program License
About BETONexpress
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26 Engineering tools

26.1.1 Unit conversion Cross sections
unit choice Funit value unit kind result converted units - converted unit
nit Conversion © RUNET® Section properties © RUNET®
Length IAlea I Vu\umel Fpice ] SIIBSSI ass ] Spec. weighll . l ‘ l . I T I T u }m \
Lenfgth
b= |200 = |20
E3 |m ~| =258 |t | b P
i
m [em [ [t [in | dIﬁ:{:ﬁ b1=[150 di=Jz0
X

m 1.000 100.00 1000.00 a2 3837 ; ; h A= [ 7 2900E 004 €= [ 730614
om 0.01000 1.000 10,00 0.03281 0.33370 i3 o | JATE007 byy= | + D9 007
mm 0.00100 0.10000 1.000 0.00328 0.03937 by

. Whocl = 4BBEOE+005 Wyy= | 4.0383€+005
ft 0.30480 30.48 304.80 1.000 12.00
- Whoe2=| 44336005 M= | 443234007
in 0.02540 2540 25.40 0.08333 1.000

A section area, &: distance of centroid, lix. Iy moments of inertia,
W, Wy section modulus, It torsional inertia
(& Close 7 Help & Close 7 Help

Cross section properties. Give the cross section dimensions b,h,...etc, and the cross section properties
(area, moments of inertia, and section modulus), are computed.

26.1.2 Areas (Xx,y coordinates)
To find the area of a more or less complicated shapes you can use the
area of the region .
Give the points of the border line of an area, in polar (r, theta) ' '
coordinate. The area and the centroid of the region are computed. On
the right of the window appears a sketch of the region, and the Y
centroid is marked in red. with the buttons at the bottom left you can ==
save the data in a file and read them back again later. —
26.1.3 Area (polar coordinates)
Give the points of the border line of an area, in polar (r, theta)
coordinate. The area and the centroid of the region are computed. On
the right of the window appears a sketch of the region, and the
centroid is marked in red. with the buttons at the bottom left you can o ————
save the data in a file and read them back again later. meal | oo | N
EE] ton 20e
[ Lowaiee
|he-d-mimﬂ‘ T 0eT
- | Length of risnghs sides [r]
26.1.4 Areas (sum of triangles) G [l (oot [ [t |-
‘ .A:m I 52
E E \!’ .: A Clos 7 Hep
L L L I_(.,.I._-wn
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27 Eurocodes

Group of standards for the structural and geotechnical design of buildings and civil engineering works.
These standards is a set harmonized technical rules for civil engineering works, in the members of the
European Community. National Application Documents are national standard for adapting the
Eurocode to native requirements.

The structural Eurocodes are:

Eurocode 0 |1990:2002 Basis of structural design

Eurocode 1 |EN 1991-1- Actions on structures - general actions - Densities, self-weight and
1:2002 imposed loads.
EN 1991-1- Actions on structures - general actions - Actions on structures exposed to
2:2002 fire
EN 1991-1- Actions on structures - general actions - Snow loads
3:2003
EN 1991-1- Actions on structures - general actions - Wind actions
4:2005
EN 1991-1- Actions on structures - general actions - Thermal actions
5:2003
EN 1991-1- Actions on structures - general actions - Actions during execution
6:2005
EN 1991-1- Actions on structures - general actions — Accidental Actions
7:2005

Eurocode 2 |EN 1992-1- Design of concrete structures, General rules and rules for buildings
1:2004
EN 1992-1- Design of concrete structures, General rules -Structural fire design
2:2004

Eurocode 3 |[EN 1993-1- Design of steel structures
1:2005

Eurocode 4 |EN 1994-1- Design of composite steel and concrete structures, General rules and rules
1:2004 for buildings

Eurocode 5 |EN 1995-1- Design of timber structures — General - Common rules and rules for
1:2004 buildings
EN 1995-1- Design of timber structures - General - Structural fire design
2:2004

Eurocode 6 |EN 1996-1- Design of masonry structures, General rules for reinforced and
1:2005 unreinforced masonry structures
EN 1996-1- Design of masonry structures, General rules - Structural fire design
2:2005

Eurocode 7 |EN 1997- Geotechnical design — General rules
1:2004

Eurocode 8 [EN 1998- Design of structures for earthquake resistance, General rules, seismic
1:2004 actions and rules for buildings
EN 1998- Design of structures for earthquake resistance, Foundations, retaining structures and
5:2004 geotechnical aspects

Eurocode 9 |EN 1999-1-1 Design of Aluminium structures, General rules
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27.1 Eurocode 0 EN 1990:2002, Load combination
According to Eurocode EN 1990:2002 the design values for actions should be combined as

2yG,j Gk,j +vQ,1 Qk,1+XyQ,i wQ,i QKki

Factors for combining permanent and variable actions, Eurocode 0 Annex Al.
Usual values for these factors are yG=1.35, and yQ=1.50.

27.2Eurocode 2, concrete design

27.2.1 Concrete (Eurocode 2 §3.1)

The strength class of concrete is classified by the cylinder strength or the cube strength Eurocode 2

§3.1.2.4

fck: characteristic compressive
cylinder strength at 28 days

fck,c: characteristic compressive cube
strength

fctm: mean axial tensile strength
fctk0.05: minimum tensile strength
fctm0.95: maximum tensile strength
fct,fl: flexural tensile strength

fvck: shear strength

Ec: modulus of elasticity

Gc: Shear modulus

w: unit weight

Poissons ration can be taken 0.20

Coefficient of thermal expansion
0.00001 /°C

Creep and shrinkage of concrete
Density for normal weight concrete

Concrete properties (EC2 EM1992-1-1:2004, 83.1)
Class fek [MPa] [fck.c fetm [MPa] |fetkD.05  [fotm0.95  |fetfl [MPa] (feck [MPa] |Ec [GPa] | Ge [GPa] |
[MPa] [MPa] [MPa]

c1215 1200 15.00 1.60 110 200 320 027 26 n 25
C16/20 16.00 2000 1.90 1.30 250 500 033 28 12 25
C20/25 20.00 25.00 220 180 240 5.80 039 29 13 28
C25/30 25.00 30,00 260 1.80 330 E.60 0.45 kil 13 25
C30/37 30.00 37.00 290 2.00 3.80 7.80 0.45 32 14 25
C35/45 35.00 45.00 320 2.20 4.20 8.40 0.45 34 15 25
C40/50 40.00 50.00 280 2.50 460 420 0.45 35 15 25
C45/85 45.00 55.00 380 270 440 460 0.45 36 16 28
C50/60 50.00 E0.00 410 230 5.30 10.40 0.45 7 16 25
CH5/67 50.00 E7.00 420 .00 5.50 10040 0.45 38 16 25
CE0/75 60.00 75.00 4.40 a1 5.70 10.40 0.45 7 16 25
CF0/85 70.00 2500 4.60 3.20 E.00 10040 0.45 7 16 25
C80/95 80.00 95.00 4.80 240 B30 10.40 0.45 37 16 28

Ca0/105 90.00 105.00 5.00 2580 E.&0 10.40 0.45 7 16 25 v
ram| r

fck: characteristic cylinder compressive strength at 28 daps, fck,c: charactenistic cube compressive strength, fctm: mean axial tensile strength,
fictk0.05: minimum tensile strength, fotm0.95: maximum tensile strength, fot il fexural tensile strength, feck: shear strength, Ec: modulus of

elasticity. Go: Shear modulus. w: unit weight
Ej j EJ 4 0K @ Unlocked & Prinit 1 ? Help J

between 2000 and 2888 kg/m3 (usual value 2400 kg/m3)

27.2.2 Reinforcing steel Eurocode 2, §3.2

The reinforcing steel is classified
according to the characteristic yield
stress fyk

fyk: characteristic yield strength
ftk,c: tensile strength

Es: modulus of elasticity

euk: elongation at maximum load.
L: steel bar length

Mean value for density 7885 kg/m3

Reinforcing Steel {EC2 EN1992-1-1:2004,53.2)
Steel Class fyk [MPa) ftk.c (MPa) Es [GPa] euk (%] L [m) ‘AE

5220 220.00 220.00 200.00 010 14.00

5400 400.00 400.00 200.00 01o 14.00

54005 400.00 400.00 200.00 010 14.00

5500 500.00 500.00 200.00 010 14.00

55005 500.00 500.00 200.00 010 14.00 ol
e m| il
fyk: characteristic: yield strength, ftk.c: tensile strength, Es: modulus of elasticity. euk: masimum strain, L steel bar length
X - M et | it 1 / Ok || 2 Unlocked & Print | % Help |

Coefficient of thermal expansion 0.00001 /°C

Ductility characteristics

Height ductility euk>5% value of (ft/fy)k>1.08
Normal ductility euk>2.5%, value of (ft/fy)k>1.05
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27.2.3 Concrete cover, Eurocode 2 §2.4.1.3.3

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

E nvironmental class #C1 I3

Concrete cover [ECZ %4.4.1] [mm] Crom= 15 E: } T

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

Concrete cover 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, for interior and exterior
concrete components the minimum cover is 40 mm.

EM1992-1-1,%4.4.1 Minimum cover of reinforcement Cmin,
Environmental class B0 years desigh working life 100 years design working life
#C0: Corrasion induced by cartbonation. Yery dry environment

Crrir = 10 mim Crairy = 10
#C1: Corasion induced by cartbonation. Dy or permanently wet

Crairi = 15 mim Crairy = 26 mm
®C2: Comosion induced by carbonation. 'wWet, rarely diy

Crnin = 25 mim Crairy = 35 mm
#C3: Corosion induced by carbonation. Moderate humidity

Crain = 25 mm Criin = 35 mm
#C4: Corosion induced by carbonation. Cyclic wet and dry

Cmin = 25 mm Cmin = 35 mm
¥D1: Corasion induced by chiondes. Moderate humidity

Crriri = 40 mim Crairy = 50 ram
#D2: Conosion induced by chiorides. 'Wet, rarely dip

Crriry = 40 mim Crairy = 50 o
#013: Comosion induced by chlorides. Cpclic wet and diy

Crniry = 40 mim Crairy = 50 ram
#51: Corosion induced by chlorides from sea water. Moderate humidity

Crnin = 40 mm Cmin = 50 mm
¥52: Comosion induced by chlondes from sea water. Pemanently submerged X .

Crriry = 40 mim Crairy = 50
#53: Comosion induced by chlorides from sea water. Tidal, splash and sprap zone:

Crrir = 50 mim Crairy = B0 o

C min=max{Cmin.h: Cmin, dur,10mm} Cmin,b=0

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

Other references:

Ultimate limit state for bending Eurocode 2 § 6.1
Shear Eurocode 2 § 6.2

Punching, Eurocode 2 § 6.4

Torsion Eurocode 2 § 6.3.
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27.3 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 enviromental 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, ArnexB] wiwfa)= | 2500
Tatal shrinkage stain Eeg=-| 0300 %,
Final creep coefficient (EC2 EN1992-1-1:2004,§3.1.4, Annex B)

Concrete “C25..-’-é.0 - _.v\g

inside conditions outzide conditions
0% A0 100%
Relative humdity FH (%) a0 4 _] R
: > - _ 2bh
Motional size ho [ho=28c/u] (rmm) 200 (5| mm | b ] h ho= ieh) {mm}
e ho=h {(immj

—h—

Age of conerete at loading in days 1a | days

Final creep coefficient (EC2 EM1992-1-1:2004, §3.1.4, Annex B] @(m,f ol= 3.222
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27.4 Eurocode 7, Geotechnical design

Eurocode 7, EN 1997-1:2004, Geotechnical design — General rules, Annex A, for EQU STR and GEO

limit cases

A. 2. Partial factors for equilibrium limit state (EQU) verification.

Table A.1 Table A.2
Partial factors on actions (yF) Partial factors for soil parametrers (yM)
Action Symbol | Value Soil parametrers Symbol | Value
Permanent Angle of shearing resistance? Vo' 1,25
Test | 1.1
Unfavourable? Eftective cohesion Ve 1.25
Favourableb ' 0.9
VGisth Undrained shear strength Yeu 14
“ariable
- Unconfined strength 14
Unfavourable? TQust 1.3 Yau
YWeight densit 1.0
Favourablet Y Qisib 0 ; ! Y
— : 3 This factor is applied to tan @
a Destabilising
b Stabilising

A.3. Partial factors for structural (STR) and geotechnical (GEO) limit states verification.

Table A3. Table Ad.
Partial factors on actions {}g) or the effects of actions {Jg) Partial factors for soil parameters (s
Set Set
Action Symbol Al A2 Soil parametrers Symbeol| M7 M2
{STR} [ (GEQ) {STR) (GEQ)
Angle of shearing resistance? s 1.0 1,25
Permanent Unfavourable 1,35 1,0 Yo
e Effective cohesiaon Ve 1,0 1,25
Fawvourable 1.0 1.0
Undrained shear strength Few 1.0 14
“ariahle Unfavourable y 1.5 1.3 Uncanfined strength Tau 1.0 14
Q
Fawvourable 0 0 Weight density Ty 1.0 1.0
2 This factor is applied to tan @

27.5 Eurocode 8, Seismic design

Seismic design is included in the footings, and in retaining walls Eurocode 8 Part 5

In footings

You specify the additional vertical loading and moments Mxx and Myy on the top of the footing due to

earthquake.

Two additional design load combinations are treated according to Eurocode 8.

Loading-2 Dead + y2xLive + Seismic x-X,
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Loading-3 Dead + y2xLive + Seismic y-y

A restriction in seismic design is for the ratio of the (effective footing area)/(footing area)< coefficient,
defined in [Parameters/Retaining walls]. This coefficient has a default value 0.50.

In retaining walls

You specify the design ground acceleration ratio a. The horizontal seismic acceleration is taken as
ah=axg (where g is the acceleration of gravity).

The final horizontal and vertical seismic coefficients affecting all the masses are taken according to
Eurocode 8 Part 5,§ 7.3.2as: kh=a/r, and kv=cxkh. The coefficients r and c are defined in the
[Parameters/Retaining walls], and usually values are r=1.50, ¢=0.50.

In the seismic loadings the effect of passive earth force is taken into account with a reduced factor
defined in [Parameters/Retaining walls] and has an usual value 0.50.

A restriction in seismic design is for the ratio of the (effective footing area)/(footing area)< coefficient,
defined in [Parameters/Retaining walls]. This coefficient has an usual value 0.50.

An additional restriction is according to Eurocode 8 Part 5,§ 7.3.2 3 (6) for the shearing resistance
between soil and wall to be les than a ratio (usually 2/3=0.67) o the soil shearing resistance. This
ratio is defined in [Parameters/Retaining walls].

The additional seismic forces, due to active earth pressure, are computed according to Eurocode 8
Part 5, Annex E, using the formula of Mononobe-Okabe [ref ]. Thus the increased active earth
pressure with seismic loading is computed as

p,-IH’
active earth pressure A_Z_KE

KE= cos2 (- m-a)

Sin (op+d) =in (p-m - ) 72

coso cos? B cos (G+E+0) |:1+\f o (B+W+E) cos (8- Bl

A

i anale of internal friction of sail
a angle of wall friction

w =arctan(—h—) ap,8vhorizontal and vertical
1l-ay seismic coefficient B

In addition horizontal and vertical forces are acting at the center of gravity of the wall due to the wall
mass. These forces are equal to Fh=kh.W and Fv=kv.W. Where kh and kv the horizontal and
vertical seismic coefficients.
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29 Annex 1
30 BETONexpress Command Line

BETONexpress can also run as a post processor of various Finite Element Programs (ANSYS,
SAP2000,) to perform the concrete element design. The communication of BETONexpress with other
programs can be done with a command file in simple text format. Each line of this Command line file
describes an object that is going to be created in BETONexpress. Commands and data can be read in
BETONexpress and the design objects are automatically created. The format of the command text file
is given below.

30.1How to import the command file

Click at menu File/ Read Command Line File
Browse and [Open] the file with the command lines (.TXT)
Enter the name of the new project file as .BetonExpress data.
... and the Design objects are created from the commands and the data of the text file.

30.2 Example of command text file
MATER BI=4, SI=5, gG=1.35, gQ=1.50

PLATE-1 NM=Slab-1, H=0.20, Cb=15, D=10, Mb=12.10
PLATE-1 NM=Slab-2, H=0.25, Cb=15, D=10.1, Mb=12.30

PLATE-2 NM=Slab-7, TP=0011, H=0.20, Cb=15, D=10, Lx=3.60, Ly=4.00, G=0.80, Q=2.00
PLATE-2 NM=Slab-8, TP=1010, H=0.20, Cb=15, D=10, Lx=3.90, Ly=4.50, G=0.80, Q=2.00

BEAM-1 NM=BeamA-1, BW=0.20, H=0.50, Cb=25, D=14, Mb=48.65, Vs=56.80, Na=12.56
BEAM-1 NM=BeamA-2, BW=0.20, H=0.60, Cb=25, D=14.1, Mb=58.65, Vs=66.80, Na=22.56

BEAM-2 NM=BeamT-5, TP=1, BW=0.20, Bf=1.25, H=0.50, Hf=0.07, Cb=25, D=14, Mb=48.65,
Vs=56.80, Na=12.56, L=6.47, SP=0

BEAM-2 NM=BeamT-6, TP=2, BW=0.20, Bf=1.25, H=0.60, Hf=0.07, Cb=25, D=14.1, Mb=58.65,
Vs=66.80, Na=22.56, L=7.47, SP=1

MATER BI=5, SI=5, gG=1.35, gQ=1.50

COLUMN-1 NM=Column-1, TP=0, Bx=0.35, By=0.35, Cb=25, D=20, Mx=48.65, My=56.70, Na=-
812.16, H=3.50
COLUMN-1 NM=Column-2, TP=1, Bx=0.36, By=0.36, Cb=26, D=22.1, Mx=48.75, My=56.80, Na=-
812.26, H=3.60

FOOT-1 NM=Foot-1, Lx=1.50, Ly=1.40, Cx=0.30, Cy=0.40, H=0.70, H1=0.40, Cb=30, D=12,
Ng=148.61, Ng=156.71, Qu=0.21, Ws=1.91, Hs=2.1

FOOT-1 NM=Foot21, Lx=1.60, Ly=1.50, Cx=0.40, Cy=0.50, H=0.70, H1=0.40, Cb=30, D=12.1,
Ng=128.62, Nqg=186.72, Qu=0.22, Ws=1.92, Hs=2.2
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30.2.1 Command Line explanations

Every part of a command must separated with comma (, )
Code words (first word and words with =) must be exactly the same
Capital and small letters are the same

MATER Materials and partial safety factors
BS=C16/20 Concrete class

SS=S500 Steel class

gG=1.35 Y Partial factor for permanent loads
gQ=1.50 Yq Partial factor for variable loads

If Material Command is omitted, then the default values that are set in the program the moment you
read the command file are taken.

Many material cards may be included. Each one affects the set of following commands.

PLATE-1
NM=SLAB-1

H=0.20
Cb=15
D=10

Mb=12.10

PLATE-2
NM=SLAB-1
H=0.20
Cb=15
D=10

TP=0011

Lx=3.60
Ly=4.00
g=0.80

q=2.00

BEAM-1
NM=BEAMA-1

Cross section of Plate

Name of slab object (any name up to 16 characters)

*** NOTE object names are unigue and must not repeated *****
Slab thickness in [m].

Concrete cover in [mm]

Rebar diameter (optimum). The program uses a optimum diameter around
this.

If you use D=10.1 then only1l0 mm rebar diameter will be used
Bending moment in [kNm/m] for the slab cross section.

Two way slab

Name of slab object (up to 16 characters)
Slab thickness in [m].

Concrete cover in [mm]

Rebar diameter (optimum). The program uses an optimum diameter around
this.

If you use D=10.1 then only 10 mm rebar diameter will be used
Support conditions.
O=support
1=fixed
Numbers in order Left, Bottom, Right, Top supports
Span x in [m]
Spany in [m]
Uniformly distributed permanent load in addition to self weight in [kn/mz]

Uniformly distributed variable load in [kn/m?]

Beam section of orthogonal cross section
Name of slab object (any name up to 16 characters).
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Cb=25
D=14

BW=0.20
H=0.50
Mb=48.65
Vs=56.80
Na=12.56

BEAM-2
NM=BEAMT-5
Cb=25

D=14

TP=1

BW=0.20
Bf=1.25
H=0.50
Hf=0.07

Mb=48.65
Vs=56.80

Na=12.56
L=6.47
SP=1

COLUMN-1
NM=Column-1
Cb=25
D=20

TP=0

Bx=0.35
By=0.35

Concrete cover in [mm]

Rebar diameter (optimum). The program uses a optimum diameter around
this.

If you use D=14.1 then only 14 mm rebar diameter will be used
Beam width in [m]

Beam height in [m]

Beam bending moment in [kNm]

Beam shear force in [kN]

Beam axial force in [kN]

Beam section of T cross section
Name of slab object (up to 16 characters).
Concrete cover in [mm]

Rebar diameter (optimum). The program uses a optimum diameter around
this.

If you use D=14.1 then only1l4 mm rebar diameter will be used
Beam type
0=orthogonal cross section ks
1=T beam
2=L beam
Beam width in [m]
Effective beam width in [m]
Beam height in [m]
Beam flange thickness in [m]
Beam bending moment in [kNm]
Beam shear force in [kN]
Beam axial force in [kN]
Beam span length
Span type
0 simply supported
1 simply supported-fixed

= ol s

2 fixed-fixed
[ ] Ezmnmmmmmmrg v T
A B £ A B 'r ) B 'r

Short column cross section
Name of slab object (up to 16 characters).
Concrete cover in [mm]

Rebar diameter (optimum). The program uses a optimum diameter around

this.
If you use D=20.1 then 20 mm rebar diameter will be used only
Section type
0, 1 for square section
2 for round cross section (in this case Bx=By=D)

CENDERNOR

x column side in [m]
y column side in [m]

User’s Manual



BETONexpress

RUNET software

Mx=48.65
My=56.70
Na=-812.16
H=3.50

FOOT-1

NM=Foot-1
Cb=25
D=12

Lx=1.50
Ly=1.40
Cx=0.30
Cy=0.40
H=0.70
H1=0.40
Ng=148.61
Ng=156.71
Qu=0.21

Ws=1.91
Hs=2.1

Bending moment Mxx in [kNm]
Bending moment Myy in [kNm]
Axial load in [kN]

Column height in [m]

Short column cross section
Name of slab object (up to 16 characters).
Concrete cover in [mm]

Rebar diameter (optimum). The program uses a optimum diameter around
this.

If you use D=12.1 then 12 mm rebar diameter will be used only
Footing x dimension in [m]
Footing y dimension in [m]
Column x dimension in [m]
Column y dimension in [m]
Footing total height in [m]
Footing base height in [m]
Permanent vertical load on top in [kN]
Variable vertical load on top in [kN]

Soil bearing pressure in [N/mmz]

Soil unit weight in [kN/m?]
Foundation depth in [m]
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