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1. Introduction
1.1 Design with RF-CONCRETE Surfaces

Although reinforced concrete is as frequently used for plate structures as for frameworks,
standards and technical literature provide rather little information about the design of two-
dimensional structural components. In particular, shell structures which are characterized
by a simultaneous loading due to moment and axial force are hardly described in reference
books. As the finite element method enables a realistic model representation of two-dimen-
sional objects, design theories and algorithms must be found to close this "instructive gap"
between member-oriented rules and computer-generated internal forces of plate structures.

DLUBAL ENGINEERING SOFTWARE meets this special challenge with the add-on module RF-CON-
CRETE Surfaces. Based on the compatibility equations by THEODOR BAUMANN from 1972, a
consistent design algorithm has been developed to dimension two- and three-layer rein-
forcements. To increase the efficiency of this module as a tool used to determine the struc-
turally required reinforcement, RF-CONCRETE Surfaces includes instructions concerning the
allowable maximum and minimum reinforcement ratios for different structural component
types (2D plates, 3D shells, walls, wall-like beams), as they can be found in the form of de-
sign specifications defined in the standards.

In addition to the dimensioning of reinforcing steel, the program always checks if the con-
crete's plate thickness, that stiffens the reinforcement mesh, is sufficient to meet the re-
quirements arising from bending and shear loading.

In addition to the ultimate limit state design, the serviceability limit state design is possible,
too. These designs include the limitation of the concrete compressive and the reinforcing
steel stresses, the minimum reinforcement for the limitation of crack widths as well as the
limitation of the crack width by limiting rebar diameter and rebar spacing. Here, analytical
and non-linear design methods are available for selection.

In the non-linear design (available as additional module), it is possible to take into account
the influence of creep and shrinkage for the analysis of crack formation in the deformed
system.

The design can be carried out according to the following standards:
e DIN 1045 (1988-07)
e DIN 1045-1 (2001-07) and (2008-08)
e DINVENV 1992-1-1 (1992-06)
+« ONORM B 4700 (2001-06)
e EN 1992-1-1
e CSNEN 1992-1-1
e ONORM B 1992-1-1
e STNEN 1992-1-1
e UNIEN 1992-1-1
e NEN EN 1992-1-1
e BSEN 1992-1-1
e NFEN 1992-1-1
e PNEN 1992-1-1

The seamless documentation of intermediate results, in line with the DLusaL philosophy,
provides a special transparency and traceability of design results.

Your team from DLUBAL ENGINEERING SOFTWARE
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1.3 Using the Manual

Topics like installation, graphical user interface, results evaluation and printout are de-
scribed in detail in the manual of the main program RFEM. The present manual focuses on
typical features of the RF-CONCRETE Surface add-on module.

The description of the module follows the sequence of the module's input and results tables
as well as its structure. The theoretical background of the design methods used in this
module are described in detail in the German manual RF-BETON Flachen. The final manual
section describes the various program functions for evaluating and documenting the design
results.

The text of the manual shows the described buttons in square brackets, for example [New].
At the same time, they are pictured on the left. In addition, expressions used in dialog
boxes, tables and menus are set in jtalics to clarify the explanations.

Finally, you find an index at the end of the manual. However, if you don’t find what you are
looking for, please check our website www.dlubal.com where you can go through our FAQ

pages.

1.4 Open the Add-on Module
RF-CONCRETE Surfaces

RFEM provides the following options to start the add-on module RF-CONCRETE Surfaces.

Menu
To start the program in the menu bar,

point to Design - Concrete on the Additional Modules menu, and then select
RF-CONCRETE Surfaces.

[ additional Modules | Window  Help
&5 Current Module [ | 6 PRy W REERL VO MAXS =
Stresses ViEEOF A |QirTe| L|o@ 331

Shape Properties 3

Design - Steel 4
Dresign - Concrete b | u? RF-CONCRETE Surfaces Design of Reinforced Concrete Surfaces
Dresign - Timber 4 'j RF-COMCRETE Members % Design of Reinforced Concrete Members
Dynamic 4 | RF-COMCRETE Columns Design of Reinforced Concrete Columns
Connections ' “"  RF-FUNCH Check for Punching of Columns in Plates
Foundations 4
Stability 3
Towers 3
DOthers 4

Figure 1.1: Menu Additional Modules — Design - Concrete — RF-CONCRETE Surfaces

I Program RF-CONCRETE Surfaces © 2010 Dlubal Engineering Software




1 Introduction

RF-COMCRETE Surfaces CAL - i 4 @

LT - Self-weight and finishes g
LC2 - Yariable load

CO1 - Design values concrete
RF-COMCRETE Surfaces CAT - Floors
RF-COMCRETE Surfaces CAZ - ‘Walls

|| [nxy|

RF-CONCRETE Suifaces |

Navigator

To start the design module in the Data navigator,
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open the Additional Modules folder and select RF-CONCRETE Surfaces.

Project Navigator

ET RFEM
= @ Construction_Serviceability [Samples]
+-|_J Structural Data
+--| ] Loads
+-|_] Results
_J Sections

= iAdditional Modules

=
E
=
I

o

Section Properties of Thin-walled Sections
SHAPE-MASSIYE - Section Properties of Thick-walled Sections
RF-STEEL Surfaces (2003) - General Stress Analysis for Surfaces
RF-STEEL Surfaces - Stress Analysis For Surfaces

RF-STEEL Mermbers - Gereral Stress Analysis for Steel Members
RF-STEEL EC3 - Steel Design according o Eurocode 3

RF-STEEL AISC - Steel Design according ko AISC (LRFD or ASD)
RF-STEEL I3 - Steel Design according to 15 800

RF-STEEL SIA - Steel Design according to SIA 263:2003
RF-KAPPA - Buckling Analysis for Compression Members

RF-LTE - Lateral Tarsional Buckling Analysis

RF-FE-LTE - Lateral Torsional Buckling Check with Finite Members

&| CRAMEVWAY - Crane Girder Analysis
RF-CONCRETE Surfaces - Reinforced Concrete Design of Surfaces

RF-COMCRETE Members - Concrete Design of Members
RF-COMNCRETE Colurns - Concrete Design of Columns
RF-PUNCH - Punching Shear Design of Surfaces

E® Data -_-,JDispIay == Results

Figure 1.2: Data navigator: Additional Modules — RF-CONCRETE Surfaces

Panel

In case design results are already available in the RFEM structure, you can set the corre-

sponding RF-CONCRETE Surfaces case in the load case list of the RFEM toolbar. By using the
button [Results on/off], you can display the reinforcements or internal forces in the graphic.

When the results display is activated, the panel appears showing the button [RF-CONCRETE
Surfaces] which you can use to open the design module.

Panel

Fequired Reinforcement
a-5,1 battom [cm? /m]

%

Max
Min

RF-CONCRETE Surfaces

b4

5.29
440
441
392
343
294
245
1.98
1.47
[R=t
043
0.00

529
000

Ex 4

Figure 1.3: Panel button [RF-CONCRETE Surfaces]
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2. Input Data

All data required for the definition of design cases is entered in tables. The [Pick] function
allows for a graphical selection of the surfaces that you want to design.

When you have started the module, a new window opens where a navigator is displayed on
the left, managing all tables that can be selected currently. The pull-down list above the
navigator contains the design cases that are already available (see chapter 7.1, page 60).

If you open RF-CONCRETE Surfaces in an RFEM structure for the first time, the module im-
ports the following design relevant data automatically:

e Load cases, groups and combinations

e Materials

e Surfaces

e Internal forces (in background, if calculated)
To select a table, click the corresponding entry in the RF-CONCRETE navigator or page

through the tables by using the buttons shown on the left. You can also use the function
keys [F2] and [F3] to select the previous or subsequent table.

To save the defined settings and quit the module, click [OK]. When you click [Cancel], you
quit the module but without saving the data.

2.1  Type of Structure

The Type of Structure, that you define when you create a new structure, has a considerable
influence on how the structural components will be stressed.

New Structure - General Data
Structure Name Description
Project Mame Description
_J Samples j Sample structures

Folder: @ @

C:ADocuments and Settingziall Users\Dlubal\Projects\E xamples

Type of Structure Z-Direction P e
® 3D QO wallxz O Upwards JV
O Plate 3 O wall sy (® Dowrwards £

Initial Workspace on Screen

% [m] Y [m] Z [m]
Mir: -10.000 1% -10.000 1% -10.000 1%
Maw: 10,000 % 10,000 % 10,000 %

Comment

v|[=]
2 [ ok [ cance |

Figure 2.1: Dialog box New Structure - General Data, dialog section Type of Structure

When you select the structure type Plate XY, the structural component will be affected only
by bending. The internal forces to be designed will be exclusively represented by moments
whose vectors lie in the component's plane.

Program RF-CONCRETE Surfaces © 2010 Dlubal Engineering Software
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When you select Wall XZ or Wall XY, the structural component will be affected only by com-
pression or by tension in the component's plane. The internal forces used for the design will
be exclusively represented by axial forces whose vectors lie in the plane of the structural
component.

When you set the spatial 3D structure type, both loadings (moments and axial forces) will
be combined. Therefore, the structural component may be affected by tension/compression
and bending simultaneously. Thus, the internal forces to be designed will be represented by
axial forces as well as by moments whose vectors lie in the component's plane.

2.2 General Data

In table 1.1 General Data, two tabs are available. Use these tabs to determine the loading
for the Ultimate Limit State and the Serviceability Limit State designs.

2.2.1 Ultimate Limit State

RF-CONCRETE Surfaces - [Abutment-3]
File Settings Help
CA1 - Reinforced Concrete Des| v | 1.1 General Data
InpuéDala 1Bl Dezign according to
eneral Data
Materials Code: | EM 193211 [v] W
Surfaces
= Reinforcement Ultimate Limit State | Serviceability Limit State | Details | o=
1 L
Load Cazes Selected for Design m_
] Self- and fixed weights ~ coA1 Gowverning EN 1392411 ~
Lc2 Eaith pressure at rest [ g
LC3 Aclive sail pressure U S
LC4 Soil pressuredlaad due ta traffic z
(05 | Faith pressure/load dus to raf | v
(7 | Side sbutment wal west o o
LCE Side shutment wall sast v
LC20 Selfweight superstructure U m
Lcat Full load. Loks 'L “ . 1 t
Load Groups and Load Combinations m :
col Traffic loads, Loks abutment | : UI
coz Traffic loads, Loks bridge [
Coz Side abutment 'L
co4 Side abutment bridge
colon Design ‘WL Reint dC "
cati Degign WL, mounting Dl:::g:r:: s..:f:i: :
colz Design L, support changes (Plates, Walls, Shells)
cola Structural stability EZ
CO14 | Structural stability, mounting - s
Comment
Selection by using the buttons or by double-cllick I

Figure 2.2: Table 1.1 General Data, tab Ultimate Limit State

Concrete Design According to Code / National Annex

In this table, the design standard is defined uniformly for all types of design. The following
standards for reinforced concrete design can be selected.

Concrete Design According to

Code: EENEN 1992-1-1:2004 Lg National Annex:  EEICEN ~ [

F|DIN 1045-1:2008-08

FE|DIN 1045-1:2001-07

FEIDIN 1045:1988-07

FIDIN v ENY 1992-1-1:1992-06

== ONORM B 4700:2001-06-01
[EEN 1992-1-1: 2004 ]
E=ACI 318-08

Figure 2.3: Selection of design standard

Program RF-CONCRETE Surfaces © 2010 Dlubal Engineering Software 9
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If EN 1992-1-1:2004 is set, you can select the National Annex to the right.

Mational Annex:

ﬂk
United Kingdom
Czech Republic

Germany

Denmark
C=MEN  Netherlands
1 AnNF France
PN Poland

F=5FS  Finland
@msIST  Slovenia
f=cs Singapare
=k Sweden
EmsTN  Slovakia
BHUND  Italy

= ONORM Austria

Figure 2.4: Selection of national annex
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Use the [Edit] button to check the factors of the selected national annex. If necessary, you

can adjust the coefficients.

Eurocode Settings

Mame of

Eurocode Settings

Code: [EN 139211 v_ = | [ K

iE] 2 Baziz of design i|m
B 2.4.2.4 Partial Factors for Materials |
Partial factor of concrete at the ultimate limit state Yo 1.5000
Partial factor of steel at the ultimate limit state ¥s 1.1500
B 3. Materials
E 3.1 Concrete
M aximum wvalue of strength class of concrete Crnax Ca0A05
Factor conzsidering long term effects on compressive strength o 1.0000
[ 3.2 Reinforcing steel
Maximurn value of yield strength Fyke £00.00 | M/mm?
Factor for calculation of design value for limit elongation of steel kud1 0.9000
B E. Ultimate Limit States [ULS]
B E.2.2 Members not Requiing Design Shear Reinforcement
Factor for calculation of design value for shear resistance ko 0.1800
Factor for calculation of design value for shear resistance ki 0.1500
Factor for calculation of design value for shear resistance kz 0.0350
E E.2.3 Members Requiing Design Shear Reinforcement
Angle of Compression Strut Omin 21.801 | °
Angle of Compression Strut Omax 45.000 | °
B Reduction factar for concrete cracked in shear
Reduction factor for concrete cracked in shear ki 0.6000
Reduction factor for concrete cracked in shear kz 250.0000
Factor for conzidering stress condition in compreszion chord o 1.0000
B 7. Serviceability limit states [SL5 2]
B 7.2 Stress limitation
Factor for limitation of compressive stress in concrete ki 0.6000 hdl
Mote:
Ok, ] [ Cancel

Figure 2.5: Dialog box Eurocode Settings

You can modify partial and reduction factors, angles of compression struts etc. to consider

particular national user specifications.

Click the [New] button to create a copy of the original code. This copy can be modified ap-

propriately and saved as a new Eurocode setting.

Load Cases / Load Groups and Load Combinations

These two dialog sections list all load cases, load groups and load combinations defined in
RFEM that are relevant for the design. Use the button [»] to transfer selected load cases,
groups or combinations to the list Selected for Design on the right. You can also double-
click the entries. To transfer the complete list to the right, use the button [»»].

10
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Load cases that are marked by an asterisk (*) cannot be designed. This may be the case
when no loads are defined or when the load case contains only imperfections.

When you design load combinations, please note that in this case, in contrast to the design
of load cases or load groups, several sets of internal forces instead of a single one may exist

on the respective design location. Depending on the defined type of structure, up to 16 sets

of internal forces may be available. The analysis of all maxima and minima including corre-

sponding internal forces affects the calculation speed accordingly.

Selected for Design

The column on the right lists the loads selected for the design. Use the button [«] to re-
move selected load cases, groups or combinations from the list. You can also double-click
the entries. With the button [«€«], you can transfer the entire list to the left.

Comment

In this input field, you can enter user-defined notes describing in detail, for example, the
current design case.

2.2.2 Serviceability Limit State

To access the tab Serviceability Limit State, you must select at least one action in the Ulti-
mate Limit State tab. The defined standard applies to both tabs.

RF-COMCRETE Surfaces - [Abutment-3]

File Settings Help

Input Data
General Data
M aterials
Surfaces

= Reinforcement

1

C41 - Reinforced Concrete Des|w | 1.1 General Data

Dezign according ta
Code: |EM 1932141 v

Ultimate Limit State  Serviceability Limit State 1 Details I

Load Cases

LC1 Self- and fised weights HE
LC2 Earth pressure at rest

LC3 Aclive sail pressure

LC4 Soil pressuredload due to traffic
LCS Eaith pressure/load due to taf
LC? Side abutment wall west

Lca Side abutment wall sast

| 020 Selfamsinkt snarstn ke

Load Groups and Load Combinations )
Ccol Traffic loads, Loks abutment | A
coz Traffic loads, Loks bridge I
coz Side abutment WL -
Co4 Side abutment bridge
COT0 [ DesignwL =
cott Design L. mounting
CO012 | Design'wL., support changes
rnid Strueheal stahilitn racintina

Methode of Fioof: (&) Analytical..
) Monlinear. ..

Selected for Design

co13

Structural stability EZ

S

Comment

Selection by using the buttons or by double-click

{

-

RF-CONCRETE

Surfaces

Reinforced Concrete
Design of Surfaces
(Plates, Walls, Shells)

- —

Figure 2.6: Table 1.1 General Data, tab Serviceability Limit State

Program RF-CONCRETE Surfaces © 2010 Dlubal Engineering Software
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Load Cases / Load Groups and Load Combinations

The load cases, groups and combinations (only for analytical design method!) that you
want to design can be selected in the same way as described in the previous chapter 2.2.1.

Generally, the actions that are relevant for the serviceability limit state (SLS) are different
from the ones considered for the ultimate limit state. The appropriate constellations must
be defined already when superimposing load cases in RFEM.

Selected for Design

The column on the right lists the loads selected for the design. As already described in the
previous chapter, you can use the buttons [«] or [€4«] to remove selected or even all load
cases, groups or combinations from the list.

Method of Proof

With the options in the dialog section below the tabs, you decide whether you want to car-
ry out the serviceability limit state designs according to the analytical or the non-linear
method.

2.2.2.1 Analytical Method

The serviceability limit state designs are carried out by default according to the Analytical
method. This method uses the equations that are valid for the individual standards (for ex-
ample DIN 1045-1, section 11). You find a detailed method description together with an
example in the theoretical part of the German manual RF-BETON Flachen.

Use the [Edit Settings] button to open a dialog box where you can specify the settings for
the calculation of crack widths.

Settings for Analytical Method of Serviceability Limit State Design
Method Clazsification Criterion
(®) By Assuming an |dentical D efarmation Set Mormal Forces to Zero and Design the
Fiatio of the Longitudinal R einforcement Surface Exclusively as Sheet, if the Following iz

Walid for All Design Points of thiz Surface:
(O By Classifying the Macro Element as
Flate or wall and Uzing the Flow Chart Ny Ny Ny
of & 2.8(3) or A 2.9(2) according to o O e G
EMY 1932-1-1:1991 ’

< 2902 Nmm2]

Set Bending Moments to Zero and Design the

el ai Surface Excluzsively az Wall, if the Following iz
Stresses “Walid for &l Design Points of this Surface:
[¥] Cracks B-mx -y B My

and and
b.h2 b-h? b-hZ
Determination of Longitudingl Reinforcement

[ Increase Required Longitudinal < 29015 [MAmmd]
Reinforcement Automatically for
Serviceability Limit State Design

[ 0K ][ Cancel ]

Figure 2.7: Dialog box Settings for Analytical Method of Serviceability Limit State Design

In the dialog section Method, you decide which deformation ratio of the reinforcement set
is applied for the serviceability limit state design. By Assuming an Identical Deformation Ra-
tio of the Longitudinal Reinforcement, the program assumes a deformation ratio of 1.0 for
the inserted reinforcement. This means that the rebars in the individual reinforcement direc-
tions are stressed in the same way. As a complete solution, this approach represents a quick
and accurate design method. However, the choice of an appropriate inclination for the con-
crete strut plays a decisive role. Furthermore, this method represents a pure geometric dis-
tribution that is described in detail in the theoretical part of the German manual RF-BETON
Flachen. This approach is applicable when the existing reinforcement corresponds more or
less to the required reinforcement.

I Program RF-CONCRETE Surfaces © 2010 Dlubal Engineering Software
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The option By Classifying the Macro Element as Plate or Wall offers you a simplified solution
that you can use for a non-rotated, orthogonal reinforcement mesh. The program checks
for each design point if the tensile stresses due to axial forces or bending moments exceed
a certain stress. The corresponding limit value is defined in the dialog section Classification
Criterion. This criterion is used to classify the relevant surface as plate (axial forces are set to
zero) or wall (moments are set to zero). By neglecting minor internal force components, it is
possible to use the flow chart shown in ENV 1992-1-1, annex A 2.8 or 2.9. The design inter-
nal forces are corresponding to the values displayed in the RFEM table 3.12 (cf. RFEM man-
ual, chapter 9.12, page 285).

If the program cannot fulfill the classification criterion for a design point of the surface, an
error message appears during the calculation.

The option By Taking into Account the Deformation Ratio of the Longitudinal Reinforce-

ment is enabled only for the 2D structure types "plate" and "wall" (cf. Figure 2.1, page 8).

This method considers the effective deformation ratios due to the selected reinforcement
and takes them into account for the serviceability limit state design.

The dialog section Classification Criterion is only available for 3D structure types. Use the-
se settings to allow the neglect of minor Normal Forces and/or Bending Moments in order
to design surfaces, in an idealized way, as pure plates or walls. For both options, the mean
axial tensile strength f, with 2.9 N/mm? of concrete C30/37 is preset as limit value. It is as-
sumed that the tensile strength of concrete compensates a crack formation due to minor
tensile stresses. This is the reason why they can be neglected.

If you have selected the simplified surface classification as plate or wall in the Method dia-
log section, you have to tick at least one of the two check boxes.

In the dialog section Design of, you can determine if the program analyzes stresses and/or
cracks for the design. You have to tick at least one of the two check boxes.

When you select Stresses, the program designs the concrete compressive stresses o, and the
steel stresses o,. When you select Cracks, the module designs the minimum reinforcements
a, mins the limit diameters lim d,, the maximum crack spacings max s, as well as the crack
widths w,. The settings for the individual designs are defined in table 1.3 Surfaces (see
chapter 2.4, page 19).

In the dialog section Determination of Longitudinal Reinforcement, you decide if the
longitudinal reinforcement is dimensioned so that the serviceability limit state designs will
be fulfilled. If the check box is not ticked, the program uses the settings specified in table
1.4 Reinforcement, tab Longitudinal Reinforcement (see chapter 2.5.3, page 30): applica-
tion of basic reinforcement, required reinforcement or basic reinforcement with additional
reinforcement.

The dimensioning of the reinforcement for the serviceability limit state design is determined
by increasing the reinforcement iteratively. As initial value for the iterations to absorb the

given characteristic load, the program uses the required ULS reinforcement. The dimension-
ing will have no results if the rebar spacing s, of the applied reinforcement reaches the rebar
diameter d,. In this case, the results tables will mark the respective point as non-designable.

' Engineering Software
Dlubal
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2.2.2.2 Non-linear Method

To perform the Non-linear design method, you need a license for the add-on module
RF-CONCRETE NL. For more theoretical details on this design method, see the German
manual RF-BETON Flachen.

The non-linear design method excludes load combinations. The interaction between struc-
ture and load requires a clear distribution of internal forces. In a load combination, howev-
er, maximum and minimum values are available for each FE node.

Use the [Edit Settings] button in the tab Serviceability Limit State of table 1.1 (see Figure
2.6, page 11) to open a dialog box where you can define the conditions for the non-linear
serviceability limit state design.

Settings for Mon-linear Calculation
Material Properties of Reinforcing Steel Material Properties of Concrete
The mean steel strengths used in the calculation Stress-ghrain diagram for concrete in compression:
are based on the Probabilistic Model Code @ Parabalic

publizhed by the JC55 technical committes, )
(O Parabolic-rectangular

] Use steel strenaths up to ultimate tensile L . .
0y P Stress-gtrain diagram for concrete in tenzsion:

strengths.
(® ace. to CEB-FIP Model Code [uncracked concrete)

Optiors (O Tensian-Stiffening with Cancrete [Residual) Tensile
Bl Creeping Strength [Quast Method)

[] Shrinkage o
Design of: Drefarmation R

Crack Widths . :c'.m

Stresses 0.9 feum

Settings for teration Process arctan E.

Maxirmumn Murnber of lterations — Bl Ey=15.104 -

per Load Increment: 20008 |2 .

Mumber of Layers in Finite

Element: 100

[ramping of Rigidity Change

within one lteration Step: 90 =

Mumber of Load Increments: 10

Ok, ] [ Cancel

Figure 2.8: Dialog box Settings for Non-linear Calculation

In the dialog section Material Properties of Reinforcing Steel, you decide if the calcula-
tion in the plastic range of the reinforcing steel's stress-strain diagram will be carried out
with a rising or a horizontal graph.

The settings in the dialog section Options determine if the influence of Creeping and
Shrinkage is considered in the calculation. In addition, you can decide which serviceability
limit state designs (deformation, crack widths, stresses) are performed. You have to tick at
least one of the three check boxes.

The settings for creeping and shrinkage and all individual designs are defined in table 1.3
Surfaces (see chapter 2.4.2, page 22).

In the dialog section Settings for Iteration Process, you define all settings that affect the
process of the non-linear design method. For more theoretical information on this method,
see the German manual RF-BETON Flachen. When modifying the accuracy of iterations, take
care that the Maximum Number of Iterations is higher than the step in the calculation pro-
cess from which the deformation criterion will be taken into account additionally. Use the
[Details] button to open the RFEM dialog box Calculation Parameters where you can adjust
the precision of the convergence criteria for the non-linear calculation.

In the non-linear calculation, the program divides the surface into several Layers. The rec-
ommended number of layers is 10.

14
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The dialog box Material Properties of Concrete (cf. Figure 2.8) determines whether a par-
abolic or a parabolic-rectangular graph is applied to the stress-strain diagram of the con-
crete in compression. Furthermore, you can define the concrete's stress-strain diagram in
tension. In accordance with the CEB-FIB model code, the presetting assumes a non-cracked

concrete.

When you select the concrete's stiffening effects in tension (Tension-Stiffening) for the
stress-strain diagram, you can specify the settings for the application of the tensile strength
of concrete between the cracks in a separate dialog box. To open the dialog box, use the

button shown on the left.

Tension-Stiffening with Concrete Tensile Strength

Material Concrete - Calculation Parameters

I aterial
o Concrete Strength Class Walues | fo /fet,R
1 Concrete C30/37 [x] 21.84
3| Concrete C35/45 O] =224

Effective Tensile Strencgth

Adjustment Factor of

Tensile Strength fer R 0G0 5 fotm
Reduction ParameterVidB

WhAE o

1.00 SigrchR

[Nmm2]
10z

Eps=z

0.0001 0.00275 0.0001

Standard | Factor v | Exponent | Exponent

Stress-strain Diagram in Tension
(without Reduction of P arameterWhiB)

PR FhiB
2m 1.00
1.87 1.00

Epsc
>

Figure 2.9: Dialog box Tension-Stiffening

More information about tension-stiffening can be found in the German manual RF-BETON

Flachen.

The two graphics in the dialog box represent dynamically the modifications of parameters.

Program RF-CONCRETE Surfaces © 2010 Dlubal Engineering Software

15



N
2 Input Data I

' Engineering Software

Dlubal

2.2.3 Details

If you perform the design according to EN 1992-1-1 or one of the national EN application
documents, the Details tab is displayed additionally. This tab is unnecessary for serviceability
limit state designs according to DIN 1045-1 because the factor k, is generally defined with
0.4 in equation (136), section 11.2.4 (2).

RF-CONCRETE Surfaces - [Abutment-3]
Filz Settings Help
CA1 - Reinfarced Concrate Des | | 1.1 General Data
InpuéDala 5 Design according to
eneral Data
T Code: |EN 1332111 v w
Surfaces h
=) Reintorcement Ultirnate Lirnit State] Serviceability Limit State  Details ]
1 L
Details for Serviceahility -
2 I 3] [ C [l m'
Permanent Factaor u )
Ho. LC. LG or CO Description Load ke .
[C1 | Sel- and fixed weights [ @ 1 040 z v
LC3 | Active soil pressure a 0,500 o Q
LC4 | Soi pressure/load due to kraffic load O 0.600 (¥ ]
LCS | Earth pressure/load due to traffic load a 0.600 U m
LC7 | Side abutment wall west a 0,600 g =
LCE | Side abutment wall east a 0.600 l I =
LC20 | Self-weight superstructure a 0.600 : :
LEZ1 | Fullload, Loks WL o 0.600 wvi
LC22 | Fullload, Loks bridge a 0.600
LE23 | wind from west a 0.600
LC24 | 'wind from east O 0,600
LC25 B Reinforced Concrete
3 ?:e a:mment j g g ggg i sl
ide abutment * 0 (Plates, Walls, Shells)
LC27 | Displacement resistance + a 0.600
LC28 | Displacement resistance + O 0,600 ~
Comment
L

Figure 2.10: Table 1.1 General Data, tab Details

During the crack width analyses, the program calculates the differences of the mean strains
of concrete and reinforcing steel. According to equation (7.9) of EN 1992-1-1, section 7.3.4
(2), the load duration factor k, must be specified for these differences.

LC, LG or CO Description

Column A lists all load cases, groups and combinations that have been selected for design
in the Serviceability Limit State tab. The load cases contained in these load groups and
combinations appear in this list, too.

Permanent Load

This column indicates the load cases that represent permanent loads. If a load case is speci-
fied as permanent load, the factor k, is automatically set to 0.4 in the final column.

Factor k,

The load duration factor k, is used to determine the loading period. For a long-term load ac-
tion, the factor is 0.4. For a short-term action, the factor is 0.6.

For load groups and combinations, the factor k, represents the average of the respective k,
values of the load cases contained in the corresponding load group or combination.

7i(LF) ke, (LF)

o

Il
N

kt =
vi(LF)

s

I
N

Equation 2.1
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2.3 Materials

The table is subdivided into two parts. The upper part lists the concrete and steel grades
used for the design. In the Material Properties section below, the properties of the current
material, i.e. the table row currently selected in the upper section, are displayed.

The material properties required for the determination of internal forces in RFEM are de-
scribed in detail in chapter 5.3 of the RFEM manual. The design relevant material properties
are stored in the global material library and preset automatically.

To adjust the units and decimal places of material properties and stresses, select Units and
Decimal Places on the module's Settings menu (see Figure 7.5, page 62).

RF-CONCRETE Surfaces - [Abutment-3]
File Settings Help
C41 - Reinforced Concrete Des|w | 1.2 Materials
Input Data X [ A [ . B | C
General Data taterial Material Description
W aterials 2 Concrete Strength Class Reinforcing Steel Camrent
Suifaces [ ] BSES005 [6)
=- Beinforcement E] Concrete C35/45 BSt500 5 [B)
1
Material Properties Concrete stress-sirain curve for
g ne te C30/37 [P =ection design
Characteristic Cplinder Compressive Strength fek 30,00 | NAmmm?
5 % Quantile of Axial Tensile Strength Fotl 0,05 2.00 | Mémm?
Bl Characteristic for Nonlinear Caleulations ed
tean Secant Modulus of Elasticity Eom 33000.00 | M/mmé
Mean Cylinder Compressive Strength fem 3R.00 | NAmmm?
tean Asial Tensie Strength fotm 2.90 | Mémm?
Ultirnate Strain for Pure Compression o1 220 % £e2 Eelu
Ulltimate Strain at Failurs oy 350 | %
Paisson's Aatio I 0,200 Reinforcement stress-strain curve for
Bl Characteristic Strains for Parabalic-Rectangular Diagram section design
Ultimate Strain for Pure Compression [ 200 %=
Ultimate Strain at Failure Zs2u 350 | % i cal
E Steel: BSt 500 5 (B) feiceal /s
M odulus of Elasticity Es 200000.00 | N/mm2
Yield Stress Mean Yalue bym 550.00 | Némm? e
Characteristic Yield Stress Fyke 500.00 | N/mmé '*\" :
Tensile Strength Mean Value hm 583.20 | Némm? =
Characteristic Tensile Strength b 540,00 | N/mm? ~
Material No. 1 - Concrete C30/37 - BSt 500 S (B) in Surface: 1-3,6-812,1319,20,22,28,30,33-44

Figure 2.11: Table 1.2 Materials

Material Description

Concrete Strength Class

The concrete materials defined in RFEM are already preset; different materials are hidden.
When the Material Description corresponds to an entry of the material library, RF-CON-
CRETE Surfaces will import the appropriate material properties.

It is possible to select another material by using the list: Place the pointer in a table row of
column A, and then click the button [¥] or use the function key [F7]. The list shown on the
left opens. Subsequent to the transfer, the properties will be updated.

The list contains only materials of the Concrete category that comply with the design con-
cept of the selected standard. The import of materials from the library is described below.

Program RF-CONCRETE Surfaces © 2010 Dlubal Engineering Software
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Reinforcing Steel
In this column, the program presets a common steel grade that corresponds to the design
concept of the selected standard.

It is possible to select another reinforcing steel by using the list: Place the pointer in a table
row of column B, and then click the button [¥] or use the function key [F7]. The list shown
on the left opens. Subsequent to the transfer, the properties will be updated.

The import of materials from the library is described below.

Material Library

Numerous concrete and reinforcing steel materials are stored in the library. To open the li-
brary, use the button shown on the left. The button can be found below column A and B.

Material Library
Filter Choice Material to Select
) _ BStEE0S (4] EN 1392-1-1: 200510 ~
Material Category: BStEE0M (4] EN 1392-1-1: 200510 Tl
BSt550S [E] EN 1392-1-1: 200510
BStE50M [E] EN 1392-1-1: 200510
Code Group: BSLEO0S (4] EN 1392-1-1: 200510
BSEE00 M [4] EN 1392-1-1: 200510
_ EEELE EN199571: 200510
Code: BSt4205 [B] EN 1392-1-1: 200510
BSt4205 [T] EN 1392-1-1: 200510
BSt450S (4] EN 1392-1-1: 200510
BSt4505 [T] EN 1392-1-1: 200510
Show: B |
b
Material Constants BSt 500 S (B) | EM 1992-1-1: 2005-10

ERFEM Relevant

Modulus of Elashciy iE 20000.00 | kN/cm?
Shear Modulus G FF00.00 | kM/omd
Paiszon’s R atio M 0.300
Unit ‘weight ¥ 78.50 | kN/m?
Coefficient of Thermal Expanzion [ 1.0000E-05 | 1/7°C
Partial Safety Factor Fhi 1.00

E Design Relevant
Modulus of Elasticity Es 20000.00 | kN/cm?
Characteristic Tensile Strength Feic 54.00 | kM /cm?
Ultimate Strain uk 50.000 | %
Characteristic Yield Strength Fyke 50.00 | kN/cm?

High ductility.

Ok, ] [ Cancel

Figure 2.12: Dialog box Material Library

The standard relevant materials are already preset in a preselection so that no other catego-
ries or standards are available in the Filter Choice dialog section. Select a material from the

list Material to Select and check the corresponding parameters in the lower part of the dia-

log box. Basically, it is not possible to edit these material properties.

Click [OK] or use the [.1] button to import the selected material to table 1.2 of the add-on
module.

Chapter 5.3 in the RFEM manual describes in detail how materials can be added or rear-
ranged. By using the [Create New Material] button, you can create a new concrete or rein-
forcing steel with user-defined material properties and store it for later use.

18
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2.4 Surfaces

In this table, the surfaces that you want to design are listed. In addition, you can define the
settings for the serviceability limit state design, provided that you have selected at least one
action in the Serviceability Limit State tab of table 1.1 General Data (cf. Figure 2.6, page
11).

The table's appearance depends on the design method that has been specified for the ser-
viceability limit state designs (SLS) in table 1.1. When you design the ultimate limit state ex-
clusively, only the thicknesses of the respective surfaces are listed.

2.4.1 Analytical Method for SLS

RF-CONCRETE Surfaces - [Abutment-3]
File Settings Help
C41 - Reinforced Concrete Des |+ || 1.3 Surfaces
Input Data [ & T B [ C [ D [ E [ F [ G ] H [ | [ J [ K B
General Data Surface | Material Thickness Gemin | Ozmax | leteff | wkmax Effects due to Restrai
WMaterials Ha Mo, Type dlem] | [M/mm?] | [Mémm?] | [NAmmd ]| [mm] Apply ke [1 | Remark | Comment
e — 1 ] 105.00| -1350)  400.00 250 0300 E5 | Wl E]
5 Reinfarcement 2 1 105.00| -1350) 400.00 250 0300 = ar E]
1 E) 1 105.00| 1350  400.00 250 0300 = . E]
4 8 12900 1575 400.00 3200 0300 = var | 1] K
E 8 12900 1575 400.00 3200 0300 = var | 1] K
5 1 105.00| -1350) 400.00 250 0300 = . E]
7 1 108.00]  -1350)  400.00 290 0300 ] . E] v
R
Settings for the Proof of Serviceability Limit State - Surface No. 1-13 ,15-17 19-44
Stress Proof  Limit of Crack Widths
Design of Crack Width Contral Mlinimum Reinfarcement for Effects due to Restraint
Limit “'alue of Allowahble Crack Width e A5 min for Effects due to Restrairt
() Calculated Yalue acc. to 7.3.1(5) wekmax 0 | 0300 |+ | [mm] Crack Formation within the First 28 Days
(2 User-defined 0.250 (Effective Tensile Strength of Concrete feeff = ka * fom)
Dezign without Direct Crack ‘width Calculation acc. ta 7.3.3 Reduction Factor  ka: 1.000 (%
Calculation of Limit Diameter fim ds
Calculation of Mazimum Member Spacing lim =/
Design with Direct Crack 'width Calculation ace. ta 7.3.4
Set Inputs for Suface N | 1-1315-17.19-44 e
(o [t ] [t

Figure 2.13: Table 1.3 Surfaces with settings of the analytical design method for the serviceability limit state

Material No.

For each surface, the table shows the material numbers that are managed in table 1.2
Materials. The assigned materials cannot be changed in this table.

Thickness

Type

As additional information, the table displays the thickness types that have been assigned in
RFEM. The program is able to design constant and linearly variable thicknesses as well as or-
thotropic surfaces (without non-linear method for SLS).

d

This column shows the thicknesses that have been imported from RFEM. It is always possi-
ble to modify the preset values for the design.

Please note that the design will be carried out with the internal forces determined in RFEM
which refer to the stiffnesses of the surface thicknesses defined in the main program. In
case of a statically indeterminate structure, the surface thicknesses modified in RF-CON-
CRETE Surfaces must be adjusted in RFEM, too, in order to ensure a correct design.

Program RF-CONCRETE Surfaces © 2010 Dlubal Engineering Software
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The number of the subsequent table columns depends on the tabs displayed in the lower
table part. The tabs are determined by the settings in the Settings dialog box that you can
access in the Serviceability Limit State tab of table 1.1 General Data (see Figure 2.7, page
12). In this dialog box, you can decide whether the program designs stresses and/or cracks.

The values cannot be entered directly into the columns, but are determined by the tab set-
tings in the lower table part. Please note that, by default, the tab specifications apply exclu-
sively to the surface selected in the upper table part. It is possible, however, to assign the
current specifications to another surface, or to all surfaces or only some of them. In this
case, tick the check box Set Inputs for Surface No and clear the All check box to the right
(cf. Figure 2.13). Then you can enter the numbers of the relevant surfaces manually. You
can also select them graphically in the RFEM work window. If you want to apply the set-
tings to all surfaces, tick the All check box. Finally, click the button [] to assign the specifi-
cations to the selected surfaces. The assignment is only applicable for the current tab (for
example Stress Proof).

o-c,min

This column shows the respective value of the minimum concrete stress for the limitation of
the concrete pressure stresses. According to DIN 1045-1, the following applies to

- quasi-permanent action combination, if serviceability, ultimate limit state or durability
are considerably affected by creeping:
6.<0.45 - f,
- rare action combination in exposure classes XD1 to 3, XF1 to 4, XS1 to 3:
6.<0.60 - f

The parameters are defined in the Stress Proof tab (see Figure 2.15).

o-s,max
This value represents the maximum reinforcing steel stress for the limitation of the rein-
forcement's tensile stresses. According to DIN 1045-1, the following applies to

- rare action combination:
0,<0.80 - f,

- exclusive effects due to restraint:
5,<1.00 - f,

The parameters are defined in the Stress Proof tab (see Figure 2.15).

fct,eff
This column displays the respective value of the effective tensile strength of the concrete.
This value is required to control the rebar diameter.

The parameters are defined in the tab Limit of Crack Widths (see Figure 2.13). In this tab,
you can also specify detail settings concerning the minimum reinforcement for effects due
to restraint by using the [Edit] button.

20
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Further Settings for Min. Reinforcement due to ...

Direction of Reinforcement due to Restraink

Top Reinforcement in Direction: [ w1
e
Bottom Reinforcement in Direction: [}
2

Stress Distribution within the Section prior to Cracking
(%) Approach of Pure Tension Restraint (ke = 1)
() Approach of Bending Restraint (ke = 0,4)

(O Depending on the Defined Load

[ OK ][ Caniel ]

Figure 2.14: Dialog box Further Settings for Min. Reinforcement due to Restraint

Wk,max
This value represents the maximum allowable crack width.

The parameters are defined in the tab Limit of Crack Widths (see Figure 2.13).

Remark

This column shows remarks in the form of footers that are described in detail in the status
bar.

Comment

This input field can be used to enter user-defined comments.

Program RF-CONCRETE Surfaces © 2010 Dlubal Engineering Software
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2.4.2 Non-linear Method for SLS

g To design according to the non-linear method, a license of the add-on module

RF-CONCRETE NL is required.

RF-CONCRETE Surfaces - [Abutment-3]
Fil= Settings Help

CA1 - Reinforced Concrete Des | v | 1.3 Surfaces

Input Data [a T 8 [ c [ o [ E [ F [ & [ H T 1 [ J [ K ]Ja
General Data Surface | Material Thickness Creep Ratio | Shrinkage | Uz max Vil max Tc.min s max
Materials Ha. Ho. Type d [cm] wl] 2oz [1] [mm] [mm] [Mémm2] | [MAmmZ] | Remark | Comment
Surfaces 1 ] 105.00 193192 -0.00036 £.000 0300 -1800| 40000
= Reinfarcement 2 1 105.00 1.93192|  -0.00036 £.000 0300 -18.00| 40000
1 El 1 105.00 193192 -0.00036 £.000 0300 -18.00| 40000
[] 8 129.00 1.BB466 | -0.00035 £.000 0300 -21.00| 40000 1)
5 8 129.00 1.68466  -0.00035 £.000 0300 -21.00| 40000 1)
3 1 105.00 193192 0.00036 £.000 0300 -18.00| 40000
7 1 105.00 1.93192|  -0.00036 4.000 0300 -18.00| 40000 v
2

Settings for the Proof of Serviceability Limit State - Surface Mo. 1-13,15-17,19-44
Creaping] Shrinkage] Dreformation Analysis} Crack ‘Width Contral — Stress Proof I

Limitation of Concrete Pressure Stress Limitation of Steel Stress

Limitation Type: Limitation Type:

() 0.B0* fok accarding ta EN 193211, 7.2(2) (%) 0.80 " fyk according to EN 1992141, 7.2 (5)

() 045 % fek according to EN 199211, 7.2 (2] () 1.00 * Fyk according ta EN 19592-1-1, 7.2 (5)

(O X" Ot

a: 045 o 0.80

gomin = -18.00 N/mm2 o5 max = 400.00 N/mm?

Set Inputs for Suface Hg | 1-131517.19-44 e

Lalculation LChecl Messzages... Graphic arcel
D Calculati Check. M Graphi Ok Cancel

Figure 2.15: Table 1.3 Surfaces with settings of the non-linear design method for the serviceability limit state

The table columns Material and Thickness are similar to the ones in the analytical design
method. They are described in the previous chapter 2.4.1 on page 19.

g The values of the subsequent columns cannot be entered directly, but are determined by

the tab settings in the lower table part. Please note that, by default, the tab specifications
apply exclusively to the surface selected in the upper table part. It is possible, however, to
assign the current specifications to another surface, or to all surfaces or only some of them.
In this case, tick the check box Set Inputs for Surface No and clear the All check box to the
right. Then you can enter the numbers of the relevant surfaces manually. You can also se-
lect them graphically in the RFEM work window. If you want to apply the settings to all sur-
faces, tick the All check box. Finally, click the button [] to assign the specifications to the
selected surfaces. The assignment is only applicable for the current tab.

Creep Ratio ¢

The parameters for creeping are defined in the Creeping tab. Based on these conditions,
RF-CONCRETE NL determines the creep ratio. For the effective thickness of the structural
component h,, the program assumes the surface thickness d for the calculation.
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Settings for the Proof of Serviceability Limit State - Surface Mo. 1-13,15-17,19-44
Creeping l Deformation Analysis ] Crack Wwidth Contral ] Stress Proof ]

Creeping Parameters
Calculation Time: (&) [nfirite Kind of Cement:
it 25500 (®) Slow-hardening Cement [5): CEM 326N
Concrete Age at () Normal-hardening Cement [M] : CEM 325 R, CEM 425N
Beginning of Loading  to: 2815 [Daps] | () Fast-hardening Cement [R): CEM 425 R, CEM 525N, CEM 525 R
Belative Air Humidity — RH: 50 2| [%]
[[] User Defined Creep Ratio o 183182 ¢ [ [
Set Inputs for Surface Mao: a Al

Figure 2.16: Dialog section Settings for the Proof of Serviceability Limit State, tab Creeping

The determination of the creep ratio ¢ is described in detail in the German manual
RF-BETON Flachen.

Shrinkage ¢ (in preparation)

This column displays the respective shrinkage. The corresponding parameters are defined in
the Shrinkage tab. Based on these conditions, the program determines the appropriate
shrinkage automatically. For the effective thickness of the structural component h,, the
program assumes the surface thickness d for the calculation.

Settings for the Proof of Serviceability Limit State - Surface Mo. 1-13,15-17,19-44
Creeping  Shrinkage l Defarmation Analysis] Crack Width Eontrol] Shess F'roof]

Shrinkage Parameters

. 71 D .
Canzider: Diying Shnnkagx.e Kind of Cement:
Autogenous Shrinkage .
() Slow-hardening Cement [S): CEM 325 M
Considered g of ) Infirite (®) Mormal-hardening Cement [N): CEM 325 R, CEM 425 M
Concrete: Or: 25500 (O East-hardening Cement (R): CEM 425 R, CEM 525N, CEM 525 R

Age of Concrete at

Beginning of Shrinkage ts: 2815 [Days]
Belative Air Humidity  RH: 50 2| [%] [[]User Defined Shrirkage oslt, t) ;[ 000042 [
Set Inputs for Surface Mo: A All

Figure 2.17: Dialog section Settings for the Proof of Serviceability Limit State, tab Shrinkage

The determination of the shrinkage ¢ is described in detail in the German manual
RF-BETON Flachen. If you do not want to apply any strain due to shrinkage for particular
surfaces, set 0 %o for the user-defined shrinkage in the Shrinkage tab.

Please note that you cannot consider any shrinkage for the structure type Plate XY (cf. Fig-
ure 2.1, page 8) because this type provides degrees of freedom only for bending.

uz,max

This value represents the maximum allowable deformation that must be observed for the
serviceability limit state design. The corresponding parameters are defined in the Defor-
mation Analysis tab.

Program RF-CONCRETE Surfaces © 2010 Dlubal Engineering Software
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Settings for the Proof of Serviceability Limit State - Surface Mo. 1-13,15-17,19-44
Ereeping] Shrinkage Deformation Analysis | Crack Width Eontrol] Stress F'roof]

Proot Criteria

Lirnit: (%) Minimal Border Line O User-defined Felative
Uzmax:  Lmin/ 250 %] Uzmax:  Ldef/ Ldef: [m]
() Magimal Border Line (O User-defined Absolute
Uzmax: Lmax/! Uz,max : 2000 [rm]
Related ta: (%) Undeformed System () Deformed User-defined R eference Plane

(O Displaced Parallel Surface at Point of Minimal Mode Deformation

Set Inputs for Suface Ng: | 113.15-17.19-44 Cla

Figure 2.18: Table 1.3 Surfaces, tab Deformation Analysis

To ensure the serviceability limit state for common structures, for example according to DIN
1045-1, the deflection due to the quasi-permanent action combination must not exceed the
following limit values:

e common case Uy max = Leff
’ 250

e structural components for which excessive lesr
deformations can result in subsequent damages Uz,max = 500

The selection fields Minimal Border Line, Maximal Border Line and User-defined Relative de-
termine the length that is used for lg. For the two border line options, the program applies
the shortest or longest border line of the respective surface (see Figure 2.19). For the user-
defined relative specification, you can enter the length directly or select it graphically be-
tween two points in the RFEM structure. For all three options, you must define a divisor by
which the defined lengths will be divided.

When you select User-defined Absolute, you can specify the allowable maximum defor-
mation u, .., directly.

hRa S = 5

x_\x : ) \

b b
Maximal Border Line Liyax Minimal Border Line Lmin

Figure 2.19: Border lines for the determination of u,,,,
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The deformation design criterion takes into account the sag of a surface, that means the
"vertical deformation relative to the shortest line connecting the points of support". There-
fore, three options are available in the lower part of the Deformation Analysis tab (Figure
2.18). You can decide on how the locally applied deformation u, ., should be calculated
for the deformation analysis.

e Undeformed System: The deformation is related to the initial structure.

e Displaced Parallel Surface:  In case of a semi-rigid support of the surface, select this
option to consider the existing deformation. The defor-
mation u, ., refers to a virtual reference surface that is
displaced parallel to the undeformed system. The dis-
placement vector of this reference surface is as long as
the minimal nodal deformation within the surface.

Displaced Parallel Surface Illf— Undeformed Surface
f at Point of Minimal Mode Deformation ¥
i .
v / L =_-f Uz, min
[P *

Uz, rax, border

uz,maz, field

Deformed Surface
Figure 2.20: Displaced parallel surface at position of minimal deformed node

e Deformed Reference Plane: In case the support deformations of a surface differ con-
siderably from each other in size and degree, you can de-
fine a slanted reference plane to which the deformation
Uy 0cal 1S Telated. This plane is defined by three points of
the undeformed system. Then, RF-CONCRETE NL calcu-
lates the deformation of the three definition points and
places the reference plane in the displaced points in or-
der to calculate the local deformation u

z,local*

Point 1 Poimt 2 Point 3
of User-Defined of User-Defined of User-Defined
Lnulgfnnmed Suriace / Reference Plane Reference Plane Reference Plane
‘\__ .
, L Y 1*_

Deformed User-Defined =
Reference Plane P uz,max, field

Deformed Surface

Figure 2.21: Displaced user-defined reference plane

® Diubal —
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Wk,max
This value represents the maximum allowable crack width.

The parameters are defined in the tab Crack Width Control (cf. Figure 2.13).
Gc,min

High concrete pressure and reinforcing steel stresses in the serviceability limit state affect
the serviceability and durability adversely. This table column shows the respective value of
the minimum concrete stress for the limitation of the concrete pressure stresses.

The parameters are defined in the Stress Proof tab (see Figure 2.15).

o-s,max

This value represents the maximum reinforcing steel stress for the limitation of the rein-
forcement's tensile stresses.

The parameters are defined in the Stress Proof tab (see Figure 2.15).

2.5 Reinforcement

This table consists of five tabs where all reinforcement data is specified. As the individual
surfaces often require different settings, you can create several reinforcement groups for
each RF-CONCRETE Surfaces case. The reinforcement definitions can be entered surface by
surface.

Reinforcement groups

To create a new reinforcement group, use the [New] button in the dialog section Rein-
forcement Group. The number is allocated by the program. The user-defined Description
helps you to overlook all reinforcement groups created in the design case.

RF-CONCRETE Surfaces - [Abutment-3]
File Settings Help
C41 - Reinfarced Concrete Des |+ | 1.4 Reinforcement
Input Diata Reinforcement Group Applied to Surfaces
General Data
WM aterials Ho. Description Ol m
Surfaces 3 |»| Floors @ 14689 I
=) Reinforcement
; '\FALUU"' plate Reinforcement Ratios | Reinforcement Lapout } Longitudinal Reinforcement | Design Method ] D4 > m
- alls m
3 -Floors Seftings . —
tdinimum Secondary td aximum Reinforcement U L {
Reinforcement: 2000045 [#] Percentage: 8005 [ z
w0

Basic: Minirum Mirirum Shear Reinfor- o o

Reinforcement: 00012 [ cement Percentage: 0,005 [ g

Minimum T ension 1 S

Reirforcement: 0002 %] I I 5

tdinimum Compression : m

Reinforcement: 00012 [%]

[] Procf of surfaces as walls [theow of sheets] according to 13.7. The recommended value Reinforced Concrets
far the: minimum vertical reinforcement is 0.0015 Ac. The minimum harizontal Design of Surfaces
reinforcement armounts to 20 % of the vertical reinforcement. (Plates, Walls, Shells)

I —

Figure 2.22: Table 1.4 Reinforcement with three reinforcement groups

To select a reinforcement group, use the No. list or the entries in the navigator.
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By using the [Delete] button, the currently selected reinforcement group is deleted from the
RF-CONCRETE Surfaces case without any additional warning. Surfaces that were contained
in such a reinforcement group won't be designed. To design those surfaces, you must reas-
sign them to a new or an existing reinforcement group.

In the dialog section Applied to Surfaces, you determine the surfaces to which the current
reinforcement group is applied. All surfaces are preset. If the check box is ticked, no further
reinforcement group can be created because surfaces cannot be assigned to different rein-
forcement specifications. Therefore, clear the All check box if you want to use several rein-
forcement groups.

In the input field below, you can enter the numbers of the relevant surfaces manually. You
can also use the [Pick] button to select them graphically in the RFEM work window. Further-
more, the button [Create New Reinforcement Group] is enabled. Only surface numbers that
have not yet been assigned to other reinforcement groups are allowed to be entered in the
input field.

2.5.1 Reinforcement Ratios

RF-CONCRETE Surfaces - [Abutment-3]
File Settings Help
CA1 - Reinfarced Concrate Des |+ | 1.4 Reinforcement
Input Diata Reinforcement Groug Applied to Surfaces
General Data
Materials Ho. Description Oan m
Surfaces 3 |w| [Floors @ 1-4689 ':3 h
= Reinfarcement
1 - Flaor plate Reinfarcemert Ratios | Reinforcement Lapout | Longituding Reinforcement | Design Method | i 4[> m
2-Walls x
3 - Floors Settings ==
tdinimum Secondary td aximum Reinforcement U L {
Reinforcement: 2000045 [#] Percentage: 8005 [ z
w0

Biasic: Minirum Mirirum Shear Reinfor- o 0

Reinforcement: 00013 = cement Percentage: 000035 [ g

Minimum T ension 1 S

Reinforcement: 00013 [ l I ;

tdinimum Compression m m

Reirforcement: 0002 %]

[ Praof of surfaces as walls (theary of sheets) according to 13.7: The recommended value Reinforced Concrete
fiar the minimum wvertical reinforcement is 0.0015 Ac. The minimum horizontal Design of Surfaces
reinforcement amounts to 20 % of the vertical reinforcement. (Plates, Walls, Shells)

I —

Figure 2.23: Table 1.4 Reinforcement, tab Reinforcement Ratios

This tab defines the minimum and maximum reinforcements in percentage. The Minimum
Secondary Reinforcement is related to the maximum longitudinal reinforcement that is to
be applied. All further specifications are set in relation to the cross-section area of a surface
stripe with the width of one meter. An exception represents the Minimum Compression Re-
inforcement according to DIN 1045-88 that is related to the statically required cross-section.

Find examples for the minimum and maximum reinforcements in the German manual
RF-BETON Flachen.

To perform wall-specific designs, for example according to DIN 1045-1, section 13.7, or
EN 1992-1-1, section 9.6, select the option Proof of surfaces as walls. Depending on the
standard selected in table 1.1 General Data, the program takes into account criteria of the
minimum reinforcements for walls.
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2.5.2 Reinforcement Layout

RF-CONCRETE Surfaces - [Abutment-3]
File Settings Help
C41 - Reinforced Concrete Des | v | 1.4 Reinforcement
Input Data Reinforcement Group Applied to Surfaces
General Data
Materials Ho. Desciiption Can (1T]
Surfaces 3 |w| Floors . : 14689 .‘:3 h
= Reinfarcement
1 - Flaor plate FReinforcement Ratios  Rieinforcement Layout l Longitudinal Reinforcement | Design MEthDd] Ell¢» m
2-walls m
3 -Floors Mumber of Layers Refer Concrete Cover to U . —
d
Top Reinforcement: 2 ™ () Centroid of Reinforcement g
Bottom Reinforcement: |2 | O Edge Bar Diameter D: 1.00 12 [cm] z g
Conctete Covers U g
i dz2 g =
Top Reinforcement: 2005 45005 [crm] I I ;
Bottom Rieinforcement 30075 450/% [om] m W
Reinforcement Directions Related to Local Axis x of FE-Element for Resufts
w w2
5 - - = Reinforced Concrete
Top Reinforcement 0.000 5 90.000 % 'l Dadign o Stirfhead
Bottom Reirforcement; | 000015 90,000 % 1 (Plates, Walls, Shells)
[ —

Figure 2.24: Table 1.4 Reinforcement, tab Reinforcement Layout
This tab determines the geometric reinforcement specifications of the reinforcement group.

Number of Layers

The reinforcement mesh can be applied in the form of two or three reinforcement layers for
each surface side. For serviceability limit state designs, only a two-layer reinforcement mesh
is allowed.

The definition of the "top" and "bottom" side of the surface can be found in the description
of the concrete covers below.

Refer Concrete Cover to

The concrete covers defined in the following can be related to the reinforcement's Centroid
or Edge distance .

] —
Centroid Edge

Figure 2.25: Relations of concrete cover

When you design only the ultimate limit state and you select the second option, you must
specify the Bar Diameter D. In the dialog section below, you define the edge distance c (that
means the nominal value of the concrete cover ¢

nom) N
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Concrete Covers

In these input fields, you specify the concrete covers for both surface sides. The dimensions
represent either the centroids of the individual layers or the reinforcements' edge distances
Crom iN direction ¢,. The reinforcement directions are defined in the dialog section below.

The "top" and "bottom" surface side is defined as follows: The bottom side is defined in di-
rection of the positive local surface axis z, the top side is defined accordingly in direction of
the negative local axis z. To display the surface axes, use the Display navigator in RFEM and
select the entries Structure — Surfaces — Surface Axis Systems x,y,z. You can also use the
context menu of the corresponding surface.

If you want to reverse the local z-axis of a surface, right-click the corresponding surface in
the RFEM work window to open its context menu. Then select Reverse Local Axis System. In
this way, it is possible to unify, for example, the orientations of walls and to assign the top
and bottom reinforcement sides for surfaces in vertical position appropriately.

If the structure in RFEM was created with the structure type Wall (cf. Figure 2.1, page 8), it
is not possible to generate different reinforcement meshes for both surface sides. In this
case, the module allows only for input options concerning uniform concrete covers so that
they can be applied synchronously to both surface sides.

Reinforcement Directions

The reinforcement directions ¢ refer respectively to the local x-axis of the finite elements in

the surfaces' results axis system. The angle ¢ must be entered with a positive value. It repre-
sents the clockwise rotation of the reinforcement direction in relation to the corresponding
X-axis.

The results axis system belongs to the surface's properties which can be edited and adjust-
ed, if necessary, in the RFEM dialog box Edit Surface.

Edit Surface

General | Eccentricity/Foundation | FE Mesh | Relsases | Integrated | Axes | Grid

Surface Mo, Axes for Results
2 Identical to Axes for Input
Aues for Input | Axes for Results
Direction z
@

(O Angular Rotation to Axes for Input

O Az Direct to Paint: r T - -----___""'7:

() Axes Parallel to Global Axes
System X2

() Axes Parallel to Customize
Coordinate System:

Figure 2.26: RFEM dialog box Edit Surface, tab Axes

Ok, ] [ Cancel

The axes of the finite elements can be checked graphically in the RFEM work window by se-
lecting the following entries in the Display navigator: FE Mesh — On Surfaces — FE Axis Sys-
tems x,y,z or Numbering — FE Mesh — FE Axis Systems x,y,z (cf. Figure 9.30 on page 281 in
the RFEM manual).
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If the structure in RFEM was created with the structure type Wall (cf. Figure 2.1, page 8), it
is not possible to generate different reinforcement meshes for both surface sides. In this
case, the module allows only for input options concerning uniform directions of the rein-
forcement sets so that they can be applied synchronously to both surface sides.

2.5.3 Longitudinal Reinforcement

RF-CONCRETE Surfaces - [Abutment-3]
File Settings Help
CA1 - Reinfarced Concrate Des |+ | 1.4 Reinforcement
Input Data Reinfarcement Groug Applied to Surfaces
General Data
M aterials Mo Description: T m
Surfaces 3 |w| Floors E] @ 14689 I
=) Reintarcement
;'5:0"' plate: Reinforcement Hatlos] Reinforcement Layout  Longitudinal Reinforcement ] Design Methud] Ell¢|* m
-Woallg m
3 - Floors Provided Basic Reinforcement ==
Reirforcement Area [em? /m) Driameter [mm] [ Use Required Reinfor- U I
st as2 dst dsz cement for Design of z w
Top: 257= IRE 700/ B.onf= B iceablly o ]
Bottom: | 25702 IREIS 700/= S @ g
Additional Reinfarcement for Serviceshility State Design [ ] t
Approach o | Layed out Additional Reinforcement R m :
Reinforcement Area [om? /m) Diameter [mm] : VI
asl as2 dsi dsz
Top: 10.00 1% 10,0014
Battor: woz] | oo ® = Reinforced Concrete
Design of Surfaces
Longitudingl Reinforcemert far Proof of Shear Resistance (Plates, Walls, Shells)
() Apply Required Longitudinal Reinforcement () Apply the Greater Valus Resulting Fram
Either Required or Pravided Reinfarcemnent
() Automatically Increase Required Longitudinal [Basic and Defined Add. Reinforcement] per
Reinforcement to Avoid Shear Reinforcement Reirfarcement Direction

Figure 2.27: Table 1.4 Reinforcement, tab Longitudinal Reinforcement for ultimate and serviceability limit state designs

The tab's appearance depends on the designs that you want to perform: For the serviceabil-
ity limit state designs (SLS), you must specify reinforcement areas. If you want to carry out
the ultimate limit state design exclusively, no specific reinforcement settings are required.
You only need to decide which longitudinal reinforcement you want to use for the shear
design.

For more information on the reinforcement specifications for the SLS design, see the Ger-
man manual RF-BETON Flachen.

Provided Basic Reinforcement

For each surface side and each reinforcement direction, you can define a basic reinforce-
ment that will be inserted respectively in all surfaces of the reinforcement group. In the cor-
responding input fields, enter the Reinforcement Area and the Diameter that is relevant for
the serviceability limit state design.

If the user-defined basic reinforcement exceeds the maximum required reinforcement, no
additional reinforcement is needed. However, big basic reinforcements are usually not ap-
plied to surfaces because this would not be efficient.

Entering reinforcement areas is facilitated by libraries that are available for rebars and mesh
reinforcements. To access these libraries, use the two buttons shown on the left.

In the libraries (cf. Figure 2.28 and Figure 2.29), you can select rebars or reinforcing steel
meshes. The reinforcement areas defined or stored in the libraries can be transferred to the
input fields of the dialog section.
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Gemany - 2008-01-01

Laermany - 2008-07-01

gl 4

Germany - 2001-10-01
Germany - 1957-01-01
Augtria - 2002-07-01
Czech Rep.
Metherlands

Libraries

Import Reinforcement Area due to Rebar

Rebar Parameters Export

D etermination of: Location:
(O Rebar Diameter

O: 10.00 12| [mm] Assian

() Rebar Spacing
& 150,003 [mm]

() Beinforcement &rea

as 524 | [em? fm]

Top
[ Bottam

Reinforcement to:

] 2,1
Oasz

& [ ak,

H Cancel ]

Figure 2.28: Dialog box Import Reinforcement Area due to Rebar

Dlubal

The three selection fields in the dialog section Rebar Parameters are interactive. Normally,
the program determines the reinforcement area from the rebar diameter and the rebar

spacing.

In the dialog section Export, you decide in which input fields of the initial dialog box the
determined reinforcement areas will be imported. The location as well as the reinforcement
direction can be defined specifically (or generally by ticking all check boxes).

Import Reinforcement Area from Mesh Reinforcement Library

Product Range Murmkber
B 183
Metherlands v e
B 335
T
e B 424
K-Mesh
Fobdat B 524
B-Mat B 634
L-tat B 754
Z-bat
G-tesh g ggg
E-tMesh
WiMesh B 785

Mesh Reinforcement Properties

Export
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Azsign Longitudinal () a4

[1Top
Battom

Reinforcement to:

[Entire Cross-Section of Langitudinal Bars per m

| as, longit

Entire Crozs-Section of Transverse Bars per m
Longitudinal Bar Diameter, Inner Area
Longitudinal Bar Diameter, Edge Area
Transverse Bar Diameter

Distance of Longitudinal Bars
Distance of Transverse Bars

Mat Length

Hat Width

‘weight Each kat

‘Weight per m

Overlaps on Mat Edge, Longitudinal
Overlaps on Mat Edge, transversal

X

as. transw
ds,L1
ds, 12
ds,0

aL

an

L

M

Gt

G

Lis Jangit
Us transw
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150.00
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£9.44
467
25.00
25.00

® asz

B 335
cm? /m
cm? /m

[ ok

][ Cancel ]

Figure 2.29: Dialog box Import Reinforcement Area from Mesh Reinforcement Library

First, select the Product Range from the list shown on the left. Then, define the mesh Type
and select the relevant Number in the dialog section to the right. In the dialog section be-
low, you can check the Mesh Reinforcement Properties.

In the dialog section Export, you decide in which input fields of the initial dialog box the
determined reinforcement areas will be imported. The location as well as the reinforcement
direction can be defined specifically (or generally by ticking all check boxes).
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Use Required Reinforcement for Design of Serviceability

The ideal way to perform serviceability limit state designs would be the following:

1. Determine the required reinforcement by using only the load specified in the Ultimate
Limit State tab

2. Create a reinforcement drawing by considering the colored result diagram including
mesh reinforcements and rebars

3. If necessary, divide the surfaces in RFEM on the basis of the reinforcement drawing into
smaller surfaces that have the same existing reinforcement area in each reinforcement
direction

4. Define the existing reinforcement area, rebar spacing and diameter for each surface in
the add-on module RF-CONCRETE Surfaces

5. Calculate once again with the loads of the Serviceability Limit State tab

This procedure seems to be time-consuming and, in some way, is contrary to the program's
convention indicating that you can determine the reinforcement and perform the servicea-
bility limit state designs by simply using the [Calculation] button.

Therefore, you can tick the check box Use Required Reinforcement to quickly get a provided
reinforcement for the individual surfaces: The program uses the required reinforcement
from the ultimate limit state design as the reinforcement that is to be applied. When the
check box is ticked, you only need to specify the rebar diameter.

Additional Reinforcement

This dialog section is only available for the serviceability limit state design.

In the areas where the statically required reinforcement exceeds the defined basic rein-
forcement, an additional reinforcement is needed. Use the selection list in this dialog sec-
tion to define the additional reinforcement that you want to apply for the serviceability lim-
it state design.

If you select Required Additional Reinforcement, the program assumes the effective A
distribution as the additional reinforcement to be applied.

s.req

If you select Layed out Additional Reinforcement, the program determines the additional re-
inforcement as the difference from the maximum statically required reinforcement and the
defined basic reinforcement.

A ,q¢ = Maxa a

s,ad s;req — 9s,basic

Equation 2.2

The additional reinforcement is dimensioned as shown in the graphical representation be-
low.

/ Provided Basic Reinforcement

{User-defined Amount) ~— Required Reinforcement

-

- (Obtained by Calculation)
Ais,req basic [l ] [) : KJ'/' ! l i : 1
— i - o
N — s 3 . —
s prov,add ;L_____ 4 I 1 H

— L 'l

]
Layed out Provided — A
Additiomal Reinforcement

{Cover up Reinforcement Peaks]

“— Used Reinforcement for the SL5-Des gn—

Figure 2.30: Dimensioning of additional reinforcement

To dimension the additional reinforcement, you only need to specify the rebar diameter.
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You can also enter a User-defined Additional Reinforcement. If you chose this setting, the
two library buttons shown on the left will be enabled so that rebars and mesh reinforce-
ments are available for selection.

The [Info] button opens a dialog box where all three options described above are visualized.

Longitudinal Reinforcement for Proof of Shear Resistance
In the last dialog section, three options are available to define the applied longitudinal rein-
forcement for the shear design without shear reinforcement.

e Apply required longitudinal reinforcement

The design of shear force resistance is carried out with the transformed existing ten-
sion reinforcement in direction of the principal shear force.

e Automatically increase required longitudinal reinforcement to avoid shear reinforce-
ment
In case the required longitudinal reinforcement is not sufficient for the shear force re-
sistance, the longitudinal reinforcement will be increased in the principal shear force
direction until the shear design without shear reinforcement is fulfilled.

e Apply the greater value resulting from either required or defined provided reinforce-
ment

For the design of shear force resistance, the program uses either the statically required
or the user-defined longitudinal reinforcement.
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2.5.4 Design Method

RF-CONCRETE Surfaces - [Abutment-3]
File Settings Help
CA1 - Reinforced Cancrate Des | | 1.4 Reinforcement
Input Diata Reinforcement Grougp Applied to Surfaces
General Data
Materials Ho. Description Ol m
Surfaces 1 || Floorplate @ 14689 I
=- Reinfarcement —
;\F’\\fo"r plate Reinfarcement Lavaut | Longitudinal Reinforcement  Design Method 1 EM 199211 LS m
- alls ‘ :
3-Floors Design Internal Forces -
() Ma Optimization U L
(&) Optimization z g
O U
Ve
I *
W 5
Reinforced Concrete
Design of Surfaces
(Plates, Walls, Shells)
I

Figure 2.31: Table 1.4 Reinforcement, tab Design Method

When determining the required reinforcement, the principal internal forces are transformed
into design forces in direction of the reinforcement and in a related concrete strut force.
The sizes of these design forces depend on the presumed angle of the concrete compres-
sion strut that stiffens the reinforcement mesh.

In the load situations "tension-tension" and "tension-compression", the design force may be-
come negative in one reinforcement direction for specific angles of compression struts. That
means that compressive forces would occur for the tension reinforcement. Due to the op-
timization of design forces, the direction of the concrete compression strut is modified until
the negative design force is zero.

During the optimization process of internal forces, the program determines the inclination
angle of the concrete strut that produces the most favorable design result. The design mo-
ments are determined iteratively with adjusted inclination angles in order to find the ener-
getic minimum with the least required reinforcement. The optimization process including
an example is described in detail in the German manual RF-BETON Flachen.

The optimization for concrete components subjected to compression such as walls may re-
sult in non-designable elements due to failure of the compression strut. Therefore, the op-
timization is possibly not adequate for the load situation "compress-compression".
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The final table tab is reserved for the standard which you have selected in table 1.1 General
Data. In this tab, the standard-specific reinforcement data is defined. In the following, spec-
ifications for DIN 1045-1 are described.

At the bottom right below the table, two buttons are available. Click [Default] to reset the

new default settings.

initial values of the current standard. Use [Set As Default] to store the defined entries as

RF-CONCRETE Surfaces - [Abutment-3]
File Settings Help
CA1 - Reinforced Concrete Des | v | 1.4 Reinforcement
Input Data Reinfarcement Groug Applied to Surfaces
General Data
W aterials Mo, Description CTan m
Surfaces 3 |w| Floors . : 14689 .‘:S h
=- Reinfarcement -
1 - Floor plate Reinforcement Layout 1 Longitudinal Aeinforcerment 1 Design Method  EM 199211 &> m
2-Walls m
3 - Floors Watious Factars -
Mevtral Axis Depth Limitation Paitial Satety Factor according to Table 2.1 u L
according to 5.6.3(2] [MA Parameter|: z w
[Jincrease of Tensian Reinforcement due to . -
Shear according ta 5.2.3(7) - for Concrete Yo 1505 o w
- for Reinforcement ¥s 11502 =
Sheat Reinforcement B . N U m
Reduction Factor of Strenght in Compression 1 b o
Design Method accarding to 6.2.3 Taking into Account unfavourable Long-term l I L]
. - Effects according to 3.1.6(1) [NAD Parameter] : :
Possible Inclination of Concrete Struts :
[NA Paramneter) o 1o0= Ul
- Minirmu; 21.801 12 7]
- b i 45000 15 [1] Compression Reinforcement
Reinforced Concrete
Design of Surfaces
(Plates, Walls, Shells)
. -
I —

Figure 2.32: Table 1.4 Reinforcement, tab DIN 1045-1

Various

In this dialog section, the depth of the neutral axis can be limited according to DIN 1045-1,
section 8.2 (3). In this case, the maximum ratio is x;/d = 0.45 for concrete up to strength
class C50/60 and x,4/d = 0.35 for concrete from strength class C55/67.

Factors

In the first two input fields, the Partial Safety Factors for concrete y. and for reinforcing
steel y, are defined. The values according to DIN 1045-1, table 2, are preset.

The value that is recommended in DIN 1045-1, section 9.1.6 (2), is preset as reduction fac-
tor o that is used to consider long-term effects on the concrete compressive strength.

Shear Reinforcement

Use the two input fields in this dialog section to define the allowable range of the concrete
struts' inclination. In case the entered angles are outside the allowed limits mentioned in
the standards, an error message appears.
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3. Calculation
- To start the calculation, click the [Calculation] button.

The reinforced concrete design is carried out by using the internal forces that have been de-
termined in RFEM. If the RFEM results are not yet available, the program starts the calcula-
tion of the internal forces automatically.

3.1 Check

Before you start the calculation, it is recommended to check the input data of the add-on
= module RF-CONCRETE Surfaces for correctness. The [Check] button is available in each input
table of the module and is used to start the check.

The program checks if the data required for the design is complete and if the references of
the data sets are alright. In case input errors are detected, you can access the corresponding
table directly to make corrections.

If the plausibility check has been successful, the following message appears.

RF-CONCRETE

! Surfaces
Information No.
493

Flausibility check ok!

Figure 3.1: Plausibility check of input data

3.2 Start Calculation

) You can start the calculation out of each of the four input tables by clicking the [Calcula-
LCalculation .
tion] button.

RF-CONCRETE Surfaces searches for the results of the load cases, load groups and load
combinations that you want to design. If they cannot be found, the program starts the
RFEM calculation to determine the design relevant internal forces. In this determination
process, the calculation parameters preset in RFEM are applied.

It is also possible to start the design in the RFEM user interface. The add-on modules are
listed in the dialog box To Calculate like load cases or load groups. To open the dialog box
in RFEM,

select To Calculate on the Calculate menu.
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To Calculate

Mot Calculsted Selected for Calculstion

Program / Module Mo Drescription ad Program / Module Mo. Drescription ad
RFERM LCZ2 | Earth pressure at rest RF-COMCRETE Sufaces | CA1 | Reinforced Concrete Design
RFERM LC3 | Active ol pressure
RFERM LC4 | Soil pressureload due to traf
RFERM LG1 | Design values Steel
FFERM C01 | Design values Reinforced Cr

RF-COMCRETE Sufaces | CAZ2 | Design EM 1992-1-1

4
FIl)

][]

<] B <] B
Show Additional Modules

EAREY

Figure 3.2: Dialog box To Calculate

Lalculate ] [ Cancel

If the design cases of RF-CONCRETE Surfaces are missing in the Not Calculated list, tick the
check box Show Additional Modules.

To transfer the selected RF-CONCRETE Surfaces cases to the list on the right, use the button
[»]. Start the calculation by using the [Calculate] button.

You can also use the list in the RFEM toolbar to calculate the RF-CONCRETE Surfaces cases
directly: Select the relevant design case and click the button [Results on/off].

RFEM 4.04 - [Abutment-111]

Table
E
-Gt B

Options  Additional Modules  Window  Help
¥y RF-CONCRETESurfaces CAZ- = @ > 4 17| @[3 | 6 g3 e | 4 @ 5

HRA P A - || @] T

Results on/off
Figure 3.3: Direct calculation of an RF-CONCRETE Surfaces design case in RFEM

Subsequently, you can observe the calculation process in a separate dialog box.

FE-Calculation...

Fiunning
RFEM - Calculation by FE M
RF-COMCRETE Surfaces

CAl

L3

Partial Steps
Design according to EM 1992-1-1
— | Reading Grid Points
- | Reading FE Modes
- | Solving FE Modes
~ | Solving Grid Paints

Py

Mumber of Surfaces
Mumber of Reinforcement
Mumber of Load Cazes
Mumber of Load Groups
Mumber of Load Combina
MHumber Module Cases

- FE-SOLVER

- | Surface Mo. 4 [4/11]
— | Point Mo. 105 [81/167)

Cancel

Figure 3.4: RF-CONCRETE Surfaces calculation
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4. Results

Table 2.1 Required Reinforcement Total is displayed immediately after the calculation. Re-
sults tables 2.1 to 2.3 list the results of the ultimate limit state design including descrip-
tions. Tables 3.1 to 3.3 are reserved for the results of serviceability limit state designs. Use
the RF-CONCRETE Surfaces navigator to access the relevant results table. You can also use
the two buttons shown on the left or the function keys [F2] and [F3] to select the previous
or subsequent table.

Click [OK] to save the results and quit the add-on module RF-CONCRETE Surfaces.

In the following, the different results tables are described in sequence. Evaluating and
checking results is described in detail in chapter 5 Results Evaluation on page 51.

By selecting one of the options below the results tables you can decide whether the results

data is displayed In FE-Nodes or In Grid Points in the individual tables. The results of the FE

points are determined directly by the analysis core. The grid point results are determined by
interpolation of the FE point results.

The results tables 3.1 to 3.3 are subdivided into two parts (cf. Figure 4.5). The upper part
represents a design overview in tables. The lower part displays the intermediate results of
the current FE or grid point (that means the entry selected above) including all design rele-
vant parameters. The different chapters of the tree structure in the lower table part can be
opened by clicking [+] and closed by clicking [-].

4.1 Required Reinforcement Total

RF-CONCRETE Surfaces - [Abutment-3]
Fil= Settings Help
CA1 - Reinfarced Concrate Des | v | 2.1 Required Reinfercement Total
Input Data [ » | 8 [ c | o [ e [ F | & [ W [ 1+ [ J | &
General Data Surface | Grid Puint Coordinates [m] Requied | Basic | Additional Reinforcement
W aterial Ho. Point ® b 2 Symbol Feinforc. | Reinfore. | Fequired | Provided Uit Femark
Surfaces 13 R1 ZEED| 5000 5.890] asiwep 27.88 0.00 27.88 5E.70| emidm | 17)
= Reinfarcement 3 R10 E.435| 5000 0.000] 3s3tep 25.49 10.00 15.43 1612 cmf/m | 1g)
1 - Floor plate 13 R1 ZEED| 5000 5.890 a1 bottem 26.85 0.00 26.85 4777 | cmi/m | 20)
2wl 3 RE B370| 5000 0.000 as32 bottom N7z 10.00 2177 2785 cmi/m | 2)
FResulis 3 R13 1.500| BEB0|  0.000) asw 10.40 - - -| em? /m2
= Aequired A einfarcemnent
Tatal
By Surface
By Faint
=) Serviceability Proofs
Tatal
By Surface
By Paint
O InFE Hodes @) In Girid Paints Required Reinforcement far || v | o
17) To cover of transition region was designed provided additional reinforcement As-1 top

Figure 4.1: Table 2.1 Required Reinforcement Total

The table shows the maximum reinforcement results of all surfaces provided for the design.
The output data is determined from the internal forces of the load cases, load groups and
load combinations selected for the ultimate limit state design.
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Top and Bottom layers

Mezsages. ..

Point No.

This table column displays the numbers of the FE or grid points where the maximum re-
quired reinforcement for each position and direction has been determined. The reinforce-
ment type is displayed in column E Symbol.

The FE mesh points are generated automatically. The grid points represent a property of the
surface that can be set in RFEM. For each surface you can create user-defined results grids.
For detailed information on grid points, see the RFEM manual, chapter 9.9, page 277.

Point-Coordinates

The three columns contain the coordinates of the governing FE or grid points.

Symbol

Column E displays the reinforcement type. For the four (or six) longitudinal reinforcements,
the module shows respectively direction (7, 2 and 3, where applicable) and surface side (top
and bottom).

The reinforcement directions are defined in the Reinforcement Layout tab of table 1.4 Rein-
forcement (cf. chapter 2.5.2, page 28).

The bottom reinforcement layer is defined on the surface side in direction of the positive lo-
cal surface axis z. Accordingly, the top reinforcement layer is defined in direction of the
negative z-axis.

The shear reinforcement is indicated as a,,,.

Required Reinforcement

This column displays the reinforcement areas that are required for the ultimate limit state
design.

Basic Reinforcement
This column contains the user-defined basic reinforcement that has been specified in the
Longitudinal Reinforcement tab in table 1.4 Reinforcement (cf. chapter 2.5.3, page 30).

Additional Reinforcement

When you design the ultimate limit state exclusively, column H displays the difference be-
tween required reinforcement (column F) and existing basic reinforcement (column G).

When you design the serviceability additionally, you see in table column | the reinforcement
areas that are required by the specifications in the Longitudinal Reinforcement tab of table
1.4 Reinforcement (cf. chapter 2.5.3, page 30) to fulfill the serviceability limit state designs.

Remark

The final column indicates non-designable situations or notes referring to design problems.
The numbers are explained in the status bar.

To display all messages of the currently selected design case, use the [Messages] button
shown on the left. A dialog box with relevant information appears.

Error Messages or Hotes
Used Error Messages or Notes
18] Shear reinforcement not avoidable! ~
17] To cover the reinforcement in the tranzition region, the provided additional reinforcement for &s-1.top is applied.
18] To cover the reinforcement in the tranzition region, the provided additional reinforcement for &s-2.top is applied.
200 To cover the reinforcement in the tranzition region, the provided additional reinforcement for As-1,battom is applied.
21] To cover the reinforcement in the tranzition region, the provided additional reinforcement for As-2 battom is applied.
w
£ >

Figure 4.2: Dialog box Error Messages or Notes
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The buttons below the table are reserved for the following functions:

Button Description Function

FE and grid points can be filtered by surfaces and ac-
Filter Points cording to certain criteria.
- chapter 5.3, page 55

ly Desi I . . .
. gensxltseﬂgnab € | Table rows with non-designable elements are hidden.

You can search for table rows with results of single FE or
Find Point grid points by specifying surface or number.

- chapter 5.3, page 57

View mode :/(i(;:vcan jump to the RFEM work window to set another

You can click a surface in the RFEM window to display

Pick Surface . .
its results in the table.

Table 4.1: Buttons of results tables 2.1 to 2.3

When you display the design results In Grid Points (see Figure 4.1), the button [Des.-Details]
is enabled. Use this button to check the design details of each grid point. The display refers
to the selected grid point, that means the table row where the pointer is currently placed.

‘g The design details are displayed only for the results of load cases and load groups. The dia-
log box Design Details is described in chapter 5.1 on page 51.

4.2 Required Reinforcement By Surface

RF-COMCRETE Surfaces - [Abutment-3]
File Settings Help
CA1 - Reinfarced Concrate Des |+ || 2.2 Required Reinforcement By Surface
Input Data & [T &8 [ € T 0 T E [ F [ G [ H [ | [ J [ K [~
General Data Surface | Point Puint Coordinates [m] Requied | Basic | Additional Reinforcement
W aterials Ha. Mo, b T Z Spmbol Reinforc. | Reinforc, | Required | Provided Lnit Fiemark
Sufaces 1 MI111 ] 5481 6150 0.000 as,1tep 273 0.00 273 7.83| cm? /m
= Reinfarcement N128 2442 5650 0.000] 3s3tep 221 0.00 221 2613 cmf /m
1 - Floor plate ME 1.935| 6650 0.000 &1 bottem 1803 0.00 18.03 18.40] cmé /m
2-Walls N128 2442 GHES0| 0000 as3 borem 5.00 0.00 5.00 37.85 cm/m
3 - Floors NG 1.935| 6650 0.000) asw 414 - - cmi/m? | 15
Results 2 NE3 0.000| 5650| 0.000] as,1tep 0.45 0.00 0.45 7.83| em?/m
= Required Reinfarcament NE3 0.000| -5650| 0.000] as2tep 068 0.00 0.68 2613 cmf /m
Tatal N388 1.000] 3543 0.000 a1 bottem 11.22 0.00 11.22 18.40| cmf /m
By Surface N332 1.000] 4536 0.000 as32 bottom 423 0.00 423 3785 cm/m
By Point N5E 1.000 5650 0.000) asw 414 - - | em?im? |15
= Serviceability Proofs 3 N74 7.000| 5E50|  0.000] as1tep 311 0.00 AR 7.83| em? /m
Tatal N74 7.000| BESO|  0.000] as2tep 268 0.00 268 2613 cm/m
By Surface ME 1.935| GE50| 0.000 a1 bottem 18.40 0.00 18.40 18.40 | cm? /m
By Paint N118 2402 5650 0.000 as3 bottom £.30 0.00 530 37.85 | cmf /m
N122 1467 | BEB0|  0.000) asw 430 - - - em?im? |15
4 N10 B500| 5030 0.000] as11ep E10 0.00 E10 7.83 cmt/m
NEE EE00| -4410| 0.000] 352 +tep 17.60 0.00 17.60 2613 cm /m
NES 2870| -4.410| 0.000 a1 bottem 720 0.00 7.20 18.40 | cm? /m
N203 7000 0517 0.000 &2 bottem 1030 0.00 10.30 37.85 | cmf/m
N1 B500| 5030 0.000) asw 10.08 - - cm/m? | 15
5 N137 4426 4410 0.000] as11ep 7.06 0.00 7.08 7.83 cmt/m
N1 EE00| 5030| 0.000] as2tep 2613 0.00 2613 2613 cm/m
N335 1935 1480 0.000 a1 borom 1203 0.00 18.03 18.40 | em? /m
N11 1.835| 6030| 0.000 3532 bottem 12.43 0.00 1243 37.86 | cm/m
Ma 2870 5030 0.000] asw 414 - - - em?/m? |15 hd
() InFE Nodes (0 In Grid Paints

Figure 4.3: Table 2.2 Required Reinforcement By Surface

This table shows the maximum reinforcement areas that are required for each of the de-
signed surfaces. Details on the table columns can be found in the previous chapter 4.1.
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RF-COMCRETE Surfaces - [Abutment-3]
File Settings Help
CA1 - Reinfarced Concrate Des |+ | 2.3 Required Reinforcement By Point
Input Data [ & [ B [ Cc [ 0 T E [ F [ G [ H [ 1 [ J [ K [~
General Data Surface Grid Point Coordinates [m] Fequired Basic | Additional Reinforcement
WM aterials No Paint * Y Z Syrmbal Reirforc. | Reinforc. | Requied | Provided Uit Remark
Surfaces 1 A1 ] 0000 5E650| 0.000 as1tep n.os 0.00 0.08 783 emi/m |17
=) Reinforcement as2 top 0.41 0.00 04 2613 | cmi/m |18
1 - Floor plate 4s,1 bottom 0.44 0.oo 0.44 1640 cmf/m | 20)
2-Walls 452 bottem 010 0.00 010 37.65 | cmi/m [ 21)
3 - Floors asu 0.00 - - cmé /m?
Results i top 0.000 kM
= Required R einfarcement Nz top 19.308 kN/m
Tatal 1 battom 20.666 kM
By Surface N2 bottom 4514 kN/m
By Puint VEd 25150 kM
=) Serviceahility Proofs YRd.ct 240.383 kM /m
Tatal W R max 4570.511 kMN/m
By Surface W R sy 0.000 kM /m
By Paint Theta 18.435 - - -7
1 R2 0500| 5650| 0.000] as.1top 0.05 0.00 0.05 783 cmi/m [ 17)
352 top 0.25 0.00 0.25 2613 cmf/m [ 1g)
4g,1 bottem 2.20 0.0o0 220 18,40 | cm?/m | 20
5.2 bottem 0.44 0.00 0.44 3786 cmi/m | 21)
asuw 914 - - mZ/m? | 15)
N1 top 0.000
Nz top 11.524
N1 bottom 103534
N2 battom 0.000
Ve 356.508
YRd.ot 245.502
() InFE Hodes () In Grid Paints
17) To cover of transtion region was designed provided additional reinforcement As-1 top

Figure 4.4: Table 2.3 Required Reinforcement By Point

This table lists the maximum reinforcement areas for all FE or grid points of each surface.

The different columns are described in detail in chapter 4.1 on page 39.

In addition to the table rows showing the various reinforcement types, the table displays
significant values that are important for the determination of the reinforcement. For the

standard DIN 1045-1, these are the following:

Symbol Meaning

" Axial force or membrane force for design of reinforcement in first
1 top reinforcement direction on top side of the surface

n Axial force or membrane force for design of reinforcement in second
2top reinforcement direction on top side of the surface

N bottom Same as n, ,, but on bottom side of the surface

N3 bottom Same as n, ,,, but on bottom side of the surface

m1 top / m2 top

Only for structure type Plate XY: Moment for design of reinforcement
in first or second reinforcement direction on top side of the surface

m1 bottom /mZ bottom

Same as M, ., / M; 4, but on bottom side of the surface

\ Design value of applied shear force

Veg.ct Design shear resistance without shear reinforcement
Vg max Design shear resistance of concrete compression strut
Vid,sy Design shear resistance of shear reinforcement

Theta Inclination angle of concrete compression strut 6

Table 4.2: Output values in table 2.3 for DIN 1045-1

The search function that you can use by clicking the button shown on the left helps you to

find specific FE or grid points quickly (cf. Figure 5.8, page 57).
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4.4  Serviceability Total

RF-COMCRETE Surfaces - [Structure]
Filz Settings Help
C41 - Reinforced Concrete Des |+ | 3.1 Total
Input Data [ & 1 8 1 ¢ [ o | e JF 1 & | #H [ 1 [ 4 [ K
General Data Surface Grid Paint Coordinates [m] Load Design
WMaterials Ho. Faint ks A Z Case | Type | Ewist Walue | LimitYalus Unit Ratio Naote
Sufaces 5 [ Ri5 | avg1| G862  0.000| LT [ 4.33 -18.00 | N/mm? 0.25
5 Reinfarcement 2 RE1 4,500 E.000 0000| LC1 |os 205.M 400.00 | M/mm? 05z
1 - Floars 2 RE1 4.500 E.000 0000| LC1 | limds 0.0 135 | mm 075
2 wialls 2 RE1 4.500 E.000 0000| LC1 | lims 0118 0244 | m 048
Results 2 RE1 9.500 £.000 0000| LCT | vk 0263 0.300 | rm 0.sg
= Required R einforcement
Tatal
By Surface © InFE Hodes & In Grid Poinls Mas: 08l @ P ][ %] (6
By Paint
=) Serviceability Proofs Intermediate Results - Surface Mo. 5 - Grid Ho. 15
Total il Examination of Concrete Lompression Sess S
By Su.rfac:e ] Bottom Surface of Plate
By Foint Concrete cracks. Longitudinal reinforcement is activated.
[ Concrete Compression Stress in Stut Direction on Oppos | ge stnt -0.55 | M/mm?
Governing Stiut Force Fpressure b -38.17 | kNm/m
Area of Concrete Ao 700.00 | em?
E Top Surface of Plate
Concrete does not crack on this side.
= Determination of Ci te L 1on Stress in Parti Reinf t D
Bottom Surface of Plate
E Top Surface of Plate
Concrete Compression Stress in 1. Direction Tet, @1 -4.33 | M/mm?
Concrete Compression Stresz in 2 Direction e, @2 -0.30 | M/mm?
Maximum Concrete Compression Stiess max o -4.33 | M/mm?
= Permissible C. Compression Shiess
Parameter des Nationalen &nhangs kz 0.450 W

Figure 4.5: Table 3.1 Total

This table shows the governing results of the various serviceability limit state designs of all
surfaces provided for the design. It is subdivided into two parts: The upper part represents a
design overview in tables. The lower part displays the Intermediate Results of the FE or grid
point selected above.

Figure 4.5 shows the results table of an analytical serviceability limit state design. The de-
sigh method is defined in the Serviceability Limit State tab of table 1.1 General Data (cf.
Figure 2.6, page 11). Chapter 4.7 on page 47 describes the results tables that appear when
a non-linear SLS analysis was carried out.

Point No.

This table column displays the numbers of the FE or grid points for which the program has
determined the maximum ratios for each required design. The design type is displayed in
column F Type.

The FE mesh points are generated automatically. The grid points represent a property of the
surface that can be set in RFEM. For each surface you can create user-defined results grids.
For detailed information on grid points, see the RFEM manual, chapter 9.9, page 277.

Point-Coordinates

These three columns contain the coordinates of the governing FE mesh or grid points.

Load Case

Table column E displays the load case, load group or load combination whose internal forc-
es produce the maximum ratio for the respective serviceability limit state design.

Type

Column F shows the type of the serviceability limit state design. If the analytical method
was used, the column lists up to six design types. These types are described in detail includ-
ing example in the German manual RF-BETON Flachen.

I Program RF-CONCRETE Surfaces © 2010 Dlubal Engineering Software




I
- —

4 Results

M 032 [<1 @

Meszages...

The individual design types have the following meanings:

Type Design SLS

Limitation of concrete compressive stress according to specifications in table

e 1.3 Surfaces (see Figure 2.15, page 22)

Limitation of reinforcing steel stress according to specifications in table
1.3 Surfaces (see Figure 2.15, page 22)

Minimum reinforcement for the limitation of crack widths according to specifi-
cations in table 1.3 Surfaces (see Figure 2.13, page 19 and Figure 2.14, page 21)

s,min

Limitation of rebar diameter according to specifications in table 1.4 Reinforce-

lim d ment (see Figure 2.27, page 30)

Limitation of rebar spacing according to specifications in table 1.4 Reinforce-

li .
M S ment (see Figure 2.27, page 30)

Limitation of crack widths according to specifications in table 1.3 Surfaces

W (see Figure 2.13, page 19)

Table 4.3: Serviceability limit state designs according to analytical method

This Existing Value

This table column displays the total extreme values of all surfaces that are decisive for the
respective serviceability limit state designs.

Limit Value

The limit values result from the standard specifications and the current load situation. The
determination of the limit values is described in detail in the German manual RF-BETON
Flachen.

Ratio

This column represents the design quotients from the existing (column G) and the limit val-
ue (column H). In this way, you can find out immediately whether the design criterion of 7
has been fulfilled or exceeded.

In the background of this table column, colored scales are displayed whose lengths reflect
the ratio of the area. A green scale means that the design is fulfilled. A red scale indicates
an exceeding. To display or hide the scales in the table, use the button shown on left.

Note

The final column indicates non-designable situations or notes referring to design problems.
The numbers are explained in the status bar.

To display all messages of the currently selected design case, use the [Messages] button
shown on the left. A dialog box with relevant information appears (cf. Figure 4.2, page 39).
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The buttons in the upper part of the table are reserved for the following functions:

Button

Description

Function

I =
—

Sorting of Results

The results can be arranged according to maximum
ratios (column J) or values (column G).
- chapter 5.3, page 56

At

Filter Points

FE and grid points can be filtered by surfaces and ac-
cording to certain criteria.
- chapter 5.3, page 55

H

Only Designable
Results

Table rows with non-designable elements are hidden.

-
H
-

Show Ratios with
Ratio > 1

The table shows only rows with ratios > 1.00.

=

Find Point

You can search for table rows with results of single FE
or grid points by specifying surface or number.
- chapter 5.3, page 57

Pick Surface

You can click a surface in the RFEM window to display
its results in the table.

Print results

The intermediate results of the current FE or grid point
are printed in the printout report.

Show Color Bars

The colored reference scales can be displayed or hid-
den.

)| 0| &

View mode

You can jump to the RFEM work window to set anoth-
er view.

Table 4.4: Buttons of results tables 3.1 to 3.3

When you display the design results In Grid Points (see Figure 4.1), the button [Des.-Details]
is enabled. Use this button to check the design details of each grid point. The display refers
to the selected grid point, that means the table row where the pointer is currently placed.
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4.5 Serviceability By Surface

RF-COMCRETE Surfaces - [Structure]
File Settings Help

C41 - Reinforced Concrete Des|w | 3.2 By Surface

Input Data [ A [ B [ E [ [i] [ E T F T G [ H [ 1 [ J [ K |~
General Data Surface Girid Point Coordinates [m] Load Design
W aterials Ho. Paint X Y Z Case | Twpe | Exist Walue | Limit ¥alue Unit Ratio Nate
BrlEEs 1 R95 7.000 2.000 0000| LC1 | e 313 12,00 | M/mm? 01g
=- Reinfarcement R175 |  7.000 4.000 0000| LC1 |os 131.20 400.00 | M/mm?2 033
1 - Floors R171 5.000 4.000 0000| LC1 | limds 1.0 16.2 | mm 062
2 il R171 5.000 4.000 0000| LC1 | lims 0.083 0.300 | m 023
Results R175 7.000 4.000 0000| LCT | vk 0157 0.300 | rm 053
= Required Reinforcement 2 RE7 10.000 5,500 0000| LC1 |oe -2.58 18,00 N/mm? 015
Tatal RE1 9,500 £.000 0000| LC1 |os 205.0M 400,00 | M/mm? 052 w
S? iu{fﬂﬁe O/InFE Nodss @ In Grid Points Max: R ¥ [ %
v Point
=) Serviceabilty Fioofs Intermediate Results - Surface Mo. 1 - Grid Mo. 175
Tatal i] Examination of the Steel Stiess
By Surface £l Bottom Suiface of Plate
By Paint Concrete cracks. Longitudingl reinforcement is activated.
Steel Stress into 13t Reinforcement Direction Trb,o1 107.18 | M/mmZ
Steel Stress into 25t Reinforcement Direction Tsb.D2 131.20 | M /mm?
E Top Surface of Plate
Concrete doss not crack on this side.
Maximum of Steel Skress max os 131.20 | M/mm?
& Proof
I aximum of Steel Stress max Is 131.20 | M/mm?
Permizsible Steel Stress PET O5 400.00 | M A
Criterion of Procf Criterion 0.328

Figure 4.6: Table 3.2 By Surface

This results table displays the maximum ratios for the various serviceability limit state de-
signs that are decisive for each of the designed surfaces.

Details on the table columns can be found in the previous chapter 4.4.

I Program RF-CONCRETE Surfaces © 2010 Dlubal Engineering Software




4 NS
4 Results I

' Engineering Software
Dlubal

4.6 Serviceability By Point

RF-COMCRETE Surfaces - [Structure]
File Settings Help

CA1 - Reinfarced Concrate Des |+ | 3.3 By Point

Input Dala & 1T & T ¢ T o TETFIT & [ H [ 1T [T 7 T & Ja
General Data Surface Grid Paint Coordinates [m] Load Design
Materials Ho. Point b N z Caze | Tupe | Exigt “alue | LimitYalue Unit Ratio Mote
Bl 5 R15 4791 5862 0000| LC1 | oe -4.33 -13.00 | M/mm?2 0.25
&- Reinfarcement LC1 | o= 134.03 400.00 | M/mm? 034
1 - Floors LC1 | lim ds 0.0 16.0 | mm 063
2 wialls LC1 | lim st 0125 0.300 | m 0.42
Results L1 0174 0.300 | rm 058
4 Required Reinforcement 5 R1E 4791 0132 0500| LC1 | oc 068 -13.00 | M/mm?2 0.04
Tatal LC1 | o= 0.00 400.00 | M/mm? 0.00| 226) w
gv il{ffﬂﬂe OInFE Hades @) I Grid Points Mas: nea[<1 @ v |[%,
4 Point
= Serviceabilty Proofs Intermediate Results - Surface No. 5 - Grid Mo. 15
Total ] Determination of C: d ¥alue of Crack Width
By Su.rface El Bottom Surface of Plate
By Point Calculated Walue of Crack 'wWidth into 1. Reinforcement D | i b1 0.091 | ram
Calculated Value of Crack Width into 2. Reinforcement D | wieba2 0.057 | mm
Crack ‘width into the Resulting Difference in the bfain Str | i b res 0.171 | mm

E Top Surface of Plate
Concrete does not crack on this side.

= Proof
Crack ‘width on Bottom Surface inta the Resulting Differenc | wi b res 0.171 | mm
b arimum Allowed Crack width ace. ta Users Input il fimit 0.300 | rarm
Criterion of Proof Criterion 057

Figure 4.7: Table 3.3 By Point
This table lists the maximum ratios for all FE or grid points of a surface. The different col-
umns are described in detail in chapter 4.4 on page 43.

In addition to the table rows showing the various serviceability limit state designs, the table
displays significant values that are considered in the analyses.

The search function that you can use by clicking the button shown on the left helps you to
find specific FE or grid points quickly (cf. Figure 5.8, page 57).
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RF-COMCRETE Surfaces - [Structure]
Filz Settings Help
C41 - Reinforced Concrete Des |+ | 3.1 Nonlinear Calculation Total
Input Data [ s [ 8 | c | o [ e | F | & | W [ v | 4 | K
General Data Surface Gr.\d Paint Coordinates [m] Load ; ; IZIIeslgn ; ;
Materials Ho. Paint bs b 2 Cage | Tppe | Ewist Value | Limit Value Unit FRiatio Mote
Sufaces 1 R1591 5000 3500 0000 LG1 | uzlecal 4538 14.000 | mm 0.E3
= Reinforcement 1 R171 5000 4000 0000 LGT |wk 0.005 0,300 | mm 0.0z
1 - Floors 1 R171 5000 4000 0000 LG1 |oe 471 -13.50 | W/mm2 035
2 Walls 1 R171 5000 4000 0000 LG1 |os 542 400.00 | W/mm? 0.03
Fesults
= Required R einfarcemnent
Tatal
S? iu_”ace OInFE Hodes @ In Grid Points Max: a1 @ AIEIEARC AN
v Paint
= Manlinear Caloulation Intermediate Results - Surface Mo. 1 - Grid Mo. 151
Tatal ‘S Def = Ta
Qs B Bichal O sformations
By Paint Total Deformation u 9539 | mm
In X-Direction ux -0.093 | mm
In*-Direction uy 0.030 | mm
In Z-Direction uz 9538 | mm
B Local Deformations
Dieformation Refferred ta Undeformed System
In z-Direction Uz Jocal 9638 | mm
Basic Internal Forces
Crack Width Calculation
= Stress Calculation
B Concrete
E Top Side
[ Stress in Principal Direction | Teltop -3.03 | MAmm?
Strain in Principal Direction | Zcltop 0308 | % »

Figure 4.8: Table 3.1 Nonlinear Calculation Total

This table shows the governing results of the various serviceability limit state designs of all
surfaces provided for the design. It is subdivided into two parts: The upper part represents a
design overview in tables. The lower part displays the Intermediate Results of the FE or grid
point selected above.

Figure 4.8 shows the results table of a non-linear serviceability limit state design. The design
method is defined in the Serviceability Limit State tab of table 1.1 General Data (cf. Figure
2.6, page 11). Chapter 4.4 on page 42 describes the results tables that appear when an
analytical SLS analysis was carried out.

Grid Point

This table column displays the numbers of the FE or grid points for which the program has
determined the maximum ratios for each required design. The design type is displayed in
column F Type.

The FE mesh points are generated automatically. The grid points represent a property of the
surface that can be set in RFEM. For each surface you can create user-defined results grids.
For detailed information on grid points, see the RFEM manual, chapter 9.9, page 277.

Point Coordinates

These three columns contain the coordinates of the governing FE mesh or grid points.

Load Case

Table column E displays the number of the load case or load group whose internal forces
produce the maximum ratio for the respective serviceability limit state design.

Type

Column F shows the type of the serviceability limit state design. If the non-linear method
was used, the column lists up to four design types. The types are described in detail in the
German manual RF-BETON Flachen.
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The individual design types have the following meanings:

Type Design SLS
" Deformation in cracking sections according to specifications in table
zlocal 1.3 Surfaces (see Figure 2.18, page 24)
w Limitation of crack widths according to specifications in table 1.3
k Surfaces (see Figure 2.13, page 19)
Limitation of concrete compressive stress according to specifications
Oc in table 1.3 Surfaces (see Figure 2.15, page 22)
5 Limitation of reinforcing steel stress according to specifications in
s table 1.3 Surfaces (see Figure 2.15, page 22)

Table 4.5: Serviceability limit state designs according to non-linear method

Existing Value

This table column displays the total extreme values of all surfaces that are decisive for the
respective serviceability limit state designs. The values of the deformations, crack widths
and stresses represent the results in cracked sections (state Il).

The crack widths w, listed among the intermediate results in the lower part of the table re-
fer to the reinforcement directions 1 and 2. For example, the value for w,, ,,, represents the
crack width of the first reinforcement direction on the top side of the surface (that means
the crack runs perpendicular to the first reinforcement direction).

Limit Value

The limit values result from the standard specifications and the current load situation. The
determination of limit values is described in detail in chapter 2.4.2 on page 24 as well as in
the German manual RF-BETON Flachen.

Ratio

This column represents the design quotients from the existing value (column G) and the lim-
it value (column H). In this way, you can find out immediately whether the design criterion
of 7 was fulfilled or exceeded.

In the background of this table column, colored scales are displayed whose lengths reflect
the various design ratios. A green scale means that the design is fulfilled. A red scale indi-
cates an exceeding. To display or hide the scales in the table, use the button shown on left.

Note

The final column indicates non-designable situations or notes referring to design problems.
The numbers are explained in the status bar.

To display all messages of the currently selected design case, use the [Messages] button
shown on the left. A dialog box with relevant information appears (cf. Figure 4.2, page 39).

The buttons in the upper part of the table are described in Table 4.4 on page 44.
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4.8 Nonlinear Calculation By Surface

RF-COMCRETE Surfaces - [Structure]
File Settings Help

CA1 - Reinfarced Concrate Des |+ | 3.2 Nonlinear Calculation By Surface

Input Data [ & T 8 [ C T 0 T ETFT & T H T 1T [ 4 T K ~
General Data Surface |  Point Puaint Coordinates [m] Load Design
WMaterials Ho. Mo, * T z Caze | Tppe | Exist Value  LimitYalue Unit Fiatio Mate
Sufaces 1 N153 5000 3226 0000 LG1 | uzlecal 4593 14.000 | mm 0.3
5 Reinfarcement N1E1 5000 3830 0000 LGT |wk 0.015 0.300 | mm 0.08
1 - Floors N1E1 5000 3830 0000 LG1 | -4.78 13,60 | M/mm? 036
2 walls N1E1 5000 3830 0000 LG1 |os 52.03 400.00 | M/mm2 014
Reslts 2 N80 9500 3000 0000 LG | uzlecal 2040 24.000 | mm 013
= Required Reinforcement M3 9500 E000) 0000 LGT |wk 0.000 0,300 | mm 0.00
Tatal NEFB 9526 6785 0000 LG1 |oe -2.35 1350 | N/mm? 018 v
By Surface @ InFE Nodes (O In Grid Points Ma: nEa[:1 @
By Paint
= Nonlinear Calculation Intermediate Results - Surface No. 1 - FENo. 161
Total = Erack Width Calculat i~
By Surface Top Side
By Paint (] Bottom Side
[ Crack Width in Principal Directiorn | Wikl bottam 0.015 | mm
Depth of Cracks b bettom 8.793 | mm
Distance of Cracks Srl miax bottom £9.887 | mm
[ Crack Width in Principal Directiorn Il Wikl bottem 0.000 | mim
Depth of Cracks huilbottom 0.000 | mm
Distance of Cracks rll,max bottom 0.000 | mm
= Stregs Calculation
B Concrete
Top Side
(1 Bottom Side
[ Stress in Principal Direction | O¢l,bottom cracked | M/mm?®
Strain in Principal Direction | ol bottom 0435 | %
[ Stress in Principal Direction || Ol bottom -0.58 | N/mm2 hd

2 EE

Figure 4.9: Table 3.2 Nonlinear Calculation By Surface

This results table displays the maximum ratios for the various serviceability limit state de-
signs that are decisive for each of the designed surfaces. Details on the table columns can
be found in the previous chapter 4.7.
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4.9 Nonlinear Calculation By Point

RF-COMCRETE Surfaces - [Structure]
File Settings Help
CA1 - Reinfarced Concrate Des |+ | 3.3 MNonlinear Calculation By Point
Input Data [ & [ 8 [ C [ 0 [ E T FT G [ H I 1 | J | K ~
General Data Surface Grid Paint Coordinates [m] Load Design
WMaterials Ho. Pairt * T z Caze | Tppe | Exist Value  LimitYalue Unit Fiatio Mate
Gl 1 F151 | 5000 3500 0000 LG1 |uzlecal 4538 14.000 | mm 0.3
5 Reinfarcement LG1 | v 0.000 0.300 | mm 0.00
1 - Floors LG1 | #e -3.03 13,60 | M/mm? 023
2 il LG1 | o= 3084 400.00 | M/mm2 0.0g
Results 1 R155 7000 3500 0000 LG | uzlecal 8503 14.000 | mm 061
= Required Reinforcement LGT | v 0.000 0.300 | mm 0.00
Tatal LG1 | e -2 B4 1350 | N/mm? 0.20 v
By Surface O InFE Hodes (2 In Grid Paints Ma: 0e3f<1 @ 7
By Paint
=) Marnlinear Calculation Interme diate Results - Surface No. 1 - Grid Mo. 151
Tatal ‘B ek i Tew
By Su.rfac:e Global Deformations
By Foint Bl Local Deformations
Defarmation Refferred to Undeformed System
In z-Direction Uz local 9.638 | mm
E Basic Internal Forces
Moments
Shear Forces
Mermbrane Forces
Crack Width Calculation
[ Stress Calculation
Concrete
Bl Reinforcement
E Top Side
[ Stress in Reinforcement Direction 1 051 top £.36 | M/mm?
Strain of Reinforcement Z5110p 0032 | % w

Figure 4.10: Table 3.3 Nonlinear Calculation By Point
This table lists the maximum ratios for each single FE or grid point of a surface. The differ-
ent columns are described in detail in chapter 4.7 on page 48.

The search function that you can use by clicking the button shown on the left helps you to
find specific FE or grid points quickly (cf. Figure 5.8, page 57).
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5. Results Evaluation

When the design is completed, several options are available for results evaluation. The de-
sign details, which can be displayed in a separate window, help you to evaluate the data.
Furthermore, it is possible to evaluate the results graphically in the RFEM work window.

5.1 Design Details

When you select to display the results In Grid Points (see Figure 4.1) in the results tables 2.1
to 2.3 for the ultimate limit state designs, the button [Des.-Details] is enabled. You can use
this button to look at the design details of the selected grid point, that means the table row
where the pointer is currently placed.

The details of the ultimate limit state design are available only if the governing internal
forces result from one single load case or one single load group. The design of several load
cases, load groups or of a load combination does not allow for an unambiguous assign-
ment.

Design Details

Surtace Mo, 1 rid Point Mo, 175 | X 7.000, : 4,000, Z: 0,000 m
Internal Forces of Linear Statics
Principal Internal Forces
= Design Internal Forces
E] Bottom Surface
Design Bending Moments
Design Axial Forces
B Design Internal Forces
into 1st Reinforcement Direction
Hinto 2nd Reinforcement Direction

Design Bending Moment M2 b design 28,40 | kNm/m
Dresign Axial Force Nig2,b design E5.15 | kNém
Lever Arm of Intemal Forces 2selb 1353 em

Membrane Force
Principal Membrane Forces
Design Membrane Forces
Upper Surface
Concrete Stut
Required Longitudinal Reinforcement
hear Design
icallp Required L itudinal Rei
L tadinal Reinf

—

=N v L itudinal Reinf

Bl Longitudinal Reinforcement
= Lower Surface

into 1. Direction of A einforcement EERE 249 | em? fm
B into 2. Direction of Reinforcement as3h 520 emd/m
Statically Reguired Longitudinal Reinforcement Az 2.5 520 em? /m
Minimum Longitudinal Reinforcement as.2,min.b 0.00| cm? /m
Upper Surface
Existing Shear Reinforcement a5 s 0.00 | em? /m?
I "Diesign without an errorl

Figure 5.1: Dialog box Design Details for ultimate limit state design

All relevant data is listed in a tree structure on the left. To open a chapter of the tree, click
[+]. To close a chapter, click [-]. On the right, the dialog box shows the location of the grid
point in the structure graphically.

The following design details are displayed:

e Internal forces of linear statics

e Principal internal forces

e Design internal forces

e Concrete strut

e Required longitudinal reinforcement

e Shear design

e Statically required longitudinal reinforcement
e Minimum longitudinal reinforcement

e Necessary longitudinal reinforcement
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For the serviceability limit state designs, the program shows significant intermediate results
directly in the tables 3.1 to 3.3 that are subdivided into two parts (cf. Figure 4.5, page 42).
In addition, you can check all design details for each grid and FE point for the analytical SLS
design. In contrast to the results of the ultimate limit state designs, the program enables
now access to the design details of several load cases as well as of load combinations pro-
vided for the design.

Design Details

Surface Mo. 1
H b | Forces of Linear Statics

Principal Internal Forces

E Examination if the innerforce are strong enough to cause a concrete crack

Grid Point Mo, 95 | X: 7.000, ¥ 2.000, £ 0.000 m

[ Area of Concrete A 180000 | cm?
Section madulus 5 5400.00 | em?
ean Axial Tensie Strenath fetm 290 Némm?
£l Bottom Surface of Plate
Concrete stress in w-Direction o b.x 1.15  N/mm?
Concrete stiess in p-Direction e by 1.73 | Némm?
[ Concrete stress in wp-Direction g by 1.48 | N/mm?
Arial Foice Py -17.303 | kNém [ n
Eendig Moment Mgy 8.53 | kNm/m
Concrete Stress in Direction of 1st Principal Aris dc.| 295 Nimm?
Concrete Stress in Direction of 2nd Principal Axis ac,ll -0.07 | W/mm?

Top Surface of Plate
Concrete cracks on one side. Longitudinal R einforcement is activated and proof is dane.
Design Internal Forces

R med L itudinal Reinf t due to Design Membrane Forces
Examination of Existing Longitudinal Reinforcement
Design | | Forces in Serviceability Limit State L] = =
E ination of C te Ci Stress
=D of C Comp Stress in Parti Reinf Di
] C C Stiess max oc 253 | N/mm?
= Permissible C. C. Shress
Parameter des Mationalen Anhangs ka 0.450
Characteristic Concrete Compression Strenath Fek 30,00 | Wemmt
Permissible Conciete Compression Stess prem ae 13,50 | M/mm?
& Proof
b amimum Cancrete Compression Shess max Te -253 | N/mm?
Pemizzible Concrete Compression Stress prem e 13,50 | M/mm?
Criterion of Praot Criterion 0188

Type of Proak: e |

Figure 5.2: Dialog box Design Details for serviceability limit state design

The tree structure displays the relevant result rows for each design type. Use the list Type of
Proof at the bottom of the dialog box shown above to select the design details that you
want to display.

Design method Type of design
G, \
cSS

. as,min

analytical > see Table 4.3, page 43
lim d,
lim s,
Wi /

Table 5.1: Types of Proof for serviceability limit state designs

Use the button [«] to jump to the previous FE or grid point. Click the button [»] to select
the subsequent point.
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5.2 Results in the RFEM Model

To evaluate the design results graphically, you can use the RFEM work window.

RFEM background graphic

Use the RFEM graphic in the background to check the location of a particular FE or grid
point in the model. An arrow in the RFEM background graphic indicates the point that you
have selected in the results table.

RF-COMCRETE Surfaces - [Structure]
Eile Settings Help
CA1 - Reinfarced Concrete Des |+ | 2.2 Required Reinforcement By Surface
Input Data [ & | 8 [ c | o [ e | F | & [ W [ 1 [ 4 | K
General Data Surface | Point Puint Coordinates [m] Requied | Basic | Additional Reinforcement
W ateriale Ho. Mo s b Z Symbol Reinforc. | Reinforc. | Required | Provided Uit Remark
Surfaces 1 N20 E000| 6000 0.000] as1tep 210 E.36 0.00 0.00] cm? /m
&- Reinforcement M3 9500 E.000| 0.000] 3s2tep 348 E.28 0.00 0.00] cmé /m
1 - Floars N187 B.830| 4000 0.000 as.1 bottom 277 E.36 0.00 0.00] cm? /m
2 -walls N1E1 5000 3830 0.000 as2 bottem 5.24 E.28 0.00 0.00] cmé /m
Results N168 E 5110 4000 0.000) asw 876 - - -| em?im? | 9)
=- Required R sinforcement 2 METE 9926 5785| 0000 as1tep 27 E.36 0.0 0,00 em? /m
Tatal NE7B 9526 5785 0.000] as32tep 347 E.28 0.00 0.00] cm? /m
By Surface N7E 9500 4000 0.000 a1 bottem 0.25 E.3E 0.00 0.00] cmf /m
Ey Paint N78 9500 3500 0.000 a2 bottem 1.02 628 0.00 0.00] cm? /m
=- Serviceabilty Proofs M3 9500 E000| 0000 asw 0.00 - - - em?/m? | 9)
Total 3 N22 0000 5000 0.000] as1tep 073 E.36 0.00 0.00] cm? /m
By Surface M1088 0000 4000 0.000] as2tep 1.61 E.28 0.00 0.00] cmf /m
Ey Paint N720 0000 0000 1.000 &s.1 bottem 1.06 E.36 0.0o 0.00] cm? /m
N718 0000 0000 0500 as32 bottem 0.30 E.28 0.00 0.00] cmf /m
N1 0000 0000 0000 asw 0.00 - - -| em? fm?
4 Ng24 85983 0000 0504 as1tep n.a8g E.3E 0.00 0.00] cmf /m
N4 9500 0000 0.000] 33 tep 214 E.28 0.00 0.00] cm? /m
N825 9500 0000 0500 a1 bottem 1.49 E.3E 0.00 0.00] cmf /m
N833 9500 0000 1.000 &2 bottem 0.86 E.28 0.00 0.00] cm? /m
M1 0000 0000 0.000) asw 0.00 - - -| cm? /m?
E N1048 9500 E000| 2500] as1tep E09 E3E 0.0o 0.00] cmé /m
N17 9500 0000 4.000] as32tep 1.99 E.28 0.00 0.00 | cm? /m
M3 9500 E000| 0.000 8.1 bottem E02 E3E 0.0o 0.00] cmé /m
M1034 | 10316 5509 4.000 as3 bottom 257 E.28 n.00 0.00| cm? /m
M2 9500 E000| 0.000] asw 276 - - -| em?im? | 9)
(¥ In FE Nodes ) In Grid Paints r

Figure 5.3: Localization of the current FE point in the RFEM model

If you move the RF-CONCRETE Surfaces window to another place in the display and you still
cannot see the graphic clearly, use the button [Jump to Graphics] to activate the view
mode: The RF-CONCRETE Surfaces window will be hidden so that you can modify the dis-
play in the RFEM work window appropriately. The view mode provides only the functions of
the View menu, for example zooming, moving or rotating the display.
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RFEM work window

It is also possible to visualize the design results and ratios directly in the structural model.

Use the [Graphic] button to quit the ad-on module RF-CONCRETE Surfaces and access the
RFEM work window. The window shows all design results and design criteria graphically.

The Results navigator in RFEM is adjusted to the results from the add-on module RF-CON-
S CRETE Surfaces. It provides the results of the longitudinal reinforcements for each rein-
forcement direction and layer, the results of the shear reinforcement, the design internal

Reinforcement direction forces as well as various ratios and detail results of the serviceability limit state designs.
b RFEM 4.04 - [Structure] = x
E™ File Edit View Insert (Calculate Results Tools Table Options Additional Modules Window Help -

N8R anFERGT F=]| ¥4 RF-CONCRETESurfaces CAL- - @ > 3 3| @M% &y g3 g o IS %D
B AEAMF a0t ERAE B SEAREEEAE- BT Lo

Project Navigator # % | RF-CONCRETE Surfaces CAd - Reinforced Cancrete Design
= [B] = Longitudinal Reinforcement Required Reinforcament a-3,1 bottom [om 2im]
[E] = Details
[¥] == show Reinforcement Direction
[¥] == show Results
(O = a5, tap
O
@

as,2 top

O = ars,2 bottom
= [B] 1M Shear Reinfarcement
O un a-sw
© I v-Rd,c
() I Y-Rd,max
©) I ¥-Rd,s
O I Theta
=~ 3] [#] Design Internal Forces
OEInttep
OEInztop
O [ -1 boktom
© [& -2 bottom
O [ v-sd
= (1] [8] serviceability Limit State Design
= 1] [#] ratio
O = sigma-c 142
O [=] sigma-s 33
O as,min 271
O B d-s,max 111
O E smax oo
© [= phi, vk, bottorn
[=] =1 Design Internal Forces Max : 1216
= [=] Reinforcing Steel Stress Min : 0.00
[=] =3 concrete stress
|i| E] Minimurm Reinforcement
[=] [ Maximum Member Diameter
|i| E] Maximum Member Spacing
[3] (=3 crack width =
[5] =1 mifference of Strains
[ & values on Surfaces

Panel
Required Reinforcement
a-%,1 bottom [em?2 /m]
1218
11.06

9.95

885

774

EE3

553

BE @ 4
E®p:ta  ® Display == Results 4 b | Maxa-s) bottom 1216, Min a-5,1 bottom: 0.00 cm*2im

SNAF GRID [CARTES [DSMAP [GLINES [DXF

Figure 5.4: Results navigator of RF-CONCRETE Surfaces

& | [0 To switch the display for the design results on and off, use the toolbar button [Results
|l'"_"| |l'"_"| on/off] shown on the left. To display the result values in the graphics, use the toolbar but-
ton [Show Result Values] to the right.

— As the RFEM tables are of no relevance for the evaluation of the RF-CONCRETE Surfaces re-
|g| sults, you may deactivate them.
RF-CONCRETE Surfaces CAL .| ® The design cases are selected as usual by means of the list in the RFEM menu bar.
LCT - Self-weight and finish - . .
ch_T,eaffﬁEadt AnainEnEs The panel providing the usual control options helps you to evaluate the design results. The
CO1 - Design values reinforced steel H H H HIH
BECONCHETE & e CAT - Floars panel functions are described in gletall in the R'FEM manual, c.hapter 4.4.6, page 7.7. Use the
RF-COMCRETE Suifaces CAZ - wals R@ Factors tab to scale the surface diagrams of reinforcements, internal forces or ratios. In the

Filter tab, it is possible to select the results of particular surfaces specifically.

For the display and evaluation of numerical design results, you can use all options that are
available in RFEM. The corresponding functions are described in detail in the RFEM manual,
chapter 10.4, page 306. The following figure, for example, shows the bottom reinforce-
ment that must be inserted additionally to the specified basic reinforcement as a Group.
The values are applied in direction of the reinforcement.
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e ] RFEM 4.04 - [Design] - = x
E File Edit View Insert Calculate Results Tools Table Options Additional Modules Window Help _mXx
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Project Mavigator o x

Bl fa- @ 9-6)°
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Figure 5.5: Group Bottom Reinforcement, representation of additional reinforcement

The graphics like RFEM graphics can be transferred to the printout report (see chapter 6.2,
page 59).

AF-CONCRETE Surfaces] It is always possible to return to the design module by clicking the button [RF-CONCRETE

Surfaces] in the panel.

1 5.3 Filter for Results

Due to their arrangement, the results tables of the add-on module RF-CONCRETE Surfaces
already provide a selection of the total and surfaces maxima. In addition, results tables 2.3

and 3.3 displaying the design results point by point offer filter options for a specific selec-
tion.

Filter Points

In the results tables 2.2 and 2.3 as well as 3.2 and 3.3, the button shown on the left is avail-
able. Use this button to open the dialog box Filter Points.

Filter Points m
Surface Mo. Faints
2 Governing -]
99

Uszer defined

All Designable Points
All Undesignable Points
All

[ Ok, ] [ Cancel

Figure 5.6: Dialog box Filter Points
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In the column Surface No., enter the number of the corresponding surface. It is also possi-
ble to select the surface graphically in the RFEM work window. Both functions are available
as soon as you click into the input field.

The Points column offers different criteria to filter the results. In addition to All Designable
and All Undesignable Points, you can select the Governing points. These points provide the
maximum reinforcement areas or ratios for the respective ultimate or serviceability limit
state designs.

If you select the option User defined, you can enter the numbers of the points directly. Click
All to reset the complete display.

Display only designable or non-designable results

By means of the two buttons shown on the left, all designable results or failed designs can
be displayed exclusively. Use these buttons to hide, for example, failed designs due to sin-
gularities or analyze the reasons for design problems.

Sorting of Results

By default, table 3.1 and 3.2 show the results arranged according to the maximum design
ratios. The sorting conforms to table column J. To control the maximum values in column G,
it is possible to sort the results according to the existing values. The maximum ratio of the
deformation, for example, does not necessarily represent the maximum deformation as the
limit values can be defined differently surface by surface. Use the [Sorting] button to switch
between these two types of result arrangement.

Partial View

In addition to the functions in the results tables, you can use all filter options described in
the RFEM manual to evaluate the design results graphically. You can take advantage of al-
ready existing partial views (cf. RFEM manual, chapter 10.9, page 321) used to group ob-
jects appropriately. If necessary, you can create a new partial view for the results of RF-CON-
CRETE Surfaces.

Section

In the same way, you can use sections in the RFEM model. It is also possible to define new
sections to evaluate the results according to your needs (cf. RFEM manual, chapter 10.6,
page 313).

Results panel

In the RFEM work window, you can also use the reinforcement areas and ratios as filter cri-
teria. To apply this filter function, the panel must be displayed. If the panel is not active,

select Control Panel (Colour Scale, Factors, Filter) on the View menu

or use the button in the RFEM toolbar shown on the left.

The panel is described in the RFEM manual, chapter 4.4.6, page 77. The filter settings for
the design results can be specified in the first panel tab Color Spectrum. The selection of
surfaces is defined in the Filter tab.

Use the panel, for example, to define that reinforcement areas are displayed only for a spe-
cific range of values. In Figure 5.7, the lower limit value is 2.00 cm?/m. Moreover, the re-
duced color spectrum has been adjusted so that one color range covers exactly 1.00 cm?/m.
To limit singularities, the upper value is defined by 9.00 cm¥m.
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Figure 5.7: Filtering required reinforcement with adjusted color spectrum

FE node and grid values

In the results tables 2.2 and 2.3 (reinforcement) as well as 3.2 and 3.3 (serviceability), a
search function for FE nodes and grid points is available. To use this function, click the but-

ton shown on the left. The following dialog box opens.

Find Gridpoint <)

Ohject Mo

Surface

Grid point

[ OF. ][ Cancel ]

Figure 5.8: Dialog box Find Gridpoint

First, enter the number of the surface or use the [Pick] button to select the surface graph-
ically. Then, enter the number of the relevant gird point or FE node or select the the point

from the list.

For the graphical display of the grid point or FE node values, the same control functions as

used in RFEM are available. The corresponding functions are described in the RFEM manual,

chapter 10.4, page 306.
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6. Printout
6.1 Printout Report

The creation of printouts is similar to the procedure in RFEM. First, the program generates a
printout report for the RF-CONCRETE Surfaces results. Graphics and descriptions can be
added. In addition, you can use the print preview to determine the design results that will
finally appear in the printout.

(g When your structure is quite extensive, it is advisable to split the data into several small re-
ports. If you create a separate printout report, for example only for the results of the RF-
CONCRETE Surfaces module, this printout report will be generated relatively quickly.

The printout report is described in detail in the RFEM manual. In particular, chapter 11.1.3.4
Selecting Data of Add-on Modules on page 338 provides information concerning the selec-
tion of input and output data in add-on modules.

Paints A special selection option is available for the intermediate results of serviceability limit state
i =Tl designs. The Points column offers different criteria to filter the results. In addition to All De-
User defined signable and All Undesignable Points, you can select the Governing points. These points

Al Designable Points
Al Undesignable Paints
All

provide the maximum ratios for the respective serviceability limit state designs.

Printout Report Selection D1
Program f Modules Global Selection | Input Data | Reinforcement | SLS - Analtical Methad
Dizplay
3.1 Crack “Width Lirnit Total Mo. Selection [e.g. '1-5,207

3.2 Crack Width Limit by Surface .. ... .. Surfaces: |l v
[] 2.3 Crack “width Limit by Point .. ......... .. a

3.4 Crack Width Limit by Paint - Intermediate Resultz
Mo. Selection [e.g. 'M1-M5M8R3-R7.RY
Surface Mo. Faints
1 Governin

Uszer defined

All Designable Points
All Undeszignable Points
All

Ermor Messages or Maotes

Dizplay
[] Cover Sheet... =

Contents
Infa Pictures

[ Ok, ] [ Cancel

Figure 6.1: Dialog box Printout Report Selection, tab SLS - Analytical Method
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6.2 Print RF-CONCRETE Surfaces Graphics

The design graphics can be either integrated in the printout report or sent directly to the
printer. Printing graphics is described in detail in the RFEM manual, chapter 11.2, page 354.

Each picture that is displayed in the RFEM work window can be imported into the printout
report. Even result diagrams of sections can be integrated in the printout report by using
the [Print] button.

I"";’al To print the current RF-CONCRETE Surfaces graphic in the RFEM window,
e

select Print on the File menu

or use the toolbar button shown on the left.

File Edit View Insert Calculate Results Tools Table Options Additional Modules
NEdaE8eE = FEE 51| ¥4 RF-CONCRETE Surfaces CAL. =
A AN ME PHM s ta-B-9-G tanBY-
]

Figure 6.2: Button Print in the toolbar of the main window

The following dialog box opens:

Graphic Printout
General | Optiors | Colar Spectrum
Graphic Picture vyinclowy To Print Graphic Size
(O Direct to Printer... [ () Current Only (O Az Screen View
(® In Printout Bepart: |01 [+ (& Window Filling
(O To Clipboard (O ToScale 1: 100 e
Graphic Picture Size Options
Usze Whale Page Width Show Printout Repart on
[[] Use Whale Page Height [y

[ Height: | 591%] [% of Page]
Ratation: 0% I [ Lock Graphic Picture [without Update)

Header of Graphic Picture
RF-COMCRETE Sufaces - Required Reinforcement a-2.1 battom, Cal

[ Ok, ] [ Cancel

Figure 6.3: Dialog box Graphic Printout, tab General

This dialog box is described in detail in the RFEM manual, chapter 11.2, page 354. The
RFEM manual also describes the Options and Color Spectrum tab.

Every graphic from RF-CONCRETE Surfaces, that has been integrated in the printout report,
can be moved anywhere within the report by using the drag-and-drop function.

@ RE-CONCRETE Siifaces - a-s,1 bottom, CAd | Furthermore, it is possible to adjust imported graphics subsequently: Right-click the relevant
Remove from PrinfoLt Report entry in the navigator of the printout report and select Properties in the context menu. The

Start with hew Page . . . . . .
dialog box Graphic Printout appears again where you can adjust the data appropriately.
Selection...

Froperties...

7
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7. General Functions

The final chapter describes some menu functions as well as export options for the design
results.

7.1 Design Cases in RF-CONCRETE Surfaces

You can group surfaces in separate design cases. In this way, it is possible to summarize for
example surface groups or to specify particular types of design (standard, reinforcement,
non-linear analysis etc.).

It is important that the surfaces in a reinforcement group of a design case are assigned
without ambiguity (cf. chapter 2.5, page 27). In contrast, it is no problem to analyze one
and the same surface in different design cases.

The design cases of RF-CONCRETE Surfaces are available in the RFEM workspace and can be
displayed like a load case or load group by means of the toolbar list.

Create a new RF-CONCRETE Surfaces case
To create a new design case,
select New Case on the File menu in the RF-CONCRETE Surfaces add-on module.

The following dialog box appears.

Mew RF-CONCRETE Surfaces-Case
Mo, Description
3 EM 193211 v

[ Ok, ] [ Cancel ]

Figure 7.1: Dialog box New RF-CONCRETE Surfaces-Case

In this dialog box, enter a No. (which is not yet assigned) and a Description for the new de-
sign case. When you click [OK], table 1.1 General Data opens where you can enter the new
design data.

Rename a RF-CONCRETE Surfaces case
To change the description of a design case subsequently,
select Rename Case on the File menu in the RF-CONCRETE Surfaces add-on module.

The dialog box Rename RF-CONCRETE Surfaces-Case appears.

Rename RF-CONCRETE Surfaces-Case
Mo, Description
3 Mew Description w

[ Ok, ] [ Cancel ]

Figure 7.2: Dialog box Rename RF-CONCRETE Surfaces-Case
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Copy a RF-CONCRETE Surfaces case
To copy the input data of the current design case,
select Copy Case on the File menu in the RF-CONCRETE Surfaces add-on module.

The dialog box Copy RF-CONCRETE Surfaces-Case appears where you can specify the num-
ber and description of the new case.

Copy RF-CONCRETE Surfaces-Case

LCopy from Case
CA3 - Concrete Design

Mew Case

Mo Description:
4 Copy of Design Case 3 w

[ Ok, ][ Cancel ]

Figure 7.3: Dialog box Copy RF-CONCRETE Surfaces-Case

Delete a RF-CONCRETE Surfaces case
To delete a design case,
select Delete Case on the File menu in the RF-CONCRETE Surfaces add-on module.

In the dialog box Delete Cases, select the relevant RF-CONCRETE Surfaces design case in the
Available Cases list to delete it by clicking [OK].

Delete Cases
Available Cazes
Mo. Drescription ad
1 Reinforced Concrete Design
2 DIM 1045-1: 2008
i3 Concrete Design
4 Copy of Design Case 3

[ Ok, ] [ Cancel

Figure 7.4: Dialog box Delete Cases
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7.2 Units and Decimal Places

The units and decimal places for RFEM and all add-on modules are managed in one global
dialog box. In the RF-CONCRETE Surfaces add-on module, you can use the menu to define
the units. To open the corresponding dialog box,

select Units and Decimal Places on the Settings menu.

The program opens the following dialog box that you already know from RFEM. The add-on
module RF-CONCRETE Surfaces is already preset.

Units and Decimal Places - Metric *
Program f Module RF-CONCRETE Surfaces

RFE ~
RF-STEEL Surfaces [2 InputiCutput Data InputiOutput Drata
RF-STEEL Surfaces LUnit Dec. Places LUnit Dec. Places
RF-3TEEL Members Lengths: m v I Deformations: mrm v 3
RF-STEELEC3 - -~ oo -
RF-STEEL AlSC Shresses: MNimm™2 s 21 Crack Widths: mrn v Kl
RF-STEELIS Mesh Reinfore. Areas: |cm™2/m v 2
RF-STEEL 514 Shear Reinforc. Areas: | cm™2/m™2 [+ 2%
RF-KAPPA, =
FELTE Forces: kM w IE Output Data
RF-FE-LTE Forces / Lengths: kM/m v 3% Botations: mrad v 1
RF-EL-FL Moments / Lengths: | kMm/m v 2 Ratios: 1%
RFCTO-T Section Properties: v 3 Mar-urit Y alues: 3
PLATE-BUCKLING S > ' X
RF-A5D Anales: * w 20

|
RF-CONCRETE Memb
RF-COMCRETE Colum
RF-PUNCH
RF-TIMBER Pro
RF-TIMBER
RF-DYMAM
RF-END-PLATE
RF-COMMECT
RF-RAHMECK Pro
RFFRAMELJOINT %

Ok, ] [ Cancel

Figure 7.5: Dialog box Units and Decimal Places

The settings can be saved as user profile to reuse them in other structures. The correspond-
ing functions are described in the RFEM manual, chapter 12.6.2, page 453.

7.3 Export of Results
The design results can be provided for other programs in several ways.

Clipboard

To copy cells selected in the results tables of RF-CONCRETE Surfaces to the clipboard, use
the keyboard keys [Ctrl]+[C]. To insert the cells, for example in a word processing program,
press [Ctrl]+[V]. The headers of the table columns won't be transferred.

Printout report

The data of the RF-CONCRETE Surfaces module can be printed into the global printout re-
port (cf. chapter 6.1, page 58) to export them subsequently. In the printout report,

select Export to RTF File or BauText on the File menu.

The function is described in detail in the RFEM manual, chapter 11.1.11, page 350.
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Excel / OpenOffice

RF-CONCRETE Surfaces provides a function for the direct data export to MS Excel and
OpenOffice.org Calc. To open the corresponding dialog box,

select Export Tables on the File menu in the RF-CONCRETE Surfaces add-on module.

The following export dialog box appears.

Export - MS Excel

Tahle Parameters

“with Table Header
[ Only Marked Bows

Application
(® Microzoft Excel
() OpenOffice.org Cale

Dlubal

Tranzfer Parameters

Expart Table to Active Workbook
Export Table ta Active ‘Workshest

Rewrite Existing *Worksheet

Selected Tables

(O Active Table | Expo_rt T ables with
@ Al Tables Lot
[ Input T ables

Fiesult Tables

Coc

Figure 7.6: Dialog box Export - MS Excel

Cancel |

When you have selected the relevant parameters, start the export by clicking [OK]. Excel and
OpenOffice will be started automatically. It is not necessary to run the programs in the
background.

I'ﬁﬂ H9-w© = Tabellel - Microsoft Excel - =X
= - Start Einfdgen Seitenlayout Formeln Daten Uberprifen Ansicht Add-Ins @ - =2 X
| Al (2 Je | Surface
% B C D E F G H | il K L i
1 | Surface 1 Grid Point Coordinates [m] Load Design
2 Mo. Point X ¥ z Case | Type | Exist.Value | LimitValue Unit Ratio Note
3 1 R171 5,000 4,000 0,000 LE1 |o. 2,80 -13,50|N/mm?* 0,27
4 RE5 7,000 2,000 0,000 LE1 |o, 153,01 400,00 |N/mm? 0,38
5 R13 5,000 0,000 0,000 LGl |&,.. £,28 11,20(em’/m 1,753 |207)208)208)
6 RE5 7,000 2,000 0,000 LE1 |limd, 10,0 14,5 mm 0,70 A
7 RE5 7,000 2,000 0,000 LE1 |lims, 0,100 0,300|m 0,24 1
3 RE5 7,000 2,000 0,000 LG1 |w, 0,166 0,300 |mm 0,56
9 2 RE1 5,500 £,000 0,000 LE1 |o. 2,26 -13,50|N/mm?* 0,25
10 R1 3,500 0,000 0000 LG1 |o, 0,00 400,00| N/mm? 0,00 |226)
11 R44 11,000 4,000 0,000 LGl |&,.. £,28 11,20(em’/m 1,79|208)210)
12 Rl 5,500 0,000 0,000 LE1 |limd, 10,0 9,0|mm 0,00|226)
13 Rl 5,500 0,000 0,000 LE1 |lims, 0,125 0,000|m 0,00|226)
14 Rl 5,500 0,000 0,000 LG1 |w, 0,000 0,300 |mm 0,00|226)
15 El RE 0,000 3,500 0,000 LE1 |o. 41,34 -13,50|N/mm?* 0,15
16 R1 0,000 0,000 0000 LG1 |o, 0,00 400,00| N/mm? 0,00 |226)
17 REE 0,000 1,500 2,000 LGl |a,m £,28 11,25|em’/m 1,80|208)210)
13 Rl 0,000 0,000 0,000 LE1 |limd, 10,0 9,0|mm 0,00|226)
15 Rl 0,000 0,000 0,000 LE1 |lims, 0,125 0,000|m 0,00|226)
20 Rl 0,000 0,000 0,000 LG1 |w, 0,000 0,300 |mm 0,00|226)
M 4+ v| 3.1 Total | 3.2 By Surface .~ 3.3 By Point
Bereit

Figure 7.7: Result in Excel
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The reinforcement areas determined in RF-CONCRETE Surfaces can also be used in CAD pro-

grams. RFEM provides interfaces to the following programs:

o Nemetschek (FEM format for Allplan *.asf)
e Glaser (format *.fem)
e Strakon (format *.cfe)

To use this export function,

select Export on the File menu in RFEM.

The Export dialog box appears where you can select the relevant interface. The dialog box is

described in detail in the RFEM manual, chapter 13.5.
Export
Export Type Direct Exports
(O DSTY Format - Members Product Interface for | (O ASCIl Format - Structure (O Tekla Structures
Steel Constructions [*.stp] Graphics of Structure to ASCI File DxF [*.daf]
(O ProSteel 30 [*.5tp) (O Microsoft Excel [x3) (D ZNT

(O Tekla Stuctures [%.stp)

(O OpenOffice.org Cale [*.ods)
(O Intergraph Framewarks [*.5tp)

. [Analytical model IFC 23]
* These can only be exported when additional

module 'RF-COMCRETE Surfaces' is available.

EAREY

[rata in Spreadzheet Format to M5 Excel...

[rata in Spreadsheet Format to 000 Cale...

(O Advance Steel [*.5tp) (O ASCI Farmat - Results
Izolines of current results to ASCI File DxF
(O Cadwork [*.stp) ()
(O Memetschek Format (O Engineering Structural Farmat [%.esf)
FEM Format to Memetschek Allplan [*. asf] *
(O SDME Format
(® Glaser Format [*fem] * Steel Detailing Meutral File [* dat)
O Strakan[".cfe] = (O Industry Faundation Classes - IFC [*ifc)

(O AutaCAD 5D 2010

Ok

]| Cancel |

Figure 7.8: RFEM dialog box Export

Depending on the interface, specific options are available for the export of reinforcements.
To access the corresponding options, use the [Details] button in the Export dialog box. An-
other dialog box opens where you can define specific settings for the interface.

Detail Settings for Export

All Farmats | Fesults - Glazer [.fem]

E=port Results in: (%) Grid Paints
(O Finite Element Nodes

Tupe of Reinforcement: Longitudinal Reinforcement
[ Supplementary Reinforcement Only

[[] Shear Reinforcement

[ 0K ] [ Cancel

Figure 7.9: Dialog box Detail Settings for Export, results for Glaser
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