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1.  Introduction 
 

1.1 About RF-CONCRETE Columns 

Dear user of RF-CONCRETE Columns, 

this add-on module extends our RFEM program family. It is an additional powerful tool for re-
inforced concrete design. As known from other Dlubal programs, you can select members or 
continuous members with a rectangular or round cross-section from the generated structure 
and use the load of these structural components for the design. You can comfortably define 
the constructive properties of the columns and set specifications to determine the required 
longitudinal and shear reinforcement. 

When you have started the calculation, the program will determine which load will be govern-
ing for the design of bending and shear resistance. In the design of the bending resistance, the 
program determines whether a standard design is sufficient or should be calculated with the 
moments according to second-order theory. In both cases, a biaxial bending design is possible, 
for which an exact strain-stress-diagram of the cross-section is displayed spatially. In all, five 
governing locations of the column are analyzed for the check of safety against bending failure. 
These are the locations of the minimum axial force and the locations with the respective min-
imum and maximum moments about both principal axes of the cross-section. For the shear re-
sistance, the locations of the column with extreme shear forces in a direction of axis are con-
sidered. 

Finally, a reinforcement proposal is shown for the longitudinal and shear reinforcement taking 
into account all structural regulations. This reinforcement is shown three-dimensionally and in 
graphics designed according to regulations. It can be modified according to your individual 
needs. 

This modified reinforcement is then reused to determine the quantitative value of the safety 
against bending and shear failure. 

In this manual, the theoretical background is described in chapter 4 which refers to the regula-
tions according to EN 1992-1-1 (Eurocode). As for ACI 318, chapter 8 contains detailed infor-
mation on the design of concrete columns according to the U.S. code.  

If you have any suggestions regarding this program, please do not hesitate to contact us. 

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

Your team from DLUBAL SOFTWARE GMBH 
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1.2 The Team 

The following people were involved in the development of RF-CONCRETE Columns: 

Program coordination 
Dipl.-Ing. Georg Dlubal 
Dipl.-Ing. (FH) Alexander Meierhofer 

Dipl.-Ing. (FH) Younes El Frem 

Programming 
Ing. Michal Balvon 
Ing. Ladislav Ivančo 
Ing. Alexandr Průcha 

Ing. Jana Vlachová 
Jaroslav Bartoš 
 

Program development and supervision 
Dipl.-Ing. (FH) Alexander Meierhofer 
Ing. Jan Fráňa 
Ing. Pavel Gruber 

Ing. Jana Vlachová 
Ing. Bohdan Šmid 

Manual, help system, and translation 
Dipl.-Ing. (FH) Alexander Meierhofer 
M.Sc. Dipl.-Ing. Frank Lobisch 
Dipl.-Ing. Frank Faulstich 
Dipl.-Ü. Gundel Pietzcker 

Mgr. Petra Pokorná 
Ing. Bohdan Šmid 
Dipl.-Ing. (FH) Robert Vogl 

Technical support and quality management 
Dipl.-Ing. (BA) Markus Baumgärtel 
Dipl.-Ing. Moritz Bertram 
Dipl.-Ing. (FH) Steffen Clauß 
Dipl.-Ing. Frank Faulstich 
Dipl.-Ing. (FH) René Flori 
Dipl.-Ing. (FH) Stefan Frenzel 
Dipl.-Ing. (FH) Walter Fröhlich 
Dipl.-Ing. (FH) Andreas Hörold 

Dipl.-Ing. (FH) Bastian Kuhn 
Dipl.-Ing. (FH) Alexander Meierhofer 
M. Eng. Dipl.-Ing. (BA) Andreas Niemeier 
M.Eng. Dipl.-Ing. (FH) Walter Rustler 
Dipl.-Ing. (FH) Frank Sonntag 
Dipl.-Ing. (FH) Christian Stautner 
Dipl.-Ing. (FH) Robert Vogl 
Dipl.-Ing. (FH) Andreas Wopperer 

 

2. Installation 
You can find the system requirements for your computer in the current RFEM manual. 

The program family RFEM is delivered on DVD. This DVD contains not only the main program 
RFEM but also all add-on modules belonging to the RFEM program family, among them  
RF-CONCRETE Columns. Thus, all programs related to RFEM are included on this DVD. 

You can find further information on the installation process in the current RFEM manual. 
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3. Module RF-CONCRETE Columns 
Following DLUBAL'S product philosophy, the internal forces are determined by creating a model 
and the respective load in the main program RFEM and computing them subsequently. The 
design of this model's components and the internal forces acting in them is performed in the 
respective add-on module. Therefore, the following two questions must be addressed in this 
add-on module: 

- Which components of the model are to be designed? 

- For which loads are these components to be designed? 

The components of the model designed with the add-on module RF-CONCRETE Columns can 
be members as well as continuous members. 

The following figure shows the basic difference between a simple member and continuous 
members. 

 
Figure 3.1: Members and continuous members 

Continuous members consist of several connected members that do not branch out. The left 
figure shows three sets of continuous members. Continuous members 1 reach from the sup-
port to the highest plate and consist of four single members. Continuous members 2 and 3 
consist of two individual members, respectively. The numbers of these individual members 
can be seen in the wire-frame model to the right. 

By entering the number of continuous members or a single member in the add-on module  
RF-CONCRETE Columns, you can select it for design. 

The load used for the design is determined by selecting one of the previously defined load 
cases, load combinations, and result combinations. 
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By selecting a member or continuous members, you give the add-on module RF-CONCRETE 
Columns information on the structural component to be designed that you entered while  
creating a model in RFEM. Notice: 

Information Member Continuous members 

Material Only the common types of con-
crete specified by the current 
standard are allowed. 

All members of the continuous mem-
bers must consist of the same material; 
otherwise the program will exclude 
them. 

Cross-section Only rectangular and round cross-
section types are allowed. 

All members in the continuous mem-
bers must have the same cross-section. 

Length of the 
system 

The length of the system is the 
length of the line used for the 
definition of the member. 

The length of the system is the sum of 
the lengths of lines used for the defini-
tion of members of the continuous 
members. 

Connecting 
slab/column 

All surfaces and/or members that 
have a point that is at the same 
time a start or end point of the 
line used for the definition of the 
member. 

What has been said for the individual 
member applies for each member that 
is part of continuous members. 
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4.  Theoretical Background 
 

4.1 Stability Analysis 
4.1.1 Requirement of Analysis 
The following conditions or equations refer to EN 1992-1-1:2010 [2]. As for ACI 318, chapter 8 
contains detailed information on the design according to the U.S. code. 

The deformations of certain structural components, for example columns, show a significant 
influence on the magnitude of the internal forces. According to EN 1992-1-1:2010 clause 5.8.2, 
a significant influence is given if the internal forces (second order effects) determined account-
ing for the deformation differ by 10% or more than the internal forces of the undeformed sys-
tem (first order effects) or if the slenderness λ > λlim according to clause 5.8.3.1. 

In such a case, the standard design is not sufficient. A stability analysis is required. The "Meth-
od based on nominal curvature" (EN 1992-1-1:2010, clause 5.8.8), is a simple analysis method 
to this end. It can be used for compression elements as 

- Isolated members 

- Parts of a frame construction. 

The nonlinear analysis of the system's structural behavior allows for the most exact evaluation 
of the frame structure. However, this analysis is very cumbersome. The method based on nom-
inal curvature, on the other hand, is a good approximation procedure. 

4.1.2 Form of the Analysis 
In designing according to the method based on nominal curvature, you decompose a struc-
tural system in order to analyze the individual compression elements in equivalent members 
or an equivalent member is chosen for an isolated column. For these equivalent members, the 
internal forces are determined according to second-order theory based on the simplified as-
sumption of a parabolic curvature of the column. 

The form of the analysis corresponds with a standard cross-section design. 

The cross-section is designed for the following internal forces: 

- Axial force NEd 

- Moment MEd2 

where 
NEd : Applied axial force 

MEd2 :  Second order moment MEd2 determined from a model column (bracket) in the 
point of fixity 

4.1.3 Classification of the Structural System 
Before the equivalent member of a structural system can be defined, it is necessary to deter-
mine the type of the structural system. 

EN 1992-1-1:2010, clause 5.8.3.3, distinguishes between two structural systems: 

• Braced structural components 

• Unbraced structural components 

To analyze the horizontal bracing, you need knowledge of the construction (shear walls, build-
ing cores). This information is not immediately discernible from the generated structure. 
Therefore, you have to specify whether the structural system is horizontally braced or un-
braced. 
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4.1.4 Determination of the Equivalent Member Length 

Standard Clause 

 EN 1992-1-1:2010  5.8.3.2 

The length (effective length) l0 of an equivalent member - whether this equivalent member 
was determined from an isolated column or a column that is part of a frame structure - is de-
fined as follows: 

0l l= β ⋅  

where  
β :  Ratio of the equivalent length to the column length l0 

I :  Length of the centroidal axis of a column 

The ratio β for the isolated columns can be determined from the defined support with the aid 
of the following table values. 

  
Figure 4.1: Length (effective length) l0 of an equivalent member 

If support springs were defined, you have to define the value β. 

If, however, the compression element to be analyzed is part of a framework system, the follow-
ing nomograms according to ENV 1992-1-1 can be used to determine the ratio β: 

 

Figure 4.2: Nomograms to determine the ratio β 
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In order to be able to determine kA and kB in the program automatically, you basically only 
have to determine the buckling direction for the compression element to be analyzed. In this 
direction, the program automatically determines the 

- connecting columns 

- connecting beams 

- support conditions of the connecting beams on the remote end 

For each of these columns and beams, the program already has the information about the 
moduli of elasticity, moments of inertia, and lengths. 

If necessary, you can select the connecting columns and beams individually. 

A compression member can buckle in several directions. In the case of different support condi-
tions in the respective directions, different equivalent lengths can result for each direction. 

The ratio β is only an approximation and can therefore only be defined by the user. 

4.1.5 Determination of the Slenderness 
 

Standard Clause 

EN 1992-1-1:2010 5.8.3.2 (1) 

 

Upon determination of the equivalent member length l0 of the individual compression ele-
ments, you can determine their slenderness λ. 

i

l0=λ   

where 

i: Radius of gyration 

A
I

i =  

 



4  Theoretical Background 

 

 

12 Program RF-CONCRETE Columns (ACI) © 2013 Dlubal Software GmbH 

4.1.6 Stability Analysis or Standard Design 
A stability analysis is required only for compression elements. For compact compression ele-
ments, the standard design is sufficient. Whether a compression member is to be classified as 
"slender" or "compact" is defined by comparison with the so-called limiting slenderness λlim  
according to EN 1992-1-1:2010. If the existing slenderness is smaller than the limiting slender-
ness, the standard design is sufficient. 

The limiting slenderness λlim is given as: 

EN 1992-1-1:2010Clause. 5.8.3.1 (1) 

limλ ≤ λ  

nCBA /20lim ⋅⋅⋅=λ  
 

where: 

( )efA 1/ 1 0.2= + ⋅ φ  

B 1 2= + ⋅ ω  

mC 1.7 r= −  

and: 
 

Ed

c cd

N
n

A f
=

⋅
, ck

cd
c

f
f

α ⋅
=

γ
 

s yd

c cd

A f

A f

⋅
ω =

⋅
 

The limiting slenderness λlim depends on the provided reinforcement (see factor B). To obtain 
the most economical reinforcement, the equation for λlim is converted to AS, thus determining 
the required amount of reinforcement AS,lim  that is needed to carry out the standard design. 
During the iteration, this "limiting longitudinal reinforcement" is used as a comparative value 
to compute the required longitudinal reinforcement.  

yd

cdc

2

lim,S
cdc

ydS
lim f2

fA
1

CA20

n
A

fA

fA
21

n

1
CA20 lim

⋅
⋅

⋅













−











⋅⋅
⋅λ

= →
⋅

⋅
+⋅⋅⋅⋅=λ λ=λ  

 

4.1.7 First Order and Second Order Bending Moments 

4.1.7.1 First Order Intended Eccentricity 

If the moment diagram along the column is constant, the intended eccentricity e0 is given by 
the following expression: 

Ed
0 min 01 02

Ed

M
e e ,    e e

N
= ≥ =  

where: 

  mine h / 30 20mm= ≥   Minimum eccentricity according to clause 6.1(4) 

  h:   Depth of cross-section 
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If, however, the moment distribution is linearly variably, we may determine the equivalent ec-
centricity ee.  









⋅

⋅+⋅
=

02

0102
e e4.0

e4.0e6.0
maxe  where |e02| ≥ |e01| and (e01 , e02 with signs) 

 

Figure 4.3: Variable moment diagram 

 Then, this equivalent eccentricity ee substitutes the intended eccentricity e0 in the previous 
equations. 

No specifications are given for a, for example, parabolic moment diagram. Therefore, the high-
est eccentricity is always used to calculate any given moment diagram. Due to this assumption 
we do not have to exclude columns under certain loads for the design. 

The highest eccentricity is also used for the calculation if biaxial bending is acting on the col-
umn or the moments result from a result combination. 

A bracket is selected as model column, on which a bending moment MEd0 and an axial force NEd 
is acting at the column head. The moment MEd0 is substituted by an eccentrically acting axial 
force NEd. Here, e0 denotes the first order intended eccentricity. 

 

Figure 4.4: Model column - bracket 

 
Figure 4.5: Eccentricity e0 
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4.1.7.2 Additional unbraced eccentricity ei 

The unavoidable inclination of the column is considered by an end eccentricity ei. 

  

Figure 4.6: End eccentricity ei 

This eccentricity is determined according to EN 1992-1-1: 2010, Expression 5.2: 

i i 0e l / 2= Θ ⋅   

An inclination θi is given by Expression (5.1): 

i 0 h mα αΘ = Θ ⋅ ⋅  

0 1/ 200Θ =    Basic value of inclination 

h h2 / l      2 / 3 1.0   α α= ≤ ≤  Reduction factor for the height 

( )m 0.5 1 1/ mα = ⋅ +   Reduction factor for the amount of structural components 

The bending moment MEdi obtained from inclination ei is calculated according to  
EN1992-1-1:2010 clause 5.2 as follows: 

Edi Ed iM N e= ⋅  

Both eccentricities (e0 and ei) yield the following moment diagram (first order bending moment). 

 

Figure 4.7: First order theory - eccentricities ei and eo  
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4.1.7.3 Additional Eccentricity of Load e2 from Second Order Deformations 

A curvature of the column occurs under the loading. The column head is deflected by the path 
e2. Thus, the second order moment diagram is yielded. 

 

Figure 4.8: Second order analysis - eccentricities ei, e0, and e2 

In determining the additional deformation, the main idea is the assumption that slender com-
pression elements fail when the yielding in the reinforcement is reached. The starting point is 
thus the most unfavorable constellation where tension and compression reinforcement reach 
their yielding stresses at the same time. This is reasonably exact for the zone of tension failure. 
If, however, compression failure occurs, the ultimate curvature is significantly overestimated. 
This is considered in the model column method by using the factor Kr, which will be described 
later in detail.  

The curvature is distributed in an unknown form, depending on the stiffnesses changing for 
every part of the column. In the model column method, however, a parabolic curvature distri-
bution is assumed. Since the moment distribution is affine to the curvature, we now can use 
the formula, obtained by applying the principle of virtual forces, to determine the eccentricity 
of load  e2.  

2
2 0

1
e l / c

r
 = ⋅ 
 

        according to 5.8.8.2(3)  EN 1992-1-1:2010 

where 

1
:

r
 
 
 

 Member curvature in the governing section 

r 0
1

K K 1/ r
r φ

  = ⋅ ⋅ 
 

       according to 5.8.8.3  EN 1992-1-1:2010 

  where 

Kr : Factor used to consider the decrease of the curvature for longitudinal com-
pression forces. In practice, it is often assumed to be 1 in order to obtain re-
sults on the safe side. 

  u
r

u bal

n n
K 1

n n

−
= ≤

−
 

 where 

 nu : Related resistance of a structural component under centric loading 

  un 1= + ω  
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  Please note: 
 It is defined from the provided reinforcement, therefore, iteration is 

necessary. 

  where  

  ω:  Mechanical reinforcement ratio 

  s yd

c cd

A f

A f

⋅
ω =

⋅
 

n :  Relative axial force   

n = Ned / (Ac ∙ fc) 

nbal : Relative axial compression force in the case of the ultimate mo-
ment resistance at a dimensionless cross-section (applies to all  
rectangular cross-sections with symmetric reinforcement) 

   baln 0.4=  

 

Kφ : Factor for taking account of creep effects 

efK 1 1φ = + β ⋅ ϕ ≥  

   where 
   β: Reduction factor 

   ck0.35 f / 200 / 150 0β = + − λ ≥  

   ϕef:  effective creep coefficient 

   ( )ef 0 0Eqp 0Ed,t M / Mϕ = ϕ ∞ ⋅  

    where 

    ( )0,t :ϕ ∞  Final creep coefficient 

    M0Eqp:  First order bending moment in   
     quasi-permanent load combinations (SLS) 

    M0Ed:  First order bending moment in   
      design load combinations (ULS) 

    Please note: 
Under certain circumstances, it can happen that the ratio of quasi-
permanent and design moment is > 1.0. This fact is accounted for 
in window 1.1. You can select the corresponding check box or clear 
the selection. 

  ( )0 yd1/ r / 0.45 d= ε ⋅  

   where 
   εyd:  Design value of the strain in the reinforcement at yielding 

   yd yd sf / Eε =  

d: Depth of the cross-section in the expected direction of stability 
failure 

    
l0:  Effective length 

 

0l l= β ⋅  

c:  Factor depending on the curvature distribution according to 5.8.8.2(4) 



4  Theoretical Background 

 17 Program RF-CONCRETE Columns (ACI) © 2013 Dlubal Software GmbH 

 

The total eccentricity etot is defined as follows. 

tot 0 i 2e e e e= + +  

The total moment MEd from first and second order analysis is given as: 

Ed Ed totM N e= ⋅  

The compression element is verified, if a sufficient reinforcement is determined for the mo-
ment MEd and axial force NEd at the point of fixity.  

4.1.8 Type of Cross-Section Design 
You must specify about which axes a column is prone to instability risks. Even if there is no 
moment, the instability risk for compression members is always given due to the unintended 
eccentricity ei. 

4.2 Program Flow of the Stability Analysis 

The program flow can roughly be divided into four parts: 

 

 

 

 

 

 

 

Figure 4.9: Program flow 

Before we look at the individual steps, we should take a look at the definition of loading in  
RF-CONCRETE Columns. 

A loading can result from one or several single loads that are combined in load cases. For a 
load case, a distribution of internal forces over the column can result as shown in the following 
figure. 

Program flow 

Part 1: 
Load independ-
ent calculations 

Part 2: 
Determination of 

the goverining 
load 

Part 3: 
Determination of 

the provided 
reinforcement 

Part 4: 
Determination of 

the provided 
safety 
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Figure 4.10: Distribution of internal forces over the column for a load case 

For a rectangular column, you have only to consider, in addition to the axial force N, the two 
bending moments My, Mz whose moment vectors run parallel to the axes y or z of the member 
coordinate system. 

 
Figure 4.11:  Axes of the member coordinate system 

Like many studies regarding the design of compression elements confirm, the method based 
on nominal curvature also allows for the following simplifications: 

The balance is considered only in the cross-section under the greatest loading. The deforma-
tion is determined using simplified approaches, whereby the yielding of the reinforcement is 
governing. This allows for the conversion of the complex design according to second order 
analysis into a simple cross-section design. [1] 

This paraphrased quotation shows that the design has to be carried out for the location under 
the greatest load. There are five locations along a column. Only the design allows you to de-
termine which location has the greatest load, as the greatest required reinforcement is ob-
tained there. These five locations are: 

1. Location with minimum axial force N 

2. Location with maximum moment My 

3. Location with minimum moment My 

4. Location with maximum moment Mz 

5. Location with minimum moment Mz 
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Here, the maximum internal force is defined as the maximum positive value. The minimum in-
ternal force is the value with a negative sign and the highest absolute value. Each of these five 
locations has, in addition to the extreme internal forces, corresponding internal forces that are 
designed subsequently. 

As the distribution for the load case shows, some of these locations can concur. 

 
Figure 4.12: Locations with governing internal forces 

No double design is carried out by the program in the case of identical internal forces,  

In addition to load cases, there are load combinations and results combinations. A load com-
bination is simply a superposition of individual load cases. Thus, only one distribution of inter-
nal forces results for each of the three internal forces N, My, and Mz. Therefore, what has been 
said about the singe load case holds true for load combinations. 

For result combinations, however, a maximum and minimum distribution along the column is 
obtained for every internal force (see the following figure). 
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Figure 4.13: Distribution of internal forces over the column for a result combination 

However, the five locations can be determined for the result combination, for which the two 
internal forces My and Mz show the maximum and minimum values and a minimum axial force 
N occurs. 

 
Figure 4.14: Locations with governing internal forces 
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In addition to the design of individual members, the design of continuous members is possi-
ble. Continuous members are connected members that do not branch out. To design continu-
ous members, the individual members of this set of members are combined with regard to 
their internal forces. Then, the five locations are designed for this member. As these locations 
are in different members of the set of members, the maximum provided reinforcement, there-
fore, is to be applied along the entire set of members. 

Thus it is shown that for every load case, load combination, and result combination exactly five 
designs have to be carried out, respectively. It does not matter whether a single member or 
continuous members are chosen as the element to be designed. 

In which part the design is performed within the program will be shown later when the parts 
of the program flow are described in detail. 

4.2.1 Part 1: Load Independent Calculations 
These calculations are performed at the beginning of the program flow. The results can then 
be reused within every routine for the individual loads. The calculation steps are the following: 

Part 1: Load independent calculation 

 

 

For further information on the determination of the equivalent length, see chapter 4.1.4, on 
the determination of the provided slenderness, chapter 4.1.5, and on the determination of the 
additional unintended eccentricity due to imperfection, chapter 4.1.7 of this manual. 

Determination of the provided slenderness λ  
EN 1992-1-1, clause 5.8.3.2 (1) 

Determination of the equivalent length l0. 
EN 1992-1-1, clause 5.8.3.2  

Determination of the minimum eccentricity emin. 
EN 1992-1-1, clause 6.1.(4)  

Determination of the additional unintended  
eccentricity due to imperfection ei 

EN 1992-1-1, clause 5.2  

Program start 

A 
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4.2.2 Part 2: Determination of the Governing Load 
The second part of the program can be represented in a flowchart as follows: 

 

For all design relevant locations, first the limiting slenderness λlim is determined for each of the 
load cases, load combinations, or result combinations to be designed. Chapter 4.1.6 describes 
in detail how the limiting slenderness 4.1.6 is determined. If the provided slenderness is small-
er than the limiting slenderness λlim, no stability analysis is required. In the calculation process 
shown above, this is represented by the query AS,lim < 0. (AS,lim < 0 means that the limiting slen-

B 

Repeat for the internal forces at the location of  
                      max My      max Mz 
min N           min My       min Mz 

Repeat for selected load cases, 
load combinations, and result combinations 

Determine the limiting longitudinal reinforce-
ment AS,lim  

AS,lim ≤ 0 or 
Ned ≥ 0 

 

Determination of the intended eccentricity e0 
EN 1992-1-1, clause 5.8.8.2 

B B 

A 

Yes 

Determination of the effective first order mo-
ment M0Ed (including imperfection) 

EN 1992-1-1, clause 5.8.8.2 

No 

Determination of the additional eccentricitry e2 
EN 1992-1-1, clause 5.8.8.2 

Determination of the effective second order 
moment MEd2 

EN 1992-1-1, clause 5.8.8.2 

Determination of the required longitudinal rein-
forcement req. As for the total moment from first 

order and second order analysis 

B B 
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derness λlim  calculated for a cross-section without reinforcement is greater than the provided 
slenderness λ. For more information, see chapter 4.1.6) 

In the case of a column subjected to tension, the standard design should also be carried out 
instead of a stability analysis. First, these conditions are checked individually for direction y 
and z in the flowchart. Furthermore, the program checks if the user has excluded stability risk 
for this direction. The standard design is continued via the right path, whereas the continued 
straight path starts the stability analysis. 

First, the intended eccentricity e0 is determined depending on the distribution of internal 
forces as described in chapter 4.1.7.1. 

Thus, both the eccentricities used to determine the first order moment (including effect from 
imperfection) in the next calculation step are known. 

M0Ed = NEd  (e0 + ei ) 

where 

NEd :  Value of the design axial load 

e0 :  Intended eccentricity according to chapter 4.1.7.1 

ei :  Additional unintended eccentricity according to chapter 4.1.7.2 

The program flow is continued with the determination of the additional eccentricity e2 due to 
second order effects. The theoretical background was provided in chapter 0. The factor Kr 
mentioned there is used to approximately calculate the curvature 1/r. It may be given as 

u
r

u bal

n n
K 1

n n

−
= ≤

−
 

where nu is the related resistance of the structural component under centric compression load. 
This depends on the selected reinforcement. But as no reinforcement was selected in the first 
loop iteration, the value of Kr is assumed to be 1.0 for the first iteration step. 

In each next loop iteration, the value nu is determined by using the statically required rein-
forcement of the previous loop iteration step. 

If the additional eccentricity of loading e2 due to second order effects is known, the moment 
can be determined with the second order analysis. 

( )Ed,II Ed 0 i 2M N e e e= ⋅ + +   

The last step of the program flow shown above is the determination of the required rein-
forcement. 



4  Theoretical Background 

 

 

24 Program RF-CONCRETE Columns (ACI) © 2013 Dlubal Software GmbH 

The next flowchart represents the lower half of the program flow part 2. 

 

The right path also leads to the determination of the required reinforcement. It is, however, 
determined for first order internal forces, as a standard design was sufficient. 

The middle path, however, shows which conditions must be met in order for the loop to be 
terminated. First, the program checks if the required reinforcement of this loop iteration is 
greater or equal to the required reinforcement of the previous iteration step. If the difference 
starts only at the fifth place after the decimal point, the reinforcements are regarded as equal. 
The first loop will not be terminated due to this condition, because there is no reinforcement 
from the previous loop. 

req. AS,i-1 = req 
 

max. req. AS = req AS 

C 

No 

Saving the governing load case and 
the governing location 

Determination of the re-
quired longitudinal rein-
forcement req. AS,I for the 

moment from  
   

B B B B B 

req AS,i > req. AS,i-1  

nbal > n  

req. AS,i > max. req. AS,i-

  

No 

No 

Y

 

Y

 

Y

 

Continue the loop 

i= i+1 
Continue the loop 

i= i+1 

i= i+1 

req. AS,i ≥ AS,lim 
 

req. AS,i = max(req. AS,I, AS,lim) 
 

No 

Y
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The second condition will also come into effect only when the program tackles this location for 
the second time. Remember the expression used to obtain Kr. Thus it becomes clear that Kr 
changes only if NEd is greater than the resistant longitudinal compression force for the greatest 
moment resistance of the cross-section. If this is not the case, the value of Kr is always set to 1 
and the second order moments would not change with every loop iteration. Therefore, these 
loops can be exited sooner. 

If none of these two conditions was met, the required reinforcement of the current loop itera-
tion is taken as the provided reinforcement of the next iteration step. The program is then con-
tinued via the second path from the right with the determination of the additional eccentricity 
of loading e2 due to second order effects.  

This loop can be exited sooner than expected only if the two aforementioned conditions were 
met. In order to avoid an infinite loop, however, it is automatically terminated after the 1000th 
run. 

If the loop was terminated by one of the two conditions, the program checks if the required re-
inforcement of this loop iteration is greater than the limiting longitudinal reinforcement AS,lim. 
If this is the case, this means that the more economical solution is to apply AS,lim, avoiding the 
stability analysis. At this point, this path converges with the right path, which was used to de-
termine the first order moments. The required reinforcement for the first order moments is ob-
tained from the maximum value from the bending design and the limiting longitudinal rein-
forcement used to avoid stability analysis.  

In the next step, the program checks if the required reinforcement is greater for this analyzed 
location and loading than the reinforcement that was the greatest up to this point for another 
location or load. If this is this is the case, the required reinforcement of this iteration step is reg-
istered as the greatest so far and the loop is continued with the next location and eventually 
the next load. 

To illustrate this principle of finding the governing load in the second part of the flowchart, a 
numerical example is presented in the following table. Two selected locations are analyzed 
with the following internal forces as loading. 

 
Figure 4.15: Internal forces 

For the location 1, the following steps are carried out until the loop is terminated: 

 
Figure 4.16: Iteration –  location 1 

The second loop iteration is exited, because the condition nbal ≥ is met and, therefore, the sec-
ond order moments do not change. 

The value 13.2460 cm² is taken as the greatest reinforcement so far. The loop is continued with 
the second location. Thus there will be seven steps before the loop is exited. The exit takes 
place because the condition that the required reinforcement is equal to the provided rein-
forcement of the previous loop iteration.
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Figure 4.17: Iteration –  location 2 

The obtained values are visualized in the following diagrams: 

 

Figure 4.18: Diagram of the second order moment (vertical primary axis) as well as the required and  
provided reinforcement (vertical secondary axis) 

The second part of the program flow concludes with the result that the governing loading re-
sults on the analyzed location 2. 

In the following third part of the program flow, a reinforcement for this governing load is de-
termined. 
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4.2.3 Part 3: Determination of Provided Reinforcement 

 

Apply the current load and current location as 
the previously determined governing load and  

governing location 

AS,lim ≤ 0 or 
Ned > 0 

Determination of the intended eccentricity e0 
EN 1992-1-1, clause 5.8.8.2 

D 

C 

Yes 

No 

Determination of effective second order moment 
M0Ed (including imperfection) 

EN 1992-1-1, clause 5.8.8.2 

Determination of the additional eccentricitry e2 
EN 1992-1-1, clause 5.8.8.2 

Determination of the effective second order 
moment MEd2 

EN 1992-1-1, clause 5.8.8.2 

Determination of the required longitudinal rein-
forcement req. AS for the total moment from first 

and second order analysis 

Determination of the provid-
ed reinforcement prov AS 

Determination of the re-
quired longitudinal rein-
forcement req. AS,I for the 
moment from first order 

 
 

nbal > n  

req. AS,i = req. 
AS,i-1  

Set as the current reinforcement req. AS the max. 
req. AS, 

Determination of the required reinforcement  
prov. AS 

No 

Yes 

Ye
 

No 

i=
i+

1 

prov. AS,i ≥ AS,lim 
 

req. AS,i = max(req. AS,I, AS,lim) 
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The third part of the program flowchart restarts with the determination of the equivalent slen-
dernesses. Next, the program determines whether to perform a standard design or a stability 
analysis. 

First, the first order moment that is independent of the reinforcement, is recalculated for the 
stability analysis. 

Then, the calculation enters a loop. In every loop iteration, the second order moments are 
computed with the provided reinforcement determined in the previous iteration. In the first 
loop iteration, the second order moments are determined independently from the reinforce-
ment (Kr= 1). If a modified provided reinforcement has no influence on the magnitude of the 
second order moments (nbal ≥ n), the loop is exited after the second iteration. The same hap-
pens if the provided longitudinal reinforcement does not change after two loop iterations an-
ymore. 

To explain the principle of the third part of the program flow, our example is continued for the 
second part of the program flow. For the location 2 that is found to be governing there, the re-
inforcement is now to be determined. In the example, ds= 16, 20, 25, 26, 28, and 30 were se-
lected as possible reinforcement diameters by the user.  

The following amount and diameter of rebars formed the provided reinforcement of the re-
spective iteration step: 

 
Figure 4.19: Iteration process 

Thus it is determined that the column will be reinforced with 18 members (φ = 16 mm) which 
are to be arranged according to user specification. 

This provided reinforcement yielded the following second order moments (see the following 
diagram). 
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Figure 4.20: Diagram of the second order moment (vertical primary axis) as well as the distribution of the required and 

provided reinforcement (vertical secondary axis) 

The exit criterion of the loop assumed until now that the required reinforcement results in a 
reduced bending moment and, therefore, a reduced provided reinforcement. The following 
example allows disproving this. 

 
Figure 4.21: Iteration process 
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The following graphic illustrates how the second order moments decrease with the decreasing 
provided reinforcement. 

 
Figure 4.22: Diagram of the second order moments 

Although the moments decrease, the required reinforcement of the fifth iteration step exceeds 
the provided reinforcement on which the required reinforcement was based. 

The following graphic illustrates this: 

 
Figure 4.23: Diagram of the required and provided reinforcement 
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If the iterations continue, this would result in an infinite loop. This is due to the arrangement of 
the reinforcement. Since the provided reinforcement was arranged in two rows per side in the 
fifth iteration step, this results in a reduced structural height and, therefore, a greater reinforce-
ment. 

 
Figure 4.24: Infinite loop 

To avoid an endless loop, the iteration is calculated exactly at the point when the required re-
inforcement exceeds the provided reinforcement, on which it is based upon, for the first time. 
The provided reinforcement from the previous iteration step is used as solution. In the exam-
ple above, this is the provided reinforcement from iteration step No. 4. 

Thus, an automatism is created which prefers solutions with a single layer if the user has al-
lowed several reinforcement layers by selecting the corresponding program option. 

The column that is reinforced in such a way is then capable to resist load from the other load 
cases, load combinations, and result combinations. The resulting safety is analyzed in the 
fourth part of the program flow. 

4.2.4 Part 4: Determining the Povided Safety 

The fourth part of the program flow consists of two nested loops in order to analyze the five 
relevant positions for all loads. 
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D 

Repeat for the internal forces at the location of  
                       max My      max Mz 
min N           min My       min Mz 

Repeat for selected load cases, 
load combinations, and result combinations 

 

Determination of limiting slenderness λlim with prov As 
EN 1992-1-1, clause 5.8.3.2  

λ < λlim 
or 

Ned ≥ 0 
 

Determination of the intended eccentricity e0 
EN 1992-1-1, clause 5.8.8.2 

Yes 

No 

Determination of the effective first order moment M0Ed (includ-
ing imperfection), EN 1992-1-1, clause 5.8.8.2 

Determination of the additional eccentricitry e2 
EN 1992-1-1, clause 5.8.8.2 

Determination of the effective second order moment MEd2,  
EN 1992-1-1, clause 5.8.8.2 

Set as the current reinforcement prov AS the max. req. AS 

Determination of the provided safety γprov. for the total mo-
ment from first order and second order analysis 

min. γprov.= γprov.   

Saving the governing load case and 
the governing location 

Determination of the provided safety 
γprov. for the first order moment 

 

γprov.  < min. γprov. 
No 

Y

 

Program end 
 

Continue the loop 

i=
i+

1 

i=
i+

1 

Continue the loop 
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Within the loops, there is only one branch that decides whether the safety for the moments is 
to be determined according to first order or second order analysis. 

The following safeties have been determined for the two analyzed locations of the first exam-
ple. 

Location 1 Location 2 

2.8028 1.0234 

Figure 4.25: Safeties for location 1 and 2 

4.3 Program Flow of the Check of the Provided  
Reinforcement 

The program flow (part 1 to 4) described until this point is applied in the case that you have 
started the first calculation. To this end, a required reinforcement is determined in part 2 of the 
required reinforcement, which is independent of an actually provided reinforcement that is 
defined by position and rebar diameter. Not until part 3 are the various possible reinforce-
ments tested in order to find the smallest provided reinforcement which is used in part 4 of the 
program flow to find the governing safety for all loads. 

You will see the provided reinforcement in one of the result windows. This table allows you to 
modify the provided reinforcement according to your own needs. For this modified reinforce-
ment, however, the program must redetermine the provided safety. To ensure this, the first re-
sults window displaying the provided safeties is deleted when the provided reinforcement is 
changed. Only the result table displaying the required reinforcement remains because it is in-
dependent of the provided reinforcement. You will see a message that informs you that the 
table showing the provided safety is deleted and that it is necessary to recalculate it. 

Then the recalculation is started. To this end, the parts of the program flow 1 and 4 are rerun 
and the safety is recalculated once again. 

As the program flow of the design of a longitudinal reinforcement has clearly shown, the re-
sults used for the determination of the provided safety depend first and foremost on the 
choice of reinforcement. Therefore, the following chapter shows how the provided reinforce-
ment is determined from the available rebars for a required reinforcement. 

4.4 Determination of the Required Reinforcement 
If the required reinforcement has been determined, you have to select from the previously se-
lected rebars the number of a certain rebar diameter with 

≥s sprov. A req. A  

At the same time, you have to take into account that the provided reinforcement does not fall 
below the minimum reinforcement or exceeds the maximum reinforcement, as prescribed ac-
cording to EN 1992-1-1: 2010 clause 9.6.2: 

Ed
s,min c

yd

N
A 0.10 0.002 A

f
= ⋅ ≥ ⋅  

s,max cA 0.04 A= ⋅  , as well as in the case of overlap s,max cA 0.08 A= ⋅  

This reinforcement is to be designed for the resistance of moments from unintended restraint. 
However, the cross-section of the reinforcement may not fall below a minimum value. There is 
also a regulation regarding the minimum number of rebars. For columns with circular cross-
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sections, you have to place at least four reinforcement members. For columns with rectangular 
cross-sections, a rebar must be placed in every corner (9.5.2 (4)). 

The program follows the recommendation from [1] to reinforce compression elements only 
symmetrically. The following reasons support this: 

- An unsymmetrical reinforcement is often no more economical than a symmetrical one 
because the moments at the column head and footing have a varying sign and mostly 
have the same magnitude. 

- The possibility must be excluded that it is placed wrongly, that is rotated by 180°  
(this can occur in the case of unsymmetrical reinforcement). 

Under the latter assumptions, the number and diameter of the rebars can be determined. 

4.4.1 Rectangular Cross-Section 
The number of rebars significantly depends on the arrangement of rebars that you have se-
lected. You can select from the following arrangement for a rectangular cross-section: 

 
Figure 4.26: Arrangement of the reinforcement 

In the case of a double-sided reinforcement, you can decide whether to arrange the rein-
forcement parallel to the y-axis or parallel to the z-axis of the cross-section coordinate system. 

You can also specify the minimum spacing amin of the rebars within the first layer. In the first 
layer, the provided distances a may not be smaller than this minimum distance amin. 

You can also define the minimum distance bmin within the minimum layer. For a double-sided 
reinforcement, the spacing b may not be smaller the minimum spacing bmin. 

You can also specify the minimum distance emin to the second layer. The distance e for double-
sided reinforcement may not be smaller than the minimum spacing emin. 

The arrangement of a second reinforcement layer is possible only for double-sided reinforce-
ment layout. 

 
Figure 4.27: Distance a, b, and e of the rebars 
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The layer of the first four rebars depends on the defined concrete cover. The program offers 
you two options to specify the concrete cover: 

 
Figure 4.28: Layer of the first four rebars. 

As a centroidal axis cover (left figure) and as an edge cover (right figure). 

 
Figure 4.29: Type and size of concrete cover 

When the type and the size of the concrete cover is obtained, the remaining area Ry and Rz or 
Ry2 (in the case of a double-layered reinforcement layer), in which rebars can be inserted, can 
be determined. 

 
Figure 4.30: Area for further rebars in the case of single- layered or double-layered reinforcement layout 

Once the areas are obtained, in the routine the rebars are inserted beginning with the smallest 
user-defined rebar diameter. The following three events can result in the routine's termination. 

Event 1: The provided reinforcement cross-section prov As is greater than the required reinforce-
ment cross-section req As. The rebar diameter and the amount of rebars are saved as solution. 

Event 2: No more rebars can be placed within the first reinforcement layer, as the bar distance 
a would be smaller than the minimum bar diameter amin. If you specified that only one rein-
forcement layout is allowed, the routine is unsuccessfully terminated. 

Event 3: Furthermore, no more rebars can be placed within the second reinforcement layer, as 
the bar distance b would fall below the minimum bmin. The routine is unsuccessfully stopped. 

If the routine is terminated, the program continues with the rebar diameter that has the next 
larger diameter. If all bar diameters provided by the user have been run through, the saved so-
lutions are compared with each other. The solution that results in the smallest difference be-
tween the provided reinforcement and the required reinforcement is selected as solution. The 
program next checks if the allowable reinforcement ratios are kept. 
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4.4.2 Circular cross-section 
In the case of circular cross-sections, rebars are arranged radially to the center of cross-section. 
Their minimum number is four. 

 
Figure 4.31: Layout of the reinforcement 

You have to specify the minimum distance amin of the rebars. The provided clear spacing a may 
not be smaller than the minimum spacing amin. 

 
Figure 4.32: Spacing a of the rebars  

 When circular cross-sections are used, the program does not show reinforcement proposals 
with a double-layered reinforcement, because in practice this is only possible with an dispro-
portionately great layout work. 

The position of the rebars is determined by the concrete cover. As described in chapter 4.4.1 
Rectangular Cross-Section, you can either use the centroidal axis or the edge cover to define 
the concrete cover. 

If type and size of the concrete cover is obtained and the bar diameter is selected, you can de-
termine the inscribed circle on which the centroids of the rebars lie. 

 
Figure 4.33: Circle with centroids of rebars 

This circle has the radius R and the perimeter P. 
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We next determine the required number n of rebars. 

= s

s,Member

req. A
n

A
 

The obtained value is rounded to an integer. With the known perimeter P, we now can deter-
mine the intermediate angle α. 

 

Figure 4.34: Intermediate angle α 

This is done by using the following expression: 

360
n

°
α =  

In this way, the clear spacing a of the rebars can be determined. 

sa 2 R sin d
2
α = ⋅ ⋅ − 

 
 

If this clear spacing is smaller than the minimum allowable spacing, the solution with this rebar 
diameter is discarded and the process is repeated with the next greater bar diameter. If, how-
ever, the spacing is greater, the obtained solution is saved. 

If all provided rebar diameters have been run through, the different solutions are compared 
with each other. Then the solution in which the provided reinforcement comes closest to the 
required reinforcement is selected. 
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4.5 Fire Resistance Design 
The fire resistance design with RF-CONCRETE Columns is performed according to the simpli-
fied method of calculation according to EN 1992-1-2, 4.2 [3]. The program uses the zone meth-
od described in Annex B.2: 

In case of exposure to fire, the bearing capacity is reduced due to a reduction of the compo-
nent's cross-section and a decrease of the material stiffnesses. The damaged concrete zones 
directly exposed to fire are not taken into account for the equivalent cross-section that is used 
for the fire resistance design. The fire resistance design is performed with the reduced cross-
section and the reduced material properties similar to the ultimate limit state design at normal 
temperature. 

 
Figure 4.35: Cross-section exposed to fire with damaged zones 

4.5.1 Subdivision of Cross-Section 
The cross-section is subdivided into a certain number of parallel (n > 3) zones having the same 
thickness. For each zone, the program determines the mean temperature, the corresponding 
compressive strength fc,θ, and, if necessary, the modulus of elasticity. 

 
Figure 4.36: Subdivision of a wall with both sides exposed to fire into zones according to [3], Figure B.4. 

 

The cross-section exposed to fire is compared with an equivalent wall. The width of the 
equivalent wall is 2 * w. As shown in Figure 4.36, the equivalent width is to be subdivided 
symmetrically in several zones. 

Half of the equivalent width w depends on the fire load acting on the structural component. 
The following table gives an overview of the determination of equivalent widths conforming 
to standards: 
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Fire load Half of equivalent width w 

Component with one side exposed to fire Width of component in direction of fire effects 

Column or wall with both sides (facing 
each other) exposed to fire 

0.5 * Width of component in direction of fire effects 

Column with four sides exposed to fire 0.5 * smallest external cross-section dimension 

Figure 4.37: Determination of equivalent widths 

4.5.2 Reduction of Cross-Section 

Determination of temperature θi in center of zone 
Upon to the cross-section's subdivision into zones, the temperature θi is determined in the 
center of each zone i. The determination is facilitated by temperature courses in accordance 
with EN 1992-1-2, Annex A, based on the following assumptions: 

• The concrete's specific heat corresponds with the specifications according to EN 1992-1-2, 
3.2.2. 

• The moisture is 1.5 % (for moistures > 1.5 %, the specified temperatures are on the safe 
side). 

• The concrete's thermal conductivity is the lower limit value mentioned in EN 1992-1-2, 
3.3.3. 

• The emission value for the concrete surface is 0.7. 

• The convective heat-transmission coefficient is 25 W/m2K. 

Determination of reduction factor kc(θi) 
The reduction factor kc(θi) is specified for the temperature determined in the center of the 
zone i to account for the decrease of the characteristic concrete compressive strength fck. The 
reduction factor kc(θi) depends on the concrete's aggregates. 

According to EN 1992-1-2, Figure 4.1, graph 1 shown in the diagram below is to be used for 
normal concrete with aggregates containing quartz. Graph 2 represents normal concrete with 
aggregates containing limestone.  

 
Figure 4.38: Factor kc(θi) used to consider decrease of concrete compressive strength according to [3], Figure 4.1 
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Determination of damaged zone with thickness az  
The cross-section damaged by fire is represented by a reduced cross-section. This means that a 
damaged zone of the thickness az on the sides exposed to fire is not taken into account for the 
ultimate limit state design. 

 

Figure 4.39: Reduction of strength and cross-section in case of fire according to [3], Figure B.3. 

The calculation of the damaged zone thickness az depends on the component type: 

• Beams, slabs  
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• Columns, walls, and other structural components for which effects due to second-
order analysis must be taken into account    
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 where 

  w Half of width of equivalent wall  

  kc,m Mean reduction coefficient for a specific cross-section 

   ∑ = θ
−

= n
1i icm,c )(k

n

)n
2,01(

k  

   n Number of parallel zones in w 

   The change of temperature in each zone is taken into account by means of 
  the factor (1 – 0.2/n).  

  kc(θM) Reduction coefficient for concrete at point M (see Figure 4.38 on page 39) 
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4.5.3 Stress-Strain Curve of Concrete 
Point M is governing for the reduction of the concrete's material properties. M is a point on the 
central line of the equivalent wall (see Figure 4.36, page 38). It is used to determine the reduc-
tion factor kc(θM). The reduced material properties of the concrete are to be used for the entire 
reduced cross-section (without the damaged zone az) in the ultimate limit state design in case 
of fire. 

Concrete compressive strength for fire resistance design 
The stress-strain curve for the concrete compressive strength is determined depending on the 
temperature in point M as well as depending on the type of aggregates. The values of the 
compression strain εcu1,θ for the compression strength fc,θ  can be found in EN 1992-1-2, Table 
3.1. 

ckMc,c f)(kf ⋅θ=θ  

where 

 kc(θM)  Reduction coefficient for concrete at point M (see Figure 4.38, page 39) 

 fck characteristic concrete compressive strength for normal temperature 

 
Figure 4.40: Parameters of stress-strain relation for concrete in case of fire according to[3], Table 3.1 

 
Figure 4.41: Stress-strain diagram for concrete with aggregates containing limestone, depending on temperature 
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As you can see in the diagram (Figure 4.40), the stress-strain relation of normal concrete with 
aggregates containing limestone is changing depending on the temperature. The decreasing 
graph is not taken into account for the fire protection design.  

The concrete's reduced modulus of elasticity is determined for the fire protection design ac-
cording to the following equation: 

c
2

Mc,cd E)](k[E ⋅θ=θ  

where 

 kc(θM)  Reduction coefficient for concrete at point M (see Figure 4.38, page 39) 

 Ec Elastic modulus of concrete for normal temperature (20 °C) 

 

Figure 4.42: Reduction factor kc,t(θ) to consider temperature-dependent tensile strength of concrete fct  
according to [3], Figure 3.2 

4.5.4 Stress-Strain Curve of Reinforcing Steel 

Determination of reduction factor ks(θ) for tensile strength of steel 
To determine the reduction factor ks(θ), the temperature in the center of the most unfavorable 
reinforcing member must be determined first. Depending on how the reinforcing steel is pro-
duced and classified (Class N or X) and how much it is strained, the reduction factor ks(θ) is de-
fined (see the following figure). 
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 Class N 

 
 Class X 

Figure 4.43: Reduction factor ks(θ) for taking account of temperature-dependent tensile strength of steel  
according to [3], Figure 4.2a/b 

Reduction of reinforcing steel strength fsy,θ 
The stress-strain relation of the reinforcing steel is defined by the following three parameters: 

• Slope in linear-elastic range Es,θ   

• Proportional limit fsp,θ  

• Maximum stress level fsy,θ 

 The maximum strength of the reinforcing steel that is to be applied for the fire resistance de-
sign is determined as follows: 

yks,sy f)(kf ⋅θ=θ  

where 

 ks(θ)  Reduction coefficient for reinforcing steel (see Figure 4.43) 

fyk  characteristic strength of reinforcing steel for normal temperature 
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Determination of reduced elastic modulus Es,θ of reinforcing steel 
If the reinforcing steel can be assigned to graph 1 or graph 2 of Figure 4.2a or 4.2b shown in  
EN 1992-1-2 (see Figure 4.43), it is possible to take the reinforcing steel's reduced elastic modu-
lus, depending on the steel temperature and type of production, from EN 1992-1-2, Table 3.2a 
or 3.2b. 

 
 Class N 

 
 Class X 

Figure 4.44: Parameters of stress-strain relation for steel in case of fire according to [3], Table 3.2a/b 

For reinforcing steels that are assigned to graph 3 according to EN 1992-1-2, Figure 4.2a, the 
reduced modulus of elasticity is calculated as follows: 

ss,sy E)(kE ⋅θ=θ   

where 

 ks(θ)  Reduction coefficient for reinforcing steel (see Figure 4.43) 

  Es Elastic modulus of reinforcing steel for normal temperature (20 °C) 
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4.6 Check of Shear Force 
4.6.1 Design Method 

The design of shear force resistance is only performed in the ultimate limit state (ULS). The ac-
tions and resistances are considered with their design values. The general design requirement 
is the following: 

Ed RdV V≤  

where  

VEd :  Design value of applied shear force  

VRd :  Design value of shear force resistance 

Depending on the failure mechanism, the design value of the shear force resistance is deter-
mined by one of the following three values: 

VRd,c :  Design shear resistance of a structural component without shear reinforcement 

VRd,s :  Design shear resistance of a structural component with shear reinforcement, limited 
by yield strength of shear reinforcement (failure of tie) 

VRd,max :  Design shear resistance that is limited by strength of concrete compression strut 

If the applied shear force VEd remains below the value of VRd,c, no shear reinforcement is math-
ematically required and the design is fulfilled. 

Ed Rd,cV V≤  

If the applied shear force VEd is higher than the value of VRd,c, a shear reinforcement must be de-
signed. The shear reinforcement must absorb the entire shear force. In addition, the capacity 
of the concrete compression strut must be analyzed. 

Ed Rd,sV V≤  

Ed Rd,maxV V≤  

We next present the different expressions used to determine the different types of shear force 
resistance. 
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4.6.2 Design Shear Resistance Without Shear Reinforcement 
 

The design shear resistance without shear reinforcement is determined according to  
EN 1992-1-1:2010 Expression 6.2a or 6.2b. 
 

1
3

Rd,c Rd,c l ck 1 cp wV C k (100 f ) k b d
 
 = ⋅ ⋅ ⋅ ρ ⋅ + ⋅ σ ⋅ ⋅
 
 

    6.2a 

with a minimum value 

Rd,c min 1 cp wV v k b d = + ⋅ σ ⋅ ⋅        6.2b 

where 

=
γRd,c

c

0.18
C  

k : Factor for taking account of slab depth, size effect:  

  = + ≤
200

k 1 2.0 d [mm]
d

 

 
d :  Effective depth of bending reinforcement in [mm] 

ρI:  Ratio of longitudinal reinforcement 

ρ = ≤
⋅

sl
l

W

A
0.02

b d
 

  where Asl : Area for tension reinforcement extended by minimum (lbd + d) 
beyond corresponding cross-section 

bw  : Minimum width of cross-section within tension zone in [mm] 

fck : Characteristic value of concrete compressive strength in [N/mm²] 

=1k 0.15  

σ = < ⋅Ed
cp cd

c

N
0.2 f

A
 in [N/mm²] 

where NEd : axial force in cross-section due to loading or prestress [N] 
(NEd > 0 for compression). The influence of restraint on NEd may be neglected; 

  Ac:  Concrete cross-section in [mm2] 

= ⋅ ⋅
3 1
2 2

min ckv 0.035 k f  

VRd,c in [N] 

The Equation (6.2) is only valid if the concrete cross-section is not fully compressed or fully 
cracked. 

In the case of a fully cracked cross-section, the value of the design shear resistance VRd,c  is neg-
ative. In addition to that, the program checks if there is a location of the concrete cross-section 
in compression. If there is no location (that is, in the case of a fully cracked cross-section) or 
one location and the design shear resistance VRd,c without shear reinforcement is nonetheless 
negative, an error message regarding failed design appears and the design is stopped. 
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In the case of a fully compressed cross-section, there will be a positive value for the design 
shear resistance VRd,c. However, the preconditions for the empirical equation are not met. In 
clause 6.2.2 of EN 1992-1-1:2010, Expression (6.4) for unreinforced concrete is given: 

 ⋅
= ⋅ − α ⋅ σ ⋅  γ γ 

2
ctk;0.05 ctk;0.05w

Rd,c l cp
c c

f fI b
V

S
     6.4 

Thus, the code gives an expression that is independent of the cross-section of reinforcement in 
tension and thus allows for a design of fully compressed cross-sections. 

The expression may not be applied if the tension stresses of concrete are smaller than fctk; 0,05 / 
γc. To verify the precondition, the definition points of the concrete cross-section are analyzed. If 
none of these points has a tensile force, the Expressions (6.2a) or (6.2b) are used. 

4.6.3 Design Shear Resistance with Shear Reinforcement  
The design shear resistance of the shear reinforcement (tie) is obtained according to 1992-1-1:2010 
Expression 6.8, 6.9. 

Structural components with a shear reinforcement angle of 90°: 

( )Rd,s sw ywdV A / s z f cot= ⋅ ⋅ ⋅ θ       6.8 

or inclined shear reinforcement: 

( ) ( )Rd,s sw ywdV A / s z f cot cot sin= ⋅ ⋅ ⋅ θ + α ⋅ α      6.13 

where 

Asw : Cross-sectional area of shear reinforcement 

s :  Distance between links 

z :  Lever of internal forces 

fywd :  Design value for yield strength of shear reinforcement 

θ :  Angle between concrete compressive strut and the structural component ax

  is perpendicular to the shear force 

α :  Angle between the shear reinforcement and the structural component axis 
  perpendicular to the shear force 

The inclination of the concrete compression strut may be selected within certain limits de-
pending on the loading (see Equation 6.7). In this way, the equation can take into account the 
fact that a part of the shear force is absorbed by crack friction. Thus, the structural system is 
less stressed.  

≤ θ ≤1.0 cot 2.5          6.7 
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The German National Annex DIN EN 1992-1-1/NA:2011-01 specifies the inclination of the con-
crete compression strut as follows: 

σ
+ ⋅

≤ θ ≤ ≤
−

cd

cd

Rd,cc

Ed

1.2 1.4
f

1.0 cot 3.0
V

1
V

      6.7aDE 

In the case of inclined shear reinforcement, cot θ may be utilized up to 0.58. 

where 

 σ
= ⋅ ⋅ ⋅ − ⋅ ⋅ ⋅  

 

1
cd3

Rd,cc ck w
ck

V c 0.48 f 1 1.2 b z
f

    6.7bDE 

σcd : Design value of concrete longitudinal stress at the level of the cross-section's 
centroid 

c = 0.5  

The inclination of the concrete strut θ can vary according to EN1992-1-1:2010 between the fol-
lowing values: 

 Minimum inclination Maximum inclination 

θ 21.80° 45.00° 

cotθ 2.50 1.00 

Figure 4.45: Inclination of concrete strut θ 

A flatter concrete compression strut results in reduced tension forces within the shear rein-
forcement and thus in a reduced area of reinforcement required. In the program, you decide, 
which inclination the strut should have. 

As shown above, according to the German National Annex, the magnitude of the minimum 
angle of the inclined strut depends on the applied internal forces VEd and NEd that are not avail-
able to the program before the calculation. This means, the verification of the minimum strut 
angle defined by the user is carried out only during the calculation. If it is defined as too small, 
the program automatically takes the minimum angle of the inclined strut according to the 
code. However, if even the maximum user-defined angle of inclination is smaller than the an-
gle of inclination of the minimum strut according to the code, the program stops the calcula-
tion, showing the corresponding error message. 

During the calculation, the minimum level of the strut's inclination is used to determine the 
design resistance VRd,max of the concrete compression strut. If it is smaller than the acting shear 
force VEd, a steeper strut inclination must be chosen. The strut inclination θ is increased until 
the following is given: 

,maxRdEd VV ≤  

The strut angle of inclination found in this way results in the smallest shear reinforcement. 
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Design shear resistance of concrete compression strut according to  
EN 1992-1-1:2010 Expression (6.9) 

Structural components with a shear reinforcement angle of 90°: 

w cw 1 cd
Rd,max

b z f
V

cot tan
⋅ ⋅ α ⋅ ν ⋅

=
θ + θ

       6.9 

or inclined shear reinforcement: 

( )w cw 1 cd
Rd,max 2

b z f cot cot
V

1 cot

⋅ ⋅ α ⋅ ν ⋅ ⋅ θ + α
=

+ θ
     6.14 

where 

bw :  Width of cross-section 

z :  Lever arm of internal forces  

αcw :  Factor for considering stress conditions in compression chord 

   αcw =1.0 for non-prestressed structural systems 

ν1 :  Reduction factor for concrete strength in case of shear cracks 

ν1= 0.6   for fck ≤ 60 N/mm² 

ν1= max (0.5; 0.9-fck/200)  for fck > 60 N/mm² 

fcd : Design value of concrete compressive strength 

θ :  Angle between concrete compressive strut and the structural component 
  axis perpendicular to the shear force 

α :  Angle between the shear reinforcement and the structural component axis 
  perpendicular to the shear force 
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4.6.4 Variants of the Check of Shear Force 
The presented checks of shear force are first and foremost intended for rectangular cross-
sections uniaxially subjected to shear that are neither fully cracked nor fully compressed. 

The program shows the cross-section as fully cracked if a tensile force is applied to all points 
used for the cross-section's definition. A cross-section is considered to be fully compressed in 
two cases: on the one hand, if a tensile force is applied to all rebars, on the other, if the shear 
force resistance VRd,c  without shear force reinforcement VRd,c yields a negative value. 

The following table provides an overview of the forms of the check of shear force for the  
rectangular cross-section. 

Deformation or load-
ing of the cross-
section 

EN 1992-1-1:2010 

Uniaxial Biaxial 

Cross-section com-
pletely cracked 

No design possible No design possible 

Negative shear force 
resistance 

No design possible No design possible 

Cross-section fully 
compressed 

Check: 

VRd,c ≥ VEd 

VRd,c according to (6.4) in 
6.2.2 

Check: 

allowed τ ≥ prov τ 

allowed τ derived from (6.4) in 
6.2.2 

Cross-section normally 
cracked 

(no cross-section rein-
forcement) 

Check: 

VRd,c ≥ VEd 

VRd,c according to (6.2) in 
6.2.2 

Check: 

VRd,c ≥ VEd 

VRd,c according to (6.2) in 6.2.2 

Determine bw and d 

Cross-section normally 
cracked 

(shear reinforcement) 

Check: 

VRd,max ≥ VEd 

VRd,max according to (6.9) or 
(6.14)  

VRd,s ≥ VEd 

VRd,s according to (6.8) or 
(6.13)  

z = 0.9⋅d 

Check: 

VRd,max ≥ VEd 

VRd,max according to (6.9) or 
(6.14)  

VRd,s ≥ VEd 

VRd,s according to (6.8) or (6.13)  

Determine z and bw 

Figure 4.46: Forms of the check of shear force for the rectangular cross-section 
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In the case of a circular cross-section, there is almost always a uniaxial cross-sectional loading, 
because a resulting shear force VEd is formed from the applied shear forces Vz and Vy. The fol-
lowing table shows an overview of the forms of the check of shear force for the circular cross-
section. 

Deformation or load-
ing of the cross-
section 

EN 1992-1-1:2010 

Uniaxial or biaxial 

Cross-section com-
pletely cracked 

No design possible 

Negative shear force 
resistance 

No design possible 

Cross-section fully 
compressed 

Check: 

allowed τ ≥ prov τ 

allowed τ derived from (6.4) in 6.2.2 

Cross-section normally 
cracked 

(no cross-section rein-
forcement) 

Check: 

VRd,c ≥ VEd 

VRd,c according to (6.2) in 6.2.2 

Determine bw and d 

Cross-section normally 
cracked 

(shear reinforcement) 

Check: 

VRd,max ≥ VEd 

VRd,max according to (6.9) or (6.14)  

VRd,s ≥ VEd 

VRd,s according to (6.8) or (6.13)  

Determine z and bw 

Figure 4.47: Overview of the forms of the check of shear force for the circular cross-section 

4.6.5 Check of Shear Force 
In this chapter, the checks for a biaxial shear loading of rectangular cross-sections are present-
ed. These include the determination of d, bw and z. 

4.6.5.1 Cracked Cross-Section 

If the shear forces VEd,y and VEd,z act simultaneously on a cross-section, the applied shear force 
VEd is obtained by quadratic combination. 

2 2
Ed Ed,y Ed,zV V V= +  

The applied shear force VEd is to be compared with the shear resistance. 

The equations in 4.6.1 include the quantities depth d, width of component bw, and the lever 
arm z. However, these quantities are not as obvious as in the case of a uniaxially loaded rec-
tangular cross-section.  
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The effective depth d, width of structural component bw, and lever arm z of the internal forces 
are to be determined separately first. In the case of a biaxially loaded rectangular cross-section, 
the following layout can appear in the concrete compression zone: 

 
Figure 4.48: Rectangular cross-section subjected to biaxial bending 

Then, the effective depth d is determined as distance between the centroidal position of the 
tensioned rebars and the corner that is the furthest from it and to which a compression stress 
is applied.  

 
Figure 4.49: Effective depth 

To determine the effective depth d, the centroidal position of the tensile forces of all tensioned 
rebars has to be determined first. Its coordinates are denoted by yst and zst. 

The force in a rebar is signified by Fst,i. The index „i“ refers to the number of the relevant rebar. 
Thus, the coordinates of the rebar are signified by yst,i and zst,i. The centroidal position of the 
tensile forces of all tensioned rebars are determined as: 

n

st,i st,i
i 0

st n

st,i
i 0

y F

y

F

=

=

⋅

=
∑
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n

st,i st,i
i 0

st n

st,i
i 0

z F

z

F

=

=

⋅

=
∑

∑
 

Here, only the positive (that is, tensile) forces are considered in the rebars. 
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For the example of the rectangular cross-section depicted above, the lever arm z represents 
the connection between the location of the resulting concrete compressive force and the cen-
troidal position of the tensile forces of all tensioned rebars. 

 
Figure 4.50: Lever of internal forces 

To determine the position of the compressive force FC, the force FC is to be determined with 
the aid of the applied axial force and provided tensile and compressive forces acting on the 
rebars. 

n n

C Ed st,i sc,i
i 0 i 0

F N F F
= =

 
 = − +
 
 
∑ ∑  

Now, the coordinates yc and zc of the resulting compressive force FC can be determined: 

n

z sc,i sc,i
i 0

c
c

M y F

y
F

=

− ⋅

=
∑

 

n

y sc,i sc,i
i 0

c
c

M z F

z
F

=

− ⋅

=
∑

 

Finally, the lever arm z can be determined: 

2
stc

2
stc )zz()yy(z −+−=  

In order to apply the equations presented at the beginning of this chapter, the component 
width bw has to be calculated first. 

 
Figure 4.51: Width of component bw 

The width is always perpendicular to the previously calculated lever arm z and intersects with 
to edges of the rectangular cross-section. 
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If these intersected edges face each other as in the example above, the cross-section width bw 
to be applied is constant along the lever arm z. In the case of two vertically perpendicular in-
tersected edges, the cross-section width changes along the lever arm. The smallest cross-
section width bw is used. 

4.6.5.2 Fully Compressed Cross-Section 

Design according to EN 1992-1-1:2010 

In the case of a fully compressed cross-section, there will be a positive value for the design 
shear resistance VRd,c without shear reinforcement. However, the preconditions for the empiri-
cal equation are no longer met. In clause 6.2.2 of EN 1992-1-1:2010, the Expression (6.4) for un-
reinforced concrete is given. 

 ⋅
= ⋅ − α ⋅ σ ⋅  γ γ 

2
ctk;0.05 ctk;0.05w

Rd,c l cp
c c

f fI b
V

S
 

Thus, this code gives an expression that is independent of the cross-section of a reinforcement 
in tension and, therefore, allows for a design of the fully compressed cross-sections.  

It may not be applied if the tension stresses of concrete are smaller than fctk;0.05 / γc. To verify this 
precondition, we reanalyze the definition points of the concrete cross-section. If none of these 
points has a tensile force, the Expressions (6.4) is used. 

To be applicable for a biaxial shear load, however, it has to be modified. If we substitute the 
shear force resistance VRd,c by the modulus of the applied shear force VEd in the equation and 
convert it as follows, the left-hand side of the equation contains a shear stress, whereas the 
right-hand side of the equation shows the allowable shear stress. 

⋅  
≤ − α ⋅ σ ⋅  ⋅ γ γ 

2
Ed ctk;0.05 ctk;0.05

l cp
w c c

V S f f

I b
 

As the cross-section is uncracked, the concrete shows an isotropic material behavior like steel.  

Rectangular cross-section 

As common for steel construction, the shear stress to be compared can be determined by a 
simple superposition. Thus, the design is carried out as follows: 

   ⋅⋅     + ≤ − α ⋅ σ ⋅    ⋅ ⋅ γ γ    

22 2
Ed,y zEd,z y ctk;0.05 ctk;0.05

l cp
y z c c

V SV S f f

I y I z
 

If we introduce the variables prov τ and perm τ for both sides of the equation, we obtain the 
following equations: 

   ⋅⋅   τ = +
  ⋅ ⋅   

22
Ed,y zEd,z y

y z

V SV S
prov.

I y I z
 

 
τ = − α ⋅ σ ⋅  γ γ 

2
ctk;0.05 ctk;0.05

l cp
c c

f f
allow.  
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Circular cross-section 

For the circular cross-section, on the other hand, the provided shear stress prov τ (see above) is 
determined by using the following expression: 

22

,,.τ
   ⋅⋅
 = +    ⋅ ⋅   

Ed y zEd z y

y z

V SV S
prov

I d I d
 

The allowable shear stress allowable τ is identical to the one for the rectangular cross-section. 

Thus, the shear force design criterion for a fully compressed cross-section subjected to shear 
can be expressed both for rectangular and circular cross-sections as follows: 

τ
τ

=
allow

prov
criterionDesign  

4.6.6 Check of Shear Force in Circular Cross-Section 

4.6.6.1 Cracked Cross-Section 

If a cross-section is loaded exclusively by the shear force in direction of a cross-section axis, the 
acting shear force VEd is equal to this internal force. 

If the cross-section is simultaneously loaded by the shear forces VEd,y and VEd,z, the applied shear 
force VEd is obtained by quadratic combination.  

2 2
Ed Ed,y Ed,zV V V= +  

The applied shear force VEd is to be compared with the shear resistance. 

All expressions in the standard used for determination of the shear force resistance assume a 
rectangular cross-section. 

All these expressions contain the quantities depth d, width of component bw, and the lever 
arm z. To use these expressions, these quantities must be determined for the circular cross-
section first. 

As an example, the following layout of the concrete compression zone is assumed in the cross-
section: 

 

Figure 4.52: Circular cross-section with concrete compression zone 

The effective depth d is determined as distance between the centroid of the tensioned rebars 
and the edge of the cross-section that is the farthest away and contains a compressive stress. 
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Figure 4.53: Effective depth 

To determine the effective depth d, the centroidal position of the tensile forces of all tensioned 
rebars has to be determined first. Its coordinates are signified by yst and zst. 

The force in a rebar is signified by Fst,i. The index „i“ refers to the number of the relevant rebars. 
Thus, the coordinates of a rebar are signified by yst,i and zst,i. The centroidal position of the ten-
sile forces of all tensioned rebars are determined as: 

n

st,i st,i
i 0

st n

st,i
i 0

y F

y

F

=

=

⋅

=
∑

∑
 

n

st,i st,i
i 0

st n

st,i
i 0

z F

z

F

=

=

⋅

=
∑

∑
 

Only the positive (that is, tensile) forces are considered in the rebars. 

For the example of the circular cross-section depicted above, the lever arm z represents the 
connection between the location of the resulting concrete compressive force and the cen-
troidal position of the tensile forces of all tensioned rebars.  

 
Figure 4.54: Lever of internal forces 
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To determine the position of the compressive force FC, the force FC is to be determined with 
the aid of the applied axial force and provided tensile and compressive forces in the rebars. 

n
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i 0

F N F
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= −∑  

Now, the coordinates yc and zc of the resulting compressive force FC can be determined. 
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Finally, the lever arm z can be determined: 

2 2
c st c stz (y y ) (z z )= − + −  

In order to apply the equations presented at the beginning of this chapter, the width of com-
ponent bw has to be calculated first. 

 

Figure 4.55: Width of component bw 

The width is always perpendicular to the previously calculated lever arm z and intersects with 
two edges of the circular cross-section. A cross-section width is obtained from the centroidal 
position of the concrete compression zone and from the centroidal position of the tensioned 
rebars. We use the smallest cross-sections width bw. 
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4.6.6.2 Fully Compressed Cross-Section 

Design according to EN 1992-1-1:2010 

In the case of a fully compressed cross-section, there will be a positive value for the design 
shear resistance VRd,c without shear reinforcement. However, the preconditions for the empiri-
cal equation are no longer met. In clause 6.2.2 of EN 1992-1-1:2010, Expression (6.4) for unrein-
forced concrete is given. 

 ⋅
= ⋅ − α ⋅ σ ⋅  γ γ 

2
ctk;0.05 ctk;0.05w

Rd,c l cp
c c

f fI b
V

S
 

Thus, the code gives an Expression that is independent of the cross-section of a reinforcement 
subject to tensile forces. The equation allows for a design of the fully compressed cross-
sections. 

This expression may be applied if the tension stresses of concrete are smaller than fctk; 0.05 / γc. To 
verify this precondition, we reanalyze the definition points of the concrete cross-section. If 
none of these points has a tensile force, the Expressions (6.2a) or (6.2b) are used. 

4.6.7 Shear Reinforcement 
The longitudinal reinforcement of columns must be surrounded by transverse reinforcement. 
The following conditions regarding the minimum diameter of the transverse reinforcement 
according to EN 1992-1-1:2010, clause 9.5.3 (1) apply: 

• Greater than a quarter of the bar diameter of the provided longitudinal reinforcement 

• ≥ 6 mm 

For the distance between links, EN 1992-1-1:2010 clause 9.5.3(3) specifies that they may not be 
greater than scl,tmax. Scl,tmax  is specified in the National Annexes. The Eurocode recommends for 
scl,tmax as the smallest value from the following distances: 

• 20 times the smallest longitudinal bar diameter 

• Smallest side length of the column 

• 400mm 

EN 1992-1-1: 2010 9.5.3 (4) specifies that the distances are to be reduced by factor 0.6 at the 
following locations: 

• In column cross-sections within a distance equal to the larger dimension of the col-
umn cross-section above or below a beam or slab. 

• Near overlapped joints, if the maximum diameter of the longitudinal bars is greater 
than 14 mm. A minimum of 3 bars evenly placed in the overlap length is required. 

Therefore, the program checks if the end points of members and the intermediate points of 
continuous members are also part of a slab or a beam. Then, the program suggests you to re-
duce the distances between the links in these areas. 

If you allow for this reduction and if the minimum shear reinforcement is governing, this re-
sults in areas along the column with different distances between the links. 
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Figure 4.56: Provided shear reinforcement  

An area is indicated by an x-value for the start and an x-value for the end. Each area starts with 
a link and ends with a spacing. If a further area connects to this area, it also starts with a link. If 
no further area follows, this area ends with a spacing. Within each area, all links have the same 
spacing. The links within an area are combined with a so-called Item Number. The first link is 
offset by the user-defined minimum of concrete cover from the column start. If also a slab or a 
beam connects to the column start, the first link is shifted by an additional one-half thickness 
of this component. 

 
Figure 4.57: Position of the first link above a beam 
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The x-value for the start or end of an area can later be changed in a results window. It is of 
great significance whether the start value of the first area, the end value of the last area, or an 
intermediate value is changed: If a start value of the first area is changed in this way, this area 
starts at this defined value. If, however, the start or end value of an area is changed in-between 
and the value does not correspond with the start or end value of the adjacent area, a new in-
termediate region is inserted. 

 
Figure 4.58: Changed link areas 

For columns, shear design plays a minor role. In the common literature, you will find only sec-
ondary reinforced columns. A graduation of the shear reinforcement is calculated according to 
the regulations of EN 1992-1-1:2010 only near the supports. 

A shear design by x-location is therefore omitted. Instead, the two locations are analyzed for 
which the absolute greatest values for Vy and Vz result for each member or continuous mem-
bers. Both the Expressions (6.8) and (6.9) of EN 1992-1-1:2010 include the lever arm z whose 
length depends on the internal force N and the moments My and Mz . Since this lever arm z is 
an essential part of the expression of the resistant shear force, the locations are analyzed 
where we obtain 

• Maximum axial force N  

• Minimum axial force N  

• Maximum moment My  

• Minimum moment My  

• Maximum moment Mz  

• Minimum moment Mz . 

The design is carried out with the internal forces and moments according to linear-static anal-
ysis. 
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4.6.8 Program Flow of Shear Analysis 

Now that the equations to be used are presented, we can have a final look on the program 
flowchart of the shear design. 

For the previously determined longitudinal reinforcement, the stresses for the considered in-
ternal forces are determined in the corners of the concrete cross-section (circle is represented 
by a polygon) and in the reinforcement points themselves. The stresses determined there de-
cide if the program is already to be stopped due to a non-designable situation. They also de-
cide how the design shear resistance is to be determined. 
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4.6.8.1 Part 5.1: Determination of the Shear Resistance 

 

E 

Repeat for the internal forces at the location of  
  max |Vy|                           max |Vz| 
 max N          max My      max Mz 
min N           min My       min Mz 

Repeat for selected load cases, 
load combinations, and result combinations 
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Determination of shear resistance VRd,c 
EN 1992-1-1, cl. 6.2.2 (2) Expr. (6.4) 
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Determination of the shear resistance VRd,c 
EN 1992-1-1, cl. 6.2.2 (1) Expr. (6.2a) and (6.2b) 
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If the cross-section is fully cracked, the program is stopped at this point. The design shear re-
sistance VRd,ct for the unreinforced concrete is determined for a fully compressed cross-section. 
Regardless of whether it is sufficient or not, the program is stopped because a shear force rein-
forcement would not be effective for the fully compressed cross-section. 

If all corners of the concrete cross-section are neither compressed nor cracked, the design 
shear resistance without shear reinforcement is determined according to the provisions of the 
Eurocode. However, it can still happen that a sufficiently great longitudinal tensile force results 
in a design shear resistance smaller than zero. In this case, the program is also stopped. 

In the second part of the program flowchart for shear design, the limits of the variable strut in-
clination are determined. Next, these are compared with the user-defined limits of inclination. 
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4.6.8.2 Part 5.2 : Determination of the Compression Strut's Strength 

 
 

If there is no intersection set between the area of the strut inclination prescribed by the stand-
ard and the user-defined area, the design has failed and is discontinued. 
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Next, the design value of the shear force which can be sustained by the member, limited by 
crushing of the compression struts, is determined with the smallest possible inclination of the 
compressive strut. If this value is not sufficient, the inclination of the concrete strut is increased 
until it is either sufficient or the user-defined maximum allowable inclination of the compres-
sive strut is reached. The maximum reasonable inclination of the strut is 45° because the de-
sign value of the shear force which can be sustained by the member, limited by crushing of the 
compression struts, starts to decrease again from this point on. 

If the smaller of both values (maximum user-defined strut inclination or 45°) is exceeded, the 
design has failed and is discontinued. If a sufficient design value of the shear force which can 
be sustained by the member, limited by crushing of the compression struts, is obtained earlier, 
the determination of the required reinforcement is continued. 

4.6.8.3 Part 5.3 : Determination of the Transverse Reinforcement 

 
 

Next, the provided reinforcement is used to determine the design value of the sustainable 
shear force limited by the resistance of the shear reinforcement. 

Finally, the provided shear reinforcement of this loop iteration is compared with the provided 
shear reinforcement of the previous loop iteration. 

The greatest shear reinforcement from all loop iterations then indicates the governing location 
for the design of the shear resistance with shear reinforcement. The program shows two de-
sign criteria for it. 
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Design criterion 1: 

− = Ed

Rd,max

V
Design criterion

V
 

Design criterion 2: 

− = Ed

Rd,s

V
Design criterion

V
 (DIN 1045-01) 

 

The criterion for the location of the governing shear force without the shear reinforcement is 
shown. This is done if only one minimum shear reinforcement was required for the entire 
member. 

− = Ed

Rd,c

V
Design criterion

V
 

The design criterion is determined as the greater design criterion in the directions y and z. 

  − = =  
  

yEd z

Rd,c Rd,c,y Rd,c,z

VV V
Design criterion max ;

V V V
  

4.7 Overlaps 
4.7.1 Connection Elements on a Column 

Columns can connect to various elements in RFEM. The following figure illustrates these  
elements. 

 
Figure 4.59:  a = support, b = continuing column, c = beam, d = slab, e = slab with continuing column 

If a support connects to the column, it may result in a connecting reinforcement. Therefore, 
this connecting reinforcement is not part of the obtained column longitudinal reinforcement. 
However, you can decide if to reduce the link spacings resisting the transverse tensile forces to 
60% of the usually selected link spacings. 
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If the column connects to a continuing column, you can reduce the spacing but also create an 
overlap. The longitudinal reinforcement of the columns under consideration is extended by 
the overlap length l0. The determination of this overlap length will be described later. 

If a beam or a slab forms a connecting element, you can also change the link spacing. 

To form an overlap, the length of overlap l0 is to be determined first. 

 
Figure 4.60: Overlap length l0 

The design value of the length of overlap l0 is determined from the required basic value of the 
length of anchorage lb,rqd according to DIN EN 1992-1-1 clause 8.4.3.  

The required basic value of the anchorage length lb,rqd  used to anchor the force As ∙ σsd of a 
member under consideration of a constant bond stress fbd follows from the equation: 

( ) ( )bdsdrqd,b f/4/l σ⋅φ=  

Here, ф is the bar diameter and σsd is the provided steel stress in the ULS of the  
bar at the beginning of the length of anchorage. Values for fbd are given in 8.4.2. 

fbd = 2.25 ∙ η1 ∙ η2 ∙ fctd 

η1  is a factor that takes into account the quality of the bond conditions and the 
positions of the bar during concreting. 

η2  is a factor for taking account of the bar diameter 

fctd   is the design value of the of the concrete tensile strength according to 3.1.6(2)P 
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If the required basic value of the anchorage length lb,rqd is obtained, we can determine the de-
sign value of the length of overlap l0 according to DIN EN 1992-1-1 clause 8.7.3: 

min,0rqd,b6543210 lll ≥⋅α⋅α⋅α⋅α⋅α⋅α=  

where 
lb,rqd  is the required basic value of the anchorage length 

l0,min  ≥ max (0.3 ∙ α6 ∙ lb,rqd ; 15 ∙ Ø ; 200mm) 

α1, α2, α3, α4, α5 coefficients (given in Table 8.2 in DIN EN 1992-1-1) 

α6 = (ρ1 / 25)0.25 ≤ 1.5 or 1.0    

ρ1 is the percentage of the reinforcement overlapped within 0.65 ∙ l0  

(measured from the middle of the overlap length under consideration).  
The values for α6 are included in Table 8.3 in DIN EN 1992-1-1. 

4.7.2 Design of Overlaps 
The constructional design of overlaps is described in DIN EN 1992-1-1 clause 8.7.2 Laps. 

(3) As a rule, the arrangement of overlapped bars should conform to Figure 8.7 and meet the 
following conditions: 

- The clear distance between overlapping bars should not be greater than 4 Ø or 50 mm. 
Otherwise, the overlap length should be increased by a length equal to the clear space 
where it exceeds 4 Ø or 50 mm; 

- The longitudinal distance between two adjacent overlaps may not be less than 0.3 times 
the overlap length l0; 

- In case of adjacent laps, the clear distance between adjacent bars should be not less than 
2 Ø or 20 mm. 

 
Figure 4.61: Design of overlaps 

(4) When the provisions from clause (3) are met, the permissible percentage of lapped bars in 
tension may be 100% where the bars are all in one layer. Where the bars are in several layers, 
the percentage should be reduced to 50%. All bars in compression and the transverse rein-
forcement may be overlapped in one cross-section. 

If we consider the choice of a different reinforcement layout, different column dimensions, and 
the different numbers and diameters obtained from the calculation of the bars to be over-
lapped, it seems almost impossible to meet these regulations. Therefore, the following condi-
tions must be given for the automatic, secondary design of a reinforcing overlap: 

• The cross-section dimensions of the columns to be lapped are the same. 

• The same reinforcement layout was chosen for both columns. 

• The provided reinforcement is arranged in both columns only in one layer. 
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The diameter and the number of the rebars can be different in both columns. Upon determina-
tion of the coordinates of the cranked rebars, you have to check if within less than 4ds of each 
of the members at least one rebar of the connecting column is located. If this is not the case, 
the program informs you that this constellation of the rebar does not allow for an overlap in 
the columns to be lapped. 

The following forms of overlaps are possible. 

 
Figure 4.62: Overlap for circular column cross-section 

An overlap is possible without restrictions for circular column cross-sections. For rectangular 
cross-sections, the arrangement of the reinforcement decides whether an overlap is allowable. 

 

Figure 4.63: Overlap in a rectangular column cross-section - double-sided 

 

Figure 4.64: Overlap in a rectangular column cross-section - surrounding 

 

Figure 4.65: Overlap in a rectangular column cross-section - in corners 
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For double-sided and surrounding reinforcement layout, an overlap is possible without re-
strictions. For a reinforcement layout in the corners, laps are allowable only for columns that 
do not have more than one rebar in each corner. Otherwise, the result would be a concentra-
tion of reinforcement that does not allow for a compaction of concrete anymore. 

 

Figure 4.66: No overlap for concentrated corner reinforcement 
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5. Working with RF-CONCRETE 
Columns 

 

5.1 Open RF-CONCRETE Columns 

To start the add-on module RF-CONCRETE Columns, click 

Add-on Modules → Design - Concrete → RF-CONCRETE Columns. 

 

Figure 5.1: Starting RF-CONCRETE Columns via the menu Add-on Modules 

Alternatively, you can open the add-on module in the Data navigator by double-clicking  
RF-CONCRETE Columns.  

 

Figure 5.2: Starting RF-CONCRETE Columns via the Data navigator 
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5.2 Windows 
There are five input windows that are shown in the module's navigator located on the left. 

 
Figure 5.3: Input tables in navigator 

The table Reinforcement is divided into four different subtables for the individual user-defined 
reinforcement groups. 

The navigator on the left lists all available tables. Above, you will find a list with the possibly al-
ready available design cases. 

Below the navigator, there are three buttons.  

 
Figure 5.4: Button [Help] 

To open the online help, click [Help] or press the function key [F1]. 

 
Figure 5.5: Previous table - next table 

You can select the masks either by clicking the corresponding entry in the navigator or by 
browsing them in sequence. To browse the tables, use the function keys [F2] and [F3] or click 
the buttons shown above. 

 
Figure 5.6: Button [Calculation] 

Having entered all relevant data, click [Calculation]. 

 
Figure 5.7: Button [Graphics] 

To select the graphical results display, click [Graphics]. The program sets the current  
RF-CONCRETE Columns case automatically. For further information on results display  
and output, see chapter 6 of this manual. 

 
Figure 5.8: Button [OK] 

To save all input and results before exiting the module, click [OK]. 

 
Figure 5.9: Button [Cancel] 

To exit RF-CONCRETE Columns without saving the data, click [Cancel]. 
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5.3 Input Windows 

5.3.1 Window 1.1 General Data 
When you open the module RF-CONCRETE Columns, the table 1.1 General Data appears. 

 
Figure 5.10: Table 1.1 General Data, tab Ultimate Limit State 

In this table, you will also find lists of the existing load cases (LC), load combinations (CO), and 
result combinations (RC). The load cases, load combinations, or result combinations for which 
a design is to be carried out, can be selected by clicking them and transferring them to the 
right list by using the [] button. 

 
Figure 5.11: Button [Add selected case] 

The button [] transfers all entries to the right list. 

 
Figure 5.12: Button [Add all cases] 

Similarly, to transfer individual entries to the left side, click []. To transfer all entries, click 
[]. 

 
Figure 5.13: Buttons [Reset selected] and [Reset all] 

You can add a note to each design case in the text field Comment. 

 
Figure 5.14: Dialog section Comment 
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To manage the individual design cases, use the menu File. 

 
Figure 5.15: Managing the design cases 

File → New Case 

Another way to create a new design case is to press the key combination [Ctrl]+[N]. The follow-
ing dialog box opens: 

 
Figure 5.16: Dialog box New RF-CONCRETE Columns-Case 

A new No. and Description must be assigned to the new design case. All descriptions that are 
already used are shown in the list. This drop-down list becomes available when you click the 
arrow at the lower-right edge of the text field containing the description of the design case. 
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File → Rename Case 

Use this function to rename the current design case. To do this, change the Description. You 
may also have to choose a different No. 

 
Figure 5.17: Dialog box Rename RF-CONCRETE Columns-Case 

File → Copy Case 

Use this function to copy a design case that is already created. The relevant case must be  
selected in the upper list first. Enter the name for the copy in the input field Description. 

 
Figure 5.18: Dialog box Rename RF-CONCRETE Columns-Case 

File →Delete Case 

You can select the case that you want to delete in the list. The case is deleted if you exit the  
dialog by clicking [OK]. If you want to select several cases, click the entries while pressing the 
[Ctrl] key. 

 
Figure 5.19: Dialog box Delete Case 

Export → MS Excel 

The case can be exported to an MS Excel table. 
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Figure 5.20: Dialog box Export - MS Excel 

Click Settings → Units and Decimal Places. 

 
Figure 5.21: Opening the dialog box 

In this dialog box, you can specify the units for the design. 

 
Figure 5.22: Dialog box Units and Decimal Places 

At the lower left of this dialog box, you will find different buttons with which you can manage 
the units and the number of their decimal places in Profiles. 
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Figure 5.23: Management of the units 

To find more information on the add-on module, click the Help menu. 

 
Figure 5.24: Menu item [Help] 

In the dialog section Design as Column of the window 1.1 General Data, you first select the el-
ements of the RFEM model that you want to design according to the method based on nomi-
nal curvature. 

 
Figure 5.25: Selection of the columns to be designed 

Type the number of a member in the input field Members. Alternatively, you can click the but-
ton to the right in order to return to the RFEM work window and select the relevant column for 
calculation by clicking it. 

 
Figure 5.26: Dialog box for selection of members by numbers  
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This dialog shows the numbers of the selected members. To import them to the module, click 
[OK]. 

 
Figure 5.27: Dialog box for selection of members by criteria 

The criteria for member selection appear in this dialog box. To import them to the module, 
click [OK]. 

If you want to select most of the members of a model, it is recommended to click the check 
box [All] and to remove the irrelevant members in the way described above. 

Similarly, you can select already defined sets of members. If no set of members has been creat-
ed yet, the text field for sets of members and the corresponding buttons are not available. 

To open the dialog box used to create a new set of members in RF-CONCRETE Columns, use 
the following buttons: 

 
Figure 5.28: Button to create a new set of members 

The dialog box New Set of Members appears: 

 
Figure 5.29: Dialog box for creating a new set of members 
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You can select the code for the design in the dialog section Design According to Standard in the 
window 1.1 General Data: 

 
Figure 5.30: Selection of design standard 

In addition to that, you can select the check box With Creep if these influences are design rele-
vant. 

Thus, the tab Creep-Producing Permanent Load becomes available. In this tab, you can select 
the loads that act permanently and, therefore, result in the increase of the additional eccen-
tricity e2 due to creeping. 

According to EN 1992-1-1 clause 5.8.4, this approximate increase of the additional eccentricity 
e2 due to creep is to be determined in such a way that the existing second order eccentricity e2 
is multiplied by the factor (1+ M0Eqp / M0Ed). The moment M0Eqp results from the loads selected in 
the second tab Creep-Producing Permanent Load of window 1.1. They are assumed as perma-
nently acting and their influence is checked one after the other. 

 
Figure 5.31: Table 1.1 General Data, tab Creep-Producing Permanent Load 
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The option Limitation of ratio between quasi-permanent and dimensional moment makes it pos-
sible to limit the ratio M0Eqp / M0Ed  to the defined value (the standard is 1.00) for the calculation 
of the effective creep coefficient. This option ensures that if M0Eqp > M0Ed  the effective final 
creep coefficient is not increased.  

 
Figure 5.32: Window 1.1 General Data, tab Fire Resistance 

Reduction factor for fire resistance design 
The option Reduction factor acc. to 2.4.2 (2) allows you to take into account loadings from the 
design for normal temperature and to reduce these actions by the reduction factor ηfi. The re-
duction factor is to be determined as suggested in EN 1992-1-2 according to 2.4.2 (3). Simplify-
ing, we can use the recommended value ηfi = 0.7. 
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5.3.2 Window 1.2 Materials 

 
Figure 5.33: Window 1.2 Materials 

In this window, the material data of the members to be designed are displayed. The window is 
subdivided into two parts. Specify the materials for the concrete and reinforcing steel in the 
upper part. The concrete strength classes are imported from RFEM but can also be modified in 
this window. 
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Figure 5.34: Concrete library 

To select the type of concrete, click the [Concrete library] button located below the row  
Concrete Strength Class.  

The following dialog box appears: 

 
Figure 5.35: Concrete library 

This dialog box has three sections. The so-called Filter are on the left. However, they cannot be 
set in this module because the previous selections determine which materials are displayed. 
All materials are listed in the dialog section Material to Select. You can select one of the materi-
als by clicking it. The table in the lower dialog section Material Properties shows information 
about all properties of the materials that are relevant for the RFEM calculation. 
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Figure 5.36: Buttons in the material library 

To define a customized concrete, click [Create new material]. The following dialog box ap-
pears: 

 
Figure 5.37: Dialog box New Material 

In addition to the Material Description, you can include all Material Properties in the table on 
the right-hand side. To add the newly created material to the list of the existing materials, click 
[OK], thus exiting the dialog box. 

Select the customized concrete or a concrete with a certain strength class in the concrete li-
brary. To transfer it to window 1.2, click [OK]. 
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A reinforcement steel type must be assigned to each concrete strength class. The selection of 
the steel type is similar to the selection of the concrete strength class. To open this library, click  
[Reinforcing steel library]. 

 
Figure 5.38: Reinforcing steel library 

The following dialog box appears: 

 
Figure 5.39: Reinforcing steel library 

To define customized reinforcing steel, click [New]. 

 
Figure 5.40: Reinforcing steel library buttons 
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The following dialog box appears: 

 
Figure 5.41: Material properties 

The specifications are done in the same way as described for concrete. 

In the lower part of window 1.2, there is a detail window with the properties of concrete and 
reinforcing steel selected in the upper table. 

 
Figure 5.42: Table 1.2 Materials 

To the right, you see which materials are used for the members or cross-sections. 
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In this window, you can change the material properties. However, the design will be carried 
out with the internal forces and moments determined with the stiffness defined in RFEM. If the 
stiffness is modified in RF-CONCRETE Columns and the system under consideration is statically 
indeterminate, the modified material data must also be changed in RFEM and the design is to 
be carried out again in order to obtain an exact design. 

5.3.3 Window 3.1 Cross-Sections 

 
Figure 5.43: Table 1.3 Cross-Sections 

In this window, all cross-sections of the members and sets of members previously selected for 
design in the window 1.1 General Date are listed. The settings for every Creep Coefficient are 
also defined here. 

 
Figure 5.44: Dialog box Settings for Creep 
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The cross-section selected in the list can be modified. To do this, click the button in the lower-
left part of the table. 

 
Figure 5.45: Button [Cross-section library] 

Click this button to open the RFEM cross-section library. 

 
Figure 5.46: Cross-section library  

However, only those cross-sections are available here that can be calculated with the module 
RF-CONCRETE Columns. At the point of writing this manual, these are circular and rectangu-
lar cross-sections. 

There is a graphic depicting the currently selected cross-section on the right side of the win-
dow 1.3 Cross-sections. Below this graphic, you can see the assignment of this cross-section to 
certain materials and members. 

If you modify a cross-section in this window, this does not automatically result in a change of 
the cross-sections within RFEM. 
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5.3.4 Window 1.4 Reinforcement 

 
Figure 5.47: Window 1.4 Reinforcement, tab Longitudinal Reinforcement 

This window contains the tabs Longitudinal Reinforcement, Links, Secondary Reinforcement,  
Reinforcement Layout, Standard and optionally Fire Resistance, allowing you to include various 
specifications for the reinforcement. The specifications depend on the members and sets of 
members and can often vary. For this reason, it is possible to create different so-called "rein-
forcement groups," to which you then can assign certain members or sets of members. The 
specifications of the respective reinforcement groups are applied to the relevant members or 
sets of members. 

Such a reinforcement group is defined in the dialog section Reinforcement Group by a number 
and a user-defined Description. 

 
Figure 5.48: Dialog section Reinforcement Group 

To the right, in the dialog section Applied to, you can specify to which members and sets of 
members this reinforcement group is to be applied. 

 
Figure 5.49: Dialog section Applied to 

The numbers of the members or sets of members can be typed in the input fields or graphical-
ly selected by using the [Select] button. The RFEM work window appears in which the relevant 
member or sets of members can be selected by clicking them. 
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Figure 5.50: Selection of members in the RFEM work window 

A reinforcement group can be applied to all members or sets of members. To do this, select 
the All check box in the dialog section Applied to. However, a restriction follows from this: 
Since all members or sets of members are already included in the reinforcement group, no 
other reinforcement group can be defined. This is because there is no more member or set of 
members to which the reinforcement group could be applied to. You can also recognize this 
by the fact that the button that is used to create a new reinforcement group is no longer avail-
able in the Reinforcement Group dialog section. 

If you clear the selection in the check box All, ... 

 
Figure 5.51: Reinforcement group applied to certain members 

... the button [New reinforcement group] becomes available. 

A reinforcement group that is already defined can be deleted by using the following button. 

 
Figure 5.52: Button [Delete reinforcement group] 

Notice that no design will be carried out for the members and sets of members that were in-
cluded in the deleted reinforcement group. If you still want to design it, you must reassign 
them to a new or an existing reinforcement group. Otherwise, the following error message ap-
pears: 

 
Figure 5.53: Program warning 
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To modify an existing reinforcement group, you have to select it first. This can be done in two 
ways: 

 
Figure 5.54: Selection of a reinforcement group 

In the dialog section Reinforcement group, you can select the number of a reinforcement group 
from the drop-down list. Alternatively, you can set the desired reinforcement group by double-
clicking the respective navigator entry. 

In the lower part of the table, you can define the current reinforcement group in the six tabs 
Longitudinal Reinforcement, Links, Secondary Reinforcement, Reinforcement Layout, Standard, 
and Fire Resistance. 

Longitudinal Reinforcement 

 
Figure 5.55: Tab Longitudinal reinforcement  

In the dialog section Reinforcement, different reinforcement diameters relevant for the longi-
tudinal reinforcement can be found. To provide the relevant diameter to the program, set the 
available input fields. The program then determines a solution with the provided possible re-
bars only. 

You can select from the drop-down list four types of reinforcement layout in the dialog section 
Reinforcement Layout: 

• Double-sided - parallel to y-axis 

• Double-sided - parallel to z-axis 

• In corners 

• Uniformly surrounding 

To define the Maximum number of layers, use the corresponding drop-down list in the dialog 
section Reinforcement Layout. In addition to that, you can specify the arrangement of the dis-
tances a, b, and e for the reinforcement layers. 
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Two drop-down lists in the dialog section Anchorage Types, which are important for the de-
termination of the anchorage lengths, conclude this tab. A small graphic to the right illustrates 
the respective parameters. 

Links 

In this tab, you set the specifications defining the shear reinforcement. 

 
Figure 5.56: Tab Links 

The possible rebar diameters of the link reinforcement are defined in the dialog section Rein-
forcement, similar to the way it is done in the tab Longitudinal Reinforcement. 

The number of Links can be defined manually according to the standard in the dialog section 
Parameters of Links as well as a minimum shear reinforcement Min Asw. If the statically required 
shear reinforcement or the minimum shear reinforcement conforming to the standard falls be-
low the value specified in this module, Min Asw is used as required link reinforcement. 

This tab is concluded by two drop-down lists in the dialog section Anchorage Type important 
for the determination of the anchorage lengths. A graphic to the right illustrates the respective 
anchorage type. You can further modify the geometrical form in window 4.2 Shear Reinforce-
ment Provided. 
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Secondary Reinforcement 

 
Figure 5.57: Tab Secondary Reinforcement 

In addition to the statically required reinforcement, the intermediate bars are to be arranged 
along a cross-section side (except for surrounding reinforcement) so that the distance be-
tween the bars of the statically required reinforcement does not become too large. The maxi-
mum allowable distance is precisely defined in the various standards. By selecting the option 
Not considered, the distance can remain the same. To enter the maximum allowable distance, 
select the option Define. 

Thus you can also specify whether to apply the same bar diameter as used for the statically re-
quired reinforcement by the program or to enter it manually. 

Reinforcement Layout 

 
Figure 5.58: Tab Reinforcement Layout 

In this tab, you can specify the Concrete Cover in the direction of the respective axis of the 
cross-section. Thus, different concrete covers are possible in two directions. These can be spec-
ified in the input fields Cy and Cz.  
 



5  Working with RF-CONCRETE Columns 

 93 Program RF-CONCRETE Columns (ACI) © 2013 Dlubal Software GmbH 

 

However, only one concrete cover is assigned to a circular cross-section. Depending on the se-
lected option in the dialog section Concrete Cover, the covers apply to the Rebar centroidal axis 
or the Edge of rebar of the reinforcement. 

 

Figure 5.59: Type of concrete cover 

To use the nominal concrete cover cnom,long according to 4.4.1.1, select the check box Cover acc. 
to Standard. The following input dialog appears. 

 
Figure 5.60: Dialog box Cover acc. to Standard 

This dialog box manages all specifications for the determination of the minimum concrete 
cover according to the standard. To include the determined concrete covers in the calculation, 
confirm the input by clicking [OK]. 

To define the Rebar diameter for preliminary design, use the corresponding input field in the tab 
Reinforcement Layout. Thus, the position of reinforcement's centroid t is determined.  

The dialog section Settings controls which internal forces and moments are considered for the 
design. You should clear the selection of a component with caution and only as an exception. 
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Standard 
The tab shows the standard selected in window 1.1 General Data. 

EN 1992-1-1 

 
Figure 5.61: Tab EN 1992-1-1 

In the dialog section Longitudinal Reinforcement, you decide whether to use the maximum or 
minimum longitudinal reinforcement of the respective standard. Alternatively, you can define 
your own minimum or maximum longitudinal reinforcement. 

The minimum reinforcement is specified in clause 9.5.2(2) EN 1992-1-1 as national parameter. 

The recommended value is 

As,min = max (0.10 ∙ NEd / fyd ; 0.002 ∙ Ac ) 

The maximum reinforcement is specified in clause 9.5.2(3) EN 1992-1-1 as a national parameter. 

The recommended value is  

As,max = 0.04 ∙ Ac  (outside overlap locations) 

As,max = 0.08 ∙ Ac  (inside overlap locations) 

You can define a minimum and maximum for the angle of the compression strut in the dialog 
section Shear Reinforcement. The module determines the intersection set form this user-
defined area and the area given by the standard. If the user-defined minimum inclination of 
the compression strut is greater than the maximum inclination of the compression strut ac-
cording to standard, this is declared as non-designable. 

In the dialog section Factors, you can enter the partial safety factors γ for steel and concrete as 
well as the reduction factor α. 
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DIN  EN 1992-1-1 

 
Figure 5.62: Tab DIN EN 1992-1-1 

In the dialog section Longitudinal Reinforcement, you decide whether to use the maximum or 
minimum longitudinal reinforcement of the respective standard. Alternatively, you can define 
your own minimum or maximum longitudinal reinforcement. 

DIN EN 1992-1-1 specifies the following minimum reinforcement for the column to be: 

As,min =  0.15 ∙ Ned / fyd      9.5.2(2) 

Even in overlaps, the maximum reinforcement may not be greater than: 

As,max = 0.09 ∙ Ac      9.5.2(3) 

In the dialog section Shear Reinforcement, you can define the minimum and maximum angle of 
the compression strut. The module determines the intersection set from this user-defined area 
and the area given by the standard. If the user-defined minimum inclination of the compres-
sion strut is greater than the maximum inclination of the compression strut according to 
standard, this is declared as non-designable. 

In the dialog section Factors, you can define the partial safety factors γ for steel and concrete as 
well as the reduction factor αcc. 
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5.3.5 Fire Resistance 

EN 1992-1-1 

The final tab of this window is only available if you have entered data for the fire protection 
design in table 1.1 General Data (see Figure 5.10, page 73). In this tab, you can define the fire-
specific design settings. 

In the tab's bottom section, the button [Set default values] is displayed. Use this button to re-
set the initial values. The fire protection design is performed according to the simplified calcu-
lation method described in EN 1992-1-2, 4.2 (see chapter fire resistance design, page 38). 

 
Figure 5.63: Tab Fire Resistance 

Data for Fire Resistance Design 
The following five drop-down lists control the parameters affecting the fire resistance design 
significantly: 

• Fire resistance class (according to EN 1992-1-2, 1.6.1 (1)) 

• Number of zones (zone method according to EN 1992-12, Annex B.2) 

• Type of concrete aggregate (cf. Figure 4.38, page 39 and Figure 4.40 page 41) 

• Classification of reinforcement (cf. Figure 4.43, page 43) 

• Production type of reinforcing steel (cf. Figure 4.44, page 44) 

For more theoretical details on these parameters, see the description in chapter fire resistance 
design, page 38ff. 

In this dialog section, you also define the Cross-section sides exposed to fire. If not All Sides are 
affected by charring, clear the check box. Then the check boxes around the cross-section sym-
bol to the right become active and you can specify the individual sides directly. The directions 
refer to the local member axes. 
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Material Factors in Case of Fire 
The two input fields in the upper part define the Partial Safety Factor for concrete γc and for re-
inforcing steel γs which is used for the fire resistance design. The values recommended in  
EN 1992-1-2, 2.3 (2) are preset. 

The Reduction Factor α that is used to consider long-term effects on the concrete strength in 
case of fire can be specified separately for the compressive and the tensile strength. The value 
of 1.0 recommended in EN 1992-1-1, 3.1.6 is preset in both input fields. 

With the option Consider thermal strain of concrete and reinforcement steel, it is possible to con-
sider the difference between the strain of the "hot" reinforcement and the regular thermal 
strain of the concrete cross-section in the form of a pre-compression of the rebar: In case of 
loading due to temperature, thermal longitudinal strains occur in the concrete and the rein-
forcing steel varying within the cross-section due to different temperature distributions. The 
thermal strains cannot arise everywhere freely in the cross-section as they are influenced by 
the adjacent areas. Generally, it may be assumed that the cross-sections remain plane. As the 
thermal strain of the reinforcement in the cross-section's edge area is restricted, the reinforce-
ment is pre-shortened. The zone method according to EN 1992-1-2 includes only a calculation 
of structural components; that is the thermal additional strains in the centroid are not taken in-
to account by the standard. However, according to HOSSER [4], it is required to take into ac-
count those thermal strains for calculations according to the second-order analysis. The con-
crete's thermal strain is calculated across the entire concrete cross-section using the tempera-
ture's average value. 

Consider Checks 
Annex D of EN 1992-1-2 includes a calculation method for the shear design of structural com-
ponents exposed to fire. This method of calculation is implemented in the add-on module  
RF-CONCRETE Columns and can be selected separately. 

(As this calculation method for the shear and torsional design is not allowed in Germany, this 
option is not available for the design according to German standards.) 
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5.3.6 Window 1.5 Column Parameters - by Members 

 
Figure 5.64: Window 1.5 Column Parameters - by Set of Members 

This window is intended for input regarding the method based on nominal curvature. There 
are two variants in this window, depending on whether members or sets of members are spec-
ified. 

The upper table shows by row the members or sets of members selected in window 1.1 Gen-
eral Data. The length of the considered member of set of members is shown for information in 
column A. The columns B to J contain various check boxes and input fields used for consider-
ing the detailed column parameters. 

 
Figure 5.65: Upper table of window 1.5 Column Parameters - by Members 

The upper table is used for basic settings only. Further specifications resulting from the basic 
settings can be set in the details table below. 

Similarly, further setting options of the upper table are linked with the detail table below. 
Therefore, only the table's input options regarding the system parameters will be described in 
the following (columns B to J of the upper table). 

 
Figure 5.66: General properties 
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You can define for the y-axis and z-axis individually whether or not buckling should be possi-
ble or whether or not the system is unbraced. The distance of the start and end nodes is as-
sumed for members as system length of the column. For continuous members, this is the dis-
tance between the start node of the first member and the end node of the last member in the 
continuous members. However, you are free to change the system length as you like. 

Thus, we have described all input options in the entry General Properties.  

In connection to this, we will now describe the concept underlying many tables of the pro-
gram. Some rows contain subordinate rows. This is indicated by a [+] or [-] in the box at the 
beginning of a row. If you click [+], the subordinated rows are shown. If you click the [-] box, all 
subordinated rows are hidden. To illustrate this, click such a box. 

Thus, if you click the [-] of the entry General Properties, you can focus on the next entry Effective 
Length. 

To specify the coefficient β, you can open the dialog box with the Euler buckling cases and se-
lect the buckling case. Having calculated the buckling length coefficient in RF-STABILITY, you 
can also import it to this module. 

 
Figure 5.67: Selecting Buckling Length Coefficient 

 The program offers two further possibilities to determine the effective lengths.  

The first possibility is shown in the following figure. You can define the coefficient β for the 
two member axes directions y and z separately. The program then calculates the effective 
length. 
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Figure 5.68: Defining the coefficient β 

The second way is to let the program β determine the coefficient. To do this, select the check 
box Determine Buckling Length Automatically. Thus, the details table changes as follows: 

 

Figure 5.69: Determining coefficientβ  

The determination of the coefficient β is described in the following example. 

 
Figure 5.70: Column model 

We analyze the column "C1." The figure above shows the yz member axis system. Only rectan-
gular 30/40 cross-sections are used in the system. 
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Figure 5.71: Rendered depiction of the column 

In window 1.5 Column Parameters, the following can be specified for the system: 

 
Figure 5.72: Specifications of the system 

For the determination of the Effective length about the y-axis, select the check box Detm-β. 

 

Figure 5.73: Specifications for the determination of the coefficient β 

The entries kA and kB appear. In these entries, you can specify the beam and column connect-
ing at the column start and column end. If you look at the next lower levels of kA and kB, you 
can see that there are input possibilities to select the connecting beams and columns. 

 
Figure 5.74: Input under kA  

If you click, for example, in the cell intended for the entry of member numbers of the column, 
the [...] button appears. Click this button to go to the RFEM work window, where you can select 
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the relevant member. Thus, system length, moment of inertia, and modulus of elasticity are 
transferred automatically to the next rows. 

 
Figure 5.75: Determining the effective length 

This input corresponds with the properties of the system members. 

 
Figure 5.76: System about the y-axis 

Thus, the program can determine kA. It is additionally checked by manual calculation. 
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where 

α1 = 1.0  the farther end is rigidly restrained 

α2 = 0.5  the farther end is supported as free to rotate 

There is no restraint at the support of column C1. Therefore, the program uses the option of 
defining the value of kB, and then sets it to zero. 

 
Figure 5.77: Defining the value for kB  

In the figure above, you can see the coefficient βy = 0.66 determined by the from the  
values kA =1.5 and kB = 0.0. 

This is checked by means of the nomogram for braced systems. 

 

Figure 5.78: Graphical determination of βy 

  m3l y,col =  

m98.166.03ll yy,coly,0 =⋅=β⋅=  

In addition, the effective length l0,z is determined about the z-axis. 
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Figure 5.79: Determination of the effective length l0,z 

 

Figure 5.80: System about z-axis 
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where 

α1 = 1.0  the end farther away is rigidly restrained 

α2 = 0  Cantilever beam 

0kB =  
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Figure 5.81: Graphical determination of βz 

m3l y,col =  

m47.449.13ll zz,colz,0 =⋅=β⋅=  

We next describe how the structural system is considered in the selection of the column and 
beam at a node of the column under consideration. The node stiffnesses in the axis direction y 
and z of the local member system of the column are calculated for each vertical member of the 
material type "concrete." The support or connecting members are recognized automatically if 
they have the same direction as the axes of the local member coordinate system. For infor-
mation on further conditions, see the program flowchart. 
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Part 1: 

Main structure for determination of end node stiffness 
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Release provided? 
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provided? 
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Table 1 

No 
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No 
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ki = ∞ 

No 

Repeat for both ends of column 
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Y

 Column Beam 



5  Working with RF-CONCRETE Columns 

 107 Program RF-CONCRETE Columns (ACI) © 2013 Dlubal Software GmbH 

 

Part 2: 

Analysis of connecting columns 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Connecting Column 

End of analysis of 
column end 

Add system length of this column to 
the previous column 
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Is release provided? 
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Is connecting column 
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Does the connecting 
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at the connecting node? 
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Part 3: 

Analysis of the connecting beam 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Connecting beam 

End of analysis of column 
end 

Add system length of this beam to the  
previous beam 

No 

Yes 
Release provided? 

Support provided? 

Perpendicular columns 
provided? 

Release provided? 

Any further  
beams connecting in 
the same direction? 

No 

Yes 

No 

Yes 

Connecting node must be 
defined manually 

Yes 

Yes 

B 
 

Beam cross-section 
rotated? 

No 

Analysis of the beam end opposing the 
connecting node 

Analysis of the beam start at the  
connecting node  

No 

Yes 

No 

Table 2 

Structure Type 

Monolithic 

Fixed support 
α = 1.0 

Precast part 

Hinged support 
α =  0.5 

Hinged support 
α =  0.5 

Free member 
end 

α =  0 

Does the connecting 
beam have a release at 
the connecting node? 

Yes Hinged support 
α =  0.5 

No 
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In the next two tables, you can see how the supports are classified according to their support 
type. This classification is required for the model column analysis. 

Table 1: Support properties for the determination of kA or kB  

Supports: 
Fixed in  
z-axis 

Fixed in  
y-axis 

Fixed in y- axis 
and z-axis 

Release in  
z-axis 

Release in  
y-axis 

Release in y-axis  
and z-axis 

Ux any any any any any any 

Uy any any any any any any 

Uz any any any any any any 

ϕx any x x any o o 

ϕy x any x o any o 

ϕz any any any any any any 

Α or κκΒ 0.4 0.4 0.4 ∞ ∞ ∞ 

x=rigid or supported by spring 
o=not supported 

 

Table 2: Support properties to determine α  

Supports: 
Rigid in  
z-axis 

Rigid in y-
axis 

Rigid in y-axis 
and z-axis 

Support in  
z-axis 

Support in  
y-axis 

Support in  
y- and z-axis Free 

Ux any any any any any any any 

Uy any any any any any any any 

Uz x x x x x x o 
ϕx any x x any o o any 

ϕy x any x o any o any 

ϕz any any any any any any any 

α 1.0 1.0 1.0 0.5 0.5 0.5 0 

x= rigid or supported by spring 
o=not supported 

 

It might happen that the effective length cannot be automatically determined for some col-
umns. Such columns either do not consist of concrete or have a free end without connecting 
structure or support. 

If several members connect to the column end, the program always searches for the one 
member of the connecting members that has the smallest modulus of elasticity and the small-
est moment of inertia in order to be on the save side. 

You must decide for yourself whether a column belongs to a braced or an unbraced system. 
The presetting is braced. 

Below the table containing the list of the analyzed columns, you can choose between mono-
lithic and precast systems.  

 
Figure 5.82: Selection of the structure type 

This option significantly influences the stiffnesses at the end node of the connecting members. 
If you choose the Monolithic structure, the stiffness of the connections is set to "fixed." If you 
choose the structure consisting of precast parts, the stiffness of the connections will be set to 
"hinged." Therefore, it is important to determine if all releases have already been considered 
and modeled in the structure. The results are on the save side in precast structural systems. 
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On the right side, there are the buttons [Default values], [Filter], [Jump to graphic], and [Select 
member in graphic]. 

 

Figure 5.83: Buttons 

To set the default setting corresponding with the model in RFEM, click [Default values]. 

To view all columns yet to be defined, click [Filter]. Such columns are displayed in red. Stiff-
nesses that are not completely specified can be manually entered in the table below. 

To jump to the graphic, thus changing the view, click [Jump to graphic]. To select the member 
in the graphic for the settings, click [Select member in graphic]. 

The minimum node stiffnesses kA or kB are set according to the standard's recommendation to 
0.4 in the case of automatic determination of β. In case of manual input, you can also enter 
values smaller than 0.4. 

Similarly, the coefficient β is set to 2 in unbraced systems and to 1 in braced systems. In case of 
manual input, you can also enter smaller values. 

The next entry Slenderness shows in its subordinate rows the slendernesses λy and λz that were 
determined separately in both directions. 

 
Figure 5.84: Display of the determined slenderness 
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5.4 Details 
The [Details] button enables further calculation options. This button is available in all input 
windows if you design according to EN 1992-1-1 or SIA 262. 

 

 
Figure 5.85: Dialog box Details 

Biaxial bending 

 

A biaxially loaded cross-section (My/Mz) can be calculated according to a simplified method for 
each principal axis direction according to clause 5.8.9. In this case we check whether the condi-
tions of the expressions 5.38a and 5.38b have been satisfied.  
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If these conditions are met, the program performs the separate design in each direction of the 
principal axes with the total reinforcement in the cross-section. 

 

If the expressions according to 5.38 are not met, the Standard allows for the alternative design 
according to expression 5.39: 

 1,0
  
 + ≤       

aa
EdyEdz

Rdz Rdy

MM
M M

 (5.39) 

In general, the following is true: If the expressions according to 5.38 or 5.39 are not met, the 
program performs a standard design taking into account the two applied moments My/Mz. 
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Curvature 

 

The approximated determination of the curvature 1/r is to be performed with the expression 
5.34 according to the method based on nominal curvature (default setting). As the curvature 
of the cross-section changes depending on the inserted reinforcement, the program automat-
ically determines Kr iteratively. In the first step, the reinforcement is unknown. Therefore, Kr is 
assumed as 1.0 in order to be on the safe side. Since the current curvature can never be greater 
than the curvature for a maximum bending moment, Kr is always less or equal 1.0. 

An optimization of the value Kr   and thus the reduction of the curvature is only possible when 
the related axial force n is greater than nbal (reference axial force for maximum bending re-
sistance). If the applied reference axial force is less than nbal (this area is red in the following 
figure), Kr is 1.0 and the iteration is stopped after the first step. 

If the applied related axial force is greater than the related axial force for maximum bending 
resistance, the optimization can be carried out by iteration. In particular, a significant reduction 
of the curvature, and thus an optimization of the longitudinal reinforcement to be applied, is 
possible in the case of structural components subjected to a great axial force. 

The following figure shows the simplified method for the calculation of curvature. 
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If results from other program or a manual calculation are available, in which the value Kr was 
assumed simplifying as 1.0, Kr can be set to 1.0. Thus the iteration is deactivated. The results 
from RF-CONCRETE Columns thus become comparable. 

 

The modified calculation of Kr allows for a user-defined specification of the related reference 
axial force nbal. According to clause 5.8.8.3(4), the value 0.4 may be used for nbal. This value ap-
plies for standard concrete (C12/15 to C50/60) assuming a biaxially symmetrically reinforced 
rectangular cross-section with a d1/h- ratio between 0.05 and 0.20. Other strength classes, 
cross-section geometries, or. d1/h ratios show that the specified value for nbal = 0.4 is not ap-
propriate and can lead to uneconomical results. If the cross-section shape, the d1/h-ratio, 
and/or the concrete strength class do not meet the conditions, it is recommended to use the 
modified calculation of Kr and to define the value nbal manually. 

The following graphic shows the constellation where nbal= 0.4 is not appropriate. 
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The last possibility for the determination of the curvature is the most accurate option. Howev-
er, it is not specified in the Standard. In this case, a direct calculation of the curvature is per-
formed instead of the linear interpolation. This direct calculation takes into account the “belly-
shaped” form of the interaction of axial force/moments.  

 

Looking at the lines in the diagram, we see that in particular for cross-sections reinforced at all 
sides the neglection or the underlying linear relationship in the Standard  is not the safe side. 
In reality, a greater moment or a greater curvature will result. 

The area not covered by the standard is shown in the graphic in red. 
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5.5 Results Windows 
5.5.1 Window 2.1 Check 

 
Figure 5.86: Window 2.1 Check 

This window consists of an upper table as well as a lower details table and a graphic window. 
The lower part changes as soon as a certain row is selected in the upper table. 

The first column of the upper table shows the number of the member, followed by several cor-
responding rows to the right of it. In each row, you find the result of a check. 

The number of rows can change depending on the check required for a member. The type of 
the check is given in the column Design Comment. The check of safety against bending failure 
with the provided reinforcement is obligatory for every member. The check is performed with 
the applied second order moments in the governing cross-section of the member, idealized as 
a model column. If no stability analysis is necessary, the check is performed with the un-
changed RFEM internal forces and moments at the location for which the smallest safety is de-
termined. 

You find the location for which the check is performed indirectly in the first column of the up-
per table. There you can see which loading (load case, load combination, or result combina-
tion) is governing and which internal force has a minimum or maximum value at the govern-
ing location. The location at which the internal force is governing can be seen in the details ta-
ble. This location is given as distance x from the column start. 

The columns B and C of the upper table show the provided design criterion that must be al-
ways less than 1 for a successful design. This design criterion is obtained by dividing the effect 
of action by the resistance. 

In the first row of the upper table, the safety γ determined with the provided reinforcement is 
taken as dividend for the required safety of 1. Thus, if the provided safety is sufficient (γ  ≥ 1), 
the design criterion will also be less than 1. 
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In the upper table, there are further rows for various checks, for example the various shear 
checks at the governing locations. Depending on the loading, the number of the design to be 
performed and, therefore, the number of rows of the upper table can vary. It depends on the 
standard and the type of loading which checks are performed. For a more detailed description, 
see chapter 4 of this manual. 

Depending on the selected row of the upper table, the intermediate results of this check ap-
pear in the details table. They have the order of a manual calculation and, therefore, show 
chronologically all intermediate values used for the determination of the design criterion. As 
the content of the details table can be found in the examples later in this manual, only the 
main entries of the intermediate results are described in this chapter. 

If the second order moments are determined for the method based on nominal curvature, the 
following main entries will be shown for the safety check against bending failure in the Details 
table: 

 
Figure 5.87: Details for the design with second order moments (EN and DIN EN 1992-1-1) 

If the standard design is sufficient, the Details are reduced to the main entries Moments Accord-
ing to First Order Theory and Moments According to Second Order Theory. The design will then be 
carried out with the unchanged internal forces and moments from RFEM. 

  
Figure 5.88: Details for the standard design 
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Governing loading 

 
Figure 5.89: Governing loading  

The first row of the governing load case gives the governing load combination or the govern-
ing result combination. 

This loading results in a certain distribution across the member of the axial force, the mo-
ments, as well as the shear forces related to local member axes y and z. 

The distribution of every internal force reaches a maximum or minimum at a certain location. 
These extreme values are analyzed in the way described in chapter 4. The Governing Internal 
Force is shown in the second row. The next row shows the distance from the member start of 
this extreme value. In addition to the governing internal force, there are the corresponding in-
ternal forces that are given in the following rows. The design is carried out with these internal 
forces. 

Effective Length / Slenderness 
The main entries Effective Length, Slenderness, and Limiting Slenderness are used only to deter-
mine if a design is carried out with second order moments or a standard design is performed 
with internal forces from RFEM. 

 
Figure 5.90: Specifications of effective length, slenderness, and limiting slenderness according to EN 1992-1-1 
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Design Type 
This entry shows whether it is required to determine the second order internal forces. 

 
Figure 5.91: Specifying the type of design according to EN 1992-1-1 

The conditions for the standard design about the y-axis and about the z-axis were not met. 
Therefore, the second order internal forces must be determined. 

Moments According to First Order Theory 
The last row of the entry Design Type shows whether or not the conditions for a standard de-
sign have been met. If you see a No there, the next main entry will be Moments According to 
First Order Theory. 

 
Figure 5.92: First Order Moments 

The first order moments are determined from the product of axial force and intended eccen-
tricity plus the unintended eccentricity. The determination of these eccentricities is shown in 
the following rows. The main entry Moments According to First Order Theory is concluded by the 
output of these moments. 
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Moments According to Second Order Theory  

 
Figure 5.93: Second Order Moments 

The determination starts with the calculation of the second order eccentricities. The figure 
above does not show all result rows. The following rows show, for example, the provided rein-
forcement that has a significant influence on the second order eccentricities. 

If these eccentricities are known, the second order moments about the axes of the member 
coordinate system can be determined with the axial force. 

Thus, the internal forces are known with which the provided safety against bending failure is 
to be determined. 

Provided Reinforcement 
To determine the safety against bending failure, the provided longitudinal reinforcement must 
be determined first. It can be found in the main entry Provided Reinforcement. 

 
Figure 5.94: Provided Reinforcement 

Here, the current reinforcement is shown by item numbers. This provided reinforcement is 
proposed by the program after the first calculation and can be changed in window 3.1 Longi-
tudinal Reinforcement Provided. 
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State of Strain 
The next four figures show the strains and stresses with the previously determined internal 
forces in the concrete and reinforcement. 

 
Figure 5.95: Strain - concrete 

 
Figure 5.96: Strain - concrete 

 
Figure 5.97: Strain - concrete 
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Figure 5.98: Strain - reinforcement 

On the right-hand side, a graphic shows the distribution of strains and stresses. Below the 
graphic, there are various buttons controlling the view. 

 
Figure 5.99: Info and values 

 

To display information about the cross-section, click [Info] (see the following figure). 
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Figure 5.100: Dialog box Info About Cross-Section 

  

To display the values of the diagram, click [Values]. This button opens a dialog box showing 
the strains and stresses in two clearly-arranged tables for steel and concrete, respectively. 

 
Figure 5.101: Dialog box for the display of strains and stresses 
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 On the left side of the dialog box, you find the dialog box sections Position, Concrete, and Rein-
forcement. 

In the dialog box section Position, select the member for which you want to display the stress 
or strain diagram. Then, the design relevant location of the column is shown in the field "x" to 
the right of it. 

The coordinates of the stress and reinforcement points are displayed in the two tables below. 
These coordinates relate to the member coordinate system shown in the graphic on the right. 

In the columns C and D, the respective Strains and Stresses are listed. Their extreme values are 
shown separately for the reinforcement and the concrete below the graphic. The number in 
the brackets at the end of each row is the number of the stress and reinforcement point as it is 
shown in the column Point No. of both tables. 

Below the graphic window, there are various buttons with which you can change the view. 

 
Figure 5.102: Button to change the graphical representation 

The buttons in the row Concrete mean (from left to right): 

• Hide or display the filled cross-section 

For both concrete and reinforcement: 

• Show strain diagram 

• Show stress diagram 

• Values of the diagram 

• Show points 

• Numbering of points 

To change the graphic size, use the spin box at the end of the row. 
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There are also the following buttons in this dialog box: 

 
Figure 5.103: Buttons 

To open the dialog box managing the printout of the stress-strain-graphic directly from this 
module, click the first button, [Print]. 

 
Figure 5.104: Printing the cross-section details 

If you confirm this dialog box by clicking [OK], the printout report with the graphical represen-
tation of the strains and stresses appears. To return to the dialog box, click [Cancel]. 

To change the pointer into a hand and to shift or zoom in or out the graphic, ... 

 
Figure 5.105: Buttons 

... click the button in the middle. 

To restore the initial view of the graphic after a change, click the last button. 

These three buttons, which are used to change the graphical representation, can also be seen 
in the window 2.1 Check of Members, from which this dialog box can be opened, too. 
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Ultimate State 
The next main entry in the details table is Ultimate State. It shows the distribution of the strain 
and stress for the ultimate internal forces. The ultimate internal forces are obtained by multi-
plying the applied internal forces with the determined safety factor γ. 

 
Figure 5.106: Ultimate state  

Verification 
The design criterion is determined in the last main entry Verification. This criterion is also 
shown in the upper table in the row of this check. 

 
Figure 5.107: Verification 

The maximum design criterion is shown below the window 2.1 Check of Members. This criterion 
is compared with the limit value. 

 
Figure 5.108: Maximum design criterion 
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There are further buttons to the right of it.  

For a colored representation of the design criterion in the corresponding cells, click [Show  
color bars]. The length of the colored scales in this column is directly proportional to the mag-
nitude of the design criterion. If the design criterion exceeds the value 1, the scale is shown in 
red. 

The second button filters the rows with a design criterion greater than 1.  

The third button shows the result diagrams of the current member. 

The fourth button with the eye symbol allows you to select the RFEM view mode.  

To go to the RFEM work window, use the arrow buttons. In the RFEM work window, you can 
select the member whose check you want to be displayed in the upper table.  

Below the upper table, there is the check box All load cases. 

If this check box is selected, the checks with the governing load for a member are displayed in 
the upper table. In addition to that, the table shows all checks for every load case, every load 
combination, or every result combination selected in window 1.1 General Data. 
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5.5.2 Window 3.1 Required Reinforcement by Cross-Section 

 
Figure 5.109: Window 3.1 Required Reinforcement by Cross-Section 

This window is conceptually similar to the window 3.2 Required Reinforcement by Member. The 
upper table displays the required longitudinal reinforcement As and the required shear rein-
forcement asw. If you click the corresponding row in the upper table, the details table below 
shows all intermediate results needed for the determination of this reinforcements. 

The first column of the upper table shows the number of the cross-section under considera-
tion. The description of the cross-section is to the right of it. Column A shows the reinforce-
ment type, that means whether the required reinforcement is longitudinal or shear reinforce-
ment. 

 
Figure 5.110: Upper table  

Column B shows the number of the member that uses this cross-section. Column C shows the 
design relevant location x. Column D shows the governing loading. Column F shows the re-
quired reinforcement area. The last column H can show the number of an error or notice. This 
warning is explained in the status bar of the window. 

The details for the determination of the required longitudinal reinforcement As do not differ up 
to the entry Moments According to Second Order Theory from the details for the determination 
of the provided safety in window 2.1 Check of Members (the same loading is assumed). 
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Figure 5.111: Comparison of the details 

In the details table of window 2.1, the previously calculated actual reinforcement is used in the 
determination of the limiting slenderness λlim and the Moments According to Second Order Theo-
ry. In window 3.1, however, the statically required reinforcement is used. 

From this entry on, the details tables of the two output windows differ. In the details table of 
window 3.1, the program uses the second order moments or the applied internal forces from 
RFEM to determine the statically required reinforcement. This is done in the main entry Stati-
cally Required Reinforcement. This entry shows in the respective rows the strains and stresses in 
the stress and reinforcement points obtained from the design. 

The reinforcement points are the assumed layers of the centroids of the rebars inserted later. 
This assumed layer is significantly influenced by the user-defined specifications in window 1.3 
Reinforcement (see the following figure). 
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Figure 5.112: Arrangement of the reinforcement points 

To view the stresses and strains in tables, the same options are available as in the 2.1 Check of 
Members window. 

Upon the determination of the statically required reinforcement, the minimum reinforcement 
is carried out in the main entry Min. Reinforcement. You can set the minimum reinforcement in 
window 1.4 Reinforcement, tab Standard: 

 
Figure 5.113: Specification of the minimum reinforcement in window 1.4 

To determine the minimum reinforcement with the applied internal forces according to the 
following expressions of the respective standards, select the check box in the section high-
lighted in the figure. 

DIN EN 1992-1-1 specifies the following minimum reinforcement for the column to be: 

As,min =  max ( 0.10 Ned / fyd  , 0.002Ac ) 9.5.2(2) 
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EN 1992-1-1 specifies the following minimum reinforcement: 

yd

Ed
min,s f

N
15.0A ⋅=  

Depending on the standard, the details table shows the following intermediate results for the 
determination of the minimum reinforcement: 

 
Figure 5.114: Minimum reinforcement according to DIN EN 1992-1-1 

 
Figure 5.115: Minimum reinforcement according to EN 1992-1-1 

In addition to that, you can define a user-defined minimum reinforcement. The minimum rein-
forcement that was determined in this way also appears in the details table. 

 
Figure 5.116: User-defined minimum reinforcement 

The last main entry Required Reinforcement of the details table shows which is the greater rein-
forcement from the statically required reinforcement and the minimum reinforcement. The 
greater of both reinforcements is then given as the required reinforcement in the respective 
row of the upper table. 

 
Figure 5.117: Required Reinforcement 

The All load cases check box is also available in the 3.1 Required Reinforcement by Cross-Section 
window. To display the required reinforcement sorted by cross-section for every load case, se-
lect this check box. 

 
Figure 5.118: Display of the results of all calculated load combinations 
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The table above shows that a rectangular cross-section was analyzed by the program. The 
cross-section Rectangle 40/45 is used in member No. 1. This is shown in column B. The load 
combinations CO2, CO3, and CO4 were selected in the 1.1 General Data window. 

A row with the respectively required reinforcement is shown for each of the three load combi-
nations. This reinforcement is given in column F. 

The figure above shows very clearly, which loading really results in the greatest reinforcement 
and, therefore, is governing. To compare, the reinforcement for the governing loading can be 
displayed by clearing the selection in the All load cases check box: 

 
Figure 5.119: Display of the governing loading  

The design details of the required shear reinforcement can be controlled in the same way in 
the details table. For more information on the shear checks according to the different stand-
ards, see chapter 4.6, page 45ff. 

5.5.3 Window 3.2 Required Reinforcement by Member 
This window differs from the previous one only in the fact that in the left column the number 
of the member is given instead of the cross-section number. The description of the cross-
section used for this member is shown in the row next to the cross-section number. Apart from 
this, every row shows the data described in the previous chapter 5.5.2. 

 
Figure 5.120: Window 3.2 Required Reinforcement by Member  
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5.5.4 Window 4.1 Longitudinal Reinforcement Provided 

 
Figure 5.121: Window 4.1 Longitudinal Reinforcement Provided 

This table allows for the modification of the longitudinal reinforcement calculated by the pro-
gram. The required items are given for every member in a table. A continuous colored row 
shows the number of the member and the used cross-section. Below the row, the correspond-
ing items of the member are shown. 

The item number is shown in the first gray column of the table. The column A next to it shows 
this item's number of members. If you click in a cell of this column, the [...] button appears. 

 
Figure 5.122: Existing items of a column 

To open the Edit Longitudinal Reinforcement dialog box, click [...]. This dialog box will be de-
scribed later. 

In every cell of column B, you can open a drop-down list from which you can choose a differ-
ent rebar diameter dS for the current item. 
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Figure 5.123: Changing the bar diameter of an item 

The content of columns C and D cannot be changed. These columns show the Location x as 
length of the reinforcement resulting from the anchorage. They are relating to the column 
start. 

The penultimate column E Anchorage shows a check box. If you select this check box, the 
aforementioned Edit Longitudinal Reinforcement dialog box appears. 

 
Figure 5.124: Dialog box for editing the provided longitudinal reinforcement  
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The dialog box section Diameter of Reinforcement contains a drop-down list in which a differ-
ent rebar diameter can be selected for the current item. This input is identical to the selection 
in column B of the 4.1 Longitudinal Reinforcement Provided window. 

During the design process, in addition to the statically required reinforcement, often a sec-
ondary intermediate reinforcement is determined to prevent that the distance between the 
rebars does not become greater than allowed. The program automatically applies this second-
ary reinforcement to the check of safety against bending failure in the 2.1 Check of Members 
window. You can, however, also deactivate certain items for the design of the provided safety. 
To do this, clear the selection of the Reinforcement bars statically effective check box. 

To apply the changes, confirm by clicking [OK]. Thus, you return to the 4.1 Longitudinal Rein-
forcement Provided window. 

Now, if you try to exit this window, the following message appears: 

 
Figure 5.125: Dialog box Restart Calculation 

Click [Recalculate] to reperform all designs of the 2.1 Check of Members window with the pro-
vided longitudinal reinforcement and the provided shear reinforcement of the 4.2 Provided 
Shear Reinforcement window. 

To undo all changes that were made in the dialog box Edit Longitudinal Reinforcement dialog 
box, click [Undo]. 

To return to the 4.1 Longitudinal Reinforcement Provided window, click [Cancel]. All specifica-
tions made in the Edit Longitudinal Reinforcement dialog box are still present. 

Next, we describe the Anchorages dialog box section in the dialog box Edit Longitudinal Rein-
forcement dialog box. 

 
Figure 5.126: Section Anchorages 

There are two identical drop-down lists used to select the Anchorage Type for the column start 
and column end, respectively. 

 
Figure 5.127: Anchorage type 
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Depending on the selected anchorage type, the required lengths l-1, l-2, and l-3 are shown in 
the dimmed text fields. The anchorage is also shown in the graphic on the right, visualizing it. 

The position of the provided rebars can also be adjusted in this dialog box. In the Position of 
Reinforcement Bars dialog box section, you can modify the y- and z-coordinates of each rebar 
as well as its rotation about the longitudinal axis. 

 
Figure 5.128: Section Position of Reinforcement Bars 

To the right of the table, there is an interactive graphic. When you click a row in this table, the 
corresponding rebar is highlighted in red in the graphic. 

5.5.5 Window 4.2 Shear Reinforcement Provided 

 
Figure 5.129: Window 4.2 Shear Reinforcement Provided 

In this window, the items of the shear reinforcement are shown for every member row by row. 

An Item is defined by the number of links (column A), the link diameter dS (column B), the link 
spacing ssw (column E), and the number of sections (column F). 

The columns C and D Location x are especially important. In column D, the spacing of the first 
link is shown from the column start in meters. The x-location of the final link is stated in col-
umn E. The Location x relates to the x-axis of the local member coordinate system that starts at 
the node of a member. 
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The link layout can be illustrated by an example. 

 
Figure 5.130: Display of a column in rendering mode and in model of center lines. 

A beam connects to the left of the column selected for design. Therefore, the links are set only 
from the column start (support) to the bottom edge of the beam. The beam has a depth of  
100 cm. Therefore, links are to be distributed over an effective length of 5.70 m. This length is 
obtained by subtracting half the beam depth (0.5 m) from the system length of the column 
(6.20 m). 

Beginning at the column start (support), the links are placed at the maximum allowable dis-
tance from each other. The first link is placed at a distance that corresponds with the greatest 
longitudinal concrete side cover. 

Next, further links are placed at this distance from one another until the previously determined 
effective length of 5.70 m is exceeded. Since this must not happen, the last link is undone. This 
results in the following link layout: 

 
Figure 5.131: Display of the link layout 
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The link layout can already be influenced in the 1.5 Column Parameters input window. 

 
Figure 5.132: Window 1.5 Column Parameters 

If the Reduce Link Spacing option is selected for the respective member at the node in the win-
dow shown above, the previously determined link distance is multiplied by factor 0.6 in a cer-
tain area of this member side. Thus, the link reinforcement is provided with an additional item 
in the area near the support: 

 
Figure 5.133: Window 4.1 Shear Reinforcement Provided 
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In the columns D and E, you can see that the end of the layout area for item 3 is at the same 
Location x as the start of the layout area of item 4. 

 
Figure 5.134: Start and end of the layout area 

If you change the start of the layout area of position 4 from 2.778 to 2.00 (=converted to 1.938), 
the intermediate area is filled with another item. Furthermore, the message 29 appears, stating 
that the provided reinforcement has been changed. 

 
Figure 5.135: Window 4.2 Shear Reinforcement Provided 

To undo this change, you can, for example, open the context menu by right-clicking in this 
column. 

 
Figure 5.136: Context menu for deleting a position 

If you select the Empty Row option from the context menu, item 5 disappears and the layout 
area of item 3 becomes adjacent to item 4 again. 
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To change an item, click [Edit shear reinforcement]. 

 
Figure 5.137: Button [Edit shear reinforcement] 

In the following dialog box, you can modify not only the x-locations but also the Spacing,  
Diameter, and Number of cuts of the selected shear reinforcement. 

 
Figure 5.138: Dialog box Edit Shear Reinforcement 

In each of the output windows 4.1 and 4.2 Provided Reinforcement, the [3D View] button is 
available at the bottom. To open a new window showing the longitudinal and shear rein-
forcement in a three-dimensional representation, click [3D View]. 

 
Figure 5.139: 3D view of reinforcement 
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The toolbar contains various buttons, which you can use to change the graphic. 

 
Figure 5.140: Buttons 

Click [Print] to open the following dialog box: 

 
Figure 5.141: Dialog box Graphic Printout 

As this common dialog box is already known from RFEM, we will mention only the two options 
in the Graphic Picture here. In this section you can decide whether to print the 3D graphic di-
rectly or to transfer it to the printout report. 

For each of the buttons in the 3D view window, there is context-sensitive help appearing when 
your mouse pointer rest on a button. 

 
Figure 5.142: Сontext-sensitive help 

To understand these functions better, try these buttons, and then observe the resulting 
changes in the graphical representation. 
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6.  Results Evaluation 
 

6.1 Results Display in RFEM 
To display the results as distribution at the selected columns, select the design case from the 
list in RF-CONCRETE Columns first. 

 

Figure 6.1: Selection of the design case of RF-CONCRETE Columns  

Furthermore, you have to ensure that the Results check box is selected in the Display navigator. 

 
Figure 6.2: Display of results 

Next, select the Display navigator. 

 
Figure 6.3: Results navigator 
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The main entries of this navigator are Design Criterion and Required Reinforcement. 

Under the Design Criterion entry, you can see the results of the 2.1 Check of Members or 2.2 
Check of Sets of Members output windows. 

The Required Reinforcement main entry contains the results of the 3.1 Required Reinforcement 
by Cross-Section or 3.2 Required Reinforcement by Member output windows. 

The individual checks are shown on the next lower level. If you select one of the check boxes, 
the design criterion of this check appears for the columns selected for design. 

 
Figure 6.4: Display of the design criterion and the intermediate results 

Under the Intermediate Results entry, you find, separated for the respective checks, the same 
values as in the details table of the respective design. 

In the RFEM graphic, the selected value, for example the design criterion for the safety against 
bending failure, is shown as a single line perpendicular to the column at each location for 
which the design was carried out. 

 
Figure 6.5: Display of the design criterion 
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You can also display several types of results in the RFEM work window. In the Panel, a color is 
assigned to the result that was selected for display in the navigator. 

 
Figure 6.6: Relation of Results navigator and Panel 

You can display up to eight different values as colored distributions. 

In the middle tab of the control panel, a spin box is available for the member diagrams. 

 
Figure 6.7: Control panel tab Display Factors 

Here, you can adjust the scaling of the graphical value diagram. 
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In the last tab of the control panel, you can reduce the number of the displayed members. 

 
Figure 6.8: Control panel tab Filter 

In the text field at the head of the list, you can enter the numbers of the members whose re-
sults diagrams you want to display. To apply your specification, click [Apply]. By doing this, the 
selected members are added to the list. The results diagrams will be shown only at the select-
ed columns. 

If one or several columns are already selected in the RFEM work window, they can also be 
transferred by clicking [Import from selection]. 

To delete one, several, or all user-defined selection rows, click [Delete selected row(s)] or  
[Delete all rows]. 
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6.2 Printout 
There are three possibilities to open the printout report: 

• [Current printout report] button in the toolbar. 

 
Figure 6.9: Button [Current printout report] 

• Menu File → Open Printout Report 

 

Figure 6.10: File → Open Printout Report  

• Context menu Printout Report in Data navigator 

 
Figure 6.11: Context menu in  Data navigator 

To open this context menu, right-click the Printout Reports entry. 
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The following dialog box appears: 

 
Figure 6.12: Dialog box New Printout Report 

The number of the printout report is given automatically. However, it can be changed in the 
input field No. To facilitate the selection from the lists, you can add a Description. This descrip-
tion does not show up in the printout. 

You can select a report template from the Printout Report Template drop-down list. The report 
templates are described in the RFEM manual. 

To preview the printout, click [OK]. The printout report includes all input and output data as 
shown in the module. The printout report will be displayed on the screen as shown in the fol-
lowing figure. 

 
Figure 6.13: Printout report  
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The principles of the printout report are described in the RFEM manual. Therefore, we will 
mention only the following issue here. 

To select the data to be printed, click [Select Topics for Printout Report]: 

 
Figure 6.14: Button [Select topics for printout report] 

The Printout Report Selection dialog box appears. On the left side of this dialog box, select the 
module whose input and output data you want to print. 

 
Figure 6.15: Dialog box Printout Report Selection, tab Global Selection 

For the module RF-CONCRETE Columns, the three tabs Global Selection, Input Data, and  
Results are shown. 

In the Global Selection tab depicted above, there are three check boxes in the Display dialog 
box section. If you clear the selection of the Data of the Module check box, no data from this 
module will be shown in the printout report.  

To display only the input data or the output data, clear the selection of the Results or Input  
Data check boxes, respectively.  

In the Cases to Display dialog box section, you can select the results of the design cases that 
you want to include in the printout. 
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If you select the Display all cases check box, you will not be able to transfer the provided design 
cases from the left table to the right table of the design cases selected for display. Otherwise, 
you can use the two buttons to select one or several design cases for display. 

 
Figure 6.16: Assigning design cases 

If you select the Input Data tab, the Printout Report Selection dialog box will look as follows. 

 
Figure 6.17: Dialog box Printout Report Selection, tab Input Data  

In this tab, you decide by using the various check boxes on the left which input data from the 
various windows is to appear in the printout report. 

Each of these input windows contains data sets that can be identified by a number. For exam-
ple, different materials identifiable by a material number are shown in the 1.2 Material window. 
Material number(s) can be entered or selected in the input field of the same row. Thus, only 
the materials with this number appear in the printout report. 

The same applies for the selection of cross-section numbers, numbers of reinforcement 
groups, and numbers of members and sets of members. Members or sets of members can be 
selected graphically by using the [Select] function in the RFEM work window (see the following 
figure). 
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Figure 6.18: Selection of the members for the printout report 

First, the selected members appear in the dialog box depicted in the figure above. Moreover, 
they are highlighted yellow in the structure. To transfer the numbers to the input field of the 
Printout Report Selection, click [OK]. 

In the last tab Results of the Printout Report Selection, you can define the output of the design 
results. 

 
Figure 6.19: Dialog box Printout Report Selection, tab Results  
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The output control works as follows: Each row with a check box stands for an output window. 
If you clear the selection of a check box, the data of the corresponding output window will not 
be included in the printout report. 

The results are presented by member, set of members, or cross-section. To further reduce the 
results, enter the number of the member, set of members, or cross-section in the respective 
input field at the end of the row. 

To select certain members or sets of members not by entering numbers but by graphical selec-
tion, click the [Select] button. 



7  Examples 

 151 Program RF-CONCRETE Columns (ACI) © 2013 Dlubal Software GmbH 

 

7.  Examples 
 

7.1 Edge Column 

7.1.1 System and Loads 

We analyze a column according to EN 1992-1-1 (see [4], page 10-2). It is part of the following 
system. 

 
Figure 7.1: System  

We generate the following loads in RFEM: 

 

Figure 7.2: Load case 1: g-k (Self-weight column + girder) 
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Figure 7.3: Load case 2: q-k,w (Wind) 

Unlike in the literature, wind pressure and wind suction are combined in a load case. 

 
Figure 7.4: Load case 3: q-k,s (Snow load girder) 

7.1.2 Design Values of Limit States 
The partial safety factors in ultimate limit states are given as follows: 

Loads Favorable Unfavorable 

Permanent γG = 1.0 γG = 1.35 

Variable γQ = 0 γQ = 1.50 

The combination coefficients in the ultimate limit states are: 

Loads Favorable Unfavorable 

Permanent and variable ψ0,i = 0.5 ψ0,i = 0.6 

The general basic combination is expressed as: 

∑ ⋅ψ⋅γ+⋅γ+⋅γ=+ j,ki,0i,Q1,k1,QkGdd QQGQG  

As shown in the literature used here, the governing distribution of internal forces results at the 
column to which the wind suction is applied. To determine the governing distribution of in-
ternal force, the load combinations CO1, CO2, C03, and C04 are created. 

For these load combinations, different distributions of the internal forces N and My result along 
this column. As described in the theoretical part of this manual, the design is carried out for 
the locations of the minimum normal force N, the maximum bending moment My, and the 
minimum bending moment My. 

In designing the selected load combinations C02, C03, and C03, the locations to be analyzed 
are therefore indicated by an arrow in the following paragraph. 
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1. Basic combination: leading action snow load qk,s 

Favorable: 

kkGd g0.1gg ⋅=⋅γ=  

0q0.0qq s,ks,k1,Qs,d =⋅=⋅γ=  

w,kw,kw,k2,02,Qw,d q9.0q6.050.1qq ⋅=⋅⋅=⋅ψ⋅γ= ∑  

For the load combination CO1 created in RFEM, the following distribution of internal forces  
results: 

 
Figure 7.5: Results С01 

Unfavorable: 

kkGd g5.1gg ⋅=⋅γ=  

s,ks,ks,k1,Qs,d q50.1q50.1qq ⋅=⋅=⋅γ=  

w,kw,kw,k2,02,Qw,d q9.0q6.050.1qq ⋅=⋅⋅=⋅ψ⋅γ= ∑  

For the load combination CO2 created in RFEM, the following distribution of internal forces  
results: 

 
Figure 7.6: Results C02 
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2. Basic combination: leading action wind 

Favorable: 

kkGd g0.1gg ⋅=⋅γ=  

w,kw,kw,k1,Qw,d q5.1q50.1qq ⋅=⋅=⋅γ=  

0.0q5.00.0qq s,ks,k2,02,Qs,d =⋅⋅=⋅ψ⋅γ= ∑  

For the load combination CO3 created in RFEM, the following distribution of internal forces  
results: 

 
Figure 7.7: Results CO3 

Unfavorable: 

kkGd g35.1gg ⋅=⋅γ=  

w,kw,kw,k1,Qw,d q5.1q50.1qq ⋅=⋅=⋅γ=  

s,ks,ks,k2,02,Qs,d q75.0q5.05.1qq ⋅=⋅⋅=⋅ψ⋅γ= ∑  

For the load combination CO4 created in RFEM, the following distribution of internal forces  
results: 

 
Figure 7.8: Results CO4 
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In this connection, it is important to bear in mind during the creation of the load combination 
that you select the option of determining internal forces according to First Order Theory. 

 
Figure 7.9: Calculation parameters – calculation according to geometrically linear static analysis 

Thus, the load combinations CO2, CO3, and CO4 to be designed have been presented. Unlike 
in the example from the literature, not only the fixture point of the column is analyzed at 
which the internal force N and moment My are minimal. In addition to that, the location of the 
maximum moment My at the column head is analyzed, too. Next, we will determine the influ-
ence of the systematic analysis of the locations with maximum and minimum internal forces 
on the total verification of the column in comparison with the example from the literature. 

Creep deformations must be considered in the design of slender compression elements if they 
unfavorably influence the stability of the structure. Therefore, the creep-producing moment 
due to quasi-permanent actions (= characteristic value of the permanent action gk) at the foot-
ing of the column subjected to wind suction must be determined. Hence, 

 

Figure 7.10: Creep-producing moment from LC1 
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7.1.3 Spatial Stiffness and Stability 
The longitudinal direction of the hall runs in the longitudinal direction of the y-axis, the trans-
versal direction of the hall runs in the direction of the z-axis of the relevant column. The stabil-
ity in the longitudinal direction of the hall is ensured by other structural components. 

Thus, the column can buckle about the axis y (that is, in the axis z = transversal direction of the 
hall), but not about the axis z (that is, in the axis y = longitudinal direction of the hall). 

For this reason, the following settings are applied in the input window 1.5Column Parameters - 
by Member for the respective direction: 

 
Figure 7.11: Input in the window 1.5 Column Parameters - by Members 

7.1.4 Effective Length and Slenderness 
Effective length and slenderness are determined separately for both axes of the column. 

 
Figure 7.12: Axes of column 

As mentioned in the previous paragraph, unlike in the literature, the index in the program al-
ways indicates the direction in which a possible buckling of the column is analyzed. 

Effective length for bending about y-axis (in z-direction = transversal direction of 
the hall) 

In the literature used here, the buckling length coefficient is estimated to be βz = 2.1 for an 
elastically restrained cantilever column. We enter this value under the main entry Effective 
Length about axis y in the row Determined Buckling Length Coefficient . 

 
Figure 7.13: Effective length for bending about y-axis (in transversal direction of hall) 

The system length lcol,y for buckling corresponds to the column length lcol = 6.20 m between the 
idealized restrained locations. 

Thus, you can determine the effective length l0,y for the buckling about the y-axis as follows: 

m02.13m20,61.2ll y,colyy,0 =⋅=⋅β=  

The corresponding slenderness λy about the y-axis is determined as: 

23.100
99.12

1302
i

l

y

y,0
y ===λ  
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This values can also be found in the details table of the output window. 

 
Figure 7.14: Slenderness for buckling about the y-axis (in the transversal direction of the hall) 

Effective length for bending about z-axis (in y-direction = longitudinal direction of 
the hall) 

A stability analysis in this direction is not carried out. 

 
Figure 7.15: Settings for bending about z-axis (in longitudinal direction of the hall) 

 
Figure 7.16: No stability analysis about the z-axis (longitudinal direction of hall) 

7.1.5 Further Specifications in the Module 
To complete the input, we present the selection of the loading and the specifications for the 
reinforcement. 

 
Figure 7.17: Selection of the loading in window 1.1 General Data, tab Ultimate Limit State 
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First, the load combinations selected in the Ultimate Limit State tab are analyzed individually. 
The reinforcement is determined for the governing load combination. With this reinforcement, 
the provided safety is determined for all load combinations selected here. Then, the complete 
check is shown for the load for which the smallest safety results. 

We select the load that is resulting in the creep-producing permanent load in the second tab 
Creep-Producing Permanent Load of the 1.1 General Data window. For loads selected there, it is 
assumed that each single load acts permanently, however, none of them acts simultaneously. 
Therefore, the program analyzes for each of these loads if it results, together with the loads se-
lected for the load bearing capacity, in the greatest reinforcement. 

 
Figure 7.18: Selection of the load in window 1.1 General Data, tab Creep-Producing Permanent Load 

The materials (concrete C30/37, B 500 S(B) ) have already been defined in RFEM during the cre-
ation of the structure. They are automatically imported in the module for the design of the 
column. 
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We specify the available rebar diameters for the Longitudinal Reinforcement in the 1.4 Rein-
forcement window. 

 
Figure 7.19: Selection in the reinforcement in table 1.4 Reinforcement, tab Longitudinal Reinforcement 

Furthermore, we specify the layout of the reinforcement, the maximum number of reinforce-
ment layers, and the anchorage type of the rebars in the Longitudinal Reinforcement tab of 
window 1.4. 

Then, we specify the rebar diameter for the Links. 

 
Figure 7.20: Selection of the links in window 1.4 Reinforcement, tab Links 
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In the Secondary Reinforcement tab we also specify that the maximum spacing of the rebars 
may not exceed 300 mm. 

 
Figure 7.21: Specifications for secondary reinforcement in window 1.4 Reinforcement, tab Secondary Reinforcement 

If the geometric result is a distance greater than 300 mm, the program defines an intermediate 
member. In addition to this, we specify in the Secondary Reinforcement tab that the diameter of 
the intermediate member is to be equal to the statically required reinforcement. 

Next, we specify the concrete cover in the tab Reinforcement of window 1.4 to have an axial 
spacing of 38 mm.  

 
Figure 7.22: Selection of the concrete cover in window 1.4 Reinforcement, tab Reinforcement Layout 
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7.1.6 Required Reinforcement 
Having entered the described parameters, we can start the calculation. 

First, the program checks whether a standard design is sufficient or a stability analysis must be 
carried out. Next, the program calculates the required reinforcement and shows it in the upper 
tables of the windows 3.1 Required Reinforcement by Cross-Section and 3.2 Required Reinforce-
ment by Members. 

 
Figure 7.23: Required Reinforcement by Cross-Section 

The longitudinal reinforcement As of 15.54 cm² determined by the program differs from the 
value 16.20 cm² of the example from the literature. The reason for this difference is due to the 
value ωtot. In the literature, this value was taken somewhat inaccurately from the diagram as 
0.23. You can find all intermediate steps in the Intermediate Results table below. This details  
table starts with the name of the governing load. 

 
Figure 7.24: Table Intermediate Results for determination of the required reinforcement 

As in the example from the literature, the governing load is the load combination CO4. The 
values used there are N = –633 kN and My = 100 kNm. 

You can see that for CO4 a greater reinforcement results than for the rest of the load combina-
tions if the following check box at the bottom of the window is selected: 

 
Figure 7.25: Display of the design results for all loads 

Thus, the following table shows the reinforcement required for each load. 
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Figure 7.26: Required reinforcement for all loads 

To compare, the literature gives for CO2 As = 13.4 cm2, for CO3 As = 1.7 cm2, and for CO4   
As = 16.2 cm2. 

The effective lengths and slendernesses, already determined by entering the specifications in 
the Column Parameters input window, can also be found for the complete design output in the 
corresponding main entries of these intermediate results. 

 
Figure 7.27: Effective Length and Slenderness 
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7.1.7 Limiting Slenderness 
The internal forces of the minimum axial force have the following intermediate results in the 
determination of the limiting slenderness: 

 
Figure 7.28: Limiting slenderness for CO2, CO3, and CO4 

The slenderness λy about the y-axis has the value 100.23 and is, therefore, greater than the 
load case-related limiting slendernesses. Therefore, according to 8.6.2 (4), a stability analysis 
must be performed for each of the presented loads. 

 
Figure 7.29: Design Type 
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7.1.8 Eccentricities 
The intended eccentricity, the eccentricity due to imperfection, and the minimum eccentricity 
are calculated and presented according to DIN EN 1992-1-1.  

 
Figure 7.30: Eccentricities for CO4 

With the intended eccentricity and the eccentricity due to imperfection, the first order mo-
ments can be determined. 

7.1.9 Moments According to First Order Theory 

Internal forces of the minimum axial force at the column footing (location x = 0.00 m) 

The first order moment about the y-axis due to eccentricity in the z-direction (transversal direc-
tion of the hall) is, respectively: 

 CO2 CO3 CO4 

NEd -683.860 kN -431.000 kN -632.850 kN 

e0,z -10.60 cm -20.36 cm -15.36 cm 

ei,z -2.61 cm 

MEd,1,y -90.37 kNm -99.02 kNm -113.72 kNm 

At the governing location of the column footing, the following details are shown for the inter-
nal forces of the minimum axial force in the CO4: 

 
Figure 7.31: First order moments for CO4 
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7.1.10 Second order moments 

Internal forces of the minimum axial force at the column footing (location x = 0.00 m) 

The second order moment about the y-axis due to eccentricities in z-direction (transversal di-
rection of the hall) is, respectively: 

 CO2 CO3 CO4 

NEd -683.860 kN -431.000 kN -632.850 kN 

e2,tot,z -33.09 cm -42.85 cm -37.85 cm 

MEd,y2 -226.308 kNm -184.686 kNm -239.52 kNm 

At the governing location of the column footing, the following details are shown for the inter-
nal forces of the minimum axial force in the CO4: 

 
Figure 7.32: Second order eccentricity in z-direction (CO4) 

 
Figure 7.33: Second order moments in z-direction (CO4) 
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7.1.11 Statically Required Reinforcement 

 
Figure 7.34: Intermediate results 

Now, we must determine a provided reinforcement for this required reinforcement. 

7.1.12 Provided Reinforcement 
According to EN 1992-1-1, 9.5.2(3), the entire reinforcement cross-section may not exceed the 
maximum allowed value of 0.09 Ac: 

²cm162²cm180009.0A09.0A cmax,s =⋅=⋅=  

To obtain the same results as in the example from the literature, only the reinforcement steel 
with a diameter of 16 mm was allowed by user-definition. 

With these rebars, the program searches for the most economical solution. The provided rein-
forcement area should be greater than and come as close as possible to the required rein-
forcement area of 15.54 cm². 

For each side, four rebars with a bar diameter of 16 mm are arranged parallel to the y-axis of 
the cross-section in the longitudinal direction of the hall.  

 
Figure 7.35: Selected longitudinal reinforcement 

Clause 9.5.2(4) of EN 1992-1-1 states that the maximum longitudinal distance of the polygonal 
cross-sections may not be greater than 300 mm. Therefore, a secondary intermediate rebar 
with a diameter of at least 12 mm must be inserted at both sides parallel to the z-axis. Howev-
er, as we did not provide the diameter to the program, the program selects a bar with a diame-
ter of 16 mm. 
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The maximum distance was specified as 300 mm in the 1.4 Secondary Reinforcement window. 

 
Figure 7.36: Selected longitudinal reinforcement with secondary reinforcement 

This secondary reinforcement is also used in determining the provided safety. 

7.1.13 Provided Safety 
In the 2.1 Check of Members, window the following provided safety against failure is obtained 
for CO4. 

 CO4 

γ 1.1128 

We can obtain a different safety, if we change the longitudinal reinforcement in the 4.1 Longi-
tudinal Reinforcement Provided window. 

 
Figure 7.37: Window 4.1 Longitudinal Reinforcement Provided 

The upper table shows two items for the column: Item 1 is the statically required reinforce-
ment. Item 2 is the secondary reinforcement. The latter is necessary to prevent the distance  
between two rebars becoming greater than 300 mm. To select item 2, we click it. To edit this 
item, we click [Edit]. 
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Figure 7.38: Modifying an item via the [Edit] button 

The following dialog box appears: 

 
Figure 7.39: Dialog box Edit Longitudinal Reinforcement 

Clear the selection of the Reinforcement bars statically effective check box in the Design dialog 
section, and then exit the dialog box by clicking [OK]. 
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The following dialog box appears: 

 
Figure 7.40: Dialog box Restart Calculation 

To restart the calculation, click [Recalculate]. Subsequently, you can view the modified safeties 
in the 2.1 Check of Members window.  

Without the secondary reinforcement, the following safety results for CO4. 

 CO4 

γ 1.0278 
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7.2 Slender Column 
To recalculate the example from [2] presented according to the nonlinear method, you must 
first create the following model in RFEM. 

 
Figure 7.41: Model for the example 

A restrained member is loaded with the given load of 1059.50 kN at the end of its horizontal 
leg (length 5 cm) Since the horizontal leg runs in the z-direction of the member coordinate  
system of the perpendicular member, a constant distribution of the moment about the y-axis 
of – 52.975 kNm is obtained. The distribution of the axial force is also constant with the value 
of – 1059.500 kN (see the following figure). 
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Figure 7.42: Distribution of the moment My and the axial force N 

7.2.1 Spatial Stiffness and Stability 
To obtain the same results, we exclude the stability analysis about the z-axis of the cross-
section.  

 
Figure 7.43: Determination of directions prone to buckling 

As the figure above shows, the system is defined as unbraced in the direction of the y-axis. The 
system length lcol,y for this direction is determined from the length of the defined member No. 1. 

7.2.2 Effective Length and Slenderness of the Column 
The effective length coefficient is assumed to be β = 2.0 for a unilaterally restrained member. 
We enter this value under Effective Length → About axis y → Determined Buckling  
Coefficient. 

 

Figure 7.44: Effective length 

The system length lcol,y for buckling about y-axis corresponds with the column length lcol = 8.0 m. 
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Thus we can determine the effective length l0,y for the buckling about the y-axis as follows: 

m0.16m0.80.2ll y,coly,0 =⋅=⋅β=  

The corresponding slenderness λy about the y-axis is then determined as: 

564.138
47.115

16000
i

l

y

y,0
y ===λ  

This slenderness λy = 138.564 is shown in the program under the following entry: 

  
Figure 7.45: Slenderness 

For the sake of completeness, we will look at all other entries before starting the calculation. 
The concrete imported from RFEM is shown in the 2.1 Materials window. We select a corre-
sponding reinforcement steel. 

 
Figure 7.46: Selected materials 

We specify the following rebar diameters in the Longitudinal Reinforcement tab of the 1.4 Rein-
forcement window. 

 
Figure 7.47: Tab Longitudinal Reinforcement 
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In the Reinforcement Layout tab, we define the same axial spacing of the concrete cover as in 
the example from literature. 

 
Figure 7.48: Tab Reinforcement Layout 

Now the relevant input is complete and we can start the calculation. First, the program checks 
whether a standard design is sufficient or a stability analysis is necessary. 

7.2.3 Limiting Slenderness According to 5.8.3.1(1) 
First, the program must determine a required reinforcement for the load. This required rein-
forcement is given as 51.34 cm²/m in the results windows 3.1 Required Reinforcement by Cross-
Section and 3.1 Required Reinforcement by Member. 

 
Figure 7.49: Required Reinforcement 

The intermediate results begin with the following three main entries: 

 

Figure 7.50: Display of the intermediate results 
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To determine the limiting slenderness, the relative compression force must be determined 
first. The following expressions are used to this end: 

cdc

Ed

fA

N
n

⋅
=  

   where : 

²cm16004040zyAc =⋅=⋅=  

²cm/kN133.1
5.1

0,285.0f
f

c

ck
cd =

⋅
=

γ
⋅α

=  

41.0584.0
133.11600

5.1059

fA

N
n

cdc

Ed >=
⋅

=
⋅

=  

41.0nfor25lim >=λ  

In the program, these parameters are shown under the entry Limiting Slenderness According to 
5.8.3.1(1). 

 
Figure 7.51: Limiting slenderness according to 5.8.3.1(1)   

The slenderness λy about the y-axis has the value of 138.564 and is greater than the limiting 
slenderness. Thus, according to clause 5.8.3.1(1), the second order effects must be determined. 

 
Figure 7.52: Design Type 
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7.2.4 Intended Eccentricity According to 5.8.8.2 
The intended eccentricity according to EN 1992-1-1 is determined as: 

m05.0
kN50.1059

kNm97.52

N
M

e0 =
−
−

==  

 
Figure 7.53: Intended eccentricity according to 5.8.8.2 

7.2.5 Eccentricity due to Imperfections According to 5.2 
Imperfections may be calculated as inclination according to 5.2(5). 

θi  = θ0 ∙ αh ∙ αm = 1/200 ∙ 2/√8 ∙ √(0.5 ∙ (1+1/1)) = 0.003536 

ei = l ∙ θi  = 8000 ∙ 0.003536 = 28.3 mm 

 
Figure 7.54: Eccentricity due to imperfections according to 5.2 
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7.2.6 Minimum Eccentricity According to 6.1.(4) 
As a rule, a minimum eccentricity of emin = h /30 ≥ 20 mm (where h is the cross-section height) 
is to be applied for cross-sections with normal compressive force: 

emin = 400 / 30 = 13.33 mm   => 20 mm 

 
Figure 7.55: Minimum eccentricity according to 6.1.(4) 

7.2.7 Moments According to First Order Theory 
The first order moments are determined as follows. 

kNm94.82)0283.005.0(50.1059)ee(NM z,iz,0Ed1,Ed −=+⋅−=+⋅=  

 
Figure 7.56: Moments according to first order theory 

7.2.8 Second Order Moments 
The second order moment M2 according to 5.8.8.2(3) is given as: 

M2 = NEd  ∙ e2  

   where :  

NEd  Design value of the axial force 

e2  Deformation (= additional eccentricity due to loading) 
e2 = (1/r) ∙ (l0)2 / c 

1/r Curvature 

l0 Buckling length 

c Factor depending on the curvature distribution  =  π2 
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The curvature according to 5.8.8.3(1) for structural components with a constant symmetrical 
cross-section (including reinforcement) may be calculated as follows: 

1/r = Kr  ∙ Kφ  ∙ 1/r0  

Kr  = (nu –  n) / (nu –  nbal)   Correction factor depending on axial force according to 5.8.8.3(3) 

n = NEd  / (Ac ∙ fcd ) = 1059.500 / (1600 ∙ 11.33) ∙ 100 = 0.5843     Relative axial force 

ω = As ∙ fyd  / (Ac ∙ fcd) = 63.71 ∙ 434.78 / (1600 ∙ 11.33) = 1.5280 

nu = 1 + ω = 1 + 1.5280 = 2.5280 

nbal  = 0.4 

Kr  = (nu –  n) / (nu –  nbal)  = (2.5280 -  0.5843) / (2.5280 –  0.4) = 0.9134 ≤ 1.00 

Kφ  = 1 + β ∙ φef  Factor for taking account of creep according to 5.8.8.3(4) 

β = 0.35 + fck / 200 –  λ / 150 = 0.35 + 20 / 200 – 138.564 / 150 = -0.474 

φef  =  φ(∞,t0) ∙ M0Eqp / M0Ed  Effective creep ratio according to 5.8.4 

φ(∞,t0)  Final creep ratio acc. to 3.1.4 acc. to specifications in window 1.3 Cross-Sections 

 
Figure 7.57: Determination of the creep ratio in window 1.3 

φef  =  φ(∞,t0) ∙ M0Eqp / M0Ed = 3.7152 ∙ 82.942 / 82.942 = 3.7152 

M0Eqp is the second order bending moment under the quasi-permanent load combination. M0Ed 
is the first order bending moment under the design load combination. The ratio can be limited 
to 1.00 in the Creep-Producing Permanent Load tab of the 1.1 General Data window. 

Kφ  = 1 + β ∙ φef  = 1 + (-0.474) ∙ 3.7152 = -0.449 ≥ 1.0 

1/r0 = εyd / (0.45 ∙ d) = 2.17 / (0.45 ∙ 360) = 0.013 1/m 

1/r = Kr  ∙ Kφ  ∙ 1/r0  = 0.9134 ∙ 1.0 ∙ 0.013 = 0.012 
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The additional eccentricity of load e2 due to second order effects is given by the following  
expression. 

e2  = (1/r) ∙ (l0)2 / c = 0.012 ∙ 162 / π2 = 0.3138m 

If the eccentricities due to second order theory are known, the second order moments can be 
determined as: 

M2 = NEd  ∙ e2  = 1059.5 ∙ 0.3138 = 332.47 kNm 

MEd,2  = NEd  ∙ (e0 + ei + e2) = 1059.5 ∙ (0.050 + 0.0283 + 0.3138) = 415.389 kNm 

 
Figure 7.58: Moments according to second order theory 

The first design is carried out for this applied second order moment together with the applied 
axial force. In the subsequent program flow, the required reinforcement is taken as provided 
reinforcement for every repeated design. Next, the applied second order moment is redeter-
mined. A required reinforcement is recalculated for these moments. The recalculated rein-
forcement is reapplied as provided reinforcement to determine a new second order moment. 
This interaction between provided reinforcement and second order moments is continued un-
til the moment does no longer change significantly. 

In our case, the moment is changed from 415.389 kNm to 412.565 kNm. Together with the  
axial force 1059.50 kN, this value is used for the design. 
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Figure 7.59: Statically required reinforcement 

Under the entry Point of Cross-Section, the concrete strains and stresses can be found for every 
point shown in the graphic on the right-hand side. 

 
Figure 7.60: Stresses and strains of the individual cross-section points 

Similarly, the coordinates of the individual rebars as well as the strains and stresses in these 
bars are shown under the entry Rebars.  

 
Figure 7.61: Stresses and strains of the individual rebars 

Strains and stresses are shown together in the graphic window for concrete and reinforce-
ment. This representation can be changed by using the various buttons below the graphic 
window. Moreover, you can open a special dialog box, showing the stresses and strains in a 
clearly-arranged way in two tables for concrete and steel. 
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Figure 7.62: Representation of the strains and stresses of concrete and reinforcement 

The details table in the window 3.1 Required Reinforcement by Cross-Section is concluded by 
two entries: the entry concerning the determination of the Minimum Reinforcement and the 
entry regarding the Required Reinforcement that is obtained as the greater reinforcement from 
the statically required reinforcement and the minimum reinforcement.  

 
Figure 7.63: Entries Minimum Reinforcement and Required Reinforcement 

The minimum reinforcement is determined according to EN 1992-1-1, 9.5.2(2) as follows: 

²cm66.3
478.43

50,1059
15.0

f

N
15.0A

yd

Ed
min,s =

−
⋅=⋅=  
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7.2.9 Provided Reinforcement 
According to EN 1992-1-1 clause 9.5.2(3), the total reinforcement area may not exceed the 
maximum value of 0.09 Ac. 

²cm162²cm160009.0A09.0A cmax,s =⋅=⋅=  

We provided the following rebar diameters to the program: 12, 14, 16, 20, 25, and 28 mm. 

The program searches for the rebars yielding the most economical solution, that is, the provid-
ed reinforcement area shall be as close as possible but greater than the required reinforce-
ment area.  

A provided safety of ultimate state of 1.1094 is calculated. 

 
Figure 7.64: Provided safety of ultimate state 

Parallel to the y-axis of the cross-section, five rebars with a diameter of 22 mm are arranged for 
each side.  

 
Figure 7.65: Longitudinal Reinforcement Provided 
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The secondary reinforcement can be defined as statically ineffective in the dialog box Edit Lon-
gitudinal Reinforcement.  

 
Figure 7.66: Deactivating the static effectiveness of the secondary reinforcement 

The calculation is restarted, thus reperforming the safety analysis. Without considering the 
secondary reinforcement, the provided safety is reduced from 1.1094 to 1.0247. 

 
Figure 7.67: Provided safety of ultimate state without secondary reinforcement 

The influence of the provided longitudinal reinforcement on the safety can be seen under dif-
ferent entries of the details. First, a modified provided longitudinal reinforcement has an im-
pact on the applied second order moment. 

The statically effective reinforcement can be found in the following entries of the details ta-
bles: 

 
Figure 7.68: Check of the static effectiveness of an item 

Furthermore, only the statically effective rebars are shown in the display of the stresses and de-
formations in the table and graphic. 
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7.3 Fire Resistance Design 
The following specifications were entered for the fire resistance design according to example 
10 [3]. We analyze the column with four sides exposed to fire according to the fire resistance 
class R30. 

 
Figure 7.69: Window 1.4 Reinforcement, tab Fire Resistance 

To start the calculation, we click the [Calculation] button. The 2.1 Check of Members window 
shows the results. 

 
Figure 7.70: Window 2.1 Check of Members 
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This table shows for each designed cross-section the governing safety values determined dur-
ing the fire resistance design. The values result from the entered parameters of the reinforce-
ment groups for the fire designs, the provided reinforcement, and the internal forces of the 
relevant actions. 

In the lower part of the window, the Details for the entry selected in the table row above are 
shown. Thus, due to the intermediate results, it is possible to evaluate the results specifically. 
The output of the design details in the lower part will be updated automatically as soon as an-
other row is selected in the upper part. 

Member No. 
For each cross-section and each design type, the table shows the number of the member 
providing the smallest safety. 

Location x 
The column shows the respective x-location on the member which is governing for the fire re-
sistance design. For the table output, the program uses the following RFEM member locations x: 

• Start and end node 

• Partition points according to possibly defined member division 

• Extreme values of internal forces 

Governing Load Case 
This column displays the numbers of the load cases, load combinations, or result combinations 
that are decisive for the respective designs. 

Design, Ratio 
This column informs about the minimum safety factors γ for each type of design. If the safety is 
less than 1, the fire resistance design is fulfilled. 

The design relevant input data and the intermediate values are specified in the Details table.  

 
Figure 7.71: Information on the Temperature Course and the Damaged Zone 

In the graphic, the temperature course and the damaged zone can be shown together with 
the dimensions. The detailed values for the individual zones can be displayed by clicking the 
corresponding buttons (see the following figure). 
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Figure 7.72: Temperature course and damaged zone - graphic 

A table displays the Temperature Distribution in Zone Center. The graphic shows the Tempera-
ture Course in Equivalent Wall according to EN 1992-1-2, Annex A. 

The reduced properties for concrete and steel are used in the calculation. 

 
Figure 7.73: Reduced concrete properties 

 
Figure 7.74: Reduced reinforced steel properties 
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Figure 7.75: Temperature gradient of concrete and steel 

At the end of the Details table, all initial values of the designs are shown. The design safeties 
result from the ratio of the ultimate internal force in case of fire and the analyzed internal force 
acting on the cross-section. 

 
Figure 7.76: Verification 

The Design Criterion shows that the design is fulfilled. 
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8. ACI 318-11 
This chapter describes the design of concrete columns according to ACI 318-11 (USA). The de-
scription is divided in two parts: The first part Calculation According to ACI 318 gives theoretical 
information on the design process. In the second part Data Input for ACI the preparation and 
input of the data is described that are relevant for the U.S. standard. 

8.1 Design According to ACI 318 
All equations are in customary units (in, lb). 

8.1.1 Slenderness Effects in Compression Members 
8.1.1.1 Effective Length 

The effective length is k · lu , where lu is the unbraced length and k is the effective length factor 
which is defined below. 

 
Figure 8.1: Effective length factors  k  acc. to Fig. R10.10.1.1 
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It shall be permitted to use the following properties for the members in the model: 
 

Modulus of elasticity for normal weight concrete acc. to 8.5.1  Ec = 57000√ f´c     

 f´c  concrete compressive strength 
 
Moment of inertia I for the determination of Ψ acc. to 10.10.4.1 

 for compression members - columns    0,70 Ig 

or (if reinforcement ratio is known) for compression members 
     

   
 = + − − ⋅ ≤ ⋅      

st u u
g g

g u o

A M P
I 0.8 25 1 0.5 I 0.875 I

A P h P  
 (10-8)

 
 

where 

Ag and Ig  gross cross-sectional characteristics 

Ast  total area of longitudinal reinforcement area 

Pu and Mu  factored forces 

Po  nominal axial strength at zero eccentricity (0.85f´c(Ag - Ast) + fyAst) 

When sustained lateral loads are present, the moment of inertia I shall be divided  
by (1 + βds) acc. to 10.10.4.2. 

8.1.1.2 Slenderness 

The slenderness of the column is k · lu/r , where k · lu is the effective length and r is the ratio of 
gyration (in Eurocode denoted as i). 

8.1.1.3 Limiting Slenderness 

For compression members not braced against sidesway, the slenderness limits are for 

- sway members              22   (10-6) 

- nonsway members    34 – 12(M1 / M2) ≤ 40   (10-7) 

 M1 is the smaller (in absolute values) factored end moment 

 M2 is the largest (in absolute values) factored moment occuring in the member 

8.1.2 Moment Magnification Procedure 
8.1.2.1 Minimum Eccentricity 

e2,min = 0.6 + 0.03h        (10-17) 

h height of the member in inches 

This eccentricity is not intended to be applied simultanously about both axes. It should be 
used separately about each axis. 
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8.1.2.2 Braced Frame (Nonsway) 

Magnified moment Mc: 

Mc = δM2         (10-11) 

 where 

M2 the largest (in absolute values) factored moment from the first order analysis 
(with consideration of e2,min) 

δ = Cm (1- Pu / (0.75Pc)) ≥ 1 moment magnifier   (10-12) 

 Pu  Factored axial force 

 Pc = π2EI / (k lu)2      (10-13) 

 if reinforcement ratio is not known:  EI = 0.4EcIg / (1+ βdns) 

if reinforcement ratio is known:  use moment of inertia as in equation (10-8) 
and E = Ec and divide it by (1 + βdns) 

Ig gross cross-sectional moment of inertia 

Ec  concrete modulus of elasticity 

βdns   ratio for reduction of stiffness due to sustained axial loads 

Cm = 0.6 + 0.4M1/M2      (10-16) 

M1 smaller (in absolute values) factored end moment from 1st order analysis 

M2  largest (in absolute values) factored moment from 1st order analysis 
(with consideration of e2,min) 

if M2 < M2,min = Pue2,min or if the column is loaded by transverse load, Cm should 
be 1.0 

if Mc > 1.4M2, the second-order effects are too high according to 10.10.2.1.  

8.1.2.3 Unbraced Frame (Sway) 

Magnified moment Mc: 

Mc = δM2         (10-11) 

For the calculation of the moment magnifier δ, see chapter 8.1.2.2. M2 is the largest (in abso-
lute values) factored moment occuring in the member (with consideration of e2,min). M2 and δ 
should be determined by using the following equations. 

M2 = M1ns + δM1s        (10-18) 

M2 = M2ns + δM2s        (10-19) 

where 

M1ns and M2ns factored moments from nonsway loading 

M1s and M2s factored moments from sway loading 

δs = 1 / (1-Q) ≥ 1.0 moment magnifier    (10-20)  

 Q calculated according to (10-10) 

If δs ≥ 1.5, a message is shown that second-order elastic analysis or equation  
(10-21) should be used. 

If Mc > 1.4(M2ns +M2s), the second-order effects are too high according to 10.10.2.1. 
There is also a corresponding message (the same as in nonsway structures). 

As you can see, it is essential for the calculation how to split the loading into sway and non-
sway moments. 



8  ACI 318-11 

 

 

190 Program RF-CONCRETE Columns (ACI) © 2013 Dlubal Software GmbH 

8.1.3 Strength Analysis of Flexure and Axial Force 
8.1.3.1 Basic Conditions 

øMn  ≥ Mu 

øPn  ≥ Pu         (Chap. R9.1) 

where 

Mn nominal flexural strength 

Pn nominal axial strength 

øMn design flexural strength 

øPn design axial strength 

Mu factored moment 

Pu factored axial force 

ø  strength reduction factor 

8.1.3.2 Stress-Strain Diagrams 

 
Figure 8.2: Concrete stress-strain diagram 

 
Figure 8.3: Steel stress-strain diagram 
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8.1.3.3 Strength Reduction Factor 

 
Figure 8.4: Variation of strength reduction factor acc. to Fig. R9.3.2 

εt is strain in extreme tension steel. 

8.1.3.4 Maximum Axial Strength 

øPn,max = 0.80ø(0.85f´c(Ag -Ast) + fyAst)      (10-2) 

where 

ø strength reduction factor 

f´c concrete compressive strength 

fy yield strength of reinforcement 

Ag gross cross-sectional area 

Ast area of total longitudinal reinforcement 

8.1.4 Minimum Reinforcement 

Ast,min = 0.01Ag              (Chap. 10.9.1) 

where 

Ast,min  minimum TOTAL reinforcement 

Ag  gross cross-sectional area 

8.1.5 Maximum Reinforcement 

Ast,max = 0.08Ag            (Chap. 10.9.1) 

where 

Ast,max  maximum TOTAL reinforcement 

Ag  gross cross-sectional area 
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8.1.6 Shear Design 
8.1.6.1 Basic Equation 

øvVn ≥ Vu        (11-1) 

where 

øv = 0.75 strength redution factor for shear 

Vu factored shear force 

Vn = Vc + Vs nominal shear strength 

8.1.6.2 Shear Strength Provided by Concrete 

Shear strength provided by concrete acc. to 11.2.1 for members subject to shear and flexure 
only: 

Vc = 2λ√f´cbwd         (11-3) 

where 

λ lightweight concrete modification factor 

f´c concrete compressive strength,  √f´c  ≤ 100 psi 

bw width of member 

d effective depth 

Alternatively, a more detailed calculation can be made acc. 11.2.2 to determine the concrete 
shear strength: 

Vc = ( 1.9λ√f´c  + 2500ρwdVud/Mu ) bwd  ≤  3.5λ√f´cbwd    (11-5) 

where 

Mu, Vu  factored forces 

ρw = As / (bwd)  reinforcement ratio 

bw  width of member 

d  effective depth 

Ag  gross cross-sectional area 

As  area of longitudinal reinforcement 

λ   lightweight concrete modification factor 

f´c   concrete compressive strength, √f´c  ≤ 100 psi 

Vud/Mu  ≤ 1.0 

Shear strength provided by concrete acc. to 11.2.1 for members subject to axial compression: 

Vc = 2( 1  + Nu /(2000Ag ))λ√f´cbwd      (11-4) 

where 

Nu  factored axial force 

Ag  gross cross-sectional area 

λ   lightweight concrete modification factor 

f´c   concrete compressive strength, √f´c  ≤ 100 psi 

bw  width of member 

d  effective depth 
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Alternatively, the shear strength provided by concrete with axial compression can be 
calculated acc. to 11.2.2. The following equation applies for Mm ≥ 0 (Mm is defined below): 

Vc = (1.9λ√f´c  + 2500ρwVud/Mm ) bwd  ≤  3.5λ√f´cbwd√(1+Nu/(500Ag))  (11-5) 

Otherwise the following equation is to be used: 

Vc = 3.5λ√f´cbwd√(1+Nu/(500Ag))      (11-7) 

The parameters in those equations are: 

Mm = Mu - Nu (4h – d) / 8 

Mu, Nu, Vu  factored forces 

ρw = As / (bwd)  reinforcement ratio 

h  height of member 

bw  width of member 

d  effective depth 

Ag  gross cross-sectional area 

As  area of longitudinal reinforcement 

λ  lightweight concrete modification factor 

f´c   concrete compressive strength, √f´c  ≤ 100 psi 

Shear strength provided by concrete acc. to 11.2.1 for members with significant axial tension: 

Vc = 0 

Alternatively, shear strength provided by concrete with significant axial tension can be calcu-
lated acc. to 11.2.2: 

Vc = 2( 1  + Nu /(500Ag ))λ√f´cbwd  ≥  0     (11-8) 

where 

Nu  factored forces 

bw  width of member 

d  effective depth 

Ag  gross cross-sectional area 

λ  lightweight concrete modification factor 

f´c   concrete compressive strength, √f´c  ≤ 100 psi 

8.1.6.3 Shear Strength Provided by Shear Reinforcement 

Vs = Avfytd / s  ≤ 8λ√f´cbwd        (11-15) 

where 

Av  total cross-sectional area of web reinforcement within distance s 

d  effective depth of bending reinforcement 

s  longitudinal spacing of web reiforcement 

fyt  yield strength of web steel 

Minimum area of shear reinforcement: 

Av,min = 0.75√f´cbws / fyt ≥ 50bws / fyt      (11-13) 

where 

f´c   concrete compressive strength, √f´c  ≤ 100 psi 

bw  width of member 

s  longitudinal spacing of web reiforcement 

fyt  yield strength of web steel 

The minimum shear reinforcement is required where Vu > 0.5øVc – except in members with  
h ≤ 10 in. acc. to 11.4.6.1. 
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8.1.7 Construction Requirements 
8.1.7.1 Ties and Stirrups 

When shear reinforcement is required (Vu > 0.5øVc, except in members with h ≤ 10 in.), the 
minimum spacing of shear reinforcement should satisfy the requirements acc. to 11.4.5: 

s < d /2  and s < 24 in. for Vs ≤ 4√f´cbwd 

s < d /4  and s < 12 in. for Vs > 4√f´cbwd 

When compression reinforcement is required (as usual for columns), the ties shall conform to 
the following: 

Size of the transverse ties shall be acc. to 7.10.5.1 at least: 

No. 3 (ds = 0.375 in.) for longitudinal bars No. 10 (ds = 1.270 in.) or smaller 

No. 4 (ds = 0.500 in.) for longitudinal bars No. 11, No. 14, No. 18 (ds ≥ 1.410 in.) 

Spacing of the transverse ties acc. to 7.10.5.2 shall not exceed 

- 16 longitudinal bars diameters, 

- 48 tie bar or wire diameters, or 

- the least dimension of compression member. 

8.1.7.2 Longitudinal Reinforcement 

Minimum number of longitudinal bars in compression members shall be 4 for bars within rec-
tangular or circular ties acc. to 10.9.2. 

In compression members, the clear distance between longitudinal bars shall be not less than 
1.5db nor less than 1.5 in. acc. to 7.6.3. 

db   diameter of bar 

8.1.7.3 Development of the Reinforcement 

 
 ψ ψ ψ = ⋅

+ λ
 
 

y t e s
d b

b trc

b

f3
l d

c K40 f́ '´
d

      (12-1) 

where 

fy   yield strength of reinforcement 

f´c    concrete compressive strength, √f´c  ≤ 100 psi 

cb  smaller of minimum cover or one-half of bar spacing measured to 
center of bar 

db   diameter of bar 

λ   lightweight concrete modification factor 

Ktr = 40Atr/sn transverse reinforcement index 

Atr  total cross-sectional area of all transverse reinforcement within the 
spacing s that crosses the potentional plane of splitting through 
the reinforcement being developed 

s   spacing of transverse reinforcement 

n   number of bars developed or spliced at the same location 

Ψt   reinforcement location factor 

Ψe   coating factor 

Ψs  reinforcement size factor 

(cb + Ktr ) / db  ≤ 2.5 
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It may be multiplied by As,required / As,provided . 

The development length of tension reinforcement shall not be less than 12 in. 

Development of compression bars: 

ldc = 0.02fy /(λ√f´c)db  ≥  0.0003fydb      (12.3.2) 

where 

fy  yield strength of the reinforcement 

f´c   concrete compressive strength, √f´c  ≤ 100 psi 

db  diameter of bar 

λ  lightweight concrete modification factor 

It may be multiplied by As,required / As,provided . 

The development length of compression reinforcement shall not be less than 8 in. acc. to 
12.3.1. 

Development of standard hooks: 

ldh = 0.02Ψe fy /(λ√f´c)db         (12.5.2) 

where 

fy  yield strength of the reinforcement 

f´c   concrete compressive strength, √f´c  ≤ 100 psi 

db  diameter of bar 

λ  lightweight concrete modification factor 

Ψe  coating factor 

Hooks shall not be considered effective in developing bars in compression. 

It may be multiplied by As,required / As,provided . 

The development length of standard hooks shall not be less than 8db and 6 in. 

 
Figure 8.5: Hooked bar details of ”standard hook” acc. to Fig. R12.5 

Development of welded wires in tension (with transverse bars): 

The development length ld calculated acc. to previous chapters (eg. (12-1 or 12.5.2) is to be 
multiplied by the welded deformed wire reinforcement factor Ψw. 

Ψw = (fy – 35000) / fy ≥ 5db / s 

Ψw ≤ 1.0        (12.7.2) 

It may be multiplied by As,required / As,provided . 

The development length of welded wires shall not be less than 8 in. 
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Splices (overlap) in tension: 

 
Figure 8.6: Classes for tension lap acc. to Tab. R12.15.2 

The basic equation is the same as for straigth tension bars (12-1), but without multiplicator 
As,required / As,provided  and without 12 in. limit. 

This value should be multiplied by the coefficient acc. to the class of the splice. The final value 
shall be not less than 12 in. The division into the classes can be seen in Figure 8.6. 

Class A splice:  1.0 ld 

Class B splice:  1.3 ld 

Splices (overlap) in compression: 

- for fy ≤ 60000 psi ldc = 0.0005fydb  ≥ 12 in. 

- for fy > 60000 psi ldc = (0.0009fy - 24)db  ≥ 12 in. 

If f´c  < 3000 psi, then ldc shall be multiplied by 4/3. 

If ties have an effective area not less than 0.0015 hs, splice length may be multiplied by 0.83, 
but the final value shall be not less than 12 in. 

8.1.7.4 Factors for Development Length 

 
Figure 8.7: Factors Ψ for development length acc. to ACI 318-11 
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8.2 Data Input for ACI 318-11 
This chapter provides specific information concerning the data input for the design according 
to ACI 318-11. 

Units and Decimal Places 
The U.S. code is available in imperial (ACI 318) or in metric (ACI 318M) units, and also the calcu-
lation can be run with both units settings. It is possible to change the units at any time. 

An easy way to change units is to right-click the model name in the Data navigator and to 
open the dialog box Units and Decimal Places. The current settings can be checked for RFEM 
and for the module RF-CONCRETE Columns. You can change the global settings from metric to 
imperial units and back by the Load Profile dialog box. 

 
Figure 8.8: Units and decimal places, load profiles in RFEM 

For the design of the column, it is important to know how to split the actions into sway and 
nonsway loading and, thus, to prepare the load combinations correctly. 

Open the context menu of a load combination by right-clicking it. 

 
Figure 8.9: Context menu to edit load combination 
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The dialog box Edit Load Cases and Combinations is opened. 

In the Load Combinations tab, there are three main sections: Existing Load Combinations, Exist-
ing Load Cases and Load Cases in Load Combination. 

For the following example, four load combinations have been created: Total Load, Sustained 
Load, No Sway Load and Sway Load. 

 
Figure 8.10: Definition criteria of four different load combinations 
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 Start of the module RF-CONCRETE Columns. In the General Data window, select load combina-
tion CO1 Total Load for the Strength Limit State design. Then go to the third tab and select 
CO4 Sway Load (see Figure 8.12). Return to the first tab and allocate CO4 by choosing this op-
tion from the list. This list is accessible via the [] button which appears when clicking the cell. 

 
Figure 8.11: Window 1.1 General Data, tab Strength Limit State – selecting CO1 Total Load and allocating CO4 Sway Load 

The third tab contains the selected Sway Load combination CO4. 

 
Figure 8.12: Window 1.1 General Data, tab Sway Loads – selecting CO4 Sway Load 
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In the second tab, select combination CO2 Sustained Load for the design. 

 
Figure 8.13: Window 1.1 General Data, tab Sway Loads – selecting CO2 Sustained Load 

In the next window 1.2 Materials, check if the materials according to ACI are set. 

 
Figure 8.14: Window 1.2 Materials 
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In window 1.4 Reinforcement, the bars of the longitudinal reinforcement are to be defined. 

 
Figure 8.15: Window 1.4 Reinforcement, tab Longitudinal Reinforcement 

The diameters can be checked in imperial and metric units. 

 The second tab Links has a similar layout where you can select the bars for the stirrups. 

 
Figure 8.16: Window 1.4 Reinforcement, tab Links 
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The last tab of window 1.4 Reinforcement controls the parameters that are relevant for ACI 318. 

 
Figure 8.17: Window 1.4 Reinforcement, tab ACI 318-11 

Start the [Calculation] to determine the required reinforcement. In the results windows, the in-
termediate results are shown as well. 

 
Figure 8.18: Window 3.1 Required Reinforcement by Cross-Section with list of intermediate results 
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The provided reinforcement can also be displayed graphically. 

 
Figure 8.19: Window 4.1 Provided Longitudinal Reinforcement 
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