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1. Introduction
1.1 Add-on Module RF-CONCRETE Members

The add-on module RF-CONCRETE Members for reinforced concrete design is completely inte-
grated in the RFEM user interface. Thus, a continuous analysis process is guaranteed for the
design of framework elements consisting of reinforced concrete.

The add-on module imports all relevant structure parameters from RFEM, such as material,
cross-sections, members, sets of members, ribs, supports as well as internal forces of defined
actions and load combinations. The program allows also for alternative designs with modified
cross-sections, including cross-section optimization.

RF-CONCRETE Members analyzes the ultimate and the serviceability limit state. The analysis for
cracks and deflections are performed by calculating a minimum reinforcement for crack width
control and direct evaluation of deformations.

The influence of creeping and shrinkage can be taken into account additionally when analyz-
ing the deformed system.

The reinforced concrete design is carried out according to the following standards:

Design Acc. to Standard / NA [ EN 1 992-1 '1 2004
I+lCsA 23.3-14 (R2015) |v| e SIA262:2013
E EM 1992-1-1: 2004/A1: 2014 European Union .
ACI 318-14 United States e ACI318-14
g EIBAEEGD?DZ-D;;M z:ii::rland e CSAA23.3-14
Design according to CSA 23.3-14 e GB50010-2010

The required reinforcement that is determined by the program also includes a reinforcement
proposal. It takes into account all user specifications concerning the rebars in the longitudinal
and stirrup reinforcement. The layout of this reinforcement can be adjusted anytime. All de-
signs related to the modifications will be updated automatically.

It is possible to visualize the provided reinforcement by photo-realistic display. This close-to-
reality representation of the reinforcement cage can be documented in the printout report of
RFEM like all other input and results data of the add-on module.

We hope you will enjoy working with the RF-CONCRETE Members add-on module.

Your team from DLUBAL SOFTWARE GMBH

1.2 Using the Manual

Topics like installation, graphical user interface, results evaluation and printout are described
in detail in the manual of the main program RFEM. The present manual focuses on typical fea-
tures of the add-on module RF-CONCRETE Members with respect to the Canadian Standard.

R The descriptions follow the order of the input and result windows of the add-on module, as
well as their structure. The text shows the described buttons in square brackets, for example
[Graphic]. They are also shown on the left. In addition, expressions used in dialog boxes, win-
dows and menus are set in jtalics to clarify the explanations.

At the end of the manual, you find the index. If you cannot find what you are looking for,
please check the Knowledge Base and FAQs at our website that can answer your question.
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1.3 Open RF-CONCRETE Members

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

Menu

To start the program in the menu bar, point to Design - Concrete on the Add-on Modules
menu, and then select RF-CONCRETE Members.

[ Add-on Modules | Window Help

£E | Current Module hple ~ @ > @ 0|@| & Ba 5]

Design - Steel T ﬁ@%ﬂlﬁ ﬁﬁﬂfﬂ"ﬁ' ®-:ifT=
Design - Concrete k| ¢# | RF-CONCRETE Surfaces Design of concrete surfaces |
Design - Timber 4 _‘; RF-COMCRETE Members Design of concrete members
Design - Aluminum 4 |3l | RF-CONCRETE Columns Design of concrete columns
Dynamic 4 C{ RF-PUNCH Punching shear design of surfaces
Connections * | gk | RF-PUNCH PRO Punching shear design of surfaces
Foundations 4

Stability 4

Towers 4

Fiping ]

Others 4

External Modules 4

Stand-Alone Programs 3

Figure 1.1: Menu Add-on Modules — Design - Concrete — RF-CONCRETE Members

Navigator

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

Project Mavigator - Data »
£-4¥| RFEM-Example-01 [Examples] ~

#--| ) Model Data

t}-|_) Load Cases and Combinations

H--|_J Loads

#-| ) Results

----- ] Sections

e IO IO o O

..... ] Average Regions

----- ] Printout Reports

--|J Guide Objects

il Add-on Modules

-8 Favorites

----- & RF-STEEL Surfaces - General stress analysis of steel surfaces

----- L] RF-STEEL Members - General stress analysis of steel members

----- gz| RF-STEEL EC3 - Design of steel members according to Eurocode 3

----- « RF-COMNCRETE Surfaces - Design of concrete surfaces

:

----- & RF-TIMBER Pro - Design of timber members

m RE-DYMAM Pro - Dynamic analysis

----- @ RF-JOINTS - Design of joints

----- 7| RF-STABILITY - Stability analysis

----- slsd RF-STEEL AISC - Design of steel members according to AISC (LRFD or ASD)
----- & | RF-STEEL IS - Design of steel members according to IS

----- ais| RF-STEEL 5IA - Design of steel members according to SIA

----- &5 RF-STEEL BS - Design of steel members according to BS

----- Zn RF-STEEL GB - Design of steel members according to GB

----- 54 RF-STEEL CSA - Design of steel members according to CSA v

M-
m--m

<
ﬁData gDisplay ,{i\-’iews > Results

Figure 1.2: Data navigator: Add-on Modules — RF-CONCRETE Members
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Panel
RC2 - Serviceability Limit State - If RF-CONCRETE Members results are already available in the RFEM file, you can set the relevant
tg;:ai';"l“ojg” design case in the load case list of the RFEM toolbar (see on the left). If necessary, activate the
é%ﬁ'_'q*g%”j?rin%“mwafds X graphical results display first by using the button [Results on/off].
CO2-1.250 +15L +Imp
ggi:g:[nflmp When the results display is activated, the panel appears. It shows the [RF-CONCRETE Members]
RC1 - Utimate Limit State button which you can use to access the design module.
RC2 - Serviceability Limit State
E Panel *
| i| RF-CONCRETE Members
I A=z top)
I As.+z (bottom)
I 3w, T stimup
Rho-z fop)
I Rho—+z (hattom)
RF-CONCRETE Members RF-CONCRETE Members
Ex 4

Figure 1.3: Panel button [RF-CONCRETE Members]
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2. InputData

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

When you have started the add-on module, a new window opens where a navigator is displayed
on the left, managing all windows 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 62).

If you open RF-CONCRETE Members in an RFEM model for the first time, the module imports
the following design relevant data automatically:

e Members and sets of members

e Load cases (LC), load combinations (CO) and result combinations (RC)

o Materials

e (Cross-sections

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

page through the windows by using the buttons shown on the left. You can also use the func-
tion keys [F2] and [F3] to select the previous or subsequent window.

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 General Data

In Window 1.7 General Data, select the actions that you want to design. The relevant load cases,
load combinations and result combinations can be assigned to the ultimate limit state and the
serviceability limit state by using the respective tabs.

B 7 RF-CONCRETE Members - [Frame]
File Edit Settings Help

CA1-Stahbeton-Bemessung | 1.1 General Data
Input Data
i General Data _
L. Materials \picsn 23.3-14 (R2015) vl
- Cross-Sections = =l v
| suoports
= Reinforcement

i..1-Beams Ultmate Limit State  Serviceabiity Limit State

-2 Columns

Design Acc. to Standard / NA

Existing Load Cases / Combinations Selected for Design
Lc1 Seff-weight P CO1 | gewsimp
IC2 | Liveload Roof C03 | gepgessweimp
LC3 | Live Load Member 10 CO5 | geplDepl2epldswsmp
LC4 | Live Load Member 11
LC5 | Live Load Member 12
LCE | Live Load Member 13 i
LC7 | Live Load Member 14
WM LCB | Windin+X
MBI LCY | Imperfection towards +X
02 | gwimp
CO4 | gepgeswimp x
06 gepibeniZepidwing :
07 | giplispidewemp
€08 | gepltepi3wimp
CO9 | geplD+pllspi3+pl4+wsimp
CO10 | gepiBeptispi3epldavimp
COT1 | gepl2ewsimp
012 | gepl2wimp v

RF-CONCRETE

Members

Reinforced concrete
design of members

[ aE v|[3¢|[B8 av | 33

Options

Nonlinear calculation... =

Actuate creep and shrinkage

Comment
Design

I

D| 8] 2 Calculation Check Graphics Cancel

Figure 2.1: Window 1.7 General Data, tab Ultimate Limit State
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Concrete Design According to Standard / NA

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

Design Acc. to Standard / NA

I+ICsA 23.3-14 (R2015) |v|
B EN 1992-1-1:2004/41: 2014 European Union
=5 ACI 318-14 United States

3 51 262:2013 Switzerland
Bl GB 50010-2010 china

Figure 2.2: Selection of CSA design standard

2.1.1 Ultimate Limit State

The first tab of Window 1.7 General Data is shown in Figure 2.1 on page 7.

Existing Load Cases / Combinations

This dialog section lists all load cases, load and result combinations defined in RFEM that are
relevant for the design. Use the [»] button to transfer the selected load cases (LC), load combi-
nations (CO) or result combinations (RC) to the list Selected for Design on the right. You can also
double-click the items. To transfer the complete list to the right, use the button [»»].

If a load case is marked red like LC9 in Figure 2.1, it is not possible to calculate it. This may be
the case when no loads are defined or, as you can see in the example, the load case contains
only imperfections.

Selected for Design

The column on the right lists the items selected for the design. Use the button [4] to remove
selected load cases, load or result combinations from the list. You can also double-click the
items. With the button [€«], you can transfer the entire list to the left.

The analysis of an enveloping OR result combination is often carried out more quickly than the
design of all load cases and load combinations that have been globally set. On the other hand,
the influence of the actions contained in a result combination is less transparent when a RC is
designed.

Comment

In this text box, you can enter user-defined notes, for example to describe in detail the current
design case.

I Program RF-CONCRETE Members CSA © 2017 Dlubal Software GmbH
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2.1.2 Serviceability Limit State

i1 RF-CONCRETE Members - [Frame] X
File Edit Scttings Help

CA1-Stahbeton-Bemessung | 1.1 General Data

fnput Data Design Acc. to Standard / NA
} General Data =
L Materials 1#0CsA 23.3-14 (R2015) ]

i Crass-Sections ==K
+ Supports

1 e Ultimate Limit State  Serviceabiity Limit State

2 - Columns

Existing Load Cases / Combinations Selected for Design
*Deflection Data

EEN C1 | Seffweight ~ 013 (g
LC2 | Live load Roof
LC3 | Live Load Member 10
LC4 | Live Load Member 11
LC5 | Live Load Member 12
LC6 | Live Load Member 13 =
LC7 | Live Load Member 14
BEOW LCE | Windin+X
NETI LC3 | Imperfection towards +X
CO1 | gewsmp
coz | gwimp «
CO3 | gspgesswHmp
CO4 | gepgesimp
CO5 | g+pl0sp12epTdswsimp
COB | g+p1l+p12+pTd-wimp
CO7 | gspllspl3+nsimp
C08 | gwpllspidwimp
CO3 | g#niDsp11spi3+plasusimp v Reinforced concrete
design of members

RF-CONCRETE

Members

[ ey BIETIE: av|[%
Options Settings
[[INonlinear calculation... = LC-Factor:
Activate creep and shrinkage 1.0 ~
Comment
D (8|2 Calaulation Chedk Graphics Cancel

Figure 2.3: Window 1.7 General Data, tab Serviceability Limit State

Existing Load Cases / Combinations

This dialog section list all load cases and combinations defined in RFEM. Use the [»] button to
transfer the selected load cases (LC), load combinations (CO) or result combinations (RC) to the
list Selected for Design on the right. You can also double-click the items. To transfer the entire
list to the right, use the button [»p].

Selected for Design

The column on the right lists the items selected for the serviceability limit state design. Use the
button [«] to remove selected load cases, load or result combinations from the list. You can al-
so double-click the items. With the button [«€«], you can transfer the entire list to the left.
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2.2  Materials

The window 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 ma-
terial, i.e. the table row selected in the upper section, are displayed.

Materials that are not used in the design appear gray in color. Materials that are not allowed
are highlighted in red. Modified materials are displayed in blue.

The material properties required for the determination of internal forces in RFEM are described
in detail in Chapter 4.3 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 stiffnesses, select Units and
Decimal Places on the Settings menu (see Figure 7.6, page 65).

7 RF-CONCRETE Members - [Frame] X
File Edit Settings Help
CAL-Stahbeton-Bemessung v | 1.2 Materials
Input Data 5 c
i General Data Material Watenial Description
;- Materials No Concrete Strength Class Reinforcing Steel Comment
i Cross-Sections " B0OR
£ Supports 1 500R
=) Reinforcement
¢ L 1-Beams
H 2 - Columns
= Deflection Data
n n
4[:!8(8“3\ Properties _— Concrete stress-strain curve for
{EiConcrete Sirength Giass: Concrele F'c = 30 MPa ! |section design
Concrete Compressive Sirength i's 30,000 | N/mm?
Modulus of Elastictty Eo 25080.000 | N/mm?
Moduius of Rupture of Concrete e 3286 | N/mm?
El Strains for Parabolic-Rectangular Diagram
Strain for Pure Compression 0 200 | % rel Gc for
Utimate Sirain 2o 350 %
El Reinforcing Steel: 500R
Moduius of Elasticty Es 200000.000 | N/mm2
Speciied Yield Strength iy 500.000 | N/mm2
Uttimate Elongation Esu 60.00 | % o £u
Reinforcement siress-strain curve for
section design
fr
arctan Ey
\
b
Egy
D (82 Calaulation Check Graphics Cancel
Material No. 1 - Concrete f'c = 30 MPa in members: 1-15

Figure 2.4: Window 1.2 Materials

Material Description

Concrete Strength Class

The concrete materials defined in RFEM are preset. Materials of a different material type are
highlighted in red. When a manually entered Material Description corresponds to an entry of
the material library, RF-CONCRETE Members imports the relevant material properties.

Itis possible to select a different 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. After the selection of the new class, the material properties are updated.

The list contains only materials of the Concrete category complying with the design concept of
the selected standard.

The import of materials from the library is described below.

10
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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.

Itis possible to select different 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. After the selection of the new grade, the material properties are updated.

Material Library

Many concrete and reinforcing steel materials are stored in the library. To open the library, use
the button shown on the left. The button can be found below columns A and B.

Material Library *
Fitter Material to Select
Material category group: Material Description Standard
Wretal [ 300R I#0 C5A A23.3-14
[ 400R. I+0 CSA A23.3-14
Material category: YO CSA A23.3-14
MReinforcing Steel I 400w I#0 C5A A23.3-14
[ 500w I+0 CSA A23.3-14

Standard group:

felcanjcsa

Standard:
[1+0csa azz.3-14 v

Indude invalid. ..

Favorites group:

= = imil == Search: ®

Material Properties. S00R | CSAAZ33-14
il Main Properties

Modulus of Elasticity E 20000.00 | kN/cm2

Shear Modulus G 7692.31 | kN/em2

Poisson’s Ratio v 0.300

Specific Weight T 78.50 | kN/m?

Coefficient of Thermal Expansion o 1.0000E-05 | 1/°C

[ Additional Properties

Modulus of Elasticity =5 20000.00 | kN/cm?2
Specified Yield Strength fy 50.00 | kN/cm2
Uttimate Elongation Ezu 0.060

D v Cancel

Figure 2.5: Dialog box Material Library

The materials relevant for the standard are preset so that no other categories or standards are
available in the Filter section. Select a material from the list Material to Select and check the cor-
responding parameters in the lower part of the dialog box. The material properties cannot be
edited in this dialog box.

Click [OK], use the [J] button, or double-click the material to import the selected material to
Window 1.2 Materials of the add-on module.

Chapter 4.3 of the RFEM manual describes how materials can be added or rearranged. Via the
[Create New Material] button, you can create new types of concrete or reinforcing steel with
user-defined material properties and store them for later use.

I Program RF-CONCRETE Members CSA © 2017 Dlubal Software GmbH
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Cross-Sections

This window lists the design relevant cross-sections.

7 RF-CONCRETE Members - [Frame] X
File Edit Settings Help
CA1-Stahbeton-Bemessung | 1.3 Cross-Sections
Input Data [ A | 8 [ c | D Rectangle 35/60
i General Data Section | Material E3
i Materials No No. Cross-Section Description mize Notes
i Bl Rectangle 35/60 a
;~Supports Rectangle 50/50 a
= Reinforcement Rectangle 50/30 m]
i i~ 1-Beams Rectangle 60/30 a
[ LT Rectangle 55/30 a
+Deflection Data Rectangle 4050 a
W 630x192 | CAN/CSA-S 1601 a 32) R
IS 150/20/1/1.5/15 a 32) \
)
)
s
i
i
-
=
fem]
a
e
D (8|2 Calculation Chedk Messages... Graphics Cancel
No. 1 - Rectangle 35/60 in members: 1-4

Figure 2.6: Window 1.3 Cross-Sections

Cross-Section Description

When you open this window, all cross-sections used in RFEM are preset with the assigned ma-
terial numbers.

Itis always possible to change the preset cross-sections for the design. The description of a
modified cross-section is highlighted in blue.

To change a cross-section, enter its new description in the corresponding table row. You can
also select the new cross-section from the [Library] by clicking the corresponding button below
the table. Alternatively, place the pointer in the respective table row and click the [...] button,
or use the function key [F7]. The cross-section library that you already know from RFEM appears.

For the design in RF-CONCRETE Members, the following buttons are enabled in the Parametric
- Massive section of the library (see Figure 2.7):

Rectangle

Floor beam (symmetric, unsymmetric or conic)
Rotated floor beam (symmetric or unsymmetric)
I-shape (symmetric, unsymmetric or conic)
Circle

Ring

Hollow rectangle (Z-symmetric)

Conic shape (symmetric)

Channel (symmetric)

The selection of cross-sections from the library is described in Chapter 4.13 of the RFEM manual.

12
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Cross-Section Library X
Rolled Parametric - Thin-VWalled Parametric - Massive Parametric - Timber
1T 1T 1 W T1T11 T/ 4] x
0 @] 0 T L L 0 T | @ © | O
i e B BTN BTN BE ¥ || X (|7
o |\v ool T L
Buitt-up H H ﬂ H
II'| [IC [T | e I |||+ "
T || T | T =0 NI (N
I I I I: 1_ E I__'| Ii Standardized - Timber
e T E 0 W)
User-Defined From Cross-Section Program
o
D | Cancel

Figure 2.7: Cross-section Library

If the cross-sections in RF-CONCRETE Members are different from the ones used in RFEM, both
cross-sections are displayed in the right part of the window.

Optimize

For each cross-section it is possible to perform an optimization analysis. Applying the internal
forces from RFEM, the program determines the cross-section within the same section table
that meets the reinforcement requirements specified in the Optimization Parameters dialog
box with the least possible dimensions (see Figure 7.5, page 64).

To optimize a specific cross-section, select its check box in column C. Recommendations on
the optimization can be found in Chapter 7.2 on page 64.

Notes

This column shows remarks in the form of footers. They are described in detail below the cross-
section list.

I Program RF-CONCRETE Members CSA © 2017 Dlubal Software GmbH
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24  Ribs

The ribs defined in RFEM are preset. Ribs represent a special type of member consisting of a
beam and a plate cross-section which is also effective (cf. Chapter 4.18 of the RFEM manual).
The program takes the rib internal forces from RFEM and uses them for the design.

i RF-CONCRETE Members - [Ribs] b4
File Edit Settings Help
CA1-Cancrete Design | 1.4Ribs
Iputbeaty s s | C [ D | E E_| Rectangle 2001400
-+ General Data Member | Cross-Section No Effective Widths
- Materials No. | Stat | End |Suface | berrtim] |Suface 2| berrzlm]
i Cross-5ections - 1 1 0.75 1 110
B 2 1 1 1 110 1 1.10
[rEieTE 3 1 1 2 079 1 0.7
= Reinforcement 1 1 1 2 o8| 1 079
il 5 1 1 3 04| 2 049
€ 1 1 3 049 2 049
PR -
3
)
i
{
i
v
=
[mm]
= I O
FBU 600/649.808/1003.74/200/200/200 Options
[[]Show rib effective widths for determination
749.8 1103.7 of internal forces
] 649.6 1003.7 ]
B 5
R . - e o s g
3 ! :
i
L=
[200.0
T
i
i
v
B
[mm]
D] &2 Calculation Check Messages... Graphics Cancel

Figure 2.8: Window 1.4 Ribs

The effective widths in this table can be modified either directly by entering values in columns
D and F or indirectly by using the [Edit Rib] button. A recalculation in RFEM is not required as
the stiffness of the model is not changed. The calculation of the cross-section properties and
the integration of the rib internal forces are always carried out automatically when the effec-
tive widths are modified.

Member No.

These columns show the numbers of the members that have been defined as member type
Rib in RFEM.

Cross-Section No. Start/End

Column A and B give the cross-section numbers (see Chapter 2.3). If different numbers are dis-
played, the object is a tapered member.

Effective Widths b

Column D and F show the effective widths for the left and the right sides of the member. The
values are identical with the specifications entered in the RFEM dialog box New Rib (cf. RFEM
manual, Figure 4.172). The rib internal forces are determined on the basis of the integration
widths for the pro rata internal forces in surfaces.

The effective width is important for the design with respect to the equivalent cross-section.
Therefore, you can adjust the values for beff (increasing the integration width is not allowed,
however). To check the data, select the check box Show rib effective widths for determination of
internal forces: The table is extended by two more columns, and the button [Edit Rib] becomes
accessible (see Figure 2.9).
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1.4 Ribs

v B [ c [ b [ E [ F [ G [ H | Rectangle 200/400
Member Cross-Section No Effective Widths
No. Stat | End Surface 1|berrq ]| b1 Im] [Suface 2 befs 2 [m] | bz [m]
[ 7 1 075 110] 1 110] 110
2 1 1 1 1100 110 1 110 110
3 1 1 2 079| 079 1 079| 079
4 1 1 2 079| 079 1 079| 079
5 1 1 3 043 D043 2 043| 043
6 1 1 3 043 D043 2 043| 043
RN - — >
i ¥
)
|
i
i
i
v
z
[mm]
=T 0
FBU 600/650/1000/200/200/200 Options.
Show rib effective widths for determination
750.0 1100.0 ofinternal forces
e 650.0 1000.0 e
8 8
| S T Y

. 600.0

"

[mm]
Figure 2.9: Window 1.4 Ribs

Modifications are shown dynamically in the cross-section graphic below the table. The graphic
shows the equivalent cross-section that is used for the design.

Reduced effective widths result in reduced member internal forces which affect the design in
RF-CONCRETE Members.

Remark

If a rib represents a problem for the design, a note is given.

The buttons below the table have the following functions:

2 InputData /l\
' -

Button Description Function
. Opens Solid Cross-Sections - Unsymmetric Floor Beam

Edit . . . |

dialog box with parameters of equivalent cross-section

- Opens Edit Rib dialog box with rib parameters

Edit Rib (cf. RFEM manual, Figure 4.172)

Info about Shows cross-section properties of equivalent cross-section

Cross-Section (type: FBU - floor beam unsymmetric)

Table 2.1: Buttons in Window 1.4 Ribs

To design ribs in a correct manner, consider the following requirements:
o The local z-axis of the rib must be parallel to the local z-axis of the surface.
e The local z-axis of the rib must be orthogonal to the xy-axis of the surface plane.
e The connected surface must be defined as surface type Plane.
e The cross-section type of the rib member must be a Rectangle.
e When a set of members is used, a uniform rib type must be defined for the entire set.

e The rib member must have the same cross-section at its start and its end (i.e. no taper).
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2.5 Supports

This window provides information about the support conditions of the members that are to be
designed. The nodal supports defined on horizontal members in RFEM are preset. If necessary,
it is possible to adjust them. RF-CONCRETE Members also distinguishes between intermediate
and end supports.

Non-zero support widths affect the design (redistribution of moments, moment reduction, re-
duction of shear force) and the reinforcement proposal (length of anchorage). However, only
members in horizontal or slight inclined position are affected, i. e. not columns!

7 RF-CONCRETE Members - [Frame]
File Edit Settings Help

CA1-Stahbeton-Bemessung | 1.5 Supports

Input Data D [ T F 7 G
i General Data Support | Node [Suppor Width| Direct | Monolthic | End | M Fato

- Materials No No. b [om] Support | Connection | Support 5[] Commert
£ Cross-Sectians ] 3 2500 =] 1.00

++ Supports H 5 30.00 a 1

=) Reinforcement 3 9 3000 [m] [m] 1.00

i+ 1-Beams 7] 12 30.00 a a 1.00
§ 2-Columns 5 17 3000 =] a 1.00
i Deflection Data B > 2500 a 1.00
7

bi3| 2wy
L LA

[ Cansideration of mited moment
redistribution of the supporting moments
according to 9.2.4
[AReduction of the shear forces in the
support area according to 11.3.2
[[]Reduction of the moments or dimensianing
for the moments at the face of a monolithic
suppart.
&7 ®
D (8|2 Calculation Chedk Graphics Cancel

[Node No. 20 - on members: 14

Figure 2.10: Window 1.5 Supports

Node No.

This column lists the supported nodes of the members that have a horizontal position or a po-

sition that is inclined up to 15°. Use the [...] button to select additional nodes graphically in the
RFEM work window.

Support Width b

In column B, you define the effective width of the corresponding nodal support. In this way

you can determine, for example, the bearing area of a wall which is modeled by a singular
support in the RFEM model.

Direct Support

The data in this column specifies the support type of the beam. When the load of an adjacent
beam is introduced to a main beam, the support is an indirect support and you should clear
the check box.

The specifications of this table column affect the lengths of anchorage and the shear design.

Monolithic Connection

In column D, you decide if a flexurally rigid connection with the column is available, or if there
is a free rotary support including reduction options for the supporting moments.
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Consideration of limited moment
redistribution of the supporting moments
according to 9.2.4

Reduction of the shear forces in the
support area according to 11.3.2

[]Reduction of the moments or dimensioning
for the moments at the face of a monolithic
support

Dlubal
End Support

An end support has a different influence on the design moment and the anchorage length of
the reinforcement than an intermediate support. Column E provides a check box for the ap-
propriate assignment.

M-Ratio &

For continuous structural components, you can define the ratio & for the redistributed moment
and the elastically determined initial moment. Column F is only available if you have selected
the option Consideration of a limited moment redistribution of the supporting moments according
to 9.2.4 below the graphic on the right.

The &-values can be determined according to CSA A23.3-14,9.2.4.

Comment

In the final column, you can enter comments, e.g. to describe the support conditions.

Taking into account the support widths

Below the interactive graphic in the window, you find three check boxes whose specifications
have different effects on the required reinforcement. Those settings are globally valid for the
current design case.

Consideration of limited moment redistribution

For continuous beams it is possible to apply the linear-elastic methods with limited redistribu-
tion of the supporting moments. The resulting distribution of internal forces must be at equi-
librium with the acting loads. The standards describe the moment ratios & that must be ob-
served in order to ensure the ability for rotation in the critical areas without special designs, for
example CSA A23.3-14,9.2.4.

RF-CONCRETE Members determines this limit value and compares it with the value that is
specified in column F. The higher value is used for the redistribution.

Reduction of shear forces in support area

For direct supports, the design value of the shear force can be reduced (cf. CSA A23.3-14, 11.3.2).
Loads near supports are taken into account, regardless of whether the check box for shear force
reduction is selected — but only if they are included in load cases or load combinations. If there is
a result combination, the shear force is designed generally on the edge of the support because
the requirement of the Standard for a "uniformly distributed load" by means of envelopes is not
verifiable in detail.

Reduction of moments or dimensioning for moments at face of a monolithic support

Optionally, the program reduces the moment when all of the following requirements are met:
e No end support

e Support width >0

Support is defined in direction Z

Support force acts positive in Z

Member in horizontal position or with a maximum inclination of 15°

Negative moment distribution in the entire support zone

The decision whether the moment is reduced or the moment at the face of the support is ap-
plied depends on the definition of the support in column D: The moment at the face of the
support is used for a monolithic connection. For a support with no rotational restraint, the
supporting moment is reduced.

I Program RF-CONCRETE Members CSA © 2017 Dlubal Software GmbH
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2.6

This window consists of several tabs in which all reinforcement data is to be specified. As the
individual members often require different reinforcement settings, you can create several rein-
forcement groups for each design case of RF-CONCRETE Members. The reinforcement specifi-
cations can be defined for members as well as for sets of members.

Reinforcement

Reinforcement Group

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

7 RF-CONCRETE Members - [Frame] X
File Edit Settings Help
CA1 -Stahbeton-Bemessung | 1.6 Reinforcement
Input Data Reinforcement Group Applied to
i General Data =
- Materials MNo.: Description: Members: [0 %% Cai
- Cross-Sections 1 | [Beams [ B [K]| sets ofmembers: [45 &%= Oa
- Supports
= Reinforcement
Longitudinal Reinforcement  Stirups  Reinforcement Layout  Min Reinforcement  CSA 23.3-14 (R2015)  Serviceability Cross-Section
H Lt Reinforcement | Reinforcement Layers EeimEa R >
efiecton Dal
Possible Max. number of layers: Rectangle 5050
dizmeters: T
[Jm1o
[Jm1s
M2 Minimum spacing
[ mas ~First layer a: 2.00 12 fem) 0G000
L[] m30 lo .
[ mas = | [em] a
[ m45 A N
[ mss S N (s
Anchorage Type i
AR
Straight ~ )
5
Steel surface: !
+
Ribbed v z
Curtaiiment Type Provided Basic Reinforcement
(O Mo curtsiment Az s | —— fem]
@ Curtailment by zones n 0| 03[ Settings
Mumber of zones: 3 v No. H Design the provided reinforcement
(O curtaiiment by reinforcement bars e [ oolem Use saved reinforcement results:
2 S
Li) 03| [0
D| 8] 2 Calculation Check Graphics Cancel

Figure 2.11: Window 1.6 Reinforcement with two reinforcement groups

To select a reinforcement group, use the No. list or the entries in the navigator.

By using the [Delete] button, the currently selected reinforcement group is deleted from the
RF-CONCRETE Members case without any additional warning. Members and sets of members
that were contained in such a reinforcement group will not be designed. You must reassign
them to a new or an existing reinforcement group if you want to do design them.

In the dialog section Applied to, you specify the members or sets of members that are part of
the current reinforcement group. All members and All sets of members are preset. If the check
boxes are selected, no further reinforcement group can be created: Members and sets of
members cannot be designed more than once with different reinforcement specifications
within the same design case. Therefore, in order to use the possibility for several reinforcement
groups, clear at least one of the All check boxes.

Enter the numbers of the relevant members or sets of members into the text boxes. The rein-
forcement specifications defined in the tabs of the window will be valid for all selected objects.
You can also use the [Select] button to determine the objects graphically in the RFEM work
window. You may only select members and sets of members that have not been assigned to
an existing reinforcement group yet.

Single members contained in sets of members will be automatically deactivated for the design.
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Cross-Section

3 - Rectangle 50/90 » The graphic in the right part of the window shows how the input in the tabs affects the cross-
Rectangle 50190 section. Use the list above to select a different cross-section. The graphic is dynamic: Modifica-
tions to the specifications of the reinforcement are instantly displayed.

If the check box Design the Provided Reinforcement is selected, RF-CONCRETE Members will use

\ \ the specifications entered in the various tabs to calculate a rebar reinforcement. If you clear
the check box, some of the text boxes cannot be accessed. In this case, the program will de-
N termine only the required reinforcement areas.
E If you activate the design for the serviceability limit state in Window 1.7 General Data, it is not
! possible to clear the above-mentioned check box because the SLS design is based on a pro-
v

vided reinforcement: Crack widths, crack spacings etc. can be determined only by the applied
rebar diameters and spacings.

[cm]

The individual tabs of Window 1.6 are described in the following chapters.
Settings
Design the provided reinforcement

Use saved reinforcement results: 2.6.1 LongitUdinaI Rei nforcement

In this tab, you enter the specifications to define the longitudinal reinforcement.

File Edit Settings Help

CA1-StahbetonBemessung | 1.6 Reinforcement
lixait Doty Reinforcement Group Applied to
i General Data =
- Materials MNo.: Description: Members: [10 IRYES Cai
- Cross-Sections 1 | [Eeams [[5] [ R [®]| setsofmembers: [45 &%= Oa
- Supports
=) Reinforcement
i 1-Beams Longitudinal Reinforcement  Stirups Reinforcement Layout  Min Reinforcement  €SA 23,3-14 (R2015) =g
2~ Columns Reinforcement | Reinforcement Layers =i e T >
Possible Max. number of layers: FEEELETED
diameters: .
M0
[ m1s
M0 Minimum spacing
M2 ~First layer a: 200 12| fem) 0G000
M30 o .
[ m3s = | lem] Sl
[ mas — — AW NN
[]mss 30 —
Anchorage Type i
A
Straight v ]
L
Stes] surface: !
v
Ribbed v z
Curtaiment Type Provided Basic Renforcement
Mo urtaiment Oaszimr  Dasetomm [cn]
@ Curtaiiment by zones e [ 0] [ ol Setings
Mumber of zones: 3 v No 8] [ Design the pravided reinforcement
O curtaiiment by reinforcement bars As: fem?] Use saved reinforcement results:
2 = )
a 0B [0y
D 8|3 Calculation Check Graphics oK Cancel

Figure 2.12: Window 1.6 Reinforcement, tab Longitudinal Reinforcement

Reinforcement

The list of Possible diameters includes the nominal diameters for rebars according to CSA G30.18.
A multiple selection is no problem for the design.

Use the [Info] button to view the areas and diameters associated with the bar designation
numbers (see Figure 2.13).
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[ A [ C
Bar Designation Area Diameter
No. {mmZ2) {cm)
100.00 1513
200.00 1.60
M20 300.00 1.85
M25 500.00 252
M30 700.00 299
M35 1000.00 357 |
M45 1500.00 437
M55 2500.00 h.64

O

Figure 2.13: Info box of rebar properties

Reinforcement Layers

For the reinforcement proposal, the program also takes into account multi-layer arrangements
of rebars. Use the list to specify the Max. Number of Layers. It is possible to define up to ten rein-
forcement layers. The boxes below allow for entering specifications concerning the Minimum
T Spacing a for rebars of the first layer and b for further layers, if necessary.

a
1_ . s When RF-CONCRETE Members creates the reinforcement, these structural specifications are
considered. They affect the number of possible rebars inserted in each layer and the lever arm
.2 of internal forces.

g If an arrangement of several reinforcement layers is defined, a curtailment of reinforcements is
not possible.

Anchorage Type

The two lists provide a variety of possibilities with respect to the anchorage. The graphic to the
right is dynamic, i.e. modified settings are immediately displayed.

Straight o

Bond The anchorage type affects the required anchorage length.

Curtailment Type

No curtailment is preset. If you have specified more than one reinforcement layer, the other
two options are disabled.

If you select a Curtailment by zones, you can use the list to the right to define how many zones,
each with identical reinforcement, are allowed in the reinforcement proposal. With this setting,
RF-CONCRETE Members determines how to cover the required steel cross-sectional areas with
the available rebars in an optimal way.

If Curtailment by reinforcement bars is selected, a new zone will be available only when the
maximum number of rebars specified is reached. Use the list to the right to define the number
of rebars.

Provided Basic Reinforcement

In this dialog section, you can specify a basic reinforcement separately for the top and the bot-
tom reinforcement layers. When the check boxes are selected, the boxes below become active.
Enter the number of rebars n and the rebar number No. to define the reinforcement. The A
text boxes will display the corresponding reinforcement areas.

The user-defined basic reinforcement is taken into account when the reinforcement proposal
is created. It will be inserted along the entire length of the member or set of members. If the
required reinforcement cannot be covered by the basic reinforcement, the program calculates
the additional rebars and inserts them into the cross-section.
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2.6.2 Stirrups

This tab manages the specifications concerning the shear reinforcement.

7 RF-CONCRETE Members - [Frame] X
File Edit Settings Help
CAL-StahbetonBemessung | 1.6 Reinfercement
Input Data Reinforcement Group Appled to
*- General Data -
. Materials MNo.: Description: Members: [10 &1 Can
i SLED:T;[MS T | [ 3] (3] (% sets ofmembers: [4,5 1% %] = O
= Reinforcement
11— Longitudinal Reinforcement  SHTUPS  Reinforcement Layout  Min Reinforcement  CSA 23,3-14 (R2015)  Serviceabiity e
b ﬂz 'hc”‘;'": Reinforcement | Stirrup Parameters fofmEn =T >
- Deflection Daf
Possible Number of legs: Rectangle 50150
dizmeters: B =
M10
O mis
mpE Indination:
[ m25 90.00 |3 ]
e [ ok L X
[]m3s
[]m4s
[ mss N SR D
Anchorage type: 3
AR
Hook ~ ( )
i
T
]
Stirrup Layout / Stirrup Spacing =
(O Uniform spacing throughout Spacing limits
Maximum stirrup spacing according to standard e
e User-defined
(®) Zone related spacing: [ Maimum: 0,300 3 [m] Settings
Mumber of zones: 3 v ] Minimum: = iml Desian the provided reinforcement
O Subdivided according to stimup spacing: Use saved reinforcement results:
2w =)
(O Defined stirup spacing:
3: 100 - 300 mm, 100 mm =
a ®®
D (&2 Calculation check Graphics cancel

Figure 2.14: Window 1.6 Reinforcement, tab Stirrups

Reinforcement

The list of Possible diameters includes the nominal diameters for rebars according to CSA G30.18.
A multiple selection is no problem for the design.

Use the [Info] button to view the areas and diameters associated with the bar designation
numbers (see Figure 2.13).

Stirrup Parameters

With the list Number of legs per section, you define the stirrup sections. Two sections are preset.
To adjust the presetting, use the list. It is possible to define up to four legs.

The Inclination of the shear reinforcement is defined by the angle between the longitudinal
and the shear reinforcement. It is preset to 90°, which means that the stirrups are perpendicular
to the longitudinal rebars. If you want to modify the inclination, respect the standard specifications
for nonprestressed members: CSA A23.3-14, 11.2.4 only allows angles between 45° and 90°.

The Anchorage type list offers several possibilities for stirrup anchorages which affect the an-
chorage lengths. The graphic to the right is dynamic, i.e. the modified settings are displayed
immediately.

Stirrup Layout / Stirrup Spacing

This dialog section is accessible when a reinforcement proposal is created.
For all members and sets of members, a Uniform spacing throughout is preset.

If you select a Zone related spacing, you can use the list to the right to define how many zones
with the same stirrup layout can be assumed for the reinforcement proposal. For one zone, the
program creates one extra zone in addition to the zone with the maximum stirrup spacing (i.e.
the minimum reinforcement). The additional zone covers the maximum value of the required

I Program RF-CONCRETE Members CSA © 2017 Dlubal Software GmbH

21



2 InputData

VANS

3¢ 100 - 300 rmrm, 100 mm N ~

1: 50 - 300 mm, 50 mm [
2: 50 - 300 mm, 25 mm

3: 100 - 300 mm, 100 mm

=

Dlubal

shear reinforcement. If two zones are set, RF-CONCRETE Members determines the mean value
from the required minimum and maximum reinforcement and applies the corresponding
member x-locations as additional zone limits. The division into three or more zones is similar.

If the layout is Subdivided according to stirrup spacing, you define a particular spacing for the
stirrup zones. The zones change in the corresponding spacing intervals that are determined
from the required minimum and maximum reinforcement by an interpolation method.

If you choose a Defined stirrup spacing, you can select an option from the list shown on the left.
The [Edit] button allows you to adjust the entries or to create a new entry with user-defined
spacings.

Mew List of Allowable Tie/Stirrup Distances *
No. List Description
4 [ 1o - 300 mm, 100 mm |

Stirrup Distances (i.e. "50 100 150 200 ...") [m]
|D.D?5 0,100 0,1250.150 0,175 0,200 0.225 0,250 |

Cancel

?

Figure 2.15: Dialog box New List of Allowable Tie/Stirrup Distances

The Maximum and the Minimum spacing of the stirrup reinforcement can be defined directly.

The zones determined by the program and shown in the reinforcement proposal can be modi-
fied or supplemented in Window 3.2 Provided Shear Reinforcement (see Chapter 4.2.2, page 43).

2.6.3 Reinforcement Layout

This tab defines how the reinforcement is inserted and which RFEM internal forces are to be
designed.

m
File Edit Settings Help

CA1-Stahbeton-Bemessung | 1.6 Reinfercement

Input Data Reinforcement Group Applied to
- General Data .
Materials No.: Desaription: Members: [0 3k Oai
st:s;:znms PRl — [53] B] [K | sets of members: [ 45 % [ %] =] Oa
Reinforcement
I P Longitudinal Reinforcement | Stirups Reinforcement Layout  Min Reinforcement  €SA 23.3-14 (R2015)  Serviceabiity =g
D‘ ﬂz ;]cm;m: ey e 3 -Rectangle 50/50 v
eflection Daf
s — e Rectangle 50/20
Required Reinforcement B [ 300l fem F[eeaee
by Cross-Section §
Set of Members Cay (side) 3.00 [+ [em] ST .E,.
+- by Member 2
| by x-Location Cover to Bar Centroidal Axi W e )
Not Designable g
3.98 Y
5 Provided Reinforcement [ =53] lem = I
Longitudinal Reinforcement, [em] Cay (side) 3 ¥
ear Reinforcement & i 3
Reinforcement by x4 ocatic lem] i
i Steel Schedule i
Reinforcement Layout Settings !
. +
-2 (top) - +2 (bottom) (optimized distribution) v se'e”"t e s lrenmz =
lesign:
(= EAmr
<= vy My fem]
Fvz MM Settings
Design the provided reinforcement
Distribute reinforcement evenly over complete slab width
Use saved reinforcement results:
:I'
[nistribute torsional reinforcement circumferentially
[1 =000 2]
< >
‘ sJIRF=1=N Calculation Check Graphics oK Cancel

Figure 2.16: Window 1.6 Reinforcement, tab Reinforcement Layout
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Concrete Cover

The settings for concrete covers interact with the specification for a reinforcement proposal: If
a reinforcement proposal is created, the covers refer to the edge distances c of the rebars. If no
provided reinforcement is to be determined, however, these values refer to the dimensions of
the centroidal axes u of the rebars. Figure 2.17 explains the difference.

Depending on the settings, you can access the upper or lower text boxes.

Centroid Edge

Figure 2.17: Relations of concrete cover

In the cop bOX, enter the concrete cover of the longitudinal reinforcement at the top side of the
member. The ¢izporom box accordingly defines the cover of the longitudinal reinforcement at the

| A
= bottom. Those values represent the values c. of the clear concrete cover. On the basis of these
g specifications and the applied rebar diameters, RF-CONCRETE Members determines the lever
d » | E arm of the internal forces of the rebars and concrete section.
z kS "Top" and "bottom" are defined by the position of the local member axes in RFEM. The specifi-
sesee _; cations concerning the cover c:ysiqe are required to determine the equivalent thickness for the

Cay (slde) torsional design.

For multilayer reinforcements, the cover u refers to the centroid of all layers defined for the top
or bottom side.

Reinforcement Layout
The list contains several options how to lay out the reinforcement in the cross-section:

-z (top) - +z (bottom) (optimized distribution)

-7 (top) - +z (bottom) (optimized distribution]
-Z (top) - +z (bottom) (symmetrical distribution) °

: -z (top) - +z (bottom) (optimized distribution)
-z (top) - +z (bottom) (define rah_o A-5,Z [b_op) /A=)
z [C‘ﬁfn)e'r:Esﬁﬁfnf;)cg‘ﬁgg?ﬁbrj@;n’;‘3'“E”S'D” 14 e -z (top) - +z (bottom) (symmetrical distribution)
uniformly surreunding -z (top) - +z (bottom) (define ratio Asop / As)
e -z (top) - +z (bottom) (define ratio As.ension / As)

e In Corners (symmetrical distribution)

¢ Uniformly surrounding

For the layout -z (top) - +z (bottom) (optimized distribution), RF-=CONCRETE Members performs
an optimization concerning biaxial bending.

Itis also possible to define the reinforcement by means of the ratio for top reinforcement and
total reinforcement, or for tension reinforcement and total reinforcement. The value of those
ratios can be entered in the text box below the list. In this way, existing constructions can be

4850 . 4850 .
o _— ‘ — modeled for the design.
X J For T-beams and I-sections, you can Distribute reinforcement evenly over complete slab width.
S T With this option, the program sources part of the rebars out (see figure to the left).
g :
: Modified layout settings are shown dynamically in the graphics of the window.
— ==
il If the moment distribution is My = 0 and M. > 0 for a top - bottom layout, the output will give

g increased values of reinforcement: The design moment (M, ) does not act in the defined direc-
tion of the target layout. In this case, choose the In Corners layout for a correct design.

Dlubal
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2.6.4 Min Reinforcement

This tab controls the specifications concerning the minimum and structural reinforcement.

7 RF-CONCRETE Members - [Frame] X
File Edit Settings Help
CAL-StahbetonBemessung | 1.6 Reinfercement
Input Data Reinforcement Group Appled to
*- General Data -
. Materials MNo.: Description: Members: [10 &1 Can
- Cross-Sections T | [ |[=] @] [® | sets of members: [4,5 IR ==
- Supports
& Reinforcement
T e Longitudinal Reinforcement | Stirups  Reinforcement Layout  Min Reinforcement  CSA 23,3-14 (R2015) e
2~ Columns Minimurn Reinforcement Eakecange 0o b
Min As.= (top) 2.02 12 [em?] FEETIRELED
Min As +z (bottom) 4.02 5 [om?]
Winimum longitudinal reinforcement according to
Standard
s .
[#] Minimum shear reinforcement according to Standard R N
— — ESSENNN
RS
Secondary Reinfarcement e : N
[ Maximum bar spacing: i
T
e :
=
[+] Identical diameter as longitudinal
reinforcement
[em]
Settings
‘Add corner reinforcement [ Design the provided reinforcement
Use saved reinforcement results:
=)
[ =00 2]
D (&2 Calculation check Graphics cancel

Figure 2.18: Window 1.6 Reinforcement, tab Min Reinforcement

Minimum Reinforcement

& You can define a basic minimum reinforcement in the two text boxes. Enter the steel areas for
Min As 2 top) and Min As 2 wortom. Via the [Edit] button, you can define the cross-sectional areas in a
separate dialog box from the number of rebars and the rebar diameters.

For the calculation of the required reinforcement, you can take into account - independently
of each other - the Minimum longitudinal reinforcement and/or Minimum shear reinforcement
according to the Standard.

Secondary Reinforcement

This dialog section is accessible when a reinforcement proposal is to be created.

The Maximum bar spacing of the secondary reinforcement — the rebars that are not structurally
required in the cross-section — can be defined in the text box. The reinforcement proposal then
tries to realize a uniform distribution of rebars (for example for webs of T-beams or for slender
rectangular sections).

Bar No-: [ 10 H With the option Identical diameter as longitudinal reinforcement, the program aligns the sec-
B Pl ondary reinforcement with the rebar diameter of the required reinforcement. Alternatively,
= =E you can use the list to define a specific Bar No. for the secondary reinforcement.
20 19.5
25 25.2 If you select the check box Add corner reinforcement, a secondary reinforcement is generally ar-
30 29.9 . . . o s . . .
= — ranged in all corners of the cross-section. In this way it is possible to define a reinforcement
:: :;; outside the web of I-shaped sections.

Similar to the minimum reinforcement, the secondary reinforcement is taken into account, if
sufficiently anchored, for the design and for the calculation of crack widths.
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2.6.5 CSA 23.3-14(R2015)

The fifth tab manages the settings of the Standard that has been selected in Window 1.7 Gen-
eral Data (see Figure 2.2, page 8). It contains the standard-specific settings concerning the rein-
forcement. In the following, the specifications of CSA A23.3-14 are described.

In the bottom section of this tab, the button [Set Default Values] is displayed. Use this button
to reset the initial values of the Standard.
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- Supports
= Reinforcement
I P Longitudinal Reinforcement | Stirups  Reinforcement Layout  Min Reinforcement  CSA 23.3-14 (R2015) =g
*2 - Columns Percentages of Reinforcement Factors =i e T >
Maximum: Strength reduction factors acc. to 8.4 FEEELETED
- General: 8.00 [+ [%] Concrete factor Fo: 065 |5
s Reinforcing factor ®s 0.85 [+
o Concrete stress-strain =
aﬂ:ﬂi&igmgm i relationship factor acc. to 10.1.6 el 0.80 |5 3 -
5 o .
2 20 5 o] —— SN,
R
Exterior exposure on side 3
i
MTon (2) AR
i
[] Bottom (+2) ¥
*
Shear and Torsion Reinforcement -
Determination of f and © acc. to 11.3.6
(O General method acc. to 11.3.6.4 fem]
(®) values for special member types acc. to 11.3.6.2
o |: [/] Design the provided reinforcement
42,00 -5/ [
Use saved reinforcement results:
= )
L5 ®| [
D| (8] 2 Calculation Check Graphics Cancel

Figure 2.19: Window 1.6 Reinforcement, tab CSA A23.3-14 (R2015)

Percentages of Reinforcement

The entry in this text box defines the general maximum reinforcement ratio for beams.

Various

The Diameter of aggregate influences a number of values, such as spacing of reinforcement
bars, the determination of B for shear resistance, and concrete cover. Enter the maximum size
in the text box.

The check of the Exterior exposure affects the reinforcement ratio of the skin reinforcement for
beams with an overall depth exceeding 750 mm and the quantity z according to Equation 10.6
(CSA A23.3-14). The value z shall not exceed 30 kN/mm for interior and 25 kN/mm for exterior
exposure corresponding to a crack width of 0.4 mm and 0.33 mm respectively.

Shear and Torsion Reinforcement

With the option General method acc. to 11.3.6.4, the program computes the shear strength pro-
vided by the concrete and the reinforcement using these equations to determine 8 and 6:

0.40 1300

ﬁ:mm CSA Code, eq. (11.11)

B =294+ 7000s, CSA Code, eq. (11.12)

using the longitudinal strain at mid-depth of the cross-section computed from
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. M+ V=V +0.5H -4 £ CSA Cod (11.13)
L 2B A +EA ode, eq. (11.

Otherwise the values for special member types according to 11.3.6.2 or values using the simpli-
fied method in CSA A23.3-14, 11.3.6.3 can be used for the calculation of the shear strength.
Factors

The three boxes define the Strength reduction factors of the concrete compressive strength, ¢,
of the tensile strength of steel, ¢, and of the concrete stress-strain relationship factor, avei.

The values according to CSA A23.3-14, 8.4 and 10.1.6 are preset.

2.6.6 Serviceability

This tab includes the parameters for crack control as well as the specifications concerning the

deflection analysis. It is active only if loads for the SLS design have been selected in Window
1.1 General Data.

7 RF-CONCRETE Members - [Frame] e
File Edit Settings Help
CA%-Taper | 16Reinforcement
Input Data Reinforcement Group Appled to
! General Data -
- Materials Mo.: Description: Members: [14 [N CJan
:L“D:i‘f;m“ 1 Beams [[=] B| | setsofmembers: | IR E=ImL]
= Reinforcement :
{ L) Beams Longitudinal Reinforcement  Stirups  Reinforcement Layout  Min Reinforcement  CSA 23.3-14 (R2015) Serviceabiity 1 «|» | Cross-Section
 Deflecton Data Crack Control Parameter Acc. to 10.6.1 8 -Rectangle 55/150 b
[ Crack control acc. to 10.6.1 fecanglebiisy
Deflection Analysis
Deflection ulz
Activate long-term deflection acc. to 9.8.2.5
Duration of load: 28 4] [days]
Se—— —=
Increase the required longitudinal reinforcement
automaticaly for serviceabilty lmit state design
Minimum skin reinforcement ace. to 10.6.2
-
B
[em]
Settings
Design the provided reinforcement
Use saved reinforcement results:
=)
®E 0B
D] [& =2 Calculation Check Graphics Cancel

Figure 2.20: Window 1.6 Reinforcement, tab Serviceability

Crack Control Parameter Acc. to 10.6.1

This option defines whether the crack control parameter according to CSA A23.3-14, 10.6.1 has
to be taken into account. The check box is selected by default.

The crack control parameter z is intended to provide a distribution of flexural reinforcement
providing reasonable control of flexural cracking at specified loads. Limiting z to 30 kN/mm for
interior or 25 kN/mm for exterior exposure corresponds to limiting crack widths to about 0.4 mm

and 0.33 mm.
Deflection Analysis

This dialog section can be used for the consideration of the deflection during the Serviceability
Design. The first check has to be set if the immediate deflection is to be designed, while the
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second check considers the long-term deflections according to CSA A23.3-14,9.8.2.5 using a
time dependent factor, , with which the immediate deflections have to be multiplied.

Additional options

These options include the automatic increase of reinforcement for the serviceability limit state

design and the application of a minimum skin reinforcement acc. to 10.6.2 for members ex-
ceeding a height of 750 mm.

2.6.7 Tapered

This tab appears only when a tapered member has been defined in the RFEM model.

7 RF-CONCRETE Members - [Frame] X
File Edit Settings Help
CAL-StahbetonBemessung | 1.6 Reinfercement
Input Data Reinforcement Group Appled to
General Data -
Materials MNo.: Description: Members: [10,13,14 &1 Can
=i 1 v/ [Beams ||| | [ | setsofmembers: [4 IR E=lm]
- SUpports
=) Reinforcement
11— Stirups  ReinforcementLayout Min Reinforcsment  CSA 23.3-14 (R2015)  Serviceabiity Tapered il [Eoeeseskg
L ﬂz ;]cﬂ\;m: T 8 -Rectangle 55/110 v
- Deflection Da
s @ Uriform Rectangle 55110
- Required Reinforcement
(- by Cross-Section
41 by Set of Members
1 by Member
- by x-Location * N
%1 Not Designable (JBottom " 3
=)-Provided Reinforcement e - PN,
- Longitudinal Reinforcement e 3
- Shear Reinforcement AR
- Reinfarcement by x-Locatic RN
.. steel Schedule :
7
wics — e
=~ =
[em]
Settings
Te d B | Axi
SE it Design the provided reinforcement
Tapered beam axis for the reinforcement drawing:
Use saved reinforcement results:
Tapered end of member displaced v & 3
=
®| [
< >
D (&2 Calculation check Graphics cancel

Figure 2.21: Window 1.6 Reinforcement, tab Tapered

RF-CONCRETE Members designs tapered members, provided that the same cross-section type
is defined for the member start and the member end. Otherwise it is not possible to interpolate
the intermediate values, and RFEM displays an error message before the calculation is started.

RF-CONCRETE Members
I Emor No. 2386

The members have been assigned with differant cross-section types at each end!

Figure 2.22: Error message for incompatible tapered cross-sections

Tapered sets of members cannot be designed. They have to be designed as single members.
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Tapering

The following three options can be selected to describe the taper in detail:

(®) Uniform
@ e Uniform

e Bottom

(O Bottam @ e Top

The specification affects the design as well as the arrangement of the longitudinal reinforce-
ment.

L \
-! 1711 M20, 1 = 8665 m

s

Tapering

1T

(2)amz0,1=5688 m

(3114mi0,1=5000m

Figure 2.23: Taper with inclined bottom side

Tapered Beam Axis

For the display of the reinforcement in the 3D rendering of RFEM, it is necessary to determine

|Tapered end of member fixed w | K . . .

Tapered end of member displaced the slope of the tapered beam axis. In general, tapers are defined centrically in the structural
ed end of ber fixed .

R otor oon e P model. In the RF-CONCRETE Members model, however, the tapers are usually calculated with

an even top or bottom side, i.e. shifted out of the center line. For a correct view of the rein-
forcement connection to the adjacent members, the correct position of the tapered end has to
be specified - unless this has been already done in RFEM by a member eccentricity.

Additional explanations are available via the [Info] button.

Infermaticn *

Diagram of Tapered Beam Axis in the Module
RFEM RF-CONCRETE Members
Tapered end of member displaced

- £

Tapered end of member fixed

————— Member axis in RFEM
————— Member axis in RFE-COMCRETE Members

Figure 2.24: Dialog box Information for further explanation on Tapered Beam Axis
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2.7 Deflection Data

This window is available only when in Window 1.6 Reinforcement, tab Serviceability the deflec-
tion analysis has been activated.

1.7 Deflection Data

[ A [ E E_ | F [ G [ H
Set of members Reference Length Precamber Limit value Uz,max
No Reference to Mo Blement L [m] wo [cm] L/H [cm] Comment
1 Member 1 Member 6.000 1.00 240 250
2 | Member 2 Distance between support 4.400 0.00 240 183
3 Set of members 4 User-defined 16.000 0.00 240 6.67
IER Set of members 5 Set of member 0.00 240 10.00
3
6
7
8
3
10
11
12
13
14
15
16
17
18
1K
20
21
22
23
24
25
26
27
28
29
30

8 e[S (& [e
Figure 2.25: Window 1.7 Deflection Data

The design criterion for the deflection, u;., considers the deformation in the direction of the
local member axis z.

Reference to

Column A regulates if a member or a set of members is considered for the design.

Member / Set of Members No.

In this column, the numbers of the members or sets of members have to be entered. Via the
[...] button, you can select the objects graphically in the RFEM work window. The length of the
member or set of members is then preset as reference length in column D.

Reference Length

Via list in column C, you can adjust the reference lengths: The default setting Member refers to
the distance between the nodes, while with the option Distance between supports considers
the reduced span width which is based on the support dimensions of Window 1.5 Supports
(see Chapter 2.5, page 16).

The option User-defined makes it possible to define the reference length manually in column D.

If sets of members with different segment lengths are used, the variable distances between the
supports are determined automatically. They can be shown via the tool tip.

[ A [ B [ c [ D 1 = [ F | G
Set of members Reference Length Precamber Limit value Uz,max
Na. Reference to Mo. Element L [m] wo [em] L/ [cm]
1 Set of members 6 Distance between supports var. 0.00 240 Var.
§ Nodes 22 - 23: L= 4.569
7 Nodes 23-24: Lz= 5431
3 NEdes 24-25: L.3= 7511 ¢

Figure 2.26: Reference lengths on a set of members with different distances between supports
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L/H

240 ~

430
360

240

180 k
Userdefined

Dlubal

Precamber
In column E, a Precamber w, can be entered, if necessary.

The shape of the precamber can be determined as follows:

Wp =Wy sin{*rr- xfr]l

where
Woex precamber at location x
Wo precamber specified in column E
X location x
L length of member or set of members

Limit value / uzmax

The relative limit of the deflection has to be specified in column F. Default is the limit of L/240
as specified in CSA A23.3-14, Table 9.3 for constructions supporting non-structural elements
not likely to be damaged by large deflections. Different limits can be selected from the list or
specified individually.

The maximum permissible deflection is stated in column G. This value is determined from the
limit value (column F) and the reference length (column D).
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3. Calculation
3.1  Plausibility Check

Before you start the calculation, it is recommended to check the input data. The [Check] but-
ton is available in each input window of the module. If no input error is detected, the following
message will be displayed.

RF-CONCRETE
Members

Plausibility check is OK!

Figure 3.1: Result of plausibility check

3.2 Start Calculation

To start the calculation, click the [Calculation] button.

RF-CONCRETE Members searches for the results of the load cases, load and result combinations
that are to be designed. If they are not yet available, the RFEM calculation starts to determine
the internal forces relevant for the design. In this process, the calculation parameters set in
RFEM are applied.

You can also start the design of RF-CONCRETE Members in the RFEM user interface. All add-on
modules are listed in the dialog box To Calculate, like load cases or combinations. To open this
dialog box in RFEM,

select To Calculate on the Calculate menu.

To Calculate X

Load Cases / Combinations / Module Cases  Result Tables

Not Calculated Selected for Calculation
Na. Description ~ No. Description L]
Lc2 Live load Roof I CA1 ‘ RF-CONCRETE Members - Reinforced concrete design

Lca Live Load Member 10
LC4 Live Load Member 11
LCh Live Load Member 12
LCE Live Load Member 13
LC7 Live Load Member 14
BT CB | Windin <X

| imp JEeE] Imperfection towards +X >
Cco1 gwHmp s
co2 g-w-mp

co3 g4pges+w+mp.

o

Co4 g+pges-wimp
Cos g+p10+p12+pTd+w+mp )
Co& g+p10+p12+pT4-wimp

co7 g+p11+p13+w+mp

cog g=p11+p13-wimp

Co% g+p10+p11+p13+p1d+wsimp

CO10 | g=p10+p11+p13+pT1dawimp

CO11 | g+p12+w=imp

C012 | g+p12-w-imp

CO13 |g+p

RC1 Ultimate Limit State

RC2Z Serviceabilty Limit State

M.

Al v

D |08 Cancel

Figure 3.2: Dialog box To Calculate
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To transfer the selected RF-CONCRETE Members case(s) to the list on the right, use the button
[»]. Then start the calculation with [OK].

You can also use the load case list in the RFEM toolbar to calculate a RF-CONCRETE Members
case: Select the relevant design case, and then click the button [Show Results].

Besults Tools Table Options Add-on Modules Window Help

/78 @ T |EIE] “a RF-CONCRETE Members CA1-Reinfore = @ > @ 1" | &2 | 6 o3 g @ 8 3E &
- P m-E-#-GF- - P BERBRES - EREAOD S [showreis v 47| & -

Figure 3.3: Calculating RF-CONCRETE Members design case in RFEM

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

FE-Calculation... *
. Running
RFEM - Calculation by FEM _
RF-CONCRETE Members CA1
" Partial Steps.
> Design acconding to CSA 23.3-14 (R2015) Mo. of members 10
J 1 _.__J — | Initiglizing Data... No. of sets of members 2
' ~ | Caleulating Required Reinforcement. . No. of reinforcement groups 2
° - | Caloulating Provided Reinforcement . No. of LCs 0
m - | Calculating Cracks Values... No. of COs 3
1 No. of result combinations 1
m No. of module cases 1

- | Set of Members No. 1 (1/2)

Figure 3.4: Design with RF-CONCRETE Members
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4. Results

After the calculation, Window 2.1 Required Reinforcement by Cross-Section is displayed.

The reinforcement areas required for the ultimate limit state design are listed in the result
windows 2.1 to 2.4. If the program created a reinforcement proposal, the provided reinforce-
ment including steel schedule is displayed in the result windows 3.1 to 3.4. The results for the
serviceability limit state design are represented in the result windows 4.1 to 4.4.

All windows can be selected directly in the navigator of RF-CONCRETE Members. You can also
use the two buttons shown on the left or the function keys [F2] and [F3] to select the previous
or subsequent window.

To save the results and quit the add-on module RF-CONCRETE Members, click [OK].

In the following, the different result windows are described one by one. Evaluating and check-
ing results is explained in Chapter 5 Results Evaluation, page 52.

4.1  Required Reinforcement

4.1.1 Required Reinforcement by Cross-Section

7 RF-CONCRETE Members - [Frame] X
File Edit Settings Help
CA1 -Reinforced Concrete Desigr ~ | 21 Required Reinforcement by Cross-Section
s ldv=m [ A [ B 1 ¢ 1T D 7 E [ F [ | ~ | [ Rectangle 56/50
General Data Member | Location Reirforcement Ermor Message
Materials Reirforcemert|  No xn] |loading|  Ares Unit or Note
Cross-Sections Cross-Section No. 1 - Rectangle 56/60
Eresmis As toral 2 4410| co5 112.33 [em?
EJ-Reinforcement As 1 0.000[ CO5 0.00 | om?
Lf=s sV 1 3000| CO5 361 | omZ/m | 947) — — R (S
~2 - Calumns @sw.T.stimup 1 0.000| CO5 0.00 [emZ/m T L
Results Cross-Section No. 2 - Rectangle 55/65 ) .
- Required Reinforcement i 0000 co3 6757 [cm? =] \
F-by Cross-Section g 0.000] CO5 0,00 om? ;
(- by Set of Members stp | 8 0.000| CO3 0.00 | cmZ/m
- by Member w | 8 0.000] cos 0.00 | om?/m i
fi- by x-Location Cross-Section No. 3- Rectangle 55/90 ‘e
EJ-Provided Reinforcement As.z (1op) 10 16000 CO3 14175 [em?
i Longitudinal Reinforcement | 78, om0 8000 CO5 143,10 | em? v fem]
- Shear Reinforcement
- Reinforcement by x-Location @
-Steel Schedule
E)- Serviceability Check Detailed Results - Crass-Sedtion No. 1 - Redtangle 55/80 - COB fec [Nimme2, Eps [
)by Cross-Section {ElReinforcement "
- by Set of Members Longtudinal Reirforcement - Total Actol 11233 [ em?
[ by Member Longtudinal Torsion Reinforcement 0.00 | em?
- by x-Location Stimups (Shear Reirforcement) 361 emZ/m
Stimups (Torsion Reinforcemert) 0.00 cmZ/m
Percentage of Reirforcement - Total P 3645 )%
Fercentage of Shear Reirforcement pv 0066 | %
1 Design Intemal Forces
Design Bending Moment My £3 -1200.13 [ kNm
Design Bending Moment Mz£a .04 khm
Design Torsional Moment Tes 0.02 | kNm
Design Adal Force Ned -3589.19 | kN
Design Shear Force Vy£s 0.00 [kN
Design Shear Force Vzed 28290 kN
Reduced Design Shear Force V2 B3 re8 282.90 [kN
B State of Strain
E1Prov. Stress
Steel Stress - Top f=.2 (top) 377.4 | NAmm?
Steel Stress - Bottom Fs.+2 (vottom) - s
sJRr=1=3 Calculation To Display... Messages. .. Graphics Cancel
[23) Surrounding Reinforcement

Figure 4.1: Window 2.7 Required Reinforcement by Cross-Section

For all designed cross-sections, the program displays the maximum required reinforcement
areas resulting from the parameters of the reinforcement groups and the internal forces of the
governing actions.

The reinforcement areas of the longitudinal and shear reinforcement are listed according to
cross-sections. The upper table of the window lists the reinforcement types and design details
that have been activated in the dialog box Results to Display (see Figure 4.2).

In the lower part of the window, the Detailed Results of the item selected in the table row above
are shown. Due to those design details, you can evaluate the results specifically. The output of
the detailed results is updated automatically when a different row is selected above.
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Reinforcement

The following types of longitudinal and stirrup reinforcement are preset:

Reinforcement | Explanation

Reinforcement area of required top longitudinal reinforcement due to

A . . . . .
P bending with or without axial force or axial force only

Reinforcement area of required bottom longitudinal reinforcement due

A . . . . :
sbotem to bending with or without axial force or axial force only

Reinforcement area of required total longitudinal reinforcement due to
Asrotal bending with or without axial force or axial force only if surrounding rein-
forcement or reinforcement in corners have been selected

Reinforcement area of required longitudinal torsion reinforcement, if

A .
g applicable
Area of required shear reinforcement for absorption of shear force, refer-
asw,V,stirrup .
ring to standard length of 1 m
3 Area of required stirrup reinforcement for absorption of torsional mo-
sw,T,stirrup

ment, referring to standard length of 1 m

Table 4.1: Longitudinal and stirrup reinforcement

l/_f' The bottom reinforcement is defined on the member side in direction of the positive local
member axis z. Accordingly, the top reinforcement is defined in direction of the negative z-
axis. To display the local member axes, use the Display navigator in the RFEM graphical user in-
terface or the shortcut menu of the member.

Top and Bottom layer

Click the button [To Display] to open a dialog box in which you can specify the types of rein-
forcement are to be displayed. These settings also define the types of results appearing in the
printout report.

To Display...

Results to Display | C5A 23.3-14 (R2013) *

Dizplay - Reinforcement

[]i Longitudinal Reinforcement - Tap A-s,-z (top)
Longitudinal Reinforcement - Bottom A-s, +z (bottom)
Longitudinal Reinforcement - Total A-s,total

ongitudinal Torsion Reinforcement A-s, T

.| Stirrups (Shear Reinforcement) a-sw,V,stirrup

Stirrups (Torsion Reinforcement) a-sw, T, stirrup

[] Total Reinforcement - Top A-s,-z (top) + A-s,T/2

[] Total Reinforcement - Bottom A-s,+z (bottom) + A-s,T/2
[] Total Reinforcement A-s, total + A-s, T

[] Complete Shear Reinforcement 2%a-sw,T,stirup+ a-sw,V, stirrup

¥

D| |08 Cancel

Figure 4.2: Dialog box Results to Display

Member No.

For each cross-section and each reinforcement type, the table shows the number of the mem-
ber with the maximum reinforcement area.
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Location x

This column specifies the x-locations of the respective members for which the maximum rein-
forcement have been determined. For the table output, the program uses these member loca-
tions x:

e Start and end nodes
e Partition points according to possibly defined member division (see RFEM Table 1.16)

o Member division according to specification for member results (Global Calculation Parameters
tab of Calculation Parameters dialog box in RFEM)

e Extreme values of internal forces

Loading

In this column, the numbers of the load cases, load or result combinations are displayed that
are governing for the respective designs.

Reinforcement Area

Column E contains information about the maximum reinforcement areas required for each re-
inforcement type. They are required to fulfill the ULS design.

The Unit of the reinforcements shown in column F can be adjusted. To modify the correspond-
ing settings,

select Units and Decimal Places on the Settings menu.

The dialog box shown in Figure 7.6 on page 65 opens.

Error Message or Note
The final column indicates non-designable situations or notes referring to design issues. 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 Motes to Design Process *

Used Error Meszages or Notes
23 | Surrounding Reinforcement -
947 | Minimum transverse reinforcement acc. to 11.2,8.1

2 Al

Figure 4.3: Dialog box Error Messages or Notes to Design Process

Program RF-CONCRETE Members CSA © 2017 Dlubal Software GmbH

35



4 Results

4NN

4.1.2

Dlubal

Required Reinforcement by Set of Members

File Edit Settings Help

CA1 - Reinforced Conerete Desigr
Input Data
-~ General Data
Materials
Cross-Sections
~ Supports
£ Reinforcement
1-Beams
2 - Columns
Results
£ Required Reinforcement
- by Cross-Section
- by Set of Members
- by Member
- by x-Location
= Provided Reinforcement
- Longitudinal Reinforcement
- Shear Reinforcement
- Reinforcement by x-Location
*. Steel Schedule
£ Serviceability Check
- by Cross-Section
- by Set of Members
- by Member
- by x-Location

2.3 Required Reinforcement by Member

B [ C [ D0 [ E T F ] | A
Member | Location Reinforcement Eror Message
Reirforcement.  No. xm] Loading Area Unit or Note
@sw,Tstimup 12 0.000| CO5 0.00 | om2/m
Member No. 13 - Rectangle 55/90
As 2 (top) 13 0.000] Co3 67.45 | em?
Asszpottom) | 13 8.000| CO3 33.85 [ em?
13 0.000| CO5 0.00|em?
a stirmup 13 16.000| CO3 1161 | emZ/m
@sw T stimp 13 0000 COS 0.00 | cmZ/m
Member No. 14 - Rectangle 55/90 - Rectangle 55/110
14 0000 co3 33.20 [em?
As sz (otom) | 14 6500 CO5 1421 om? 543)
AsT 14 0.000| CO5 0.00 | om2
s, V.stimup 14 0.000| CO3 4.15 | emZ/m
stir 14 0.000| CO5 0.00 | cmZ/m v
@
Detailed Results - Member No. 14 - Reciangle 55/90 - CO3
5 Reirforcement ~
Longitudinal Reinforcement - Top 3320 |om?
Longitudinal Reinforcement - Bottom 4.02|em2
Longttudinal Torsion Reinforcement 0.00 [ em2
Stimups (Shear Reirforcemert) 415 | cm2/m
Stimups (Torsion Reinforcement) 0.00 | cm2/m
Percentage of Reirforcement - Top Pz (top) 0.702[%
Percentage of Reinforcement - Bottom Pz (oottom) 0085 %
Percentage of Shear Reinforcement Py 0075 | %
3 Design Intemal Forces
Design Bending Moment My,E4 -1094.64 [kNm
Design Bending Moment MzEd 697 | kNm
Design Torsional Moment Ted 15.81 | kNm
Design Adal Force = 43.70 kN
Design Shear Force -1.06 | kN
Design Shear Force 46999 | kN
Reduced Design Shear Force 469.99 | kN
= State of Strain
& Prov. Stress v

ToDisplay... | | Messages...

Graphics

B RF-CONCRETE Members - [Frame] x
File Edit Settings Help
CAL-Reinfarced Concrete Desigr | 2.2 Required Reinforcement by Set of Members
e e B [ C [ D | E [ F 1 G Rectangle 60/90
General Data Member | Location Reirforcement Ermor Message
Materials Reiforcemert| M. | x[m] |Loadng | Ares Unit or Note TS
- Cross-Sections Set of Members No_ 1 - Rectangle 55/65
Supports As total B 0.000] co3 68.22 | cmZ 23)
E-Reinforcement AsT ] 0000| o5 000 em?
i 1-Beams ] 0.000| co3 0.00 emZ/m
2 - Columns 3w T.stimup ] 0.000| CO5 0.00 | emZ/m
Results Set of Members Mo 4 - Rectangls 60/90
= quulred Reinforcement 1 0.000| coa 11351 |em?
i by Cross-Section As.iz (bottom) |12 7500 cos 4552 | em?
(- by Set of Members AsT 1 0.000| CO5 0.00 | cm?
(5 by Member aswvatme | 11 0010 co3 1166 | emZ/m
by x-Location AT stimup 11 0.000| co5 0.00 | em2/m +
&) Provided Reinforcement z
- Longitudinal Reinforcement fem]
- Shear Reinforcement
- Reinforcement by x-Location @
i Steel Schedule
5 Serviceabilty Check Detailed Results - Sat of Members No. 4 - CO3 T s
- by Cross-Section ] Reinforcement A
- by Set of Members Tongitudinal Reirorcement - Top 11351 [eme
- by Member Longtudinal Reinforcement - Bottom 9.9 cm2
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Figure 4.4: Window 2.2 Required Reinforcement by Set of Members
This window presents the maximum reinforcement areas that are required for the individual
sets of members. Details on the columns can be found in the previous Chapter 4.1.1.
o .
4.1.3 Required Reinforcement by Member
B RF-CONCRETE Members - [Frame] x

Rectangle 55/80

[cm]

o [vmm2] Eps [

-17.550

Figure 4.5: Window 2.3 Required Reinforcement by Member

The maximum reinforcement areas are listed according to members. For tapered beams, both
cross-section descriptions are displayed to the right of the member numbers.
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4.1.4 Required Reinforcement by x-Location

VANS

Dlubal
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e Startand end nodes

e Extreme values of internal forces

Figure 4.6: Window 2.4 Required Reinforcement by x-Location

Locations of discontinuity are indicated separately.

The different columns are described in Chapter 4.1.1.

This window shows for each member the required reinforcement areas including intermediate
results listed by x-location:

e Partition points according to possibly defined member division (see RFEM Table 1.16)

e Member division according to specification for member results (Global Calculation Parameters
tab of Calculation Parameters dialog box in RFEM)

The window offers you the possibility to specifically access information on the design results.
This way, you can check, for example, the required shear reinforcement with the related details
of a particular member location (designed location).
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4.1.5

Required Reinforcement Not Designable

R
Dlubal
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Figure 4.7: Window 2.5 Required Reinforcement Not Designable

This window is displayed when the program has detected failed designs or some other prob-
lem during the calculation. The error messages are sorted by member and x-location.

The number of the Error Message indicated in column G is described by comments in the footer.

Click the [Messages] button to display all issues that have occurred in the design process.

Error Messages or Notes to Design Process

Used Error Messages or Notes
3 Max percentage of flexural reinforcement exceeded
23 | Surrounding Reinforcement

AllAvailable Error Messages or Notes

Left
2 Right
3 Max percentage of flexural reinforcement exceeded
4 The top flexural compression reinforcement cannot be designed
5 Bottom fiexural compression reinforcement cannat be designed
[ Flexural compression reinforcement required - Top
7 Flexural compression reinforcement required - Bottom
3 Minimum flexural compression reinforcement - Top
9 Minimum flexural compression reinforcement - Bottom
10 | Minimum secondary reinforcement top/bottom
11 | Minimum secondary reinforcement - Top
12 | Minimum secondary reinforcement - Bottom
13 Svmmetrical reinforcement for hiavial hendina

OK

X

Figure 4.8: Dialog box Error Messages or Notes to Design Process

Click the [All] button in this dialog box to show all messages available for RF-CONCRETE Members.
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4.2  Provided Reinforcement

The result Windows 3.1 to 3.4 are displayed if the Design the provided reinforcement option has
been activated in Window 1.6 Reinforcement (see page 19), and if no design problems have
been detected (see Chapter 4.1.5, page 38). The serviceability limit state design also requires
the determination of a provided reinforcement.

Based on the specifications of Window 1.6, RF-CONCRETE Members manages the reinforcement
proposal of the longitudinal and shear reinforcement. The program tries to cover the required
reinforcement, taking into account the corresponding parameters (specified rebar diameter,
possible number of reinforcement layers, curtailment, type of anchorage), by means of the
least possible amount of rebars or reinforcement areas.

The proposed reinforcement can be edited in the Provided Reinforcement windows so that you
can adjust the diameter, number, position and length of the individual reinforcement groups
to the respective requirements.

4.2.1 Provided Longitudinal Reinforcement

i RF-CONCRETE Members - [Frame des] X
File Edit Settings Help
CA1-Reinforced Concrete Des + | 3.1 Provided Longitudinal Reinforcement
[0 s TF=T (A oemmw-mem Cc [ D [ E [ F [ G [ ®H [ 1T T J T 3 ~
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- Materials No Fostion Bas | [ | [bm2 m] from to Anchorsge | kgl Notes
Cross-Sections Member No. 1 - Rectangls 55/60
Supports 1 [Alround 28 | 20 | e 6819] 0.328] 6491 44761
= Reinforcement Member No. 2 - Rectangle 55/60
[P L= 1 [Alround 36 | 20 | 10751 5229] 0332|483 44128
2 - Columns Member No. 3 - Rectangls 55/60
Rexis) 1 [Alround 6 | 20 | 4778 6821  04%2] 6329 255.86
= R_Equ\red Reinforcement.
(- by Cross-Section 5 30 3511 18301 1151 17.151 50437
- by Set of Members 2 8 30 56.17 18301 -1.151]  17.151 806.99
by Member 3 9 0 | 6319 18301 | -1.151] 17.151 907.86
£}-by x-Location 4 5 T T 16.948| 0474 16474 467.08
- Provided Reinforcement 5 8 20 56.17 16948 0474 16474 747.32
- Longitudinal Reinforcement 6 | +2 bottom) 3 0 6319 16848 0474 16474 84074
+)- Shear Reinforcement 7 | Secondary 6 30 4213 16.000 0000  16.000 W] 529.14 | 160) v
- Reinforcement by x-Locatic
L. steel Schedule =N eSS
=) Serviceabilty Check
£ by Cross Secton BIEAXS REE O & |2 s 020w &=F== =
¥1- by Set of Members
- by Member —
) by x-Location (3)9Ma0,1=18301m
(2)8man, 1=16301m
1yEman, 1= 18301 m
(¢)sman, 1= 1648m
(5)8ma0,1= 16948 m
(B 19mz0,1=16948m
(76130, 1= 16.000m
< >
D 8|2 Calculatio 3D-Rendering | | Messages... Graphics Cancel

Figure 4.9: Window 3.7 Provided Longitudinal Reinforcement
The results of the provided reinforcement are sorted according to /tem numbers (reinforce-
ment groups) for every designed member and set of members.

The graphic below the table shows the reinforcement including item members. The current
item (the row selected in the upper table) is highlighted in red. Modifications to the parame-
ters entered in the table are updated and displayed immediately in the graphic.

The reinforcement proposal also takes into account structural regulations from CSA A23.3-14.

Item No.

The results are listed by items which have the same properties (diameter, length).

The items of all members and sets of members are summarized in Window 3.4 Steel Schedule.
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Reinforcement Position
This column indicates the position of the reinforcement in the cross-section:
e Basic-z (top)
e Basic +z (bottom)
e -z(top)
e 4z (bottom)
e Corners
e Allround
e Secondary

RF-CONCRETE Members considers the specifications set in Window 1.6 Reinforcement, tab Rein-
forcement Layout (see Chapter 2.6.3, page 23) for the arrangement of the reinforcement.

No. of Bars

The number of rebars of an item can be edited: Select the corresponding cell and click the but-
ton [...] to open the corresponding dialog box.

Lengitudinal Reinforcement - Coordinates | Member Mo, 13, ltem No. 4 *
Reinforcement Bars
Mumber:  Bar No.: As
815 [ 23.89 | [cm2]
Bar Coordinates and Hook Rotation
C ~
Coordinates Hook Rotation
No. | ylem] | zfem] Bl -
2659 0.0 L
2 -26. 10.18 0.0
3 -26.02 £.23 0.0
4 -26.02 -22.64 0.0
5 26.02 26.59 0.0
6 26.02 10.18 0.0|w
Place rebars evenly K
) Cancel

Figure 4.10: Dialog box Longitudinal Reinforcement - Coordinates

The Number of Reinforcement Bars can be set manually by using the spin buttons or by directly
entering a number. In the section below, you can adjust the position of the rebars in the indi-
vidual input rows. To delete a row selected in the lower section, click the [Delete] button.

The position of a rebar is defined by its Bar Coordinates: The coordinates y and z determine the
global distances from the cross-section's centroid. The angle, 3, describes the inclination
against the longitudinal member axis for the anchorage types "Hook" and "Bend". For example,
a Hook Rotation about § = 90° results in a downward rotation (i.e. in direction z) for the top re-
inforcement. The angle B = 270° rotates the anchorage end of the bottom reinforcement up-
wards. For the anchorage type "Straight", column Ciis of no importance.

When modifying the hook rotation, it is recommended to check the data subsequently in the
rendering mode by clicking the [3D-Rendering] button.

Bar No.

The used rebar diameters affect the calculation of the inner lever arm of the forces as well as
the number of rebars per item. Use the list to change the designation number for the current
item number.

A

The total reinforcement area of each item is listed in column E. It is derived from the number of
bars and their diameters.
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Mo anchorage
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Hook
Bend
poor ~
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poor
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Length

For each item, the column displays the total length of a representative rebar. The entry, com-
posed by the required member length and the lengths of anchorage at both member ends,
cannot be edited in this table.

x-Location from/to

These values represent the mathematical start and end positions of the rebars. They refer to
the start node of each member as defined in RFEM (x = 0). When the program determines the
dimensions, it takes into account the support conditions and the lengths of anchorage lrand ..

The values of both columns cannot be modified. To change data, use the [Edit] button above

the graphic to open the Edit Longitudinal Reinforcement dialog box (see Figure 4.12, page 42).

Anchorage

The anchorage lengths of the reinforcement proposal can be changed by using the list. The
Details option opens the following dialog box.

Anchorages | Member No. 13, ltem No. 1 *
Anchorage on Start Anchorage on End
Anchorage type: Anchorage type:
Bend w Straight w
Bond type: Bond type:
poar il poor ~
Anchorage I3 0.35| = | [m] Anchorage Id 0.51 = | [m]
length = length |: =
I2: 0.23 |3 [m] < | Im]
o o
Bending = =
i de - 0.12 (5 [m] = | [m]
Bend Straight
z
Loy Loon |
— -]
) Cancel

Figure 4.11: Dialog box Anchorages

This dialog box manages the parameters of the Anchorage on Start and on End of the rebar.

Use the lists to adjust the Anchorage type and the Bond type. The anchorage type is described
in Chapter 2.6.1 on page 20. RF-CONCRETE Members recognizes automatically the bond condi-
tions resulting from the cross-section geometry and the position of rebars. However, it is also
possible to enter user-defined specifications. "Good" and "poor" bond conditions affect the re-
inforcement location factor ki according to CSA A23.3-14,12.2.4 (a).

For control reasons, the program displays the design value of the Anchorage length la. This
length, which consists of the anchorage and additional lengths, is determined by Equation 12.1
according to CSA A23.3-14, 12.2.2. It cannot be modified.

Length I is the length of anchorage for hooks and bends, in accordance with CSA A23.3-14,
12.5 and Clause 6.6.2 of Annex A. For 90° hooks, for example, it should be at least 12 db.

4
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The required Bending Diameter d: is specified according to CSA A23.3-14, Annex A 6.6.2.3 and
Table 16. It can be adjusted, if necessary.

The total anchorage length X at each end of the member results from the respective portions.

Weight

Column J of Window 3.1 indicates for each item the mass of all rebars.

Notes

If a footer is displayed in the final column, a special condition is the reason. The numbers are
explained in the status bar.

To display all messages of the currently selected item, use the [Messages] button. A dialog box
with relevant information appears (see Figure 4.3, page 35).

Editing the reinforcement proposal

The graphic in the lower section of Window 3.1 represents the reinforcement including item
members. The currently selected reinforcement position (the row in the upper table where the
pointer is placed) is highlighted in red. To open the edit dialog box for the selected item, click
the [Edit Reinforcement] button above the graphic.

Edit Longitudinal Reinforcement - Member Mo, 13, ltem Mo, 2 *
Location Bar Positioning
x from: 0.00 = [m] Mumber of bars: E 2 As 53.19 [em?]
to: 16.00 (5 [m
|: Il Bar coordinates and hook rotation:
. [ A R
kel [m] Coordinates Hook Rotation
No. | yfem] | zfem] Bl
Reinforcement Layout 430 180.0
-z (top) ~ 2 6.38 -43.01 180.0 I
3 12758 -43.01 180.0
4 15.13 -43.01 180.0
Reinforcement Bars Number 5 25.50 -43.0m 180.0
0 6 -25.50 430 180.0 | v
Bar No.. |30 ~ =
Place rebars evenly H
Anchorages
Anchorage Length
Anchorage Type Bond la
Start: Straight ~| |poor v 0.86 = 2| Im]
End: Straight | lpoor v 0.86 > : S| [m]
Straight Straight
N i
from -4 o
|‘ length |‘ i
Total length: [m]
Total weight: [kal
) Cancel

Figure 4.12: Dialog box Edit Longitudinal Reinforcement

This dialog box summarizes the reinforcement parameters already described above. Use the
dialog box to control or adjust, if necessary, the specifications for Location, Bar Positioning, Re-
inforcement Bars Number, and Anchorages.

When you have modified data, the program automatically recalculates the design, using the
values of the new provided reinforcement.
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4.2.2 Provided Shear Reinforcement

87 RF-CONCRETE Members - [Frame des]
File Edit Settings Help
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3DRendering | | Messages... Graphics

Cancel

Figure 4.13: Window 3.2 Provided Shear Reinforcement
Similar to the output for the longitudinal reinforcement, the results for the shear reinforcement
are sorted by members and sets of members according to Item numbers (reinforcement groups).

The graphic below the table represents the reinforcement including stirrups. The currently se-
lected item (the row selected in the upper table) is highlighted in red. Modifications to the pa-
rameters entered in the upper table are displayed immediately in the graphic.

The reinforcement proposal also takes into account structural regulations. For example, in ac-
cordance with CSA A23.3-14, 11.3.8.1, the maximum spacing of stirrups shall neither exceed
0.7dv nor 600 mm.

Section

The sections allocate the shear reinforcement to zones with the same diameters and spacings.
The zones are defined in columns F and G where they can be adjusted, if necessary (see below).

Item No.

The results are listed by /tems having each the same properties (diameter, spacing).

The items of all members and sets of members are summarized in Window 3.4 Steel Schedule.

No. of Stirrups

When the program determines the shear reinforcement, it takes into account the user-defined
specifications entered in Window 1.6 Reinforcement, tab Stirrups (see Chapter 2.6.2, page 21).

The number of stirrups of an item can be edited: Select the corresponding cell and enter a dif-
ferent value. The stirrup spacing in column H will be adjusted automatically.

Bar No.

The reinforcement proposal is based on the specifications defined in Window 1.6 Reinforcement,
tab Stirrups. Use the list to change the bar number for the current item.
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Column E displays the total length of the stirrup zone for each item. It is determined by the start
and end locations x, but cannot be edited in the table. To change data, use the [Edit Reinforce-
ment] button and open the Edit Shear Reinforcement dialog box (see Figure 4.14, page 44).

x-Location from/to

These values represent the start and end positions of the stirrup zones. They refer to the start
node of the member given in RFEM (x = 0). The entries in both columns can be edited so that it
is possible to shift the zone limits by modifying the values.

To subdivide a zone, enter a new location for the start or end which lies between both values.
RF-CONCRETE Members will automatically create a new stirrup zone.

Spacing si;

The proposed stirrup spacing considers the specifications defined in Window 1.6 Reinforcement,
tab Stirrups (see Chapter 2.6.2, page 21). This value can be edited: Click in the corresponding cell
and enter the new spacing. The number of stirrups (column C) will be adjusted automatically.
The exact spacing, however, is calculated by the amount of stirrups defined by an integer.

Number of Sections

The sections of the stirrups are based on the specifications defined in Window 1.6 Reinforcement,
tab Stirrups (see Chapter 2.6.2, page 21). Use the list to change the number of sections.

Weight

For each item, column J of Window 3.2 shows the mass of all stirrup rebars.

Notes

If a footer is displayed in the last column, a special condition is the reason. The numbers are
explained in the status bar.

To display all messages of the currently selected item, use the [Messages] button. A dialog box
with relevant information appears (see Figure 4.3, page 35).

Editing the reinforcement proposal

The graphic in the lower section of Window 3.2 shows the reinforcement including stirrups.
The currently selected reinforcement position (the row in the upper table where the pointer is
placed) is highlighted in red. To open the edit dialog box for the selected item, click the [Edit
Reinforcement] button above the graphic.

Edit Shear Reinforcement | Member Mo, 10, [tem Mo, & *
Location Stirrup Dimensions
x-ocation from: B.004 [m] Start End
ls-haight: 3

to: [

Width:
Length:

Hook:

Stirrup Parameters

e
Bar No.: 10 g Total
B

Mumber stirrups
per section: 3

2 Cancel

Figure 4.14: Dialog box Edit Shear Reinforcement
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This dialog box summarizes the reinforcement parameters described above. Here you can con-
trol or adjust, if necessary, the Location, Stirrup Dimensions and Stirrup Parameters.

When you have modified data, the program automatically recalculates the design, using the
values of the new provided stirrup reinforcement.

4.2.3

This window contains information about the ULS designs that have been fulfilled or failed. In
the case of a recalculation after having modified the reinforcement in Window 3.1 or 3.2, the
results are updated automatically.

Provided Reinforcement by x-Location

81 RF-CONCRETE Members - [Frame des] X
File Edit Settings Help
CAL-Reinforced Concrete Des | 3.3 Provided Reinforcement by x-Location
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3 1
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Member Na. 3 :] Reinforcement in
Member No. 8 Percentage of Reirforcement - Top Pz iop) 0721 ooz ore
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.. Steel Schedule Required Reirforcement - Battam As s attom),r 625 | em?
5 Serviceabilty Check Required Shear Reinforcement as stimup.reg 354 | em?/m
) by CrossSection 5 State of Strain
i by Set of Members B Design Intemal Forces A
#1-by Member Axial Force Nes 2315 kN
- by x-Location Moment About y-Ais MEdy 561,07 | khm
Moment About z-Ais MEdz 766 | khm
] Design Moment 5.289 £0.25
Design Moment 24263 [ khim
Design Moment -564.37 | khm
Bl Curvatures W
< >
D (83 Cale Messages... Graphics Cancel
180) Minimum skin reinforcement acc.to 10.6.2

Figure 4.15: Window 3.3 Provided Reinforcement by x-Location

The table in the upper part of this window lists the longitudinal and shear reinforcement areas
at the individual member location x. The lower part of the window lists all Detailed Results for
the table row selected above.

Location x
The provided reinforcement areas are listed by x-location for each member:
e Startand end nodes
e Partition points according to possibly defined member division (see RFEM Table 1.16)

o Member division according to specification for member results (Global Calculation Parameters
tab of Calculation Parameters dialog box in RFEM)

e Partition points according to possibly defined member division
o Extreme values of internal forces

In the case of reinforcements by curtailment, the output shows two identical x-locations with
both reinforcement values at the zone limit.

As,-z (top)

This value represents the reinforcement area of the provided top longitudinal reinforcement.
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As,+z (bottom)

This value represents the reinforcement area of the provided bottom longitudinal reinforce-
ment.

As,total
The provided total longitudinal reinforcement is determined from the values of columns B and C.

as,stirrup
This column shows the areas of the provided shear reinforcement per unit length.
The Detailed Results in the lower section allow for a specific evaluation of the designs. The de-

sign details refer to the x-location selected in the table above. They are updated automatically
when clicking into a different table row.

The detailed results contain information about the Percentage of Reinforcement and the Safety
of the selected reinforcement, i.e. the ratio of the provided to the required reinforcement. The
safety of the longitudinal reinforcement is designed by an increased moment taking the global
offset into account.

4.2.4 Steel Schedule

The schedule displays the provided rebars in an overview. The table cannot be edited.

7 RF-CONCRETE Members - [Frame des] X
File Edit Settings Help
CA1-Reinforced Concrete Des + | 3.4 Steel Schedule
Input Data BN B [ C [ 0 [ E [ F | G [ H [ 1 [ J
- General Data tem | Remnforcement Bar No No_of | Length Anchorage Type Bendng | Weight
- Materials No Type Suface | Bars | [m] Start End Diameter fm] | kal
Cross-Sections [Material Mo. 1 - Reirforcing Ste=l 500R ]
BT i 1| Longtudingl | 10 | Ribbed | 14 16.000 No anchorage No anchorage 176.35
- Reinforcement z Longtudinal | 10 | Ribbed 0 .000 No anchorage No anchorage 6298
e e 3 | longtudinel | 10 | Fibbed 8 32.000 No anchorage No anchorage 20154
2 - Columns 4 | longtudnal | 20 | Ribbed 3 5838 Straight Straight 41681
Results 5 | Longtudinal | 20 | Ribbed 1 5245 Straight Straight 418.08
e e 6 | longtudnal | 20 | Ribbed | 12 6.895 Straight Straight 193.96
(- by Cross-Section 7 Longtudinal | 20 | Ribbed 24 11.304 Straight Straight 636.00
- by Set of Members 8 | Longtudnal | 30 | Ribbed | 22 18417 Straight Straight 223332
£} by Member 9 | Longtudinal | 30 | Ribbed | 23 16.996 Straight Straight 218463
£l-by x-Location 10 | Longtudinal | 30 | Ribbed | 11 17.983 Streight Streight 1050.30
3-Provided Reinforcement 11 | Longtudinal | 30 | Ribbed 5 16817 Straight Straight 463.46
) Longitudinal Reinforcement) |45 " gngiudinal | 30 | Ribbed 5 10183 Straight Straight 28063
- Shear Reinforcement 13 | Longtudnal | 30 | Ribbed 2 2.839 Straight Straight 5810
=1 Reinforcement by x-Locatic 14 | Longtudnal | 30 | Ribbed 7 34268 Straight Straight 121095
e iad 15 | Longtudinal | 30 | Ribbed 7 3293 Straight Straight 1270.71
Member No. 2 16 Stimup 10 | Ribbed 3 2404 Hook Hook 0045 13813
- 3 17 Stirup 10 | Fibbed | 109 3.966 Hook Hook 0.045| 34034
- 18 Stimup 10| Fibbed 1 4864 Hook Hook 0045 354
= 19 Stimup 10 | Ribbed | 3 2.504 Hook Hook 0045| 68.98
I 2 Stimup 10 | Ribbed | 271 4118 Hook Hook 0.045| 88967
=8 Total 703 1434850
p 12
Member No. 13
i L Member No, 14
- Steel Schedule
=)-Serviceabilty Check
)by Cross-Section
- by Set of Members
) by Member
- by x-Location
< 3>
D &= Calculatiol Graphics Cancel

Figure 4.16: Window 3.4 Steel Schedule

Item No.

The rebars are listed by items having each the same properties (diameter, length, type of an-
chorage, etc.).

The item numbers are not identical with the numbers of the Window 3.1 or 3.2.

Reinforcement Type

This column indicates whether the reinforcement is a Longitudinal or a Stirrup reinforcement.
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Bar No.

Column C shows the used rebar designation numbers.

Surface

This column displays the surface type of the reinforcing steel which can be Ribbed or Plain.

No. of Bars
In column E, you can see the number of identical rebars for each item.

Length

This column shows the total length of a representative rebar.

Anchorage Type Start/End

The two columns provide information about the types of anchorage at the start and end of the
rebars (No anchorage, Straight, Hook, Bend, etc.).

Bending Diameter

For stirrups and hooks, you find the bending diameters dw: in column I.

Weight

The last column indicates the mass of all rebars for each item.

Total

The final table row of the steel schedule shows the total number of rebars and the mass of
steel that is totally required. It is determined from the values of the individual items above.
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4.3  Serviceability Limit State Design

The result Windows 4.1 to 4.4 are only shown when the design of the Serviceability Limit State
was activated in Window 1.1 (see Chapter 2.1.2, page 9) and no design problems were detected
by the program (see Chapter 4.1.5, page 38 and Chapter 4.2.3, page 45).

The SLS design is based on the reinforcement layout, i.e. the Reinforcement Provided as defined
in Window 3.1 and Window 3.2.

4.3.1 Serviceability Check by Cross-Section

i RF-CONCRETE Members - [Frame des] X
File Edit Settings Help

CAL-Reinforced Concrete Des | 4.1 Serviceability Check by Cross-Section

InputData A | B [c [ D [ E [ G [ H [ I
£+ General Data Member | Location Design
i Materials No x[m] loadng | Type | BisingValue | Limé Value Uni Capaoty Note
p@osTETs Cross-Section No.1 - Rectangle 55/60
§+Supports 2 2400 €013 [Asmin 215 [em? 0.09
- Reinforcement Cross-Section No.2 - Rectangle 60/60
i friie=m 3 0.000 CO13 [ Asmin 3232 0.00 [em2 0.00[ 204)
- 2-Calumns Cross-Section No.3 - Rectangle 60/30
T 10 8.000 COT3 | uzkessl 72 66.7 [ mm 1.19[330)
M=o 10 8.000 CO13 | Asmin 247.78 33.26 | om? 0.14
I Required Reinforcement Cross-Section No.4 - Rectangle 60/35
! [-by Cross-Section 12 6.857 CO13 |uzkoosl 386 66.7 [ mm 0.58
i [#-by Setof Members 11 0.000 CO13 | Asmin 123.38 3072 |om? 0.25
. [8 by Member Cross-Section No.5 - Rectangle 60/95
i [byxlocation 14 0.000 CO13 [uziceal 37 333 [mm 0.72
- Pravided Rj”f“"“fmefgf 14 0.000 CO13 | Asmin 412 573 em? 0.14
i [ Longitudinal Reinforcement,
i (3 Shear Reinforcement Max: 1151 @ 2RI ®
! [ Reinforcement by x-Locatic
i Steel Schedule Detailed Resutts - Member No. 2 - Location x: 4.400 m
=) Serviceabilty Check ii¥ State of Sirain
%1 by Cross-Section 1 Determination of minmum reinforcement
¥l by Set of Members I Calculation Parameters
) by Member & Provided Longitudinal Reinforcement
#1- by xLocation Feinforcement Area at the Top () Surface As,xist = tog) 4778 [om?
Reinforcement Area at the Bottom (+2) Suface As axist 2 bottom) 5376 | em?
E1Design
Provided Reinforcement As existn 0.00[em?
Fartial Minimum Reinforcement - web Asmin .00 | omZ
Design Citerion Citerion .05
< >
sJIRF= =Y Calculatio Messages... Graphics Cancel

Figure 4.17: Window 4.1 Serviceability Check by Cross-Section

The serviceability design is sorted by cross-sections. The table shows the most unfavorable
values of different criteria that must be proved for the serviceability limit state. The values re-
sult from the parameters of the reinforcement groups for the crack width control (see Chapter
2.6.6, page 26), the provided reinforcement and the internal forces of the governing actions.

Member No.

For every cross-section, the number of the member with the greatest result values (column E)
or capacity (column H) is shown. The reference can be changed using the [Sort] button.

Location x

The column displays the respective x-location where the most unfavorable values or capacities
occur. The distances refer to the start node of the governing member.

Loading

This column shows the numbers of the load cases, load or result combinations that are govern-
ing for the SLS design.
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Type
This column describes the criteria of the SLS design. They depend on the specifications made
in Window 1.6 Reinforcement, tab Serviceability.

uz,local

This is the absolute value of the calculated deformation in direction of the local member axis z.

The allowable relative deformations are administered in Window 1.7 Deflection Data (see Chap-
ter 2.7, page 29).

As,min

This value represents the minimum reinforcement for crack control according to CSA A23.3-14,
10.6.1. It is compared to the provided reinforcement.

Existing Value

This column displays the values that are governing for each criterion of the serviceability limit
state design.

Limit Value

The limit values are determined from the specifications of the Standard.

Capacity
This column lists the ratios of the SLS design. They depend on the specifications made in Win-
dow 1.6 Reinforcement, tab Serviceability.

Note

The final column indicates design problems or shows notes referring to difficulties which have
occurred during the analysis. The numbers are explained in the status bar.

To display all notes of the serviceability limit state design, use the [Messages] button. A dialog
box with relevant information appears.

Error Messages or Motes to Design Process *

Used Error Meszages or Notes
204 | Cross-section is over pressed, no cracks will arise, -
330 | Deflection is not satisfy.

2 Al

Figure 4.18: Dialog box Error Messages or Notes to Design Process
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4.3.2 Serviceability Check by Set of Members

7 RF-CONCRETE Members - [Frame des] X
File Edit Settings Help
CA1-Reinforced Concrete Des | 4.2 Serviceability Check by Set of Member
Input Data [ A B [ T o 1 E [ F [ G [ H [ ]
-+ General Data Member | Location Design
- Materials No xIm] Loadng | Type Exsting Value | Lim Value Unt Capacty Note
Cross-Sections S
Supports 0.000 €012 [Asmn 3882 0.00 [ cm? 0.00[ 204)
- Reinforcement Set of Members No. 4 - Rectangle 60/35
R — 12 6.857 CO13 |uzkoosl 386 66.7 [ mm 0.58
- 2-Calumns 11 0.000 CO13 | Asmin 123.38 17.78 | em? 0.15
. Defiection Data
Results
=) Required Reinforcement
- by Cross-Gection
¥l by Set of Members
1 by Member
- by x-Location
=)-Provided Reinforcement
%1- Longitudinal Reinforcement
- Shear Reinforcement Max: o<1 @ 8w 8] E][e
) Reinforcement by x-Locatic
- Steel Schedule
=~ Serviceability Check i i
%1 by Cross-Section 1 Determination of minmum reinforcement
¥l by Set of Members I Calculation Parameters
) by Member & Provided Longitudinal Reinforcement
#1- by xLocation Feinforcement Area at the Top () Surface 32.85 [ em?
Reinforcement Area at the Bottom (+2) Suface 38.82 [em?
E1Design
Provided Reinforcement Ac sxstu 0.00[cm?
Fartial Minimum Reinforcement - web Asmin .00 | omZ
Design Citerion Citerion 0.00
< 3>
sJIRE=l=S Messages.. Graphics Cancel

Figure 4.19: Window 4.2 Serviceability Check by Set of Members

When sets of members have been selected for design, the governing serviceability limit state
designs are sorted by set of members in this result window.

Details on the individual columns can be found in Chapter 4.3.1.

4.3.3 Serviceability Check by Member

7 RF-CONCRETE Members - [Frame des] e
File Edit Settings Help
CAL-Reinforced Concrete Des ~ | 43 Serviceability Check by Member
Input Data B [ C 1 D | E | B [ G | H [ 0 ~
- General Data Location Design
Materials No xIm] loadng | Type | BisingValue | Lim Value Uni Capacty Note
rEoSEEE ] 0.000 CO13 | Asmin 38.82 0.00 | em? 0.00 | 204)
++Supports Member No. 10 - Rectangle 60/30
Reinforcement 2.000 COT3 | uzkoesl 7.2 66.7 [ mm 1.19[330)
L= 0.000 €013 | Asmin 2477 0.33|cm? 0.00
- 2 - Columns Member No. 11 - Rectangle 60/35
R 11 0.000 CO13_|uziooal 201 66.7 [ mm 031
Results 11 0.000 CO13 | Asmin 123.38 17.78 | em? 0.15
P Member No. 12 - Rectangle 60/35
&l by Cross Section 12 6857 CO13 [uzjoesl 386 66.7 [ mm 058
(1 by Set of Members 2 0.000 CO13 | Asmin 12338 1778 | em? 0.5
- by Member Member No. 13 - Rectangle 60/35
£}-by x-Location 13 6.857 COT3 | uzkocsl 430 £6.7 [ mm 0.65
- Provided Reinforcement 13 0.000 €013 | Asmin 8125 309 | cm? 0.04 v
- Longitudinal Reinforcement X =
1 Shear Relinforcement Max: 1)1 @ ARSI
¥l Reinfarcement by x-Locatic
Steel Schedule Detailed Results - Member No. 10 - Location x: 0.000 m
=) Serviceabilty Check [l Stats of Strain
#- by Cross-Section (= Detemination of minimum reinforcement
¥1- by Set of Members 1 Calculation Parameters
- by Member Bl Provided Longtudinal Reirforcemert
1. by xLocation Reinforcement Area at the Top () Surface Az exist = (1op) 24776 | em?
Reinforcement Area at the Bottom (+z) Suface As, gxist +2 (bottom) 24776 | cm2
E1Design
Provided Reinforcement As existn 0.00[em?
Partial Minimum Reinforcement - web As,minw 000 |cm?
Design Citerion Citerion .00
< >
D] [& =2 Messages... Graphics Cancel

Figure 4.20: Window 4.3 Serviceability Check by Member
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This result window shows the output for the serviceability design sorted by member. The table
columns correspond to the columns of Window 4.1. They are described in Chapter 4.3.1.

4.3.4 Serviceability Check by x-Location

7 RF-CONCRETE Members - [Frame des] e
File Edit Settings Help
CA1-Reinforced Concrete Des ~ | 4.4 Serviceability Check by x-Location
Input Data B [ C 1 o) | E | B [ G | H [ 0 ~
;- General Data Location Design
Materials No x[m] Loading Type Bxisting Value Limit Value Unit Capacity Note
s CO13 | Asmin 247.7 0.33 [em? 0.00
Supports Member No. 11 - Rectangle 60/35
Rt cemenk 11 0 COT3 | uzkoesl 201 66.7 [ mm 031
L= €013 | Asmn 12338 7.78 | om? 0.15
SEETS 11 0010 CO13 | uzjocsl 200 £6.7 | mm 0.31
e CO13 | Asmin 12338 7.78 |om? 0.15
Results 11 2.206 CO13 | Uzlosal 01 667 mm 0.01
et C012 | Asmin 12338 17.78 | am? 0.15
41 by Cross-Secton 11 4571 COT3 | uzjecal 55 667 | mm 0.09
- by Set of Members 1 CO13 | Asmin 12338 17.78 | em? 0.15
*1- by Member 11 6857 CO13 | uziooal 32 667 | mm 0.05
£}-by x-Location CO13 | Asmn 12338 17.78 | om? 0.15
el ek 1 5.143 €013 | uziees 18 £6.7 | mm 0.03 v
- Longitudinal Reinforcement
5 Shear Reinforcement Max; 111 @ %[
- Reinforcement by x-Locatic
Steel Schedule Detailed Results - Member No. 11 - Location x: 4 571 m
=) Serviceabilty Check [l Stats of Strain
#)- by Cross-Section = Determination of minimum reinforcement
#- by Set of Members Caleulation Parameters
1 by Member Bl Provided Longtudinal Reinforcemert
- by x-Location Reinforcement Area at the Top () Suface 12338 [em?
Feinforcement Area at the Botiom (+2) Sufface 53.16 | om?
E1Design
Provided Reinforcement As exist 2 (top) 123.38 [em?
Mirimum Reinforcement at the Top () Suface Asmin= (1o5) 17.78 [em?
Design Criterion Criterion 015
< >
D] [& =2 Messages... Graphics Cancel

Figure 4.21: Window 4.4 Serviceability Check by x-Location

This window lists the SLS design results (see Chapter 4.3.1) for all locations x of the designed
members.
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5. Results Evaluation

The results of the design can be evaluated and adjusted in different ways. The result windows
are described in detail in Chapter 4. This chapter describes the graphical evaluation.

5.1 Reinforcement Proposal

The result Windows 3.1 and 3.2 show you how the required areas of reinforcement can be cov-
ered with rebars to fulfill the relevant design, for example the serviceability limit state design.
The reinforcement proposal is displayed graphically in the lower part of Window 3.7 Provided
Longitudinal Reinforcement and Window 3.2 Provided Shear Reinforcement (see Figure 4.9, page
39 and Figure 4.13, page 43).

(3)am20,1=38%9m

{3 4 M20,1= 4399 m {1)3M20,1=2399 m

(&)zmini=2771m

3 5010, =3.000m

Figure 5.1: Reinforcement drawing in Window 3.7 Provided Longitudinal Reinforcement

The current item, i.e. the row selected in the table above, is highlighted in red. The graphic al-
lows you to display the position and arrangement of the individual item members in order to
evaluate them appropriately.

To open the edit dialog box for the selected reinforcement item, click the [Edit Reinforcement]

button in the toolbar above the graphics. The dialog box shown in Figure 4.12 on page 42 or in
Figure 4.14 on page 44 appears. In this dialog box, you can check the individual parameters of

the selected longitudinal or stirrup reinforcement and adjust them, if necessary.
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1 5.2 3D Rendering of Reinforcement

In the result Windows 3.7 Longitudinal Reinforcement and 3.2 Shear Reinforcement, the button

[3D-Rendering] is available. It enables a photo-realistic visualization of the provided reinforce-
ment. A new window opens, showing a rendered graphical representation of the reinforcing
cage of the current member or set of members (i.e. the table row of the object where the
pointer is placed).

£ Member No. 1 m] X

BIRAAS KL EEE O e s EEEn - s s iaee =

[ceel num scri

Figure 5.2: 3D rendering of provided longitudinal and stirrup reinforcement

By means of the graphic, you can check the selected reinforcement close to reality.

dfn) To set the graphic display appropriately, use the View menu or the corresponding buttons (see
AR Table 5.1). Similar to the display in RFEM, you can use the control functions - shifting, zooming
and rotating the object - by keeping the [Shift] or the [Ctrl] key pressed.

) @ The current graphic can be sent to the printer, the printout report or the clipboard.
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Reinforcement of column

in perspective view

2 90 k0-0180m

7128

362.6

The buttons in the toolbar have the following functions:

Button

Description

Function

@

Print

Opens the Graphic Printout dialog box (see Figure 6.4,
page 61) providing the printout settings

Move, Zoom, Rotate

Allows for shifting the view by the mouse (zooming/
rotating by pressing [Shift] or [Ctrl]/[Alt] key)

Zoom

Allows for increasing a particular region in the graphic
by drawing a window with the left mouse button

Show whole model

Resets the graphic's full view

Previous view

Shows the previously selected view

| s L

View in X Shows the view in YZ plane
ﬁ ﬁ View in -Y Shows the view in XZ plane (vertically/horizontally)
£ 7 |ViewinZz Shows the view in XY plane (vertically/horizontally)

Isometric view

Shows the object in 3D

Perspective view

Shows the object in a perspective view (can be com-
bined with all four types of view)

View support

Shows the supports defined in Window 1.5 Supports

LN W=

Line model

Hides the concrete material

Solid model

Represents the concrete in the member or set of
members

Top reinforcement

Displays the longitudinal reinforcement defined in top
of member

Bottom reinforce-
ment

Displays the longitudinal reinforcement defined in
bottom of member

Peripheral rein-
forcement

Displays the peripheral longitudinal reinforcement

Stirrup reinforcement

Shows the stirrup reinforcement

banl = - T T

Member axis system

Controls the display of the local member axes x,y,z

Longitudinal rein-

Shows the item of the top reinforcement above the

tion

= forcement - top member
= Longitudinal rein- Shows the item of the bottom reinforcement below
= forcement - bottom | the member
5 Shear reinforcement | Displays the items of the stirrup reinforcement
= Direction of descrip- | Shows description of stirrup reinforcement perpendic-
—H

ular to member
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= View start of anchor- | Shows anchorage of longitudinal reinforcement at start
age of member
- View end of anchor- | Shows anchorage of longitudinal reinforcement at end
age of member
. . Shows additional information for reinforcement in
o Show information :
lower left corner of window
— o Opens dialog box for editing reinforcement
o Edit reinforcement . .
= (see Figure 4.12, page 42 and Figure 4.14, page 44)

Table 5.1: Buttons for 3D rendering

5.3  Results on RFEM Model

You can also evaluate the design results in the RFEM work window.

5.3.1 RFEM Background Graphic

The RFEM graphic in the background is useful when you want to check the position of a par-
ticular member in the model. When you select a table row in the results table of RF-CONCRETE
Members, the corresponding member is highlighted in the background graphic. In addition,
an arrow indicates the x-location of the selected member.

File Edit Settings Help

Input Data
General Data
Materials
- Cross-5ections
Supports
& Reinforcement
i 1-Beams
& 2 - Columns
Results
% Required Reinforcement
) by CrossSection
- by Set of Members
¥ by Member
4. by x-Location
= Provided Reinforcement
@ Longitudinal Reinforcement
- Shear Reinforcement
- Reinforcement by x-Locatic
- Steel Schedule
= Serviceabilty Check
¥ by CrossSection

) by Set of Members
- by Member
- by x-Location

W7 RF-COMNCRETE Members - [Reinforcement]

CAL-Design of concrete memp ~ | 2.3 Required Reinforcement by Member

B [ C o[ € F G |
Member | Location Reirforcemert Enror Message
Reirforcemert| No. | xIm] |loading |  Area Unit ar Note
Member No. 1 - Rectangle 400/750
As. (lop) 1 5.000] CO2 1566 cm?
1 5.850| CO2 18.66 [ om?
AsT 1 0000 CO2 0.00 | cm2
imp |1 s000| co2 445 emZ/m
ssuTstmp | 1 0.000] Co2 0.00 | emZ/m
Member No. 2 - Rectandee 400/760
As 2 frop) 2 0000] COZ 1149 cm?
Assz borom) | 2 4500 col 474 [cm? 343)
A 2 0.000] Co2 0.00 | em?
aswvstmp | 2 0.000] co2 263 |am¥/m | 847)
Bsw T.stimup F 0.000| CO2 0.00 | cm2/m
WMember No. 3 - Rectangle 400/400 v
®
Detsiled Results - Member No. 1 - Rectangle 400/750 - CO2
{Ei Heirforcemert. S

Longtudinal Feinforcemert - Top
Longtudinal Reinforcemert - Bottom
Longtudnal Torsion Rerforcement
Stirups (Shear Reinforcement)
Stirups (Torsion Reirforcement)
Fercertage of Reinforcement - Top
Percentage of Reinforcement - Bottom
Percentage of Shear Reinforcemert

1 Design Intemal Forces
Design Bending Momert
Design Bending Momert
Design Torsional Moment
Design Axal Force
Design Shear Foros
Design Shear Force
Reduced Design Shear Force

B State of Strain

El Frov. Stress

Calculatio ToDisplay... | | Messages...

Graphics

cm?2
cm?
cm?2
cm?Z,
cm?2,

Rectangle 400/750

R S—
: ¥
I
|
|
e —
T
+
2
[mm]
Fo[Nmm"2] Eps [
17.550 50

Figure 5.3: Indication of member and current Location x on RFEM model

This function, however, is only available when the results of the RF-CONCRETE Members case
are set in the RFEM user interface. You can use the [Graphic] button to switch to RFEM and the
button [RF-CONCRETE Members] in the control panel to return to the add-on module.

I Program RF-CONCRETE Members CSA © 2017 Dlubal Software GmbH

55



5 Results Evaluation

VANS

Graphics

RF-COMCRETE Members CA1 - Design | =

LC1 - Seff-weight

LC2 - Live load

LC3 - Imperfection towards +X
CO1-14°LC1 +1C3
CO2-1.25LC1 +1.5°LC2 + LC3
CO3-LC1

CO4-LC1+1C2

RC1 - Uttimate: Limit State

RC2 - Serviceability Limit State

RF-CONCRETE Members CA1 - Design of concrete

| & | x|

=]

Dlubal
5.3.2 RFEM Work Window

You can check the reinforcements and detailed results graphically on the RFEM model: First,
click the [Graphic] button to close the add-on module. Then, all design results are displayed in
the work window of RFEM, like the internal forces or deformations of a RFEM load case.

You can set the design case in the drop-down-list of the RFEM menu bar.

The Results navigator is aligned with the design results of the RF-CONCRETE Members module.
It enables you to select the different reinforcement types for the ultimate and the serviceability
limit state designs including all detailed results.

Project Mavigator - Results x

P Diagrams Inter Coupled - Normalized

EID r* Required Reinforcement
..... Iz‘ Az {top)
""" E| i Asaz {bottom)

..... e a sw, T stirup
..... e a sw, V. stirrup
..... [ r Az frop) + AsT/2
..... []F¥ As sz (bomom) + AsT/2
..... I:‘ ri¥ Asrotal + AsT
..... []re 2*a sw T stirup+ 8wV stirup a-5w,V,stirrup
=) [B] v# Provided Reinforcement
..... [ F¥ Az frop) prov.
..... []F¥ As sz (botom) prov.
..... []F¥ Asroraiprov.
..... []r¥ asstimup prov.
(- [B] ¥ Detailed results
- [B] v Serviceability Limit State Design
- [H] r# Ratio
I:‘ e Uziocal
o [] Pl Asmin
- [B] F¥ Serviceability Check
O /2 uziocal
[ v azmin -z ftop)

o] f @smin+z {bottom)

Panel x

RF-CONCRETE Members

I A=z ffop)

I As,+z (pottom)

=1~ [] /¥ Reinforcement - Rendering RF-CONCRETE Members
(- [] ## Longitudinal reinforcement
E‘ r# Stirrups
- [w] ¥ Anchoring
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Figure 5.4: Results navigator and panel for RF-CONCRETE Members

The Results navigator allows you to display several reinforcement types or designs at the same
time. In this way, it is possible, for example, to compare graphically the required longitudinal
reinforcement with the provided longitudinal reinforcement. The panel will be synchronized
with the selected types of results.

Find an example for the graphical documentation for a shear analysis in the following article:
https://www.dlubal.com/en/support-and-learning/support/knowledge-base/000715

Due to the multiple selection and the automatic color assignment, the options available in the
Display navigator for the representation of member results are of no relevance.

To turn the display of design results on or off, use the toolbar button [Results on/off]. To display
the result values in the graphic, use the [Show Result Values] button to the right of it.

As the RFEM tables are of no relevance for the evaluation of the RF-CONCRETE Members results,
you may deactivate them.
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5 Results Evaluation

RF-CONCRETE Members

Panel x

Display Factors

Deformation:

Member diagrams:
Hs

Surface diagrams:

Section diagrams:

Reaction forces:

Trajectories:
Increments:

Figure 5.5: Panel tab Display Factors

VANS
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Similarly to the member internal forces, the member diagrams can be scaled in the second
panel tab Display Factors for the evaluation and the printout.

In addition to the required and the provided reinforcement, it is possible to evaluate the inter-
mediate results of all designs graphically.
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Figure 5.6: Graphical output of required and provided reinforcement

With the Reinforcement - Rendering option in the navigator, you can display the rebars and stir-
rups in the RFEM work window.

All results graphics can be transferred to the global printout report (see Chapter 6.2, page 61).

To return to the add-on module, click the [RF-CONCRETE Members] button in the panel.
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54  Result Diagrams

The result diagrams are available in the RFEM graphic. To display the diagrams,

select Result Diagrams on Selected Members on the Results menu,

or use the button in the RFEM toolbar as seen to the left.

A window opens showing the distribution of the reinforcement areas and detailed results on

the selected member or set of members.
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Figure 5.7: Dialog box Result Diagram on Member

In the Navigator on the left, select the reinforcements and detailed results. By means of the
lists in the toolbar above, you can set a particular design case of RF-CONCRETE Members as

well as specific members or sets of members for the display.

For more detailed information on the dialog box Result Diagram on Member, see Chapter 9.5 of

the RFEM manual.
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5.5 Filter for Results

In addition to the result windows which already allow for a particular selection according to
certain criteria due to their structure, you can use the filter options for members or results to
evaluate the designs graphically.

Furthermore, you can apply defined or new Visibilities (see Chapter 9.9.1 of the RFEM manual)
to group objects for the evaluation.

To set the numbers of those members whose results are to be shown exclusively, use the Filter
tab of the control panel. This function is described in Chapter 9.9.3 of the RFEM manual.

Panel x

Show diagrams for
members No. a0

&g [ X

B a4
Figure 5.8: Filtering members in the panel

In contrast to the Visibilities function, the entire model is displayed in the graphics.

5 Results Evaluation / |\
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6. Printout

6.1  Printout Report

Creating printouts is similar to the printout procedure in RFEM. First, the program generates a
printout report for the results of RF-CONCRETE Members. Then, graphics and descriptions can
be added. In the printout report, you can select the types of results which you want to include
for the reinforced concrete design.

When your model is rather extensive, it is advisable to split the data into several small reports.
If you create a separate printout report for RF-CONCRETE Members, this printout report can be
generated relatively quickly.

The printout report is described in detail in the RFEM manual. In particular, Chapter 10.1.3.5
Selecting Data of Add-on Modules provides information concerning the selection of input and
output data in all add-on modules.

The Printout Report Selection dialog box provides various options to select input and output
data. Thus, the reinforcements as well as the detailed results can be individually prepared for
the documentation.

Printout Report Selection X
S Global Selection  Input Data  Reinforcement  Serviceability Check  Monlinear Analysis
RFEM
RECONCRETE Members! Display
Reinforcement Required Mo. Selection (e.g. '1-5,207)
[J2.1... by Cross-Section Al =

Detailed Results
2.2... by Set of Members Sets: Al /[Ty
[ betailed Results
2.3 ... by Member Members: Al ~ |
[ petailed Results

[J2.4... by x-Location All
Detailed Results Al
[]2.5 ... Mot Designable All

Longitudinal Reinforcement
3.1... Provided Members: Al /[T
... Provided - Anchorage Sets: Al >

... Provided - Graphics

Shear Reinforcement

3.2.... Provided Members: Al ~ ‘:’

.... Provided - Graphics Sets: Al v [T
[]3.3 Reinforcement Provided by x-Location All
Detailed Results Al

3.4 Steel Schedule

Display Error messages or notes
[]Cover sheet o

[]Contents

Info pictures

Uppercase itles

¥/ 0K Cancel

Figure 6.1: Printout report selection of results for RF-CONCRETE Members, tab Reinforcement
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k Remove from Printout Report
Start with New Page

Selection...

Properties...

6.2

Graphic Printout
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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.

Every picture that is displayed in the graphic window of the main program RFEM can be in-
cluded into the printout report. Furthermore, it is possible to incorporate the 3D rendering
graphics and the member result diagrams in the printout report by using the [Print Graphic]

button.

To print the current RF-CONCRETE Members graphic displayed in the RFEM work window,
select Print on the File menu or use the toolbar button.

;@ RFEM 5.08.02 x64 - [Reinforcement™]

E® File Edit

WEEY FEE
“ Y Y

View

Insert  Calculate

] Print Graphic

Besults Tools Table Options

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

| 69
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Window
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Figure 6.3: Button Print in the toolbar of the 3D rendering window

The following dialog box opens:

Graphic Printout

(O To the Clipboard
To 3D PDF

Graphic Picture Size and Rotation

Use full page width

(O Use full page height

Header of Graphic Picture

General (Options Color Scale  Factors
Graphic Picture

(O Directly to a printer... =
@ To a printout report: PR1

(® Height: 50 15 [% of page]
Rotation: 0

Border and Stretch Factors

Window To Print Graphic Scale

(® Cument only (®) As screen view

w More... (O window filing
() Mass print... OToscale 1
Options

Show results for selected x-ocation in result
diagram

[JLock graphic picture (without update)

Show printout report on [OK]

100

| Reinforcement Member Mo, 3

D

Cancel

Figure 6.4: Dialog box Graphic Printout, tab General

This dialog box is described in Chapter 10.2 of the RFEM manual.

To move a graphic within the report to another position, use the drag-and-drop function.

To modify a graphic subsequently in the printout report, right-click it in the report Navigator.
The Properties option in the shortcut menu opens the Graphic Printout dialog box where you

can adjust the settings.
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7.

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

General Functions

7.1

Members and sets of members can be arranged in groups for different design cases. In this
way, you can define particular design specifications (materials, cross-sections, reinforcement
layout, etc.) for structural components, for example.

Design Cases

It is no problem to analyze the same member or set of member in different design cases.
In RFEM, you can set the design cases of RF-CONCRETE Members in the load case list of the
toolbar.

Create new design case

To create a new design case,

select New Case on the File menu of the RF-CONCRETE Members add-on module.

The following dialog box appears.

Mew RF-COMNCRETE Members Case *
No. Description
|2 | |Design of concrete members w
» Cancel

Figure 7.1: Dialog box New RF-CONCRETE Members Case

In this dialog box, enter a No. (which is not yet assigned) and a Description for the new design
case. When you have clicked [OK], Window 1.7 General Data opens where you can enter the
new design data.

Rename design case

To change the description of a design case,

select Rename Case on the File menu of the RF-CONCRETE Members add-on module.

The dialog box Rename RF-CONCRETE Members Case appears.

Mew RF-COMNCRETE Members Case *
No. Description
2 [New description] >
) Cancel

Figure 7.2: Dialog box Rename RF-CONCRETE Members-Case

In this dialog box, you can specify a different Description as well as a different No. for the de-
sign case.
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Copy design case

To copy the input data of the current design case,

select Copy Case on the File menu of the RF-CONCRETE Members add-on module.

Copy RF-COMNCRETE Members Case *
Copy from Case

CAZ - New description w

New Case

Description:

No.:
3 [Column design] -

2 Cancel

Figure 7.3: Dialog box Copy RF-CONCRETE Members-Case
In the dialog box, you can specify the No. and, if necessary, the Description of the new case.

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

In the dialog box Delete Cases, you can select a design case in the Available Cases list.

Delete Cases *
Available Cases
No. Description -
1 Design of concrete members
3 Column design
» Cancel

Figure 7.4: Dialog box Delete Cases

To delete the selected case, click [OK].
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7.2  Cross-section Optimization

As mentioned in Chapter 2.3, RF-CONCRETE Members offers you the possibility to optimize

cross-sections. Select the check box of the relevant cross-section in column C of Window 1.3
Cross-Sections (see Figure 2.6, page 12). Immediately afterwards, the following dialog box is

opened where you can define the parameters.

Optimization Parameters, FB 30,/70/18/23 *
To Optimize

Opti- .

mize Current Minimum Maximum Increment o D ~

b 50.00 | 18.00 5 110,00 -5 5.00 5 [om] |

b 70,00 : : > | [em]

Ot : : 3 el -

Os: 25.00 3 o > | [em] _

z
s
Targeted percentage of reinforcement:

2.0 4 28] [ FB 50/70/18/25

(O Not to be exceeded at any location

(®) As average value over the whole member or setlength

D @ Cancel

Figure 7.5: Dialog box Optimization Parameters of a floor beam

By selecting the check boxes in the Optimize column, you decide which parameter(s) you want
to modify. The selected check boxes enable the Minimum and Maximum columns where you
can define the upper and lower limits of each parameter for optimization. The Increment col-
umn controls the interval in which the dimensions of each parameter vary during the optimi-
zation.

The criterion for optimization is controlled by the specification that the Targeted percentage of
reinforcement either is not exceeded at any location or is available as average value over the
entire object. The reinforcement ratio can be defined individually.

g During the optimization, RF-CONCRETE Members finds out which dimensions of the selected
parameter(s) should be used in order to still fulfill the design. Please note that the internal
forces won't be recalculated automatically with the modified cross-sections (the internal forces
may vary considerably because of the changed stiffnesses within the model). It is up to you to
decide when to transfer the optimized cross-sections to RFEM for a new calculation. Therefore,
it is recommended to recalculate the internal forces with the modified cross-sections after the
first optimization, and then to optimize the sections once again.

You do not need to transfer the optimized cross-sections to RFEM manually: Got to Window 7.3
Cross-Sections, and then

select Export Cross-Section to RFEM on the Edit menu.

You can also you the shortcut menu of the table rows in Window 1.3 to export the modified
cross-sections to RFEM.

Info About Cross-Section...

Import Cross-Section from Library...

Enporitiv=gsctiontomiRLEN Before the cross-sections are transferred, a query asks you whether the results of RFEM should
Bxport Cross-5ectioNto RFEM be deleted. When you confirm this query and start the [Calculation] in RF-CONCRETE Members,
EL= TS Ry > the internal forces and areas of reinforcement are determined in one calculation run.

Import Material from Library >
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To reimport the original RFEM cross-section to RF-CONCRETE Members, use the menu function

described above. Please note that this option is only available in Window 1.3 Cross-Sections, too.

If you optimize a tapered member, the program modifies the member's start and end and in-
terpolates the second moments of area for the intermediate locations linearly. As these mo-
ments are considered with the fourth power, the designs may be inaccurate if the depths of
the start and end cross-sections differ considerably. In this case, it is recommended to divide
the taper into several single members whose start and end cross-sections have minor differ-
ences in depth.

7.3  Units and Decimal Places

The units and decimal places for RFEM and all add-on modules are managed in one dialog box.

In the module RF-CONCRETE Members, you can use the menu to change the units. To open
the corresponding dialog box,

select Units and Decimal Places on the Settings menu.

The following dialog box, which you already know from RFEM, opens. RF-CONCRETE Members
is preset in the Program / Module list.

Units and Decimal Places *

Program / Module RF-CONCRETE Members

- RFEM ~

. RF-STEEL Surfaces g R

- RF-STEEL Members Unit Dec. places Unit Dec.
-~ RF-STEEL EC3 Lengths: m ~ Stresses: N/mm™2  ~
- RF-STEEL AISC

.. RF-STEEL IS Section dimensions: mm ~
- RF-STEEL S1A
- RF-STEEL BS
.. RF-STEEL GE Reinforcement areas: cm”™2 w
- RF-STEEL CSA
- RF-STEEL AS
- RF-STEEL NTC-DF Stresses: N/mm™2  ~
- RF-STEEL 5P

- RF-STEEL Plastic
- RF-STEEL SANS Angles: : ~
- RF-STEEL Fatigue Mer

- RF-STEEL NER

- RF-STEEL HK

- RF-ALUMINUM

- RF-ALUMINUM ADM

- RF-KAPPA

- RF-LTB

- RF-FE-LTB

- RF-EL-PL

- RF-C-TO-T

- PLATE-BUCKLING

- RF-CONCRETE Surfac

AP CONCRE e ten]

- RF-CONCRETE Colum ¥

2 & P& [ Cancel

laces

=
b=l

A [
A [

Lengths: m -
Support widths: mm ~ Reinforcement areas: cm”2 w

Forces: kN ~

A 4] 4
A 4] 4

Forces: kN w Reinforcement ratios:

Strains:

Ak 4
i
<

Ak 4

Dimensionless: Dimensionless:

ol [l [l [l [l ][] o]

A
A

Deflection: mm -

Crack widths: mm w

T

A

Figure 7.6: Dialog box Units and Decimal Places

The settings can be saved as a user profile so that they can be reused in other models. This
function is described in Chapter 11.1.3 of the RFEM manual.
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7.4  Export of Results
The results of the reinforced concrete design can also be used in other programs.

Clipboard

To copy cells selected in the result windows of RF-CONCRETE Members to the clipboard, use
the keys [Ctrl]+[C]. To insert them, 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 RF-CONCRETE Members can be printed into the printout report (see Chapter 6.1,
page 60) where they can be exported. In the printout report,

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

The function is described in Chapter 10.1.11 of the RFEM manual.

MS Excel

RF-CONCRETE Members provides a function for the direct data export to MS Excel or as a CSV
file. To open the corresponding dialog box,

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

The following dialog box appears.

Export of Tables *
Table Parameters Application
With table header (® Microsoft Excel
[ only marked rows (O csy file format

Transfer Parameters

Export table to active workbook
[Export table to active worksheet
Rewrite existing worksheet

Selected Tables

(® Active table [C]Export hidden columns
(O all tables [CExport tables with details
Input tables
Result tables
D Cancel

Figure 7.7: Dialog box Export of Tables

When you have selected the relevant parameters, start the export by clicking [OK].

Excel will be started automatically. It is not necessary to run the program in the background.
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=] Sheet] - Excel = O
Insert Page Layout Formulas Data Review View Q Tell me fq_ Share
LTS Calibri -8 -|| = Text - %Conditional Formatting = El o)
pag (g~ B I U~ A A = - 2. 095 5 [dFormat as Table~ Cells Editing
Tt - H-A- EE S WS [ cell Styles - - -
Clipboard ™= Font [F} Alignment | MNumber Styles -~
Al &7 Jx v
A B g D E F G H | -~
1 IMember | Location Reinforcement Error Message
2 |Reinforcement| MNo. x[m] Loading Area Unit or Mote
3 |Cross-Section Me. 1-FB33/70/18/25
4 A 1 9,000 CO2 45,73 |cm™2
I LN — 1 5,850| CO2 45,50|cm™2
6 (A 1 0,000| €02 0,00|cm*2
T | 8uaims 1 9,000 CO2 20,15 (cm™2/m
8 |Eraimas 1 0,000 COZ 0,00(cm™2/m
9 |Cross-Section No. 2 - Rectangle 40/40
10 |4 . 4 0,000 Co2 42,35|cm™2 23)
11 A, 3 0,000 Co2 0,00|cm™2
12 |20 4 2,000 ©oO2 2,63[cm*2/m |947)
13 |8, 505 3 0,000 CO2 0,00 cm*2/m
14
1 5_
16 |
17 -
2.1 Required Reinforcement by C | ® [ »
ety i & = 1 + 100%

Figure 7.8: Result in MS Excel
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Standards and other materials

[11 CSA Group standard A23.3-14 - Design of concrete structures, Ontario, 2014
[2] CAC Concrete Design Handbook, 4th Edition, 2016
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