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Introduction1

Add-on Module RF-CONCRETE Surfaces1.1

Although reinforced concrete is at least as frequently used for plate structures as it is for frameworks,
standards and technical literature provide comparatively little information on the design of two-
dimensional structural components. In particular, the design of shell structures that are simultaneously
subjected to moments and axial forces is rarely described in reference books. Since the finite element
method allows for a realistic modeling of plate structures, design assumptions and algorithms must be
found to close this "regulatory gap" between member-oriented regulations and computer-generated
internal forces of plate structures.

Dlubal Software GmbH meets this challenge with the add-on module RF-CONCRETE Surfaces. A
consistent design algorithm for dimensioning reinforcement directions consisting of two and three layers
has been developed based on the compatibility conditions defined by Baumann [1] in 1972.
However, the module is more than just a tool for determining the statically required reinforcement: It
also includes regulations concerning the allowable maximum and minimum reinforcement ratios for the
different types of structural components (2D plates, 3D shells, walls, deep beams) like they are given
as design specifications in the standards.

When determining reinforcing steel, RF-CONCRETE Surfaces checks if the concrete's plate thickness,
which stiffens the reinforcement mesh, is sufficient to meet all requirements arising from bending and
shear loading.

In addition to the ultimate limit state design, the serviceability limit state design is also possible in the
module. These designs include the limitation of the concrete compressive and the reinforcing steel
stresses, the minimum reinforcement for crack control, as well as crack control by limiting rebar
diameter and rebar spacing. For this purpose, analytical and nonlinear design check methods are
available for selection.

If you also have a license for RF-CONCRETE Deflect, you can calculate the deformations with the
influence of creep, shrinkage, and tension stiffening according to the analytical method.

National Annexes for
EN 1992-1-1

With a license of RF-CONCRETE NL, you can consider the influence of creep and shrinkage when
determining deformations, crack widths, and stresses according to the nonlinear method.

The design is possible according to the following standards:

EN 1992-1-1:2004/A1:2014

ACI 318-19

CSA A23.3-19

SIA 262:2017

GB 50010-2010

The figure on the left shows the National Annexes to EN 1992-1-1 that are currently implemented in
RF-CONCRETE Surfaces.

All intermediate results for the design are comprehensively documented. In line with the philosophy of
Dlubal Software, this provides a notable transparency and traceability of design results.

We hope you will enjoy working with RF-CONCRETE Surfaces.

Your Dlubal team

1 Introduction
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Using the Manual1.2

Topics like installation, graphical user interface, results evaluation, and printout are described in detail
in the manual of the main program RFEM. This manual focuses on typical features of the add-on
module RF-CONCRETE Surfaces.

The descriptions in this manual follow the sequence and structure of the module's input and result
windows. In the text, the described buttons are given in square brackets, for example [Apply]. At the
same time, they are pictured on the left. Expressions that appear in dialog boxes, tables, and menus
are highlighted in italics to clarify explanations.

In the PDF manual, you can perform a full-text search as usual with [Ctrl]+[F]. If you do not find what
you are looking for, you can also use the search function of the Knowledge Base on our website to
find a solution in the articles about the concrete modules. Our FAQs also provide a number of
helpful hints.

Opening the RF-CONCRETE Surfaces
Add-on Module

1.3

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

Menu

You can start the add-on module with the RFEM menu item

Add-on Modules Design - Concrete RF-CONCRETE Surfaces.

Figure 1.1 Add-on Modules Design - Concrete RF-CONCRETE Surfaces menu item

1 Introduction
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Navigator

Alternatively, you can start the add-on module in the Data navigator by selecting

Add-on Modules RF-CONCRETE Surfaces.

Figure 1.2 Data navigator: Add-on Modules RF-CONCRETE Surfaces

Panel

If results from RF-CONCRETE Surfaces are already available in the RFEM model, you can also start the
design module in the panel:

Set the relevant design case of RF-CONCRETE Surfaces in the load case list of the menu bar. Then use
the [Show Results] button to display the reinforcements graphically.

Now you can click the [RF-CONCRETE Surfaces] button in the panel to open the add-on module.

Figure 1.3 [RF-CONCRETE Surfaces] panel button

1 Introduction
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Theoretical Background2

Type of Model2.1

The Type of Model that is defined when creating a new model has a crucial influence on how the
structural components are stressed.

Figure 2.1 New Model - General Data dialog box, Type of Model dialog section

When the model type 2D - XY (uZ/φX/φY) is selected, the plate is only subjected to bending. The
designed internal forces are then exclusively represented by moments whose vectors lie in the plane of
the structural component.

However, when you select 2D - XZ (uX/uZ/φY) or 2D - XY (uX/uY/φZ), the wall or diaphragm is only
subjected to compression or tension. The internal forces used for the design are solely axial forces
whose vectors lie in the plane of the structural component.

In a spatial 3D model type, both loadings (moments and axial forces) are combined. A structural
component defined in this way can be subjected to tension/compression and bending simultaneously.
Thus, the internal forces to be designed are both axial forces and moments whose vectors lie in the
component's plane.

2 Theoretical Background
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Design of 1D and 2D Structural
Components

2.2

To design the ultimate limit state of a one- or two-dimensional structural component consisting of
reinforced concrete, it is always necessary to find a state of equilibrium between the acting internal
forces and the resisting internal forces of the deformed component. However, in addition to this
common feature in the ultimate limit state design of one-dimensional components (members) and
two-dimensional components (surfaces), there is a crucial difference:

1D structural component (member)

In a member, the acting internal force is always oriented in such a way that it can be compared to the
resisting internal force that is determined from the design strengths of the materials. An example of this
is a member subjected to the axial compressive force N.

Figure 2.2 Design of a member

With the dimensions of the structural component and the design value of the concrete compressive
strength, it is possible to determine the resisting compressive force. If it is smaller than the acting
compressive force, the required area of the compressive reinforcement can be determined by means of
the existing steel strain with an allowable concrete compressive strain.

2D structural component (surface)

In a surface, the direction of the acting internal force is only in exceptional cases (trajectory
reinforcement) oriented in such a way that the directly acting internal force can be set in contrast with
the resisting internal force: In an orthogonally reinforced wall, for example, the directions of the two
principal axial forces n1 and n2 are generally not identical to the reinforcement directions.

Figure 2.3 Design of a wall

Hence, for the dimensioning of the mesh's reinforcement, it is not possible to use such an approach as
is used when determining a member's reinforcement. Internal forces that run in the direction of the
reinforcement mesh's layers are required in order to determine the concrete loading. These internal
forces are called design internal forces.

2 Theoretical Background
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To better understand design internal forces, we can look at an element of a loaded reinforcement
mesh. For simplicity's sake, we assume the second principal axial force n2 to be zero.

Figure 2.4 Reinforcement mesh element with loading

The reinforcement mesh deforms under the given loading as follows.

Figure 2.5 Deformation of reinforcement mesh element

The size of the deformation is limited by introducing a concrete compression strut into the reinforcement
mesh element.

Figure 2.6 Introducing a concrete compression strut

The concrete compression strut induces tensile forces in the reinforcement.

Figure 2.7 Tensile forces in the reinforcement

These tensile forces in the reinforcement and the compressive force in the concrete represent the design
internal forces.

2 Theoretical Background
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Once the design internal forces are found, the design can proceed like the design of a one-
dimensional structural component.

Thus, the main feature for the design of two-dimensional structural components is the transformation of
the acting internal forces (principal internal forces) into design internal forces whose direction allows
for dimensioning the reinforcement and checking the concrete's load-bearing capacity.

The following graphic illustrates the main difference between the design of one-dimensional and two-
dimensional structural components.

One-dimensional structural component

Two-dimensional structural component

2 Theoretical Background
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Walls (Diaphragms)2.3

Design Internal Forces2.3.1

Determining the design internal forces for walls and diaphragms is carried out according to Baumann's
[1] method of transformation. In this method, the equations for determining the design internal forces
are derived for the general case of a reinforcement with three arbitrary directions. Then these forces
can be applied to simpler cases such as orthogonal reinforcement meshes with two reinforcement
directions.

Baumann analyzes the equilibrium conditions with the following wall element.

Figure 2.8 Equilibrium conditions according to Baumann

Figure 2.8 shows a rectangular segment of a wall. It is subjected to the principal axial forces N1
and N2 (tensile forces). The principal axial force N2 is expressed by means of the factor k as a multiple
of the principal axial force N1.

N2 k N1

Equation 2.1

Three reinforcement directions are applied in the wall. The reinforcement directions are labelled x, y,
and z. The angle included in clockwise direction by the first principal axial force N1 and the
reinforcement direction x is labelled α. The angle between the first principal axial force N1 and the
reinforcement direction y is called β; the angle to the remaining reinforcement set is called γ.

Baumann writes in his thesis: If the shear and tension stresses in the concrete are neglected, the
external loading (N1, N2 = k ⋅ N1) of a wall element can generally be resisted by three internal forces
oriented in any direction. In a reinforcement mesh with three reinforcement directions, these forces
correspond to the three reinforcement directions (x), (y), and (z), which form the angles α, β, γ with the
larger main tensile force N1 and are labelled Zx, Zy, Zz (positive as tensile forces).

2 Theoretical Background
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To determine these forces Zx, Zy (and Zz in case of a third reinforcement direction), we first have to
define a section parallel to the third reinforcement direction.

Figure 2.9 Section parallel to the third reinforcement direction z

The value of the section length is applied as 1. With this section length, we can determine the projected
section lengths that run perpendicular to the respective force. In the case of the external forces, these
are the projected section lengths b1 (perpendicular to force N1) and b2 (perpendicular to force N2). In
the case of the tensile forces in the reinforcement, these are the projected section lengths bx
(perpendicular to the tension force Zx) and by (perpendicular to the tension force Zy).

The product of the respective force and the corresponding projected section length then results in the
force that can be used to establish an equilibrium of forces.

Figure 2.10 Equilibrium of forces in a section parallel to reinforcement in direction z

The equilibrium between the external forces (N1, N2) and the internal forces (Zx, Zy) can thus be
expressed as follows.

Zx bx

1
sin b a

N1 b1 sin b N2 b2 cos b

Equation 2.2

Zy by

1
sin b a

N1 b1 sin a N2 b2 cos a

Equation 2.3

2 Theoretical Background
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To determine the equilibrium between the external forces (N1, N2) and the internal force Zz in the
reinforcement direction z, we define a section parallel to the reinforcement direction x.

Figure 2.11 Section parallel to the reinforcement direction x

Graphically, we can determine the following equilibrium.

Figure 2.12 Equilibrium of forces in a section parallel to reinforcement in direction x

The equilibrium between the external forces (N1, N2) and the internal forces Zz can then be expressed
as follows.

Zz bz

1
sin b g

N1 b1 sin b N2 b2 cos b

Equation 2.4

If you replace the projected section lengths b1, b2, bx, by, bz with the values shown in the figure and
use k as the quotient of the principal axial force N2 divided by N1, you get the following equations.

Zx

N1

sin b sin g k cos b cos g
sin b a sin g a

Equation 2.5

Zy

N1

sin a sin g k cos a cos g
sin b a sin b g

Equation 2.6

2 Theoretical Background
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Zz

N1

sin a sin b k cos a cos b
sin b g sin g a

Equation 2.7

These equations are the core of the design algorithm for RF-CONCRETE Surfaces. You can thus
determine the design internal forces Zx, Zy, and Zz for the respective reinforcement directions from the
acting internal forces N1 and N2.

By adding up Equation 2.5 , Equation 2.6 , and Equation 2.7 , you get:

Zx

N1

Zy

N1

Zz

N1

1 k

Equation 2.8

By multiplying Equation 2.8 with N1 and substituting k for N2 / N1, you get the following equation
that clarifies the equilibrium of the internal and external forces.

Zx Zy Zz N1 N2

Equation 2.9

2 Theoretical Background
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Two-Directional Reinforcement Meshes with k > 02.3.2

For a reinforcement with two reinforcement directions subjected to two positive principal axial forces
N1 und N2, choose the direction of the concrete compressive strut as follows.

g a b
2

Equation 2.10

There are basically two ways to arrange a compression strut exactly at the center between two
crossing reinforcement directions.

Figure 2.13 Correct and incorrect arrangement of the stiffening concrete compression strut

In the figure on the left, the stiffening concrete compression strut divides the obtuse angle between the
crossing reinforcement directions; in the figure on the right, it divides the acute angle. The strut on the
left stiffens the reinforcement mesh in the desired way, whereas the concrete compression strut shown in
the figure on the right allows the reinforcement mesh to be arbitrarily deformed by the force N1.

To ensure that the compression strut divides the correct angle, the design forces Zx, Zy, and Zz are
determined using Equation 2.5 , Equation 2.6 , and Equation 2.7 for both geometrically possible
directions of the compression strut. A wrong direction of the compression strut would result in a tensile
force.

Therefore, the following directions of the concrete compression strut are analyzed:

g 1a

a b
2

and g 1b

a b
2

90

Equation 2.11

To distinguish the analyzed directions, the index "1a" is assigned to the simple arithmetic mean value
and the index "1b" is assigned to the direction of the compression strut that is rotated by 90°.

2 Theoretical Background
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The following graph shows that for the equilibrium of forces, a tension force is respectively obtained in
the two reinforcement directions and a compression force in the selected direction of the compression
strut.

Figure 2.14 Two-directional reinforcement for pure tension

In his studies, Baumann [1] assumed certain ranges of values for the different angles. The angle α
(between the principal axial force N1 and the reinforcement direction closest to it) thus has to be
between 0 and π/4. The angle β must be greater than α + π/2.

[1] provides Table IV with the possible states of equilibrium (see Figure 2.15 ). Rows 1 through 4
of this table show the possible states of equilibrium for walls that are only subjected to tension. Row 4
shows the state of equilibrium with two directions of reinforcement subjected to tension and a
compression strut. Rows 5 to 7 show walls for which the principal axial forces have different algebraic
signs.

2 Theoretical Background
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Figure 2.15 Possible states of equilibrium according to [1]

The second column of this table defines the value range of the loading.

The third column indicates the number of reinforcement directions subjected to a tension force for this
state of equilibrium.

The fourth column (β) shows the value range of the reinforcement direction β. In RF-CONCRETE
Surfaces, this range is not available as it results from the directions of reinforcement specified in the
input data.

The fifth column (γ) shows the direction of the internal force Zz. In most cases, this is the direction of the
compression strut computed by the program; however, it can also be a user-defined third reinforcement
direction to which a tension force is actually assigned.

The seventh column indicates whether or not the force in the direction γ is indeed a compression force.

The penultimate column shows the required internal forces together with their directions. Reinforcement
directions with a tension force are represented by simple lines whereas possible compression struts are
indicated by dashed lines.

2 Theoretical Background
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Two-Directional Reinforcement Meshes with k < 02.3.3

If the main axial forces N1 and N2 have different signs in a two-directional reinforcement mesh, a
tension force is respectively obtained for the equilibrium of forces in the two reinforcement directions,
as well as a compression force in the selected direction of the compressive strut.

Figure 2.16 Two-directional reinforcement in tension and compression

Rows 5 and 6 of Table IV (Figure 2.15 ) provide examples for this possible state of equilibrium.

However, for a wall subjected to both tension and compression, a compression strut may expectedly
result in the direction γ and another one in the direction β for the selected direction of the concrete
compression strut (arithmetic mean between the two reinforcement directions). This is exactly the case
when the arithmetic mean in the diagram above is to the left of the zero crossing of the force
distribution of Zy. However, this kind of equilibrium is not possible. The reinforcement of the conjugated
direction is determined, that is, the value γ0y is used for the compression strut direction γ.

tan g 0y k cot a

Equation 2.12

This means that no force occurs in the second reinforcement direction y under the angle β. Row 7 in
Table IV (Figure 2.15 ) shows an example of this equilibrium of forces. In the add-on module
RF-CONCRETE Surfaces, such a state of equilibrium is reached when a compression force in the
reinforcement direction y results for the routinely assumed direction of the compression strut (arithmetic
mean between the directions of both reinforcement sets).

We have thus described all possible states of equilibrium for two-directional reinforcements.

2 Theoretical Background
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Possible Load Situations2.3.4

The load is obtained by applying the principal axial forces n1 and n2, with the principal axial force n1
always being greater than the principal axial force n2 when taking the algebraic sign into account.

Figure 2.17 Mohr's circle

There are different load situations depending on the algebraic signs of the principal axial forces.

Figure 2.18 Load situations

2 Theoretical Background
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In a matrix of principal axial forces, you get the following designations of the individual load situations
(n1 is called nI, n2 is nII):

Figure 2.19 Matrix of principal axial forces for load situations

Determining the design axial forces using Equation 2.5 through Equation 2.7 is described in the
previous paragraphs for the load situations Elliptical tension and Hyperbolic state. For the load
situation Parabolic tension, the design axial forces are obtained in the same way. The value k is to be
applied with zero in Equation 2.5 through Equation 2.7 .

Now we will explain the design axial forces for the following design situations.

Elliptical compression in a mesh with 3 reinforcement directions

Equations 2.5 to 2.7 are applied without changes, even if the two principal axial forces n1 and n2
are negative. If a negative design axial force results for each of the three reinforcement directions,
none of the three provided reinforcement directions is activated. The concrete is able to transfer the
principal axial forces by itself, that is, without the use of a reinforcement mesh in tension stiffened by a
concrete compression strut.

The assumption that concrete compression forces in the direction of the provided reinforcement are
introduced to resist the principal axial forces is purely hypothetical. It is based on the wish to obtain a
distribution of the principal compression forces in the direction of the individual reinforcement directions
in order to be able to determine the minimum compression reinforcement that is required, for example,
in EN 1992-1-1, clause 9.2.1.1. To this end, a statically required concrete cross-section is needed,
which can only be determined by using the previously determined concrete compression forces in the
direction of the provided reinforcement.

When determining the minimum compressive reinforcement, other standards manage without a
statically required concrete cross-section that results from the principal axial force, transformed into a
design axial force. However, for a unified transformation method across different standards, the
principal compressive forces are transformed in the defined reinforcement directions for these
standards as well. Studies have shown that the design with transformed compressive forces is the safe
choice. The concrete compressions that occur in the direction of the individual reinforcement directions
are designed.

However, if at least one of the design axial forces is positive after the transformation, the reinforcement
mesh is activated for this load situation. Then, as described in chapter 2.3.2 and chapter 2.3.3 ,
an internal equilibrium of forces in the form of two reinforcement directions and one selected concrete
compression strut has to be established.
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Elliptical compression in a two-directional mesh

Equations 2.5 through 2.7 are used without alterations. If the direction of the two main axial
forces is identical with the direction of both reinforcement directions, the design axial forces are equal
to the principal axial forces.

If the principal axial forces deviate from the reinforcement directions, the equilibrium between a
compression strut in the concrete and the design axial forces in the reinforcement directions is sought
again. For the direction of the compression strut, the two intermediate angles between the
reinforcement directions are analyzed again. As with elliptical tension, the following applies: The
assumption of a compression strut direction is deemed to be correct if a negative design force is
actually assigned to the compression strut. If allowable solutions are found for both compression strut
directions, the smallest value of all design axial forces determines which solution is chosen.

If the design axial force for a reinforcement direction is a compressive force, the program first checks
whether the concrete can resist this design axial force. If this is not the case, a compression
reinforcement is determined.

Parabolic compression in a two-directional mesh

In this load situation, the principal axial force n1 is zero. Since the quotient k = n2 / n1 cannot be
calculated anymore, you cannot use Equations 2.5 through 2.7 in the usual way. The following
modifications are necessary.

n a

n1 sin b sin g n2 cos b cos g
sin b a sin g a

n b

n1 sin a sin g n2 cos a cos g
sin b a sin b g

n g

n1 sin a sin b n2 cos a cos b
sin b g sin g a

Equation 2.13

With these modified equations, the program searches for the design axial forces in the two
reinforcement directions and for a design axial force for the concrete in the same way. If a
reinforcement direction is identical to the acting principal axial force, its design axial force is the
principal axial force. Otherwise, solutions with a compression strut between the two reinforcement
directions are found again.

Parabolic compression in a three-directional mesh

The formulas presented above are used according to Equation 2.13 .

If the principal axial force runs in a reinforcement direction, solutions for a compression strut direction
between the first and the second reinforcement direction or the first and third reinforcement direction
are analyzed (as with parabolic tension). Again, the smallest value of all design axial forces decides
which solution is chosen.
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Design of the Concrete Compression Strut2.3.5

The concrete compression force in the selected concrete compression strut direction is one of the
design forces. It is analyzed whether the concrete is able to resist the compression force. However, the
complete concrete compression stress fcd is not applied; instead, the allowable concrete compression
stress is reduced to 80%, analogous to the recommendation by Schlaich/Schäfer ([2] , page 373).

With the reduced concrete compression stress fcd,08, the magnitude of the resistant axial force nstrut,d
per meter is determined by multiplying it with a width of one meter and the wall thickness.

n strut d f cd 08 b d

Equation 2.14

This resistant concrete compression force can now be compared to the acting concrete compression
force nstrut. The analysis of the concrete compression strut is fulfilled, if

n strut d n strut

Equation 2.15

The design of the concrete compression strut is carried out in the same way for all standards available
in the program, naturally with the respectively valid material properties.

Determining the Required Reinforcement2.3.6

To determine the dimension of the necessary reinforcement area, the design axial force to be resisted
nφ is divided in the respective reinforcement direction φ by the steel stress at the yield point.

The steel stress at the yield point is defined differently depending on the standard and type of concrete.
Furthermore, for the design, the respective partial safety factor for the reinforcing steel has to be
considered.

If the reinforcement is under compression instead of tension, the steel stress for the allowable concrete
compression at failure is to be determined. It is the same in all standards and equals 2 ‰. Thus, the
steel stress can be determined by using the modulus of elasticity as follows:

s Es 0 002

Equation 2.16

Should the steel stress be greater than the steel stress at the yield point, the steel stress at the yield point
is used. Apart from that, a compression reinforcement is only determined if the resistant axial force
nstrut,d per meter of the concrete is smaller than the acting, compression-inducing design axial force. The
compression reinforcement is then designed for the difference of the two axial forces.
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Reinforcement Rules2.3.7

All standards contain regulations for plate structures regarding the size and direction of the
reinforcement to be used. For this purpose, the standard classifies the plate structures into certain
structural elements. EN 1992-1-1, for example, gives the following types of structural elements:

plate (slab)

wall (diaphragm)

deep beam

The following graphic illustrates the relation between the user-defined Type of Model, the model for the
design, and the structural element type according to the standard, which is used to determine the size
and direction of the minimum or maximum reinforcement.

Figure 2.20 Relation between type of model, design model, and structural element type

If 3D (see Figure 2.1 ) is selected as the type of model, the structural component is always designed
as a shell, independent of whether both axial forces and moments occur in portions of the structural
component or if there is only one of these internal forces. A model type defined as 2D - XY (uz/φx/φy)
is always designed as a plate, while the types 2D - XZ (ux/uy/φy) and 2D - XY (ux/uy/φz) are
designed as walls.

After selecting the structural component type, the regulations of the respective standard are
automatically used when determining the required reinforcement. We will now briefly look at these
regulations for EN 1992-1-1, which distinguishes between solid plates, walls, and deep beams.

Solid plates

For solid plates, EN 1992-1-1 specifies the following:

Clause 9.2.1.1 (1):

The minimum area of the longitudinal tension reinforcement must normally correspond to As,min.

As min 0 26
f ctm

f yk

b t d 0 0013 bt d

Equation 2.17

Clause 9.2.1.1 (3):

The cross-sectional area of the tension or compression reinforcement may generally not exceed As,max
outside of lap locations. The recommended value is 0.04 Ac.

According to DIN EN 1992-1-1/NA:2010, the sum of the tension and compression reinforcement
may not exceed As,max = 0.08 ⋅ Ac. This is also true for lap locations.
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Walls

For walls, EN 1992-1-1 specifies the following:

Clause 9.6.2 (1): The area of the vertical reinforcement should normally be between As,vmin and
As,vmax. The recommended values are As,vmin = 0.002 ⋅ Ac and As,vmax = 0.04 ⋅ Ac outside the lap
locations.

DIN EN 1992-1-1/NA:2010 specifies

generally: As,vmin = 0.15 ∣ NEd ∣ ÷ fyd ≥ 0.0015 ⋅ Ac

As,vmax = 0.04 ⋅ Ac (this value may be doubled in laps)

The reinforcement content should be equal at both wall faces.

Clause 9.6.3 (1): A horizontal reinforcement that runs parallel to the faces of the wall (and to the
free edges) should ordinarily be provided at the outer face. Generally, it must not be less than
As,hmin. The recommended value is the greater value between 25 % of the vertical reinforcement and
0.001 ⋅ Ac. DIN EN 1992-1-1/NA:2010 specifies

generally: As,hmin = 0.20 ⋅ As,v

The diameter of the horizontal reinforcement must be at least a quarter of the diameter of the
perpendicular members.

Deep beam

According to EN 1992-1-1, clause 5.3.1 (3), a beam is considered to be a deep beam if the
component's span is less than three times the cross-section depth. In this case, the following applies:

Clause 9.7 (1): Deep beams should normally be provided with an orthogonal reinforcement mesh
with a minimum area of As,dbmin near each face. The recommended value is 0.001 ⋅ Ac, but not less
than 150 mm2/m per face and direction.

DIN EN 1992-1-1/NA:2010 specifies

As,dbmin = 0.075 % of Ac ≥ 150 mm2/m

User-defined reinforcement rules across standards

In addition to the normative and therefore unalterable reinforcement specifications, you can specify
your own reinforcement rules. These minimum reinforcements can be specified in the Reinforcement
Ratios tab of window 1.4 Reinforcement.

Figure 2.21 Window 1.4 Reinforcement, Reinforcement Ratios tab
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For example, if a minimum secondary reinforcement of 20 % of the largest provided longitudinal
reinforcement is specified, the [Calculation] first determines the maximum longitudinal reinforcement. In
the result windows, this is shown as the Required Reinforcement.

Figure 2.22 Required longitudinal reinforcement and [Design details] button

You can check the minimum secondary reinforcement by clicking the [Design details] button.

Figure 2.23 Design Details dialog box for checking the minimum reinforcement

In the example above, the Secondary Reinforcement into Direction 2 is 20 % of the reinforcement
provided in reinforcement direction 1 (here main direction): 7.76 cm2/m ⋅ 0.2 = 1.55 cm2/m. Since
this value is greater than the Governing longitudinal reinforcement into direction 2 of 1.35 cm2/m, the
secondary reinforcement is decisive.
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Plates2.4

Design Internal Forces2.4.1

The most important formulas for determining the design axial forces from the principal axial forces are
presented in Equation 2.5 through Equation 2.7 in chapter 2.3 . According to Baumann [1] ,
these formulas can also be used for moments, because they are nothing more than a force couple with
the same absolute value, situated at a certain distance from each other and with a diametrical
direction.

Among other things, plates differ from walls in that the actions result in stresses with different algebraic
signs on two opposing sides of the plate. It would therefore make sense to provide plates with
reinforcement meshes with different directions for both sides of the plates. Since the principal moments
m1 and m2 are determined in the centroidal plane of the surface, they must be distributed to the plate
sides in order to be able to determine the design moments for the reinforcement of the respective plate
side.

We look at a plate element with its loading. The surface's local coordinate system is located in the
centroidal plane of the plate.

Figure 2.24 Plate element with local surface coordinate system in centroidal plane of the plate

Top and bottom side

In RFEM, the surface's bottom side always lies in the direction of the positive local surface axis z, the
top side accordingly in the direction of the negative local z-axis. The surface axes can be switched on
in the Display navigator by selecting Model Surfaces Surface Axis Systems x,y,z or in the
shortcut menu of surfaces (see Figure 3.28 ).

In RFEM, the principal internal forces m1 and m2 are determined for the centroidal plane of the plate.

Figure 2.25 Principal moments m1 and m2 in centroidal plane of the plate

The principal moments are displayed as simple arrows. They are oriented like the reinforcement that
would be required to resist them.
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To obtain design moments for the reinforcement mesh at the bottom surface of the plate from these
principal moments, the principal moments are shifted to the plate's bottom surface without alteration.
For the design, they are described with Roman indexes as mI and mII.

Figure 2.26 Principal moments shifted to the bottom surface of the plate

To obtain the principal moments for determining the design moments for the reinforcement mesh at the
top side of the plate, the principal moments are shifted to the plate's top surface. At the same time, their
direction is rotated by 180°.

Figure 2.27 Principal moments shifted to the top surface of the plate

Since the principal moment is usually referred to as m1, which is larger with respect to the algebraic
sign (see Figure 2.27 ), the designations of the principal moments at the top side of the plate have to
be reversed.

Thus, the principal moments for determining the design moments at both plate sides are represented as
follows:

Figure 2.28 Final principal moments at bottom and top side of the plate

If the principal moments for both plate sides are known, the design moments can be determined. To
that end, the first step is to determine the differential angle of the reinforcement directions to the
direction of the principal moment at each plate side.
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The smallest differential angle specifies the positive (clockwise) direction. All other angles are
determined in this positive direction and then sorted by size. In RF-CONCRETE Surfaces, they are
designated as αm,+z, βm,+z, and γm,+z as shown in the following example. The index +z indicates the
bottom surface.

Figure 2.29 Differential angle according to [1] for bottom surface of plate (here for 3 reinforcement directions)

Then, Equations 2.5 through 2.7 are used according to Baumann [1] in order to determine the
design moments:

m a ml

sin b sin g k cos b cos g
sin b a sin g a

m b ml

sin a sin g k cos a cos g
sin b a sin b g

m g ml

sin a sin b k cos a cos b
sin b g sin g a

Equation 2.18

In RF-CONCRETE Surfaces, the design moments mα,+z, mβ,+z, and mγ,+z for the bottom surface of the
plate are output as follows:

Figure 2.30 Design moments according to [1] for the bottom surface of the plate

In this example, one of the design moments is less than zero. The program now searches for a
reinforcement mesh consisting of two reinforcement layers that is stiffened by a concrete compression
strut.

The first assumed reinforcement mesh consists of the two reinforcement sets in the directions αm and βm.
The direction γ of the stiffening concrete compression strut (the stiffening moment that produces
compression at this side of the plate) is assumed to be exactly between these two reinforcement
directions.

g 1 am

a m b m

2

Equation 2.19
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With the adapted Equations 2.5 through 2.7 , the program once more determines the design
moments in the selected reinforcement directions of the mesh and the moment that stiffens them. In the
example, the result for the plate's bottom side is the following.

Figure 2.31 First assumption for the direction γ of the concrete compression strut

The assumption of the reinforcement mesh results in a viable solution, because the direction of the
compression strut is valid.

The analysis of additional compression strut directions must show whether it is the energetic minimum
with the least required reinforcement. These analyses are carried out analogously.

Once all sensible possibilities for a reinforcement mesh consisting of two reinforcement directions and
a stiffening concrete compression strut are analyzed, the sums of the absolute design moments are
shown. For the example above, the overview looks as follows.

Figure 2.32 Sum of the absolute design moments

The Smallest Energy for all Valid Cases ∑min,+z is given as the minimum absolute sum of the determined
design moments. In the example, the reinforcement mesh from the reinforcement layouts for the
differential angle βm,+z,2a yields the most favorable solution for the bottom side of the plate.
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The design details also show the direction of the governing compression strut. This direction is related
to the definition of the differential angles according to Baumann. Hence, the program also gives the
direction φstrut in relation to the reinforcement direction. In the example, the following compression strut
angle is determined for the plate's bottom side:

Figure 2.33 Governing compression strut

For an optimized direction of the design moment that stiffens the reinforcement mesh (see Figure
3.47 ), the design moments according to Baumann are obtained for the example above. These
design moments are applied to the defined reinforcement directions as shown in the following figure.

Figure 2.34 Final design moments for bottom side of plate
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Design of the Stiffening Moment2.4.2

After determining the design moments, the program analyzes the concrete compression strut. It is
checked whether the moments used to stiffen the reinforcement mesh can be resisted by the plate.

In the design details, this analysis can be found under the Concrete Strut entry:

Figure 2.35 Design of the stiffening moment

For the determined moments, the program performs a normal bending design at the plate's bottom and
top sides. However, the design's aim is not to find a reinforcement: Rather, it is to verify that the
concrete compression zone is able to yield a resulting concrete compressive force that, multiplied by
the lever arm of the internal forces, results in a moment on the side of the resistance that is greater than
the acting moment.

The design is not fulfilled if the moment on the side of the resistance is smaller than the governing
design moment nsstrut even in the case of a maximum allowable bending compressive strain of the
concrete and a maximum allowable retraction of an assumed reinforcement.

The current standards regulate the adherence to the allowable strains via the limit of the ratio between
the neutral axis depth x and effective depth d. For this, the stress-strain diagrams for concrete and
reinforcing steel as well as the limit strains of these standards are used (see the following explanations
for EN 1992-1-1).

Stress-strain diagrams for cross-section design

The parabola-rectangle diagram according to Figure 3.3 of EN 1992-1-1 is used as the calculation
value of the stress-strain curve.

Figure 2.36 Stress-strain diagram for concrete under compression
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The stress-strain diagram of the reinforcing steel is shown in Figure 3.8 of EN 1992-1-1.

Figure 2.37 Stress-strain diagram for reinforcing steel

The allowable limit deformations are shown in Figure 6.1 of EN 1992-1-1:

Figure 2.38 Limits of the strain distribution in the ultimate limit state

The ultimate limit state is determined through the limit strains: Either the concrete or the reinforcing steel
fails, depending on where the limit strain occurs.

Failure of concrete, for example C30/37:

Limit strain for axial compression: εc2 = –2.0 ‰

Ultimate strain at failure: εc2 = –3.5 ‰

Failure of reinforcing steel, for example B 500 S (A):

Steel strain under maximum load: εuk = 25 ‰

Simultaneous failure of concrete and reinforcing steel:

The limit compressive strains of concrete and steel occur simultaneously.
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Determining the Statically Required Reinforcement2.4.3

The stress-strain diagrams for concrete and reinforcing steel described in chapter 2.4.2 together with
the allowable range of strain distributions (limit strains) represent the basis for determining the required
longitudinal reinforcement for the previously determined design moments. This process is also
documented in the design details.

Figure 2.39 Design details: Required longitudinal reinforcement

The first subentries for the required longitudinal reinforcement are the top and bottom side of the plate.
There are main entries for the Bottom surface (+z) and Top surface (-z) that contain further details for
each reinforcement direction.

Figure 2.39 shows that the reinforcement directions 2 and 3 require very little to no reinforcement at
the plate's bottom.

Reinforcement Direction 1 is to be designed for the design bending moment mend,+z,φ1 =
35.89 kNm/m. The strains provide information about the determination of the longitudinal
reinforcement.

The example shown in Figure 2.39 is checked for a dimensionless design procedure by means of a
design table. The following input parameters are given:

Cross-section [cm]: rectangle w/h/d = 100/20/17

Materials: concrete C20/25 B 500 S (A)

Design internal forces: MEds = nsend,+z,φ1 ⋅ z+z,φ1 = 240.005 ⋅ 0.161 = 38.64 kNm/m
NEd = 0.00 kNm/m

f cd

a f ck

g c

0 85 2 0
1 5

1 13kN cm2

m Eds

MEds

b d2 f cd

3864
100 172 1 13

0 1183
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For μEds = 0.1183, the following values can be interpolated from the design tables (e.g. [3]
Annex A4):

w 1 0 1170
0 1285 0 1170 0 1183 0 11

0 12 0 11
0 1265

s sd 45 24
45 40 45 24 0 1183 0 11

0 12 0 11
45 37 kN cm2

With these values, the required longitudinal reinforcement can be determined:

As1

w 1 b d f cd NEd

s sd

0 1265 100 17 1 13 0
45 37

5 36 cm2 m

Shear Design2.4.4

Shear design differs greatly in the individual standards. In the following, it is described for
EN 1992-1-1.

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

VEd VRd

Equation 2.20

where

VEd : design value of acting shear force (principal shear force determined by the program)

VRd : design value of shear force resistance

Depending on the failure mechanism, the design value of the shear force resistance is determined 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; limitation
of the resistance by failure of shear reinforcement (failure of tie)

VRd,max design shear resistance due to the load capacity of the concrete compression strut

If the acting shear force VEd remains below the value of VRd,c, no calculated shear reinforcement is
necessary and the check is verified.

If the acting shear force VEd is higher than the value of VRd,c, a shear reinforcement must be designed.
The shear reinforcement must resist the entire shear force. The load-bearing capacity of the concrete
compression strut must additionally be analyzed.

VEd VRd s

VEd VRd max

Equation 2.21
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Shear force resistance without shear reinforcement2.4.4.1

VRd c CRd c k 100 r 1 f ck

1

3 k 1 s cp bw d 6 2a

Equation 2.22

where

CRd,c = 0.18 / γc recommended value; acc. to DIN EN 1992-1-1/NA:2010:
CRd,c = 0.15 / γc

k 1 200 d 2 0 scaling factor for considering the plate thickness
d : mean effective depth in [mm]

ρ1 = Asl / (bw ⋅ d) ≤ 0.02 longitudinal reinforcement ratio

Asl : area of tensile reinforcement that extends beyond the
considered cross-section at least by d and is anchored there
effectively

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

bw : cross-section width

d : effective depth of bending reinforcement in [mm]

σcp = NEd / Ac < 0.2 ⋅ fcd design value of concrete longitudinal stress in [N/mm2]

NEd : acting axial force in direction of principal shear force

The following minimum value of the shear force resistance VRd,c may be applied:

VRd c n min k 1 s cp bw d 6 2b

Equation 2.23

where

k1 = 0.15 recommended value; acc. to DIN EN
1992-1-1/NA:2010: k1 = 0.12

n min 0 035 k
3

2 f ck

1

2
recommended value (6.3N)
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according to DIN EN 1992-1-1/NA:2010:

n min 0 0525 g c k
3

2 f ck

1

2
for d ≤ 600 mm (6.3aDE)

n min 0 0375 g c k
3

2 f ck

1

2
for d > 800 mm (6.3bDE)

for 600 mm < d ≤ 800 mm interpolation possible

These equations are primarily intended for the one-dimensional design case (beam). In it, there is only
one provided longitudinal reinforcement from which the ratio of the longitudinal reinforcement is
determined. For two-dimensional structural components with up to three reinforcement directions, it is
not easy to estimate the magnitude of the longitudinal reinforcement to be applied.

In the Longitudinal Reinforcement tab of window 1.4 Reinforcement, there are three ways to specify the
provided longitudinal reinforcement for the shear design.

Figure 2.40 Window 1.4 Reinforcement, Longitudinal Reinforcement tab

Apply required longitudinal reinforcement

The program first analyzes which of the reinforcement directions at the two plate sides are subjected to
tension after the design, including a tension force applied as per clause 6.2.3 (7). According to
EN 1992-1-1, the provided longitudinal reinforcement ratio may only be determined from the area of
the provided tensile reinforcement.

In order to transform the reinforcement from the different reinforcement directions with tensile forces in
the direction β of the maximum shear force, the direction of the maximum shear force is determined as
follows.

b arc tan
v y

v x

Equation 2.24
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With this, the program determines the differential angle δφi between the respective reinforcement
direction φi and the direction of the maximum shear force.

d j i b j i

Equation 2.25

With the differential angle δφi, it is possible to determine the component asl,i of a specific tensioned
longitudinal reinforcement as,i.

asl i a s i cos2 d j i

Equation 2.26

In Equation 2.22 , the tensile reinforcement asl to be applied for the determination of VRd,c is the sum
of the components from the individual reinforcement directions to which tension is assigned.

asl as i cos2 d j i

Equation 2.27

Apply the greater value resulting from either the required or
provided longitudinal reinforcement

The second option shown in Figure 2.40 determines the applied tension reinforcement asl as
described above. The program first checks if a tension force is assigned to the required longitudinal
reinforcement. The provided longitudinal reinforcement asl is then determined according to Equation
2.26 and Equation 2.27 .

The design shear resistance VRd,c is subsequently determined without shear reinforcement. It might turn
out that the shear design is possible without shear reinforcement. If the shear force resistance VRd,ct is
negative or insufficient, it is analyzed whether the statically required longitudinal reinforcement as,dim or
the user-defined basic reinforcement as,def is the greater reinforcement as,max for a reinforcement
direction.

With this larger reinforcement as,max, the provided longitudinal reinforcement asl is once more
determined according to Equation 2.26 and Equation 2.27 . Then the shear force resistance VRd,c
is in turn determined without shear reinforcement.

If it is apparent that the shear resistance VRd,c without shear reinforcement with the respective larger
one among statically required and user-defined longitudinal reinforcement is sufficient, the shear design
is fulfilled. If, despite this longitudinal reinforcement, the cross-section still cannot be designed because
it is fully cracked, a corresponding message appears.

If a shear reinforcement cannot be avoided in spite of the respective greater reinforcement (statically
required or user-defined longitudinal reinforcement) being applied, the shear resistance VRd,c is once
more determined with the statically required longitudinal reinforcement. It would make little sense to
apply the user-defined longitudinal reinforcement and thus output it later than required, if in doing so a
shear reinforcement cannot be avoided anyway.

The shear force design comprises the check of the shear resistance VRd,max of the concrete compression
strut and shear force resistance VRd,s of the shear reinforcement, as well as the determination of the
required shear reinforcement.
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Automatically increase required longitudinal reinforcement to
avoid shear reinforcement

In the third option shown in Figure 2.40 , Equation 2.22 is solved for the longitudinal
reinforcement ratio ρl for VRd,c. VRd,c is applied with the acting shear force VEd.

r I

VEd g c

d bw 0 15 k h 1

0 12 g c s cd

0 15 k h 1

3

100 f ck

Equation 2.28

Thus, if the longitudinal reinforcement ratio is high enough, a shear reinforcement can be dispensed
with.

Again, RF-CONCRETE Surfaces first checks the design shear resistance VRd,c with the statically required
longitudinal reinforcement. If this first design shear resistance is insufficient, the longitudinal
reinforcement asl in the direction of the principal shear force is increased. However, the longitudinal
reinforcement asl cannot be increased indefinitely.

The following flowchart shows when shear reinforcement can be avoided and when shear
reinforcement must be used with the statically required longitudinal reinforcement from the design.

Figure 2.41 Flowchart for increasing the longitudinal reinforcement to avoid shear reinforcement

The two paths on the left (VRd,c ≥ VEd, VRd,c < 0) show the successful prevention of shear reinforcement
as well as the possibility that even if the longitudinal reinforcement is increased, the shear force
resistance VRd,c remains negative and therefore no shear design is possible for the fully cracked
cross-section.

The other four paths (VRd,c < VEd, ρ > ρmax, no tensile reinforcement, tensile reinforcement 90°) show
the reasons why it is not possible to increase the longitudinal reinforcement. For example, despite the
maximum longitudinal reinforcement ratio, shear reinforcement is unavoidable or the allowed
longitudinal reinforcement ratio in the individual directions of reinforcement is exceeded. When the
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longitudinal reinforcement asl that is increased in the direction of the principal shear force is distributed
to the individual reinforcement directions, the program checks for each of these reinforcement
directions if the user-defined longitudinal reinforcement ratio is adhered to. If this is not the case, the
longitudinal reinforcement ratio ρl is determined by using the Apply required longitudinal reinforcement
option.

To better understand the two right paths, we must look at how the longitudinal reinforcement that is
increased in the direction of the principal shear force is distributed to the individual reinforcement
directions. If the determined longitudinal reinforcement ratio ρl is smaller than 0.02, the required
longitudinal reinforcement asl per meter is determined as follows.

asl r 1 d

Equation 2.29

This required longitudinal reinforcement is now applied to the reinforcement directions to which tension
is applied. To this end, the program once more determines the angle deviation δφi between the
direction of the maximum shear force and the reinforcement direction with tension.

d j i b j i

Equation 2.30

The angle deviations δφi are raised to the third power of the cosine and summed up as ∑(cos3).

The portion asl,i of the required longitudinal reinforcement asl is therefore obtained as per Equation
2.31 .

asl i a sl

cos d j i

cos3 d j i

Equation 2.31

This proportionate required reinforcement asl,i is compared with the longitudinal reinforcement
determined in the design. The greater reinforcement is governing.

In Equation 2.31 , we can see that the denominator can become problematic. This is the case if there
are no reinforcement directions with tension (the sum of the third power of the angle deviations is only
calculated with the tensioned directions) or because even though there are reinforcement directions
with tension, they run below 90° to the principal shear force direction and thus their cosine also yields
the value zero. These possibilities are represented in the two right paths of the flowchart.

In all cases where no solution is possible, the longitudinal reinforcement is not increased and the Apply
required longitudinal reinforcement option is used. This includes determining the design shear
resistance VRd,s with shear reinforcement.
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Shear force resistance with shear reinforcement2.4.4.2

The following applies for structural components with shear reinforcement perpendicular to the
component's axis (α = 90 °):

VRd s

ASW

s
z f ywd cot q 6 8

Equation 2.32

where

Asw cross-sectional area of shear reinforcement

s spacing of links

z lever arm of internal forces

fywd design yield strength of shear reinforcement

θ inclination of concrete compression strut

The inclination of the concrete compression strut θ may be selected within certain limits depending on
the loading. This takes into account the fact that a part of the shear force is resisted by the crack friction
and thus does not stress the virtual truss. These limits are specified in EN 1992-1-1, Equation (6.7N).

1 00 cot q 2 5 6 7N

Equation 2.33

Thus, the compression strut inclination θ can be between the following values:

Minimum
inclination

Maximum
inclination

θ 21.8° 45.0°

cot θ 2.5 1.0

Table 2.1 Limits of the compression strut inclination according to EN 1992-1-1

DIN EN 1992-1-1/NA:2010 specifies the following:

1 00 cot q 1 2 1 4
s cd

f cd

1
VRd cc

VEd

3 0 6 7aDE

Equation 2.34

where

VRd cc c 0 48 f ck

1

3 1 1 2
s cd

f cd

bw z 6 7bDE
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c = 0.5

s cd

NEd

Ac

NEd : design value of the longitudinal force in the cross-section due to
external actions (NEd > 0 as longitudinal compressive force)

Thus, the compression strut inclination θ can be between the following values:

Minimum
inclination

Maximum
inclination

θ 18.4° 45.0°

cot θ 3.0 1.0

Table 2.2 Limits of the compression strut inclination according to DIN EN 1992-1-1/NA:2010

A flatter concrete compression strut means smaller tension forces within the shear reinforcement and
thus a smaller required reinforcement area. In RF-CONCRETE Surfaces, the inclination of the
compression strut is controlled in the EN 1992-1-1 tab of window 1.4 Reinforcement.

Figure 2.42 Window 1.4 Reinforcement, EN 1992-1-1 tab with limits of the variable compression strut inclination

The size of the minimum compression strut inclination angle θ also depends on the applied internal
forces VEd that can only be taken into account during the calculation. If the minimum compression strut
angle is too small, a corresponding message is displayed.

In the calculation, the specified minimum value of the concrete compression strut inclination is first used
to determine the shear resistance VRd,max of the concrete compression strut (see Equation 2.37 ). If it
is smaller than the acting shear force VEd, a steeper strut inclination must be chosen. Then, the strut
inclination θ is increased until the following applies:

VEd VRd max

Equation 2.35

This compression strut inclination angle leads to the smallest shear reinforcement.

2 Theoretical Background

42



RF-CONCRETE Surfaces - Manual

www.dlubal.com

Shear force resistance of the concrete compression
strut

2.4.4.3

For structural components with shear reinforcement perpendicular to the component's axis
(α = 90°), the shear resistance VRd is the smaller value from:

VRd s

ASW

s
z f ywd cot q 6 8

Equation 2.36

VRd max a cw bw z n 1

f cd

cot q tan q
6 9

Equation 2.37

where

Asw cross-sectional area of the shear reinforcement

s spacing of links

fywd design yield strength of the shear reinforcement

ν1 reduction factor for the concrete strength in case of shear cracks

αcw coefficient for considering the stress state in the compression chord

For structural components with inclined shear reinforcement, the shear force resistance is the
smaller value from:

VRd s

ASW

s
z f ywd cot q cot a sin a 6 13

Equation 2.38

VRd max a cw bw z n 1 f cd

cot q cot a
1 cot 2 q

6 14

Equation 2.39
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Example of shear design2.4.4.4

The shear design of a plate according to EN 1992-1-1 is presented by means of the design details
(see example for statically required reinforcement, Figure 2.39 ).

In the detailed results, the shear forces determined in RFEM are shown first.

Figure 2.43 Internal forces of linear statics - shear forces

The required longitudinal reinforcement is determined from these internal forces.

Figure 2.44 Required longitudinal reinforcement

The analysis of the shear resistance is shown further below in the details. It starts with determining the
allowed tensile reinforcement in the direction of the principal shear force.

Figure 2.45 Shear Design - Applied tensile reinforcement
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The second reinforcement direction at the bottom surface of the plate and the first reinforcement
direction at the top surface of the plate are the only reinforcement directions to which tension is applied
and which run approximately parallel to the direction of the principal shear force.

These yield the Applied Longitudinal Reinforcement asl of 0.61 cm2/m.

The shear resistance VRd,c of the plate without shear reinforcement is determined with the following
parameters:

CRd c

0 18
g c

0 18
0 15

0 12

k 1
200
d

1
200
160

2 11 2 00 k 2 00 d in [mm]

d = 0.160 m

r I

a sl

bw d
0 613

100 16
0 000383 0 02

bw = 1.00 m

fck = 20.0 N/mm2 for concrete C20/25

k1 = 0.15

σcp = 0.00 N/mm2 for concrete C20/25

VRd c 0 12 2 00 100 0 000383 20
1

3 0 15 0 00 1000 160 35 135 kN m

The same result can be found in the design details:

Figure 2.46 Shear design - Shear resistance without shear reinforcement

The shear resistance VRd,c of the plate without shear reinforcement is compared to the acting shear
force VEd.

VRd,c = 35.142 kN/m ≥ VEd = 29.56 kN/m

It has therefore been determined that the shear resistance of the plate without shear reinforcement is
sufficient and no further checks are necessary.
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Reinforcement Rules2.4.5

For plates, the reinforcement rules presented in chapter 2.3.7 apply.

In RF-CONCRETE Surfaces, user-defined specifications can be set in window 1.4 Reinforcement. The
following tabs are relevant:

Reinforcement Layout tab (see Figure 3.26 )

EN 1992-1-1 tab (see Figure 3.44 )

If there are different specifications for the minimum shear reinforcement in the two tabs, the more
unfavorable specification applies.

The user-defined reinforcement specifications can be found in the design details.

Figure 2.47 Minimum reinforcement and maximum reinforcement ratio

Figure 2.48 Reinforcement to be used

The reinforcement to be used is shown for the Bottom surface (+z) and the Top surface (-z) in separate
entries. The individual reinforcements in each direction indicate whether the reinforcement to be used is
the statically required reinforcement or the minimum longitudinal reinforcement.
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Shells2.5

Design Concept2.5.1

In terms of their internal forces, shells are a combination of walls (chapter 2.3 ) and plates (chapter
2.4 ) because they contain both axial forces and moments.

All 3D model types (see Figure 2.1 ) are designed as shells. RF-CONCRETE Surfaces proceeds as
follows: First, as shown in chapter 2.3 and chapter 2.4 , the design axial forces and design
bending moments are determined separately. They are once again based on the principal axial forces
and principal bending moments of the linear RFEM plate analysis.

That way, a design axial force and design moment are determined for each reinforcement direction on
each side of the surface. One or both of the internal forces can become zero – if searching for the
optimal direction of the concrete compression strut when determining the design internal forces results
in the reinforcement not being activated in this direction.

When the design internal forces for the respective reinforcement direction are determined, the focus is
on the direction of reinforcement for which design moments are available. For it, the program now
carries out a common one-dimensional design of a beam with a width of one meter. The goal of this
design, however, is not to find a required reinforcement but to determine the lever arm of the internal
forces.

As soon as all lever arms of the design directions where a design moment occurs have been
determined in this preliminary design, the program determines the smallest lever arm for each plate
side. With this eccentricity, the moments of the linear plate analysis can now be transformed into
membrane forces. To this end, the moments of the linear plate analysis are simply divided by the
smallest lever arm zmin.

If you now add half of the axial force from the linear plate analysis that is perpendicular to the moment
vector of the moment that is divided by the lever arm of the internal forces, you get the final membrane
force. This process can be expressed as follows:

nxs

mx

z min

nx

2

nys

my

z min

ny

2

nxys

mxy

z min

nxy

2

Equation 2.40

The moments at the top and bottom surface of the plate are considered with different algebraic signs.

When the moments mx, my, and mxy, as well as the axial forces nx, ny, and nxy of the linear plate
analysis have been substituted by the membrane forces nxs, nys, and nxys by means of the lever arm
zmin from the preliminary design, the principal membrane forces nIs and nIIs can be determined from
these membrane forces for the bottom and top surface of the plate.

As described in chapter 2.3 , the design membrane forces nα, nβ, and nγ are determined from the
principal membrane forces nIs and nIIs according to Equation 2.5 to Equation 2.7 . These design
membrane forces nα, nβ, and nγ are then assigned to the reinforcement directions φ1, φ2, and φ3. This
way, the design membrane forces n1, n2, and n3 are obtained in the reinforcement directions.
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The required amount of steel can be determined from the design membrane forces by dividing them by
the steel stresses σs that have resulted during the determination of the minimum lever arm zmin in the
respective reinforcement direction.

as1

n1

s s

as2

n2

s s

as3

n3

s s

Equation 2.41

If the design membrane force is a compression force, the concrete's resisting axial force nc is first
determined with the concrete neutral axis depth x, which has resulted from determining the lever arm.

nc f cd b x

Equation 2.42

If the resisting axial force nc of the concrete is not sufficient, a compression reinforcement is determined
for the differential force between the acting axial force and the resisting axial force. The design stress
for this compression reinforcement results from the deformation of the compression reinforcement
during the determination of the lever arm z.

If the lever arm was determined under the assumption of the strain range III, no compression
reinforcement will be determined because it was not assumed. The strain ranges I through V are
described in the following chapter, in the part regarding the determination of the lever arm.

Lever Arm of Internal Forces2.5.2

A rectangular cross-section with a width of one meter is always designed. The design is carried out
directly with the rectangular stress distribution (see EN 1992-1-1, Figure 3.5). An iterative procedure
would take too much time because of the high number of necessary designs.

Figure 2.49 Calculation parameters of the design

The desired lever arm z is determined for the figure above as follows.

z d
k x

2

Equation 2.43

Figure 2.49 shows a state of strain that may arise when the moment and axial force act
simultaneously. Five states of strain are possible (see Figure 2.50 ).
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Figure 2.50 Ranges of strain distribution

Range I

This range shows a cross-section strongly subjected to bending. The depth of the neutral axis has
reached its maximum value (x = ξ lim ⋅ d). Another increase of the section modulus is only possible by
using a compression reinforcement.

Range II

In this range, compression predominantly occurs. The depth of the neutral axis ranges between the
limits ξ lim ⋅ d and h/k.

Range III

The applied moment is so small that the concrete compression zone (neutral axis) without compression
reinforcement is able to provide a sufficient section modulus. The limits for the neutral axis depth are
between 0 and ξ lim ⋅ d, depending on the applied moment.

Range IV

This range shows a fully compressed cross-section. The depth of the neutral axis is greater than h/k.
This range also includes cross-sections that are only subjected to compression forces.
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Range V

This state of strain is present if the tension force cracks a cross-section completely. This range also
includes cross-sections that are only subjected to tension forces.

The lever arm is determined for each strain range. This makes it possible to divide the moments of the
linear plate analysis into membrane forces.

Lever arm for range I

For this range, the depth of the neutral axis is known: The concrete is fully utilized before a
compression reinforcement is applied.

Figure 2.51 Lever arm z for maximum depth of neutral axis of concrete

For the maximum depth of the neutral axis of concrete x, the resisting concrete compressive force Fcd is
obtained according to the following equation:

Fcd k f cd k x lim b

Equation 2.44

The limit section modulus msd,lim, which can be resisted by the cross-section without compression
reinforcement, is determined as follows:

msd lim Fcd d
k x lim

2

Equation 2.45

With the limit section modulus msd,lim, it is possible to determine the differential moment ∆msd that has
to come from the compression reinforcement in order to reach an equilibrium with the applied moment
msd(1).

msd msd 1 msd lim

Equation 2.46

The applied moment msd(1) relates to the centroid of the tension reinforcement. It results from the
applied moment msd, the acting axial force nsd, and the distance zs(1) between the centroidal axis of
the cross-section and the centroidal axis of the tension reinforcement.

msd 1 msd nsd z s 1

Equation 2.47
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With the differential moment Δmsd, you can now determine the required compression force Fsd(2) in a
compression reinforcement.

Fsd 2

msd

d d2

Equation 2.48

Here, d is the effective depth of the tension reinforcement and d2 is the centroidal distance of the
compression reinforcement from the edge of the concrete compression zone.

If you divide the applied moment msd(1), which is related to the centroid of the tension reinforcement,
by the concrete compression force Fcd and the force in the compression reinforcement Fsd(2), the
desired lever arm z is obtained.

z
msd

Fcd Fsd 2

Equation 2.49

Lever arm for range II

Figure 2.52 Determining the lever arm for range II

In order to be able to determine the concrete's neutral axis depth x, we first determine the design
moment msd(2) about the centroid of the compression reinforcement.

msd 2 msd nsd z s 2

Equation 2.50

The sum of the moments about the centroid of the compression reinforcement is now calculated. These
moments must amount to zero. On the side of the resistance, the moment is created only from the
resulting force Fcd of the concrete compression zones multiplied by its distance. In range II, there is no
reinforcement in tension.

m Fcd

k x
2

d2 msd 2 0

Equation 2.51

The depth x of the concrete neutral axis is also contained in the resulting concrete compression force
Fcd.

Fcd k f cd k x b

Equation 2.52
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Thus, the equation for the determination of x is obtained as:

k f cd k x b
k x

2
d2 msd 2

k f cd k 2 x 2

2
k f cd k x b d2 msd 2 0

x 2
2 d2 x

k

2 msd 2

k f cd b k 2
0 x

d2

k

d2

k

2 2 msd 2

k f cd b k 2

Equation 2.53

With the depth x of the concrete's neutral axis, the lever arm z can be determined by subtracting half
of the neutral axis depth x, which is reduced by the factor k, from the effective height d:

z d
k x

2

Equation 2.54

Lever arm for range III

Figure 2.53 Determining the lever arm for range III

To determine the depth x of the neutral axis, we first determine the design moment msd(1) about the
centroid of the tension reinforcement.

msd 1 msd nsd z s 1

Equation 2.55

The sum of the moments about the tension reinforcement's centroid is now calculated. These moments
must amount to zero. On the side of the resistance, the moment is calculated only from the resulting
force Fcd of the concrete compression zone times its distance. Then the equilibrium of the moments
about the position of the tension reinforcement is calculated.

m Fcd d
k x

2
msd 1 0

Equation 2.56

The depth x of the concrete's neutral axis is also contained in the resulting concrete compression force
Fcd (see Equation 2.52 ).

k f cd k b d x
k f cd k 2 b

2
msd 1 x 2 2d

k
x

2msd 1

k f cd k 2 b
0

Equation 2.57
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This quadratic equation can be solved as follows.

x
d
k

d2

k 2

2 msd 1

k f cd k 2 b
0

Equation 2.58

With the depth x of the concrete's neutral axis, the lever arm z can be determined by subtracting half
of the neutral axis depth x, which is reduced by the factor k, from the effective height d:

z d
k x

2

Equation 2.59

If the steel strain εs is greater than the maximum allowable steel strain εud, x is calculated iteratively
from the equilibrium conditions. The conversion factors κ and k for the concrete neutral axis are directly
derived from the concrete's parabola-rectangle diagram.

Lever arm for range IV

In a fully compressed cross-section, the lever arm is assumed as the distance between both
reinforcements.

z d d2

Equation 2.60

For this range, a maximum utilization of the reinforcement is specified, meaning that εs = εcu.

When the compression is approximately concentric (ed / h ≤ 0.1), the mean compressive strain should
be limited to εc2 according to EN 1992-1-1, clause 6.1 (5).

Lever arm for range V

In a fully cracked cross-section, the lever arm is also assumed as the distance between the two
reinforcements (see Equation 2.60 ).
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Determining the Design Membrane Forces2.5.3

The design membrane forces for the abutment of a bridge are determined. For a closer analysis, the
grid point No. 1 in surface No. 37 is selected.

Figure 2.54 Bridge abutment - internal forces in grid point G1

The analyzed surface No. 37 has a thickness of 129 cm.

For the design according to EN 1992-1-1, concrete C30/37 and reinforcing steel BSt 500 S (B) are
selected in RF-CONCRETE Surfaces.

Further specifications in window 1.4 Reinforcement are:

Figure 2.55 Window 1.4 Reinforcement, Reinforcement Ratios tab
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Figure 2.56 Window 1.4 Reinforcement, Reinforcement Layout tab

Figure 2.57 Window 1.4 Reinforcement, Longitudinal Reinforcement tab

2 Theoretical Background

55



RF-CONCRETE Surfaces - Manual

www.dlubal.com

Figure 2.58 Window 1.4 Reinforcement, EN 1992-1-1 tab

Figure 2.59 Window 1.4 Reinforcement, Design Method tab
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Design moments2.5.3.1

The internal forces interpolated from the FE nodes can be found in the design details of the grid point.
As the model type 3D was specified in the general data (see Figure 2.1 ), the moments mx, my, and
mxy, as well as the axial forces nx, ny, and nxy exist in the surface.

Figure 2.60 Internal forces of linear statics

The principal internal forces are determined from the RFEM internal forces of the linear analysis. They
are determined according to the equations described in chapter 2.3 and chapter 2.4 .

Figure 2.61 Principal internal forces

For shells, the principal axial forces are shown for both plate sides because they are required for the
design as a shell. Unlike the moments, the principal axial forces at the bottom and top surface of the
plate are the same.
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The design moments are now determined from the principal moments mI,+z and mII,+z at the bottom side
of the surface. For this purpose, the program first determines the differential angles αm,+z and βm,+z
between the direction γm,+z of the first principal axial force mI,+z at the surface's bottom side and the
two reinforcement directions φ1 = 0° and φ2 = 90°.

Figure 2.62 Differential angles

Now we search for the direction of a moment that stiffens the two-directional reinforcement mesh. As
previously shown for walls and plates, only the two angles between the directions of the reinforcement
sets qualify as moment directions. The analysis for the surface's bottom side yields these directions for
the assumed concrete compression struts:

Figure 2.63 Directions γ of the concrete compression strut

Only the assumption of the direction γm,+z,1 of 85.490° proves to be valid. Since no optimization of
this angle is carried out anymore, the final design moments mend,+z,φ1 and mend,+z,φ2 are obtained in
the direction of both reinforcement sets:

Figure 2.64 Final design moments

2 Theoretical Background

58



RF-CONCRETE Surfaces - Manual

www.dlubal.com

Design axial forces2.5.3.2

The design axial forces nend,+z,φ1 and nend,+z,φ2 are determined according to the same principle.

Figure 2.65 Design axial forces

Lever arm of the internal forces2.5.3.3

With the design internal forces for the reinforcement directions φ1 = 0° and φ2 = 90°, you can
determine the lever arm of the internal forces.

Figure 2.66 Design internal forces

As described in chapter 2.5.2 , a preliminary design is carried out with the determined internal forces
for both reinforcement directions. It serves to determine the lever arm of the internal forces. The lever
arm is determined from the state of strain due to the design internal forces.
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Figure 2.67 Lever arm of the internal forces

The value 1.239 m is obtained for the smaller and therefore governing lever arm zmin,+z.

Membrane forces2.5.3.4

With the governing lever arm from the preliminary design, it is now possible to transform the internal
forces of the linear plate analysis into membrane forces. For this, the equations presented in the design
concept (Eq. 2.40 ) are used.

nsx z

mx

Zmin z

nx

2
123 35
1 239

103 911
2

48 408 kN m

nsy z

my

Zmin z

ny

2
54 36
1 239

285 386
2

98 819 kN m

nxy z

mxy

Zmin z

nxy

2
135 39
1 239

135 935
2

109 910 kN m

These membrane forces can also be found in the design details.

Figure 2.68 Membrane forces
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Design membrane forces2.5.3.5

The principal membrane forces nsI,+z and nsII,+z are now determined from the membrane forces nsx,+z,
nsy,+z, and nxy,+z that replace the moments mx, my, mxy and the axial forces nx, ny, nxy of the linear
plate analysis.

Figure 2.69 Design membrane forces

The design membrane forces can be determined from the principal membrane forces according to
Equations 2.5 to 2.7 . They can be found in the design details.

Figure 2.70 Final design membrane forces

With the final design membrane forces nsend,+z,φ1 and nsend,+z,φ2, the program determines the required
reinforcement areas of a two-directional reinforcement mesh for the surface side.

The reinforcement mesh is stiffened by a concrete compression strut. The magnitude of the stiffening
strut force nsend,+z,strut is specified under the final design membrane forces. It amounts to
−219.846 kN/m.

Analogously, the design membrane forces and stiffening force of the concrete compression strut are
determined for the top surface of the plate.
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Analysis of the Concrete Compression Struts2.5.4

To design the concrete compression strut of a shell, it is divided into three surface layers that are
subjected to the design membrane forces.

Figure 2.71 Surface layer thicknesses for shells mainly subjected to moment (left) or compression force (right)

For shells where the applied moment is relatively large in relation to the acting axial force (ed/h > 0.2),
the thickness hE of the two outer layers is reduced to 0.35 ⋅ d. For shells subjected to approximately
concentric compression, the surface layer thickness hE is increased to half of the plate thickness h. If the
related eccentricity of the axial force ed/h is between 0 and 0.2, the surface layer thickness is
interpolated.

For ed, the larger value among the quotients of mx/nx and my/ny is applied.

For the analysis of the concrete compression strut, the concrete strut's compression force to be resisted
nstrut,+z is compared with the resistant axial force of the surface layer nstrut,d.

Figure 2.72 Concrete strut and thickness of surface layer

The resistant axial force nstrut,d depends on the thickness hE of the surface layer and the applied
concrete strength fcd,08.

The first step to determine the thickness of the surface layer is to determine the provided load
eccentricities in x- and y-direction from the internal forces of the linear plate analysis:

edx

mx

nx

124 35
103 911

1 197 m

edy

my

ny

54 36
285 386

0 190 m
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The greater load eccentricity in x-direction is computed as governing. It can be used to determine the
relative load eccentricity ed/h.

ed

h
1 197
1 29

0 928 0 2

Since the relative load eccentricity is greater than 0.2, it is a shell that is predominantly subjected to
bending. The factor fhE for determining the surface layer thickness is 0.35.

Thus, the thickness hE of the surface layer is determined as follows:

hE f hE h 0 35 129 45 15 cm

The design value of the concrete compressive strength is reduced to 80 % according to the
recommendations of Schlaich/Schäfer (in [2] , page 378). This recommendation can also be found
in EN 1992-1-1, clause 6.5.2, which regulates the design of compression struts in framework models.

f cd

f ck

g c

30
1 5

20 N mm2

f cd 08 0 8 20 16 N mm2

This value can also be found in the design details (see Figure 2.72 ).

With it, you can determine the resisting force of the concrete compression strut nstrut,d.

nstrut,d = b ∙ hE ∙ fcd,08 = 100 ∙ 45.15 ∙ 16 = 7 224.00 kN/m

The analysis of the concrete compression strut for the top side of the surface is done analogously.

Required Longitudinal Reinforcement2.5.5

The longitudinal reinforcement to be used at the bottom side of the surface is determined from the
design membrane forces. In the design details, the output occurs separately for the two reinforcement
directions.

Figure 2.73 Required longitudinal reinforcement

as dim z 1

ns end z f
1

s s z 1

158 344
465 93

3 4 cm2 m

as dim z 2

ns end z f
2

s s z 2

11 116
465 93

0 24 cm2 m

The reinforcement for the surface's top side is determined in the same manner.
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Shear Design2.5.6

In the shear design, the applied tensile reinforcement is determined first.

Figure 2.74 Applied tensile reinforcement

From all reinforcement layers and directions, a total of 1.54 cm2/m of tension reinforcement can be
applied. With it, the shear force VRd,c that can be resisted without shear reinforcement is determined.

Figure 2.75 Design shear resistance without shear reinforcement
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With the applied tensile reinforcement, the longitudinal reinforcement ratio ρl is determined:

r l

Asl

bw d
1 54

100 125 5
0 00012 0 02

In a 3D model type (in contrast to a plate), an additional axial force can occur. It must be considered
via the corresponding concrete longitudinal stress.

s cp

n b

bw h
425 783

100 129
0 33 N m2

The factor k for considering the plate thickness is calculated as follows:

k 1
200
d

1
200

1255
1 399 2 0 d in mm

The following factors are also included in the design:

Factor of concrete longitudinal stress k1 = 0.15

Concrete compressive strength
for C30/37

fck = 30.0 N/mm2

Safety factor
Crd c

0 18
g c

0 18
1 5

0 12

Thus, the design shear resistance VRd,c without shear reinforcement can be determined according to
Equation (6.2a):

VRd c Crd c k 100 r l f ck

1

3 k 1 s cp bw d

0 12 1 399 100 0 00012 30 0
1

3 0 15 0 33 1000 1255 212 00 kN m

According to Equation (6.2b), the minimum value of the design shear resistance VRd,c without shear
reinforcement is determined from the minimum reinforcement ratio νmin:

n min 0 035 k
3

2 f ck

1

2 0 035 1 399
3

2 30 0
1

2 0 317

VRd c 0 317 0 15 0 33 1000 1255 459 96 kN m

Because the plate's design shear resistance VRd,c = 459.96 kN/m is greater than the applied shear
force VEd = 259.726 kN/m, no shear reinforcement is required in the example.

Should the plate's shear resistance be insufficient, the program first checks if the maximum shear
resistance of the concrete compression strut VRd,max is sufficient. VRd,max is determined with the minimum
inclination of the compression strut θ. When the design shear resistance of the concrete compression
strut is greater than the applied shear force VEd, the statically required shear reinforcement req asw can
be determined. Then the design for the shear reinforcement VRd,sy is carried out.
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Statically Required Longitudinal Reinforcement2.5.7

The table of the design details summarizes the statically required longitudinal reinforcement.

Figure 2.76 Statically required longitudinal reinforcement

For each reinforcement direction, the table shows which design is governing for the statically required
reinforcement.

In the example, all longitudinal reinforcements result from the bending design as a shell. In other cases,
a required longitudinal reinforcement to avoid shear reinforcement would also be conceivable.

Minimum Longitudinal Reinforcement2.5.8

The statically required longitudinal reinforcement is now compared to the minimum reinforcement.
Unfortunately, none of the standards available in RF-CONCRETE Surfaces provides any regulations on
the minimum reinforcement for shells. As a criterium, it is therefore analyzed for which constellation of
the moment and axial force the element is more likely to be a wall (mainly subjected to compression)
or a plate (mainly subjected to bending). The distinguishing criterion is the related load eccentricity
ed/h in the ultimate limit state (ULS):

ed

h
m n

h

Equation 2.61

where

m moment of linear plate analysis (ULS)

n axial force of linear plate analysis (ULS)

h plate thickness

Since there are moments and axial forces both in x- and y-direction in a design point, the related load
eccentricity per design point is the largest quotient from moment over axial force of both directions.
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In RF-CONCRETE Surfaces, the following is uniformly specified for all standards:

ed

h
3 5

mainly subjected to bending reinforcement rules for plates

ed

h
3 5

mainly subjected to compression reinforcement rules for walls

This regulation can be found in EN 1992-1-1, clause 9.3: Solid slabs and clause 9.6: Walls.

The minimum reinforcements are described in chapter 2.3.7 and chapter 2.4.5 in the
reinforcement rules for walls and plates.

In our example, where the system is mainly subjected to bending, the following minimum reinforcement
is shown in the design details.

Figure 2.77 Minimum longitudinal reinforcement
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Reinforcement to Be Used2.5.9

The reinforcement to be used is determined from the statically required reinforcement and the minimum
reinforcement.

Figure 2.78 Reinforcement to be used

It is also possible to display the reinforcement areas for grid point No. 1 graphically.

Figure 2.79 Graphic of the reinforcement for surface No. 37
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Serviceability2.6

The serviceability limit state designs consist of various individual designs. The following listing contains
the relevant clauses for EN 1992-1-1:

Stress limitation: clause 7.2

Crack control: clause 7.3

Deflection control: clause 7.4

In the reinforced concrete standards, the designs listed above are always described for linear,
member-shaped structural elements. As mentioned in the previous part of this manual, the design
situation of a surface element is transformed into the design of several linear elements in the direction
of the individual reinforcement layers in the ultimate limit state. Such a transformation procedure is used
in the serviceability limit state as well.

Design Internal Forces2.6.1

Unlike the transformation procedure for the ultimate limit state, it is not possible to carry out a purely
geometrical division of the principal internal forces into internal forces in the individual reinforcement
directions. Such a division assumes a strain ratio of 1.0 for the actually provided reinforcement. For
both reinforcement directions to have the same strain, however, corresponding reinforcement areas
would have to be respectively provided in these reinforcement directions for different design forces. In
the serviceability limit state, though, the design internal forces are sought for a provided reinforcement.

In the serviceability limit state, no required reinforcement is determined; instead, the provided
reinforcement is used to determine the actually provided strain ratio. In all cases where the applied
reinforcement deviates from the required reinforcement, the actually provided strain ratio of the
reinforcements does not equal the value 1.0.

The assumption of an identical strain ratio is therefore invalid. A different strain ratio that confirms the
resulting design internal forces must be found. In solving this problem, the geometric relation between
the strain ratio and the direction of the concrete compression strut plays an important role.

Baumann [1] writes the following on this point: If you neglect the compression strain of the concrete
because it is usually small compared to the strain of the reinforcement, the following is obtained as the
compatibility condition from Figure 38:

e y

e x

sin2 b g
sin2 g a

Equation 2.62

The following Figure 2.80 shows the mentioned Figure 38 with the compatibility condition of the
strains for a two-directional reinforcement mesh.
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Figure 2.80 Compatibility of the strains

In Equation 2.62 , εy and εx are the strains of two reinforcement directions. The angles α and β

represent the intermediate angles between the principal force direction and the direction of the
respective reinforcement set. The smaller intermediate angle is named α. The angle γ refers to the
differential angle between the direction of the concrete compression strut and the direction of the first
principal internal force.

The angles α and β cannot be changed due to the selection of the reinforcement direction. In contrast
to this, the angle γ changes if a different direction of the concrete compression strut is necessary to
stiffen the reinforcement mesh due to the varyingly stiff reinforcement directions.

The design internal forces in the individual reinforcement directions depend on the selected direction of
the concrete compression strut. With these design internal forces, the stresses in the reinforcements of
the individual directions can be determined. Based on these stresses, the various standards provide
formulas with which you can determine the mean strains of the reinforcement relative to the concrete. In
EN-1992-1-1, this is done as per Equation (7.9):

e sm e cm

s s k t

f ct eff

r p eff

1 a e r p eff

Es

0 6
s s

Es

Equation 2.63

Only then can you determine the quotient from the differences in the strains between concrete and
reinforcing steel of the second and first reinforcement direction.

Q e

e sm e cm f
2

e sm e cm f
1

Equation 2.64

Equation 2.62 also gives a quotient of the strains, derived from the geometric principles.

Q e geo

e f
2

e f
1

sin2 b g
sin2 g a

Equation 2.65

For both quotients, the strain of the second reinforcement direction is in the numerator. This is based on
the assumption that the first reinforcement direction forms the smaller differential angle with the first
principal internal force. If the second reinforcement direction formed the smaller differential angle with
the first principal internal force, the strains of the first reinforcement direction would be in the numerator.
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Both quotients depend on the selected direction of the concrete compression strut. The program now
tries to select the direction of the concrete compression strut in such a way that both quotients become
identical.

Q e Q e geo

Equation 2.66

If the geometric strain ratio Qε,geo does not yet correspond to the actual strain ratio after one
calculation run, the program specifies a new compression strut direction and determines the resulting
geometric strain ratio. This process is repeated iteratively until a convergence is reached.

Determining the design internal forces by selecting the suitable compression strut direction is the most
demanding part of the serviceability limit state design. If the selected provided reinforcement
approximately corresponds to the statically required reinforcement for the analyzed service load
magnitudes, the design internal forces only marginally differ from the internal forces that would result
from an assumed strain ratio of 1.0. Therefore, RF-CONCRETE Surfaces additionally provides the
option to determine design internal forces with an assumed strain ratio of 1.0.

Design internal forces for the serviceability limit state design are only determined if the cracking of the
concrete leads to an activation of the reinforcement. To this end, the program analyzes the concrete
tensile stresses caused by the first principal internal force.

Principal Internal Forces2.6.2

If the first principal internal force is negative, uncracked concrete is assumed in this area of the
analyzed surface element. For walls, only the magnitude of the concrete compression stress is checked
in such a case. For plates, no serviceability limit state design is carried out on this surface side, at least.

For a wall, if the first principal axial force is a tension force, the provided concrete tensile stress is
determined according to the following equation.

s c l

n l

Ac

n l

b h

Equation 2.67

For a plate, if the first principal moment is a positive moment, the provided concrete tensile stress is
determined as follows.

s c l

ml

W

ml 6

b h2

Equation 2.68

If this linear-elastically determined stress σc,I is greater than the mean value of the axial tensile strength
fctm, cracked concrete is assumed. Only then does RF-CONCRETE Surfaces determine the design
internal forces for the individual directions of reinforcement and perform the serviceability limit state
designs mentioned at the beginning of chapter 2.6 .
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Provided Reinforcement2.6.3

Before the serviceability limit state designs, RF-CONCRETE Surfaces checks the provided
reinforcement: The program first uses the internal forces of the serviceability to perform a design similar
to the ultimate limit state design. The thus determined statically required reinforcement is compared to
the user-defined provided reinforcement.

If the provided reinforcement is smaller than the statically required reinforcement or if the design
reveals any non-designable situations, the serviceability limit state designs are not performed. The
problematic zones of the surface elements are indicated as being non-designable.

Serviceability Limit State Designs2.6.4

The following example illustrates how the various serviceability limit state designs are implemented in
RF-CONCRETE Surfaces. A rectangular slab is analyzed. The first applied principal moment mI is
greater than zero and the second applied moment mII equals zero.

The design is carried out according to EN 1992-1-1 with the analytical method.

Input data for the example2.6.4.1

Geometric specifications

Plate thickness: d = 20 cm

Rectangular reinforcement: φ1 = 30° φ2 = 120°

Centroid of concrete cover: d1 = 3.0 cm d2 = 4.2 cm

Material

Concrete: C30/37

Reinforcing steel: B 500 S (B)

Check of principal internal forces2.6.4.2

The program first checks if the concrete cracks under the principal moment in the ULS. In the
serviceability design details of the relevant grid point, we can see that this is indeed the case:

Figure 2.81 Check of principal internal forces
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The linear-elastically determined stress σc,I,-z at the upper concrete edge is compared to the mean
value of the axial tensile strength fctm of 2.9 N/mm2 for concrete C30/37.

s c l z

ml z

W
m 6
b h2

33 65 6
1 0 0 22

5 05 N mm2

Thus, the concrete edge stress σc,I,-z = 5.05 N/mm2 significantly exceeds the tensile strength fctm. The
reinforcement is therefore also activated for the serviceability limit state.

Required reinforcement for ULS2.6.4.3

The design for the ultimate limit state for the plate's top surface is carried out with the following values:

Figure 2.82 Design internal forces ULS

Final design bending moments: mend,-z,φ1 = 64.16 kNm/m

mend,-z,φ2 = 42.08 kNm/m

mend,-z,strut = −38.23 kNm/m

Direction of the concrete
compression strut:

φstrut,m,-z = 75.0°

The following required reinforcement for the top surface is obtained from the design internal forces:

Figure 2.83 Required reinforcement
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Specification of a reinforcement2.6.4.4

At the top surface of the plate, we select a reinforcement based on rebars with a diameter ds of 12 mm
at a distance ls of 10.0 cm for both directions.

The following provided reinforcement is thus obtained:

prov as1 z

ds
2

4
100 cm m

l s

1 2 cm 2

4
100 cm m
10 0 cm

11 31 cm2 m

These values are entered in the Longitudinal Reinforcement tab of window 1.4 Reinforcement or
selected with the [Rebars] button (see Figure 2.105 ).

Figure 2.84 Window 1.4 Reinforcement, Longitudinal Reinforcement tab for entering basic and additional reinforcement

With this reinforcement diameter, the following centroids of the concrete cover are obtained:

Figure 2.85 Window 1.4 Reinforcement, Reinforcement Layout tab
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Thus, the effective depth for the individual reinforcement directions is determined as follows:

d1 z h d1 20 3 17 cm

d2 z h d2 20 4 2 15 8 cm

Check of provided reinforcement for SLS2.6.4.5

First, the strain ratio εφ2 / εφ1 = 1.0 is assumed for the serviceability limit state. With it, the following
values are determined:

Figure 2.86 Design moments in SLS for strain ratio of 1.0

Design internal forces: mend,-z,φ1 = 38.49 kNm/m

mend,-z,φ2 = 25.25 kNm/m

Stiffening compression moment: mend,-z,strut = −22.94 kNm/m

Direction of stiffening compression
moment:

φstrut,m,-z = 75.0°

For these design moments, a required reinforcement of as,dim,-z,1 = 4.33 cm2/m in the first
reinforcement direction and of as,dim,-z,2 = 3.04 cm2/m in the second reinforcement direction is
determined at the top surface of the plate.

Figure 2.87 Statically required reinforcement for internal forces in SLS
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The required reinforcement for the internal forces of the serviceability limit state is smaller than the user-
defined provided reinforcement. Hence, we can continue with the analysis.

Selection of concrete compression strut2.6.4.6

With the design internal forces mend,-z,φ1 = 38.49 kNm/m and mend,-z,φ2 = 25.25 kNm/m, we obtain
the strains εφ1 = 0.735 ‰ in the first reinforcement direction and εφ2 = 0.527 ‰ in the second
reinforcement direction. Thus, there is a strain ratio Rs,-z of 0.717.

The assumed strain ratio of 1.00 therefore does not correspond to the actual strain ratio. Hence, the
inclination of the stiffening compression moment is increased from 75.0° to 79.746°.

Geometrically, this inclination of the stiffening compression moment can only appear if the geometric
ratio Rs,geo,-z of the strain in the reinforcement direction φ2 to the strain in the reinforcement direction φ1
is approximately 0.717. This is the case in our example.

When determining the crack width wk, it is shown that with the design moments, strains result in the
individual reinforcement directions for an inclination of the stiffening compression moment of 79.746°,
which lead to the strain ratio Rs,geo,-z of 0.717.

Figure 2.88 Direction of the concrete compression strut and ratios of deformation

The selected inclination of the stiffening compression moment of 79.746° results in modified design
moments in the individual reinforcement directions. This corresponds to the method for determining the
design internal forces in the serviceability limit state that is used here, which takes into account the
deformation ratio of the longitudinal reinforcement that was selected in the Settings for Analytical
Method of Serviceability Limit State Design dialog box (see Figure 2.89 ).
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Figure 2.89 Settings for Analytical Method of Serviceability Limit State Design dialog box

Limitation of concrete compressive stress2.6.4.7

In window 1.3 Surfaces, the concrete compressive stress is limited to σc,max = 0.45 ⋅ fck and the steel
stress to σs,max = 0.80 ⋅ fyk.

Figure 2.90 Limiting the concrete compressive and steel stresses in the Stress Check tab of window 1.3 Surfaces
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For concrete C30/37, the maximum (negative) concrete stress σc,max is thus determined:

σc,max = 0.45 ∙ fck = 0.45 ∙ (-30.0) = -13.5 N/mm2

The provided concrete compressive stress is determined under the assumption of a linear stress
distribution because the multitude of iterations for determining the suitable direction of the concrete
compression strut would be too time-consuming. A linear distribution is sufficiently accurate because in
the serviceability state, there are normally concrete compressive strains of at most 0.3 to 0.5 ‰.

The maximum stress σc,max is to be compared with the provided stress of the concrete compression
zone for both reinforcement directions.

The provided concrete compressive stress σc is determined as follows:

s c

mEd

I i II

x

Equation 2.69

where

mEd applied moment

I i II

1
3

b x 3 a e as d x 2 ideal moment of inertia in state II

b width of element (always 1 m for plates)

αE ratio of elastic moduli

as provided tension reinforcement

d effective depth

x
a E as

b
1 0 1 0

2 0 b d
a E as

depth of concrete neutral axis

For the reinforcement direction φ1, the following neutral axis depth x-z,φ1 is thus obtained:

x z f
1

6 061 11 31
100

1 0 1 0
2 0 100 17
6 061 11 31

4 19 cm

The same value and the related intermediate values can also be found in the details table.
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Figure 2.91 Depth of concrete compression zone for reinforcement direction 1

For the reinforcement direction φ2, the neutral axis depth x-z,φ2 is obtained:

x z f
2

6 061 11 31
100

1 0 1 0
2 0 100 15 8
6 061 11 31

4 02 cm

This value and the related intermediate values can also be found in the details.

Figure 2.92 Depth of concrete compression zone for reinforcement direction 2

The ideal moments of inertia Ii,II in state II (cracked section) are determined as follows for the two
directions of reinforcement:

I i II z f
1

1
3

100 0 4 193 6 061 11 31 17 4 19 2 13701 cm4

I i II z f
2

1
3

100 0 4 023 6 061 11 31 15 8 4 02 2 11 678 cm4
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Thus, according to Equation 2.69 , the following concrete compressive stresses σc are obtained in
the concrete compression zone (i.e. at the top side of the surface) for the two reinforcement directions
φ1 and φ2:

s c o f
1

3 676 4 19
13 701

11 24 N mm2

s c o f
2

2 773 4 02
11 678

9 41 N mm2

These values are also shown in Figure 2.92 (the program takes more decimal places into account).

The existing compressive stresses σc,+z,φ1 and σc,+z,φ2 are therefore smaller than the maximum concrete
stress σc,max (see Figure 2.90 ). The governing quotient of existing and allowable concrete
compressive stress is available in the reinforcement direction φ1. The design is fulfilled.

Figure 2.93 Analysis of concrete compressive stress

Limitation of reinforcing steel stress2.6.4.8

In window 1.3 Surfaces, the tension stresses of the reinforcing steel reinforcement are limited to σs,max =
0.8 ⋅ fyk according to EN 1992-1-1, clause 7.2(5) (see Figure 2.90 ). For BSt 500 S (B), the
maximum steel stress σs,max is thus determined as:

s s max 0 8 f yk 0 8 500 400 N mm2

The maximum stress σs,max is to be compared with the provided tension stress for both reinforcement
directions.

The provided tension stress σs is determined as follows:

s s

a E mEd d x

I i II

Equation 2.70

where

αE relation of elastic moduli (Es / Ecm)

mEd applied moment

d effective depth

x
a E as

b
1 0 1 0

2 0 b d
a E a s

depth of concrete neutral axis

b width of element (always 1m for plates)
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as provided tension reinforcement

I i II

1
3

b x 3 a e a s d x 2 ideal moment of inertia in state II

With the values calculated in chapter 2.6.4.6 , the provided tension stresses σs,u,φ1 and σs,u,φ2 in the
two reinforcement directions φ1 and φ2 can be determined as follows:

s s u f
1

6 061 3 674 17 4 19
13 701

208 18 N mm2

s s u f
2

6 061 2 733 15 8 4 02
11 677

167 09 N mm2

Figure 2.94 Maximum steel stresses in reinforcement direction 1 and 2

The existing tension stresses σs,-z,φ1 and σs,-z,φ2 are therefore smaller than the maximum steel stress
σs,max (see Figure 2.90 ). The governing quotient of existing to allowable steel stress is available in
the reinforcement direction φ1. The design is fulfilled.

Figure 2.95 Analysis of reinforcing steel stress
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Minimum reinforcement for crack control2.6.4.9

The minimum reinforcement area for crack control is determined according to EN 1992-1-1, clause
7.3.2, Equation (7.1).

as min

k c k f ct eff Act

s s

Equation 2.71

where

kc coefficient for considering the influence of the stress distribution in the cross-section prior
to cracking as well as the change of the internal lever arm

k coefficient for considering non-uniform self-equilibrating stresses, which lead to the
reduction of restraint forces

fct,eff mean value of the effective tensile strength of the concrete, to be expected when the
cracks occur

Act area of the concrete tension zone (part of the cross-section or partial cross-section that is
calculated to be in tension in the uncracked state under the action combination that
leads to the formation of the first crack at the gross cross-section)

σs absolute value of the maximum allowable stress in the reinforcement immediately after
crack formation

The maximum bar diameter d*s is determined according to EN 1992-1-1, clause 7.3.3 (2) depending
on the actually provided diameter ds from the rearranged Equation (7.6N).

ds d
s
*

f ct eff

2 9

k c hcr

2 h d

Equation 2.72

where

ds adjusted maximum bar diameter

d*s maximum bar diameter according to EN 1992-1-1, Table 7.2 (see Figure 2.96 )

h overall depth of cross-section

hcr depth of tensile zone immediately prior to cracking while taking the characteristic values
of prestress and axial forces under the quasi-permanent action combination into account

d effective depth up to centroid of outside reinforcement
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Figure 2.96 Maximum bar diameter of reinforcing bars according to EN 1992-1-1, clause 7.3.3

In our example, determining the minimum reinforcement at the plate's bottom surface is excluded by
opening the following dialog box in the Limit of Crack Width tab of window 1.3 Surfaces. In it, the
check boxes for the Bottom (+z) reinforcement have to be cleared.

Figure 2.97 Further Settings for Min. Reinforcement Due to Restraint dialog box in window 1.3 Surfaces

The limit diameter d*s,-z,φ1 for the reinforcement direction φ1 at the top side of the plate is determined
according to Equation 2.72 .

d
s z f

1

* 12
2 9
2 9

2 200 170
0 4 100

18 mm
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Figure 2.98 Limit diameter for reinforcement direction φ1

Analogously, the limit bar diameter d*s,-z,φ2 is obtained for the reinforcement direction φ2:

d
s z f

2

* 12
2 9
2 9

2 200 158
0 4 100

25 20 mm

Figure 2.99 Limit diameter for reinforcement direction φ2

In window 1.3 Surfaces, the allowable crack width wk,max is given as 0.3 mm (see Figure 2.97 ).
With the maximum bar diameters d*s,-z,φ1 = 18.00 mm and d*s,-z,φ2 = 25.20 mm, we can interpolate
the allowable stress σs from EN 1992-1-1, Table 7.2N (see Figure 2.96 ).

s s z f
1

240
280 240
16 25

18 00 16 231 11 N mm2

s s z f
2

200
200 160
25 32

25 20 25 198 86 N mm2

These allowable steel stresses are also shown in Figure 2.98 and Figure 2.99 .

The steel stress in the direction φ2 is governing.
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The area of the concrete tension zone in the cross-section is determined as follows:

Act b
h
2

100
20
2

1 000 cm2

Thus, according to Equation 2.71 , the following minimum reinforcement for reinforcement direction 2
is obtained:

as min f
2

0 4 1 0 2 9 1 000
198 86

5 83 cm2 m

For this reinforcement direction, the applied reinforcement is greater than the minimum reinforcement.
The following check criterion is thus obtained:

as min z 2

as exist z 2

5 83
11 31

0 516

Figure 2.100 Check criterion for minimum reinforcement

Check of rebar diameter2.6.4.10

The rebars' limit diameter max ds is checked according to EN 1992-1-1, Equation (7.6N) (see
Equation 2.72 ).

At the top side of the plate, the program determines the maximum bar diameter d*s,-z,φ1 of the first
reinforcement direction depending on the stress available in this direction. In the check for the limitation
of the steel stress, this stress was calculated as σ*s,-z,φ1 = 208.18 N/mm2. Together with the selected
crack width wk = 0.3 mm, the following limit diameter d*s,-z,φ1 is obtained in Table 7.2N by
interpolation:

d
s z f

1

* 25
25 16

200 240
208 18 200 23 16 mm

Figure 2.101 Limit diameter in reinforcement direction 1
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The limit diameter d*s,-z,φ2 for reinforcement direction 2 is analogously determined from the tension
stress σ*s,-z,φ2 = 167.09 N/mm2 and the crack width wk = 0.3 mm:

d
s z f

2

* 32
32 25

160 200
167 09 160 30 76 mm

Figure 2.102 Limit diameter in reinforcement direction 2

With the limit diameters d*s for the two reinforcement directions and the respective steel stresses, the
maximum bar diameters ds are determined.

ds max z f
1

23 16
2 9
2 9

0 4 100
2 200 170

15 44 mm

ds max z f
2

30 76
2 9
2 9

0 4 100
2 200 158

14 65 mm

Figure 2.103 Maximum bar diameters

Rebar diameters ds = 12 mm are respectively provided for both reinforcement directions. Thus, the
check criterion for the governing reinforcement direction φ1 is obtained as:

ds exist z f
2

max ds z f
2

12 0
14 65

0 819

Figure 2.104 Check criterion for bar diameter
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Design of bar spacing2.6.4.11

In the Longitudinal Reinforcement tab of window 1.4 Reinforcement, a bar spacing of a = 100 mm has
been specified for both reinforcement directions by using the [Rebars] button.

Figure 2.105 Import Reinforcement Area Due to Rebar dialog box

The maximum bar spacing max sl,-z,φ1 is determined by interpolation according to EN 1992-1-1, Table
7.3N for the existing tension stress σs,-z,φ1 = 208.18 N/mm2 and the crack width wk = 0.3 mm.

Figure 2.106 Maximum values of bar spacings according to EN 1992-1-1, Table 7.3N

max s l z f
1

250
250 200
200 240

208 18 200 139 8 mm

Analogously, the maximum bar spacing for the direction φ2 is determined from the existing tension
stress σs,-z,φ2 = 167.09 N/mm2 as max sl,-z,φ2 = 291.1 mm.
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Figure 2.107 Maximum bar spacings in both reinforcement directions

The existing bar spacing sl,exist,-z,φ1 = 100 mm available for the reinforcement direction φ1 is smaller
than the maximum allowable bar spacing max sl,max,-z,φ1 = 240 mm.

Therefore, the following check criterion applies for reinforcement direction φ1:

s l exist z f
1

max s l max z f
1

0 100
0 240

0 417

Figure 2.108 Check criterion for bar spacing

Check of crack width2.6.4.12

The calculation value wk of the crack width is determined according to Equation (7.8) of EN 1992-1-1,
clause 7.3.4.

wk s r max e sm e cm

Equation 2.73

where

sr,max maximum crack spacing in final crack state (see Equation 2.74 or Equation 2.75 )

εsm mean strain of the reinforcement under governing action combination, including the
effects of applied deformations and taking the concrete's effect of tension between the
cracks into account (only the additional concrete tensile strain beyond the zero strain at
the same level is considered)

εcm mean strain of concrete between cracks
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Maximum crack spacing sr,max

If the spacing of the rebars in the bonded reinforcement is not larger than 5 ⋅ (c + φ/2) in the tension
zone, the maximum crack spacing for the final crack state may be determined according to
EN 1992-1-1, Equation (7.11):

s r max k 3 c k 1 k 2 k 4

f
r p eff

Equation 2.74

If the spacing of the rebars in the bonded reinforcement exceeds 5 ⋅ (c + φ/2) in the tension zone or if
no bonded reinforcement is available within the tension zone, the limit for the crack width may be
determined with the following maximum crack spacing:

s r max 1 3 h x

Equation 2.75

The depth of the compression zone x in state II therefore has to be calculated for the check of the crack
width. It is determined with the neutral axis depth ξ that is related to the depth of the structural element.

x x h
0 5 a e

as exist

b h
d
h

1 0 a e

as exist

b h

Equation 2.76

Figure 2.109 Maximum crack spacing in reinforcement direction 1
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Furthermore, the maximum crack spacing is analyzed according to EN 1992-1-1, Equation (7.15):

s r max

1
cos q

s
r max x

sin q
s

r max y

Equation 2.77

where

θ angle between reinforcement in x-direction and direction of principal tension
stress

sr,max,x sr,max,y maximum crack spacing in x- or y-direction

This equation is important if the first method, By assuming an identical deformation ratio of the
longitudinal reinforcement for determining the design internal forces in the serviceability limit state, has
been selected in the Settings for Analytical Method of Serviceability Limit State Design dialog box (see
Figure 2.89 ).

In the third method (By taking into account the deformation ratio of the longitudinal reinforcement), on
the other hand, the direction of the compression strut is determined according to Baumann. The limit
angle of 15° is ignored because the crack width in this area is not governing.

Figure 2.110 Maximum crack spacings for both reinforcement directions

Difference in mean strain (εsm - εcm)

For the calculation value of the crack width wk according to Equation 2.73 , we need to determine
the factor (εsm - εcm) for each reinforcement direction and for the direction of the resulting strain.

The difference in the mean strain of concrete and reinforcing steel is determined according to [7] ,
clause 7.3.4, Equation (7.9):

e sm e cm

s s k t

f ct eff

r eff

1 a e r eff

Es

0 6
s s

Es

Equation 2.78

The maximum mean strain (εsm - εcm)-z,res is obtained as the resulting mean strain of the individual
reinforcement directions as 1.291 ‰.
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Figure 2.111 Difference in mean strain for both reinforcement directions

To simplify the expression, we introduce symbols for the sought mean strain (εsm - εcm): s for the side
length in the reinforcement direction, d for the partial length of the compression struts, l for the
perpendicular to the compression strut, and ε.

Figure 2.112 Mean strain ε

The partial length dγ-α is determined as follows for a selected compression strut inclination:

d g a
1

tan g a

The length is unitless (the perpendicular to the compression strut was included without unit).

Then the length sγ-α is determined.

s g a

1 e a

tan g a

If the reinforcement direction θ1 forms the smallest differential angle with the principal moment m1, we
have to insert the previously determined difference in the mean strains (εsm - εcm)θ1 of concrete and
reinforcing steel for εα:

s g a

1 e sm e cm q
1

tan g a
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If the reinforcement direction θ2 forms the smallest differential angle with the principal moment m1, we
have to insert the previously determined difference in the mean strains (εsm - εcm)θ2 of concrete and
reinforcing steel for εα:

With the Pythagorean theorem, we can determine the value lγ-α from the lengths dγ-α and sγ-α:

I g a s g a
2 d g a

2

Since all formulas are based on an initial length of 1.0 units of length, the strain ε is determined as
follows:

e I g a 1 0

This strain ε = (εsm - εcm) is checked again by means of the intermediate angle (β - γ).

For the determination of the SLS design internal forces according to the By assuming an identical
deformation ratio of the longitudinal reinforcement method, the strain ratio of the reinforcements can
significantly deviate from the assumed geometric strain ratio. To correctly determine the resulting strain
ratio, the program therefore uses the strain of the reinforcement that is closer to the main action.

Crack width w k

The calculated value of the crack width wk is determined according to Equation 2.73 .

Figure 2.113 Calculated value of crack width

In window 1.3 Surfaces, we have specified the maximum allowable crack width wk = 0.3 mm. The
following criterion of check for the governing resulting direction is thus obtained:

Figure 2.114 Check criterion for crack width
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Governing Loading2.6.5

In RFEM, we can define the various loadings in individual load cases (LC). These load cases can be
superimposed into load combinations (CO) and result combinations (RC). The differences between
these types of combinations is described in the chapters 5.5 and 5.6 of the RFEM manual.

While load cases and load combinations respectively yield only one set of internal forces, up to 16
sets of internal forces can be created in a result combination, depending on the type of model:

For the model types 2D - XZ (uX / uZ / φY) and 2D - XY (uX / uY / φZ) (wall), only the axial forces nx,
ny, and nxy are obtained in the surfaces.

Their combination yields six sets of internal forces, with one of these axial forces respectively showing
its maximum or minimum value.

For the model type 2D - XY (uZ / φX / φY) (plate), the maximum and minimum values of the moments
mx, my, and mxy and the shear forces vx and vy are determined.

Ten sets of internal forces are thus obtained.

The model type 3D contains all axial forces, moments, and shear forces mentioned above and
therefore yields 16 sets of internal forces.

The analysis core for the serviceability limit state designs processes the internal forces of the selected
load cases and load combinations one by one. The same is true for the sets of internal forces of a result
combination. This shows that the design of a result combination is much more time-consuming.

In most checks for the individual reinforcement directions, the internal forces or sets of internal forces
result in a loading. The program determines the greatest loading among all reinforcement directions. If
the resistance is different for the individual reinforcement directions, the program searches for the
reinforcement direction that yields the largest quotient from loading over resistance.
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Deformation Analysis with RF-
CONCRETE Deflect

2.7

For the deformation analysis, you need a license of the add-on module RF-CONCRETE Deflect.

Material and Geometry Assumptions2.7.1

For the deformation analysis with RF-CONCRETE Deflect, a linear-elastic compression and tension
behavior of the reinforcing steel is assumed. A linear-elastic compression behavior and a linear-elastic
behavior is applied for concrete until the tension strength is reached. This is sufficiently accurate for the
serviceability limit state. If the provided stress exceeds the tensile strength of concrete, damage
develops according to EN 1992-1-1, clause 7.3.4.

The calculation uses a simple isotropic model of fracture mechanics that is defined independently in the
two reinforcement directions. From an engineering point of view, the material stiffness matrix is
calculated by interpolation between the uncracked (state I) and cracked state (state II) according to
EN 1992-1-1, clause 7.4.3, Equation (7.18). Thus, the reinforced concrete is modeled as an
orthotropic material. All laws of damage development can take the tension stiffening effect and simple
long-term effects (shrinkage and creep) into account.

The calculation of the material stiffness matrices occurs for the model types 2D - XY (uZ / φX / φY) and
3D. For the model type 3D, the eccentricities' influence of the ideal centroid (see below) is additionally
considered in the stiffness matrix.

Design Internal Forces2.7.2

As described above, the calculation of stiffnesses is based on linear-elastic assumptions. The internal
forces are transformed in the orthogonal reinforcement directions φ as well as on both surfaces s (top
and bottom). The determined internal forces – bending moments mφ,s and axial forces nφ,s (torsion
moments are eliminated by a transformation in the reinforcement directions) – depend on the

(a) type of model,

(b) method of calculation,

(c) classification criterion.

Critical Surface2.7.3

To determine the critical surface, each reinforcement direction φ is considered separately. The state of
stress is analyzed on both surfaces s – bottom surface (in the direction of the local +z-axis) and top
surface (in the direction of the local -z-axis). The side with the greatest tensile stress in the concrete is
classified as governing. The internal forces on the critical side are designated as nΦ and mΦ.

The axial force nΦ,s that is transformed in the reinforcement direction Φ has the same value for both
surfaces s (nΦ = nΦ,top = nΦ,bottom). The axial forces are therefore not relevant for determining the
critical side; only the moments are considered in finding the governing surface. The algebraic signs for
the bending moments nΦ,s are determined regarding whether the moments cause tension or
compression on the respective surface s. Therefore, the critical surface is the side with the larger
bending moment (i.e. the side that is more strongly subjected to tension).

For the calculation of the stiffness, only the internal forces nΦ and mΦ on the critical side are taken into
account. Until now, the term "bottom surface" has referred to the local +z-axis; in the following,
however, "bottom surface" refers to the critical side of the surface.
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Cross-Section Properties2.7.4

The cross-section properties are calculated for both reinforcement directions Φ and both cross-section
states c (cracked/uncracked). A linear-elastic behavior of the concrete on the tension side is applied
for state I (uncracked cross-section) and the concrete tensile strength is not considered for state II
(cracked cross-section).

If no axial forces nΦ act as is the case for the model type 2D - XY (uZ / φX / φY), for example, this part
of the calculation is independent of the internal forces and a direct calculation of the cross-section
properties is possible. In the remaining cases, the compression zone depth is calculated by means of
an iterative method of calculation, the so-called "binary method". For numerical reasons, the program
uses the minimum value for the reinforcement ratio ρmin = 10-4 in every iteration step, meaning that if
there is no reinforcement, a virtual minimum reinforcement area is applied. This small value has no
noticeable influence on the results (stiffnesses).

The calculated ideal cross-section properties (related to the concrete cross-section) in a reinforcement
direction φ and the crack state c are

the moment of inertia to the ideal center of gravity IΦ,c,

the moment of inertia to the geometric center of the cross-section I0.Φ,c,

the cross-section area AΦ,c,

the eccentricity of the ideal center of gravity eΦ,c.

Considering Long-Term Effects2.7.5

The influence of creep and shrinkage is what is regarded as a long-term effect. According to
EN 1992-1-1, long-term effects are to be considered separately.

Creep2.7.5.1

The creep effects are considered through a reduction of the modulus of elasticity E, with the effective
creep coefficient φeff being applied according to EN 1992-1-1, Equation (7.20):

Ecd eff

Ecd

1 j eff

Equation 2.79
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Shrinkage2.7.5.2

In the deformation calculation according to EN 1992-1-1, there are two areas that are influenced by
shrinkage effects.

Reduction of material stiffness

The material stiffness in each reinforcement direction Φ is reduced by the so-called coefficient of
shrinkage influence κsh,Φ,c. For the two crack states c (cracked/uncracked), the axial forces nsh,Φ,c and
bending moments msh,Φ,c can be calculated from the free shrinkage strain εsh:

nsh f e sh Es as1 as2

msh f nsh esh

Equation 2.80

where

nsh,Φ additional axial force from shrinkage in reinforcement direction φ

msh,Φ additional moment from shrinkage in the centroid of the ideal cross-section in
reinforcement direction Φ

as1 bottom reinforcement surface

as2 top reinforcement surface

Es modulus of elasticity of reinforcing steel

εsh shrinkage strain

esh eccentricity of shrinkage forces (state I and state II) from the center of gravity
of the ideal cross-section

Figure 2.115 Internal forces nsh,Φ and msh,Φ
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With these internal forces from shrinkage, the additional curvature κsh,Φ,c induced by shrinkage is
calculated in the analyzed point – without influence of the surrounding model. Subsequently, the new
coefficient of shrinkage influence κsh,Φ,c is calculated according to:

k sh f c

k sh f c k f

k f

Equation 2.81

where

κΦ curvature induced by external loading without shrinkage influence in
reinforcement direction Φ

κsh,Φ,c curvature induced by shrinkage (and reinforcement arrangement) without
influence of creep in reinforcement direction Φ

The coefficient κsh,Φ,c is limited to the interval κsh,Φ,c ∈ (1, 100): Therefore, κsh,Φ,c may not reduce the
stiffness by more than 100 times for numerical and physical reasons. Furthermore, the minimum value
κsh,Φ,c = 1 means that it is not possible to consider the influence of shrinkage if the influence of
shrinkage has an orientation opposite to the loading-induced curvature κd.

The influence of shrinkage on the membrane stiffness is not considered.

Calculation of distribution coefficient

The second influence of shrinkage lies in the calculation of the distribution coefficient ζ according to
EN 1992-1-1, clause 7.4.3, Equation (7.18). The following chapter describes the distribution
coefficient in detail.

Distribution Coefficient2.7.6

The calculation of the distribution coefficient ζd is shown for a reinforcement direction Φ. First, the
maximum concrete tension stress σmax,Φ is calculated under the assumption of linear-elastic material
behavior:

s max f

n f nsh f

A f I

m f n f x f I
h

2
msh f l

I f I

h x f l

Equation 2.82

where

nΦ axial force from external loading in reinforcement direction Φ

nsh,Φ additional axial force from shrinkage in reinforcement direction Φ

mΦ moment from external loading in reinforcement direction Φ

msh,Φ,I additional moment from shrinkage in reinforcement direction φ in state I

xΦ,I depth of concrete compression zone in uncracked state in reinforcement
direction Φ
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h depth of cross-section

AΦ,I ideal cross-section area in state I in reinforcement direction Φ

IΦ,I ideal moment of inertia in state I in reinforcement direction Φ

The influence of the shrinkage forces on the maximum tension stress σmax,Φ is considered via the
additional internal forces from shrinkage.

The calculation of the distribution coefficient ζΦ depends on whether the influence of tension stiffening
is taken into account in the deformation calculation according to EN 1992-1-1.

Distribution coefficient ζΦ while taking tension stiffening into account

for σmax,Φ > fctm :

z f 1 b
f ctm

s max f

n

for σmax,Φ ≤ fctm :

z f 0

Equation 2.83

where

β parameter for the load duration

ftm mean tensile strength of concrete

n 2 for EN 1992-1-1

Distribution coefficient ζΦ without taking tension stiffening into account

for σmax,Φ > fctm :

z f 1

for σmax,Φ ≤ fctm :

z f 0

Equation 2.84
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Cross-Section Properties for Deformation Analysis2.7.7

For the material stiffness matrix D for the deformation analysis, the program requires the cross-section
properties dependant on the cracked state that are available in every reinforcement direction. These
are in detail

the moment of inertia to the ideal center of gravity IΦ,

the moment of inertia to the geometric center of the cross-section I0,Φ,

the cross-section area AΦ,

the eccentricity of the ideal center eΦ to the geometric center.

The mean strain εΦ and mean curvature ΚΦ are interpolated from the cracked and uncracked state
according to EN 1992-1-1, Equation (7.18):

e f z f e f II 1 z f e f 1

k f z f k f II 1 z f k f 1

Equation 2.85

The strains in the cracked state c (state I and II) are calculated according to the following equations:

e f c

n f

E A f c

k f c k sh f c

m f n f e f c

E I f c

Equation 2.86

The influence of shrinkage is therefore considered with the factor ksh,φ,c.

When no axial forces nΦ act, such as with the model type 2D - XY (uZ / φX / φY), only the ideal
cross-section properties that relate to the ideal center of the cross-section are relevant:

A f

A f I A f II

z f A f I k sh f II 1 z f A f II k sh f I

I f

I f I I f II

z f I f I k sh f II 1 z f I f II k sh f l

Equation 2.87

If axial forces are available, the cross-section properties are related to the geometric center of the
cross-section:

A f

n f

A e f
where e f

m f k f E I f

n f

I f 0 I f A f e f
2 where I f as per Equation 2 87

Equation 2.88

In the course of the calculation of the cross-section properties, the initial value of poisson's ratio νinit is
reduced according to the following equation:

n 1 max
f {1 2}

z f n init

Equation 2.89
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Material Stiffness Matrix D2.7.8

Bending stiffness – plates and shells

The bending stiffnesses in the reinforcement directions φ are determined as follows:

Dd d I 0 d

E
1 n 2

where d { }1 2

Dd d I d

E
1 n 2

where d { }1 2

The non-diagonal component of the material stiffness matrix is calculated identically for plates and
shells:

D1 2 D2 1 n D1 1 D2 2

For shells, the differences in the bending stiffnesses due to the moments of inertia are compensated via
the eccentricity components in the material stiffness matrix.

Torsional stiffness – plates and shells

The stiffness matrix elements for torsion are calculated as follows for plates and shells:

D3 3

1 n
2

D1 1 D2 2

Shear stiffness – plates and shells

The stiffness matrix elements for shear are not reduced for the deformation analysis. They are
calculated from the shear modulus G of the ideal cross-section and the cross-section height h. The
following applies for shells and plates:

D3 d 3 d

5
6

G h where d { }1 2

Membrane stiffness – shells

The membrane stiffnesses in the reinforcement directions φ are determined as follows:

D5 d 5 d E
Ad

1 n 2
where d { }1 2

The non-diagonal component of the material stiffness matrix is calculated from:

D6 7 D7 6 n D6 6 D7 7

The shear stiffness component is:

D8 8 G h
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Eccentricity – shells

The stiffness matrix elements for the eccentricity of the centroid (ideal cross-section) in the reinforcement
direction φ are calculated as follows:

Dd 6 D6 d D5 d 5 d ed where d { }1 2

The non-diagonal component of the material stiffness matrix is determined from:

D1 7 D7 1

n
2

e f
1

e f
2

D6 6 D7 7

The eccentricity components for torsion are calculated as follows:

D3 8 D8 3

1
2

G h e f
1

e f
2

Positive Definiteness of Material Stiffness Matrix2.7.9

The positive definiteness of the material stiffness matrix D is tested by Sylvester's criterion, which has
been modified regarding the null blocks. If the stiffness matrix D is not positive definite, the
non-diagonal components of the material stiffness matrix are set to zero one after another. In extreme
cases, only the positive components from the diagonal remain.
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Example2.7.10

The determination of the material stiffness matrix D described above is illustrated by means of a simple
example. The model contains a single finite element and the surface is only reinforced on one side
(top). For simplicity's sake, the manual calculation is carried out in the reinforcement direction φ1.

Geometry2.7.10.1

The model with the dimensions 1m x 1m and the thickness 0.20m is fixed at one side. The free side is
subjected to the bending moment mx = −30 kNm/m and the axial force nx = −100 kN/m. The
automatic self-weight is not taken into account.

The longitudinal reinforcement in φ1 is 1 000 mm2.

Figure 2.116 Model with loading and reinforcement

Materials2.7.10.2

The following table shows the material properties.

Figure 2.117 Material data for stiffness calculation
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Selection of internal design forces2.7.10.3

First, the internal forces are transformed in the first reinforcement direction φ1. The bending moments
have different values for the bottom (+z) and the top (-z) surface; the axial forces have the same
algebraic signs after the transformation.

m f
1

z 30 kN

m f
1

z 30 kN

n f
1

z n f
1

z 100 kN

Figure 2.118 Selection of internal design forces

Determining the critical surface2.7.10.4

The top surface (-z) proves to be the critical surface. For further calculations, only the bending moment
and the axial force of this surface are considered.

m f
1

m f
1

z 30 kN

n f
1

n f
1

z 100 kN

Figure 2.119 Determining the critical surface
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Cross-section properties (cracked and uncracked state)2.7.10.5

The cross-section properties depend on the governing side and the reinforcement direction φ1. The
minimum values are used for the reinforcement surfaces as2,φ1, as1,φ2, and as2,φ2.

The following cross-section properties for the uncracked and cracked state are to be calculated in
order to be able to assemble the stiffness matrix of the material D.

Centroid

The distance of the centroid of the ideal cross-section from the concrete surface in compression is
calculated directly for the uncracked state.

z l f
1

b h2

2
a as

1
f

1
d1 f

1
as

2
f

1
d2 f

1

b h a as
1

f
1

as
2

f
1

1000 2002

2
6 061 1000 150 15 50

1000 200 6 061 1000 15
101 4 mm

For the cracked state, the depth χII,φ1 of the zone in compression must be calculated with the iterative
method. Then the distance of the centroid of the ideal cross-section from the surface in compression is
calculated for the cracked state.

Ideal cross-section area Ac,d

The effective cross-section area in the uncracked state without the influence of creep is:

Al f
1

b h a as
1

f
1

as
2

f
1

1000 200 6 061 1000 15 2061 5 cm2

The effective cross-section area in the cracked state is determined with the influence of creep.

AIl f
1

b c II f
1

a as
1

f
1

as
2

f
1

1000 68 3 18 182 1000 15 867 19 cm2

The coefficient α is the ratio of the moduli of elasticity of steel and concrete with or without the influence
of creep.

Ideal moment of inertia to ideal centroid Ic,d

The effective moment of inertia to the ideal centroid in the uncracked state without the influence of
creep is:

I I f
1

1
12

b h3 b h z I f
1

h
2

2

a as
1

f
1

d1 f
1

z I f
1

2 a as
2

f
1

z I f
1

d2 f
1

2

1
12

1000 2003 1000 200 101 4
200
2

2

6 061 1000 150 101 4 2 6 061 15 101 4 50 2

68 161 30 cm4

The effective moment of inertia to the ideal centroid in the cracked state is determined with the
influence of creep.
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I II f
1

1
12

b c 3
II f

1
b c II f

1
z II f

1

c II f
1

2

2

a as
1

f
1

d1 f
1

z II f
1

2 a as
2

f
1

z II f
1

d2 f
1

2

1
12

1000 68 33 1000 68 3 58 5
68 3

2

2

18 182 1000 150 58 5 2 18 182 15 58 5 50 2

21 928 70 cm4

Ideal moment of inertia to the geometric center of the cross-section I0,c,d

The ideal moment of inertia to the geometric center of the cross-section in the uncracked state without
the influence of creep is:

I 0 I f
1

1
12

b h3 a as
1

f
1

d1 f
1

h
2

2

a as
2

f
1

h
2

d2 f
1

2

1
12

1000 2003 6 061 200 150
200
2

2

6 061 15
200
2

50
2

68 204 50 cm4

The ideal moment of inertia to the geometric center of the cross-section in the cracked state is
determined with the influence of creep.

I 0 II f
1

1
12

b c II f
1

3 b c II f
1

h
2

c II f
1

2

2

a as
1

f
1

d1 f
1

h
2

2

a as
2

f
1

h
2

d2 f
1

2

1
12

1000 68 33 1000 68 3
200
2

68 3
2

2

18 182 1000 150
200
2

2

18 182 15
200
2

50
2

36 881 50 cm4

Eccentricity of centroid ec,d

The eccentricity of the ideal centroid of the cross-section is determined as follows:

ec f
1

z c f 1

h
2

uncracked state:

e f
1

l 101 4
200
2

1 4 mm

cracked state:

e f
1

II 58 5
200
2

41 5 mm
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Figure 2.120 Cross-sectional properties in reinforcement direction 1

Figure 2.121 Cross-sectional properties in reinforcement direction 2
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Shrinkage influence2.7.10.6

The influence of shrinkage is directly introduced in the calculation with the defined value of the free
shrinkage εsh. Thus, the influence of structural restraints or redistributions of the shrinkage forces is not
taken into account.

In our example, the shrinkage strain is applied with the following value:

e sh 0 5 10 3

The free shrinkage strain causes additional forces in the cross-section:

nsh f
1

Es e sh as
1

f
1

as
2

f
1

200 109 0 5 10 3 1000 15 10 6

101 5 kN m

The forces act for both crack states c (cracked and uncracked) with the eccentricity to the centroid of
the ideal cross-section:

esh c f
1

as
1

f
1

d1 f
1

as
2

f
1

d2 f
1

as
1

f
1

as
2

f
1

z c f
1

uncracked state:

esh c f
1

1000 150 15 50
1000 15

101 4 47 1 mm

cracked state:

esh c f
1

1000 150 15 50
1000 15

58 5 90 0 mm

The bending moment caused by the axial force nsh,φ1 for both crack states c is:

msh c f
1

nsh f
1

esh c f
1

uncracked state:

msh l f
1

101 5 103 0 047 4 8 kNm m

cracked state:

msh lI f
1

101 5 103 0 090 9 1 kNm m

When determining the coefficient ksh,c,d for both crack states c, we have to distinguish:

for mφ1 ≠ 0:

k sh c f
1

msh c f
1

m f
1

n f
1

ec f
1

m f
1

n f
1

ec f
1

for mφ1 = 0:

k sh c f
1

1 where k sh c f
1

{ }1 100

In this example: mφ1 ≠ 0
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uncracked state:

k sh l f
1

4 771 103 30 103 100 103 1 4 103

30 103 100 103 1 4 103
1 159

cracked state:

k sh Il f
1

9 135 103 30 103 100 103 41 5 103

30 103 100 103 41 5 103
1 354

Figure 2.122 Shrinkage influence

2 Theoretical Background

108



RF-CONCRETE Surfaces - Manual

www.dlubal.com

Calculation of distribution coefficient2.7.10.7

The maximum stress in the uncracked state is:

s max f
1

n f
1

nsh f
1

A f
1

l

m f
1

n f
1

c l f
1

h
2

msh l f
1

I f
1

l

h c l f
1

100 103 101 5 103

0 206

30 103 100 103 0 101
0 2
2

4 778 103

6 816 10 4
0 2 0 1

5 1 Mpa

We assume a long-term loading:

b j
1

0 5

Taking Tension Stiffening into account, the distribution coefficient is calculated according to the
following equation:

for σmax,φ1 > fctm:

z d 1 b f
1

f ctm

s max f
1

2

for σmax,φ1 ≤ fctm:

z sh c f
1

0

In the example, the maximum tension stress in the concrete is larger than the concrete tensile strength.

s max f
1

f ctm

5 1 2 9

Thus, the distribution coefficient is:

z f
1

1 b f
1

f ctm

s max f
1

2

1 0 5
2 9
5 1

2

0 835

Figure 2.123 Calculation of distribution coefficient (damage parameter)
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Final cross-section properties2.7.10.8

The curvature for both crack states c (cracked/uncracked) is calculated as follows:

k c f
1

k sh c f
1

m f
1

n f
1

ec f
1

E I c f
1

uncracked state:

k l f
1

1 158
30 103 100 103 1 4 10 3

11 109 6 816 10 4
4 655 10 3

cracked state:

k II f
1

1 353
30 103 100 103 41 5 10 3

11 109 2 193 4
14 499 10 3

The strain for both crack states is determined as follows:

e c f
1

n f
1

E Ac f
1

uncracked state:

e l f
1

100 103

11 109 0 206
4 413 10 5

cracked state:

e Il f
1

100 103

11 109 0 087
10 449 10 5

Thus, it is possible to determine the mean strain.

e f
1

z f
1

e II f
1

1 z f
1

e I f
1

0 835 10 449 10 5 1 0 835 4 413 10 5 9 459 10 5

The mean curvature is determined as follows:

k f
1

z f
1

k II f
1

1 z f
1

k I f
1

0 835 14 449 10 3 1 0 835 4 655 103 12 885 10 3

With the mean curvature and the longitudinal strain, you can calculate the final cross-section properties
while taking account of shrinkage, creep, and tension stiffening.
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Ideal cross-section area

A f
1

n f
1

E e f
1

100 103

11 109 9 459 10 5
958 59 cm2

Ideal moment of inertia to the ideal center of the cross-section

I f
1

I I f
1

I II f
1

z f
1

I I f
1

k dh II f
1

1 z f
1

I II f
1

k dh I f
1

6 816 10 4 2 193 10 4

0 836 6 816 10 4 1 353 1 0 836 2 193 10 4 1 158
18 391 50 cm4

Eccentricity of centroid

e f
1

m f
1

k f
1

E I f
1

n f
1

30 103 12 855 10 3 11 109 1 839 10 4

100 103
39 mm

Ideal moment of inertia to the geometric center of the cross-section

I 0 f
1

I f
1

A f
1

e f
1

2 1 839 10 4 0 096 0 0393 2 33 207 cm4

Poisson's ratio is determined as follows:

n 1 max
d {1 2}

z d n init 1 max 0 0836 0 2 0 0328

Figure 2.124 Final cross-section properties
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Stiffness matrix of the material2.7.10.9

Bending stiffness

D11

I 0 f
1

E

1 n 2

3 322 10 4 11 109

1 0 03282
3656 74 kNm

D12 D21 0 0328 3 656 106 7 344 106 170 58 kNm

Torsional stiffness

D33

1 n
2

D11 D22

1 0 0328
2

3 656 106 7 344 106 2505 84 kNm

Shear stiffness

D44 D55

5
6

G h
5
6

11 8 109 0 2 1 966 670 kN m

Membrane stiffness

D66

E A f
1

1 n 2

11 109 0 096
1 0 03282

1 055 590 kN m

D67 D76 n D66 D77 0 0328 1 055 59 106 2505 84 106 50 210 6 kN m

D88 G h 11 8 109 0 2 2 360 000 kN m

Eccentricity

D16 D61 D61 e f
1

1 055 590 109 0 0393 41 499 2 kNm m

D27 D72 D77 e f
1

0

D17 D71

n
2

e f
1

e f
2

D66 D77

0 0328
2

0 393 0 1 055 59 106 2505 84 106 987 0 kNm m

D38 D83

1
2

G h e f
1

e f
2

1
2

11 109 0 2 0 393 0 46 390 2 kNm m
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Figure 2.125 Stiffness matrix of the material
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Nonlinear Method2.8

General2.8.1

The serviceability limit state design (SLS) is generally divided into the three following groups:

Stress limitation (EN 1992-1-1, clause 7.2)

Crack control (EN 1992-1-1, clause 7.3)

Deflection control (EN 1992-1-1, clause 7.4)

The design of reinforced concrete structures is generally based on linear structural analyses: To
determine the reinforcement including the serviceability limit state design, the internal forces are
determined linearly; afterwards the cross-section analysis is performed. However, this procedure
considers the cracking that is typical for reinforced concrete with the corresponding nonlinear material
rules of reinforced concrete only at the cross-section level.

By including the nonlinear behavior of reinforced concrete in the determination of internal forces, you
get realistic states of stresses and therefore distributions of internal forces that, in statically
indeterminate systems, differ significantly from the linearly determined internal forces due to stiffness
redistributions. For the serviceability limit state design, this means that the nonlinear material behavior
of the reinforced concrete must be taken into account to realistically calculate deformations, stresses,
and crack widths.

If the crack formation is not taken into account in the deformation calculation, the occurring
deformations are underestimated. By considering creeping and shrinkage, the deformation may be 3
to 8 times larger, depending on the stress and boundary conditions. The RF-CONCRETE NL add-on
module allows for a realistic calculation of the deformations, crack widths, and stresses of reinforced
concrete surfaces by considering the nonlinear material behavior when determining internal forces.

Equations and Methods of Approximation2.8.2

Theoretical approaches2.8.2.1

"Nonlinear calculation" refers to the determination of internal forces and deformations while
considering the nonlinear behavior of internal forces and deformations (physical).

Planar structures can be described as two-dimensional structures with the following state quantities:
surface loads, deformations, internal forces, and strains in the surface centroids. However, since
material properties that vary over the surface depth must be considered for the nonlinear reinforced
concrete model, it becomes necessary to extend the 2D model by additionally taking the depth of the
cross-section into account. The cross-section of the reinforced concrete is divided into a certain number
of steel and concrete layers (see Figure 2.126 ).

Based on the strains in the surface centroids and under the assumption of the Bernoulli hypothesis, the
strains leading to the stresses after the corresponding steel or concrete material law has been applied
are obtained for each layer. Then the resulting stresses per layer can be integrated into the internal
forces of the gross cross-section.
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Figure 2.126 Layer model for reinforced concrete surfaces

If the concrete's tension strength is reached in a point of the structure, a discontinuity arises in the form
of a crack. Strictly speaking, this discontinuity would require an adjustment of the discretization
(remeshing) so that every crack is included in the calculation in its actual position and size. In case of
several cracks, this method would result in a high numerical effort because every crack would increase
the number of elements. Therefore, occurring cracks are "smeared" within an element and the
stiffness-reducing influences of the cracks are taken into account in the calculation by adjusting the
material rule.

If the first principal stress in a concrete layer reaches the concrete tensile strength, a crack is formed
perpendicular to the first principal stress direction. This principal direction may change if the load
changes. Here we can assume that a formed crack does not change its position and orientation (the
so-called fixed crack model) or that the crack always runs orthogonally to the variable principal
directions (rotating crack model). RF-CONCRETE NL uses the rotating crack model.

Figure 2.127 Crack models in reinforced concrete surface elements
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Flowchart2.8.2.2

Figure 2.128 Flowchart

where

De stiffness matrix of the material, constitutive matrix

B matrix due to geometry and basic type of the FE function εe = B ⋅ de

K
M
e material FE stiffness matrix

K s
e geometric FE stiffness matrix
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K
T
e FE overall stiffness matrix

Kg global stiffness matrix of the entire model

fe FE nodal forces vector

fg global nodal forces vector (loading on entire model), vector of the right sides

de nodal parameter vector of FE deformation

dg global nodal parameter vector of deformation, vector of the unknown

εe strain vector

σe vector of internal forces
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Methods for solving nonlinear equations2.8.2.3

The application of the FE method for solving nonlinear differential equations results in algebraic
equations that can be expressed in the following form:

K d d f

Equation 2.90

where

K stiffness matrix of the model

d vector of the unknown (usually of nodal parameters of the deformation)

f vector of the right sides (usually of nodal forces)

The matrix K is the function of d and therefore cannot be evaluated without knowing the vector of the
system roots d. Since this nonlinear system cannot be solved directly, iteration methods that are aimed
at progressively increasing the precision of the solution are used.

RF-CONCRETE NL uses the iteration method according to Picard. This method is also known as the
Direct Iteration Method or Secant Modulus Method.

Figure 2.129 Direct iteration method
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Convergence criteria2.8.2.4

In solving the nonlinear equations, two convergence criteria are considered. The iteration step is
deemed to be completed once a convergence criterion is fulfilled. The first convergence criterion
observes how the diagonal components of the material's stiffness matrix change. A convergence is
reached when the stiffness matrix of the material has stabilized for all finite elements.

D
tot
i 1

D
j
i 1

D
n
i 1

D
tot
i

D
j
i

D
n
i

n

j 1
D

j
i D

j
i 1

n

j 1
D

j
i 1

e

Equation 2.91

where

D
tot
i 1 stiffness matrix of the material from the previous iteration step

D
tot
i stiffness matrix of the material in the current iteration step

ε desired precision (for RFEM precision 1, the following applies: ε = 0.05 %)

The second convergence criterion observes how the size of the maximum deformation changes. At the
same time, the program checks whether the place of the maximum deformation within the structure has
changed. Since the deformation normally converges faster than the stiffness matrix, the deformation
criterion is only activated after 50 iteration steps (for RFEM precision 1).

d
max
i d

max
i 1

d
max
i 1

e where N
max
i N

max
i 1

Equation 2.92

where

D
max
i 1 maximum nodal displacement from previous iteration step

D
max
i maximum nodal displacement of structure in current iteration step

ε desired precision (for RFEM precision 1, the following applies: ε = 0.05 %)

N
max
i 1 number of node with maximum displacement from previous iteration step

N
max
i number of node with maximum displacement from current iteration step
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The precision of the convergence criterion for the nonlinear calculation and the iteration step after
which the deformation criterion is additionally considered are controlled in the Global Calculation
Parameters tab of the Calculation Parameters dialog box in RFEM. This dialog box can also be
accessed in window 1.1 General Data of RF-CONCRETE:

Figure 2.130 [Edit Settings] button in the Serviceability Limit State tab of window 1.1 General Data

The Settings for Nonlinear Calculation dialog box appears (see Figure 2.131 ).

You can then click the [Details] button to open the Calculation Parameters dialog box of RFEM.

Figure 2.131 Settings for Nonlinear Calculation dialog box with access to convergence criterion

The value for the Precision of convergence criteria ("RFEM precision") indicated in the RFEM dialog
box influences the break-off limit ε for the physically nonlinear calculation and the iteration step ni from
which the deformation criterion is additionally considered:

e "RFEM precision" 0 05%

n i

1
"RFEM precision"

50

The default value of the RFEM precision is 1. Thus, the precision of the convergence criterion for the
physical nonlinearity is ε = 0.05 % and the additional consideration of the deformation criterion starts
after the 50th iteration step. For a higher precision, the value of the RFEM precision must be reduced.
Thus, ε becomes smaller and the deformation criterion is considered at a later time.
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Material Properties2.8.3

Concrete in compression area2.8.3.1

For the serviceability limit state design, the program calculates using the mean strengths of the
materials. In the compressed area, it is possible to choose between a parabolic and a
parabolic-rectangular distribution of the stress-strain diagram.

Figure 2.132 Stress-strain diagram for concrete in compression area

The settings are specified in the Material Properties tab of the Settings for Nonlinear Calculation dialog
box (see Figure 3.12 ). This dialog box can be accessed in the Serviceability Limit State tab of
window 1.1 General Data by clicking the button shown on the left (see Figure 2.130 ).

Concrete in tension area2.8.3.2

There are several options available for the stress-strain diagram of the concrete in the tension area.

Figure 2.133 Stress-strain diagrams for tension area of concrete
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The concrete tensile strength can, inter alia, be considered as per CEB-FIP Model Code 90:1993. Until
the tensile strength of concrete fctm is reached, the program assumes the distribution for reaching the
crack strain of 0.15 ‰ shown in Figure 2.134 .

Figure 2.134 Stress-strain relation for concrete in the tension area as per CEB-FIP Model Code 90:1993

Alternatively, you can use the concrete's stiffening effect in the tension zone (tension stiffening). This
procedure is described in the following chapter.

Figure 2.135 Stress-strain diagram for Tension-stiffening
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Stiffening effect of concrete in tension area2.8.3.3

In cracked parts of the reinforced concrete, the tensile forces in the crack are resisted by the
reinforcement alone. Between two cracks, however, tension stresses are transferred to the concrete
through the (displaceable) bond. Thus, the concrete contributes to the resistance of internal tension
forces, which leads to an increased stiffness of the component. This effect refers to the stiffening
contribution of the concrete in tension between the cracks and is also called tension stiffening.

Figure 2.136 Stress and strain behavior between two primary cracks

The increase of the structural component stiffness due to tension stiffening can be considered in two
ways:

A residual, constant tension stress, which remains after the crack formation, can be involved in the
concrete's stress-strain diagram.

The residual tension stress is clearly smaller than the tensile strength of the concrete. Alternatively, it is
also possible to introduce modified stress-strain relations for the tension zone that consider the
contribution of the concrete in tension between the cracks in the form of a decreasing branch in the
graph after the tensile strength is reached.

Another approach is to modify the "pure" stress-strain diagram of the reinforcing steel.

In this case, a reduced steel strain εsm is applied in the relevant cross-section, with the strain resulting
from εs2 and a reduction term due to the tension stiffening.

To consider tension stiffening, RF-CONCRETE NL uses the approach of modeling the concrete tensile
strength according to Quast [4] . This model is based on a defined stress-strain relation of the
concrete in the tension area (parabola-rectangle diagram). The basic assumptions of Quast's approach
can be summarized as follows:

full contribution of the concrete to tension until reaching the crack strain εcr or the calculational
concrete tensile strength fct,R

reduced stiffening contribution of the concrete in the tension zone according to the existing concrete
strain

no application of tension stiffening after the governing rebar starts yielding

To sum up, this means that the tensile strength fct,R used for the calculation is not a fixed value but
relates to the existing strain in the governing steel (tension) fiber. The maximum tensile strength fct,R
decreases linearly to zero, starting at the defined crack strain εcr until reaching the yield strain of the
reinforcing steel in the governing steel fiber. This is achieved by means of the stress-strain relation in the
tension area of the concrete shown in Figure 2.137 (parabola-rectangle diagram) and the
determination of a reduction factor VMB (German: Versteifende Mitwirkung des Betons).
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Figure 2.137 Stress-strain relation of concrete in the tension area with reduction factor VMB = 0.4

The stress-strain relation in the tension zone can be described with the following equations:

s c VMB f ct R 1 1
e

e cr

n
PR for 0 e e cr

s c VMB f ct R for e e cr constant distribution

Equation 2.93

The curvature of the parabola in the first section can be controlled by the exponent nPR. The exponent
should be adjusted in such a way that the transition from the compression zone to the tension zone is
preferably achieved with the same modulus of elasticity.

Figure 2.138 Stress conditions for increasing effect of tension stiffening

To determine the reduction factor VMB, the strain at the most tensioned steel fiber is used. The position
of the reference point is shown in Figure 2.139 .
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Figure 2.139 Determining the residual tensile strength for tension stiffening according to Quast [4] .

The reduction parameter VMB decreases with increasing steel strain. In the diagram for the factor VMB
(see Figure 2.140 ), it is evident that the factor VMB is reduced to zero exactly at the point when the
yielding of the reinforcement starts.

Figure 2.140 Reduction factor VMB

The distribution for the reduction factor VMB in state II (ε > εcr) can be controlled by means of the
exponent nVMB. According to Pfeiffer [5] , the values nVMB = 1 (linear) to nVMB = 2 (parabola) are
experiential values for structural elements subjected to bending. In his model, Quast [6] uses the
exponent nVMB = 1(linear), thus achieving good concordance when recalculating column tests.
According to Pfeiffer [5] , it is possible to describe pure tension tests with acceptable concordance by
using nVMB = 2.

The assumption of a parabola-rectangle diagram for the cracked concrete tension zone can be
regarded as a calculation aid. At first glance, there are great differences compared to the
experimentally determined stress-strain diagrams on the tension side of the pure concrete.

2 Theoretical Background

125



RF-CONCRETE Surfaces - Manual

www.dlubal.com

Figure 2.141 Comparison of model and laboratory test

The given stresses in the reinforced concrete cross-section in bending show that the parabola-rectangle
diagram is indeed better suited to describe the mean of the strains and stresses.

In a bending beam, a concrete body forms between two cracks. It acts as a sort of wall into which
tension forces are gradually reintroduced by the reinforcement. This results in a very irregular
distribution of stress and strain. On average, however, we can create a plane of strain with a
parabola-rectangle distribution with which it is possible to consider the mean curvature.

Figure 2.142 Existing state of stress when subjected to bending

Quast suggests the following calculation value for the tension strength fct,R and the crack strain εcr,R for
his model.

f ct R

1
20

f cm e cr R

1
20

e c1

Equation 2.94

The calculational value for the tensile strength fct,R is thus smaller than specified by the Eurocode. This is
due to the description of the stress-strain relation and the determination of the reduction parameter
VMB, in which the assumed tension stress and the resulting tension force are only slowly reduced after
exceeding the tension strain. For a strain of 2 ⋅ εcr, there is also an acting tension stress of about
0.95 ⋅ fct,R. Thus, in case of bending, the reduction of the stiffness can be predicted well. In case of
pure tension, the values for fct,R mentioned above are too low. According to Pfeiffer [5] , the values
from EC 2 should be applied for the calculation value of the tensile strength.

The values for fct,R = 1/20 ⋅ fcm recommended by Quast [6] can be reached by applying 60 % of
the tensile strengths given in EC 2. On the one hand, the cracking of the cross-section is predicted too
early when applying fct,R = 0.6 ⋅ fctm. On the other hand, this already takes into account a reduction of
the tensile strength under permanent load (about 70 %) or a temporarily higher load (e.g. the
short-term application of the rare action combination) that results in a damaged tension zone.
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The individual calculation values for the concrete's tension zone can be described as follows:

f ct R 0 60 f ct standard
calculational tensile strength

n
f cm

f ct standard

ratio, auxiliary factor

e cr R

e c1

n
calculational crack strain

nPR 1 1 Ecm

e c1

f cm

Equation 2.95

exponent for general parabola (see Equation 2.93 )

Reinforcing steel2.8.3.4

For the serviceability limit state design, the program calculates with the mean strengths of the materials.
The mean reinforcing steel strengths were published by the JCSS in the Probabilistic Model Code. The
code specifies the mean value of the reinforcing steel's yield strength with fym = 1.1 ⋅ fyk.

RF-CONCRETE NL uses a bilinear distribution for the stress-strain relation of the reinforcing steel.

Figure 2.143 Stress-strain relation of reinforcing steel

The user can choose whether the plastic branch of the graph is horizontal or increases up to ftm. The
settings are specified in the Settings for Nonlinear Calculation dialog box (see Figure 3.12 ). To
open this dialog box, click the button shown on the left that is available in the Serviceability Limit State
tab of window 1.1 General Data.
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Creep and Shrinkage2.8.4

Considering creep2.8.4.1

Creep describes the time-dependent deformation of the concrete with loading within a particular
period of time. The essential influence values are similar to those of shrinkage (see chapter 2.8.4.2 ).
Additionally, the so-called "creep-producing stress" has a considerable effect on the creep
deformations.

Attention must be paid to the load duration, the time of load application, as well as the extent of the
loading. Creep is taken into account by the creep coefficient φ(t,t0) at the point of time t.

In RF-CONCRETE Surfaces, the specifications for determining the creep coefficient are set in window
1.3 Surfaces. In it, you can specify the concrete's age at the considered point of time and at the
beginning of loading, the relative air humidity, as well as the type of cement. Based on these
specifications, the program determines the creep coefficient φ.

Figure 2.144 Window 1.3 Surfaces, Creeping tab

We now will briefly look at the determination of the creep coefficient φ according to EN 1992-1-1,
clause 3.1.4. Using the following equations requires the creep-producing stress σc of the acting
permanent load to not exceed the following value.

s c 0 45 f ckj

Equation 2.96

where

fckj cylinder compressive strength of the concrete at the point of time when the
creep-producing stress is applied

Figure 2.145 Creep-producing stress σc
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Under the assumption of a linear creep behavior (σc < 0.45 ⋅ fckj), the concrete's creep can be
determined through a reduction of the concrete's modulus of elasticity.

Ec eff

Ecm

1 0 j t t 0

Equation 2.97

where

Ecm mean modulus of elasticity according to EN 1992-1-1, Table 3.1

φ (t,t0) creep coefficient

t age of concrete at relevant point of time in days

t0 age of concrete when load application starts in days

According to EN 1992-1-1, clause 3.1.4, the creep coefficient φ(t,t0) at the analyzed point of time t
can be calculated as follows.

f t t 0 f RH b f cm b t 0 b t t 0

Equation 2.98

where

j RH 1
1

RH
100

0 10 3 h0

a 1 a 2

RH relative humidity [%]

h0

2 Ac

u

effective component thickness [mm] (for surfaces: h0 = h)
Ac cross-section area
u cross-section perimeter

a 1

35
f cm

07 adjustment factor
fcm mean value of cylinder compressive strength

a 2

35
f cm

02 adjustment factor

b f cm

16 8

f cm

coefficient for considering the concrete compressive strength
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b t 0

1
0 1 t

0eff
02

coefficient for considering the age of concrete

t 0eff t 0 1
9

2 t
0
12

a
0 5 d

b t t 0

t t 0

b H t t 0

03 coefficient for considering the load duration

t age of concrete at relevant point of time in days

t 0
age of concrete when load application starts in days

b H 1 5 1 0 012 RH 18 a h0 250 a 3 1500 a 3

RH relative humidity [%]

h0
effective component thickness [mm]

a 3

35
f cm

05 adjustment factor

The influence of the type of cement on the concrete's creep coefficient can be taken into account by
modifying the load application age t0 with the following equation:

t 0 t 0 T 1
9

2 t 0 T
12

a
0 5

Equation 2.99

where

t0 = tT effective age of concrete when load application starts while taking
the influence of temperature into account

α exponent depending on type of cement:

-1 : slow-hardening cements (S) (32,5)
0 : normal- or rapid-hardening cements (N) (32,5 R; 42,5)
1 : rapid-hardening, high-strength cements (R) (42,5 R; 52,5)
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Considering creep in the calculation

If the strains at the point of time t = 0 as well as at a later point of time t are known, it is possible to
determine the creep coefficient φ for a calculational consideration in the model.

j t

e t

e t 0

1

Equation 2.100

This equation is rearranged to the strain at the point of time t. Thus, we get the following relation, which
is valid for uniform stresses (cf. Equation 2.96 ):

e t e t 0 j t 1

Equation 2.101

For stresses higher than approximately 0.4 ⋅ fck, the strains increase disproportionately, resulting in the
loss of the linearly assumed reference.

The calculation in RF-CONCRETE NL uses a common solution that is reasonable for construction
purposes. The stress-strain diagram of the concrete is distorted by the factor (1 + φ).

Figure 2.146 Distortion of the stress-strain relation for determining the creep effect

When taking creep into account, uniform creep-producing stresses are assumed during the period of
load application, as can be seen in Figure 2.146 . Because of neglected stress redistributions, the
deformation is slightly overestimated due to this assumption. The stress reduction without a change in
strain (relaxation) is only taken into account to a limited degree in this model. If we assume a linear
elastic behavior, a proportionality could be presumed and the horizontal distortion would also reflect
the relaxation at a ratio of (1 + φ). This correlation, however, is lost for the nonlinear stress-strain
relationship.

Thus, it becomes clear that this procedure must be understood as an approximation. Therefore, a
reduction of the stresses due to relaxation as well as nonlinear creep cannot or can only be
approximately represented.

2 Theoretical Background

131



RF-CONCRETE Surfaces - Manual

www.dlubal.com

Taking shrinkage into account2.8.4.2

Shrinkage describes a time-dependent change of the volume without the effect of external loads or
temperature. This manual will not go into details regarding shrinkage problems and their individual
types (drying shrinkage, autogenous shrinkage, plastic shrinkage, and carbonation shrinkage).

Significant influence values of shrinkage are relative humidity, effective thickness of structural
components, aggregate, concrete strength, water-cement ratio, temperature, as well as the type and
duration of curing. The shrinkage-determining value is the total shrinkage strain εcs at the considered
point of time t.

According to EN 1992-1-1, clause 3.1.4, the total shrinkage strain εcs is composed of the components
for drying shrinkage εcd and autogenous shrinkage εca:

e cs e cd e ca

Equation 2.102 [7] Eq. (3.8)

The component from drying shrinkage εcd is determined as follows.

e cd t b ds t t s k h e cd 0

Equation 2.103 [7] Eq. (3.9)

where

b ds t t s

t t s

t t s 0 4 h
0
3

Equation 2.104 [7] Eq. (3.10)

t age of concrete at relevant point of time in days

ts age of concrete when shrinkage starts in days

h0

2 Ac

u

effective component thickness [mm] (for surfaces: h0 = h)
Ac cross-section area
u cross-section perimeter

kh coefficient according to [4] Table 3.3 depending on the effective
cross-section thickness h0

εcd,0 basic value according to [4] Table 3.2 or Annex B, Eq. (B.11):

e cd 0 0 85 220 110 a ds1 exp a ds2

f cm

f cmo

10 6 b RH

αds1, αds2 factors for considering the type of cement (see Table 2.3 )

fcm mean cylinder compressive strength of concrete in [N/mm2]

fcmo = 10 N/mm2
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b RH 1 55 1
RH
RH0

3

RH relative humidity of environment [%]

RH0 100 %

Cement Class Property αds1 αds2

32,5 N S slow-hardening 3 0.13

32,5 R; 42,5 R N normal-hardening 4 0.12

42,5 R; 52,5 N/R R rapid-hardening 6 0.11

Table 2.3 Factors αds1 and αds2 depending on the type of cement

The autogenous shrinkage strain εca is determined as follows.

e ca t b as t e ca
[7] Eq. (3.11)

where

βas (t) = 1 - e-0.2√t [7] Eq. (3.12)

εca (∞) = 2.5 ∙ (fck - 10) ∙ 10-6 [7] Eq. (3.13)

t in days

Taking shrinkage in RF-CONCRETE NL into account (while considering the
reinforcement)

The data for the shrinkage strain is entered in window 1.3 Surfaces. In it, you can specify the age of
concrete at the relevant point of time and at the beginning of shrinkage, the relative air humidity, and
the type of cement. Based on these specifications, RF-CONCRETE NL determines the shrinkage strain
εcs.

Figure 2.147 Window 1.3 Surfaces, Shrinkage tab
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The shrinkage strain εcs (t,ts) can also be specified manually, independent of standards.

The shrinkage strain is only applied to the concrete layers; the reinforcement layers remain
unconsidered. Thus, there is a difference from the classical temperature loading, which also affects the
reinforcement layers. Therefore, the model for shrinkage used in RF-CONCRETE NL considers the
restraint of the shrinkage strain εsh that is exerted by the reinforcement or the cross-section curvature for
an unsymmetrical reinforcement. The resulting loads from the shrinkage strain are automatically
applied to the surfaces as virtual loads and calculated. Depending on the structural system, the
shrinkage strain results in additional stresses (statically indeterminate system) or additional
deformations (statically determinate system). For shrinkage, RF-CONCRETE NL therefore considers the
influence of the structural boundary conditions in different ways.

The loads resulting from shrinkage are automatically assigned to the loading for serviceability defined
in window 1.1 General Data and are therefore included in the nonlinear calculation.

The shrinkage depends on the correct distribution of the stiffness in the cross-section. Therefore, the
consideration of tension stiffening (residual tensile strength of concrete according to Quast) as well as
a small value for damping are recommended for the concrete's tension zone.

The 1D model shown in Figure 2.148 illustrates how shrinkage is considered in the program.

Figure 2.148 1D example for shrinkage

As a simplification, four layers are considered: The dark orange layers represent the concrete with little
damage, the light orange layers the more heavily damaged concrete. The blue layer corresponds to
the reinforcement. Each concrete layer is characterized by the actual modulus of elasticity Ec,i and
each cross-sectional area by Ac,i. The reinforcement is characterized by the actual modulus of elasticity
Es and the cross-sectional area As. Each layer is described by means of the coordinate zi.
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Considering shrinkage as an external load

Shrinkage strain can also be applied as an external load in RFEM: In the New Surface Load dialog
box of RFEM, you can open the Generate Surface Load Due to Shrinkage dialog box by clicking the
button shown on the left.

Figure 2.149 Generate Surface Load Due to Shrinkage RFEM dialog box

In this dialog box, you can enter the parameters for determining the shrinkage strain. To transfer the
determined shrinkage value as a load magnitude into the initial dialog box, New Surface Load, click
[OK]. The load type is automatically set to Axial strain. Please note that the shrinkage strain acts on the
entire cross-section and that possible restraints or cross-section curvatures are not taken into account by
the reinforcement.
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Input Data3

When you start the add-on module, a new window appears. A navigator that manages the available
module windows is displayed on the left. The drop-down list above the navigator contains the design
cases (see chapter 8.1 ).

The design-relevant data can be defined in several input windows. When you open RF-CONCRETE
Surfaces for the first time, the following parameters are imported automatically:

load cases, load combinations, and result combinations

materials

surfaces

internal forces (in background, if calculated)

To open a window, click the corresponding entry in the navigator. Use the buttons shown on the left to
set the previous or next window. You can also use the function keys [F2] (forwards) and [F3]
(backwards) to go through the windows.

To save the entered data, click [OK]. RF-CONCRETE Surfaces closes and you return to the main
program. To exit the add-on module without saving the data, click [Cancel].

General Data3.1

In window 1.1 General Data, you can specify the design standard and the actions. The tabs manage
the load cases, load combinations, and result combinations for the ultimate and serviceability limit state
designs.

Figure 3.1 Window 1.1 General Data
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Design Acc. to Standard / NA

Figure 3.2 Standard and National Annex for reinforced concrete design

Standard

You can specify the standard according to which you want to perform the ultimate and serviceability
limit state design. The following standards for reinforced concrete are available in the list:

EN 1992-1-1:2004/A1:2014 European Union

DIN 1045-1:2008-08 Germany

DIN 1045:1988-07 Germany

ACI 318-19 USA

ACI 318-14 USA

ACI 318-11 USA

CSA A23.3-19 Canada

CSA A23.3-14 (R2015) Canada

SIA 262:2013 Switzerland

SIA 262:2017 Switzerland

GB 50010-2010 China

You can purchase each standard separately.

You can use the button to hide and display old standards in the list. They are marked in red.

National Annex

For the design according to the Eurocode (EN 1992-1-1:2004/A1:2014), you have to specify the
National Annex whose parameters apply for the checks.
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Figure 3.3 National Annexes for EN 1992-1-1

Click the [Edit] button to view the preset parameters (see Figure 3.4 ). You can also access the
Parameters of National Annex dialog box with the [Nat. Annex] button that is available in every input
window.

Figure 3.4 Parameters of National Annex dialog box

In this dialog box, you can find all design-relevant coefficients specified in the National Annexes. They
are listed by the Eurocode's clause numbers.

If other specifications apply for partial safety factors, reduction factors, compression strut angles, etc.,
you can adjust the parameters. To do this, first click the [New] button to create a copy of the current
National Annex. In this user-defined Annex, you can then change the parameters.
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Comment

Figure 3.5 User-defined comment

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

Ultimate Limit State3.1.1

Figure 3.6 Window 1.1 General Data, Ultimate Limit State tab

Existing Load Cases / Combinations

This column lists all load cases, load combinations, and result combinations that have been defined in
RFEM.

Click to transfer selected entries into the Selected for Design list on the right. You can also
double-click the items to transfer them. To transfer the entire list to the right, click .

Selecting several load cases is possible by clicking them one by one while pressing the [Ctrl] key, as is
common in Windows applications. This allows you to transfer several load cases at once.

If a load case is marked in red, like LC3 in Figure 3.6 , it cannot be calculated: It indicates a load
case without load data or a load case containing imperfections. When you transfer it, a corresponding
warning appears.

Below the list, several filter options are available. They help you to assign the entries sorted by load
cases, load combinations, or action categories. The buttons have the following functions:

Selects all load cases in the list.

Inverts the selection of load cases.

Table 3.1 Buttons in Ultimate Limit State tab
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Selected for Design

The column on the right lists the load cases, load combinations, and result combinations selected for
the design. To remove selected items from the list, click or double-click the entries. To empty the
entire list, click .

You can assign the load cases, load combinations, and result combinations to the following design
situations:

Persistent and Transient

Accidental

This classification controls the partial safety factors γc and γs according to EN 1992-1-1, Table 2.1
(see Figure 3.4 and Figure 3.44 ).

You can change the design situation by using the list that you can access by clicking at the end of the
input field.

Figure 3.7 Assigning the design situation

Just like before, a multiple selection is possible by keeping the [Ctrl] key pressed, thus allowing you to
change several items at once.

The analysis of an enveloping max/min result combination is faster than the analysis of all load cases
and load combinations indiscriminately selected for the design. However, when analyzing a result
combination, it is difficult to discern the influence that the included actions have (see also chapter
4.1 ).

Serviceability Limit State3.1.2

The serviceability limit state design depends on the results of the ultimate limit state design. Therefore, it
is not possible to perform the serviceability limit state design alone.

Figure 3.8 Window 1.1 General Data, Serviceability Limit State tab
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Existing Load Cases / Combinations

This section lists all load cases, load combinations, and result combinations that have been defined in
RFEM.

Normally, the actions and partial safety factors that are relevant for the serviceability limit state (SLS)
design are different from the ones for the ultimate limit state. The corresponding combinations can be
created in RFEM.

Selected for Design

Load cases, load combinations, and result combinations can be added or removed as described in
chapter 3.1.1 .

For EN 1992-1-1, you can assign different limit values for the deflection to the individual load cases,
load combinations, and result combinations. The following design situations are available:

Characteristic with direct load

Characteristic with imposed deformation

Frequent

Quasi-permanent

You can change the design situation by using the list that can be accessed by clicking the button at
the end of the input field.

Figure 3.9 Assigning the design situation

With the [Details] button, you can access settings for the individual design situations (see chapter
4.1.2 ).

Method of check

The two option buttons allow you to configure whether you want to perform the serviceability limit state
designs according to the analytical or nonlinear method.

Both methods are described on the following pages.
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Analytical method of check3.1.2.1

The Analytical method is preset for the check. This method uses the equations given by the standards
for reinforced concrete. This method is described in chapter 2.6 of the manual.

Click the button to open a dialog box for checking and, if necessary, adjusting the design
parameters.

Figure 3.10 Settings for Analytical Method of Serviceability Limit State Design dialog box

Method

This dialog section allows you to control which strain ratio of the reinforcement directions is applied for
the serviceability limit state design.

With By assuming an identical deformation ratio of the longitudinal reinforcement, the program
assumes the same strain ratio of the provided reinforcement: All rebars are subjected to the same strain
in the individual reinforcement directions. This approach is a fast and exact procedure. The selection of
the compression strut inclination plays a significant role in this. This method is based on a purely
geometrical division (see chapter 2.6 ). It is applicable if the provided reinforcement more or less
corresponds to the required reinforcement.

The By classifying the structural element as a plate or wall option provides a simplified solution that you
can use for a non-rotated, orthogonal reinforcement mesh: For each design point, the program checks
if the tensile stresses from axial forces or bending moments do not exceed a certain stress. The limit
value of the stress is defined in the Classification Criterion section. It is used to control whether the
surface is designed as a plate (axial forces are set to zero) or a wall (moments are set to zero).

By neglecting small internal force components, it is possible to use the flowchart from ENV 1992-1-1,
Annex A 2.8 or 2.9. The design internal forces correspond to the values shown in RFEM Table 4.16
(see RFEM manual, chapter 8.16).
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Should the classification criterion for a design point of the surface not be fulfilled, an error message will
appear during the calculation.

The By taking into account the deformation ratio of the longitudinal reinforcement option is only
enabled for 2D model types (see Figure 2.1 ). This method considers the effective strain ratios due to
the selected reinforcement and takes them into account for the serviceability limit state design.

Design of

In this dialog section, you can specify whether to analyze stresses and/or cracks in the design. You
must select at least one of the check boxes.

If you select Cracks, it is possible to check the minimum reinforcements as,min, the limit diameters lim ds,
the maximum crack spacings max sl, and the crack widths wk. The settings for the individual checks can
be specified in window 1.3 Surfaces (see chapter 3.3 ).

The analysis of the stresses can be differentiated with regards to the Concrete stresses σc and Steel
stresses σs.

Furthermore, it is possible to calculate the Deflection with RF-CONCRETE Deflect, taking creeping,
shrinkage, and tension stiffening into account (see chapter 2.7 ). To do so, you need a license of the
add-on module RF-CONCRETE Deflect.

Determination of Longitudinal Reinforcement

The Increase the required longitudinal reinforcement automatically check box allows you to control if
the longitudinal reinforcement is to be dimensioned to fulfill the serviceability limit state designs. If this
check box is clear, only the specifications entered in the Longitudinal Reinforcement tab of window 1.4
(see chapter 3.4.3 ) are used: basic reinforcement, required reinforcement from ultimate limit state
design, or basic reinforcement with provided additional reinforcement.

Dimensioning the reinforcement for the serviceability limit state design occurs by increasing the
reinforcement iteratively. As the initial value for the iteration, the program uses the required ULS
reinforcement to resist the given characteristic load. The dimensioning of the reinforcement has no result
if the rebar spacing sl of the applied reinforcement reaches the rebar diameter dsl. In this case, the
result windows indicate that the respective point cannot be designed.

In the design according to EN 1992-1-1, it is possible to Find the most economical reinforcement for
crack width design. Click the [Info] button to display information about this option (see Figure 3.11 ).
The Information dialog box describes when the check of crack width can be considered as being
fulfilled. Moreover, clause 7.2 of EN 1992-1-1 describes the conditions under which the stresses
should be limited.

This means that not all design ratios shown in window 3.1 have to be less than 1 in order for the
serviceability limit state design to be fulfilled!

Figure 3.11 Information dialog box for determining the most economical reinforcement
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Dimensioning the reinforcement with regards to the concrete and steel stress, the limit diameter, and the
maximum bar spacing is done separately for each reinforcement direction. However, if the resulting
crack width wk,res is governing to fulfill the crack width check, the reinforcement amount is increased
equally for each direction.

Check criteria that do not have to be fulfilled for economical reasons are indicated by message 236)
in the result windows of the serviceability check: "The check of the reinforcing layers does not need to
be fulfilled for economical reasons". The check of crack width that is governing for the most
economical reinforcement is marked by message 235): "The check restricts increase of reinforcement
for economical reasons". This message applies to the designs for lim ds, lim sl, and wk, but not for as,min.

If the Find the most economical reinforcement for crack width design check box is selected, you cannot
specify a user-defined additional reinforcement for the SLS design in the Longitudinal Reinforcement tab
of window 1.4 Reinforcement.

Classification Criterion

This dialog section (see Figure 3.10 ) is only available for 3D model types. The check boxes allow
you to control if small normal forces and/or bending moments may be neglected in order to design
surfaces as pure plates (upper box selected) or walls (lower box selected) in an idealized way. As the
limit value, the mean value of the axial tensile strength fctm is respectively preset with 2.9 N/mm2 of
concrete C30/37: It is assumed that the tensile strength of concrete compensates for a crack formation
due to minor tensile stresses, which is why they can be neglected.

If you have selected the classification as a plate or wall in the Method dialog section, you have to
select at least one of the two check boxes.
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Nonlinear method of check3.1.2.2

In order to perform a design according to the Nonlinear method, a license of the RF-CONCRETE NL
add-on module is required. This method is described in chapter 2.8 . The program performs a
physical and geometrical nonlinear calculation.

The nonlinear design method acts on the assumption of an interaction between model and loading,
requiring a clear distribution of internal forces. Therefore, only load cases and load combinations can
be analyzed, but result combinations (RC) cannot. In a result combination, two values are available for
each FE node – maximum and minimum.

The internal forces for the nonlinear design are generally determined according to the second-order
analysis.

Click the button to open a dialog box for checking and, if necessary, adjusting the design
parameters. This dialog box is divided into the Options and Material Properties tabs.

Options

Figure 3.12 Settings for Nonlinear Calculation dialog box, Options tab

Options

This dialog section allows you to control which serviceability limit state designs you want to carry out:
deformation, crack widths, as well as concrete and steel stresses. You must select at least one of the
four check boxes.

You can also decide if the influence of creeping and shrinkage should be considered in the nonlinear
calculation.

Detailed settings for the individual checks as well as for creep and shrinkage are specified in window
1.3 Surfaces (see chapter 3.3.2 ).
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Export of Nonlinear Stiffness

The Save the nonlinear stiffness check box allows you to control if the nonlinearly determined stiffnesses
are also available for a calculation in RFEM.

The stiffnesses can by exported Individually for each designed load case. In the Load Cases and
Combinations dialog box of RFEM, you can then assign the according stiffness from RF-CONCRETE
Surfaces to each of these load cases. RFEM allocates the load cases automatically. If you select
Consistent for reference load, specify the governing load case in the drop-down list below. In RFEM,
you can then assign the stiffness that results from these loads to all load cases that are defined.

The consideration of nonlinear stiffnesses in RFEM is described in chapter 7.3.1.3 of the RFEM manual.

Settings for Iteration Process

The settings in this dialog section influence the process of the nonlinear design method. You can find
more information in chapter 2.8.2.4 .

When modifying the precision of iterations, make sure that the Maximum number of iterations is higher
than the point in the calculation process from which the deformation criterion is additionally taken into
account. Click the [Details] button to open the Calculation Parameters dialog box of RFEM. In it, you
can adjust the precision of the convergence criteria for the nonlinear calculation.

In the nonlinear calculation, the surface is divided into so-called layers (see chapter 2.8.2.1 ). The
recommended number of layers is 10.

Furthermore, you can influence the convergence behavior with Damping: Damping controls the
magnitude of the stiffness change in the subsequent calculation steps. For example, if you specify a
damping of 50 %, the change of the stiffness between step 2 and 3 can at most be 50 % of the
stiffness change between step 1 and step 2.

Material Properties

Figure 3.13 Settings for Nonlinear Calculation dialog box, Material Properties tab
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Material Properties of Reinforcing Steel

The check box allows you to control if the calculation in the plastic zone of the reinforcing steel's stress-
strain diagram is carried out with a rising or a horizontal graph (see chapter 2.8.3.4 ).

Material Properties of Concrete

In this dialog section, you can specify the stress-strain relations of the concrete in compression and in
tension. A parabolic diagram for compression and tension stiffening for concrete tensile stresses is
preset.

For Tension stiffening (consideration of the stiffening effect of concrete in the tension zone), you can
specify the parameters used to apply the concrete tensile strength between the cracks in a separate
dialog box. To open it, click the [Edit] button.

Figure 3.14 Tension-Stiffening with Concrete Tensile Strength dialog box

Modifications of the parameters are immediately displayed graphically in the diagrams.

The approach of Tension Stiffening is described in chapter 2.8.3.3 .
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Details3.1.3

This tab appears when load cases have been selected for the serviceability limit state design and the
standard EN 1992-1-1 is set.

Figure 3.15 Window 1.1 General Data, Details tab

In the crack width design, the program calculates the differences in the mean strains of concrete and
reinforcing steel (see chapter 2.6.4.12 ). According to EN 1992-1-1, 7.3.4 (2), Eq. (7.9), the load
duration factor kt must be specified for this.

Load Case / Combination Description

This column lists all load cases, load combinations, and result combinations that have been selected for
design in the Serviceability Limit State tab. For load and result combinations, the included load cases
are shown as well.

Permanent Load

This column indicates the load cases that are to be applied as permanent loads. If an entry is marked
(selected check box), the factor kt is automatically set to 0.4 in the next column.

Factor kt

The load duration factor kt is used to consider the load duration. The factor kt is 0.4 for long-term load
actions and 0.6 for short-term actions.

For load and result combinations, the mean is formed from the kt values of the load cases contained in
the CO or RC.

k t

n

i 1
g i LC k t i LC

n

i 1
g i LC

Equation 3.1
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Materials3.2

The window is divided into two parts. The upper section lists the concrete classes and steel grades
relevant for the design. All materials of the concrete category used for surfaces in RFEM are preset. In
the Material Properties section, the properties of the current material, i.e. the material whose table row
is selected in the upper section, are displayed.

Figure 3.16 Window 1.2 Materials

The table only lists materials that are used in the design. Invalid materials are highlighted in red,
modified materials appear blue in color.

Chapter 4.3 of the RFEM manual describes the material properties used for determining the internal
forces. The properties of the materials needed for the design are stored in the global material library as
well. These values are preset for the Concrete Strength Class and the Reinforcing Steel.

To adjust the units and decimal places of the properties and stresses, select Settings Units and
Decimal Places in the menu (see chapter 8.2 ).

Material Description

Concrete Strength Class

The concrete materials used in RFEM are preset; materials that are not relevant are hidden. The
strength class can be modified at any time: click the material in column A, which activates the field.
Then, click the button or press the [F7] key to open the list of the strength classes.

The list contains only strength classes that correspond to the design concept of the selected standard.

After the transfer, the design-relevant Material Properties are updated.

As a matter of principle, the material properties cannot be edited in RF-CONCRETE Surfaces.

3 Input Data

149



RF-CONCRETE Surfaces - Manual

www.dlubal.com

Reinforcing Steel

In this column, the program presets a steel grade that corresponds to the design concept of the
selected standard.

As with the concrete strength class, you can select a different reinforcing steel in the drop-down list:
Click the material in column B to activate the field. Then, click the button or press the [F7] key to
open the list of the reinforcing steels.

As with the concrete strength classes, the list only contains steel grades that are relevant for the
selected standard.

After the transfer, the Material Properties are updated.

Material Library

Many materials are stored in a database. To open the [Library], click the button shown on the left,
which is available for the concrete strength classes and reinforcing steels at the end of the column.

Figure 3.17 Material Library dialog box

In the Filter section, the standard-relevant materials are set as a preselection, thus excluding all other
categories or standards. You can select the desired concrete strength class or steel grade from the
Material to Select list; the properties can be reviewed in the lower section.

Click [OK] or press [↵] to transfer the selected material to window 1.2 of RF-CONCRETE Surfaces.

Chapter 4.3 of the RFEM manual describes how to filter, add, or reorganize materials.
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Surfaces3.3

This window manages the surfaces that are relevant for the design.

The makeup of the window depends on the settings in window 1.1 General Data: If you only design
the ultimate limit state, the table merely lists the surfaces with their thicknesses. If you have selected load
cases for the serviceability limit state design (see Figure 3.8 ), you can enter specific settings here.
They differ depending on the selected method of check.

The buttons have the following functions:

Button Function

Only shows surfaces assigned to a reinforcement group in window 1.4
Reinforcement (see chapter 3.4 )

Allows you to go to the RFEM work window to change the view

Allows you to select a surface in the RFEM work window

Table 3.2 Buttons in window 1.3 Surfaces

Analytical Method3.3.1

The analytical method for the serviceability limit state design is described in detail in chapter 2.6 .

If you use RF-CONCRETE Deflect, this window provides additional tabs and columns. They are
described in chapter 3.3.2 Nonlinear Method.

Figure 3.18 Window 1.3 Surfaces for analytical check method, Limit of Crack Widths tab
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Material No.

The numbers of the materials are displayed according to window 1.2 Materials for each surface.

Thickness

Type

You can design constant and linearly variable thickness types. For orthotropic properties, the designs
are limited to the ultimate limit state.

d

This column shows the surface thicknesses defined RFEM. The values can be changed for the design.

If the surface thicknesses are modified, the internal forces of RFEM, which result from the stiffnesses of
the RFEM surface thicknesses, are used for the design. In a statically indeterminate system, the surface
thicknesses modified in RF-CONCRETE Surfaces must also be adjusted in RFEM: In this way, the
distribution of internal forces is correctly considered in the design.

The other column descriptions depend on the settings in the tabs below. These tabs can be controlled
in the Settings dialog box (see Figure 3.10 ) where you can specify whether you want to design
stresses and/or cracks.

The values in the columns are taken from the entries in the tabs below. These specifications apply to all
surfaces by default. It is also possible to only assign the current settings to specific surfaces: Clear the
All check box. Then, enter the numbers of the relevant surfaces or select them graphically in the RFEM
work window with . With you assign the current settings to these surfaces. However, the
assignment is only applicable for the active tab, for example Stress Check.

The following two parameters need to be defined in the Stress Check tab (see Figure 3.19 ).

σc,max

This column shows the value of the maximum (negative) concrete stress for limiting the concrete
compressive stresses (see chapter 2.6.4.7 ). According to EN 1992-1-1, the following applies to

quasi-permanent action combinations, if serviceability, ultimate limit state, or durability are
considerably affected by creeping:

σc ≤ 0.45 ⋅ fck 7.2 (3)

rare (= characteristic) action combinations in exposure classes XD1 to XD3, XF1 to XF4, XS1 to XS3:

σc ≤ 0.60 ⋅ fck 7.2 (2)

σs,max

This value represents the maximum reinforcing steel stress for limiting the reinforcement's tensile stresses
(see chapter 2.6.4.8 ). According to EN 1992-1-1, the following applies to

rare action combinations:

σs ≤ 0.80 ⋅ fyk 7.2 (5)

pure effects due to restraint:

σs ≤ 1.00 ⋅ fyk 7.2 (5)

The remaining parameters have to be defined in the Limit of Crack Widths tab (see Figure 3.18 ).
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fct,eff,wk

The value of the effective concrete tensile strength is required for the check of crack width according to
EN 1992-1-1, clause 7.3.4 (see chapter 2.6.4.12 ).

fct,eff,As,min

This column manages the concrete's effective tensile strength that is to be applied for the determination
of the minimum reinforcement to resist restraint according to EN 1992-1-1, clause 7.3.2 (see chapter
2.6.4.9 ). The concrete tensile strength depends on the time of the initial crack formation.

wk,-z (top) / wk,+z (bottom)

These parameters are the allowable crack widths at the top and bottom sides of the surfaces (see
chapter 2.6.4.12 ).

Effects due to Restraint

If there are effects due to restraint, they must be considered when determining the minimum
reinforcement for limiting the crack width (see chapter 2.6.4.9 ).

In the Limit of Crack Widths tab, you can use the [Edit] button to specify the minimum reinforcement to
resist effects due to restraint (see Figure 2.97 ).

Apply

In column I or with the check box in the Limitation of Crack Widths tab, you can configure if there are
effects due to restraint.

Type

In the Limitation of Crack Widths tab, you can specify whether there are internal or external effects due
to restraint. This influences the factor k for considering nonlinearly distributed concrete tensile stresses
(see Equation 2.71 ).

kc

This factor takes account of the stress distribution in the tension zone (see Equation 2.71 ).

Notes

This column shows remarks in the form of footnotes described in detail in the status bar.

Comment

These input fields can be used to enter user-defined comments.
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Nonlinear Method3.3.2

Performing a design according to the Nonlinear method requires a license of the add-on module
RF-CONCRETE NL. This method for the serviceability limit state design is described in detail in chapter
2.8 .

Figure 3.19 Window 1.3 Surfaces for nonlinear check method, Stress Check tab

The following columns are described in the previous chapter 3.3.1 :

Material

Thickness

wk,-z(top) / wk,+z(bottom)

σc,max

σs,max

For orthotropic surfaces, no serviceability limit state design according to the nonlinear method is
possible.

The values in the columns D through J are controlled in the tabs below. The settings specified in them
are applied to all surfaces by default. It is also possible to only assign the current settings to specific
surfaces: Clear the All check box. Then, enter the numbers of the relevant surfaces or use to select
them graphically. With you can assign the current settings to these surfaces.

The assignment is only applicable for the active tab, for example Stress Check.

Creep Coefficient φ

The parameters for creep must be defined in the Creeping tab (see Figure 2.144 ). Based on these
conditions, the program determines the creep coefficient φ. For the effective component thickness h0,
the program applies the surface thickness d.

Determining the creep coefficient is described in chapter 2.8.4.1 .
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Shrinkage εcs

This column shows the shrinkage strain. The relevant parameters are defined in the Shrinkage tab (see
Figure 2.147 ). Based on these conditions, the program determines the shrinkage strain εcs. For the
effective component thickness h0, the program applies the surface thickness d.

Determining the shrinkage strain is described in chapter 2.8.4.2 . If you do not wish to apply any
shrinkage strain to a surface, set a user-defined shrinkage strain of zero in the Shrinkage tab and then
assign it to the surface.

For pure plates that are defined as the model type 2D - XY (uZ/φX/φY), shrinkage cannot be
considered: There are only degrees of freedom for bending.

uz,max

This value represents the maximum allowable deformation that must be observed in the design of the
serviceability limit state. The design criteria are defined in the Deformation Analysis tab.

Figure 3.20 Window 1.3 Surfaces, Deformation Analysis tab

Limit

The serviceability for "common structures", for example according to EN 1992-1-1, clause 7.4, is
ensured if the deflection in the quasi-permanent action combination does not exceed the following limit
values.

Common case:
uz max

eff

250

Structural elements for which excessive
deformations can result in subsequent damages: uz max

eff

500
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The Minimum border line, Maximum border line, and User-defined relative options determine which
effective length leff is applied. For the two border line options, the program applies the smallest or
largest border line of the respective surface.

Figure 3.21 Maximum and minimum border line for determining uz,max

When you choose the User-defined relative option, you can enter the length directly or select it
graphically between any two points in the RFEM model with . In addition, you must define a
divisor by which the lengths are divided for all three options.

It is also possible to specify the allowable maximum deformation uz,max as User-defined absolute.

Related to

The deformation design criterion uses the deflection of a surface – the vertical deformation relative to
the straight line connecting the points of support. The Deformation Analysis tab (see Figure 3.20 )
provides three options for calculating the local deformation uz,local applied in the design.

• Undeformed system: The deformation is related to the initial structure.

• Displaced parallel surface: This option is recommended for an elastic support of the
surface. The deformation uz,local is related to a virtual
reference surface that is displaced parallel to the undeformed
system. The displacement vector of the reference surface is as
long as the minimal nodal deformation within the surface.

Figure 3.22 Displaced parallel surface (displacement vector: minimal nodal deformation uz,min)
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• Deformed reference plane: If the support deformations of a surface differ considerably
from each other, you can define an inclined reference plane
for the deformation uz,local that is to be designed. This plane
must be defined by three points of the undeformed system.
The program determines the deformation of the three
definition points, places the reference plane in these displaced
points, and then calculates the local deformation uz,local.

Figure 3.23 Displaced user-defined reference plane
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Reinforcement3.4

This window consists of five tabs where all settings for the reinforcement are specified. Since the
surfaces to be designed often require different specifications, you can define so-called "reinforcement
groups" in each RF-CONCRETE Surfaces case. Each reinforcement group manages the reinforcement
parameters that apply to particular surfaces.

Figure 3.24 Window 1.4 Reinforcement with three reinforcement groups

Reinforcement Group

To create a new reinforcement group, click the button in the Reinforcement Group section. The
number is automatically assigned. A user-defined Description helps you to overlook all reinforcement
groups available in the design case.

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

With the button, you can remove the selected reinforcement group from the design case without
any further warning. Surfaces that were contained in such a reinforcement group are therefore not
designed. To design them, they must be assigned to a new or existing reinforcement group.

Applied to Surfaces

This section allows you to specify the surfaces that the parameters of the current reinforcement group
apply to. By default, All surfaces are preset. If the corresponding check box is selected, you cannot
create another reinforcement group because a surface cannot be designed according to different rules
(this is only possible in "design cases", see chapter 8.1 ). The All check box must therefore be
cleared to use several reinforcement groups.

In the input field, you can enter the numbers of the surfaces that the reinforcement parameters in the
tabs below apply to; you can also select them graphically in the RFEM work window with . Only
surface numbers that have not yet been assigned to other reinforcement groups can be entered in the
input field.
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Reinforcement Ratios3.4.1

Figure 3.25 Window 1.4 Reinforcement, Reinforcement Ratios tab

In this tab, you can define the minimum and maximum reinforcements in percentages. The Minimum
secondary reinforcement refers to the largest longitudinal reinforcement to be applied. All additional
reinforcement ratios refer to the cross-sectional area of a surface stripe with a width of 1 meter.

Examples for minimum and maximum reinforcements can be found in chapter 2.3.7 , chapter
2.4.5 , and chapter 2.5.8 .
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Reinforcement Layout3.4.2

Figure 3.26 Window 1.4 Reinforcement, Reinforcement Layout tab

This tab manages the geometric specifications for the reinforcement.

Number of Reinforcement Directions

The reinforcement mesh can be defined with two or three reinforcement directions for each surface
side.

For serviceability limit state designs, only a reinforcement mesh with two directions is allowed.

The definition of the "top" and "bottom" surface side is described below in the Concrete Cover for
Reinforcement section.

Refer Concrete Cover to

You can refer the concrete covers that you can specify in the Concrete Cover for Reinforcement section
to the reinforcement's Centroid or Edge distance.

Figure 3.27 Reference of concrete cover

When you select the Edge option in a pure ultimate limit state design, you have to specify the Bar
diameter D.
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Concrete Cover for Reinforcement

You need to specify the concrete covers of the Basic Reinforcement and, if necessary, the Additional
Reinforcement for both sides of the surface. The dimensions represent either the centroids d of the
individual layers or the reinforcements' edge distances cnom in the direction φ1. The reinforcement
directions must be defined in the dialog section below.

The "top" and the "bottom" surface side is defined as follows: The bottom surface is defined in the
direction of the positive local surface axis z, the top surface accordingly in the direction of the negative
local z-axis.

The RFEM graphic shows the xyz coordinate systems of the surfaces once you move the pointer across
a surface. You can also use the shortcut menu of a surface (by right-clicking it) to display or hide the
axes.

Figure 3.28 RFEM shortcut menu of a surface

To display the surface sides in different colors, select Colors in Graphics According to +/- z Surface
Side in the Display navigator (see figure on the left).

You can change the orientation of the local z-axis of a surface by using the Reverse Local Axis System
option in the shortcut menu (see Figure 3.28 ). This way you can, for example, unify the orientation of
walls in order to unambiguously assign the top and bottom reinforcement sides for vertical surfaces.

The model types "wall" -- 2D - XZ (uX/uZ/φY) or "diaphragm" -- 2D - XY (uX/uY/φZ) are models that are
exclusively subjected to compression or tension in the component plane. In such a case, it is not
possible to create different reinforcement meshes for each surface side so that the input possibilities are
limited to uniform concrete covers on both sides.

If you select the According to Standard check box, the [Edit] button becomes available. Use this button
to open the dialog box shown in Figure 3.29 .
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Figure 3.29 Concrete Cover acc. to Standard dialog box

Exposure classes

In the upper section, you can define the parameters (exposure class, abrasion class, etc.) according to
the standard. Based on these parameters, RF-CONCRETE Surfaces determines the required concrete
covers.

You can specify the parameters separately for each surface side in the two dialog tabs.
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Reinforcement Directions Related to Local Axis x

The reinforcement directions φ are related to the local x-axes of the finite elements. In the Edit Surface
dialog box of RFEM, you can check and, if necessary, adjust the axis system of the surfaces for the
results output.

Figure 3.30 Edit Surface RFEM dialog box, Axes and Axes for Results tabs

For curved surfaces, it is recommended to check the axes of the finite elements graphically: In the
Display navigator of RFEM, select FE Mesh On Surfaces FE Axis Systems x, y, z, Indexes.

The reinforcement directions have to be specified for each layer by means of the angles φ. Only
positive angles are allowed. They respectively represent the clockwise rotation of the reinforcement
direction in relation to the corresponding x-axis.

For the model types "wall" -- 2D - XZ (uX/uZ/φY) or "diaphragm" -- 2D - XY (uX/uY/φZ), it is not possible
to create different reinforcement meshes for each side of the surface. Thus, the input options are limited
to uniform reinforcement directions on both surface sides.

3 Input Data

163



RF-CONCRETE Surfaces - Manual

www.dlubal.com

Longitudinal Reinforcement3.4.3

Figure 3.31 Window 1.4 Reinforcement, Longitudinal Reinforcement tab for serviceability limit state design

The sections in the tab depend on the designs selected in window 1.1 General Data: A pure ultimate
limit state design does not require any specific reinforcement settings. You only need to decide which
longitudinal reinforcement you want to use for the shear force check. For serviceability limit state
designs, however, you must specify reinforcement areas.

For more information on the reinforcement specifications in the serviceability limit state design, see
chapter 2.6.3 .

Provided Basic Reinforcement

For each surface side and each reinforcement direction, you can define a basic reinforcement that
applies to all surfaces of the reinforcement group. To do so, enter the Reinforcement Area and the
Diameter that is relevant for the serviceability limit state design in the input fields.

If the user-defined basic reinforcement exceeds the required reinforcement, no additional reinforcement
is needed. However, it is inefficient to apply large constant basic reinforcements to surfaces.

RF-CONCRETE Surfaces provides databases for rebars and mesh reinforcements that facilitate entering
the reinforcement areas. To access these libraries, use the two buttons shown on the left.
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Rebars

Figure 3.32 Import Reinforcement Area Due to Rebar dialog box

The three options in the Rebar Parameters section are interactive. Normally, the program calculates the
reinforcement area from the rebar diameter and the rebar spacing.

The Export section allows you to control which input fields of the Longitudinal Reinforcement tab the
determined reinforcement areas are imported into. The location and reinforcement direction can be
specifically defined (or sweepingly, by selecting all check boxes).

Mesh reinforcements

Figure 3.33 Import Reinforcement Area from Mesh Reinforcement Library dialog box

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

The Export section allows you to control which input fields of the Longitudinal Reinforcement tab the
determined reinforcement areas are imported into. The location and reinforcement direction can be
specifically defined (or sweepingly, by selecting all check boxes).
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Use required reinforcement for design of serviceability

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

determine the required reinforcement exclusively with the loading of the Ultimate Limit State tab

create a reinforcement drawing including mesh reinforcements and rebars on the basis of the
colored result diagrams

if necessary, use the reinforcement drawing to divide the surfaces into smaller surfaces that have the
same provided reinforcement area in each reinforcement direction

define the provided reinforcement area, rebar spacing, and rebar diameter for each of these
surfaces in RF-CONCRETE Surfaces

calculate once again with the loads of the Serviceability Limit State tab

This procedure is cumbersome and contrary to the convention stating that you can determine the
reinforcement and perform the serviceability limit state designs at the same time by using the
button.

Hence, you can select the Use required reinforcement for design of serviceability check box to quickly
use a provided reinforcement for the individual surfaces: The program uses the required reinforcement
from the ultimate limit state design as the applied reinforcement. You only need to specify the rebar
diameter.

Automatic layout of Additional Reinforcement for Serviceability
Limit State Design

Additional reinforcement is needed in areas where the statically required reinforcement exceeds the
basic reinforcement. Use the drop-down list in this dialog section to specify which additional
reinforcement should be used for the serviceability limit state design.

If you select the Required additional reinforcement option, the actual As,req distribution is used as the
additional reinforcement in the SLS design.

The Additional reinforcement layout is determined as the difference between the greatest statically
required reinforcement of all surfaces in the reinforcement group and the defined basic reinforcement:

as additional max as req as basic

Equation 3.2

Click the button to open a dialog box that illustrates the selected additional reinforcement (see
Figure 3.34 ).

To dimension the additional reinforcement, you only need to specify the rebar diameter.

The reinforcement area can also be specified with User-defined additional reinforcement. Just like in the
Provided Basic Reinforcement section, the program provides libraries for rebars and mesh
reinforcements.

3 Input Data

166



RF-CONCRETE Surfaces - Manual

www.dlubal.com

Figure 3.34 Applying additional reinforcement

Manual definition of reinforcement areas

As an alternative to the automatic geometric layout of the additional reinforcement for the serviceability
limit state design, the areas covered by the additional reinforcement can also be defined manually.

To activate this option, click the [Details] button to open the Details dialog box. Then, select the
Manual definition of the reinforcement areas in the Reinforcement tab.

Figure 3.35 Activating manual definition of reinforcement areas in Details dialog box
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In the Longitudinal Reinforcement tab, the Provided Additional Reinforcement dialog section then
appears instead of the Additional Reinforcement for Serviceability State Design section.

Figure 3.36 Window 1.4 Reinforcement, Longitudinal Reinforcement tab

The sections in the tab depend on the designs selected in window 1.1 General Data: A pure ultimate
limit state design does not require any specific reinforcement settings. You only need to configure
which longitudinal reinforcement you want to use for the shear force check. For the serviceability limit
state designs, however, you must specify reinforcement areas.

For more information on reinforcement specifications for the serviceability limit state design, see
chapter 2.6.3 .

The functions are described for a rectangular reinforcement as an example. The explanations
analogously apply to surface, polygonal, and circular reinforcements.

Click the [Apply free rectangular reinforcement] button to open the New Rectangular Reinforcement
dialog box (see Figure 3.37 ) where you can define the properties and the position of the free
reinforcement.

In the On Surfaces No. dialog section, you can enter the surfaces that the reinforcement should be
used for. If the All in RG check box is selected, the new free reinforcement is used for all surfaces of the
current reinforcement group.

The Projection Plane section determines which plane the reinforcement is applied on.

The Type of Reinforcement is either a mesh or rebar reinforcement. You can select the mesh
reinforcements in a library (see Figure 3.33 ), which is opened with the button. For the rebar
reinforcement, you can use the button to determine the reinforcement area using rebar diameter,
rebar spacing, and reinforcement surface (see Figure 3.32 ).

The Layout of Reinforcement section controls the arrangement of the reinforcement. For this, specify the
surface side and the direction of the reinforcement or mesh main reinforcement. The concrete cover of
the additional reinforcement is taken from the settings in the Reinforcement Layout tab; it cannot be
changed here.

3 Input Data

168



RF-CONCRETE Surfaces - Manual

www.dlubal.com

Figure 3.37 New Rectangular Reinforcement dialog box

The Reinforcement Position -- the region of the reinforcement -- is defined by the coordinates of two
points. They can be entered directly or selected with the button in the work window. You can also
draw a rectangular window, either with by selecting two corner points or with by using the
rectangle's center point.

Note the following when defining the reinforcement position: The free reinforcement is considered in
the finite element if the rectangle includes the element's center.

If two reinforcement surfaces lie on top of one another, the values in the concerned elements are
added.

After defining the reinforcement, the button is enabled in the Provided Additional Reinforcement
section of the tab (see Figure 3.36 ). It opens a table where you can edit the reinforcement.

Figure 3.38 Rectangular Reinforcement table

3 Input Data

169



RF-CONCRETE Surfaces - Manual

www.dlubal.com

The buttons in this table have the following functions:

Button Function

Creates a new free reinforcement area

Allows you to edit the selected reinforcement

Moves or copies the selected reinforcement

Deletes the selected reinforcement

Sorts the table entries by position

Opens the Reinforcement Filter dialog box (see Figure 3.39 )

Switches to the RFEM work window for changing the view

Turns the synchronization on and off in the graphic (see Figure 3.40 )

Table 3.3 Buttons in Rectangular Reinforcement table

Click the [Filter] button to open the dialog box shown in Figure 3.39 . It allows you to filter the table
by surface numbers, reinforcement locations, and types of reinforcement. You can get a better
overview by hiding particular properties.

Figure 3.39 Reinforcement Filter dialog box

If the [Synchronization] is enabled after the calculation, the graphic only shows the reinforcement
areas that are selected in the table. This display is also available for several areas if the row numbers
are marked by pressing the [Ctrl] key.
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Figure 3.40 Selection synchronization with selection of two reinforcement areas

After the calculation, the Reinforcement Covering item appears in the Results navigator. With the two
options of this item, you can evaluate how the required reinforcement is covered by the additional
reinforcement.

Figure 3.41 Results navigator for selection of Reinforcement Covering

When the Not Covered Reinforcement option is set, only the areas where a reinforcement is still
needed are highlighted in the graphic.

With the display of As,req / As,prov, any missing or provided reinforcement is quantified via color
coding.
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Figure 3.42 Display of ratio of required reinforcement to provided reinforcement

Longitudinal Reinforcement for Check of Shear Resistance

The following options allow you to control which longitudinal reinforcement is applied for the shear
force design without shear reinforcement.

Figure 3.43 Longitudinal reinforcement for check of shear resistance

Apply required longitudinal reinforcement

The check of the shear resistance is carried out with the transformed provided tension reinforcement in
the direction of the principal shear force (see chapter 2.4.4.1 ).

Apply the greater value resulting from either the required or provided reinforcement

For the check of the shear force resistance, either the statically required or the user-defined longitudinal
reinforcement is used (see chapter 2.4.4.1 ).

Automatically increase required longitudinal reinforcement to avoid shear reinforcement

If the required longitudinal reinforcement is not sufficient for the shear force resistance, the longitudinal
reinforcement is increased in the main shear force direction until the shear force design is fulfilled
without shear reinforcement (see chapter 2.4.4.1 ).
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Standard3.4.4

The parameters in this tab depend on the standard selected in window 1.1 General Data. You have to
set standard-specific reinforcement data, hereafter described for EN 1992-1-1.

At the bottom of the tab, the [Default] button is available. You can use it to save the current entries for
the standard as new default settings.

Figure 3.44 Window 1.4 Reinforcement, BS EN 1992-1-1 tab

Minimum Reinforcement

This section allows you to control which provisions of the standard regarding the minimum
reinforcements are to be considered in the design (see chapter 2.3.7 ).

For plates and walls, use the button to open more dialog boxes where you can set the directions of
the minimum and main compression reinforcement.

Plates

Figure 3.45 Settings for Min. Reinforcement for Ductile Properties dialog box
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According to EN 1992-1-1, clause 9.3.1, the minimum reinforcement for ensuring a ductile structural
component behavior is to be placed in the main span direction of the plate. As the main span direction
cannot be found automatically when determining the reinforcement element by element, you can
control the reinforcement direction you want to consider the minimum reinforcement in by using the
following options:

Reinforcement direction with the main tension force in the considered element

The minimum reinforcement is only considered in the reinforcement direction with the greatest tension
force from all reinforcement directions of top surface (-z) and bottom surface (+z): The minimum
reinforcement is only placed in one direction and on one side of the plate.

Reinforcement direction with the main tension force in the corresponding reinforcement surface

For each reinforcement surface, the program searches for the reinforcement direction with the greatest
tension force. The minimum reinforcement is then determined on each surface for these directions.

Define

The reinforcement direction in which you want to apply the minimum reinforcement can be specified
manually.

Walls

Figure 3.46 Settings for Min. Reinforcement for Walls dialog box

You can specify the direction of the main compression reinforcement for determining the minimum
longitudinal reinforcement for walls in the direction of the main compression force or as Defined.

Shear Reinforcement

The two input fields define the allowable zone for the inclination of concrete struts θ. The angles are
preset according to EN 1992-1-1, clause 6.2.3. You can adjust them, if necessary, but they must not lie
outside the allowed limits.

Factors

The upper input fields control the Partial factors for concrete γc and for reinforcing steel γs in the
design. The values according to EN 1992-1-1, Table 2.1 are preset for the different design situations.

The Reduction factors αcc and αct take account of long-term effects on the concrete's compressive or
tensile strength. These coefficients are governed in EN 1992-1-1, clause 3.1.6 (1) and 3.1.6 (2).

Various

With the check box, you can specify a Neutral axis depth limitation according to EN 1992-1-1,
clause 5.6.3 (2). In this case, the maximum ratio is xd / d = 0.45 for concrete up to strength class
C50/60 and xd / d = 0.35 for concrete starting from strength class C55/67.
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Design Method3.4.5

Figure 3.47 Window 1.4 Reinforcement, Design Method tab

When determining the required reinforcement, the principal internal forces are transformed into design
forces (in the direction of the reinforcements) and into a developing concrete compression strut force.
The sizes of the design forces depend on the presumed angle of the concrete compression strut that
braces the reinforcement mesh.

In the load situations "tension-tension" and "tension-compression" (see Figure 2.18 ), the design force
may become negative in a reinforcement direction for a certain compression strut inclination, which
means that compressive forces would occur for the tension reinforcement. By optimizing the design
internal forces, the program modifies the direction of the concrete compression strut until the negative
design force becomes zero.

During the Optimization of the internal forces, the program therefore analyzes which inclination angle
of the concrete compression strut leads to the most favorable design result. The design moments are
determined iteratively with adjusted inclination angles in order to find the energetically smallest solution
with the least required reinforcement. The optimization process is described by example in chapter
2.4.1 .

For concrete components subjected to compression such as walls, the optimization may lead to non-
designable situations due to failure of the concrete compression strut. The optimization is therefore not
recommended for the load situations "compression-compression".
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Calculation4

In RF-CONCRETE Surfaces, the [Calculation] is carried out with the internal forces from RFEM. If no
results are available in RFEM yet, the program automatically starts the calculation of the internal forces.

Details4.1

The Details dialog box manages global settings for the analysis approaches. You can open it with the
[Details] button that is available in every input window.

Options4.1.1

Figure 4.1 Details dialog box, Options tab

Analysis Method for Result Combinations

This section controls the way the design internal forces of result combinations are included in the
calculation. This specification also applies when there are several load cases or load combinations to
be analyzed in the design case. The Mixed Method is preset: Before the design is carried out, the
program finds out if the Enumeration Method or the Envelope Method needs less computing time.

Enumeration Method

Each load case and load combination selected in window 1.1 General Data is designed individually.
A reinforcement envelope is calculated from the results. For result combinations, 16 calculations are
performed for the RFEM extreme values of the basic internal forces max/min mx, max/min nx,
max/min my, max/min ny, max/min mxy, max/min nxy, max/min vx, and max/min vy.

The enumeration method is precise because every combination is calculated separately and the
enveloping reinforcement is determined afterwards. However, it is disadvantageous that the number of
the analyzed combinations increases exponentially with the number of load cases as the program
proceeds from row to row. If there are 50 selected load combinations, for example, there will also be
50 reinforcement designs. However, the designs cover all possible variants (constellations).
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Envelope Method

From the load cases, load combinations, and result combinations selected in window 1.1 General
Data, the module calculates an internal forces envelope. 16 extreme value variants are analyzed. The
difference from the output of extreme values of RFEM result combinations is the following: The add-on
module also analyzes extreme value states of the basic stresses that are not only based on the
maximum basic internal forces but also on their interaction (for example mx + mxy). With this envelope
from 16 variants of extreme values, the determination of the reinforcement is started. Hence, 16
calculation runs are carried out to determine the reinforcement. Even if there is a larger number of load
cases, load combinations, or result combinations, the computing time is still adequate.

Since an envelope of internal forces is calculated with 16 extreme values, the most unfavorable
variants may potentially not be considered, unlike when load cases are computed row by row.
Combinations with load cases whose action directions are orthogonal are regarded as critical. In this
case, a control calculation according to the enumeration method is recommended.

Mixed Method

Before the design is carried out, it is analyzed how many designs with the load cases, load
combinations, and result combinations selected in window 1.1 General Data have to be performed
per limit state. As mentioned in the Enumeration Method section, each LC or CO is designed
separately. For one RC, 16 calculations are required for the extreme value variants of the basic
internal forces. If you select one result combination and five load combinations for the design, for
example, you get 16 + 5 = 21 calculation runs. As this number is larger than the default of 20 variants
of internal forces, the design is carried out with the Envelope Method.

In the input field, you can specify the upper limit of the variants that are designed according to the
precise enumeration method.

The Mixed Method is a compromise between precision of results and computation time.

Internal Forces Diagram Used for Design

Apply the averaged internal forces

For the design, the module normally uses the RFEM internal forces that are averaged surface by
surface: RF-CONCRETE Surfaces transforms the moments and axial forces in the directions of the
longitudinal reinforcement and then performs the designs (see chapter 2.5.1 ).

If the check box in this section is selected, the design is carried out with the internal forces available in
the average regions of RFEM.

Figure 4.2 Average regions in RFEM

The average regions are described in chapter 9.7.3 of the RFEM manual.
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By means of the averaged results, you can reduce singularities and consider local redistribution effects
in the model.

Figure 4.3 Top reinforcement for unaveraged internal forces (left) and average regions (right)

Apply the internal forces without the rib components

In RFEM, you can model a T-beam by using a surface and an eccentrically connected member of the
type rib. The internal forces of the T-beam from surface component and member are determined as rib
internal forces by integration of the surface internal forces.

The check box allows you to control whether the surface internal forces assigned to the rib are
considered in the surface design. The design with the rib component is preset.

Figure 4.4 Surface internal forces with rib component (above) and without rib component (below)
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Serviceability4.1.2

Figure 4.5 Details dialog box, Serviceability tab

Design Situation Settings for Serviceability Limit State Checks

The table allows you to control which serviceability limit state checks are performed in the individual
design situations. Thus, it is possible to calculate different limit values per design situation directly in one
concrete case. For example, with the settings in Figure 4.7 , the crack widths wk are only analyzed
with loads of the design situations Frequent and Quasi-Permanent.

Click the [Info] button to display information about the requirements that the limit values of the
serviceability limit state design are based on.

Figure 4.6 Information dialog box

Use the [Select or Clear All for Selected Line] button to quickly activate or suppress all checks for a
certain design situation.

Click the [Reset to Default Values of the Standard] button to restore the standard's default
specifications.
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Reinforcement4.1.3

Figure 4.7 Details dialog box, Reinforcement tab

The Automatic arrangement according to the specifications in Table 1.4 is preset for the additional
reinforcement. This means that the rebars and mesh reinforcements are arranged with the parameters
of the Longitudinal Reinforcement tab to fulfill the serviceability limit state design.

As an alternative, a Manual definition of the reinforcement areas is possible. When the check box is
selected, the Longitudinal Reinforcement tab in window 1.4 is adjusted accordingly (see Figure
3.36 ).

The manual definition of reinforcement areas is described in chapter 3.4.3 .

Check4.2

Before you start the calculation, it is recommended to check if the input data is correct. The [Check]
button is available in every input window of RF-CONCRETE Surfaces.

The program checks if the data required for the design is complete and if the references of the data
sets are defined sensibly. If the program does not detect any input errors, the following message is
displayed.

Figure 4.8 Plausibility check

4 Calculation

180



RF-CONCRETE Surfaces - Manual

www.dlubal.com

Starting the Calculation4.3

You can start the [Calculation] in every input window of RF-CONCRETE Surfaces by clicking the
corresponding button.

RF-CONCRETE Surfaces searches for the results of the load cases, load combinations, and result
combinations to be designed. If they cannot be found, the RFEM calculation for determining the
design-relevant internal forces starts first.

You can also start the calculation in the RFEM user interface: The To Calculate dialog box (menu item
Calculate To Calculate) lists the design cases of the add-on modules such as load cases or load
combinations.

Figure 4.9 To Calculate dialog box

If the design cases of RF-CONCRETE Surfaces are missing in the Not Calculated list, select All or
Add-on Modules in the drop-down list below.

To transfer the selected RF-CONCRETE Surfaces cases to the list on the right, use . Then, click [OK]
to start the calculation.

A design case can also be calculated directly by means of the list in the toolbar: Set the
RF-CONCRETE Surfaces case and then click the [Show Results] button.

Figure 4.10 Direct calculation of an RF-CONCRETE Surfaces design case in RFEM

You can subsequently observe the calculation process in a dialog box.
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Results5

Window 2.1 Required Reinforcement Total is displayed immediately after the calculation.

Figure 5.1 Result window

The ultimate limit state designs are sorted in the result windows 2.1 through 2.3 according to various
criteria.

Windows 3.1 to 3.3 provide information about the serviceability limit state designs.

You can directly select a window by clicking its entry in the navigator. Use the buttons shown on the
left to set the previous or next window. You can also use the function keys [F2 ] and [F3] to go through
the windows.

At the bottom of the tables, there are two radio buttons. They control whether the results data is shown
In FE nodes or In grid points. The results of the FE nodes are determined directly by the analysis core
and the grid point results by interpolation of the FE node results.

Click [OK] to save the results. RF-CONCRETE Surfaces closes and you return to the main program.

This chapter presents the result windows in order. Evaluating and checking the results is described in
chapter 6 .
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Required Reinforcement Total5.1

The maximum reinforcement areas of all analyzed surfaces are output, which are determined from the
internal forces of the selected load cases, load combinations, and result combinations for the ultimate
limit state design.

Figure 5.2 Window 2.1 Required Reinforcement Total

Surface No.

This column shows the numbers of the surfaces where the governing points are located.

Point No.

In these FE nodes or grid points, the greatest required reinforcement for each position and direction
has been determined. The type of the reinforcement is indicated in column E, Symbol.

The FE mesh nodes M are generated automatically. In contrast to this, the grid points G can be
controlled in RFEM, since user-defined result grids are possible for surfaces. The function is described in
chapter 8.13 of the RFEM manual.

Point-Coordinates X/Y/Z

The three columns show the coordinates of the respective governing FE nodes or grid points.

Symbol

Column E indicates the type of the reinforcement. For the four (or six) longitudinal reinforcements, it
respectively shows the direction (1, 2, and possibly 3) and the surface side (top and bottom).

The reinforcement directions were specified in window 1.4 Reinforcement in the Reinforcement Layout
tab (see chapter 3.4.2 ).

The top reinforcement is located on the surface side in the direction of the negative local surface
axis z (-z), the bottom reinforcement accordingly in the direction of the positive z-axis (+z). Figure
3.28 shows the axis systems of the surfaces.

The shear reinforcement is designated as asw.
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Required Reinforcement

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

Basic Reinforcement

This column shows the user-defined basic reinforcement specified in the Longitudinal Reinforcement tab
of window 1.4 Reinforcement (see chapter 3.4.3 ).

Additional Reinforcement

If you only perform the ultimate limit state design, the Required column displays the difference between
the required reinforcement (column F) and the provided basic reinforcement (column G).

If the serviceability limit state designs have also been performed, you can see the reinforcement areas
that are required to fulfill the serviceability limit state designs with the specifications in the Longitudinal
Reinforcement tab of window 1.4 Reinforcement (see chapter 3.4.3 ). The Provided column shows
the reinforcement that is available as additional reinforcement for the serviceability limit state design
according to the specifications in the Longitudinal Reinforcement tab of window 1.4 Reinforcement.

Note

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

The button shown on the left allows you to view all [Messages] of the current design case. A dialog
box with an overview appears.

Figure 5.3 Error Messages or Notes dialog box

The buttons of window 2.1 are explained in chapter 6 .
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Required Reinforcement by Surface5.2

Figure 5.4 Window 2.2 Required Reinforcement by Surface

This window lists the maximum reinforcement areas that are required for each of the designed surfaces.
The columns are explained in chapter 5.1 .
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Required Reinforcement by Point5.3

Figure 5.5 Window 2.3 Required Reinforcement By Point

This result window lists the maximum reinforcement areas for all FE nodes / grid points of each surface.
The columns are explained in chapter 5.1 .

In addition to the longitudinal and shear reinforcements, the table displays design-relevant values of the
actions and resistances. For EN 1992-1-1, these are the following:

Symbol Meaning

n1,-z (top) Axial or membrane force for designing the reinforcement in the first
reinforcement direction at the surface's top side

n2,-z (top) Axial or membrane force for designing the reinforcement in the second
reinforcement direction at the surface's top side

n1,+z(bottom) Like n1,-z(top), but for surface bottom

n2,+z(bottom) Like n2,-z(top), but for surface bottom

m1,-z(top)
m2,-z(top)

Only for model type 2D - XY (uZ/φX/φY): moment for designing the
reinforcement in the first or second reinforcement direction at the surface's top
side

m1,-z(bottom)
m2,-z(bottom)

Like m1,-z(top) / m2,-z(top), but for surface bottom

VEd Design value of applied shear force
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VRd,c Shear force resistance without shear reinforcement

VRd,max Shear force resistance of concrete compression strut

VRd,s Shear force resistance of shear reinforcement

Theta Inclination angle of concrete compression strut

Table 5.1 Output values in window 2.3 for EN 1992-1-1

The search function that you can access with the button shown on the left allows you to quickly find FE
nodes and grid points (see Figure 6.7 ).

Serviceability Design Total5.4

The upper part of the window provides a summary of the governing serviceability limit state designs.
The lower part displays the intermediate results of the current FE node or grid point (of the entry
selected above) including all design-relevant parameters. You can expand the chapters with and
reduce them with .

Figure 5.6 Window 3.1 Serviceability Design Total

Figure 5.6 shows the result window of an analytical serviceability limit state check. Chapter 5.7
describes the result windows that appear after a nonlinear serviceability limit state calculation has been
carried out.

The method of check is defined in the Serviceability Limit State tab of window 1.1 General Data (see
Figure 3.8 ).
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Surface No.

This column shows the numbers of the surfaces where the governing points are located.

Point No.

These FE nodes or grid points provide the maximum ratios for the required checks. The type of check is
specified in column F, Symbol.

The FE mesh nodes M are generated automatically. The grid points G can be controlled in RFEM (see
chapter 8.12 of the RFEM manual).

Point-Coordinates X/Y/Z

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

Loading

Column E displays the load cases, load combinations, and result combinations whose internal forces
lead to the greatest ratio in the respective serviceability limit state design.

Symbol

Column F shows the type of the serviceability limit state design. In the analytical method, up to six
design types are displayed. They are described in chapter 2.6.4 by means of an example.

The symbols have the following meaning:

Type Design SLS

σc Limitation of concrete compressive stress ( chapter 2.6.4.7 ) according to
specifications in window 1.3 Surfaces (see Figure 3.19 )

σs Limitation of reinforcing steel stress ( chapter 2.6.4.8 ) according to
specifications in window 1.3 Surfaces (see Figure 3.18 )

as,min Minimum reinforcement for crack width limitation ( chapter 2.6.4.9 ) according
to specifications in window 1.3 Surfaces (see Figure 2.97 )

lim ds Limitation of rebar diameter ( chapter 2.6.4.10 ) according to specifications in
window 1.4 Reinforcement (see Figure 3.31 )

lim sl Limitation of rebar spacing ( chapter 2.6.4.11 ) according to specifications in
window 1.4 Reinforcement (see Figure 3.31 )

wk Limitation of crack width ( chapter 2.6.4.12 ) according to specifications in
window 1.3 Surfaces (see Figure 3.18 )

Table 5.2 Serviceability limit state designs according to analytical method

Existing Value

This column displays the values that are governing among all examined surfaces for the serviceability
limit state designs.
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Limit Value

The limit values are determined from the standard specifications and the load situation. The
determination of limit values is described in chapter 2.6.4 .

Ratio

Column J shows the ratio of existing value (column G) to limit value (column H). Ratios greater than 1
mean that the design is not fulfilled. The length of the colored bar depicts the respective design ratio
graphically.

For the serviceability limit state design, not all check types have to be fulfilled (see explanation in
Figure 3.11 ).

Note

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

The button shown on the left allows you to view all [Messages] of the current design case. A dialog
box with an overview appears (see Figure 5.3 ).

The buttons are described in chapter 6 .

Serviceability Design by Surface5.5

Figure 5.7 Window 3.2 Serviceability Design by Surface

This window lists the maximum ratios of each designed surface that are obtained for the serviceability
limit state designs. The columns are explained in chapter 5.4 .
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Serviceability Design by Point5.6

Figure 5.8 Window 3.3 Serviceability Design by Point

This result window lists the maximum ratios for all FE nodes / grid points of each surface. The columns
are explained in chapter 5.4 .

The search function that you can access with the button shown on the left allows you to quickly find FE
nodes and grid points (see Figure 6.7 ).
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Nonlinear Calculation Total5.7

The upper part of the window provides a summary of the governing serviceability limit state designs.
The lower part displays the intermediate results of the current FE node or grid point (of the entry
selected above) including all design-relevant parameters. You can expand the chapters with and
reduce them with .

Figure 5.9 Window 3.1 Nonlinear Calculation Total

Figure 5.9 shows the result window of a nonlinear serviceability limit state design. The method of
check is defined in the Serviceability tab of window 1.1 General Data (see Figure 3.8 ).

The columns are described in chapter 5.4 .

The symbols signify the following designs:

Symbol Design SLS

uz,local Deformation in cracked state ( chapter 2.8.2.4 ) according to specifications
in window 1.3 Surfaces

wk Limitation of crack width ( chapter 2.6.4.12 ) according to specifications in
window 1.3 Surfaces (see Figure 3.18 )

σc Limitation of concrete compressive stress ( chapter 2.6.4.7 ) according to
specifications in window 1.3 Surfaces (see Figure 3.19 )

σs Limitation of reinforcing steel stress ( chapter 2.6.4.8 ) according to
specifications in window 1.3 Surfaces (see Figure 3.18 )

Table 5.3 Serviceability limit state designs according to the nonlinear method
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The deformations, crack widths, and stresses represent the results in cracked sections (state II).

The crack widths wk for the intermediate results refer to the reinforcement directions. For example, the
value for wk,I,-z(top) represents the crack width for the first reinforcement direction at the top side of the
surface; the crack runs perpendicular to reinforcement direction 1.

Nonlinear Calculation by Surface5.8

Figure 5.10 Window 3.2 Nonlinear Calculation by Surface

This window lists the maximum ratios of each designed surface that are determined in the serviceability
limit state designs. The columns are described in chapter 5.4 and chapter 5.7 .
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Nonlinear Calculation by Point5.9

Figure 5.11 Window 3.3 Nonlinear Calculation by Point

This result window lists the maximum ratios for all FE nodes / grid points of each surface. The columns
are described in chapter 5.4 and chapter 5.7 .

The search function that you can access with the button shown on the left allows you to quickly find FE
nodes and grid points (see Figure 6.7 ).
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Result Evaluation6

You can evaluate the design results in different ways. The buttons below the upper table can help you
with this.

Figure 6.1 Buttons for result evaluation

The buttons have the following functions:

Button Description Function

Details Opens the Design Details dialog box
chapter 6.1

Sort Results Sorts the results by maximum ratios (column J) or
maximum values (column G)

chapter 6.3

Filter Opens the Filter Points dialog box for selecting FE nodes
or grid points according to specific criteria

chapter 6.3

Designable
Results

Hides rows with non-designable situations

Exceeding Only displays rows with a ratio greater than 1 (design
not fulfilled)

Find Opens the Find Point dialog box to search for a specific
result row

chapter 6.3

Select Surface Allows you to graphically select a surface to show its
results in the table

Print Prints the intermediate results of the current FE node or
grid point into the printout report

Show Color
Bars

Displays or hides the colored relation scales in the result
windows

6 Result Evaluation

194



RF-CONCRETE Surfaces - Manual

www.dlubal.com

View Mode Jumps to the RFEM work window to change the view

Table 6.1 Buttons in the result windows

Design Details6.1

Click the [Info] button, which is available in all result windows, to view the design details of the
selected FE node or grid point, i.e. the point whose table row the cursor is placed in.

Figure 6.2 Design Details dialog box for ultimate limit state design

The design details are listed in a tree structure. You can expand the chapters with and close them
with . The buttons shown on the left allow you to [Close] and [Open] the sub-chapters in the
directory tree.

In the graphic on the right, the location of the point is shown in the model.

The following details are output in the ultimate limit state design (see chapter 2.5 ):

Design Report

Internal Forces of Linear Statics

Principal Internal Forces

Design Internal Forces

Concrete Strut

Required Longitudinal Reinforcement

Shear Design

Statically Required Longitudinal Reinforcement

Minimum Reinforcement

Check of Maximum Reinforcement Ratio
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Reinforcement to be used

Analysis Method for Reinforcement Envelope

The design details depend on the selected Type of check. Use the list at the bottom of the dialog box to
select the displayed results.

In the serviceability limit state design, numerous intermediate results are shown in the lower part of the
windows (see Figure 5.6 ). Click the button to view a detailed list of the design details available
for the current point. This option is only available for results according to the analytical method.

Figure 6.3 Design Details dialog box for serviceability limit state design

All the design details that are relevant for each type of check are displayed in a tree structure. Use the
list at the bottom of the dialog box to control the displayed results.

Method of check Type of
check

Analytical σc
σs
as,min
lim ds
lim sl
wk

see Table 5.2

Click to go to the previous FE node or grid point, or use to set the next point.
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Results on RFEM Model6.2

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

RFEM background graphic and view mode

The RFEM work window in the background helps in finding the location of an FE node or grid point in
the model: An arrow in the background graphic indicates the point selected in the result window of
RF-CONCRETE Surfaces; the surface is highlighted in the selection color.

Figure 6.4 Surface and current FE node highlighted in the RFEM model

If you cannot improve the display by moving the RF-CONCRETE Surfaces window, click the [Jump to
graphic] button to activate the view mode: The program hides the window so that you can adjust the
view in the RFEM work window. The view mode provides the functions of the View menu, such as
zooming, moving, or rotating the view. The marking arrow remains visible.

To return to RF-CONCRETE Surfaces, click [Back].
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RFEM work window

You can also check the reinforcements and design ratios graphically on the RFEM model: Click the
[Graphics] button to exit the design module. The work window of RFEM now displays all design results
such as the internal forces of a load case.

Results navigator

Reinforcement direction

The Results navigator is adjusted to the RF-CONCRETE Surfaces module: You can graphically display
the results of the longitudinal reinforcements for each reinforcement direction and layer, the shear
reinforcement, the design internal forces, or the ratios and detailed results of the serviceability limit state
designs.

Figure 6.5 RFEM work window with Results navigator for RF-CONCRETE Surfaces

Analogous to the display of internal forces, the [Show Results] button shows or hides the display of the
design results.

Since the RFEM tables serve no function for the evaluation of the design results, they can be hidden.

You can set the design cases in the list of the RFEM menu bar.

Panel

The color panel with the usual control options is available for the evaluation. The functions are
described in chapter 3.4.6 of the RFEM manual. In the second tab, you can set the Display Factors for
the reinforcements, internal forces, or design ratios. The third tab of the panel allows you to display the
results of selected surfaces (see chapter 9.9.3 of the RFEM manual).
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Values on surfaces

You can use all options provided by RFEM to display the result values of the reinforcements and design
ratios on the surfaces. These functions are described in chapter 9.4 of the RFEM manual. The following
figure shows the Bottom (+z) Reinforcement group that must be placed in addition to the basic
reinforcement. The values are respectively applied in reinforcement direction 1 and 2.

Figure 6.6 Bottom (+z) Reinforcement group for required additional reinforcement

You can transfer the graphics of the design results into the printout report (see chapter 7.2 ).

To return to the add-on module, click the [RF-CONCRETE Surfaces] panel button.
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Filter for Results6.3

The result windows of RF-CONCRETE Surfaces allow you to select the results according to various
criteria. In addition, you can use the filter options described in chapter 9.9 of the RFEM manual in
order to evaluate the design results graphically.

The options provided by the Visibilities (see RFEM manual, chapter 9.9.1) can also be used for
RF-CONCRETE Surfaces in order to filter the surfaces for the evaluation.

You can also use the Sections in the RFEM model or create new ones (see RFEM manual, chapter
9.6.1), which allow you to selectively evaluate the results. By using the smoothing function, you can
redistribute the reinforcement peaks that stem from singularities.

Finding points

The result windows 2.2 and 2.3 (reinforcement), as well as 3.2 and 3.3 (serviceability) provide a
search function for FE nodes and grid points. Click the button shown on the left (see Figure 6.1 ) to
open the following dialog box.

Figure 6.7 Find Point dialog box

First, enter the number of the surface manually or click to select it graphically. Then you can enter
the number of the grid point or FE node or select it in the list.

After clicking [OK], the result row of this point is set in the current window.

Sorting results

By default, the windows 3.1 and 3.2 show the results arranged by the maximum design ratios: The
decisive factor for this is table column J.

You can also sort the results by the existing values available in column G. The greatest ratio of the
deformation, for example, does not necessarily have to be the maximum deformation because the limit
values can be defined differently for each surface. You can use the button to switch between the
two types of arrangement.

Filtering points

The button shown on the left is available in the result windows 2.2 and 2.3 (reinforcement), as well as
3.2 and 3.3 (serviceability). It opens the following dialog box.

Figure 6.8 Filter Points dialog box
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In the Surface No. column, you can enter the the desired surface number or select it graphically in the
RFEM work window. To access this function, click into the input field and use the button.

The Points column provides several filter criteria. In addition to all designable or non-designable points,
you can select only the points that are Governing: These points provide the largest reinforcement areas
or ratios for the respective types of check. Point numbers can also be User-Defined.

Showing only designable or non-designable results

The two buttons shown on the left allow you to only display designable results or failed designs in the
windows. Thus you can, for example, hide failed designs due to singularities or more closely analyze
the causes of design problems.

Filtering results in the work window

The reinforcements and design ratios can be used as filter criteria in the RFEM work window, which
can be accessed with the [Graphics] button. For this, the panel must be displayed. Should it not be
active, it can be displayed by selecting

View Control Panel

in the RFEM menu or by using the corresponding toolbar button.

The panel is described in chapter 3.4.6 of the RFEM manual. You can set the filter settings for the
results in the first panel tab (color spectrum).

Figure 6.9 Filtering the additional reinforcement with an adjusted color spectrum

As shown in the figure above, you can set the panel's value scale to only display reinforcements larger
than 1.00 cm2/m. The color scale is set in such a way that a color range covers 1.00 cm2/m and that
the maximum value of 8.00 cm2/m suppresses effects of singularities.

The following chapter 6.4 explains how you can adjust the color and value spectra to the diameters
and spacings of the rebars.

To display the grid point or FE node values in the graphics, the usual control functions of RFEM are
available. They are described in chapter 9.4 of the RFEM manual.
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Filtering surfaces in the work window

In the Filter tab of the control panel, you can specify the numbers of selected surfaces to display their
filtered results. This function is described in chapter 9.9.3 of the RFEM manual.

Figure 6.10 Surface filter for reinforcement of floor slab and ceilings

In contrast to the visibility function, the model is displayed completely in the graphic. Figure 6.10
shows the reinforcement of the horizontal surfaces of a building. The remaining surfaces are shown in
the model but are displayed without reinforcements.
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Configuring the Panel6.4

The reinforcement results can be graphically displayed as isobands or isolines. By default, a
twelve-colored value spectrum between the minimum and maximum value is used. You can also adjust
this value spectrum with regard to the definition of the reinforcement in order to prepare the graphical
results for a reinforcement drawing, for example.

To adjust the panel, double-click one of the colors. Alternatively, you can use the button in the
panel: In the subsequent Options dialog box, you can also click the button to access the dialog
box for changing the ranges of colors and values.

In the Edit Isoband Value and Color Spectra dialog box, you can click the button again to open
the Edit Value Spectrum with Reinforcement Definition dialog box.

Figure 6.11 Edit Isoband Value and Color Spectra and Edit Value Spectrum with Reinforcement Definition dialog boxes

This dialog box determines the reinforcement area per meter from the Diameter and the Distance of the
rebars. In the Additional Rebars columns, you can assign additional rebar diameters and distances
(see Figure 6.12 ). With them, you can set user-defined reinforcement specifications, which can be
used for a reinforcement drawing.
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Figure 6.12 Edit Value Spectrum with Reinforcement Definition dialog box with rebar diameters and distances

Click [OK] to import the reinforcement areas that result from the defined rebar diameters and rebar
distances into the Edit Isoband Value and Color Spectra dialog box.

In the panel, the diameters of the rebars appear, along with the related distances that are to be
provided for the individual value ranges.

Figure 6.13 Graphic and panel with user-defined reinforcement areas
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Printout7

Printout Report7.1

Like in RFEM, you can generate a printout report for the data of the RF-CONCRETE Surfaces add-on
module where graphics and descriptions can be added. The selection in the printout report determines
the design module's data included in the final printout.

The printout report is described in the RFEM manual. Chapter 10.1.3.5 Selecting data of add-on
modules explains how to prepare the input and output data of add-on modules for the printout.

A special selection option is available for the intermediate results of the serviceability limit state designs
performed according to the analytical method. In the Points column, you can select all designable or
non-designable points or just the Governing points: These points provide the greatest reinforcement
areas or design ratios. Point numbers can also be User-Defined.

Figure 7.1 Printout Report Selection dialog box, SLS - Analytical Method tab

For large structural systems with numerous design cases, it is recommended to split the data into several
printout reports for a clear overview.
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Graphic Printout7.2

In RFEM, you can transfer every image shown in the work window into the printout report or send it
directly to a printer. Thus, you can also prepare the reinforcements and design ratios shown on the
RFEM model for the printout.

Printing graphics is described in chapter 10.2 of the RFEM manual.

Analyses on the RFEM model

To print the current graphic of the design ratios, select

File Print Graphic

in the menu or use the corresponding toolbar button.

Figure 7.2 Print Graphic button in RFEM toolbar

The following dialog box opens.

Figure 7.3 Graphic Printout dialog box, General tab

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

You can use the drag-and-drop function as usual to move a graphic to another position within the
printout report.
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To retroactively adjust a graphic in the printout report, right-click the corresponding entry in the report
navigator. The Properties option in the shortcut menu once more opens the Graphic Printout dialog box
where you can adjust the settings.

Figure 7.4 Graphic Printout dialog box, Options tab
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General Functions8

This chapter describes useful menu functions and presents export options for the designs.

Design Cases8.1

Design cases allow you to group surfaces for the designs or analyze variants (e.g. modified materials
or reinforcement specifications, nonlinear analysis).

Analyzing a surface in different design cases is no problem.

The design cases of RF-CONCRETE Surfaces can also be accessed in RFEM by using the load case list
in the toolbar.

Creating a new design case

To create a new design case in RF-CONCRETE Surfaces, use the menu item

File New Case.

The following dialog box appears.

Figure 8.1 New RF-CONCRETE Surfaces Case dialog box

In this dialog box, you can enter an unassigned No. for the new design case. A Description makes the
selection in the load case list easier.

After clicking [OK], the RF-CONCRETE Surfaces window 1.1 General Data opens where you can
enter the design data.

Renaming a design case

To change the description of a design case in RF-CONCRETE Surfaces, select the menu option

File Rename Case.

The following dialog box appears.

Figure 8.2 Rename RF-CONCRETE Surfaces Case dialog box

In this dialog box, you can specify a different Description as well as a different No. for the design case.
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Copying a design case

To copy the input data of the current design case in RF-CONCRETE Surfaces, use the menu item

File Copy Case.

The following dialog box appears.

Figure 8.3 Copy RF-CONCRETE Surfaces Case dialog box

Define the No. and, if necessary, a Description for the new case.

Deleting a design case

To delete a design case in RF-CONCRETE Surfaces, use the menu option

File Delete Case.

The following dialog box appears.

Figure 8.4 Delete Cases dialog box

You can select the design case in the Available Cases list. To delete the selected case, click [OK].
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Units and Decimal Places8.2

The units and decimal places for RFEM and the add-on modules are managed together. In
RF-CONCRETE Surfaces, you can open the dialog box for adjusting the units with the menu item

Settings Units and Decimal Places.

The dialog box familiar from RFEM appears. RF-CONCRETE Surfaces is preset in the Program /
Module list.

Figure 8.5 Units and Decimal Places dialog box

The settings can be saved as a user profile and reused in other models. These functions are described
in chapter 11.1.3 of the RFEM manual.
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Exporting the Results8.3

The results of RF-CONCRETE Surfaces can also be used in other programs.

Clipboard

You can copy cells selected in the result windows to the clipboard with [Ctrl]+[C] and subsequently
insert them with [Ctrl]+[V] into a word processing program, for example. The headers of the table
columns are not transferred.

Printout report

The data of RF-CONCRETE Surfaces can be printed into the printout report (see chapter 7.1 ) where
they can be exported with the menu item

File Export to RTF.

This function is described in chapter 10.1.11 of the RFEM manual.

Excel

RF-CONCRETE Surfaces allows you to directly export data to MS Excel or into the CSV format. You
can access this function by selecting the menu option

File Export Tables.

The following export dialog box opens.

Figure 8.6 Export of Tables dialog box

When the selection is complete, click [OK] to start the export. Excel is started automatically, meaning
you do not need to open the program first.
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Figure 8.7 Result in Excel

CAD applications

The reinforcement areas determined in RF-CONCRETE Surfaces can also be used in CAD applications.
RFEM provides interfaces with the following programs:

Glaser (format *.fem)

Strakon (format *.cfe)

Nemetschek (FEM format for Allplan *.asf)

Engineering Structural Format (format *.esf)

You can access the export function with the RFEM menu item

File Export.

The Export dialog box opens where you can select the appropriate interface (see Figure 8.8 ). This
dialog box is described in chapter 12.5.2 of the RFEM manual.
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Figure 8.8 Export RFEM dialog box, Format tab

Depending on the interface, there can be additional tabs with settings for controlling the export of the
reinforcements.

Figure 8.9 Export RFEM dialog box, Detail Settings tab for Nemetschek format

Figure 8.10 Export RFEM dialog box, Results tab for Nemetschek format

After clicking [OK], another dialog box for the Selection of the relevant results appears.
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Figure 8.11 Selection RFEM dialog box
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