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1. Introduction
1.1 About CONCRETE Columns

Dear user of CONCRETE Columns,

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

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

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

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

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

If you have any suggestions regarding this program, please do not hesitate to contact us.
We hope you will enjoy working with the add-on module CONCRETE Columns.

Your team from DLUBAL SOFTWARE GMBH
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1.2  TheTeam

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

Program coordination

Dipl.-Ing. Georg Dlubal Dipl.-Ing. (FH) Younes El Frem
Dipl.-Ing. (FH) Alexander Meierhofer

Programming
Ing. Michal Balvon Ing. Jana Vlachova
Ing. Ladislav Ivan¢o Jaroslav Barto3

Ing. Alexandr Priicha

Program development and supervision

Dipl.-Ing. (FH) Alexander Meierhofer Ing. Jana Vlachova
Ing. Jan Frana Ing. Bohdan Smid
Ing. Pavel Gruber

Manual, help system, and translation

Dipl.-Ing. (FH) Alexander Meierhofer Mgr. Petra Pokornd
M.Sc. Dipl.-Ing. Frank Lobisch Ing. Bohdan Smid
Dipl.-Ing. Frank Faulstich Dipl.-Ing. (FH) Robert Vogl

Dipl.-U. Gundel Pietzcker

Technical support and quality management

Dipl.-Ing. (BA) Markus Baumgartel Dipl.-Ing. (FH) Bastian Kuhn

Dipl.-Ing. Moritz Bertram Dipl.-Ing. (FH) Alexander Meierhofer
Dipl.-Ing. (FH) Steffen Clauf3 M. Eng. Dipl.-Ing. (BA) Andreas Niemeier
Dipl.-Ing. Frank Faulstich M.Eng. Dipl.-Ing. (FH) Walter Rustler
Dipl.-Ing. (FH) René Flori Dipl.-Ing. (FH) Frank Sonntag

Dipl.-Ing. (FH) Stefan Frenzel Dipl.-Ing. (FH) Christian Stautner
Dipl.-Ing. (FH) Walter Frohlich Dipl.-Ing. (FH) Robert Vogl

Dipl.-Ing. (FH) Andreas Horold Dipl.-Ing. (FH) Andreas Wopperer

| 2. Installation

You can find the system requirements for your computer in the current RSTAB manual.

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

You can find further information on the installation process in the current RSTAB manual.
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| 3. Module CONCRETE Columns

Following DLuBAL's product philosophy, the internal forces are determined by creating a model
and the respective load in the main program RSTAB and computing them subsequently. The
design of this model's components and the internal forces acting in them is performed in the
respective add-on module. Therefore, the following two questions must be addressed in this
add-on module:

- Which components of the model are to be designed?

- For which loads are these components to be designed?

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

The following figure shows the basic difference between a simple member and continuous
members.
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Figure 3.1: Members and continuous members

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

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

The load used for the design is determined by selecting one of the previously defined load
cases, load combinations, and result combinations.

I Program CONCRETE Columns (ACI) © 2013 Dlubal Software GmbH 7
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By selecting a member or continuous members, you give the add-on module CONCRETE Col-
umns information on the structural component to be designed that you entered while
creating a model in RSTAB. Notice:

Information

Member

Continuous members

Material

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

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

Cross-section

Only rectangular and round cross-
section types are allowed.

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

slab/column

have a point that is at the same
time a start or end point of the
line used for the definition of the
member.

Length of the | The length of the system is the The length of the system is the sum of
system length of the line used for the the lengths of lines used for the defini-
definition of the member. tion of members of the continuous
members.
Connecting All surfaces and/or members that | What has been said for the individual

member applies for each member that
is part of continuous members.

Program CONCRETE Columns (ACI) © 2013 Dlubal Software GmbH
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4. Theoretical Background
4.1  Stability Analysis

4.1.1 Requirement of Analysis

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

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

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

- Isolated members
- Parts of a frame construction.
The nonlinear analysis of the system's structural behavior allows for the most exact evaluation

of the frame structure. However, this analysis is very cumbersome. The method based on nom-
inal curvature, on the other hand, is a good approximation procedure.

4.1.2 Form of the Analysis

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

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

The cross-section is designed for the following internal forces:
- Axial force Neq
- Moment Mea>
where
Ned: Applied axial force

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

4.1.3 Classification of the Structural System

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

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

e  Braced structural components

e Unbraced structural components
To analyze the horizontal bracing, you need knowledge of the construction (shear walls, build-
ing cores). This information is not immediately discernible from the generated structure.

Therefore, you have to specify whether the structural system is horizontally braced or un-
braced.

Program CONCRETE Columns (ACI) © 2013 Dlubal Software GmbH
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4.1.4 Determination of the Equivalent Member Length

Standard Clause

EN 1992-1-1:2010 5832

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

|0 = B |
where
B: Ratio of the equivalent length to the column length Io

I: Length of the centroidal axis of a column

The ratio B3 for the isolated columns can be determined from the defined support with the aid
of the following table values.

b)l c){?

a)lb=! b)lb=2/¢c)lb=07/d)lo=U/2 e)lo=1 f)lI/2<1ly<l g)lo>1
Figure 4.1: Length (effective length) lo of an equivalent member
If support springs were defined, you have to define the value f.

If, however, the compression element to be analyzed is part of a framework system, the follow-
ing nomograms according to ENV 1992-1-1 can be used to determine the ratio 3:
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Figure 4.2: Nomograms to determine the ratio 8
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In order to be able to determine ka and ke in the program automatically, you basically only
have to determine the buckling direction for the compression element to be analyzed. In this
direction, the program automatically determines the

- connecting columns
- connecting beams

- support conditions of the connecting beams on the remote end

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

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

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

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

4.1.5 Determination of the Slenderness

Standard Clause

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

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

-
i
where

i: Radius of gyration

Dlubal
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4,1.6 Stability Analysis or Standard Design

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

The limiting slenderness Aim is given as:

EN 1992-1-1:2010Clause. 5.8.3.1 (1)
A< Mim

Aim =20-A-B-C/+n

where:
A:1/(1+0.2-¢ef)
B=v1+2-®
C=17-r,
and:
N o-f
n:A E? 'fcd: ck
¢ lcd Ye
m_As'fyd

Ac : fcd

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

2
[ A g o, o .
M =20-A-Co [142087vd g As jim = hevn | ) Acfag
vn Ac'fcd 20-A-C 2'fyd

4.1.7 First Order and Second Order Bending Moments

4.1.7.1 First Order Intended Eccentricity

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

M
ep=—"9>e

; €pg1 =6
min- 01 02
Neg

where:

€min =h/302=20mm Minimum eccentricity according to clause 6.1(4)

h: Depth of cross-section

12
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If, however, the moment distribution is linearly variably, we may determine the equivalent ec-
centricity ee.

0.6-e,,+0.4-e
e, = max{ 02 01

where |eo| = |eo1| and (o1, €02 with signs)
0.4-¢y,

MEdOZ MEd02
IN,, IN,,
MEdO] MEdO] eO] e(]]

Figure 4.3: Variable moment diagram

Then, this equivalent eccentricity e. substitutes the intended eccentricity eo in the previous
equations.

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

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

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

!
L

Figure 4.4: Model column - bracket

N[d N[d

o

—

1>

Figure 4.5: Eccentricity eo

Dlubal
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4.1.7.2 Additional unbraced eccentricity e

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

:

e

Figure 4.6: End eccentricity e

This eccentricity is determined according to EN 1992-1-1: 2010, Expression 5.2:
ei = ®i '|0 /2

An inclination 6: is given by Expression (5.1):
@i = @0 cOp Oy

©®y =1/200 Basic value of inclination

an =2/l 2/3<,<1.0

m =4/0.5-(1+1/m)

The bending moment Meqi obtained from inclination e;is calculated according to
EN1992-1-1:2010 clause 5.2 as follows:

Reduction factor for the height

Reduction factor for the amount of structural components

Megi = Neg - &

Both eccentricities (eo and e)) yield the following moment diagram (first order bending moment)
NEd

€& & MEdO MEdl
M,

Figure 4.7: First order theory - eccentricities eiand e,

I Program CONCRETE Columns (ACI) © 2013 Dlubal Software GmbH




4 Theoretical Background / |\

4.1.7.3 Additional Eccentricity of Load e, from Second Order Deformations

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

Neq

:

JED D S SR S S —
i e & Mego Mg Mg,

MEd1

-
M,

Figure 4.8: Second order analysis - eccentricities e;, &, and e;

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

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

e, = [1J~I02 /c according to 5.8.8.2(3) EN 1992-1-1:2010
r

where
(1J . Member curvature in the governing section
r
[lJ =K, Ky -1/1g  according to 5.8.8.3 EN 1992-1-1:2010
r
where

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

K = |nu|_|n| <1
‘ <
|nu| _|nbal
where
Nu: Related resistance of a structural component under centric loading
n,=1+o

Dlubal
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Please note:
It is defined from the provided reinforcement, therefore, iteration is
necessary.

where
: Mechanical reinforcement ratio
ATy
n: Relative axial force
N = Nea/ (Ac- fo)

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

nba| =04
Ko Factor for taking account of creep effects
Ko =1+B 0t > 1
where
B: Reduction factor

p=0.35+f, /200-1/150>0
Qef: effective creep coefficient

0ef = 0(,tg ) - Mogqp / Mogd

where

¢(,tg): Final creep coefficient

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

Moed: First order bending momentin

design load combinations (ULS)

Please note:

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

1/19 =&yq/(0.45-d)

where
€yd: Design value of the strain in the reinforcement at yielding
Syd = fyd /ES
d: Depth of the cross-section in the expected direction of stability
failure
lo: Effective length
|0 = B |
C Factor depending on the curvature distribution according to 5.8.8.2(4)

16
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The total eccentricity et is defined as follows.

€t =€ +€+€

The total moment Meq from first and second order analysis is given as:
Meg = Neg - €tot

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

4.1.8 Type of Cross-Section Design

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

4.2  Program Flow of the Stability Analysis

The program flow can roughly be divided into four parts:

[ Program flow ]

¥ ¥
Part 1: Part 2: Part 3: Part 4:
Load independ- Determination of Determination of Determination of
ent calculations the goverining the provided the provided

reinforcement

load

safety

Figure 4.9: Program flow

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

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

Dlubal
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-t — = 1350000 —-ﬁ -

#

3= _1350.000 ; ®

-121.490 v % L

l

F4

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

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

[ —

)
=
Figure 4.11: Axes of the member coordinate system

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

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

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

Location with minimum axial force N

Location with maximum moment My

Location with minimum moment My

Location with maximum moment M.

vk N

Location with minimum moment M,

18
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Here, the maximum internal force is defined as the maximum positive value. The minimum in-
ternal force is the value with a negative sign and the highest absolute value. Each of these five
locations has, in addition to the extreme internal forces, corresponding internal forces that are
designed subsequently.

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

-ﬁ - - M [ Wy Mz
hs M -135|]J][||]| 0.000 0.000

hlin T4 -1350.I]l][l| 0.000 0.000

o e M I Mz
bt bl -1350.000 131.410 -70.001
hir il -1350.000 131.410 -fF0.001

T T — M Iy L F3
hir bl o -1350.000 -121.490 125.000
bt bl 2 -1350.000 -121.4490 125.000

4

Figure 4.12: Locations with governing internal forces

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

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

For result combinations, however, a maximum and minimum distribution along the column is
obtained for every internal force (see the following figure).

Program CONCRETE Columns (ACI) © 2013 Dlubal Software GmbH
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— = 1350.000 —#

"

344.940 —= 157.500 - 105.002 -

-318.! _ -281.. - 000
38909 ey H 187.500 281.250 —— = -1350.000 ®

Figure 4.13: Distribution of internal forces over the column for a result combination

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

N occurs.
T
MM | -1350.000] 0.000 0.000
MinM | 1350.000] 0.000 0.000
] [ ] [ hilye | Mz
| MaxMy|  1350000[ 344.040] 157.500)
[T S, 1] Ty Iz

hirn My -1350.000 -318.909 187.500
Mz Mz -1350.000 -318.909 187.500
z tin Mz -1350.000 -136.674 -281.250

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

Thus it is shown that for every load case, load combination, and result combination exactly five

designs have to be carried out, respectively. It does not matter whether a single member or
continuous members are chosen as the element to be designed.

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

4.2.1

Part 1: Load Independent Calculations

These calculations are performed at the beginning of the program flow. The results can then

be reused within every routine for the individual loads. The calculation steps are the following:

Part 1: Load independent calculation

Progra

m start

A 4

Determination of the equivalent length I,

EN 1992-1-1,

clause 5.8.3.2

A 4

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

A 4

Determination of the minimum eccentricity emin.

EN 1992-1-1,

clause 6.1.(4)

A

y

Determination of the additional unintended
eccentricity due to imperfection e;
EN 1992-1-1, clause 5.2

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

Program CONCRETE Columns (ACI) © 2013 Dlubal Software GmbH
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4.2.2 Part 2: Determination of the Governing Load

The second part of the program can be represented in a flowchart as follows:

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

v

e . . A
Repeat for the internal forces at the location of

max My, max M,

min N min My, min M; )

|

Determine the limiting longitudinal reinforce-
ment Asjim

A 4

- J

Asim <0or
Ned >0

No

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

v

Determination of the effective first order mo-
ment Meeq (including imperfection)
EN 1992-1-1, clause 5.8.8.2

v

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

A

\ 4
Determination of the effective second order
moment Med.

EN 1992-1-1, clause 5.8.8.2

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

order and second order analysis

OO ® Q0

For all design relevant locations, first the limiting slenderness Aim is determined for each of the
load cases, load combinations, or result combinations to be designed. Chapter 4.1.6 describes
in detail how the limiting slenderness 4.1.6 is determined. If the provided slenderness is small-
er than the limiting slenderness Aim, no stability analysis is required. In the calculation process
shown above, this is represented by the query Asjim < 0. (Asjim < 0 means that the limiting slen-
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derness Lim calculated for a cross-section without reinforcement is greater than the provided
slenderness L. For more information, see chapter 4.1.6)

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

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

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

Moea= Nea (€0 + €i)

where

Ned : Value of the design axial load

€o: Intended eccentricity according to chapter 4.1.7.1

e: Additional unintended eccentricity according to chapter 4.1.7.2

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

o Inp

. <1
|nu| _|nbal

where ny is the related resistance of the structural component under centric compression load.

This depends on the selected reinforcement. But as no reinforcement was selected in the first
loop iteration, the value of K: is assumed to be 1.0 for the first iteration step.

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

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

Meq = Neg-(eg +€+€;)

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

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

010 ® OO

A
req As; > req. As;1 >
No
: @
No
| req. Asin =req |—i= i+1  —
Y
No
v
Determination of the re-
quired longitudinal rein-

forcement req. As, for the
moment from

v
4—| req. As; = max(req. As,, As,im)

A 4

< req.Asi > max.req. As; No

vY
| max. req. As =req As

) 4
Saving the governing load case and
the governing location

Continue the loop <
i=i+1

Continue the loop
i=i+1 _J

©

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

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

24
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The second condition will also come into effect only when the program tackles this location for
the second time. Remember the expression used to obtain K. Thus it becomes clear that K;
changes only if Neq is greater than the resistant longitudinal compression force for the greatest
moment resistance of the cross-section. If this is not the case, the value of K: is always set to 1
and the second order moments would not change with every loop iteration. Therefore, these
loops can be exited sooner.

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

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

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

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

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

Internal Force 1 2

N [kN]: -431,00 -1500,00
M,, [kNm]: 87,80 -72,80
M, [kNm]: 0,00 0,00

Figure 4.15: Internal forces

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

Iteration 1 2
M, [kNm]: [-185,1569|-185,1569
prov. A, [cm?]: 13,2460

req. A,[cm?]: | 13,2460 | 13,2460

Figure 4.16: Iteration — location 1

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

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

Dlubal
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Iteration 1 2 3 4 5 6 7
Mg, [kNm]: |-465,1229|-437,8077(-436,5691|-436,5100|-436,5074(-436,5072-436,5072
req. A,, , [em?]: 39,8329 | 36,2733 | 36,1117 | 36,1040 | 36,1037 | 36,1037
req. A,, [cm?]:| 39,8329 | 36,2733 | 36,1117 | 36,1040 | 36,1037 | 36,1037 | 36,1037

Figure 4.17: Iteration — location 2

The obtained values are visualized in the following diagrams:

470 : : : 40,00
| : —— MEd,y Il
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i : : s
a45 T e S s e
= EE=mm == 36.00
440 SRNIIRSEN. SUNSSNRNSEE S— - S
425 ; : ; 25,00
4 5 6 7

Iteration

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

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

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

Y

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

v

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

Asim<0or

Nea > 0 ves

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

¥

Determination of effective second order moment
Mozd (including imperfection)
EN 1992-1-1, clause 5.8.8.2

y
Determination of the required reinforcement
prov. As

'

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

v

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

A 4

v
Determination of the required longitudinal rein-
forcement req. As for the total moment from first
and second order analysis

i+1

req. As; = req. ves

v
Determination of the re-
quired longitudinal rein-

forcement req. As, for the
moment from first order

\ 4
req. As, = max(req. As,, As,im)

v

Determination of the provid-
ed reinforcement prov As

prov. As; = Asjim

A
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The third part of the program flowchart restarts with the determination of the equivalent slen-
dernesses. Next, the program determines whether to perform a standard design or a stability
analysis.

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

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

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

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

My, [KNm]: | -465.1229 | -438.6399 | -436.8114 | -436.5392 | -436.5392

prov. A [cm?:|  36.1 42.4115 36.9451 36.1911 36.1911
Number X 6 6 18 18
¢ [mm]: X 30 28 16 16

req. A, [em?]: 39.8329 36.3819 35.8991 34.4489 34.4489

Figure 4.19: Iteration process
Thus it is determined that the column will be reinforced with 18 members (¢ = 16 mm) which
are to be arranged according to user specification.

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

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

Mg, [KNm]: | -465.1229 | -442.3723 | -441.4043 | -440.8887 | -440.3502
M., [kNm]: | 96.0501 91.0648 | 90.8526 | 90.7396 | 90.6216

prov. A, [cm?]: 0 56.2973 52.2761 50.2655 48.2549
Number X 28 26 16 24
¢ [mm]: X 16 16 20 16

req. A, [em?]: 54.4809 51.0660 50.1228 47.8654 48.9917

Figure 4.21: Iteration process
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The following graphic illustrates how the second order moments decrease with the decreasing
provided reinforcement.
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Figure 4.22: Diagram of the second order moments

Although the moments decrease, the required reinforcement of the fifth iteration step exceeds

the provided reinforcement on which the required reinforcement was based.

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

Mgy, [kNm]: | -440.8887 | -440.3502 | -440.5760 | -440.3502
Mg, [kNm]: 90.7396 90.6216 90.6011 90.6216
prov. A, [cm?]: 47.8654 48.9917 47.9090 48.9917
Number 16 24 10 24
¢ [mm]: 20 16 25 16
req. A, [cm?]:| 50.2655 48.2549 49.0874 48.2549
f Loop

Figure 4.24: Infinite loop

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

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

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

4.2.4 Part4:Determining the Povided Safety

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

Dlubal
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| S

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

v

Repeat for the internal forces at the location of

max My  max Mz
L min N min My  min Mz

v

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

v

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

Y

\ 4

Yes

Determination of the intended eccentricity eo
EN 1992-1-1, clause 5.8.8.2
v
Determination of the effective first order moment Mot (includ-
ing imperfection), EN 1992-1-1, clause 5.8.8.2
v
Determination of the additional eccentricitry e,
EN 1992-1-1, clause 5.8.8.2

v

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

v

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

i+1
i+1

\ 4
Determination of the provided safety

Yerov. for the first order moment

<& I
l

A

——

- No
Yorov. < MIN. Yoprov.
v Y

min. Yorov.= Yprov.

Saving the governing load case and
the governing location

Continue the loop

Continue the loop

v
[ Program end ]
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Within the loops, there is only one branch that decides whether the safety for the moments is
to be determined according to first order or second order analysis.

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

Location 1 Location 2

2.8028 1.0234

Figure 4.25: Safeties for location 1 and 2

4.3 Program Flow of the Check of the Provided
Reinforcement

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

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

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

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

| 44 Determination of the Required Reinforcement

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

prov. A; >req. A

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

A min =0.10 % >0.002-A,
yd

A =0.04-A. ,aswell as in the case of overlap A =0.08-A,

Ss,max S,max

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

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

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

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

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

4.4.1 Rectangular Cross-Section

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

double-sided surrounding in corners
Figure 4.26: Arrangement of the reinforcement
In the case of a double-sided reinforcement, you can decide whether to arrange the rein-
forcement parallel to the y-axis or parallel to the z-axis of the cross-section coordinate system.

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

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

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

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

double-sided surrounding in corners

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

l—vy

z

Figure 4.28: Layer of the first four rebars.

As a centroidal axis cover (left figure) and as an edge cover (right figure).
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Figure 4.29: Type and size of concrete cover

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

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

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

Dlubal

Event 1: The provided reinforcement cross-section prov As is greater than the required reinforce-

ment cross-section req As. The rebar diameter and the amount of rebars are saved as solution.

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

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

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

In the case of circular cross-sections, rebars are arranged radially to the center of cross-section.
Their minimum number is four.

Figure 4.31: Layout of the reinforcement

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

Figure 4.32: Spacing a of the rebars

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

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

the concrete cover.

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

Figure 4.33: Circle with centroids of rebars

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

e req. A

As,Member

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

Figure 4.34: Intermediate angle o

This is done by using the following expression:

360°
o=
n

In this way, the clear spacing a of the rebars can be determined.
a= 2-R~sin(%j—dS

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

If all provided rebar diameters have been run through, the different solutions are compared
with each other. Then the solution in which the provided reinforcement comes closest to the
required reinforcement is selected.

Dlubal
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4.5  Fire Resistance Design

The fire resistance design with CONCRETE Columns is performed according to the simplified
method of calculation according to EN 1992-1-2, 4.2 [3]. The program uses the zone method
described in Annex B.2:

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

— Temperature in reinforcement g

L Temperature in concrete O

Damaged zone a,

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

4.,5.1 Subdivision of Cross-Section

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

M | k(6w)
[ ]
—e
. | k(69)
k(&) ke(62)
- —
ke(01)
w w

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

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

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

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

Column or wall with both sides (facing 0.5 * Width of component in direction of fire effects
each other) exposed to fire

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

Figure 4.37: Determination of equivalent widths

4.5.2 Reduction of Cross-Section

Determination of temperature 0; in center of zone

Upon to the cross-section's subdivision into zones, the temperature 6 is determined in the
center of each zone i. The determination is facilitated by temperature courses in accordance
with EN 1992-1-2, Annex A, based on the following assumptions:

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

e The moistureis 1.5 % (for moistures > 1.5 %, the specified temperatures are on the safe
side).

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

e The emission value for the concrete surface is 0.7.

e The convective heat-transmission coefficient is 25 W/m?K.

Determination of reduction factor k.(6;)

The reduction factor k(6 is specified for the temperature determined in the center of the
zone i to account for the decrease of the characteristic concrete compressive strength fa. The
reduction factor k(6i) depends on the concrete's aggregates.

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

ki(8)
1
L [T
\\E\
08+ \\\\
[ N2
0,6
\\\ Curve [1] : Normal weight
04l N\ concrete with siliceous
al \ aggregates
\ ) .
: N Curve - Normal weight
0,2 N N concrete with calcareous
I S \\ aggregates
\_\_“
0 ~
0 200 400 600 800 1000 1200
8 [°C]

Figure 4.38: Factor k.(6)) used to consider decrease of concrete compressive strength according to [3], Figure 4.1
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Determination of damaged zone with thickness a,

The cross-section damaged by fire is represented by a reduced cross-section. This means that a
damaged zone of the thickness a, on the sides exposed to fire is not taken into account for the
ultimate limit state design.

kel nz)

_

A

a) (e.g wall) b) (e.g wall end) c) (e.g slab)

bl Ghe)

kel z) .

i ]

am

A

d) (e.g thick wall) e) (e.g column) f) (e.g beam)

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

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

e Beams, slabs

k
a, =w-|1-—=1
k(6pm)

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

kcm "
az =w-|1-| ————
ke (Oy)

where
w Half of width of equivalent wall
kem Mean reduction coefficient for a specific cross-section
1-220)
kc,m = TAZMI(C (6;)
n Number of parallel zones in w

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

k{(Om)  Reduction coefficient for concrete at point M (see Figure 4.38 on page 39)
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4.5.3 Stress-Strain Curve of Concrete

Point M is governing for the reduction of the concrete's material properties. M is a point on the
central line of the equivalent wall (see Figure 4.36, page 38). It is used to determine the reduc-

tion factor k(Bm). The reduced material properties of the concrete are to be used for the entire
reduced cross-section (without the damaged zone a;) in the ultimate limit state design in case

of fire.

Concrete compressive strength for fire resistance design

The stress-strain curve for the concrete compressive strength is determined depending on the
temperature in point M as well as depending on the type of aggregates. The values of the
compression strain g1, for the compression strength fce can be found in EN 1992-1-2, Table
3.1.

fc,e = kc (Om)- fck
where
k(Om)  Reduction coefficient for concrete at point M (see Figure 4.38, page 39)
fo characteristic concrete compressive strength for normal temperature
Concrete Siliceous aggregates Calcareous aggregates
temp.€ fenl Tk 18 Zeuts fenl fx £o18 Zout s
[*C] L1 Ll [l Ll Ll L]
1 2 3 4 5 6 7
20 1,00 | 0,0025 | 0,0200 | 1,00 | 0,0025 | 0,0200

100 100 | 00040 | 00225 | 1,00 | 0,0040 | 0,0225

200 095 | 00055 | 00250 | 097 | 00055 | 0,0250

300 0,85 | 00070 | 00275 | 0,91 | 0,0070 | 0,0275

400 0,75 | 0,0100 | 0,0300 | 0,85 | 0,0100 | 0,0300

500 060 | 00150 | 00325 | 074 | 00150 | 0,0325
600 045 | 00250 | 00350 | 060 | 00250 | 0,0350
700 020 | 00250 | 00375 | 043 | 00250 | 0,0375
800 015 | 00250 | 00400 | 027 | 00250 | 0,0400
900 0,08 | 00250 | 00425 | 015 | 00250 | 0,0425
1000 | 0,04 | 00250 | 00450 | 006 | 00250 | 0,0450
1100 | 0,01 | 00250 | 00475 | 002 | 00250 | 0,0475
1200 | 0,00 - - 0,00 -

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

rel stressale) / ok

0 5 10 15 20 25 30 35
strain & [%od]

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

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

Ecd,e = [kc (eM )]2 'Ec
where

k{(Ow)  Reduction coefficient for concrete at point M (see Figure 4.38, page 39)

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

k(&)

1,0

06 |

04 |

0,2 |

0,0

0 100 200 300 400 500 600
é[°C]

Figure 4.42: Reduction factor k.«(6) to consider temperature-dependent tensile strength of concrete f
according to [3], Figure 3.2

4,5.4 Stress-Strain Curve of Reinforcing Steel

Determination of reduction factor k,(0) for tensile strength of steel

To determine the reduction factor ks(0), the temperature in the center of the most unfavorable
reinforcing member must be determined first. Depending on how the reinforcing steel is pro-

duced and classified (Class N or X) and how much it is strained, the reduction factor k(8) is de-
fined (see the following figure).
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k(@)
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Figure 4.43: Reduction factor k(6) for taking account of temperature-dependent tensile strength of steel
according to [3], Figure 4.2a/b
Reduction of reinforcing steel strength f, ¢
The stress-strain relation of the reinforcing steel is defined by the following three parameters:
e Slopein linear-elastic range Esp
e  Proportional limit fspe
e Maximum stress level fye

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

foy.0 =ks(0)-fy

where
ks(8) Reduction coefficient for reinforcing steel (see Figure 4.43)

fy characteristic strength of reinforcing steel for normal temperature

Dlubal
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Determination of reduced elastic modulus E; ¢ of reinforcing steel
If the reinforcing steel can be assigned to graph 1 or graph 2 of Figure 4.2a or 4.2b shown in

EN 1992-1-2 (see Figure 4.43), it is possible to take the reinforcing steel's reduced elastic modu-
lus, depending on the steel temperature and type of production, from EN 1992-1-2, Table 3.2a

or 3.2b.
Steel Temperature fope! T foond f E.z/E,
8[°C] hot rolled | cold worked | hotrolled | cold worked | hotrolled | cold worked
1 2 3 4 5 6 7
20 1,00 1,00 1,00 1,00 1,00 1,00
100 1,00 1,00 1,00 0,96 1,00 1,00
200 1,00 1,00 0,81 0,92 0,90 0,87
300 1,00 1,00 0,61 0,81 0,80 0,72
400 1,00 0,94 0,42 0,63 0,70 0,56
500 0,78 0,67 0,36 0,44 0,60 0,40
600 0,47 0,40 0,18 0,26 0,31 0,24
700 0,23 0,12 0,07 0,08 0,13 0,08
800 0,11 0,11 0,05 0,06 0,09 0,06
200 0,06 0,08 0,04 0,05 0,07 0,05
1000 0,04 0,05 0,02 0,03 0,04 0,03
1100 0,02 0,03 0,01 0,02 0,02 0,02
1200 0,00 0,00 0,00 0,00 0,00 0,00
Class N
Steel Temperature fopel Fac fosl Fr E../E,
6[°C] hot rolled and hot rolled and hot rolled and
cold worked cold worked cold waorked
20 1,00 1,00 1,00
100 1,00 1,00 1,00
200 1,00 0,87 0,95
300 1,00 0,74 0,90
400 0,90 0,70 0,75
500 0,70 0,51 0,60
600 0,47 0,18 0,31
700 0,23 0,07 0,13
800 0,11 0,05 0,09
900 0,06 0,04 0,07
1000 0,04 0,02 0,04
1100 0,02 0,01 0,02
Class X

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

For reinforcing steels that are assigned to graph 3 according to EN 1992-1-2, Figure 4.2a, the

reduced modulus of elasticity is calculated as follows:

Esy0 =ks(0)-Eg

where

ks(0)
Es

Reduction coefficient for reinforcing steel (see Figure 4.43)

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

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

Ved < VRd

where

Veg : Design value of applied shear force
Vrd: Design value of shear force resistance

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

VR : Design shear resistance of a structural component without shear reinforcement

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

Vramax:  Design shear resistance that is limited by strength of concrete compression strut

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

Ved < Vrd,c

If the applied shear force Veq is higher than the value of Vra,, a shear reinforcement must be de-

signed. The shear reinforcement must absorb the entire shear force. In addition, the capacity
of the concrete compression strut must be analyzed.

Ved < VRd;s

VEd = VRd,max

We next present the different expressions used to determine the different types of shear force
resistance.

Dlubal
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4.6.2 Design Shear Resistance Without Shear Reinforcement

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

1
Vd,c =| Cr,c k- (100-py- )3 +ky-o¢p |-by, -d 6.2a

with a minimum value

Vrdc = [ Vimin +k10cp | by -d 6.2b
where
0.18
CRd,c -
C
k: Factor for taking account of slab depth, size effect:

K=1+ /% <2.0 d[mm]

d: Effective depth of bending reinforcement in [mm]
pr: Ratio of longitudinal reinforcement
Asl
=—>2-<0.02
L

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

bw : Minimum width of cross-section within tension zone in [mm]
fo: Characteristic value of concrete compressive strength in [N/mm?]
k;=0.15
G *NLd<02~f in [IN/mm?]
wp ~ A <" led
C
where Neq : axial force in cross-section due to loading or prestress [N]
(Neq > 0 for compression). The influence of restraint on Nes may be neglected;
Ac: Concrete cross-section in [mm?]
3 1
Vmin = 0.035- k2 . kaz
Vrd,c in [N]

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

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

2

I-b - f..

Vrge = —2- _ctk;0.05 —0y-Op ctk;0.05 64
S Ye c

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

The expression may not be applied if the tension stresses of concrete are smaller than feu; o0 /
ve. To verify the precondition, the definition points of the concrete cross-section are analyzed. If
none of these points has a tensile force, the Expressions (6.2a) or (6.2b) are used.

4.6.3 Design Shear Resistance with Shear Reinforcement

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

Structural components with a shear reinforcement angle of 90°:

Vod,s = (Asw /'5)-2-fq - cOtO 6.8
or inclined shear reinforcement:
Vod,s = (Asw /'5)-Z-fq -(cotB + cota)-sina 6.13
where
Asw: Cross-sectional area of shear reinforcement
s: Distance between links
z: Lever of internal forces
fywd : Design value for yield strength of shear reinforcement
0: Angle between concrete compressive strut and the structural component ax

is perpendicular to the shear force

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

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

1.0<cot6<2.5 6.7

Dlubal
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The German National Annex DIN EN 1992-1-1/NA:2011-01 specifies the inclination of the con-
crete compression strut as follows:

1.241.4.%d

‘I.OScotegV—“"S}O 6.7aDE
1- Rd,cc

Ved

In the case of inclined shear reinforcement, cot 8 may be utilized up to 0.58.

where
1
Vrd,cc =C-0.48-,3 -(1—1 .z-‘;ﬂ}bw -z 6.7bDE
ck
Ccd': Design value of concrete longitudinal stress at the level of the cross-

section's centroid

c=05

The inclination of the concrete strut 0 can vary according to EN1992-1-1:2010 between the fol-
lowing values:

Dlubal

Minimum inclination Maximum inclination
0 21.80° 45.00°
cotO 2.50 1.00

Figure 4.45: Inclination of concrete strut 6

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

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

During the calculation, the minimum level of the strut's inclination is used to determine the
design resistance Vramax Of the concrete compression strut. If it is smaller than the acting shear
force Veq, a steeper strut inclination must be chosen. The strut inclination 6 is increased until
the following is given:

VEd < Vramax

The strut angle of inclination found in this way results in the smallest shear reinforcement.
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Design shear resistance of concrete compression strut according to
EN 1992-1-1:2010 Expression (6.9)
Structural components with a shear reinforcement angle of 90°:
by, -z vy
vV, _ Pw cw " V1 led 6.9
Rd,max cot0+tano
or inclined shear reinforcement:
by -z gy vy - fog - (cotb+cota)
Ved,max = 5 6.14
1+cot6
where
bw: Width of cross-section
z: Lever arm of internal forces
Olew Factor for considering stress conditions in compression chord
aw=1.0 for non-prestressed structural systems
Vit Reduction factor for concrete strength in case of shear cracks
vi=0.6 forfa< 60 N/mm?
vi=max (0.5; 0.9-f4/200) for fa> 60 N/mm?
fa: Design value of concrete compressive strength
0: Angle between concrete compressive strut and the structural component
axis perpendicular to the shear force
o: Angle between the shear reinforcement and the structural component axis

perpendicular to the shear force
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4.6.4 Variants of the Check of Shear Force

The presented checks of shear force are first and foremost intended for rectangular cross-
sections uniaxially subjected to shear that are neither fully cracked nor fully compressed.

The program shows the cross-section as fully cracked if a tensile force is applied to all points

used for the cross-section's definition. A cross-section is considered to be fully compressed in
two cases: on the one hand, if a tensile force is applied to all rebars, on the other, if the shear

force resistance Vrac without shear force reinforcement VRd,c yields a negative value.

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

Deformation or load- | EN 1992-1-1:2010

ing of the cross-
section Uniaxial Biaxial

Cross-section com- No design possible No design possible
pletely cracked

Negative shear force No design possible No design possible
resistance
Cross-section fully Check: Check:
compressed VRd,c > VEd allowed t > prov t
Vrac according to (6.4) in allowed t derived from (6.4) in
6.2.2 6.2.2
Cross-section normally | Check: Check:
cracked VR, 2 VEd VR, 2 VEd
(no cross-section rein- Vrdc according to (6.2) in Vrac according to (6.2) in 6.2.2
forcement) 6.2
- Determine b, and d
Cross-section normally | Check: Check:
cracked

VRd,max > VEd VRd,max > VEd

(shear reinforcement) Vramax according to (6.9) or Vramax according to (6.9) or

(6.14) (6.14)
VRds > Ved VRds > Ved

Vrys according to (6.8) or Vras according to (6.8) or (6.13)

(6.13) Determine z and by

z=0.9d

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

Deformation or load-
ing of the cross-
section

EN 1992-1-1:2010

Uniaxial or biaxial

Cross-section com-
pletely cracked

No design possible

Negative shear force

No design possible

resistance

Cross-section fully Check:

compressed allowed t > prov t
allowed t derived from (6.4) in 6.2.2

Check:

Cross-section normally

cracked
VRd,c > VEd
no cross-section rein- . .
(noc < n Vrac according to (6.2) in 6.2.2
forcement)

Determine bwand d

Cross-section normally | Check:

cracked
VRd,max > VEd

(shear reinforcement) Vramax according to (6.9) or (6.14)
Vrds = Ved
Vras according to (6.8) or (6.13)

Determine z and bw

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

4.6.5 Check of Shear Force

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

4.6.5.1 Cracked Cross-Section

If the shear forces Vedqy and Veq, act simultaneously on a cross-section, the applied shear force
Vea is obtained by quadratic combination.

2 2
Ved = Vedy” * Ved,z

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

The equations in 4.6.1 include the quantities depth d, width of component bw, and the lever
arm z. However, these quantities are not as obvious as in the case of a uniaxially loaded rec-
tangular cross-section.

4=
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The effective depth d, width of structural component by, and lever arm z of the internal forces
are to be determined separately first. In the case of a biaxially loaded rectangular cross-section,
the following layout can appear in the concrete compression zone:

Figure 4.48: Rectangular cross-section subjected to biaxial bending

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

is applied.

Figure 4.49: Effective depth
To determine the effective depth d, the centroidal position of the tensile forces of all tensioned
rebars has to be determined first. Its coordinates are denoted by ys: and zs.

The force in a rebar is signified by Fs,.. The index ,i” refers to the number of the relevant rebar.
Thus, the coordinates of the rebar are signified by ys.i and zs;. The centroidal position of the
tensile forces of all tensioned rebars are determined as:

n

Yst,i st
i=0

_ =
Yst = n

Z I:st,i
i=0

n

Z It Fst,i

i=0

n
Z I:st,i
i=0

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

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

Figure 4.50: Lever of internal forces

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

rebars.

n n
Fc =Ngg — stt,i +Z I:sc,i
i=0 i=0

Now, the coordinates y. and z. of the resulting compressive force Fc can be determined:

n
Mz - Z ysc,i : I:sc,i
i=0

Ye = F

C

n

Iv'y - zzsc,i 'Fsc,i

=0
Z. = !
¢ F

Finally, the lever arm z can be determined:

Z:\/(yc _yst)2+(zc _Zst)z

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

b

w

Figure 4.51: Width of component bw

The width is always perpendicular to the previously calculated lever arm z and intersects with
to edges of the rectangular cross-section.

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

4.6.5.2 Fully Compressed Cross-Section

Design according to EN 1992-1-1:2010

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

2
vV _ |'bw fctk;0.05 fctk,'0.0S
Rd,c_T' Y— ~QOp—
C 4

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

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

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

2
Ved|-S < |[ fo05 fetk;0.05
< —0y Oy —
I-b,, Ye

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

Rectangular cross-section

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

2 2 2
Ved.|-Sy . |VEd,y|'SZ - [fctk;o.os] a0 fet0.05
< || <005 R

ly -y l,-z Ye

C

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

2
prov. T = [|VE°"2| Sy ]2 + |VEd,v| S
ly -y l,-z

z

fctk'0.05 ’ fCtk'0.0S
allow. t= || =222 | —0y -0y =
Ve Ye
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Circular cross-section

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

|VEd,z 'Sy 2+ |VEd,y|'Sz ’
I,-d I-d

prov.T =

The allowable shear stress allowable 1 is identical to the one for the rectangular cross-section.

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

. L rovt
Design criterion _ provt
allow t

4.6.6 Check of Shear Force in Circular Cross-Section

4.6.6.1 Cracked Cross-Section

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

If the cross-section is simultaneously loaded by the shear forces Vedy and Veq,, the applied shear
force Veq is obtained by quadratic combination.

2 2
Ved = Vedy” * Vedz

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

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

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

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

concrete
compression
zone

neutral axis
Figure 4.52: Circular cross-section with concrete compression zone

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

Dlubal
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Figure 4.53: Effective depth

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

The force in a rebar is signified by Fs,.. The index ,i* refers to the number of the relevant rebars.
Thus, the coordinates of a rebar are signified by ysx.i and zs.. The centroidal position of the ten-
sile forces of all tensioned rebars are determined as:

n
Ysti® Fst,i
0

_ =l
Yst = n

Z Fst,i
i=0

n

Z Zsti I:st,i

i=0

==
Z I:st,i
i=0

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

Zst

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

1

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

n
Fc =Neg - ZFst,i
-0

Now, the coordinates y. and z. of the resulting compressive force Fc can be determined.

n
Mz - Z YSt,i 'Fst,i
i=0

y =
C F.
n
My - Zzst,i 'Fst,i
z, = —'z?:

C

Finally, the lever arm z can be determined:

z= \/(yc —yst)2 +(z, —zst)2

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

Figure 4.55: Width of component by

The width is always perpendicular to the previously calculated lever arm z and intersects with
two edges of the circular cross-section. A cross-section width is obtained from the centroidal

position of the concrete compression zone and from the centroidal position of the tensioned
rebars. We use the smallest cross-sections width b.

Program CONCRETE Columns (ACI) © 2013 Dlubal Software GmbH

57



4 Theoretical Background / |\

4.6.6.2 Fully Compressed Cross-Section

Design according to EN 1992-1-1:2010

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

2
v _ I'bw fctk;0.05 fctk;0.05
Rd,c_T' — | T O

Ye Ye

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

This expression may be applied if the tension stresses of concrete are smaller than feu;00s / yc. TO
verify this precondition, we reanalyze the definition points of the concrete cross-section. If
none of these points has a tensile force, the Expressions (6.2a) or (6.2b) are used.

4.6.7 Shear Reinforcement

The longitudinal reinforcement of columns must be surrounded by transverse reinforcement.
The following conditions regarding the minimum diameter of the transverse reinforcement
according to EN 1992-1-1:2010, clause 9.5.3 (1) apply:
e  Greater than a quarter of the bar diameter of the provided longitudinal reinforcement
e >6mm
For the distance between links, EN 1992-1-1:2010 clause 9.5.3(3) specifies that they may not be

greater than Scmax. Scmax is specified in the National Annexes. The Eurocode recommends for
Samaxas the smallest value from the following distances:

e 20 times the smallest longitudinal bar diameter
e Smallest side length of the column
e 400mm

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

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

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

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

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

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

length

No link can be inserted here. Fro |

"
m

L1

— I -
z

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

Modifyable Q w T
without automatic / 4,873
specification of a area 3 _
new area ending 9*0128 —_—
at the bar end =
LRE L (] — [ ] Duswo-owan
x ————
from
XA N
to
3721
area 2
*
32%%32”] [ (arssiv-o.zszm
* from
.383
o
1.389
Modifyable *area 1 | @10910—0.128 m
- ’ . 9*0.1389
without automatic -
h } =1.280 m
specification of a
new area starting \" from
éﬂSSQ 1

Figure 4.58: Changed link areas

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

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

e  Maximum axial force N

e  Minimum axial force N

e  Maximum moment M,

e  Minimum moment My

e  Maximum moment M,

e  Minimum moment M;.

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

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

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

cide how the design shear resistance is to be determined.
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4.6.8.1 Part 5.1: Determination of the Shear Resistance

Y

Repeat for selected load cases,

\ 4

max |Vy| max |V
—> max N max My, max M,
min N min My,  min M,

- J

load combinations, and result combinations

- J

v

/Repeat for the internal forces at the location of\

v

All cross-section points with
tensile forces

v
All cross-sections points with
compressive forces

vNo

Determination of the shear resistance Vg,
EN 1992-1-1,cl. 6.2.2 (1) Expr. (6.2a) and (6.2b)

A 4

Program end

Yes

Yes

Dlubal

.

A

y

Determination of shear resistance Vra,
EN 1992-1-1, cl. 6.2.2 (2) Expr. (6.4)

Program end
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If the cross-section is fully cracked, the program is stopped at this point. The design shear re-
sistance ey for the unreinforced concrete is determined for a fully compressed cross-section.
Regardless of whether it is sufficient or not, the program is stopped because a shear force rein-
forcement would not be effective for the fully compressed cross-section.

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

In the second part of the program flowchart for shear design, the limits of the variable strut in-
clination are determined. Next, these are compared with the user-defined limits of inclination.

Dlubal
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4.6.8.2 Part 5.2 : Determination of the Compression Strut's Strength

©O

No Calculate Acc. to
DIN EN 1992-1-1/NA:2010-01

Ye

\ 4

Determination of the minimum inclination ®mi» of

the concrete strut according to Expression 6.7aDE,
DIN EN 1992-1-1/NA:2010-01, NDP 6.2.3 (2)

y

Omin > Omaxdef (= User- Yes
defined maximum inclination)
z
v

No Omin < @min,def (= user-
defined minimum inclination)

Yes

A\ 4
> Omin = @min,def |

g

>
A

y

Determination of the compressive strut's
strength Vrd,max

\ 4

No
VRd,max < VEd

Yes

Increase of the inclination of concrete strut ® by
0.1°

® > Omaxdef
or © >45°

OO

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

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

4.6.8.3 Part 5.3 : Determination of the Transverse Reinforcement

OO

Determination of the required
shear reinforcement Asweq.
EN 1992-1-1, clause 6.2.3 (3) Expression (6.8)

A4
Determination of the provided
transverse reinforcement Asw,prov.
EN 1992-1-1, clause 9.5.3

i=i+1
=i+1

4
Determination of the shear force resistance of the
shear reinforcement Vg
EN 1992-1-1, clause 6.2.3 (3) Expression (6.8)

v
No
Asw,prov. > max Asw,provA >

Yes

\ 4
max Asw,prov = Asw,prov |

.

Continue the loop \ 4

Continue the loop v
v

Program end

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

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

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

Dlubal
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Design criterion 1:
. . Y
Design — criterion = ——£9
Rd,max
Design criterion 2:
. . . VEd
Design —criterion = (DIN 1045-01)
Rd,s

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

VEd
Rd,c

Design —criterion =

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

Design — criterion = Ved  _ max Y Ve
Rd,c VRd,c,y VRd,c,z
4.7  Overlaps

4,7.1 Connection Elements on a Column

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

a)

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

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

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

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

7157

B =

%

Y

Figure 4.60: Overlap length lo
The design value of the length of overlap lo is determined from the required basic value of the
length of anchorage lvqa according to DIN EN 1992-1-1 clause 8.4.3.

The required basic value of the anchorage length Inq¢ used to anchor the force A, - os4 of a
member under consideration of a constant bond stress fus follows from the equation:

lprqa = (9/4) (054 /foq)

Here, ¢ is the bar diameter and osq4 is the provided steel stress in the ULS of the
bar at the beginning of the length of anchorage. Values for fuq are given in 8.4.2.
foa=2.25-M1- N2 fea

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

n2 is a factor for taking account of the bar diameter
fara is the design value of the of the concrete tensile strength according to 3.1.6(2)P
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If the required basic value of the anchorage length Iy is obtained, we can determine the de-
sign value of the length of overlap lo according to DIN EN 1992-1-1 clause 8.7.3:

lo =04 0030y 05 - Og I rqd = lomin

where
Ibrqa is the required basic value of the anchorage length
lomin = Max (0.3 s+ lbrqa; 15 - @ ; 200mm)
o, Oy, 03, ag, s coefficients (given in Table 8.2 in DIN EN 1992-1-1)
as=(p1/25)°*<1.50r1.0
p1is the percentage of the reinforcement overlapped within 0.65 - lo

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

4,7.2 Design of Overlaps
The constructional design of overlaps is described in DIN EN 1992-1-1 clause 8.7.2 Laps.

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

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

- Thelongitudinal distance between two adjacent overlaps may not be less than 0.3 times
the overlap length Io;

- Incase of adjacent laps, the clear distance between adjacent bars should be not less than

2@ or20 mm.
203/, o <50 mm
E - Tz
T * 3 —=
E a 224
<1 : = 20 mm g
F ¥ —
-S— " _@

Adjacent laps

Figure 4.61: Design of overlaps

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

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

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

e The same reinforcement layout was chosen for both columns.

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

The following forms of overlaps are possible.

Figure 4.62: Overlap for circular column cross-section

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

B8 888

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

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

| S

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

(olate] [ve)
(¢] o
(] o,
O O 0,0,

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

5.1 Open

CONCRETE Columns

To start the add-on module CONCRETE Columns, click

Add-on Modules — Design - Concrete - CONCRETE Columns.

[ Add-on Modules | Window
Shape Properties 4
Design - Steel 4
Design - Concrete 3
Design - Timber 3

Design - Aluminium 4

Dynamic 3
Connections 3
Foundations 4
Stability 3
Towers 3
Others 4

Help

DB e R W s Py
% - T | LT T e o Py Pz 4 -
— -

¥ | CONCRETE Design of concrete members

[ COMNCRETE Columns % Design of concrete columns

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

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

CONCRETE Columns.

Project Mavigator - Data
ET RSTAB

Bm Example 10 - Edge column (Complete System)™

¢ Model Data
/- ) Load Cases and C
-0 Loads

t-|_Jl Results

..... ) Sections

----- ) Average Regions
----- ) Printout Reports
- ) Guide Objects
=2 Add-on Modules

e IO IO o O

4

= CONCRETE - Design of concrete members

51| CONCRETE Columns - Design of concrete columns b’

m

ombinations

UL 2

ﬁData B Display  # Views

Figure 5.2: Starting CONCRETE Columns via the Data navigator
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5.2  Windows

There are five input windows that are shown in the module's navigator located on the left.

CONCRETE Columns - [Example 10 - Edge column {Complete System)]

File Settings Help

5] v|

Input D ata

M aterials
Crozs-Sections
Reinforcement

i &=
‘... Parameters - by bember

Figure 5.3: Input tables in navigator

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

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

Below the navigator, there are three buttons.
Figure 5.4: Button [Help]

To open the online help, click [Help] or press the function key [F11.

Figure 5.5: Previous table - next table

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

Calculation
Figure 5.6: Button [Calculation]
Having entered all relevant data, click [Calculation].
Graphics
Figure 5.7: Button [Graphics]

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

Ok,
Figure 5.8: Button [OK]
To save all input and results before exiting the module, click [OK].
Cancel
Figure 5.9: Button [Cancel]

To exit CONCRETE Columns without saving the data, click [Cancel].
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5.3  Input Windows
5.3.1 Window 1.1 General Data

When you open the module CONCRETE Columns, the table 1.1 General Data appears.

CONCRETE Columns - [Example 10 - Edge column (Complete System)] léJ
File Settings Help
- | 1.1 General Data
Design as Column of Design According to
Members: 1.2610.11,13 Flal | EEEN 199211204403 +
Cross-Sections 5 Al =0IN -
[=)- Reinforcement m
Pk - -
‘. Parameters - by Member Ultimate Limit State | Creep-Producing Pemanent Load | Fire: Heslstance‘ h
Existing Load Cases and Combinations. Selected for Design m
= O g+ (Seffweight. column + gir C02 | 1.35°LC1 +0.9°L | Fundament
| Qv lew] gdw (Wind) co3 LC1+15°LC2 | Fundament :
= LC3 q+.s (Snow load girder) co4 1.35°LC1 + 1.5°L | Fundament i)
CO1 |LC1+091C2 U =
RC1 LC1/p + 0.9°LC2/p E
RCZ (135701 + 09102 + 1 4 z =
RC3 | LCl/4 +1.5°C2p
RC4 | 1.35%C1p + 15102 + 0. o 3
4 n *
Reinforced Concrete
AT - EE DesioioTCakmins
According to Model
Col Analysi:
(7] Wwith creep T
My comment - / \‘
I —
(st (] (o)

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

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

Figure 5.11: Button [Add selected case]

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

Figure 5.12: Button [Add all cases]

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

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

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

Comment

My comment] -

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

MNew CONCRETE Columns-Case

3=

Rewrite exizting work sheet

Selected Tables
@ Active table
) All tables

Input tables

Fiesult tables

[] Export tables with details

Ok ][ Cancel

Figure 5.15: Managing the design cases

File - New Case

CONCRETE Celumns - [Example 10 - Ec
= - No Description
File | Settings Help
MNew Case... Ctrl+N 2 h
Rename Case... [ oK J [ Cancal ]
Copy Case...
e
Delete Case... ™ Rename COMNCRETE Columns-Case &
e
Save Ctrl+5 ™ e No. Description
Save As... ™ N 1 A
\\
Export Tables...
T ™ [ Ok ] [ Cancel ]
I
Copy CONCRETE Columns-Case =5
Copy from Case
a1 -
v New Case
=
Export - MS Excel Ma.: Description:
Table Parameters Application : e
“with table header @ Microsoft Excel
[ Orily marked rows OpenOffice.arg Calc (0] ] [ Cancel ]
() C5V file Format L
- =
Delete Cases @
Transfer Parameters
[] Expant table to active workbook Available Cases
Expoart table to active work sheet Ma. Description -

-

[ ok

J

Cancel ]

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

ing dialog box opens:

New CONCRETE Columns-Case

]

No. Description

[ (] 3 J[ Cancel ]

Figure 5.16: Dialog box New CONCRETE Columns-Case

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

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

]

Rename CONCRETE Columns-Case

No. Description

oK.

Figure 5.17: Dialog box Rename CONCRETE Columns-Case

] [ Cancel

File > Copy Case

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

(S

Copy CONCRETE Columns-Case

Copy from Case
a1 -

New Case

Mo.: Drescription:
2

o

" A

Figure 5.18: Dialog box Rename CONCRETE Columns-Case

][ Cancel ]

File —»Delete Case

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

f Delete Cases ﬁ‘
Available Cases
Mo Description -
[ (] 8 ] [ Cancel

" 4

Figure 5.19: Dialog box Delete Case

Export — MS Excel

The case can be exported to an MS Excel table.
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Export - M5 Excel

(S

Table Parameters

With table header
[ Only marked rows

Application
@ Microsoft Excel
OpenDffice.org Calc

() CSY file format

Transfer Parameters
[ Expart table to active workbook

Export table to active workzheet
Fiewrite existing workshest

Selected Tables
@ Active table [ Expart tables with details
() All tables

Input tables

Result tables

[ 0K ] [ Cancel

"

Figure 5.20: Dialog box Export - MS Excel

Click Settings — Units and Decimal Places.

RF-CONCRETE Columns - [Example 10 - Edge col

| File [Settings| Help

| Units and Decimal Places... |

Figure 5.21: Opening the dialog box

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

Dlubal

-
Units and Decimal Places

Program / Module

CONCRETE Columns
- RSTAB -

.. STEEL i Input Data

- STEEL AISC LT m

- STEEL EC3 Lnit

- STEEL IS

. STEEL SIA Section dimensions: | mm

.. STEEL BS Areas: cm 2

- STEEL GB Masses: kg

- STEELCS
ALUMINILIM

.. KAPPA

. LTB

- FE-LTB

- EL-PL

- CTOT

- PLATE-BUCKLING

- CRANEWAY

- CONCRETE —

- TIMBER Pro

-- TIMBER AWC

-- TIMBER

- COMPOSITE-BEAM

- DYNAM

- JOINTS

- END-PLATE

- CONNECT

- FRAME-JOINT Pro

- FRAME-JOINT &

m

Dec. Places

3

1
2
2

Al ||[e {f) ol |[| ol

Results

Forces:
Moments:
Stresses:
Design ratios:

Dimensionless:

Lnit
kN

Dec. Places
- 3

kNm

N/mm ™2

m

-

B 1D 1 1

|| R

@ F = @

ok | [ cancel

.

Figure 5.22: Dialog box Units and Decimal Places

At the lower left of this dialog box, you will find different buttons with which you can manage
the units and the number of their decimal places in Profiles.
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Save Profile ES

@ D@ m -
rotie

+ Marmne:
(Help F)] [Defautt New

Geb] gy
[ Load Saved Profile... || Save as Profile... —

[7] Save prafile as default

[ ak. ] [ Cancel
. ! = J
Load Profile =
List of Profiles

Ngme Defaul

I etric:

Imperial I}

| Set As Default |- E ® -I'-{ Delete
QK. ] [ Cancel ]

h A

Figure 5.23: Management of the units

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

CONCRETE Columns - [Example 10 - Edge column (Complete System)]

| File Settings [Help

Index

Development Team

Update Reports

Figure 5.24: Menu item [Help]

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

1.1 General Data

Design as Column of Design According to
Members: 126101113 [Flen | EEEN 139211:2004/60:2 ~
& 4l | DN -

Figure 5.25: Selection of the columns to be designed

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

Multiple Selection
Select Members
Selected:
[1.2810.11.13
Clear OF. Cancel

Figure 5.26: Dialog box for selection of members by numbers

Dlubal
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This dialog shows the numbers of the selected members. To import them to the module, click
[OKI.

Select Members Lﬁj

Select Members According to Criteria

All members
Al sets of members

Options:
Oy vertical members
Allawable deviation from the normal of plane 3y 0.0 5[]
Orly members with admizsible material
Orly members with admizsible crozs-section

0K ][ Cancel

" 4

Figure 5.27: Dialog box for selection of members by criteria

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

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

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

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

| Create New 5et of Members... |

Figure 5.28: Button to create a new set of members

The dialog box New Set of Members appears:

- ~
New Set of Members [&J
No. Description
1 -
Type

@ Continuous members

Group of members

Members No.

1011

Comment

[ (0] 3 ] [ Cancel

L 4

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

Design Acc. to Standard / NA

E=ACI 31811 =

= EN 1392-1-1:2004/AC:2010 European Union
[ DIN 1045-1:2008-08 Germany
E= ACI 31811 United States

Figure 5.30: Selection of design standard

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

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

According to EN 1992-1-1 clause 5.8.4, this approximate increase of the additional eccentricity
e, due to creep is to be determined in such a way that the existing second order eccentricity e,
is multiplied by the factor (14 Moeqp / Moed). The moment Moegp results from the loads selected in
the second tab Creep-Producing Permanent Load of window 1.1. They are assumed as perma-
nently acting and their influence is checked one after the other.

COMCRETE Columns - [Example 10 - Edge column (Complete System)] &J
File Settings Help

CAl = | 11 General Data
“?DUt Data Design as Column of Design According to
i General Data
. Maorials Members: 1 Flar | EEEN 19921-1:2004/00:2 ~
Cross-Sections &l =i -
[=)- Reinfarcement m
| "
oo PR o by Member Ultimate Limit State | Creep-Producing Permanent Load | Fire: Heslstance‘ h
Existing Load Cases and Combinations. Selected for Design m
e R R = (R i e e
=l LC3 g+.s (Snow load girder) :
Co1 LC1+0.5°1.C2 ]
C02 135101+ 09712+ 15°C U c
03 |LC1+151C2 E
CO4 | 1.35°LCT +1.5°LC2+0.75°L = z S
RC1 LC1/p + 0.9°LC2/p
RCZ | 1.357C1/p + 0.9°LC2/p = 1. ° 3
RC3 | LCl4p+15°LCZp U
RC4 1.35°LC1/p + 1.57LC2/p + 0. U
Reinforced Concrete
A1) - i) 88 Design of Columns
According to Model
Limitation of ratio between quasi-permanent and dimenzsional moment: 1.00=% ColmTRRshies
"
(st (] (o)

Figure 5.31: Table 1.1 General Data, tab Creep-Producing Permanent Load
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The option Limitation of ratio between quasi-permanent and dimensional moment makes it pos-
sible to limit the ratio Moeqs / Moea to the defined value (the standard is 1.00) for the calculation
of the effective creep coefficient. This option ensures that if Moeqp > Moea the effective final

creep coefficient is not increased.

COMCRETE Columns - [Example 10 - Edge column (Complete System]] S
File Settings Help
CA1 v] 1.1 General Data
Design as Column of Design According to
Members: 1 [lal | EEEN 1992112004402 ~
Cross-Sections & Al =0IN -
[+ Reinforcement m
H 1 " -
Parameters - by Merber Ultirmate Lirnit State | Creep-Producing Pemmanent Laad | Fire Resistance \— h
Existing Load Cases and Combinations. Selected for Design m
s LC3 g%.s (Snow load girder) M=l LC1 g% (Seff-weight. column + gir
Co1 LC1+0.9°LC2 N [ Cowe | gk.w (Wind) :
COZ2 | 1.35°LC1+0.9°LC2+ 1.5°LC ]
03 |LCT+151C2 5 U c
CO4 | 135°C1+15°C2+ 0751 E
RC1 LC1/p + 0.97LC2/p 4 z =
RCZ |135°LC1/H +0.9°LC2Zp + 1.
RC3 | LC1/p +1.51C2% ° 3
RC4 [135°1C1/p +1.5°1C2/p = 0. U u
Reinforced Concrete
Al - Deakgeiof Coas
According to Model
Fieduction factor Column Analysis
B ihcieen ace 0242 e 100}
j - —
(o) [ ] (e

Figure 5.32: Window 1.1 General Data, tab Fire Resistance

Reduction factor for fire resistance design

The option Reduction factor acc. to 2.4.2 (2) allows you to take into account loadings from the

design for normal temperature and to reduce these actions by the reduction factor ns. The re-
duction factor is to be determined as suggested in EN 1992-1-2 according to 2.4.2 (3). Simplify-

ing, we can use the recommended value nq = 0.7.
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5.3.2 Window 1.2 Materials

CONCRETE Columns - [Example 10 - Edge column (Complete System)] |
File Settings Help
Cal -] 1.2 Materials
Input D ata B [ 5 [ D Concrete Stress-Strain Curve
i-.. Genaral Data Material Material Description

M aterials No Concrete Strength Class Reinforcing Steel Remark Comment

Cross-5ections Concrete C30/37 21 B 500 S (B) i

[=)- Reinforcement
|

i Parameters - by Member

Eed Eedu

Material Constants ‘
{5l Concrete Strength Class” Concrete (-30/3 7 § | Reinforcement Stress-Strain Curve
Charactenistic Cylinder Compressive Strength Fok 30.00 | N/mm2
Mean Cylinder Compressive Strength Fem 32.00 | N/mmZ
Mean Axial Tensile Strength 250 | N/mm2 foc cal
5% Fractile of Axial Tensile Strength 2,00 | Nmm2 frical s
95% Fractile of Axal Tensile Strength 3.80 | N/mmZ
Mean Secant Modulus of Elasticity 28300.00 | N/mmZ
Bl Characteristic Strains for Monlinear Analysis .
Ultimate Strain for Pure Compression Zo1 230 % = Esu
Ultimate Strain at Failure Zcui 350 | %
[E Charactenistic Strains for Parabolic-Rectangular Diagram Material No. 2 Applied to
Uttimate Strain for Pure Compression E2 200| % Crose-
Ukimate Strain at Failure ZouZ -3.50 | % sections: 145
Parabols Exponent n 2.0000
B Reinforcing Steel: B 500 S (B) Members: 1
Modulus of Elasticity Es 200000.00 | N/mmZ Sete of
Characteristic Yield Strength Fyk 500.00 | MmmZ members:
Characteristic Tensile Strength Fri 540.00 | N/mm2 Il Length: £9.800 [m]
T Mass: 3727400 [ka]

Figure 5.33: Window 1.2 Materials

In this window, the material data of the members to be designed are displayed. The window is
subdivided into two parts. Specify the materials for the concrete and reinforcing steel in the

upper part. The concrete strength classes are imported from RSTAB but can also be modified in
this window.
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| Concrete Library... |

Figure 5.34: Concrete library

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

The following dialog box appears:

f Material Library &11
Fitter Material to Select
M aterial categary group: M aterial Description Standard i
M Concrete [ Concrete C12415 9 DIN EM 1992-1-1/NA:2011-01
[ Concrete C16/20 9 DIN EM 1992-1-1/NA:2011-01
laterslcaicoon) [ Concrete C20/25 5 DIN EN 1392-1-1/N4: 201101
B Cancrete [ Concrete C25/30 9 DIN EM 1992-1-1/NA:2011-01
i DINEN
Standard group:
[ Concrete C35/45 9 DIN EM 1992-1-1/NA:2011-01 L
ERDINEN [ Concrete C40/50 9 DIN EM 1992-1-1/NA:2011-01 3
Standard: [ Concrete C45/55 9 DIN EM 1992-1-1/NA:2011-01
B DM EM 1992-1-1/M4: 2011 [ Concrete C50/60 9 DIN EM 1992-1-1/NA:2011-01
[ Concrete C55/67 9 DIN EM 1992-1-1/NA:2011-01
[ Concrete CE0/75 9 DIN EM 1992-1-1/NA:2011-01
[ Concrete C70/85 9 DIN EM 1992-1-1/NA:2011-01
[ Concrete C80/95 9 DIN EM 1992-1-1/NA:2011-01 ™
(e fvelEl., = || | @ Cancrete C30/105 9 DIN EM 1992-1-1/NA:2011-01 e
Farvorites only... = = K
Material Properties. Concrete C30/37 | DIN EN 1992-1-1/NA:2011-01
E Main Properties -
Modulus of Elasticity E 3300.00 | kN/em2
Shear Modulus G 1375.00 | kN/cm2
Poisson’s Ratio v 0.200
Specific Weight T 25.00 | kN/m?
Coefficient of Thermal Expansion o 1.0000E-05 | 17K

[ Additional Properties

Characteristic Cylinder Compressive Strength Fex 3.00 | kNem?2 -
Characteristic Cube Compressive Strength Feuk 3.70 | kN/em2 1
Mean Cylinder Compressive Strength fem 3.80 | kN/em?2

Mean Auxial Tensile Strength Fotm 0.25 | kN/cm?2

5% Fractile of fxial Tensile Strength Fetk:0.05 0.20 | kN/em2

95% Fractile of Axial Tensile Strength Fetk:0.35 0.38 | kN/ecm2

Mean Secant Modulus of Elasticity Ecm 3300.00 | kNem?2

Uktimate Strain for Pure Compression Ect -2.200E-03 —
Uttimate: Strain at Failure Eclu -3.500E-03

Parabola Exponent n 2.000

Uktimate Strain for Pure Compression &2 -0.002 e

Ok ] [ Cancel

" 4

Figure 5.35: Concrete library

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

I Program CONCRETE Columns (ACI) © 2013 Dlubal Software GmbH




5 Working with CONCRETE Columns /l\

Dlubal

oy

| Edit Uzer-Defined Material...

[ Create Mew Material...

Figure 5.36: Buttons in the material library

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

pears:
r ~
MNew Material &J
Material Description Material Properties
Concrete C30/37 jCiManlbpatics "
Modulus of Elasticity E 3300.00 | kN/cm 2
Fiter Shear Modulus G 1375.00 | kN/cm2
Poisson’s Ratio v 0.200
Material category group: Speciic Weight b 25.00 | kN/m?
@ Concrete - = Coefficient of Thermal Expansion o 1.0000ED5 | 17K
B Additional Properties
Material categaory: Characteristic Cylinder Compressive Strength Fex 3.00 | kN/cm2
Characteristic Cube Compressive Strength Fouk 3.70 | kN/em2
B Concrete v Mean Cylinder Compressive Strength Fom 3.80 |kN/em2
e 5 Facte o A Teste S o D30 N/cn?
% Fractile ial Tensile Strengt! cti;0.05 0.20 cm<
B DINEN - 5% Fractile of Adal Tensie Strength Foten s 038 | kN/ecm?2
Standard: Mean Secant Modulus of Elasticity Ecm 3300.00 | kN/cm2
andard: Uktimate Strain for Pure Compression Eci -2.200E03
B DN EN135211/NAZ0T + Ukimate Strain at Failure Zetu -3500E03
Parabola Exponent n 2.000
Uktimate Strain for Pure Compression Eo2 -0.002
[ Favarite Utimate Strain at Failure Ec2u -3.500E03
Uktimate Strain for Pure Compression =] -1.750E-03
Ultimate Strain at Failure Eclu -3.500E-03
Comment:

\ 4

Figure 5.37: Dialog box New Material

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

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

)]

Figure 5.38: Reinforcing steel library

[ Reinforcing Steel Library... ]

The following dialog box appears:

Material Library @

Fitter Material to Select
M aterial categary group: M aterial Description Standard
W tetal W B 5505 (&) 9 DIN EM 1992-1-1/NA:2011-01
W B 550 M (&) 9 DIN EM 1992-1-1/NA:2011-01
Mt et M E 5505 (8] 59 DIN EN 195211 /NA:2011-01
W Rsinforcing Steel W B 550 M (B) 9 DIN EM 1992-1-1/NA:2011-01
W B 5005 (&) 9 DIN EM 1992-1-1/NA:2011-01
Standard group:
[ B 500 M () 9 DIN EM 1992-1-1/NA:2011-01
ERDINEN i DINEN
Standard: [ B 500 M (B) 9 DIN EM 1992-1-1/NA:2011-01
B DM EM 1992-1-1/M4: 2011 W E 4205 (B) 9 DIN EM 1992-1-1/NA:2011-01
W E4205(C) 9 DIN EM 1992-1-1/NA:2011-01
Include irvalid... =
Favarites only... = = K
Material Properties B 500 S (B) | DIN EN 1992-1-1/NA:2011-01
E Main Properties
Modulus of Elasticity E 20000.00 | kN/cm?2
Shear Modulus G 7692.31 | kN/em2
Poisson’s Ratio v 0.300
Specific Weight il 78.50 | kN/m?
Coefficient of Thermal Expansion o 1.0000E-05 | 17K

[ Additional Properties

Modulus of Elasticity =5 20000.00 | kN/cm?2
Characteristic Tensile Strength Fe 54 00 | kN/em2
Uttimate Strain Zuk 0.050

Characteristic Yield Strength Fyk 50.00 | kN/em2

[ Ok J [ Cancel

Figure 5.39: Reinforcing steel library

"

To define customized reinforcing steel, click [New].

[ Edit User-Defined Material..

[ Create Mew Matenal...

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

New Material

=

Material Description

Material Properties

B 500G (B)

Filter
I aterial category group:

[ Metal

M aterial categony

Ml Feinforcing Steel

Standard group:
9 DIM EM

Standard:
9 DIM EM 1932-1-1/NA:2017

[] Favarite

iE Main Properties

Modulus of Blasticity

Shear Modulus
Poisson’s Ratio
Specfic Weight

- @@

Bl Additional Properties

Modulus of Elasticity
Characteristic Tensie Strength

Uttimate Strain

Comment:

Coefficient of Thermal Expansion

Characteristic Yield Strength

High ductility.
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Figure 5.41: Material properties

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

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

COMNCRETE Columns - [Example 1i

0 - Edge column (Complete System)] |

==

File Settings Help
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Input Data
eneral Data
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A B [ C [ D
Material Material Description
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500 5 (B)

£ Ecu

[Material Constants

i Concrete Strength Class: Concrete (30737

{ » ||Reinforcement Stress-Strain Curve

Charactenstic Cylinder Compressive Strength

Mean Cylinder Compressive Strength
Mean Auwial Tensie Strength
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Ultimate Strain at Failure
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Modulus of Elasticity
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Characteristic Tensile Strength
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Fatm 2.30 | N/mm?
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Sets of
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Figure 5.42: Table 1.2 Materials

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

5.3.3 Window 3.1 Cross-Sections

CONCRETE Columns - [Example 10 - Edge column (Complete System]] | lﬁj
File Settings Help
CAl vJ 1.3 Cross-Sections
Rectangle 40/45
i A ] : [ [ E e
e eI R Section | Material Creep
-lgiateng\s ; No. Mo. Cross-Section Descriptio] Remark | | Coefficient Comment 40.00
i+ Cross-Sections
L Reinforcemernt [ 1 ] 2 Rectangle 40/45 3.0302 ..
L
i Parameters - by Member
!
{
I
)
!
v
z
[em]
Cross-section Mo, 1 used in
tembers: 1
Sets of
members: -
I Length: 12,400 [m]
I Mass 5580.00 [ka]
(] E @ | T Materiat 2 - Concrete C30437

Figure 5.43: Table 1.3 Cross-Sections

In this window, all cross-sections of the members and sets of members previously selected for

design in the window 1.1 General Date are listed. The settings for every Creep Coefficient are
also defined here.

- ~
Settings for Creep
:E Counting Form
Determination of Creep Coefficient Age
El Input Data
Considersd Age of Concrete (Creep) Lk 27393 | Days
[ Effective Component Thickness
Area of Cross-Section Ac 0.180 | m?
Air Exposed Permeter u 1.700 | m
Effective Component Thickness ho 0.212 | m
Type of Cement Cem. Typ N
Relative Humidity RH 50| %
[ Age of Concrete at the Beginning of Creep Determine
Consider temperature Mo
Effective Age (Temperature) kT 7.000 | Days
Considertype of cement Yes
Age of Concrete at the Beginning of Creep to 7.000 | Days
=l Result
Determined Creep Coefficient gt to) 3.030

Set Settings for

@ Cross-zection 1 - Rectangle 40445 hd

) &l cross-gections
*) Cross-section No.; | 1.2.4.5

\

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

| Cross-Section Library... |

Figure 5.45: Button [Cross-section library]

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

f Cross-Section Library [iz-r
Rolled Parametric - Thin Parametric - Massive Parametric - Timber
o)) [Z)T])(T ][] md
olfo]|[1 T[] ][o
n C|{T|T|TY
( vi|o|o
Buil-up H ﬂ— H
IT|(XL || T T(x||IT||T
T O T||T INIERIR>
I ||| L|lIB +
User-Defined From Cross-Section Program
) =4

. 4

Figure 5.46: Cross-section library

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

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

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

COMCRETE Columns - [Example 10 - Edge column (Complete System)]] e
File Settings Help
CAl vJ 1.4 Reinforcement
|'?DUt Data Reinforcement Group Applied to
i General Data . =
- Materials Mo.: Description: - Members: 12 a | [Clan
i+ Cross-Sections 1 | ] K & Al
=I- Reinfarcement
Pl Longitudingl Reinforcement ] Links I Secondary Heinfnlcement] FReinforcement Laynut] DIMNA LY |1 - Rectangle 40/45 -
i Parameters - by Member
Reinforcement | Reinforcement Layout Rectangle 40/45
Possible lUmforme surmounding ']
diameters:
&0
1100
1120
] 140 .
| 160 Reinforcement Layers. A e e
200 Mawirum number . &
] 250 of layers: o R
| 280 > i '
E ggg Minirmum spacing iy : L
- First Layer & 2001 [mm] i
200 [mm] °
200 [mmm]
Anchorage Type
lSlraighl vJ
)] [ || Steelsuface: |Ribbed - 69 @
@ EE [ Caouoton | [ Creck | [ Grophos | _ Concel |

Figure 5.47: Window 1.4 Reinforcement, tab Longitudinal Reinforcement

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

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

Reinforcement Group

Mo.: Drescription:

1 =| MyReinforcement Group @ EJ lZJ

Figure 5.48: Dialog section Reinforcement Group

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

Applied to

Members: 12 T [
Al

Figure 5.49: Dialog section Applied to
The numbers of the members or sets of members can be typed in the input fields or graphical-

ly selected by using the [Select] button. The RSTAB work window appears in which the rele-
vant member or sets of members can be selected by clicking them.
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- ™
Multiple Selection
Select Members
Selectad:
613 |
Clear Ok, Cancel
&, =
9.13 kNIm 9.13 kNim 9.13 kMim
43 10 ki 47 10 ki 42 10 km
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H | "
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3 - + B
H L™

Figure 5.50: Selection of members in the RSTAB work window

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

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

1.4 Reinforcement

Reinforcement Group Applied to

Mo.: Drescription: - Members: 1.2
1 =| MyReinforcement Group EHLI All

Figure 5.51: Reinforcement group applied to certain members

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

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

(]

| Delete Current Reinforcernent Group |

Figure 5.52: Button [Delete reinforcement group]

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

CONCRETE Columns
. Emor No. 1728

Incorrect entryl
For member Mo, 1.2,5.7-13 no defined reinforcement exists.
Please corect this in Wwindow 1.4.

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

ways:
cal v| 1.4 Reinforcement
'UD“‘ Data Reinforcement Group
General Data L
W aterials Mo.: Drescription: -
Crozs-Sections Reinforcement aroup 2 = % K
- Reinforcement 1

1 - Reinforcement group 1 Bl
2 - Reinforcement group 2 3
3 - Reinforcement group 3

i Parameters - by Member

Figure 5.54: Selection of a reinforcement group

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

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

Longitudinal Reinforcement

Longitudinal R einforcement l Links ] Secondary Heinforcement] Reinforcement Layout | DIM 4 | *

Reinforcement | Reinforcement Layout
Possible | Unifarmly surounding w7 |
diameters:
a0
100
120
140 -
16.0 Reinforcement Layers
41200 I aximurn rumber
2.0 of layers: 1 58
28.0 H H
ggg Minimum spacing “:_ E' . .E
- First Layer a 200 [mm] R
20,04 [mm]
20,04 [mm]
Anchorage Type
| Straight - |
[mm] @ Steel suface: | Ribbed -

Figure 5.55: Tab Longitudinal reinforcement

In the dialog section Reinforcement, different reinforcement diameters relevant for the longi-
tudinal reinforcement can be found. To provide the relevant diameter to the program, set the
available input fields. The program then determines a solution with the provided possible re-
bars only.
You can select from the drop-down list four types of reinforcement layout in the dialog section
Reinforcement Layout:

e Double-sided - parallel to y-axis

e Double-sided - parallel to z-axis

e Incorners

e  Uniformly surrounding
To define the Maximum number of layers, use the corresponding drop-down list in the dialog

section Reinforcement Layout. In addition to that, you can specify the arrangement of the dis-
tances a, b, and e for the reinforcement layers.

20
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Two drop-down lists in the dialog section Anchorage Types, which are important for the de-
termination of the anchorage lengths, conclude this tab. A small graphic to the right illustrates
the respective parameters.

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

Longitudinal Reinforcement  Links |Secondary Heinforcement] Reinforcement Layout] Dk

Reinforcement | Link Parameters

Possible Mumber of links -
diameters: per section: z - In y-direction =1
a0 In z-direction
V100 Minimal shear reinforcement:
12.0 =
140 Define 0.00| [em fm]
16.0 @ According to Standard
20.0
28.0
280 Anchorage Type

0.0 Hoak = |
320 (

[rairn] @

Figure 5.56: Tab Links

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

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

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

LongitudinalHeinforcement] Links  Secondary Reinforcement |F|einf0rc:ement Lapout | DIM 4 [ *
Maximum Reinforcement Distance

Mot considered
@ Defined

I awirum reinforcement
digtance Emax 300.01 [rm]

Reinforcement Diameter

|dentical as for longitudinal
reinforcement

Diameter of secondary
reinforcement

=%

s (120 | [mm]

Figure 5.57: Tab Secondary Reinforcement

VAN
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In addition to the statically required reinforcement, the intermediate bars are to be arranged
along a cross-section side (except for surrounding reinforcement) so that the distance be-

tween the bars of the statically required reinforcement does not become too large. The maxi-
mum allowable distance is precisely defined in the various standards. By selecting the option
Not considered, the distance can remain the same. To enter the maximum allowable distance,

select the option Define.

Thus you can also specify whether to apply the same bar diameter as used for the statically re-

quired reinforcement by the program or to enter it manually.

Reinforcement Layout

LongitudinalHeinforcement] Links ] Secondary Reinforcement  Reinforcement Layout | DIM 41 ¢

Concrete Cover

Reference to:
@ Rebar centroidal axis Uy [38.0/-2-| [mm] Cy
uz: 380F o] i: -
= UN
Edge of rebar 28,00 [mm] 5
28.0| [mm] o
LR ] LR ] o
Caver acc. to Standard = c
|
Rebar diameter for z
preliminary design ds: | 200 [rrn]
Settings

Relevant intemal forces for
concrete desigr:

VN MT
] vy ] My
| W V| Mz

Figure 5.58: Tab Reinforcement Layout

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

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

"axial Spaci.ng I edge

Figure 5.59: Type of concrete cover

To use the nominal concrete cover Cromjong according to 4.4.1.

to Standard. The following input dialog appears.

1, select the check box Cover acc.

-

Concrete Cover acc. to Standard DIN EN 1992-1-1

uy | ouw |

Parameters for Defintion of Concrete Cover

Exposure Clazs acc. to 4.4.1.2 5]
Abrasion Clasz ace. to 4.4.1.2(13]

Concrete cast acc. to 4.4.1.3 (4]

M avimurn diameter of reinforcement

Minirum cover due to
Bond requirement acc. to 4.4.1.2(3]
Enviromental conditions acc. to 4.4.1.2 (5]
Additive zafety element acc. to 4.4.1.2 [B)
Reduction of minimum cover for use of

stainless steel ace. to 4.4.1.2 (7]

additional protection acc. to 4.4.1.2 (8]

Minimum concrete cover ace. to 4.4.1.2 (2]
Uszer-defined allowance for deviation acc. to 4.4.1.3
Mominal cover of reinforcement acc. to 4.4.1.1

Minirum cover of reinforcement

Mominal maximum aggregate size greater than 32 mm acc. to 4.4.1.2[3) Table 4.2

(@) (5] (%) (@8

[ |1
[Ho JJu (@)
|cast-in-place concrete v| [-]
Link Longitudinal
reinforcement  reinforcement
ds: an 200/ [mm]

Cminb : an 20.0) [rm]
Crmin,dur : 00 10,07 [rm]
Acdur, 0.0 0.0/ [mm]
Acdur,st 00 00 [mm]

A dur,add © 00 0.0 [mm]

Crmin © 10.0 20.0] [mm]
Acdev:  10.0E 100 mm] €
Unom,y : 240 40,0} [rarn]

U miny 100 40.0] ]
(0] 3 ] | Cancel

"

Figure 5.60: Dialog box Cover acc. to Standard

This dialog box manages all specifications for the determination of the minimum concrete

cover according to the standard. To include the determined concrete covers in the calculation,

confirm the input by clicking [OK].

To define the Rebar diameter for preliminary design, use the corresponding input field in the tab

Reinforcement Layout. Thus, the position of reinforcement's centroid t is determined.

The dialog section Settings controls which internal forces and moments are considered for the

design. You should clear the selection of a component with caution and only as an exception.
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Standard

The tab shows the standard selected in window 1.1 General Data.

EN 1992-1-1

Links ] Secondary Reinforcement | Reinforcement Lapout  EM 1992-1-1 |Fire Resistance | |4 "

Longitudinal Reinforcement
| Minimum longitudinal reinforcement
according to Standard

| Maximumn longitudinal reinforcement
according to Standard

Uzer-defined minimum and masimum
longitudinal reinforcement

000 i
400 [
0.00([em? ]

Factors

Partial zafety factors for materials acc. to
2.4.2.4 [MA parameter]

FU AL
- for concrete: e 1.500015 1.2000%
- for reinforcement: vs: 1180015 1.0000 %

Feduction factor in conzsideration of long term
lnading effects on compressive strength acc. to
3.1.6 [MA parameter)

FU AL

- for compression: oo 1.0000 1.00005

Shear Reinforcement

Design method according to 6.2.3

Inclination of concrete stut
NAD-Parameter] i 21,801

- Maximum:  45.000

Alw 4w

Figure 5.61: Tab EN 1992-1-1

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

your own minimum or maximum longitudinal reinforcement.

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

The recommended value is

Asmin = max (01 0- NEd/fyd ;0.002 - Ac )

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

The recommended value is

Asmax = 0.04 - Ac (outside overlap locations)

Asmax = 0.08 - Ac (inside overlap locations)

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

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

Links ] Secondary Heinforcement] Reinforcement Layout  DIN EN 139211 |Fire Fiesistar| * | *

Longitudinal Reinforcement Factors
| Minimum longitudinal reinforcement Partial zafety factors for materials acc. to
according to Standard 2.4.2.4 [MA parameter]
for construction of bridges FU AL
7] Maximum longitudinal reinforcemnent - for concrete: e 1.500015 1.3000%
ding to Standard
I D - for reinforcement: vs: 1180015 1.0000 %
User_-de_fined minimum and masimum Feduction factor in conzsideration of long term
longitudinal reinforcement lnading effects on compressive strength acc. to
3.1.6 [MA parameter)
e FU AL
. % Y “
= %] - for compression: oee: 085005 0.8500-5
9.00 [%]
Shear Reinforcement
Design method according to 6.2.3
0.00([em? ]

Inclination of concrete stut
NADFarameter] i 18434

- Maximum:  45.000

Alw 4w

Figure 5.62: Tab DIN EN 1992-1-1

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

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

As,min: 0.15. Ned / fyd 952(2)
Even in overlaps, the maximum reinforcement may not be greater than:

As,max= 0.09 - Ac 952(3)
In the dialog section Shear Reinforcement, you can define the minimum and maximum angle of
the compression strut. The module determines the intersection set from this user-defined area
and the area given by the standard. If the user-defined minimum inclination of the compres-

sion strut is greater than the maximum inclination of the compression strut according to
standard, this is declared as non-designable.

In the dialog section Factors, you can define the partial safety factors y for steel and concrete as
well as the reduction factor o
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5.3.5 Fire Resistance
EN 1992-1-1

The final tab of this window is only available if you have entered data for the fire protection

design in table 1.1 General Data (see Figure 5.10, page 73). In this tab, you can define the fire-
specific design settings.

In the tab's bottom section, the button [Set default values] is displayed. Use this button to re-
set the initial values. The fire protection design is performed according to the simplified calcu-

lation method described in EN 1992-1-2, 4.2 (see chapter fire resistance design, page 38).

Data for Fire Resistance Design

Material Factors in Case of Fire

CONCRETE Columns - [Example 10 - Edge column (Complete System)] tﬂhj
File Settings Help
cal ~ | 1.4 Reinforcement
Il?puéData Dt Reinforcement Group Applied to
- laeneral Uala
M aterials Mo.: Description: - Members: 1 T All
i Cross-Sections 2 2. Reinforcement Group ==k 4 2l
=+ Reinfarcement
-+ 2-2 Reinforcement Group Secondarny Heimfolcement] Reinfarcement Layaut] DIN EN 193211 Fire Resistance il 1 - Rectangle 40/45 -
+-- Parameters - by Member

Rectangle 400/450

Fire Resistance Class: R3n || Partial safety factors according to 2.3(2)
(M, pararneter]
Humber of zones: a0 = =
— — | -Forconcrete Tefi: 1.00
T f b tes: -conl 2 -
ypE_U ki .aggrega e |Quatzaoning)| . For ieinforcement = fi : 1.00
Classification of reinforcement
with regard to temperature ———— X K K - sa
properties: Class N - F\edycllun factor in consideration of long term
Production ype of reinforcing ——————— Inading effects / o _
Hotroled / ¥
stesl ool - For compressive oo fi: 100~ . g . ‘
o loa e T Y
Cross-section sides — Al .
exposed to fire: - For tensile - rs U
+y load Ot fi © 1.00= i
| &l sides =
| iLonsider thermal stran of concrete and}
+z ireinforcement steel i
Caonsider precamber due to
temperature gradient Congider Checks
/| Design longitudinal reinfarcement far Check of shear farce
fire: resistance
% m oy
q : (06 (08
D E E Calculation Check Graphics Cancel

Figure 5.63: Tab Fire Resistance

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

e Fireresistance class (according to EN 1992-1-2, 1.6.1 (1))

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

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

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

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

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

In this dialog section, you also define the Cross-section sides exposed to fire. If not All Sides are

affected by charring, clear the check box. Then the check boxes around the cross-section sym-

bol to the right become active and you can specify the individual sides directly. The directions
refer to the local member axes.
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Material Factors in Case of Fire

The two input fields in the upper part define the Partial Safety Factor for concrete y. and for re-
inforcing steel ys which is used for the fire resistance design. The values recommended in
EN 1992-1-2, 2.3 (2) are preset.

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

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

Consider Checks

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

(As this calculation method for the shear and torsional design is not allowed in Germany, this
option is not available for the design according to German standards.)

Dlubal

Program CONCRETE Columns (ACI) © 2013 Dlubal Software GmbH

97



5 Working with CONCRETE Columns /l\

Dlubal

5.3.6 Window 1.5 Column Parameters - by Members

CONCRETE Columns - [P_3_8NMM] [
File Settings Help
oAl ~| 1.5 Column Parameters - by Members
Input Data MW e [ ¢ [p[ E [ FIG[H[ T [J] K [ L [™M[] N
.. General Data Member |Length Buckling About fxis y Buckling About Axis z Comment
W aterials Ne. I[m] |Possible| Unbraced | Auto | By [ |loy [m]| &y [ Possible| Unbraced | Auto Bz [ lozlml | iz[H
‘.. Cross-Sections [T ENOE m] 1,000 3.000| 208 [} 1,000 3000| 346
: Reinforcement
[
i Paramneters - by Member
Shucture type: @ Monalithic ) Precast part I]: | ® ‘:!
|Settingsfor Member Mo, 1 | Rectangle 300/500
Cross-Section 1- Rectangle 300500
£ General Properties 200.0
B About axis y
Buckling Possible Buckling,y
System Unbraced Displace,y ]
Column Length ly 3.000 | m
B About s 2
Buckling Possible Buckling,z § A - —— »
System Unbraced Displace,z ] -] / ¥
Calumn Length [F3 3000 | m {
Hfective Length i
Slendemess J
[H Eccentricity Due to the Second Orders Hiects :
Load Distribution ¥
z
a
[mr]
[ Set inputs far members Na.: Y All 6 @
j ? @ Calculation Check Graphice Cancel

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

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

The upper table shows by row the members or sets of members selected in window 1.1 Gen-
eral Data. The length of the considered member of set of members is shown for information in

column A. The columns B to J contain various check boxes and input fields used for consider-
ing the detailed column parameters.

1.5 Column Parameters - by Members

W B | c [DJ E [ F [G [ H [ 1 [J] K [ L | ™] N
Member |Length Buckling About fuxis y Buckling About fuds z Comment
No. I[m] |Possible| Unbraced |Auto | By [ |loy m] | iy [] |Possible| Unbraced | Auto Bz[] lozm] | #z[H
-E a 1.000| 3.000| 20.8 a 1.000| 3.000| 346

Figure 5.65: Upper table of window 1.5 Column Parameters - by Members
The upper table is used for basic settings only. Further specifications resulting from the basic
settings can be set in the details table below.

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

1.5 Column Parameters - by Members

W B | ¢ [Dof E [ F (G H [ 1T [J] K [ L [ M[ N
Member |Length Buckling About fuxis y Buckling About fuds z Comment

No. I[m] |Possible| Unbraced |Auto | By [ |loy m] | iy [] |Possible| Unbraced | Auto Bz[] lozm] | #z[H
G20, O 2100(13020(1002] O | O | O - -

Figure 5.66: General properties

28
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You can define for the y-axis and z-axis individually whether or not buckling should be possi-
ble or whether or not the system is unbraced. The distance of the start and end nodes is as-
sumed for members as system length of the column. For continuous members, this is the dis-
tance between the start node of the first member and the end node of the last member in the
continuous members. However, you are free to change the system length as you like.

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

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

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

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

RSBUCK - [Slender_Column]

File Settings Help

CA1 - Stability analysis + | 2.1 Buckling Lengths and Loads

neulbats B [ ¢ [ o [ & 1 F [ & [ ® 1] i [ J

“ General Data Member Mode Mo Length Shape Buckling Length [m] Buckling Length Coefficient [ | Buckling Load
fesutsl No. | Stat | End L] No Loy Loz Kory Korz Ner ]

2 Buckiing Lengths and Loads R 2 so00| 1 16.007 16.007 2001 2001 2465.120

- Buckliing Shapes 2 16.007 16.007 2001 2,001 2465120

i Critical Load Factors
CONCRETE Columns - [Slender_Column] |
File Settings Help

cal + | 1.5 Column Parameters - by Members

Input Data [AT B[ ¢ JD[] E [ FTG[THT T [J/WWeN ([M] N

i General Data Member |Length Buckling About Axis y Buckling About Axis z Comment

H M ateriats No. | |[m] Possble|Unbraced |Auto | By[ [loy [m]| %y [ |Possble| Unbraced |Auto | Bz[1  |lozlm] | 22[]

‘.. Cross Sections IR 2000 m] 2,000 16.000 | 1386 0 | O [19842.] 15952 | 1381

Reinfarcement
H 1
+- Parameters - by Member

\ [ Select Buckling Length Coefficient 25 | /| Select Buckling Length Cosfficient X))

Buckling About Axis y Buckling About Axis ¥
0 *) Riigid - Free rorerrrrr—
| By =20 R
W I bl
) Hinged - Hinged A ) e Hinga;:ln- Hinged A
By =10 b By =1 L
_' Rigid - Hinged R T — _ Rigid 6};ingad i""_.ﬁ
By =07 ly By =07 L
_' Rigid - Rigid R Pt _! Rigid - Rigid el
By =05 \ By =05
v
! Import from add-on moduls RSBLUCK
[Eigenvalue Analysis)
RSBUCK-Case
T - Stability analysis CA1 - Stability analysis -
Buckling —
1 7 4 shape Mo, 1 -

Figure 5.67: Selecting Buckling Length Coefficient

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

The first possibility is shown in the following figure. You can define the coefficient  for the
two member axes directions y and z separately. The program then calculates the effective
length.
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Bettings for Member No. 1

Cross-Section 1 - Rectangle 300/500
E General Properties
[ About ads y
Buckling Possible Buckling y
System Unbraced Displace y a
Column Length ly 3.000 | m
B About ads z
Buckling Possible Buckling z
System Unbraced Displace z a
Column Length Iz 3.000 | m

Figure 5.68: Defining the coefficient

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

Bettings for Member No. 1
Cross-Section 1 - Rectangle 300/500
General Properties
il Hfective Length
[ About ads y
Determine Buckling Length Automatic: | Detm-§
ke & - Stiffness at Column Support
kg - Stiffness at Column Support

Determined Buckling Length Coefficier | B 1.000

Effective Length loy 3.000 | m
B About ads z

Determine Buckling Length Automatic: | Detm-§

ke & - Stiffness at Column Support

kg - Stiffness at Column Support
Determined Buckling Length Coefficier | Bz 1.000
Effective Length loz 3.000 | m

Figure 5.69: Determining coefficient

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

Figure 5.70: Column model

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

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

Bettings for Member No. 1

Cross-Secti [ 1 - Rectangle 300/500
E G | Py i
[ About ads y
Buckling Possible Buckling y
System Unbraced Displace y a
Column Length ly 3.000 | m
B About ads z
Buckling Possible Buckling z
System Unbraced Displace z a
Column Length Iz 3.000 | m

Figure 5.72: Specifications of the system

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

[ Hfective Length
[ About ads y
Determine Buckling Length A i | Detm-§ | |

Figure 5.73: Specifications for the determination of the coefficient 3

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

£l Bfective Length
[ About ads y
Determine Buckling Length A i | Detm-§ | |
Eka - Stiffness at Column Support
Enter the value manually [ [ al
Connecting Column | | |
B Column
Define Def-Member a
Member No.
Column Length | col 0.000 | m
2nd Moment of Area Iy 0.0 |mm*
E-modulus E 0.00 | N/mm2
Number of Members 1
1. Beam
Stiffness at Column Support | k | ® |

Figure 5.74: Input under ka

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

B Bfective Length
= About ads y
Determine Buckling Length Automatic: | Detm-§
Eka - Stiffness at Column Support
Enter the value manualty
Connecting Column

o

B Column
Define Def-Member
Member Mo.
Column Length lcol m
2nd Momert of Area Iy a0000.0 | cm
Efnoduius E 32000.00 | N/mmE
Mumber of Members 2
1. Beam
Define Def-Member a
Member Mo. 3
Girder Length I 2,000 m
2nd Momertt of Area Iy a0000.0 | cm
Evnoduius E 32000.00 | Nmme
User-defined Coefficient of Restr: | def. o0 ]
El 2. Beam
Define Def-Member a
Member No. 2
Girder Length Ib 3.000| m
2nd Momertt of Area ly a0000.0 | cm
Evnoduius E 32000.00 | Nmme
User-defined Coefficient of Restrz | def. o0 ]
Stiffness at Column Support ke 1.6500
B kg - Stiffness at Column Support
Enter the value manually
Connecting Column 0.000
Determined Buckling Length Coefficier | By 0.6E0
Fffective Length loy 1.980 | m

Figure 5.75: Determining the effective length

This input corresponds with the properties of the system members.

'."-'-a L
52
1,5m
a=1 B1-z 9% B2-z @=0.5
M 2Zm 3m v
| A
51 3m
kp
Aﬁ

Figure 5.76: System about the y-axis

Thus, the program can determine ka. It is additionally checked by manual calculation.
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K, = ZEcm ’Icol /lcol _ Ecm '|S1 /IcoI,S1 + Ecm 'ISZ /lcoI,SZ
A

ZEcm by My Egmoylgis, g1y +Egm -0t lgp, /lga,

_32000-90000/3+32000-90000/15
32000-1-90000- /2 +32000-0.5-90000-/3

where
a=1.0 the farther end is rigidly restrained
a2=0.5 the farther end is supported as free to rotate

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

EHfective Length
[ About axdis y
Determine Buckling Length Automatic: | Detm-B
Hka - Stiffness at Column Support
E kg - Stiffness at Column Support

Enter the value manually
Connecting Calumn ] 0.000
Determined Buckling Length Coefficient 0.EG0
Ersatzlange o,y 1.980 | m
B About =ds z

Figure 5.77: Defining the value for ks

In the figure above, you can see the coefficient B, = 0.66 determined by the from the
values ka=1.5 and ks = 0.0.

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

free to rotate

ky ,-ﬂ' "lu-.f L ks ka }'5" lﬂi‘i-l kg

- - o -
10 ._ﬁo ,Eo-j :F w — g0
t 3 S00— - Sa0
— 350 g0 <450 — 190
-g9 - 30 200~ -+ 40 - &0
20 1 1 -
e 0. +J30 -
0 , 1 j’g
-— ﬂ —_— -
} -0 & - 60
-7 50— - 50
+q7 —as §o— - 20 ~ L
raffiecten sereicn [~ 05 -lﬂ: _10
] e 7270707 W - ] -
o-  F-056 Ao 20- 1 - 20
17 fe A - 1%
az—{~ wl-az 1
-1~ 7} 10— I ~ 10
a-{Z 1 2 -1 - ] "
% N Velaacd Ll )
I Lags 0 0% 130 4_g
4 rigidly fixed
[a} braced framework ] b) unbraced framework

Figure 5.78: Graphical determination of 3,

Icol,y =3m
lo,y =lcoly ‘By =3-0.66=1.98m

In addition, the effective length lo. is determined about the z-axis.
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= About ads y
Determine Buckling Length Automatic: | Detm-§
Eka - Stiffness at Column Support
Enter the value manually a
Connecting Column
B Column
Define Def-Member a
Member No. 4
Column Length | col 1.500 | m
2nd Moment of Area ly 160000.0 | mm*
E-modulus E 32000.00 | N/mm 2
Number of Members 2
E1. Beam
Define Def-Member o 1]
Member No. 10
Girder Length Ib 5.000 | m
2nd Moment of Area ly 160000.0 | mm*
E-modulus E 32000.00 | N/mm 2
B User-defined Coefficient of Restre | def. o a
Coefficient of Restraint o Tough
Stiffness at Column Support k
B 2 Beam
Define Def-Member a
Member No. 12
Girder Length Ib 1.000 | m
2nd Moment of Area ly 160000.0 | mm*
E-modulus E 32000.00 | N/mm 2
B User-defined Coefficient of Restre | def. o a
Coefficiert of Restraint o Free
Stiffness at Column Support ke 5.000
kg - Stiffness at Column Support
Determined Buckling Length Coefficier | B 1.450
Effective Length loy 4470 |m

Figure 5.79: Determination of the effective length lo,

B ™ -r
s2 1,5m
w=1 B1-y B2-y
=0
51m lm g
A
S1 Am
—
Figure 5.80: System about z-axis
K. = ZEcm loot oot Eem Is1/lco,s1 +Ecm *ls2 /loos2
A = =

ZEcm oy /ly Egyroqlgyy /g1y +Eem -0t lgoy /lgay

_32000-90000/3+32000-90000/1.5
32000-1-90000-/5+32000-0-90000-/1

where

o=1.0 the end farther away is rigidly restrained
o2=0 Cantilever beam

kg =0
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o P/l ke ko Plol e ks
free to rotate ==, -_— .f- -
- —-—— _
i had =320 1000 Fi5 ~ 1000
E ] F 500 |- a0
40 — 50 00 450 - J00
40 | -|-ae - 40 200~ Lo - 20
a0- : —20 . 1 -
1 2 - 'ga: T =
= I = ‘ B
- - - &0
8- —a8 ]
- “§ - 50
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a7 ] Ao - o
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Figure 5.81: Graphical determination of 3.

lcol,y = 3 m

IO,z :lcol,z ‘B, =3-149=447m

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

Repeat for both ends of column

Gor analyzed end of column>

A 4

< Release

provided?

No

< Support

A
provided?

No
\ 4

Connection to a surface
provided?

No
\ 4

Connecting members
provided?

Y

y

Column Distinction between
column and beam

Yes

k= oo

YeS Irable 1

] o0t

Yes' ki=0.4
N
° k=
Beam
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Part 2:

Analysis of connecting columns

9

< Connecting Column >

v

Analysis of the column start at the
connecting node

< Is release provided?

No

v
Is column cross-section

A\ 4

Dlubal

| Connecting node has to

be defined manually

A

rotated?

No

\ 4

Analysis of the column end opposing
the connecting node

\ 4

< Is support provided?

No

v
<Is release provided?

No

A 4

Is connecting column No
provided?

Y

\ 4
Does the connecting
column have a release

Yes

at the connecting node?

No

v
Add system length of this column to

the previous column

\ 4

End of analysis of

column end
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Part 3:
Analysis of the connecting beam

< Connecting beam >

y

Analysis of the beam start at the
connecting node

< Release brovided? Yes [Connecting node must be
b - defined manually
i 4
-~ Beam cross-section Yes
" rotated?
No

\ 4
Analysis of the beam end opposing the
connecting node

v
< Support provided?

No

Yes
& Table 2
\ 4

No Perpendicular columns Yes
provided?

Structure Type

A 4

Fixed support
og 1.0

Yes

Hinged support
og05

——

Release provided?

y No

Any further
beams connecting in
the same direction?

a=0
Yes
\ 4
Does the connecting Y -
es
beam have a release at —> Hlngeci s(t;zport‘
the connecting node? a=>0
No
v

No

Add system length of this beam to the

previous beam

.| Hinged suppor
" a=05

.| Free member
d end

end

End of analysis of column
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In the next two tables, you can see how the supports are classified according to their support
type. This classification is required for the model column analysis.

Table 1: Support properties for the determination of ka or ks

Fixed in Fixed in Fixed in y- axis | Release in Release in Release in y-axis

Supports: z-axis y-axis and z-axis Z-axis y-axis and z-axis

Ux any any any any any any

Uy any any any any any any

Uz any any any any any any

PX any X X any o o

oy X any X o any o

¢z any any any any any any

A OF KKp 0.4 0.4 0.4 oo oo oo

x=rigid or supported by spring
o=not supported

Table 2: Support properties to determine o

Rigid in Rigid iny- | Rigid in y-axis | Supportin | Supportin | Supportin
Supports: | z-axis axis and z-axis z-axis y-axis y- and z-axis Free
Ux any any any any any any any
Uy any any any any any any any
Uz X X X X X X o]
X any X X any o] o any
[0 X any X 0 any o) any
¢z any any any any any any any
o 1.0 1.0 1.0 0.5 0.5 0.5 0

x= rigid or supported by spring
o=not supported

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

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

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

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

Stiucture type: (@ Monalithic Precast part

Figure 5.82: Selection of the structure type

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

LIRAIOEY
:

| Select member in the graphic and go to its setting in the table

| Jump to graphic to change view |

[ Filter |

Default Values

Figure 5.83: Buttons

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

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

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

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

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

The next entry Slenderness shows in its subordinate rows the slendernesses A, and A; that were
determined separately in both directions.

E Slendemess
= About ads y
Slendemess Ly 76.705
& Limiting Slendemess
[E] Determing Factor Ay Ay
Determined Factor Ay Factor Ay 0.700
B Determine Factor By By
Determined Factor B Factor By 1.100
E] Determine Factor Cy Cy
Determined Factor C+ Factor Cy 0.700
B About axis z
Slendemess iz 107.387
3 Limiting Slendemess
Bl Deteming Factor Az Az
Determined Factor Az Factor Az 0.700
[E] Determine Factor Bz Bz
Determined Factor Bz Factor Bz 1.100
Bl Determing Factor Cz Cz
Detemmined Factor Cz Factor Cz 0.700

Figure 5.84: Display of the determined slenderness
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54  Details

The [Details] button enables further calculation options. This button is available in all input
windows if you design according to EN 1992-1-1 or SIA 262.

[ Details - |

Biaxial Bending Curvature
|| separate design in each principal direction @ Calculation of curvature acc. to
according to 5.8.9 Equation 5.34 with
Use simplified criterion according to @) Factor Kr calculated acc. to
Equation 5.39 Standard
|:| For circular cross-section design ™) User-defined value Kr

reinforcement in main direction of bending

_) Modified calculation of Krwith
user-defined nhal

0,4000
_) Direct calculation of curvature
using M-M-nteraction diagram
Max number of iteration steps 100 =

OK ] I Cancel

. r

Figure 5.85: Dialog box Details

Biaxial bending

Separate design in each princpal direction
according to 5.8.9

A biaxially loaded cross-section (M,/M.) can be calculated according to a simplified method for
each principal axis direction according to clause 5.8.9. In this case we check whether the condi-
tions of the expressions 5.38a and 5.38b have been satisfied.

by
—2Y <2,0 and ﬁsz,o (5.38a)
A, A,
and
h b
ey/—eqso,z or ez/—eqso,z (5.38b)
€. /by, e,/ hyy

If these conditions are met, the program performs the separate design in each direction of the
principal axes with the total reinforcement in the cross-section.

Separate design in each prindpal direction
according to 5.8.9

IUse simplified criterion according to
Equation 5.39

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

a a
M
[_M Eidz J o ZEY | <0 (539)
Mg Mpgy
In general, the following is true: If the expressions according to 5.38 or 5.39 are not met, the
program performs a standard design taking into account the two applied moments M,/M..
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Curvature

@ Calculation of curvature acc, to
Equation 5.34 with

@ Factor Kr calculated ace., to
Standard

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

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

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

The following figure shows the simplified method for the calculation of curvature.
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(@ User-defined value Kr

e

Ke 10000 F=

If results from other program or a manual calculation are available, in which the value K:was
assumed simplifying as 1.0, K. can be set to 1.0. Thus the iteration is deactivated. The results
from CONCRETE Columns thus become comparable.

i@ Modified calculation of K with
user-defined nkal

Y

Nbali 0.4000 [

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

The following graphic shows the constellation where nwa= 0.4 is not appropriate.
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i@ Direct calculation of curvature
using M-M4nteraction diagram

The last possibility for the determination of the curvature is the most accurate option. Howev-
er, itis not specified in the Standard. In this case, a direct calculation of the curvature is per-
formed instead of the linear interpolation. This direct calculation takes into account the “belly-
shaped” form of the interaction of axial force/moments.
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Looking at the lines in the diagram, we see that in particular for cross-sections reinforced at all
sides the neglection or the underlying linear relationship in the Standard is not the safe side.
In reality, a greater moment or a greater curvature will result.

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

CONCRETE Columns - [Example 10 - Edge column (Complete System)] l_J&
File Settings Help
cat ~ | 2.1 Check of Members
Input Data B [ C [ D] E -
‘... General Data Member | Location Goveming Design
. Materials Ho % [m] Load Case Ratio Design Comment 1
‘.- Cross Sections EQ{‘?E?:.S!?’E‘@E” Mo, 2 - Rectangle 40717 i
31 Reinforcement 0.000 | CO3 -min N 0.3790 | £1 | 100) Check of critical cross-section of model column acc. to 5.8.8
R 0.000 | CO3 -min N 0.2964 | =1 | 202) Shear check (Ved / VRd,c < 1)acc.to 6.2.2 (1)
‘... Parameters - by Member 0.000 | CO3 -min N 0.4607 | =1 | 100) Fire Resistance - Check of critical cross-section of mode! column acc. o 5.8.4
Results
%1 Check 13 | Cross-Section No_ 2 - Rectangle 4017 -
llembors &l load cases Max: 04607 <1 @ EIRAEIENR

— - Required Reinforcement

i Eﬁ a’::nzifc“m Detsils - Member No. 2 - x: 0000 m - CO3 Rectangle 20/17 €03/ Statesl Stmin
=I- Provided Reinforcement i Goveming Load - gg:ﬁﬁ? 2;:::
-+ Longitudinal Reinforcement] Normal Force N -3.230 | kN S ’
- Shear FReinforcement Moment About y-fuds My -11.696 | kNm - »
Steel Schedule Moment About z-fuds Mz 0.000 | kNm [
I Effective Length According to 5.8.3.2 -
(] Effective Length About Ads y loy 1461 |(m !
Column Length ly 1.500 |m 0
Buckling Coefficient By 07687 !
& Bffective Length About Axis 2 loz 1.900|m b4
Mo stability check in this direction according to user specification
B Slendemess According to 5.8.3.2 Concrete Max/Min: 1.24/ -0.51 %
B Slendemess About Auds y Ly 29.7616 Reinforc. Max/Min: 0.85/ -0.12 %o
Effective Length lp.y 1.461|m 1o
Radius of Gyration iy 49.1 | mm
B Slendemess About A z iz 0.0000 Concrele . |_|
Mo stability check in this direction according to user specification
‘ T + || 5 Limiting Slendemess According to 5.8.3.1 (1) o A=
\2‘ lE/ E‘ Calculation Check Messages... Graphics

Figure 5.86: Window 2.1 Check

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

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

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

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

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

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

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

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

Design According to Design According to
EIEM 1592-1-1:2004/80 EIEN 1592-1-1:2004/8C
A CEN =) =0IN - @

petails - Member No.1 - x 6200 m - CO2

[H Goveming Load

Hiective Length According te 5.8.3 2
Slendemess According to 5.8.3 2

Limiting Slendemess According to 5.8.3.1 (1)
Design Type

Eccentricities

Moments According to Frst Order Theory
Moments According to Second Order Theory
Provided Reinforcement

State of Strain

Ultimate State

:[{ Verification

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

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

Design According to Design According to
EIEN 1992-1-1:200448C EIEN 1992-1-1:200448C
ECEN NE) DI NE)

Details - Stab Nr.1 - %0000 m - LF1

[H Goveming Load

Hfective Length According to 5.8.3.2
Slendemess According to 5.8.3.2

Limiting Slendemess According to 5.8.3.1 (1)
Design Type

Eccentricities

Design Moment from Governing Eccentricity
Provided Reinforcement

State of Strain

i Verification

Figure 5.88: Details for the standard design
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Governing loading

(E G ing Load
Load LT
Goveming Intemal Forces min My
At Location x 0.000 |m
Nomal Force N -§75.000 | kN
Moment About y-fuds My -90.000 | kNm
Moment About z-fads Mz 60.000 | kNm

Figure 5.89: Governing loading

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

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

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

Effective Length / Slenderness

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

[ntermediate Results Rectangle 40745 - CO4
Goveming Load
[ Bfective Length According to 5.8.3.2

[ Effective Length About Axis y loy 13.020 | m
Column Length ly 6.200 (m
Buckding Coefficient By 2100

[ Effective Length About Axis z loz 6.200 | m

Mo stability check in this direction according to user specification
E Slendemess According to 5.8.3.2

E Slendemess About Axis y Ly 100.2280
Effective Length loy 13.020 |m
Radius of Gyration iy 129.9 | mm

E Slendemess About Ads z iz 0.0000

Mo stability check in this direction according to user specification
[ Limiting Slendemess According to 5.8.3.1 (1)
[ Limiting Slendemess About fuds y Liim,y 335184

Figure 5.90: Specifications of effective length, slenderness, and limiting slenderness according to EN 1992-1-1
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Design Type

This entry shows whether it is required to determine the second order internal forces.

petails - MemberMNo.1 - x6.200 m - CO1

El Design Type
[ Conditions of standard design according to 5.8.3.1 (1)

[ Condition About fods y Failed
Slendemess Provided Ly h8.2277
Limiting Slendemess About fuxis y Liim,y 440833

[ Condtion About Auds z Lz % hiim.z Failed
Slendemess Provided iz 107.3870
Limiting Slendemess About fuds z Liim,z 440833

Condition of standard design fulfilled? Failed

[ Conditions of standard design according to 5.8.3.1 (1)
System immobile? Mo
Mo load moment(s) at the end of the coluw Mo
Column not loaded by shear load? Mo
Nomal force distribution constant? No
Mormal force is not a compressive force? Mo
[ Condition of standard design fuffilled? Mo

Stability Check Required

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

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

Moments According to First Order Theory

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

[ntermediate Results Rectangle 300/400 - LC1
E Moments According to First Order Theory
B Moments According to First Order Theory

Design Normal Force i NEg -875.000 | kN

[ Moment About Awds y 1 -96.563 | kNm
HE Calculated Total Eccentricity in z-Direc -110.4 | mm
Intended Eccentricity -102.9 | mm
Eccentricity Due to Imperfection -7.5 | mm

Bl Moment About Axis z 66.563 | kNm
[E Calculated Total Eccentricity in y-Direc 76.1 | mm
Intended Eccentricity 68.6 mm
Eccentricity Due to Imperfection 7.5 |mm

Figure 5.92: First Order Moments

The first order moments are determined from the product of axial force and intended eccen-
tricity plus the unintended eccentricity. The determination of these eccentricities is shown in

the following rows. The main entry Moments According to First Order Theory is concluded by the
output of these moments.
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Moments According to Second Order Theory

Intermediate Results Rectangle300/400 - LC1
= Momentz According to Second Order Theory
Eccentricity Through Second Ord. Th. According to 5.8.8.2(3)

Eccentricity (First Ord. Th )in z-direction |e2z -11.5 | mm
Eccentricity (First Ord. Th.}in ydirection |ezy 215 | mm
E Moments According to Second Order Theory
Design Nomal Force Neg -875.000 | kN
Moment About Awds y Med vz -106.957 | kNm
Moment About feds Mes.zz 85.723 | kNm

Figure 5.93: Second Order Moments

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

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

Thus, the internal forces are known with which the provided safety against bending failure is

to be determined.

Provided Reinforcement

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

B Provided Reinforcement

(1 From ltem No. 1
ltem Statically Effective Yes
Rebar Diameter ds 0.020 |m
Area of Cross-Section per Rebar as 3.14 |cm2
Number ns 8
Total Reinforcement Area prov As 2512 em?
(1 From ltem No. 2
ltem Statically Effective Yes
Rebar Diameter ds 0.020 |m
Area of Cross-Section per Rebar as 314 cm2
Number ns 2
Total Reinforcement Area prov As 528 cme
Provided Reinforcement prov As 31.42  cm?

Figure 5.94: Provided Reinforcement

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

forces in the concrete and reinforcement.

Details - MemberMo.1 - 0000 m - LC1 Rectangle 300/500 LC1/ State of Strain
Longitudinal Reinforcement Provided . ||Concrete : Strain
[ Gtraine/Gt Reinforc. : Strain
Design Intemal Forces 4
Curvatures
E Points of Cross-Section
Number of Cross-Section Points ne 4 o ’3-
[ Cross-5ection Poirt No. 1 1.8 020
Coordinate y ye 150.0 | mm e
Coordinate z Zo 250.0| mm L T
Strain & 0.20 % 1 B
Stress e -3.18 | N/mm2 Concrete Max/Min: 1.27/ -1.85 %o
[ Cross-Section Point No. 2 Reinforc. Max/Min: 0.99/ -1.56 %
[ Cross-Section Point No. 3 - al = (&
[ Cross-Section Point No. 4 10 - @J 2| &
convee () () (B (0@

Design Shear Resistance Without Shear Reinforcement
Verification

Figure 5.95: Strain - concrete

_ || Reinfore.:

Details - MemberMo.1 - x0.000m - LC1

Design Intemal Forces
Curvatures
Points of Cross-Section

»

LX)

Rectangle 300/500 LC1 [ State of Strain
Concrete : Strain
Reinforc. : Strain

(] Rebars . ’3'
Number of Reinforcement Members ns 4
B Reinforcement Member No. 1 T
Coordinate y ¥s -116.0 |mm L *
Coordinate z zs 216.0 | mm 1 =
Strain s 56| % Concrete MaxiMin: 1.27/ -1.85 %o
Stress Os -312.20 | N/mm= Reinforc. Max/Min: 0.99/ -1.56 %
Reinforcement Member No. 2 - al = (&
[ Reinforcement Member No. 3 L - lgj 3 l@
Reinforcement Member No. 4 Concrete: @ @J I:I
[ Design Shear Resistance Without Shear Reinforcement . = =
[ Verification o | [tz (=) s
Figure 5.96: Strain - concrete
Details - Member MNo.1 - x 0000 m - LC1 Rectangle 300/500 LC1 [ State of Strain
Longitudinal Reinforcement Provided i Cupcrete: Stress
] Strains/Stresses Reinforc. : Stress .
Design Intemal Forces PR
Curvatures I
(1 Points of Cross-Section s
Number of Cross-Section Points Nc 4 1
[ Cross-Section Point No. 1 R 315
Coordinate y ye 150.0 | mm S
Coordinate z Zc 250.0 | mm = -
Strain & 0.20] % 1 E
Stress e -3.18 | N/mm2 Concrete Max/Min:  0.00/ -16.90 Nimm?3
[ Cross-Section Point 2 Reinfore. Max/Min: 197.20 /-312.20 Nimm?
[ Cross-Section Point 3 - al = (&
[ Cross-5ection Poirt 4 L @J lEJ @J

Rebars
Design Shear Resistance Without Shear Reinforcement
Verification

Figure 5.97: Strain - concrete

_ | Reinforz.: | B

Concrete: @ @
() (&) [z
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Details - MemberMo.1 - 0000 m - LC1

[ Longitudinal Rei ;

Design Intemal Forces
Curvatures
E Points of Cross-Section
Number of Cross-Section Points
[ Cross-Section Point
Coordinate y
Coordinate z
Strain
Stress
Cross-Section Point
Cross-Section Point
Cross-Section Point
Rebars

Design Shear Resistance Without Shear Reinforcement

Verification

Figure 5.98: Strain - reinforcement

Ng

No.

Yo
Zc
£
Gc

No.
No.
No.

4
1
150.0 | mm
250.0 | mm
0.20 | %
-3.18 | N/mm2
2
3
4

»

m

_ || Reinforc.:

Rectangle 3004500

LC1/ State of Strain

Concrete : Stress
Reinforc. : Stress

5224

Concrete Max/Min: 0.00/ -16.90 Nimm?
Reinfore. Max/Min: 197.20 /-312.20 Nimm?

105

Concrete: @

On the right-hand side, a graphic shows the distribution of strains and stresses. Below the

graphic, there are various buttons controlling the view.

Petails - MemberMNo.1 - k0000 m - LC1

»

Design Intemal Forces
Curvatures
(= Points of Cross-Section
Mumber of Cross-Section Poirts
Cross-Section Point
Cross-Section Point
Cross-Section Poirt
Cross-Section Paint
(1 Rebars
MNumber of Reinforcement Members
Reinforcement Member
Reinforcement Member
Reinforcement Member
Reinforcement Member

Nc

No.
No.
No.
No.

Ns

No.
No.
No.
No.

| o =

B I

Design Shear Resistance Without Shear Reinforcement

Verification

Figure 5.99: Info and values

G

m

_ | Reinforc.:

Rectangle 300/500 LC1 [ State of Strain
Concrete : Strain

Reinforc. : Strain

Concrete  Max/Min: 1.27!?6@.:_ _
Reinforc. Max/Min: 0.99/4156% |-
10
consc: 5] () () (0 (@)

To display information about the cross-section, click [Info] (see the following figure).

ss-Section.. |

| Infe Abcut Current Cro

v

| Show or Print Values of Diagram |

Dlubal
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r:l " Info About Cross-Section Rectangle 300/500 u‘
Cross-Section ¥ alue Description Symbol Walue Urit Rectangle 300/500
I
Depth h B00.0 [ mm
Crozs-zectional area A 1500.00 | cm?
Shear aiea By 1250.00 | em?
Shear aiea Az 125000 | em2 y
Moment of inertia ly 312500.00 | cm
Moment of inertia Iz 112500.00 | cm*
Governing radiuz of gyration Ty 144.3 [ mm
Governing radiuz of gyration Iz BE.6 | mm
Wweight wit 375.0 [ kaém
Surface Azuri 1.600 | m2/m =
Tarsional constant A 28172000 | em* G
Section madulus for torsion Wt 10620.00 | cm?
Elastic section modulus Sy 12500.00 | cm?
Elastic section modulus Sz 7800.00 | cm?
Plastic section modulus Zy.max 18750.00 | em?®
Flastic section modulus Zzmax 1125000 | em?® 4
Plastic shape factor Zy max/Sy 1.500
Plastic shape factor Zzmax/Sz 1.500
Statical moment of area Oy,max 9375.00 | cm?
Statical moment of area Gz max 5625.00 | cm?
[mm]
==

@ &

" S

Figure 5.100: Dialog box Info About Cross-Section
To display the values of the diagram, click [Values]. This button opens a dialog box showing
the strains and stresses in two clearly-arranged tables for steel and concrete, respectively.

' ™
Strains and Stresses g

Position Rectangle 300/500
Member No.: 1 w2 k3 0.000 gg::lcfzi: :E::z
Concrete
A ] c D | Y
Paint Coordinates [m] Strain Stress '
N v z %] IN/mmZ]
1 0.150 0.250 -0.156608 -3.17805
2 0.150 0.183113 0.00 0.00
3 0.150 -0.250 1.27309 0.00
00812609 2250 0.00 0.00
5 -0.150 -0.250 -0.37841 -5.82435
6 -0.150 0.250 -1.84811 -16.502
Reinforcement
B C D J
inates [m] Strain Stress
¥ z [7:] [N/mmZ]
0.116 0.216 -1.561 -312.20
2 0.116 0216 0.231173 -58.2358
B 0.116 0216 0.985985 197.157
4 0.116 0.216 -0.233838 -56.7677

Concrete Max/Min: 1.27/ -1.85 % (3)/(6)
Reinforc. Max/Min: 0.9%/ -1.56 % (31}

1004
Concrete: m Tﬁ‘
Reinforc.: @ Tﬁ‘

Cancel

\ J

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

In the dialog box section Position, select the member for which you want to display the stress

or strain diagram. Then, the design relevant location of the column is shown in the field "x" to
the right of it.

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

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

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

0 (B
Concrete: \EI \E/ @ @ 1.0
Reinforc.: @ \Z/ \g/ 1.0=

Figure 5.102: Button to change the graphical representation

4k

»

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

e Hide or display the filled cross-section
For both concrete and reinforcement:

e  Show strain diagram

e Show stress diagram

e  Values of the diagram

e  Show points

e Numbering of points

To change the graphic size, use the spin box at the end of the row.

Dlubal
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There are also the following buttons in this dialog box:
(=] Q) (A
Figure 5.103: Buttons

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

f y
Print Info About Cross-Section S
Print Type Printout Selection
) Directly to a printer... = Graphics of cross-section Stress points
. A Silhoustte 7 i
@ To a printout report: . X X . Info picture
B I [] Dimensions Shear center Mumbeing
i Stress points Stress diagram
To the Clipboard [T Mumbering Yalues c/t-parts
Info picture
c/t-parts o
Mumbering umhenng

Crozz-section properties
Info picture

Description of Graphics
Fectangle 300,500

(] 3 ] I Cancel

" 4

Show printout report on [OF]

Figure 5.104: Printing the cross-section details

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

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

(2] (Q)(a]

Figure 5.105: Buttons

... click the button in the middle.

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

These three buttons, which are used to change the graphical representation, can also be seen
in the window 2.1 Check of Members, from which this dialog box can be opened, too.
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Ultimate State

The next main entry in the details table is Ultimate State. It shows the distribution of the strain
and stress for the ultimate internal forces. The ultimate internal forces are obtained by multi-
plying the applied internal forces with the determined safety factor y.

petails - MemberMo.1 - 3000 m - LC1 |
[H Design Type -
[ Eccentricities

Moments According to First Order Theory

Moments According to Second Order Theory

[ Provided Reinforcement

State of Strain

timate State
B Uttimate Intemal Forces
Uttimate Nomal Force Ny -1376.560 | kN
Uttimate Moment About y-fuis My u 94 200 | kNm -
Utimate Moment About z-fuds Mz, 87.934 [ kNm 1
B Uttimate Curvatures
Ultimate Curvature in Plane z 1z 0.005 | 1/m
Ultimate Curvature in Plane y 1ry.u -0.011 | 1/m
Points of Cross-Section
Rebars
Verification -

Figure 5.106: Ultimate state

Verification

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

petails - MemberMo.1 - 3000 m - LC1

[H Moments According to First Order Theory

[H Moments According to Second Order Theory
[ Provided Reinforcement

State of Strain

Required Safety of Ultimate State req ¥ 10
[ Provided Safety of Ultimate State prov 7 1.5533

[ Design Intemal Forces
Nomal Force W= -886.250 | kN
Momertt About y-ods According to Sec | Med yz 60.647 | kNm
Moment About z-fuis According to Sec | Mg zz 56.613 | kNm

B Uttimate Intemal Forces
Uttimate Nomal Force Ny -1376.560 | kN
Ultimate Moment About y-fuds My 94.200 | kNm
Uttimate Moment About z-Auds Mz,u 87.934 | kNm

Design Criterion {req 7 / prov 7) Criterion 06438

Figure 5.107: Verification

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

B [ C [ D] E
Member | Location Goveming Desian
No. x [m] Load Case Ratio Design Comment
1 Cross-Section Mo. 1 - Rectangle 300/500
LC1 - min M+ 0.7359 | =1 | 100) Check of critical cross-section of model column acc. to 5.8.8
3.000 | LCT -min N 0.1160 | <1 | 201) Shear check (VEd / VRad,c = 1) acc. to 6.2.2 (Z) with (6.4)

0.000 | LC1 -min My 0.6336 | <1 | 202) Shear check (Ve / VRd,c £ 1) acc.to 6.2.2 (1)

V] Al load cases Max: 0759 <1 @

(s
&
el

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

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

The second button filters the rows with a design criterion greater than 1.
The third button shows the result diagrams of the current member.
The fourth button with the eye symbol allows you to select the RSTAB view mode.

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

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

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

CONCRETE Columns - [P_3_8NMM] [
File Settings Help
CAl v ‘ 3.1 Required Reinforcement by Cross-Section
Input Diata B | c | b [ E | F [ G | H Rectangle 300/500
‘.. General Data Section Reinforcement|Member | Position | LC / CO Reinforcement Emor or Concrete : Strain
L Materials D Type No. | x[m] RC Frea Unit MNotice Reinfore. : Strain
‘- Cross-Sections 1 Rectangle 300,500 ;
- Reinforcement [ Congtudnal | 1 [ 3.000] LCT [ As 457 em?  [28)
1 Shear 1 - - asw 5.98 | cmZ/m
i Patarneters - by Member
Results 7
- Check 7 ;
o Members Allload cases @ “1 ’ 7
- Required Reinforcement / 7
- by Cross-Section / o
. by Member [ntermediate Results Rectangle 3007500 - LCT ] G
B E 7 ) 1
=1 Frovided Reinforcement ] Govemning Load His , i
- Longitudinal Reinforcement Load L& E A
- Shear Reinforcement Goveming Intemal Forces min N - ~
" Steel Schedule At Location x 3.000 [ m !
Normal Force N -886.250 | kN 2
Moment About y-Aeds My 0.000 | kNm
Moment About z-Auds Mz 0.000 | kNm
= Bfective Length According to 5.8.3.2
(] Effective Length About Axs y 1.y 3.000 |m
Column Length ly 3.000 | m
Buckling Coefficient By 1.000 Concrete Max/Min: 2.17 / -3.50 %a
B Effective Length About fuds 2 loz 3.000 | m Reinforc. Max/Min: 163/ -2.96 %o
Calumn Length Iz 3.000 | m e —————y
1.0
Buckling Coefficient Bz 1.000 — lg/ lﬁ/ lil
B Slendemess According io 5.8.3.2 Canciete (B [0
(B Slendemess About fxis y Ly 20.7846 . e (=) [Fe) =]
b i v Effective Length loy 3.000|m « [Reinfore. (o] | B | | B4 LT
? f @ Calculation Check Meszages... Graphics Cancel
Pleaze make an addtional calculstion without second order effect, because the first order moments have been calculated using the simplified formula 5.32.

Figure 5.109: Window 3.1 Required Reinforcement by Cross-Section

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

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

3.1 Required Reinforcement by Cross-Section

v e [ c [ 0D [ E [ F [ G [ H
Section |Reinforcement | Member | Position | LC / CO Reinforcement Emor or
Na. Type Mo. | x[m] RC Area Linit Motice
3000 LC1 As 467 |cm? 28)
- = EE 5.98 | cm2/m

Figure 5.110: Upper table

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

The details for the determination of the required longitudinal reinforcement As do not differ up

to the entry Moments According to Second Order Theory from the details for the determination
of the provided safety in window 2.1 Check of Members (the same loading is assumed).

Dlubal
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21 Check of Members 3.1 Required Reinforcement by Cross-Section
[ —— B [ c [po] e e | c | b | E | F [ & | H
Member | Location Goveming Design Section |Reinforcement Member | Position | LC / CO Reinforcement Ermor or
No x[m] Load Case Ratio Desi| Mo Type No. | x[m] RC Area Lnit Notice
%on No. 1- Rectangle 300/500 1 | Rectangle 300/500
[ LC1-min N 06428 | =1 [ 100) Check of ertical cross-section of 1| [MNE Longtudinal | 1 3.000| LC1 As 467[cm? |28
3.000 [ LCT-min N 01160 =1 | 201} Shear check (Ved / VRd,c = 1) ac Shear 1 - - asw 5.98 | cmZ/m
0.000 | LCT -min My 0.7860 | =1 | 202) Shear check (Vea / VRg.c= 1) ac
Allload cases [LETS 07860 <1 @ Allload cases & :,
Petails - Member No.1 - 53000 m - LC1 Intermediate Results Rectangle 300,500 - LC1
[ Goveming Load ing Load
Hiective Length According to 5.8.3.2 Hfective Length According to 5.8.3.2
Slendemess According te 5.8 3 2 Slendemess Acconding to 5.8.3.2
Limiting Slendemess According to 5.8.3.1 (1) Limiting Slendemess According to 5.8.3.1 (1)
Design Type Design Type
Eccentricities Eccentricities
[ Moments According to First Order Theory [ Moments According to First Order Theory
£ Moments According to Second Order Theory E Moments According to Second Order Theory
[l Eccentricity Through Second Ord. Th. According to 5.8.8.2(3) [ Eccentricty Through Second Ord. Th. According to 5.8.8.2(3)
Eccentricity Through Second Order Thec | e2z2 0.0 | mm Eccentricity Through Second Order Thee | &2z 0.0 | mm
[ Eccertricity Through Second Order Thee | 2.y 15.8 | mm [ Eccentricity Through Second Order Thee | &2,y 15.8 | mm
E Coefficient kiy 0.9641 = Coefficient kiy 0.9641
Slendemess About Ads z Az 346410 Slendemess About Auxis z iz 346410
[ Curvature in y-plane 1y 0.018 | 1/m B Curvature in y-plane 1y 0.018| 1/m
[ Selected Factor (Normal Force) sel Kry 1.0000 B Selected Factor {Nomal Force) sel Kry 1.0000
B Calculated Factor (Normal Force) | Kr.y 1.0744 Gl Caleulated Factor (Mormal Force) | Kr,y 1.077.
[ Max. Uttimate Limit State Nu 1.1050 £ Max. Uttimate Limit State Ny 1.0796
=] Ratio @ 0.1050 Bl Ratio @ 0.0796
B Provided Reinforcement | prov Az 6.16 | cm? [ [ Provided Reinforcement | prov As 467 |cm?2
From kem No. 1 I The required reirforcement was applied as provided reinforcement
Design Value of Yield Stre | Fya 434.78 | N/mm? Design Value of Yield Stre | Fya 43478 | N/mm2
Area of Cross-Section Ac 1500.00 | em? Design Value of Yield Stre | Fya 43478 | N/mm2
Design Value of Concrete | fea 17.00 [ N/mm2 Area of Cross-Section Ac 1500.00 [ cm2
Relative Nomal Force n 0.3475 Design Value of Concrete | fos 17.00 | N/mm2
Resistant Conerete Nomal Fon | nial -0.4000 Relative Normal Force n 0.3475
Selected Factor (Creep) sel Kg .y 1.0000 Resistant Concrete Mormal Fon | ngal -0.4000
[ Curvature in y-plane 1oy 0.018 | 1/m Selected Factor {Creep) sel Koy 1.0000
Buckling Length loz 3.000 | m [ Curvature in yplane 1oy 0.018| 1/m
Factor (Curvature Distribution) E 9.3696 Buckling Length loz 3.000 |m
Moments According to Second Order Theory Factor (Curvature Distribution) c 9.8696
Provided Reinforcement Moments According to Second Order Theary
State of Strain i Required Reir Tt
Ultimate State Min. Reinforcement According to Standard
' Vierification Required Reinforcement

Figure 5.111: Comparison of the details

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

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

The reinforcement points are the assumed layers of the centroids of the rebars inserted later.
This assumed layer is significantly influenced by the user-defined specifications in window 1.3
Reinforcement (see the following figure).
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Longitudinal Reinforcement l Links ] Secondary Heinforcementl Reinforcement Layout] DL 4 x

Reinforcement | Reinforcement Layout

Poszible

diameters:
a.n
10.0
120

| Double-sided - parallel to y-axis - |

Rectangle 300/500
Concrete : Strain
Reinfore. : Strain

S o s e=a3

Concrete  Max/Min: 3.58/-3.50 %
Reinforc.  Max/Min: 250/ -2.81 %

Figure 5.112: Arrangement of the reinforcement points

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

Upon the determination of the statically required reinforcement, the minimum reinforcement

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

Links ] Secondary Heinforcement] Reinforcement Layout

Longitudinal Reinforcement Factors

[¥] Mirimnum langitudinal reinforcement

Partial zafety factors for materials acc. to
according to Standard

2.4.2.4 [MA parameter)
for construction of bridges FU AL
[] Mawimum longitudinal reinforcement - for concrete: ve: 1600015 1.3000/%
according to Standard

- for reinforcement:

75 11500 1.0000%
[ User_-de_fined minimum and masimum Feduction factor in congideration of long term
longitudinal reinforcement

lnading effects on compressive strength acc. to
3.1.6 [MA parameter)

e FU AL

w0 1% - -
Sl - for compresszion: oee:  0.BB0015 0.850045

.00 (%]

Shear Reinforcement

Dresign method according to 6.2.3
0.001|[cm? ]

Inclination of concrete strut
MNaD-Parameter] i, 1843412 1

[
i3

Figure 5.113: Specification of the minimum reinforcement in window 1.4

- Maximum:  45.000

To determine the minimum reinforcement with the applied internal forces according to the

following expressions of the respective standards, select the check box in the section high-
lighted in the figure.

DIN EN 1992-1-1 specifies the following minimum reinforcement for the column to be:
Asmin= max (0.10 Nea / fya , 0.002Ac) 9.5.2(2)
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EN 1992-1-1 specifies the following minimum reinforcement:
N
A min =0.15- -
fyd

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

El Min. Reinforcement According to Standard

Design Mormal Force NEd -875.000 | kN
Design Value of Yield Stress Fyd 434 78 | N/mm2
Minimum Reirforcement Acc. to Standard | req As,min, Stand 3.02 | cm?

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

B Min. Reinforcement According to Standard
B 1st Minimum Reinforcement

Design Momal Force NEd -375.000 | kN
Design Value of Yield Stress Fyd 43478 | N/mm2
Min. Reinforcement req As,min, 1 201 |cmé
B 2nd Minimum Reinforcement
Area of Cross-Section Ac 1500.00 | cm2
Min. Reinforcement req As,min,2 300 |cm?
Minimum Reinforcement Acc. to Standard | req As,min,Stand 300 cm2

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

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

= User-Defined Minimum Reinforcement

Area of Cross-Section Ac 1500.00 | cm2
Minimum Percentage of Reinforcement | Min p= 030 %
Minimum Area of Reinforcement req As,min, 1 450 |em2

Figure 5.116: User-defined minimum reinforcement

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

El Required Reinforcement

Statically Required Reinforcement req Az stat 502 | cmZ
Minimum Reinforcement Acc. to Standard | req As, min, Stand 3.06 | cm2
Required Reinforcement reg Az 502 | cmZ

Figure 5.117: Required Reinforcement

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

3.1 Required Reinforcement by Cross-5ection

Iwwsm B | ¢ [ D [ E [ F [ G [ H
Section |Reinforcement|Member | Position | LC / CO Reirforcement Error or
Na. Type Mo. | x[m] RC Area Unit MNotice

Rectangle 40/45
Longitudinal 1 6.200| CO2 As 30.78 [cmZ
Shear 1 = - asw 4.19 | cmZ/m

I §

1 Rectangle 40/45
Longitudinal 1 0.000| Co3 As 15.21 |cmZ
Shear 1 a - EE= 419 | emZ/m

1 Rectangle 40/45
Longitudinal 1 0.000| Co4 As 27.08 | cm2
Shear 1 a - EE= 419 | emZ/m

o
";_'1

V] &lload cases

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

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

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

3.1 Required Reinforcement by Cross-Section

e e | c [ b [ E [ F [ G 1| H
Section |Reinforcement|Member | Position | LC / CO Reinforcement Emor or
Na. Type Mo. | x[m] RC Area Linit Motice
1 Rectangle 40/45
[ 1 6.200| CO2 As 30.78 | cm2
Shear 1 - - asw 419 | cm2/m
| [
[ &Ml load cases @

Figure 5.119: Display of the governing loading

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

5.5.3 Window 3.2 Required Reinforcement by Member

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

CONCRETE Columns - [7_3_8NMM] S5
File Settings Help
CaAl vJ 3.2 Required Reinforcement by Member
Irput Diata e e | c [ b [ E [ F | G Rectangle 300/500
i Gereral Data Member Reinforcement| Location | LC/CO Req. Reinforcement Emor or Concrete : Strain
- Materials B Type x[m] RC Area Uit Nolice  |Reinforc. - Strain
- Cross-Sections 1 Rectangle 300500 _
1. Resnforcement B[ orgtudral | 0000] LCT | A 565 om?
F g Shear - - asw 353 | em2/m
.. Parameters - by Member
Fiesults a
“J- Cheek :
s crbes [ Allload cases ®|[%
- Required Reinfarcement
- by Cross-Secti
DI [ntermediate Results Rectangle 300/500 - LCT ] -
- by Member . - ¥
Frovided Reinfarcement i Goveming Load i
i Longitudinal Reinfarcement Load : - =] E
- e R Goveming Intemal Forces min My
i Steel Scheduls At Location X 0.000 | m
Normal Force N -875.000 | kN
Moment About y-Aeds My -90.000 | kNm
Moment About z-Auds Mz £0.000 | kNm
] Bffective Length According te 5.8.3.2
(] Effective Length About Axis y lo,y 3.000 |m
Column Length ly 3.000 | m
Buckling Coeficient By 1.000 Concrete Max/Min: 3.26/ -3.50 %o
[ Effective Length About Ads z lo.e 3.000 |m Reinforc. Max/Min: 263/ -2.87 %
Column Length Iz 3.000 (m - a8 = | (&
10
Bucking Coefficient Bz 1.000 — @ laj @]
[ Slendemess According te 5.8.3.2 Cancrete; [ @ i
B Slendemess About s y Ly 20.7846 = (FE ] [ =)
« i , Effective Length Ty 3.000[m o | R () () (=)
? ? E Calculation Check Messages. Graphics Cancel

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

CONCRETE Columns - [P_3_8NMM] )
File Settings Help
CAl v‘ 4.1 Longitudinal Reinforcement Provided
Input Data [ A | B [ [ D [ = [ 3 [ G
. General Data tem | Mum. of ds Location x [m]
- Materials 2 Bars mm] from to | Anchomge | Message

-0.466 3.466

- Crass-Sections [ Wiember No 1 - Feclengle 3
=J- Reinforcement 1 4 4.0
1

i Patarneters - by Member
Results

=I- Check. |
b Members

- Required Reinforcement
- by Cross-Section
- by Member

=393z m

=1 Provided Reinforcement -
- Longitudinal Reinforcement] g
- e
i Shear Reinforcement -
Lo Stesl Schedule ~ +
(14 x #14.0 mm ] o
2
Y
3]
Longitudinal reinforcement dimensions:
3.000/I. 1lap 0.466/I1. lap 0.466 m
Length:3. 932 m
Weight:4.75 kg
Total length:15.726 m A A
£ m b | Total weight:dn. 00 kg &= I_/QS =
D E E Calculation ‘ Check | | 3D View | | Meszages... | | Graphics | ak. Cancel

Figure 5.121: Window 4.1 Longitudinal Reinforcement Provided

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

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

4.1 Longitudinal Reinforcement Provided

e & [ c [ Db [ E | F [ G
tem Num. of ds As Location x [m]
No. Bars [mm] [emZ] from to Anchorage | Message

Member Mo. 1 - Rectangle 300500
[ 1 ] 14.0 6.16 -0.466 3.466

Figure 5.122: Existing items of a column

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

In every cell of column B, you can open a drop-down list from which you can choose a differ-
ent rebar diameter ds for the current item.
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4.1 Longitudinal Reinforcement Provided
[ A w:mm Cc | D [ E [ F [ G
tem Num. of ds As Location x [m]
Na. Bars [mm] [em2] from to Anchorage | Message

Member Mo. 1 - Rectangle 300500
17 616  -0.466 3.466
20

100
120

160
200
250
280
300
320

Figure 5.123: Changing the bar diameter of an item

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

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

Edit Longitudinal Reinforcement | Element Ne. 1, Position Neo. 2 &J
Design Diameter of Reinforcement g
Reinforcement bars statically effective D [rm] ‘%
—F
Position and Length
« from: LLOO0  [m] Length without anchorage: 000 [m] -
to: 3.000 ] Length with anchorage: 2621 [m] |
Ta 1
Length: 2000 [m] Total length: 14,484 [m]
Anchorages
Anchorage Type Composite  Percentage of Contact Sticks
Stat: [Suasight ~| [Good  ~| 100,001 (%]
End  [Susight | [Good  ~| 100,001 (%]
Length of Anchorage Bending Diameter
3l 12 Total drbr =
Start: 021 0.000 0311 [m] 00000 [m) 2
End: 021 0.000 031 [m] 0000 [m]
bdg
Position of Reinforcement Bars 1
Mumber 45 Rectangle 300/500
Member coordinates and hook. rotation:
B c ,
Coordinates Hook Rotatior E
No. | yfmm] | zfmm] Bl =
e 00| 50000 oy "
2 116.0 0.0[ 180.000 ) .
3 116.0 0.0 -50.000 :
4 116.0 0.0 -50.000 i
W —1
s
] B
[ (] 3 ] [ Cancel

. 4

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

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

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

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

r ~
Restart Calculation [&J

The provided reinforcement has been modified. Therefore, the
provided zafety must be recalculated.

Do you want to recalculate the provided safety or do you want to
undo all modifications?

Iﬁl [ Recalculate ]| Unda || Cancel

" 4

Figure 5.125: Dialog box Restart Calculation

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

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

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

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

Anchorages

Anchorage Type Composite  Percentage of Contact Sticks
Stat  [Suaight | [Good  ~] 100,001 [%]
End | Shaight ~| |Good  ~] 10000} (%

Length of Anchorage Bending Diameter

I -2 Total d-br
Start; 0.4EE 0.000 04EE [m] CE000 [m)
End: 0.4EE 0.000 0468 [m] CLO00 [m]

Figure 5.126: Section Anchorages

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

[ Straight - ]
Mo anchoraie

Hook

Bend

Straight with transverse bar
Hook with transverze bar
Straight with bwo transverse bars
|Overlap

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

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

Position of Reinforcement Bars

Humber: 45 Rectangle 300/500
Member coordinates and hook, rotation:
[ A ] C
Coordinates Hook Rotatio
No. | ypmml | z fmm] Bl
[ 1 ] 0.0[ -90.000 oy "y
2 : 0.0 180.000 ;
3 116.0 0.0 -50.000 :
4 116.0 0.0 -50.000 *
(]

Figure 5.128: Section Position of Reinforcement Bars

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

5.5.5 Window 4.2 Shear Reinforcement Provided

CONCRETE Columns - [P_3_8NMM] &J
File Settings Help
ﬁJ 4.2 Shear Reinforcement Provided
Input Diata w8 | C [ D0 [ E [ F G
L. General Data ttem Mo. of ds Location x [m] Spacing | Mo. of

M aterials No. Links [mm] from to s=w [mm] | Sections Message

i Cross-Sections I Member No. 1 - Rectar 500
— - Reinforcement 1 1 2.0
|

e 2800 | 2
Parameters - by Member
Fiesults

F\_euuwred Reinforcement

by Crozs-Section

; by bdember

= Provided Reintorcement

i Longitudingl Reinforcement]
H 1/dd x §5.0 mm
i Shear Reinforcement

i Steel Schedule

i 1 (1111 = 65.0 mm - 0.280 m L

Link dimensions:
0.254/0.454/Lap 0.050 m
Link length:1i.516 m
Link weight:0.60 kg
Total length:16.676 m 57 7 =
4 M P | Total weight:6 5& kg d& = Q% -
¥/ F E Calculation { Check. I I 3D View I l Messages. ] l Graphics I oK Cancel

Figure 5.129: Window 4.2 Shear Reinforcement Provided

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

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

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

Member. No. 8 - 8; Beam Member; UZ 100/30/20020; 1-1

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

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

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

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

] @11 x §EF.0 mm

@E\

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

CONCRETE Columns - [P_3_8NMM]

[ 6 [ H [ 1

e K [ L [ M N

File Settings Help

Cal +| 1.5 Column Parsmeters - by Members

Input Data Al B[ € [D] E | _F
b B Bl Member |Length Buckling About Auis y
- Materials Mo I [m] |Possible| Unbraced | Auto | By [

i+ Cross-Sections 3.000 a
=) Reinforcement
+-- Parameters - by Member
Shucture type: @) Monolithic () Precast part

1.000| 3000| 208

Buckling About Axis z
lo.y [m] | %y H |Possible| Unbraced | Auto

a

Comment
Bz[] |loz[ml|iz[]
1.000| 3.000| 346

@[ )[=)

Beﬁingsfor Member Mo, 1
Cross-Section
General Properties
Efective Length
Slendemess
Eccentricity Due to the Second Orders Bfects
Load Distribution
= End of Column

B At Node No
Reduce Link Spacing
Support No
B At Node No
Reduce Link Spacing
Support Mo
Define Load
Comment

[ Set inputs far members Na.:

1 - Rectangle 300/500

D_DM@!_

4 Al

Rectangle 300/500

200.0

5000

oo
:
;
]
)
¢
i
v
z

Figure 5.132: Window 1.5 Column Parameters

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

in the area near the support:

CONCRETE Columns - [P_3_ 8NMM] [
File Settings Help
A1 ~ | 4.2 Shear Reinforcement Provided
Input Data B [ Cc [ D [_E F | G
‘.. General Data tem | Mo.of ds Location x [m] Spacing | Mo. of
L Materials No. Links [mm] from to scw [mm] | Sections Message
i Cross-Sections [ Member No. 1 - Rectangle 300/500
=) Reirforcement 1 4 20 0.034 0.53% | 168.0 2
' 1 ] 8 80 0538 2778| 2800 2
L. Parameters - by Member
Figsults
(1 Check
i e Members &[T
B Required Reinforcement
i by Cross-Section
i Lo by Member
=3 Frovided Reinfarcement
i Longitudinal Reinforcement) {205 w 66 0 mm
Shear Reinforcement
i Gteel Scheduls
f1)d4 » §5.0 mm
104w S50 mm - 0,163 m £
2 “ (2)5 x 68.0mm - 0,280 m
Link dimensions:
0.254/0.454/Lap 0.050 m
Link length:1.516 m
Link weight:0.60 kg
Tokal length:6. 064 m - =
€ I b | Total weight:2.39 kg = =
Calculation [ Check, ] [ 3D View ] [Messages..] [ Graphics ]

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

4.2 Shear Reinforcement Provided

B [ ¢ [ b ]
tem No. of ds Location x [m]
Na. Links [mm] from to

| Member No. 1 - Rectangle 300/500

Figure 5.134: Start and end of the layout area

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

CONCRETE Columns - [P_3_8NMM] |
File Settings Help
LAl v] 4.2 Shear Reinforcement Provided
Input Data B | C [ D [ E [ F | G
i General Data tem No. of ds Location = [m] Spacing | Mo. of
L Materials No. Lirks [mm] from to s 5w [mm] | Sections Message
- Cross-Sections [ Member No. 1 - Rectangle 300/500
- Reinforcement 2 4 80 | 0034 0538 1680 2 29
3 [ 7 80 | osm.[ 198 w00 2 |29
.. Parameters - by Member 4 3 8.0 | 1938 2442| 1680 2 29
Results
[=)- Check
i e Members
equired Reinforcement
- by Cross-Section
- by btember
(- Provided Reinfarcement
Longitudinal Reinforcement (2] x 55.0 mm
i+ Shear Reinforcement
.. Gteel Scheduls
(14 u §5.0 mm
104 x §5.0 mm - 0.168 m _i_z'r
- 4 (26w 86,0 nm - 0.280 m
Link dimensions:
0.254/0 454/Lap 0.050 m
Link length:1i.516 m
Link weight:0.60 kg
< [ M o :::3 i:g::g gzék: g =
Caleulation [ Check, l I 30 View l [Messages..] [ Graphics l

Figure 5.135: Window 4.2 Shear Reinforcement Provided

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

4.2 Shear Reinforcement Provided

[ A (e c [ b | E [ F | G
ltem Mo. of ds Location x [m] Spacing | Mo. of
No. Links [mm] from to 35w [mm] | Sections Message
Member Mo. 1 - Rectangle 300,500

8.0 0.034 0.610| 1152 2
—en Do “nea| 1920 2
= 115.2 2
off | Cut Ctri=X
By copy Ctrl=C
@
B Paste Ctrl=V
# Empty Row Cirl+Y
T | select... F7

Figure 5.136: Context menu for deleting a position

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

_[ Edit Shear Reinforcement... ]

Figure 5.137: Button [Edit shear reinforcement]

VAN

Dlubal

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

r ™
Edit Shear Reinforcement | Element Mo. 1, Position No. 2 M
Length Link dimensions:
w-location from: D538 [mn] Height: 45400 [rrn]
[:3 2078 [m] fidth: 2540 [mm]
Length: 2240 [m] Bond length: SO0 [mm]
Link Parameters
Spacing: [0.2801% [m] MNumber: 8
MHumber of
Diameter: [rm] cuts:
'CD [ QK ] [ Cancel

.

Figure 5.138: Dialog box Edit Shear Reinforcement

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

"I Member No. 1 - Rectangle 300/500 - (=] E [
File Extras View
GloQAHEREIFIEIEMm - ==
MUM

.

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

File Extras View

S 0QRERRBESFDOEEG s -

Figure 5.140: Buttons

Click [Print] to open the following dialog box:

Graphic Printout

General | Options

Graphic Picture

Rotation; 0 I

Header of Graphic Picture

Reinforcement

Window To Print

Graphic Size

@ @ Cumrent only (@ As screen view
() To a printout report: PR1 More... 3 () Window filing
() Ta the Clipboard Mass print... Toscale 1 100
() feration Diagrams
Graphic Picture Size and Rotation Options
Use whole page width Show results for selected xdocation in resutt
diagram
©) Use whole page height Lock graphic picture {without update)
(@ Height: 100 = [% of page]

[ ok |+][ Ccancel

"

Figure 5.141: Dialog box Graphic Printout

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

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

| Show Whole Model |

[Izu:umetric View ]

[ Show Shear Reinforcement ]

[ Mouse in Zoom Mode

]

[ Previous View ]

l Perspective View ]

| File Extr s

'v' iEw

| View shear rr:infcrcrzment I_
| —

-I]

[ Tool for move, rotate and zoom ]

Figure 5.142: Context-sensitive help

@ [ Solid model mode ]

X View

[ Line model mode ]

Show One Rebar

[‘v‘lew lengitudinal reinforcement ]

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

140

Program CONCRETE Columns (ACI) © 2013 Dlubal Software GmbH



6 Results Evaluation / I\

Dlubal

| 6. Results Evaluation

6.1  Results Display in RSTAB

To display the results as distribution at the selected columns, select the design case from the
listin CONCRETE Columns first.

Dptions  Add-on Modules  Window

COMCRETE Columns CAL E‘

LC1 - g4 {Self-weight column + girder)

LC2 - g4 w (Wind)

LC3 - g4.5 (Snow load girder)

CO1-LC1 +05°LC2

C0O2-1.35°LC1 + 0.5°LC2 + 1.5°LC3
CO3-LCT +1.571C2

CO4 -1.35°LC1 + 1.5°LC2 + 0.75°LC3
RC1-LC14p +05LC2p

RC2 - 1.35°LC1/p + 0.5°LC2/p + 1.5°LC3/p
RC3-LC1/p +15°LC2p

RC4 - 1.35°LC1/p + 1.5°L.C2/p + 0.5°LC3/p
CONCRETE Columns CA1

Figure 6.1: Selection of the design case of CONCRETE Columns

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

Project Navigator - Display x

5 Guide Objects

[E&Y General

[V Numbering

[E] Colors in Rendering According to
[B]'® Rendering

D& Preselection

(0] B Add-on Modules

ﬁData €Display ,f'j\c‘iews |9Results

Figure 6.2: Display of results

Next, select the Display navigator.

Project Navigator - Results x

=1 [E] ¥ Design Criterion
[ »# Highest Design Criterion
[#] r2* Bending
[ »# Shear Force - Cross-Section Completely Pressed
[]#2# Shear Force - Without Shear Reinforcement
e Bending - Fire Resistance
[ »a# Shear Force - Cross-Section Completely Pressed - Fire Resistance
[] ¢ Shear Force - Without Shear Reinforcement - Fire Resistance
=) [B] v Intermediate Results
--[B] r¥ Bending
[] ri# Shear Force - Cross-Section Completely Pressed
[ [B] ¥ Shear Force - Without Shear Reinforcement
=[] P Required Reinforcement
L As
e asw
= [B] P Intermediate Results
...D,; As
- [ s

ﬁData é"Display Aviews > Results

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

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

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

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

[

Project Navigator - Results 2 x

[] r2# Design Criterion B -
-[[] v Highest Design Criterion ety el

~[] v2#* Bending Cal ~| 21 Check of Members

CONCRETE Columns - [P_3_8NMM]

«[[]#2# Shear Force - Cross-Section Completely Pressed Input Data B [ C (M| E
«[] r# Shear Force - Without Shear Reinforcement. General Data Meh;“be( Location | Goveming Design
= [E] r2#* Intermediate Results Materials . x[m] Load Case Ratio Design Comment:
[H] #2* Bending Cross Sections I Cross:Seciion Ho. T- Rectangle 300/500 .
=~ Reinforcement 3.000 | LC1-min N 0.6084 | <1 | 100) Check of critical cross-section of model column acc. to 5.8.8
S 1 3000 (CT-mnN | 01160 =1 201) Shear check (Ves/ Vs £ ) 20,10 6.22 (2 wih (6.4)

et N - Parameters - by Member 0.000 | LCT-min My 04662 | £1  202) Shear check (Vea/ VRg,c £ 1)3cc.to 6.2.2 (1)

O My 1 e

- [ vt Mz =

] P gy b S - *
’ ~~Hllload Max 0664 <1 @ 7, [®2] (@] [T

-y & Required Aeinforcement x| d

- C0 - By 2 Eross Sectian Petails -~ Member No.1 - #3800 m - [CT Rectangle 300/500  LC1/ Stateof Swan

v loz Ly dﬁﬂ}_be' Concrete - Strain
rovider :

g’- = Longtosnal Rerforcanent T T N -886.250 kN F

- [ ]2 Bz - Shear Reinforcement Moment About y-fods My 0.000 | kNm

E Governing Load S

1 oy ! Stesl Schedule ~ Momert About z-Ads [ 0.000 [ khm
o [ Pl 3z Sy E Hfective Length According to 5.8.3.2
LI fimy S 1 Effective Length About Axis loy 3.000[m
e Column Length I 3000[m
[ i ~— y
- g = E_;"'z —a Buckling Cosfficiert By 1.0000
o = 1 Effective Length About Aus 2 loz 3.000[m
-~ eoy Column Length Iz 3,000 [ m
IQlpata [Hpisplay ZViews © Results S Buckling Coefficiert Bz 10000 Concrete MaxMin: 0.54/ 1.32%
\\ B Slendemess According to 5.8.3.2 Reinforc. Max/Min: 0.45/ -1.14 %e
@ Slendemess About Arisy iy 207846
Effective Length oy 3.000|m
Radius of Gyration iy 1443 mm [0 ()
& Slendemass About Axis 2 iz 346410
‘ i b Effective Length loz 3.000|m
Caleulaion | [_Check. ) Messages...| [ Graphics

Figure 6.4: Display of the design criterion and the intermediate results
Under the Intermediate Results entry, you find, separated for the respective checks, the same
values as in the details table of the respective design.

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

0g2r2 S
—

R e

® 08735
097
—_—
0&8EE6

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

Project Mavigator - Results
(- [H] »# Design Criterion

.[#] ¥ Bending

4 I

.[w] »# Highest Design Criterion

[ [B] v Intermediate Results

x

- [C] v Shear Force - Cross-Section Completely Pre:
[ Shear Force - Without Shear Reinforcement
(- [H] w2 Intermediate Results
-] i Required Reinforcement

Panel x

Result

Highest Design
Criterion

I Bending
I As
a

-SW

COMCRETE Columis

ﬁData €Display Aviews D Results

=
s

Figure 6.6: Relation of Results navigator and Panel

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

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

Panel
Dizplay Factars

D eformationi
Member diagrams:
1
Surface diagljrams:
Section diaqrams:

Reaction forces:

Trajectories:

x

gz 4

Figure 6.7: Control panel tab Display Factors

Here, you can adjust the scaling of the graphical value diagram.

Dlubal
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In the last tab of the control panel, you can reduce the number of the displayed members.

Panel =

Show diagrams for
members Mo.:

All
Maore

™,
N —
| Delete Selected Row(s) |

\| Delete All Rows |
R —
| Import from Selection |

\\ —
[ Apply |

E o 4

Figure 6.8: Control panel tab Filter

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

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

To delete one, several, or all user-defined selection rows, click [Delete selected row(s)] or
[Delete all rows].
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6.2 Printout

There are three possibilities to open the printout report:

e [Current printout report] button in the toolbar.

E File Edit View Insert (Calculate Results Tools Table Opti
D299&EEvEloa R85 |EIE
e ,f/ ,3"; " ‘J " i < Current Printout Report i ™ h - R

Figure 6.9: Button [Current printout report]

e Menu File - Open Printout Report

File | Edit View Insert (Calculate Results Tools

[] | mew Ctri+N
B | open.. ctri=0
£} | close Ctrl=w
& save Ctrl+5
& | save As... F12
3 Save As Template...

(m]

k), | Save Copy As...

& | save Al

f

i@ | Print Graphic... Ctrl=P
B Printer Setup...

@ Open Printout Report... [4\5

g Project Manager...

]  model Data...

g Elock Manager...

o

B8 | Insert Block.., Ctri=K
BB | mport.. Ctrl=1
ED | Export... Ctrl<E

Figure 6.10: File — Open Printout Report

e Context menu Printout Report in Data navigator

Project Navigator - Data b4

ET RSTAB

-5 P_3_8NMM*
- Model Data
- Load Cases and Combinations
- Loads

- Results

- Guide Objects \

- Add-on Modules

Mew Printout Report...
Printout Report Manager

ﬁ Data gDisplay _ﬂ\«’iews

Figure 6.11: Context menu in Data navigator

To open this context menu, right-click the Printout Reports entry.

VAN

Dlubal
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The following dialog box appears:

Mew Printout Report Lé]

No. Description

1 Input data and reduced results

Printout Report Template

1 - Input data and reduced results v] =]

[ (0] 3 ][ Cancel ]

. A

Figure 6.12: Dialog box New Printout Report

Dlubal

The number of the printout report is given automatically. However, it can be changed in the
input field No. To facilitate the selection from the lists, you can add a Description. This descrip-

tion does not show up in the printout.

You can select a report template from the Printout Report Template drop-down list. The report

templates are described in the RSTAB manual.

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

lowing figure.

&, Printout report - PR1: Input data and reduced results*

File View Edit Settings Inset Help

DREBC e B LHL2E- MR BEEDOIFEA

Printout Report Navigator x

=28 Printout Report
i Contents
£ RSTAR

[ 11 Nodes

i [T Model - General Data A
-8 Model N -

Engineering Office Bavaria Constructions o T8
Josaph Strest 111, 95785 Rainbow Valley Soest 1

et 0SB7HTTO -

7 1.2 Materials
[T 1.3 Cross-Sections
[ 1.4 Member End Releases
[ 1.7 Members
| [T 18 Nodal Supports
[J Load Cases and Combinations
-0 Loads
£ Results - Load Cases, Load Combinations
- 4.0 Results - Summary
7 43 Cross-Sections - Internal Forces
[ 4.4 Nodes - Support Forces
[ 4.7 Members - Local Deformations
«[7] 4.8 Members - Global Deformations
[ 4.9 Members - Coefficients for Bucklit
[T] 410 Member Slendernesses
%y CONCRETE Columns
B8 ca
-$ 1.1 General Data
7 1.2 Materials
-7 13 Cross-Sections
77 1.4 Reinforcement Group No. 1 -

[ 21 Check of Members
(@8 Required Reinforcement
=] 31 Required Reinforcement by
] 3.2 Required Reinforcement by
8 Provided Reinforcement
[ 4.1 Provided Longitudinal Rein
[ 4.2 Provided Shear Reinforcem
[ 4.3 Steel Schedule

«[7] 1.5 Parameters - by Member o
-8 Results
538 Check

Project

CONTENTS

Moser Exampie 10 - £508 SoNm (Compiets Siater | Dzie 1312202

1
5
.
.
.
.
:

2

se-sTon

1.1 NODES
Tiode [Reference| Coardinate Tiote Cooranates
Mo | Nes= | system X [m) Z [m Gomment
T — |orme 06 5550 | Gamem
z Zarman ase0 20
3 Carman 0000 100
: it a3t iz0
H Caren <o 5300
: Zaveran i) az00
7 Ciren pre) 5300
H o) B 2300
H Ceresan o 300
) o) P 560
1 Cerasan e 900
tH ot S G60
1.2 MATERIALS
Wiera]  Mogus Woduls | Gpec. VWent | Themal Gosff, | Partal Facior itz
G [kNicm?] 7 [kNm] 1 W[ Model
T o
| 1405 | Smeamg
_ =0 1405 | Smeaag
N 0| 1420 | Same
T
=0 1000 | Smimns
1.3 CROSS-SECTIONS
oo e [Gaction [ Mater | T[en] | [ene] | R[ene] [Princpal ues] otton | Overal Dimensions [mm]
D | | No. | Ne. | Alemi] | Avfem?] | Aclem?) a1 « [ Widtht | Height h
T [Remwm e
Y T | e | o) w0 | | ss00
wemms ammen _ .
]:l D - [ | o | | s | 1o
so
T orE
2 | ) | o | o) ) +0000
_ 2v000 e
: | sseuess | o | o | ss00
200 sesesr
PP p——r—— |mn

— = T — T T T 1T — 1T —

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

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

&, Printout report - PR1: Input data and reduced results®

File View Edit Settings Insert Help
BRevld e v 82 - MR IREED FHid

Select Topics for Printout Report ]

Figure 6.14: Button [Select topics for printout report]

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

p
Printout Report Selection - PR1 &J
Program /
RSTAR Global Selection | |nput Data I Hesults|
COMCRETE Columns
Display
[ata of module
1. Input D ata
2. Resultz
Cases to Display
Dizplay all cazes
Euisting caszes: Caszes to digplay:
- Al -
Display
[ Cover sheet... =
Contents
Infa pictures
(] 8 ] [ Cancel

.

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

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

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

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

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

Figure 6.16: Assigning design cases

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

Printout Report Selection - PR1 LJ&
Program / Modules.
RSTAB | Global Selection | Input Data | Resuls|
COMCRETE Columns
Display
1.1 General Data Mo. Selection (e.g. 1-5,20)
12Matenials. ... Materials: [AII
1.3 Cross-Sections . ............. Cross-zections: [AII
1.4 Reinforcement . ... ... Reinforcement groups: [AII
1.5 Parameters - by Member. . ... ... Members: [AII
1.6 Parameters - by Set of Members ... ... .. Sets: [AII

Show Input Details

Display

[ Cover sheet... =
Contents

Infa pictures

(] 3 ] [ Cancel

.

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

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

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

The same applies for the selection of cross-section numbers, numbers of reinforcement
groups, and numbers of members and sets of members. Members or sets of members can be
selected graphically by using the [Select] function in the RSTAB work window (see the follow-
ing figure).
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Multiple Selection
Select Members

Selected:
58

Clear 0K Cancel

Dlubal

Figure 6.18: Selection of the members for the printout report

First, the selected members appear in the dialog box depicted in the figure above. Moreover,

they are highlighted yellow in the structure. To transfer the numbers to the input field of the
Printout Report Selection, click [OK].

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

results.

-

Printout Report Selection - PR1

]

Program / Modules.

Global Selection InputData| Results |

‘RETE Cal

Display
[ Cover sheet... =
Contents

Infa pictures

Display

Mo

Selection [e.g. 1-5.20]

21 Designs by Members ... ... ... Members: [AII

2.2 Designs by Set of Members Sets: [AII

Show Detailed Results

Reinforcement Required

31 .. by Cross-Section. .. ....... Crozs-zections: [AII

32 bwMember. Members: [AII

3.3 .. by Set of Members Sets: [AII

Show Detailed Results

Reinforcement Provided

4.1 . Longitudinal . ... .. Members: [All

42, 5hear. ... Members: [All

5.1 Steel Schedule

(] 8 ] [ Cancel

.

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

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

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

7.1.1  System and Loads

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

1,90
/ Precast girder with roof floor
D1 T 5,50
E [ =]
15,00 15,00 15,00
Hall cross section 0,70

D: Detail section
with edge column

£y

u
s TR

15,00 15,00 15,00

@32
St 835/1030

e
q.,g

I
|
]
]
shear bolt |
i
I
]

unreinforced
elastomeric
: support

= 150x300x5
with boreholes

in the center & 40

Hall cross section
Structural system

Figure 7.1: System
We generate the following loads in RSTAB:

LC1 - g-k (Self-weight column + girder = < > |5
4810 kNim 4810 kNim 48.10 kN/m

.

Figure 7.2: Load case 1: g-k (Self-weight column + girder)
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LC2 - gk,w [Wind) - 4 > (@I
4.32 kNim 2.70 kNim
432 kNi'm 2.70 kNim

Figure 7.3: Load case 2: g-k,w (Wind)

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

LC3 - g-k,s [Snow load girder) R - - Iﬁlﬁtl

. 913 kNi'm 913 kNIm 9.13 kN/m
I I T T I T I I I T T T T I I T T T I T I I T I I I I T T I
-

L] L]

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

7.1.2 Design Values of Limit States

The partial safety factors in ultimate limit states are given as follows:

Loads Favorable Unfavorable
Permanent Ye=1.0 Ye=1.35
Variable Yo=0 Yo=1.50

The combination coefficients in the ultimate limit states are:

Loads Favorable Unfavorable

Permanent and variable Yoi=0.5 Yo, =0.6

The general basic combination is expressed as:
Gy +Qq4 =76 Gk +Ya1 Qi1+ X Yai Wo; - Qu,

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

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

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

Favorable:
94 =Yg 9% =1.0-9gy
dd,s =YQ,1 " Yk,s =0.0-qy s =0

AQd,w :ZYQQ “Wo,2 " Ak,w =‘1'50'0-6'qk,w =0-9'qk,w

For the load combination CO1 created in RSTAB, the following distribution of internal forces

results:

|

— T.970

36572

-431.000 23.036 -60.546

4.6 Members - Internal Forces

HEE EENEEL coiasoena 2| < s P L E =
A B T I D E
Member Node Location Forces [lkN] Moments [lxNm]
Ma. No. x[m] N Vz My
6 0.000 -431.000 23036 -60.546 | 1- Rectangle 40/45
7 6.200 -403.100 7.970 35573
Max N 6.200 -403.100 7.970 35573
Min N 0.000 -431.000 23.036 -60.546
Mazx V2 0.000 -431.000 23.036 -60.546
Min Vz 6.200 -403.100 7.970 35573
Maze My 6.200 -403.100 7.570 35.573
Min My 0.000 -431.000 23.036 -60.546
Summarny lNodes - Support Forces l Nodes - Deformations lMembem - Local Deformations l“ bers - Global Dief ions l Members - Intemal Forces ]

The program analyzes these locations of the column:

Figure 7.5: Results CO1

Unfavorable:

9d =76 9k =1.5-9

Ad,s =Y " Gk,s =150y ,s =1.50-qy

Ad,w :ZYQ,z “Wo,2 "Ak,w =1 '50'0'6'qk,w :0-9'qk,w

For the load combination CO2 created in RSTAB, the following distribution of internal forces

results:

- 12799 — 59.760

-633.860 28 865 -72.497

4.6 Members - Internal Forces

EE E =S| =[] co2-131c1+ 08102415103 7 | 4 > | P 2B =
A B c I D E
Member Mode Location Forces kM] Moments [lkhm]
Mo. No. % [m] N V2 My
3 0.000 -683.960 28.865 -72.497 | 1 - Rectangle 40/45
7 6.200 £46.190 13.799 59.759
Ma N 6.200 -646.190 13.799 59750
Min N 0.000 -683.860 28.865 72457
Max V2 0.000 £83.860 28 865 72457
Min Vz 6.200 £46.190 13.799 59.759
Mae My 6.200 £46.150 13.799 59.759
Min M.y 0.000 -83.860 28,865 -72.497
Summary | Nodes - Support Forces | Nodes - Deformations | Members - Local Deformations | Members - Global Deformations | Members - Intemal Forces ]

The program analyzes these locations of the column:

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

94="Y6 9k =1.0-9y
Adw =Y, Akw =150y =1.5-qy
Ad,s =ZYQ,2 “Wo,2 "ks =0'O'O-S'qk,s =0.0

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

—-m 6.864 — 32.643

-431.000 3IT4 BT TAT

4.6 Members - Internal Forces

B (= B3| 3€| B | coz-c1+151c2 [ 2 > 2B =
A

B c_ [ D E | —
Member Node Location Forces [lkM] Moments [lkMm]
No. No. x[m] N Vz My
3 0.000 ~431.000 31.974 -87.747 | 1- Rectangle 40/45
7 6.200 -403.100 6.864 32645
Max N 6.200 -403.100 6.864 32643
Min N 0.000 -431.000 31.974 -87.747
Maze Vz 0.000 -431.000 31.974 87.747
Min Vz 6.200 -403.100 6.864 32649
Maxx My 6.200 -403.100 6.864 32.649
Min My 0.000 -431.000 315974 -87.747
Summary l Nodes - Support Forces lNodes - Deformations lMernbers - Local Deformations lMembers - Global Deformations 1 Members - Intemal Forces |

The program analyzes these locations of the column:
Figure 7.7: Results CO3
Unfavorable:
94 =769k =135«
Adw =YQ1 Akw =1-0-Cw =15y
a5 =2,Y02 Vo2 "Oks =1.5-05- 0y s =075y

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

— 11.463 51.735

-632.850 I657F  -9T.A7E

4.6 Members - Internal Forces

R E | 9H)€ | 25| co4-1351C1+ 157102075103 7 [ 4 & | P | 2B =
A B

C [ D E
Member Node Location Forces [kkM] Moments [lkMm]
No. Mo. x [m] N Vz My
[ 0.000 £32.850 36573 -37.177 | 1 - Reectangle 40/45
7 6.200 -595.190 11.463 51.734
Mazx N 6.200 -595.190 11.463 51.734
Min N 0.000 -632.850 36573 -97.177
Mazx Wz 0.000 -632.850 36.573 -97.177
Min Wz 6.200 -595.190 11.463 51.734
Maoc My 6.200 -595.190 11.463 51.734
Min My, 0.000 -632.850 36573 97177
[[Summar)' l Nodes - Support Forces l Nodes - Deformations lMembers - Local Deformations lMembers - Global Deformations l Members - Intemal Forces I

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

r

Edit Load Cases and Combinations

Load Combinations | Result Combinations

Existing Load Combinations. CO No. Load Combination Description
cot LC1 = 0.9°LC2 4 -
coz 1.35°LC1 + 0.9°LC2 + 1.5°LC3
co3 LC1+151C2 Calculation Parameters

I CO4 | 1.35°LC1 +1.5°1C2 + 0.75°LC3 Method of Analysis

|-@- Geometrically linear static analysis |
() Second-order analysis (P-Defta)

“) Large deformation analysis

() Postcritical analysis

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

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

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

33.960

-19.745

Figure 7.10: Creep-producing moment from LC1
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7.1.3 Spatial Stiffness and Stability

The longitudinal direction of the hall runs in the longitudinal direction of the y-axis, the trans-
versal direction of the hall runs in the direction of the z-axis of the relevant column. The stabil-
ity in the longitudinal direction of the hall is ensured by other structural components.

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

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

| e | c¢ [bp[| E [ F & [ H [ + [J] K [ L [M][] N
Member |Length Buckling About Axis y Buckling About Axis z Comment

Mo. I[m] |Possible| Unbraced | Auto By |loyIm]| iy [H |Possible| Unbraced | Auto BzH lozm] | izH
| .200 (M} 2100 (13.020 (100.2| [ d d - -

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

7.1.4 Effective Length and Slenderness

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

Transversal ¥
direction }' ¥
of hall

Longitudinal direction of hall

Figure 7.12: Axes of column

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

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

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

Cross-Section 1 - Rectangle 40/45

General Properties
B Hfective Length

= About ads y
Determine Buckling Length Automatic: | Detm-§ a
Determined Buckling Coefficient By 2.100
Effective Length loy 13.020 |m

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

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

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

loy =By deoly =2.1:6,20m=13.02m
The corresponding slenderness Ay about the y-axis is determined as:

oy 13025055
12.99 ’

y .
ly
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This values can also be found in the details table of the output window.

[ Goweming Load
Hfective Length According to 5.8.3.2
E Slendemess According to 5.8.3.2

= Slendemess About Axis y Ly 100.2280
Effective Length lo.y 13.020 |m
Radius of Gyration iy 125.9 | mm

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

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

A stability analysis in this direction is not carried out.

Cross-Section 1 - Rectangle 40/45
E General Properties
About ads y
B About ads z
Buckling Possible Buckling z a
System Unbraced Displace.z ]

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

Goveming Load
E Hfective Length According to 5.8.3.2
Effective Length About Auis v lo.y 13.020 [ m
[ Effective Length About Axis z loz 6.200 | m
Mo stability check in this direction according to user specification
E Slendemess According to 5.8.3.2
Slendemess About Axis y Ly 100.2280
3 Slendemess About fuds z iz 0.0000
Mo stability check in this direction according to user specification

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

7.1.5 Further Specifications in the Module

To complete the input, we present the selection of the loading and the specifications for the
reinforcement.

CONCRETE Columns - [Example 10 - Edge column (Complete System)] l&J
File Settings Help
LAl vJ 1.1 General Data
\r:lpul Data Design as Column of Design Accerding to
i+ General Data ~— =
- Materials Members: B 3 | (Ea) [Clal EEIEN 1932-1-1:2004/40:2 -
i Cross-Sections (G | =]
H 4 Al DIM -
- Reinforcement m] = =
i 1-1 " -
N T e Ultimate Limit State | Creep-Produsing Permanent Load | Fire Resistance |
Existing Load Cases and Combinations Selected for Design
N L1 a% (Sef-weight column +gir coz2 1.35°LC1 + 0.9°L | Fundament
[ ow Jles] q.w (Wind) co3 LC1+15°LC2 | Fundament
0=l LC3 g5 (Snow load girder) Co4 1.35°LC1 = 1.5°L | Fundament
o1 |LC1+051C2

RC1 LC1/4p + 0.9°LC2/p
RC2 1.357LC1/p + 0.9°LC2/p + 1
RC3 LC1/p + 1.57.C2/p

RC4 1.35°LC1/p + 1.5°LC2/p + 0.

CONCRETE
Columns

Reinforced Concrete
Design of Columns
According to Model

Column Analysis
With creep i

Comment

A1) -

€
&)
3

»

() () (o)

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

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

CONCRETE Columns - [Example 10 - Edge column {Complete System)] léJ
File Settings Help
LAl vJ 1.1 General Data
\r}put Data Design as Column of Design According to
i General Data ~=1 =
. Materials Members: 6 a | |Ba) [an EEIEN 1992-1-1:2004/A0:2 «
:+ Cross-Sections & E Al =0IN - @
=I- Reinforcement
R — — wl
‘.. Parameters - by Member Ultimate Limit State | Creep-Producing Permanent Loar | Fire F\eslstance‘ h
Existing Load Cases and Combinations Selected for Design m
I L2 g (Wind) LC1 g (Self-weight column + gir
el LC3 g5 (Snow load girder) :
Co1 LC1+0.9°LC2 ]
€02 | 1351CT+0.51C2+ 151C U c
03 |LC1=151C2 E
CO4 | 1.35°LCT1+15°LC2+0.75'L z =
RC1 LC14p +0.97°LC2/p
RCZ | 1.35°C1/p +0.9°LC2/p + 1. o 3
RC3 |LCl4p +1.51CZp U
RC4 | 1.35°LC1/p + 1.5°LC2p + 0. U
i i Reinforced Concrete
Al - [a¢] (32 av| |58 Design of Columns
According to Hgdel
Limitation of ratio between quasi-permanent and dimensional moment: 1.00= Column Analysis
= I
I
(o) (] (o]

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

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

Reinforcement Group Applied to
Mo.: Drescription: Members: E [0
‘ (=) =h &) DA
Longitudinal R einforcement l Links ] Secondary Heinforcement] Reinforcement Layout | DIM A 1" | |1 . Rectangle 40/45 v]
Reinforcement | Reinforcement Layout Rectangle 40/45
Poszible [Double-sided - parallel to p-axis v]
diameters:
N
|| 100
] 120
|| 140 )
160 Reinforcement Layers L
[ 200 I aximurn rumber
I-] 250 of layers: seese S -,
|| 280 )
E ggg Minimum spacing veeee Ny : ey

- First Layer a 200/ [mm] ) i

20,01+ [mm] )
20,08 [mm]
Anchorage Type
[Straight v]

[I'ﬂl'ﬂ] el SUface: 1DDeE

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

Furthermore, we specify the layout of the reinforcement, the maximum number of reinforce-

ment layers, and the anchorage type of the rebars in the Longitudinal Reinforcement tab of
window 1.4.

Then, we specify the rebar diameter for the Links.

1.4 Reinforcement

Reinforcement Group Applied to

Mo.: Drescription: Members: E

! X Al

Longitudinal Reinforcement  Links l Secondary Heinforcement] Reinforcement Layout | DIMN* 1" | |1 - Rectangle 40/45 v]
Reinforcement | Link Parameters Rectangle 40/45
Possible Mumber of links -
diameters: per section: In y-direction =
[T a0 In z-direction
10.0 Minimal shear reinforcement:
12.0 =
=] 140 () Define 0.00| [em fm]
"1 18.0 @ According to Standard 2
|| 200 -
|| 250 S
D 280 Anchorage Type {
[Tl 300 Hook - I
] 320 ( T
¥

[rairn]

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

Reinforcement Group Applied to

Mo.: Drescription: Members: E T [0
1 = K Al

Longitudinal Reinforcement ] Links

Secondary Reinforcement | Reinforcement Lapout | DIM 41" | |1 - Rectangle 40/45 v]

Maximum Reinforcement Distance Rectangle 40/45

) Mot considered
@ Defined

I awirum reinforcement
digtance Emax 300.01 [rm]

v h e
Reinforcement Diameter

@ |dentical as for longitudinal S -,
reinforcement )

|

T

¥

_) Defined

120 [rrn]

(%) @)

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

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

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

Reinforcement Group Applied to

Mo.: Drescription: Members: E T [0

1 (=] (3] [* Al

LongitudinalHeinforcement] Links ] Secondary Reinforcement  Reinforcement Layout | DIM 41 ¢

1 - Rectangle 40/45 -
Rectangle 400/450

Concrete Cover

Reference to:

@ Rebar centroidal axis Uy 38,01 [mm] __1_.‘_Cy
I
uze 38002 fmm) i: -
. dJ'
~) Edge of rebar 300 [mn] .y AT
30,0 [mm] o
sesses|Y S R
[ Cover ace. to Standard = Co : z
W
Al | 77
Rebar diameter for z T
preliminary design ds: 160 [rairn] +

Settings

Relevant intemal forces for
concrete desigr:

FN MT
@vy My
[¥] vz [] Mz

(%) @)

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

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

3.1 Required Reinforcement by Cross-5ection

e 5 | c | b [ E [ F [ G | H
Section |Reinforcement Member | Position| LC ./ CO Reinforcement Ermor or
No. Type No. | x[m] RC Area Unit Notice

1 Rectangle 40/45
i 6 0.000] CO4 As 15.54 [cmZ
& - - Bzw 8.18 | cmZ/m

Al load cases

o
.'_.‘t

Figure 7.23: Required Reinforcement by Cross-Section

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

[ntermediate Results Rectangle 40/45 - CO4
:E Governing Load

Load Co4
Goveming Intemal Forces min M

At Location x 0.000 | m
Mormal Force N -£32.850 | kN
Momert About y-fuis My 57177 | kNm
Moment About z-fuis Mz 0.000 | kNm

Hfective Length According to 5.8.3.2
Slendemess According to 5.8.3 2

Limiting Slendemess According to 5.8.3.1 (1)
Design Type

Eccentricities

Moments According te First Order Theory
Momentz According to Second Order Theory
Statically Required Reinforcement

Min_ Reinforcement According to Standard
Required Reinforcement

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

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

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

Al load cazes

Figure 7.25: Display of the design results for all loads

Thus, the following table shows the reinforcement required for each load.
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3.1 Required Reinforcement by Cross-Section

e e | c [ b [ E [ F | 6 | H
Section |Reirforcement|Member | Position | LC / CO Reinforcement Emor or
Na. Type Mo. | =[m] RC Area Unit Motice:

Rectangle 40/45

& 0.000| CO2 As 1317 [em<

Shear g - - asw 818 |cm/m

1 Rectangle 40./45
Longitudinal & 0.000| CO3 As 1241 | cm=<
Shear 6 - - asw 818 |cm2/m

1 Rectangle 40/45
Longitudinal & 0.000| CO4 As 15.54 |em<
Shear ) - - Bsw 8.18 [em2/m

Allload cazes

Figure 7.26: Required reinforcement for all loads

VAN

Dlubal

To compare, the literature gives for CO2 As = 13.4 cm?, for CO3 A= 1.7 cm?, and for CO4

As=16.2 cm?

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

Fntermediate Results Rectangle 40/45 - CO4

([ Govemning Load

£ Hfective Length According to 5.8.3.2

E] Effective Length About Axis y 10y 13.020
Column Length Iy 6.200
Buckling Coefficient By 2100

[ Hffective Length About fds z loz 6.200

Mo stability check in this direction according to user specification
B Slendemess According to 5.8.3 2

[E] Slendemess About Axis y Ly 100.2280
Effective Length 10,y 13.020
Radius of Gyration iy 1255

B Slendemess About Axis z iz 0.0000

Mo stability check in this direction according to user specification

Figure 7.27: Effective Length and Slenderness

mm
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7.1.7 Limiting Slenderness

The internal forces of the minimum axial force have the following intermediate results in the

determination of the limiting slenderness:

[ntermediate Results Rectangle 40/45 - CO2
= Limiting Slendemess According to 5.8.3.1 (1)

B Relative Nomal Force n 0.2235 | < 0.41
Normal Force NEd -683.860 | kN
Area of Cross-Section Ac 1200.00 | cm?2

B Design Value of Concrete Compr. Strengt | Fzq 17.00 | N/mm<2
Char. Concrete Compressive Strength | ok 30.00 | N/mm2
Reduction Factar o 0.8500
Partial Safety Factor for Concrete Te 1.5000

Limiting Slendemess About fds v Llim,y 33 8452

Limiting Slendemess About fuds z Llim,z 33.8452

[ntermediate Results Rectangle 40/45 - CO3
[ Limiting Slendemess According to 5.8.3.1 (1)
Bl Relative Momal Force n 0.1408 | < 0.41
MNormal Force NEd -431.000 | kN
Area of Cross-Section Ac 1800.00 | cm?

[El Design Value of Concrete Compr. Strengt | Feg 17.00 | N/mm2
Char. Concrete Compressive Strength | Foxc 30.00 | N/mm2
Reduction Factor o 0.8500
Partial Safety Factor for Concrete Te 1.5000

Limiting Slendemess About fds y Liim,y 42 6326

Limiting Slendemess About fds z Llim,z 42 6326

[ntermediate Results Rectangle 40/45 - CO4
[ Limiting Slendemess According to 5.8.3.1 (1)
Bl Relative Momal Force n 0.2068 | < 0.41
Normal Force NEed £32.850 kN
Area of Cross-Section Ac 1800.00 | cm?

[El Design Value of Concrete Compr. Strengt | Feg 17.00 | N/mm2
Char. Concrete Compressive Strength | Foxc 30.00 | N/mm2
Reduction Factor o 0.8500
Partial Safety Factor for Concrete Te 1.5000

Limiting Slendemess About fds y Llim,y 35.1828

Limiting Slendemess About fds z Llim,z 35.1828

Figure 7.28: Limiting slenderness for CO2, CO3, and CO4

The slenderness A, about the y-axis has the value 100.23 and is, therefore, greater than the
load case-related limiting slendernesses. Therefore, according to 8.6.2 (4), a stability analysis

must be performed for each of the presented loads.

[nterm ediate Results Rectangle 40/45 - CO4

E Design Type
[ Condtions of standard design according to 5.8.3.1 (1)

E Condition About Axis y Dy £ Kiim,y Failed
Slendemess Provided Ty 100.2280
Limiting Slendemess About Auds y Liim,y 35.1828

[ Condition About Axis z Lz £ Liim.z Passed
Mo stability check in this direction according to user specification

Condition of standard design fulfiled? Failed
Condtions of standard design acconding to 5.8.2.1 (1)

Mormal force is not a compressive force? Mo

B Condtion of standand design fulfilled? Mo

Stability Check Required

Figure 7.29: Design Type

Dlubal
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7.1.8 Eccentricities

The intended eccentricity, the eccentricity due to imperfection, and the minimum eccentricity
are calculated and presented according to DIN EN 1992-1-1.

[ Eccentricities
E Intended Eccentricity According to 5.8.8.2

[ Intended Eccentricity in z-direction €0z -153.6 ' mm
Moment Diagram Along the Support Diagram My Lifferent
Moment About Aeds y My -97.177 | kNm
Absolute Nomal Force M 632.250 | kN

Intended Eccentricity in y-direction ey 0.0 | mm

[ Eccentricity due to imperfection according to 5.2
[ Eccentricity Due to Imperfection in z-direc | eiz -26.1 | mm
B Inclination Biz 0.0040
Basic Value of Inclination @p 0.0040
Column Length ly 6.200 [ m
Bl Reduction Factor for Column Mumbe | ot 1.0000
According to user specification, the column will be designed as a single column.
Buckling Length loy 13.020 |m
Eccertricity Due to Imperfection in y-direc | &iy 0.0 | mm
E Minimum Eccentricity According to 6.1 (4)

[ Minimum Eccentricity in z-dirsction € min,z -20.0 | mm
Thickness of Structural Member hwz 450.0 | mm
Minimum Value of Minimum Eccentricit | & 20 mm.z 20.0 | mm

Minimum Eccentricity in y-direction { Emin,y 0.0 | mm

Figure 7.30: Eccentricities for CO4

With the intended eccentricity and the eccentricity due to imperfection, the first order mo-
ments can be determined.

7.1.9 Moments According to First Order Theory

Internal forces of the minimum axial force at the column footing (location x=0.00 m)

The first order moment about the y-axis due to eccentricity in the z-direction (transversal direc-
tion of the hall) is, respectively:

CO2 co3 co4
NEed -683.860 kN -431.000 kN -632.850 kN
€0,z -10.60 cm -20.36 cm -15.36cm
iz -2.61cm
Med,1y -90.37 kNm -99.02 kNm -113.72 kNm

At the governing location of the column footing, the following details are shown for the inter-
nal forces of the minimum axial force in the CO4:

[ntermediate Results Rectangle 40/45 - CO4

= Moments According to Frst Order Theory
[E] Moments Acconding to First Order Theory

Design Nomal Force Nes -632.850 | kN
= Moment About fods v MEd, 1.y -113.723 | kNm
E Calculated Total Eccentricity in z-Direc | ecale 1.2 -175.7 | mm

Intended Eccentricity egz -153.6 | mm
Eccentricity Due to Imperfection giz -26.1 | mm
& Moment About Axis z MEed 1z 0.000 | kNm

Mo buckling risk according to user specifications

Figure 7.31: First order moments for CO4
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7.1.10 Second order moments

Internal forces of the minimum axial force at the column footing (location x=0.00 m)

The second order moment about the y-axis due to eccentricities in z-direction (transversal di-

rection of the hall) is, respectively:

Dlubal

COo2 co3 co4
Ned -683.860 kN -431.000 kN -632.850 kN
€20t -33.09 cm -42.85 cm -37.85cm
Medy2 -226.308 kNm -184.686 kNm -239.52 kNm

At the governing location of the column footing, the following details are shown for the inter-

nal forces of the minimum axial force in the CO4:

[ntermediate Results Rectangle 40745 - CO4

i[2] Moments According

to S d Order Theory

[ Bccentricity Through Second Ord. Th. According to 5.8.8.2(3)

= Eccentricity Through Second Order Thee | e2z -198.8 | mm
[ Coefficient kiz 1.0000
Slendemess About fuds y Ly 100.2280
= Curvature in zplane 1/rz 0.012 | 1/m
[E Selected Factor (Normal Farce) sel Krz 1.0000
[ Calculated Factor (Normal Force) | Krz 12354
B Max. Uttimate Limit State Ny 1.2208
[E] Ratio @ 0.2208
Provided Reinforcement | prov Az 15.54 cm2
Design Value of Yield Stre | Fyq 434 78 | N/mm2
Area of Cross-Section Ac 1800.00 | cm?2
Design Value of Concrete | Feq 17.00 | N/mm2
Relative Nomal Force n -0.2068
Resistant Concrete Normal Fon | ngal -0.4000
Selected Factor (Creep) sel Ky z 1.0000
B Curvaturs in zplane 1/roz 0.012 | 1/m
Buckling Length loy 13.020 |m
Factor (Curvature Distribution) ® 9. 8696
Eccentricity Through Second Order Thec | ez 0.0 | mm
Moments According to Second Order Theory
Figure 7.32: Second order eccentricity in z-direction (CO4)
[ntermediate Results Rectangle 40745 - CO4
- Momenis According fo Second Order Theory
Eccentricity Through Second Ord. Th. According to 5.8.8.2(3)
E Moments According to Second Order Theory
Design Momal Force Neg -632.850 | kN
=] Moment About Auis y MEd, vz -239.515 | kNm
= Total Eccentricity in z-direction B2 1otz -378.5 | mm
Eccentricity Through Second Ord. T|ezz -158.8 | mm
Eccentricity (First Ord. Th.)in z-direc | e1z -179.7 | mm
Minimum Eccentrictty in z-direction | e min.z -20.0 | mm
Moment About Peds 2 MEd 22 0.000 | kNm

Figure 7.33: Second order moments in z-direction (CO4)
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7.1.11 Statically Required Reinforcement

[ntermediate Results Rectangle 40745 - CO4

i Statically Required Reinforcement

= Design Intemal Forces
Normal Farce NEd
Moment About y-fuis Due to Second Ord | Med y2
Moment About z-fis Due to Second Ord | Meg =2

Curvatures

Points of Cross-Section

Rebars

Statically Required Reirforcement req As stat
= Min. Reinforcement According to Standard
[E1 1st Minimum Reinforcement

Diesign Nomal Force NEd

Design Value of Yield Stress Fyd

Min. Reirforcement req As,min, 1
B 2nd Minimum Reinforcement

Area of Cross-Section Ac

Min. Reirforcement reg As,min,2

Minimum Reinforcement Acc. to Standard | req A= min, Stand

= Required Reinforcement
Statically Required Reirforcement req As stat

Minimum Reinforcement Acc. to Standard | reg A<, min, Stand

Required Reinforcement req Az

Figure 7.34: Intermediate results

-632.850
-239.515
0.000

15.54

-632.850
43478
218

1800.00
5.40
5.40

15.54
5.40
15.54

kN
leNm
lNm

VAN
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Now, we must determine a provided reinforcement for this required reinforcement.

7.1.12 Provided Reinforcement

According to EN 1992-1-1, 9.5.2(3), the entire reinforcement cross-section may not exceed the

maximum allowed value of 0.09 Ac:

A

S, max

=0.09-A_ =0.09-1800 cm’=162 cm’

To obtain the same results as in the example from the literature, only the reinforcement steel

with a diameter of 16 mm was allowed by user-definition.

With these rebars, the program searches for the most economical solution. The provided rein-
forcement area should be greater than and come as close as possible to the required rein-

forcement area of 15.54 cm>

For each side, four rebars with a bar diameter of 16 mm are arranged parallel to the y-axis of
the cross-section in the longitudinal direction of the hall.

Figure 7.35: Selected longitudinal reinforcement

Clause 9.5.2(4) of EN 1992-1-1 states that the maximum longitudinal distance of the polygonal
cross-sections may not be greater than 300 mm. Therefore, a secondary intermediate rebar
with a diameter of at least 12 mm must be inserted at both sides parallel to the z-axis. Howev-
er, as we did not provide the diameter to the program, the program selects a bar with a diame-

ter of 16 mm.
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The maximum distance was specified as 300 mm in the 1.4 Secondary Reinforcement window.

L ] L ] L ] L ]
5 [ 7 a8
[ ] s — | —
g i 10 ¥
|
|
) o | e [
1 2 3 4
z

Figure 7.36: Selected longitudinal reinforcement with secondary reinforcement
This secondary reinforcement is also used in determining the provided safety.

7.1.13 Provided Safety

In the 2.1 Check of Members, window the following provided safety against failure is obtained
for CO4.

co4
y 11128

We can obtain a different safety, if we change the longitudinal reinforcement in the 4.1 Longi-
tudinal Reinforcement Provided window.

CONCRETE Columns - [Example 10 - Edge column (Complete System]] —3—
File Settings Help
Cal vJ 4.1 Longitudinal Reinfercement Provided
Input Data B [ C [ D [ E [ F [ G
: General Data tem | MNum. of ds As Location x [m]
L M aterials No. Bars fmm] [em?] from to Anchorage | Message
Cross-Sections :IM:er No. 6 - Rectangle 40/45 ]
- Reinforcement 1 8 160 16.08 0448 6.643
I Bg 2 2 160 402 0448 6648
i Parameters - by Member
Fiesults . .
=J- Check. o -
Members & | ‘:‘ 2 2
Required Reinforcement : 'I:
by Crozs-Section o o
by bdember & &
=I- Provided Reinforcement g g
i+ Longitudinal Reinforcement z 2
Shear Reinforcement o 2
- Steel Schedule . - "
(1)8 u §16.0 mu A o~
3 (2)2 u $16.0 mu
Total length: 70,960 m 57 =
Fl . b | Total weight:112 00 kg lﬁ = =
Calculation { Check. I I 3D View I l Messages. ] l Graphics I

Figure 7.37: Window 4.1 Longitudinal Reinforcement Provided

The upper table shows two items for the column: Iltem 1 is the statically required reinforce-
ment. /tem 2 is the secondary reinforcement. The latter is necessary to prevent the distance
between two rebars becoming greater than 300 mm. To select item 2, we click it. To edit this
item, we click [Edit].
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411 itudinal Reinforcement Provided

A B G D | E F
tem Num. of ds As Location x [m]
Na. Bars [mm] [em2] from | to Anchorage | Message
Member No. 6 - Rectangle 40/45

1 8 | 160 |  1608] 0448 6648
2 [ 160 | 402|  D448| 6648

T.096 m
T.096 m

1

{(1)z x 8160 mn

108 x 616.0 mm,

@\2 ® $16.0 mm, 1

@2 x §16.0 mm

Longitudinal reinforcement dimensions:
6.200/T. lap 0.445/II. lap 0.44 m
Length:7.096 m

Weight:11.20 kg

Total length:14.192 m ’ ‘
Tatal wetohti22. 40 kg &) (=) &) (=]

Figure 7.38: Modifying an item via the [Edit] button

The following dialog box appears:

s ™
Edit Longitudinal Reinforcement | Element Ne. 6, Item No. 2 ﬂ
Design Diameter of Reinforcement E?
Reinforcement bars statically effective 0 [rm] ‘%
-
Position and Length
« from: LLOO0  [m] Length without anchorage: E.200 [m] -
to: E.200 ] Length with anchorage: F.09E [m] {
2
Length: E.200 [m] Total length: 14192 [m] I
Anchorages
Anchorage Type Composite  Percentage of Contact Sticks
Stat: [Suasight ~| [Good  ~| 100,001 (%]
End  [Susight | [Good  ~| 100,001 (%]
Length of Anchorage Bending Diameter
11 12 Total dbr 8
Start: 0443 0.000 0448 [m] CLO00 [rn] H
End: 0.448 0.000 0448 [m] 0000 [m]
bdg
Position of Reinforcement Bars I
Mumber 255 Rectangle 40/45
Member coordinates and hook. rotation:
B c *
Coordinates Hook Rotatior I E
y[mm] | z[mm] Bl e
fE55 00| 90000 -, |
162.0 0.0 -50.000 =
- —1
]
a
] B
[ (] 3 ] [ Cancel

. A

Figure 7.39: Dialog box Edit Longitudinal Reinforcement

Clear the selection of the Reinforcement bars statically effective check box in the Design dialog
section, and then exit the dialog box by clicking [OK].
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The following dialog box appears:

r ~
Restart Calculaticn [&J

The pravided reinforcement has been modified. Therefore, the
provided safety must be recalculated.

Do you want ta recalculate the provided safety or do you want to
undo all modifications?

@I [ Recalculate ]| Undo || Cancel

" 4

Figure 7.40: Dialog box Restart Calculation

To restart the calculation, click [Recalculate]. Subsequently, you can view the modified safeties
in the 2.1 Check of Members window.

Without the secondary reinforcement, the following safety results for CO4.

co4

y 1.0278
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7.2  Slender Column

To recalculate the example from [2] presented according to the nonlinear method, you must
first create the following model in RSTAB.

1059.50 kN
— \.
el
E \
— il
hiss s
i
!
|
|
¥

Figure 7.41: Model for the example

A restrained member is loaded with the given load of 1059.50 kN at the end of its horizontal
leg (length 5 cm) Since the horizontal leg runs in the z-direction of the member coordinate
system of the perpendicular member, a constant distribution of the moment about the y-axis
of — 52.975 kNm is obtained. The distribution of the axial force is also constant with the value

of — 1059.500 kN (see the following figure).
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[H], L. Internal Forces [m] L. Internal Forces
O N e (@) N
-Om vy O Vy
O V2 O vz
o MT O M1
'M_: My O'ﬁ: My
'M-: Mz - O'M-: Mz
-52.975 -1059.500
52975 b -1059.500 gty

Figure 7.42: Distribution of the moment M, and the axial force N

7.2.1 Spatial Stiffness and Stability

To obtain the same results, we exclude the stability analysis about the z-axis of the cross-
section.

petails - Member Mo. 1

Cross-Section 1 - Rectangle 400/400
EGeneral Properties
B About axis y
Buckling Possible Buchling.y
System Unbraced Displace.y
Column Length ly 8.000 | m
[E] About ads z
Buckling Possible Buckling.z IEI
System Unbraced Displace.z ]

Figure 7.43: Determination of directions prone to buckling

As the figure above shows, the system is defined as unbraced in the direction of the y-axis. The

system length |y for this direction is determined from the length of the defined member No. 1.

7.2.2 Effective Length and Slenderness of the Column

The effective length coefficient is assumed to be = 2.0 for a unilaterally restrained member.
We enter this value under Effective Length — About axis y — Determined Buckling
Coefficient.

FeﬁingsforMemberNo.l |
Cross-Section 1 - Rectangle 400,400

General Properties

£ Hfective Length

About axis y
Determine Buckling Length Automatically:: | Detm-5 ]
Determined Buckling Coefficient Bz 2.000
Effective Length lo.y 16.000 | m

Figure 7.44: Effective length

The system length I, for buckling about y-axis corresponds with the column length I, = 8.0 m.
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Thus we can determine the effective length lo, for the buckling about the y-axis as follows:

IO,y = B . ICO|,y =2.0-80m=16.0m

The corresponding slenderness A, about the y-axis is then determined as:

!
ny =2 19009 435564

Y, 11547

This slenderness A, = 138.564 is shown in the program under the following entry:

lSettingsforMemberNo.l |

Cross-Section 1-Rectangle 400/400
General Properties
Hfective Length
B Slendemess
= About ads y
Slendemess Dy 138.564
Limiting Slendemess

Figure 7.45: Slenderness

For the sake of completeness, we will look at all other entries before starting the calculation.
The concrete imported from RSTAB is shown in the 2.1 Materials window. We select a corre-
sponding reinforcement steel.

1.2 Materials
A ] B [ ¢ | D
Material Material Description
Mo Reirforcing Steel Remark Comment
2 B 5005 (B)

Figure 7.46: Selected materials

We specify the following rebar diameters in the Longitudinal Reinforcement tab of the 1.4 Rein-
forcement window.

Longitudinal Reinfarcenent ] Links ] Secondary Heinfolcement] Rieinforcement La_l,lout] DIk A x

Reinforcement . Reinforcement Layout
Poszible [Double-sided - parallel to y-axis ']
diameters:
; a0
| 100
V1zo
140 -
Z 160 Reinforcement Layers
Z 200 b axirurn number
V| 250 of layers: b
V| 280
V] 300 Mini .
] a0 LM $pacing evese
- First Layer & 20,015 [mm] i
20,0 [mir]
200 [mm]
Anchorage Type
[Straight v]
] Steel surface: | Ribbed -

Figure 7.47: Tab Longitudinal Reinforcement
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In the Reinforcement Layout tab, we define the same axial spacing of the concrete cover as in
the example from literature.

LongitudinalHeinforcement] Links ] Secondary Reinforcement  Reinforcement Layout ] DIk A

Concrete Cover

Reference to:

@ Rebar centroidal aviz My 40.01% [mm] —u-]—a—cy
uz: 40,05 [mm] I p——
W
: U
Edge of rebar 2755 [mm] ~
2755 [mm] M
.o .e w 4
Civver ace. to Standard =] c 3
|
Febar diameter for z
preliminary design ds: 120 = | [mm]
Settings

Relewant internal forces for
concrete design:

S M7
7] vy 7] My
e Mz

Figure 7.48: Tab Reinforcement Layout

Now the relevant input is complete and we can start the calculation. First, the program checks
whether a standard design is sufficient or a stability analysis is necessary.

7.2.3 Limiting Slenderness According to 5.8.3.1(1)

First, the program must determine a required reinforcement for the load. This required rein-
forcement is given as 51.34 cm?/m in the results windows 3.1 Required Reinforcement by Cross-
Section and 3.1 Required Reinforcement by Member.

3.1 Required Reinforcement by Cross-Section

e B | c [ D [ E [ F [ G [ H
Section |Reinforcement Member| Position| LC /CO Reinforcement Ermor ar
Na. Type Mo. | x[m] RC Area Unit Motice

1 Rectangle 40/45
Longitudinal {1 0.000 | CO1 As 51.34 [cm?

Figure 7.49: Required Reinforcement

The intermediate results begin with the following three main entries:

petails - MemberMNo.1 - 0000 m - LC1
:El Govemning Load

Marmal Farce N -1059.500 | kN
Momert About y-fuds My -52.975 | kNm
Moment About z-fods Mz 0.000 | kNm
[El Hfective Length According to 5.8.3.2
Bl Effective Length About Axis v 10,y 16.000 [ m
Column Length Iy 8.000 | m
Buckling Coefficient By 2.0000
Bl Effective Length About Axis z loz 8.000 | m

Mo stability check in this direction according to user specification
E Slendemess According to 5.8.3.2

E Slendemess About Axis v Ly 138.5640
Effective Length lo.y 16.000 | m
Radius of Gyration iy 1155 | mm

Bl Slendemess About Axis z Lz 0.0000

Mo stability check in this direction according to user specification

Figure 7.50: Display of the intermediate results
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To determine the limiting slenderness, the relative compression force must be determined
first. The following expressions are used to this end:

N
n=__\Ed
Ac'fcd
where :
A.=y-z=40-40=1600 cm’
-f 85-
fg=Sla 08520 4 a3 N ey
Ye
N 1059.5
n= [Neal __| | ~0.584 > 0.41

A -fq 1600-1.133

Mjim =25 for|n| > 0.41

In the program, these parameters are shown under the entry Limiting Slenderness According to
5.8.3.1(1).

petails - MemberNo.1 - = 0000 m - LC1

[H Govemning Load

Hfective Length According to 5.8.3 2
Slendemess According to 5.8.3.2

= Limiting Slendemeszs According to 5.8.3.1 (1)

[E Relative Mormal Force n 05843 | =041
Momal Force Ned -1059.500 | kN
Area of Cross-Section Ac 1600.00 | cm2

= Design Value of Concrete Compr. Strengt | f g 11.33 | N/mmE
Char. Concrete Compressive Strength | Fok 20,00 | N/mm2
Reduction Factor o 0.8500
Partial Safety Factor for Concrete Te 1.5000

Limiting Slendemess About Axis y Jlim,y 25.0000

Limiting Slendemess About Axis z Liim,z 25.0000

Figure 7.51: Limiting slenderness according to 5.8.3.1(1)

The slenderness A, about the y-axis has the value of 138.564 and is greater than the limiting
slenderness. Thus, according to clause 5.8.3.1(1), the second order effects must be determined.

Details - Member No.1 - x 0.000 m - LC1

[ Goveming Load

Hfective Length According to 5.8.3.2
Slendemess According to 5.8.3.2

Limiting Slendemess According to 5.8.3.1 (1)

il Design Type

[ Conditions of standard design according to 5.8.3.1 (1)
El Condition About Peds y Ly Z hiimy Failed
Slendemess Provided Ly 138.5640
Limiting Slendemess About fuis y i,y 250000
[ Condition About Awis z Lz £ himz Passed

Mo stability check in this direction according to user specification

Condition of standard design fuffiled? Failed

[ Condtions of standard design according to 5.8.3.1 (1)
System immobile ? No
No load moment(s) at the end of the colu No
Column not loaded by shear load? Yes
Normal force distrbution constant ? Yes
MNomal force is not @ compressive force? No
B Condition of standard design fulfilled 7 No

Stability Check Required

Figure 7.52: Design Type
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7.2.4 Intended Eccentricity According to 5.8.8.2

The intended eccentricity according to EN 1992-1-1 is determined as:

e :M: —52.97kNm —0.05m
N —1059.50kN

petails - MemberNo,1 - 0000 m - LC1

[ Geveming Load

Hfective Length According to 5.8.3.2
Slendemess According to 5.8.3.2

Limiting Slendemess According to 5.8.3.1 (1)

Design Type
:E Eccentricities
Bl Intended Eccentricity Accordingto 5.8.8.2
[ Intended Eccentricity in z-direction 0z -50.0 | mm
Moment Diagram Along the Support Diagram My Constart
Moment About Aeds y My -52.975 | kNm
Absolute Mommal Force M 1053.500 | kN
[ Intended Eccentricity in y-direction ey 0.0 | mm
Moment Diagram Along the Support Diagram Mz Constart
Moment About Axis 2 Mz 0.000 | kNm
Absolute Nomal Force M 1059.500 | kN

Figure 7.53: Intended eccentricity according to 5.8.8.2

VAN

Dlubal

7.2.5 Eccentricity due to Imperfections According to 5.2

Imperfections may be calculated as inclination according to 5.2(5).

8 =60 0 - am = 1/200 - 2/4/8 - /(0.5 - (1+1/1)) = 0.003536

ei=1-6;=8000-0.003536 =28.3 mm

D'etails - MemberNo.1 - 0000 m - LC1
Govemning Load
Hfective Length According to 5.8.3.2
Slendemess According to 5.8.3.2
Limiting Slendemess According to 5.8.3.1 (1)
Design Type
[ Eccentricities

Intended Eccentricity Accordingto 5.8.8.2

Bl Eccentricity due to imperfection according to 5.2

[ Eccentricty Due to Imperfection in z-direc | 2z -28.3 | mm
B Inclination Biz 0.0035
Basic Value of Inclination @o 0.0035
Column Length ly 8.000 | m
E1 Reduction Factor for Column Mumbe | otm 1.0000
According to user specification, the column will be designed as a single column
Buckling Length loy 16.000 | m
[ Eccentricty Due to Imperfection in y-direc | ey 0.0 [ mm

MNo eccentricity due to imperfections, as there is no buckling risk acccording to user

Figure 7.54: Eccentricity due to imperfections according to 5.2
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7.2.6 Minimum Eccentricity According to 6.1.(4)

As a rule, a minimum eccentricity of emin=h /30 = 20 mm (where h is the cross-section height)
is to be applied for cross-sections with normal compressive force:

emn=400/30=13.33mm =>20mm

petails - MemberNo,1 - 0000 m - LC1
Goveming Load
Hiective Length According to 5.8.3.2
Slendemess According to 5.8.3.2
Limiting Slendemess According to 5.8.3.1 (1)
Design Type
[ Eccentricities
Intended Eccentricity According to 5.8.8.2
Eccentricity due to imperfection according to 5.2
B Minimum Eccentricity According to 6.1 (4)

= Minimum Eccentricity in z-direction Emin,z -20.0 | mm
Thickness of Structural Member hwz 400.0 | mm
Minimum Value of Minimum Eccentricitt | &20 mm.z 20.0 | mm

= Minimum Eccentricity in y-direction € miin,y 0.0 | mm

Mo use of minimum eccentricity, as there is no buckling risk acccording to the user s

Figure 7.55: Minimum eccentricity according to 6.1.(4)

7.2.7 Moments According to First Order Theory
The first order moments are determined as follows.

Meg1=Neqg - (€, +€;,)=—1059.50-(0.05 +0.0283) = ~82.94 kNm

Details - Member Ne.1 - %0000 m - LC1
Goveming Load
Hfective Length According to 5.8.3.2
Slendemess According to 5.8.3.2
Limiting Slendemess According to 5.8.3.1 (1)
Design Type
‘i+] Eccentricities
E Moments According to First Order Theory

El Moments Acconding to First Order Theory

Design Nomal Farce MNEd -1055.500 | kN
= Moment About fods y MEd, 1.y -32.942 | kNm
Bl Calculated Total Eccentricity in z-Direc | ezaie 1,2 -78.3 | mm
Intended Eccentricity edz -50.0 | mm
Eccentricty Due to Imperfection giz -28.3 | mm
B Moment About fxis z Med 1.z 0.000 | kNm

Mo buckling risk according to user specifications

Figure 7.56: Moments according to first order theory

7.2.8 Second Order Moments

The second order moment M;according to 5.8.8.2(3) is given as:
M2 = Ned - €2
where :

Nea  Design value of the axial force

e Deformation (= additional eccentricity due to loading)
er=(1/r)-(l)?*/ c

1/r Curvature
lo Buckling length

d Factor depending on the curvature distribution = n?
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The curvature according to 5.8.8.3(1) for structural components with a constant symmetrical
cross-section (including reinforcement) may be calculated as follows:

1/r=K: Ko+ 1/ro

Ki =(nu— n)/(nu— nwa) Correction factor depending on axial force according to 5.8.8.3(3)
N = Neg / (Ae.fea) = 1059.500 / (1600 - 11.33) - 100 = 0.5843  Relative axial force
W=As-fya / (Ac-fea) =63.71-434.78 / (1600 - 11.33) = 1.5280
ni=1+w=1+1.5280=2.5280
Npat = 0.4

Ki =(nu— n)/(nu— nea) =(2.5280- 0.5843)/(2.5280 — 0.4) =0.9134 < 1.00

Ko =1+ B - @er Factor for taking account of creep according to 5.8.8.3(4)
B=0.35+f«/200- A/150=0.35+20/200 - 138.564 / 150 =-0.474
@er = @(o0,to) - Moeqp/ Moea Effective creep ratio according to 5.8.4

@(eo,t0) Final creep ratio acc. to 3.1.4 acc. to specifications in window 1.3 Cross-Sections

CONCRETE Columns - [Slender_Column] )
File Settings Help
Al +| 1.3 Cross-Sections
Input Data A E [ c LD £ Rectangle 400/400
Cepeabata Section | Material Creep
léiateng\s No. Mo.  [Cross-Section Descriptio] Remark | Coefficient Comment 400
£ iEI0esaeelon I 1 | Rectangle 400/400 37152
= F\_e\nforcememt s
[ /
.. Parameters - by Member . b
Resuls Settings for Creep ‘
?'Eghe;lk b i Counting Form 5 S ”.‘.
embets Determination of Creep Coefficient Age !
Required Reinforcement i Data i
By ose Secton Corsicered Age of Concrete (Creep) b 27353 Days i
Y Memner (] Hfective Component Thickness H
=I- Provided Reinforcement Area of Cross-Section Ae 0960 [ m2 -
- Longituding! Reinforcement Air Exposed Permeter " - 1600 m z
gheTrSHz:n;orlcememt Effective Component Thickness hg 0.200 | m
e ERiEE Type of Cement Cem. Typ N [mm]
Relative Humidity RH 50 % _
(] Age of Concrete at the Beginning of Creep Determine
Consider temperature Mo
Effective Age (Temperature) tT 7000 | Days Crozs-section Mo, 1 used in
Consider type of cement Yes Members: 1
Age of Concrete at the Beginning of Creep to 7.000 | Days Sets of
E Result members: -
Determined Creep Coefficient oftto) 3715
I Length: 8.050 [m]
T Mass: 315882 [ka]
Materiat  1-C te C20/25
< o D Set Settings for el oncice
@ Cross-section: 1 - Rectangle 4004400 -
) All cross-sections
*) Cross-section No.: |1

Figure 7.57: Determination of the creep ratio in window 1.3

@et = P(o0,t0) - Moegp/ Moea=3.7152 - 82.942 / 82.942 = 3.7152

Moeqp is the second order bending moment under the quasi-permanent load combination. Moed
is the first order bending moment under the design load combination. The ratio can be limited
to 1.00 in the Creep-Producing Permanent Load tab of the 1.1 General Data window.

Ko =1+B-@er =1+(-0474)-3.7152=-0.449= 1.0
1/ro=¢&ya/ (0.45-d) =2.17/(0.45-360) =0.013 1/m

1/r=Kr -Kg-1/r0 =0.9134-1.0-0.013=0.012
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The additional eccentricity of load e, due to second order effects is given by the following
expression.

ex=(1/r)-(l)*/c=0.012-16*/ m*=0.3138m

If the eccentricities due to second order theory are known, the second order moments can be
determined as:

M2 = Ne4 - €2 =1059.5:0.3138 =332.47 kNm

Med2 = Ned - (e0+ €1+ €2) = 1059.5 - (0.050 + 0.0283 + 0.3138) =415.389 kNm

D‘etails - MemberNo.1 - 0000 m - LC1

[ Geveming Load

Hfective Length According to 5.8.3.2
Slendemess According to 5.8.3.2

Limiting Slendemess According to 5.8.3.1 (1)
Design Type

Eccentricities

:E] Moments According to S« d Order Theory
Bl Eccentricity Through Second Ord. Th. Accordingto 5.8.8.2(3)

= Eccentricity Through Second Order Thee | e2z -313.2 | mm
[ Curvature in zplane 1/rz 1.0000
El Selected Factor (Normal Force) sel Krz 138 5640
[ Calculated Factor (Normal Force) | Krz 0.012 | 1/m
B Max. Uttimate Limit State Ny 0.9125
Ratio o] 0.9125
Relative Nomal Force n 2.5065
Resistant Concrete Normal Fon | npal 1.5065
Bl Selected Factor (Creep) sel Ky 2 05843
Calculated Factor (Creep) Koz -0.4000
Bl Curvature in z-plane 1/roz 0.012 | 1/m
[ Strain (Yield Stress) Eyd 217 | %
Design Value of Yield Stress [ Fyd 434 78 | N/mm2
E-modulus Es 200000.00 | N/mm2
Fffective Depth dz 360.0 | mm
Buckling Length loz 16.000 | m
Factor (Curvature Distribution) & 5.8696
[ Eccentricity Through Second Order Thee | 2.y 0.0 | mm
Curvature in yplane 1/ry 0.014 | 1/m
Buckling Length loz 12.400 |m
Factor (Curvature Distribution) & 5.8696

Mo stability check in this direction according to user specification
El Moments According to Second Order Theory

Design Mormal Force NEg -1059.500 | kN
[ Momert About Axis y MEd y2 -415.389 | kNm
[ Total Eccentricity in z-direction EZtotz -352.1 | mm

Eccentricity Through Second Ord. T ez -313.8 | mm

[ Eccentricity (First Ord. Th.)in z-direc (e 1z -78.3 | mm

Intended Eccentricity edz -50.0/ | mm

Eccentricity Due to Imperfection | eiz -28.3 | mm

Minimum Eccentrictty in z-direction | e min.z -20.0 | mm
Moment About Peds 2 MEd 22 0.000 | kNm

Figure 7.58: Moments according to second order theory

The first design is carried out for this applied second order moment together with the applied
axial force. In the subsequent program flow, the required reinforcement is taken as provided
reinforcement for every repeated design. Next, the applied second order moment is redeter-
mined. A required reinforcement is recalculated for these moments. The recalculated rein-
forcement is reapplied as provided reinforcement to determine a new second order moment.
This interaction between provided reinforcement and second order moments is continued un-
til the moment does no longer change significantly.

In our case, the moment is changed from 415.389 kNm to 412.565 kNm. Together with the
axial force 1059.50 kN, this value is used for the design.
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[ntermediate Results Rectangle 400,400 - LCL
Govemning Load
Hfective Length According to 5.8.3.2
Slendemess According to 5.8 3.2
Limiting Slendemess According to 5.8.3.1 (1)
Design Type
Eccentricities
Moments According to First Order Theory
Moments According to Second Order Theory
i Statically Required Reinforcement

= Design Intemal Forces

Marmal Farce NEd -1055.50 |kN
Moment About y-feds Due to Second Ord | MEd vz 412565 | kNm
Moment About z-fis Due to Second Ord | MEd 22 0.000 | kNm
Bl Curvatures
Curvature in Plane z 1/rz 0.015 | 1/m
Curvature in Plane y 1/ry 0.000 | 1/m
Points of Cross-Section
Febars
Statically Required Reirforcement reg Az stat 51.34 | cm2

Figure 7.59: Statically required reinforcement

Under the entry Point of Cross-Section, the concrete strains and stresses can be found for every
point shown in the graphic on the right-hand side.

= Cross-5Section Point MNo. 1
Coordinate y Yo 200.0 | mm
Coordinate z g 200.0 | mm
Strain o -3.50 | %
Stress T -11.33 | N/mm2

[ Cross-Section Point Na. &

[# Cross-Section Point Na. 3

[+ Cross-5ection Poirt i No. 4

Figure 7.60: Stresses and strains of the individual cross-section points

Similarly, the coordinates of the individual rebars as well as the strains and stresses in these
bars are shown under the entry Rebars.

Bl Rebars
MNumber of Reinforcement Bars Ns 22
[ Reinforcement Bar Na. 1
Coordinate y ¥s -16.0 | mm
Coordinate z s 16.0  mm
Strain s 291 | %
Stress s -434.78 | N/mm2
Reinfarcement Bar No. 2

Figure 7.61: Stresses and strains of the individual rebars

Strains and stresses are shown together in the graphic window for concrete and reinforce-
ment. This representation can be changed by using the various buttons below the graphic
window. Moreover, you can open a special dialog box, showing the stresses and strainsin a
clearly-arranged way in two tables for concrete and steel.
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Strains and Stresses | |
Posttion Rectangle 400/400
Member No.: 1 -5 W 0.000 g::‘:.lcfg?: gg::g
Concrete
C D
Strain Stress
[l [N/mm2]
L 350 113333
2 0200 00979825 200 113333
3 0200] 00380407 0.00 0.00
7 0.200 0.200 238135 0.00
5 0.200 0.200 238135 0.00
G 0200 00380407 0.00 0.00
7 0200[ 00979825 200 113333
g 0.200 0.200 350 113333
Reinforcement
B C D A
Point Coordinates [m] Strain Stress D U
No. y : [l [N/mmZ] g
0,160 0160 291186  -436.716
2 | 0151795 0160 291186  -436.716
3 0.14359 0160 291186  -436.716
4 | .135385 0.160 291186 436716
5 0127179 0.160 -2.91186 -436.716 Concrete Max/Min: 238/ -3.50 %o 411y
6 | -0.118574 0160 291186  -436.716 Reinforc. Max/Min: 179/ 2.81%  (41)/ (1)
7| 0110789 0.160 291186 436716 i1
1.005 | E
8 | -0.102564 0160 291186  -436.716 2
9 | 0.034359 0160 291186 435716 | Conceete [[H] iaf) 10
10| -0.0851538 0160 291186  -436.716 o =
1| 0.0779487 0160]  291186] 436716 +| FEne ) o

\

Figure 7.62: Representation of the strains and stresses of concrete and reinforcement

The details table in the window 3.1 Required Reinforcement by Cross-Section is concluded by
two entries: the entry concerning the determination of the Minimum Reinforcement and the
entry regarding the Required Reinforcement that is obtained as the greater reinforcement from
the statically required reinforcement and the minimum reinforcement.

[ntermediate Results Rectangle 4007400 - LC1

[ Goveming Load

Hiective Length According to 5.8.3.2

Slendemess According to 5.8.3.2

Limiting Slendemess According te 5.8.3.1 (1)

[ Design Type

Eccentricities

[H Moments According te First Order Theory

H Moments A ding to S

1 Order Theory

[ Statically Required Reinforcement

= Min. Reinforcement According to Standard

Design Normal Force Ned -1059.500 | kN
Design Value of Yield Stress Fyd 43478 | Nfmm2
Minimum Reinforcement Acc. to Standard req As,min, Stand 366 | cm?

E Required Reinforcement
Statically Required Reinforcement req As stat 51.34 |cm?
Minimum Reinforcement Acc. to Standard req As,min, Stand 366 | cm?
Required Reinforcement req Az 5134 |cm?

Figure 7.63: Entries Minimum Reinforcement and Required Reinforcement

The minimum reinforcement is determined according to EN 1992-1-1, 9.5.2(2) as follows:

Peo| _

A =0.15- 0.15-

s,min

|— 1059,50
flq 43478

=3.66 cm’
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7.2.9 Provided Reinforcement

According to EN 1992-1-1 clause 9.5.2(3), the total reinforcement area may not exceed the
maximum value of 0.09 A..

Agmax =0.09-A. =0.09-1600 cm” =162 cm®

We provided the following rebar diameters to the program: 12, 14, 16, 20, 25, and 28 mm.

The program searches for the rebars yielding the most economical solution, that is, the provid-

ed reinforcement area shall be as close as possible but greater than the required reinforce-
ment area.

A provided safety of ultimate state of 1.1094 is calculated.

Details - MemberNo.1 - 0000 m - LC1 | Rectangle 400/400 LG1 / Uktimate State
Moments According to First Order Theory .|| Concrete : Strain

Moments According to Second Order Theory Reinforc. : Strain

[ Provided Reinforcement 5 % s » »

[ State of Strain
[ Ultimate State e Pt

[ ] L aiiakie b Rid 2
H Verification i .
Required Safety of Uttimate State req 10 ' * o o
& Provided Safety of Ultimate State prov 7 1.1094 '
[ Design Intemal Forces &L
Normal Force Ned -1059.500 | kN =
Moment About y-Auds According to Sec | Med yz -417.074 | kNm =\l concrate Max/Min: 217/ -2.90 %o
Moment About 2-fxis According to Sec | MEdzz 0.000 | kNm Reinforc. Max/Min: 1.67/-2.40 %o
3 Uttimate Intemal Forces -
Uttimate Normal Force Ny -1175.360 [ kN 10E
Ukimate Momert About y-fods My 462,635 | khm Concrete: (@] [
Ukimate Moment About z-Axis Mz, 0.000 | kNm

Design Criterion {req 7/ prov ) Criterion 0.9014 - | Reinfore.:

Figure 7.64: Provided safety of ultimate state

-
dn_wk

Parallel to the y-axis of the cross-section, five rebars with a diameter of 22 mm are arranged for

each side.

41 Lengitudinal Reinfercement Provided

e e | c | b [ E | F [ G

ltem Num. of d= Az Location x [m]

Mo Bars [mm] [emZ2] from to Anchorage | Meszage

-E Member Na. 1 - Rectangle 4DD,-’4|]'D

1 10 260 53.09 -1.012 5.012

2 2 260 10.62 -1.012 5.012 .
e

| ] E
5 3
I n
- -
£ g
B ®
al 3
(= ()]

L1)10 x $26.0 mm

LZ2l2 x $26.0 mm

Teotal Llength: 120,291 m
Total weight:501.35 kg

Figure 7.65: Longitudinal Reinforcement Provided
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The secondary reinforcement can be defined as statically ineffective in the dialog box Edit Lon-
gitudinal Reinforcement.

4.1 Longitudinal Reinfercement Provided

B | c b 1 E 1] F [ G
ltem Num . of ds A= Location x [m]
No. Bars [mm] [em2] from to Anchorage | Message

Member MNo. 1 - Rectangle 400/400
53.09 -1.215 3.215
10.62 -1.215 9215

Edit Longitudina)l,-'lReinforcement| Element Na. 1, Item Na. 2

Diameter of Reinforcement

b [rarn]

Figure 7.66: Deactivating the static effectiveness of the secondary reinforcement

Dezign

IEF! einforcement bars statically effective

The calculation is restarted, thus reperforming the safety analysis. Without considering the
secondary reinforcement, the provided safety is reduced from 1.1094 to 1.0247.

petails - MemberMo.1 - 0000 m - LC1 | Rectangle 400/400 LC1/ Ultimate State
Moments According to First Order Theory » |Concrete : Strain
Moments According to Second Order Theory Reinforc. : Strain

[H Provided Reinforcement LI I
State of Strain

' Ultimate State . [ e b Rl
E Verification i .
Required Safety of Ulttimate State req 1.0 o & * & &
[E Provided Safety of Utimate State prov 7 1.0247 ;
= Design Intemal Forces ';
Mormal Force = -1059.500 | kN =
Moment About y-feds According to Sec | Medyz -411.104 | kNm =||concrete  MaxMin: 2.7/ -2.90 %o
Moment About z-Axis According to Sec | Med 2z 0.000 | kNm Reinforc. Max/Min: 1.67 / -2.40 %
3 Utimate Intemal Forces -
Uttimate Normal Force Ny -1102.380 [ kN O
Ultimate: Momert About y-fods Meyu -432.210 | kNm Concrete: @ @ ik
Uttimate Moment About z-fxis Mz,u 0.000 | kNm . e
Design Criterion ireq 7/ prov 7) Criterion 0.5759 - |Reinforc.:

Figure 7.67: Provided safety of ultimate state without secondary reinforcement

The influence of the provided longitudinal reinforcement on the safety can be seen under dif-

ferent entries of the details. First, a modified provided longitudinal reinforcement has an im-

pact on the applied second order moment.

The statically effective reinforcement can be found in the following entries of the details ta-

bles:

Design

Design

[C Reinforcement bars statically ffective Reinforcement bars statically effective

pata\\s - MemberNo.1 - x 0000 m - LC1 ”3&‘(3\\5 - MemberNo.1 - x0000m - LC1

B Provided Reil » ;] Provided Rei -
E From tem | No. | 1] B From fem | No | 1]
liem Statically Effective | | es | ltem Statically Effective | | Yes |
Rebar Diameter |ds 0.026 | m Rebar Diameter |ds 0026 | m
Area of Cross-Section per Rebar |as 531 [emE | Prea of Cross-Section per Rebar [as 531 [emf |
Number |ns 10 | Number |ns 10 |
Total Reinforcement Area | prov A= 53.09| cm? | Total Reinforcement Area | prov A: 53.07 | cm? |
E From tem | No. 2lm | B From ttem | No 2lm ]
ltem Statically Effective | ] ttem Statically Effective | Yes |
Rebar Diameter [d= oo m Riebar Diameter R tm &
Area of Cross-Section per Rebar |as 314 | em? | Area of Cross-Section per Rebar |as 314 | em? |
Number |ns 2 | Number |ns 2 |
Total Reinforcement Area | prov A= E.28 | cm? | Total Reinforcement Area | prov A £.28 | cm? |
Provided Reirforcement | prov Az E3.09 | emd |- Provided Reinforcement | prov A 5309 | cmi |-

Figure 7.68: Check of the static effectiveness of an item

Furthermore, only the statically effective rebars are shown in the display of the stresses and de-
formations in the table and graphic.
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The following specifications were entered for the fire resistance design according to example
10 [3]. We analyze the column with four sides exposed to fire according to the fire resistance

class R30.

CONCRETE Columns - [Example 10 - Edge column (Complete System)]

=

File Settings Help

CAl

Input Data

i General Data

- M aterials
Cross-Sections

i Parameters - by Member
Results
: ck
Mermbers
uired Reinforcement
by Crozs-Section
by bdember
- Provided Reinforcement
Longitudinal Reinforcement)
Shear Reinforcement
Steel Schedule

< [ [ b

- ] 1.4 Reinforcement

Reinforcement Group
Mo.:
1

Description:

Links ] Secandary Heinfulcemenl] Reinforcement Layuut] EN 1992-11  Fire Resistance 1 4

Data for Fire Resistance Design

Fire Resistance Class, Partial zafetp factors according to 2.3(2)
[Ma& parameter]

Mumber of zones 30 = =
- For concrete o fi 1.00=

Type of concrets aggregates: - For ieinforcement ysfi: 1.004

Classification of reinforcement
with regard to temperature

roperties: Clags N * | Reduction factor in consideration of long term
prop:
Production type of reinforcing Inading effects
steel Hotroled = | gy compressive i -
load e, fi 1.00-%

Crogs-section sides For tensi

3 - For lensie -
exposed to fire; . . Ioad Sendi: 100/

Al sides

Conzider precamber due to
temperature gradient

Dresign longitudinal reinforcement for
fire resistance

Applied to
Members: E

Material Factors in Case of Fire

Consider thermal strain of concrete and
teinforcement steel

Consider Checks

[ Check of shear farce

Calculation

Rectangle 40/45

Rectangle 40/45

[Tl
Al

Figure 7.69: Window 1.4 Reinforcement, tab Fire Resistance

To start the calculation, we click the [Calculation] button. The 2.1 Check of Members window

shows the results.

CONCRETE Columns - [Example 10 - Edge column (Complete Systemj]

[

File Settings Help

CAl

Input Data
i General Data

Material:
- Cross-Sections
einforcement
1
Parameters - by Member
Results
El- Check.

i e Members

-]

= Required Reinforcement
by Crozs-Section

by Member

- Provided Reinforcement

Longitudinal Reinforcement]
Shear Reinforcement
- Steel Schedule

1 [z T r

2.1 Check of Members
[ A [WEN C [D] E
Member | Location Goveming Design
No. % m] Load Case Ratio Design Comment
B Cross-Section No. 1 - Rectangle 40/45
0.000 | CO4 -min N 0.8607 | =1 | 100) Check of critical cross-section of model column acc. to 5.8.8
6.200 | CO4 - max My 0.0384 | =1 | 201) Shear check (Ves / VRa,e < 1) acc to 622 (2) with (6.4)
0.000 | CO3 -min N 0.2263 | £1 | 202) Shear check (Ved / VRd,c £ 1) acc. to 622 (1)
[ 0.000 0.8763 | <1 | 100) Fire Resistance - Check of critical cross-section of model column acc. to 5.8.8
[T &l load cases Ma: 08763 <1 @ Ty
Detalls - Member No.6 - x 0000 m - CO3 Rectangle 40/45
o Te Course in Concrete Cr Secti . || Concrete : Strain
1 Half the Width of the Equivalent Wal w 0.200]m Re
Fire Exposure Dirsction 2/ 2wy EROEZD
Structural member considered as Column =
Fire Exposure Duration T 30 | min &
Type of Concrete Aggregates = Quartz-conti 2 e S
Zone Thickness t 0.007 |m E ) Z
Number of Zones n 30 =F ~
E Damaged Zone az 0.021 |m *
Structural member considered as Column &
Reduction Factor at Point Mfrom 2.3 Tab. | kc(@w) 1.0000 Concrete MaxMin: 7.23/ -1.80 %o
Mean Reduction Factor kem 0.9173 Reinforc. Max/Min: 4.70/ -3.59 %o
Half the Width of the Equivalent Wall w 0.200 |m =
Reduced Concrete Properties 10E
Ri Rei ing Steel F Cancrete:
i T Difference of (1 and Steel .
el reie: (5]

Figure 7.70: Window 2.1 Check of Members
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This table shows for each designed cross-section the governing safety values determined dur-
ing the fire resistance design. The values result from the entered parameters of the reinforce-
ment groups for the fire designs, the provided reinforcement, and the internal forces of the
relevant actions.

In the lower part of the window, the Details for the entry selected in the table row above are
shown. Thus, due to the intermediate results, it is possible to evaluate the results specifically.
The output of the design details in the lower part will be updated automatically as soon as an-
other row is selected in the upper part.

Member No.

For each cross-section and each design type, the table shows the number of the member
providing the smallest safety.

Location x
The column shows the respective x-location on the member which is governing for the fire re-
sistance design. For the table output, the program uses the following RSTAB member locations
X:

e Startand end node

e Partition points according to possibly defined member division

e Extreme values of internal forces

Governing Load Case
This column displays the numbers of the load cases, load combinations, or result combinations

that are decisive for the respective designs.
Design, Ratio

This column informs about the minimum safety factors y for each type of design. If the safety is
less than 1, the fire resistance design is fulfilled.

The design relevant input data and the intermediate values are specified in the Details table.

D‘etails - Member No.6 - x 0000 m - CO3 |

(] Temp re Course in Concrete Cross-Section HPS
[ Half the Width of the Equivalent Wall w 0200 | m
Fire Bxposure Direction sz iy
Structural member considered as Column
Fire Expasure Duration T 30 | min
Type of Concrete Aggregates - Quartz-cont:
Zone Thickness t 0.007 |m
Number of Zones n 30
B Damaged Zone az 0021 | m
Structural member considered as Column
Reduction Factor at Point M from 2.3 Tab. | kc{@m) 1.0000
Mean Reduction Factor kem 0.9173
Half the Width of the Equivalent Wall w 0200 | m

Reduced Concrete Properties
Reduced Reinforcing Steel Properties
[ Temperature Difference of Concrete and Steel -

Figure 7.71: Information on the Temperature Course and the Damaged Zone

In the graphic, the temperature course and the damaged zone can be shown together with
the dimensions. The detailed values for the individual zones can be displayed by clicking the
corresponding buttons (see the following figure).
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Rectangle £00/450 ( [ =
Concrete  Strain Temperature Course .
Reinforc. : Strain
2 (85 602,70 Temperature Distribution in Zone Center Temperature Course in Equivalent Wall
= Murnber of zones: [
sl W
E " *y Thickness of zane: 0007 [m] a8
& | B C -
- ZFone Edge Distance| Temperature in Reduction ||
= i «i [m] Zone Center['C]|  Factor k o(8)i
Concrete Max/Min: 7.23/ -1.80 % 0.003 291.0 0.0858 || =
Reinforc. Max/Min: 4.70/ -3.59 %o 2 0.010 675.0 0.3375
3 0.017 4580 0.6625
4 0.023 3200 0.8300| |
5 0.030 260.0 0.8500
6 0.037 200.0 0.9500
7 0.043 158.0 0.9708
8 0.050 1350 0.9825
E] 0.057 111.0 0.9942
10 0.063 <100.0 1 >
11 0.070 <100.0 1 *
12 0.077 <100.0 1f=
@) (=) ook

L

Figure 7.72: Temperature course and damaged zone - graphic

A table displays the Temperature Distribution in Zone Center. The graphic shows the Tempera-
ture Course in Equivalent Wall according to EN 1992-1-2, Annex A.

The reduced properties for concrete and steel are used in the calculation.

Retai!s - Member No.6 - 0000 m - CO3

Temperature Course in Concrete Cross-Section

Damaged Zone |a: 0.021 |m
[E Reduced Cencrete Properties
Bl Reduced Concrete Compressive Strength | Fad@) 30,000 | N/mm2
Temperature at Point M from 2.3 Tab. "] 100 | °C
Reduction Factor for Concrete Compressi | k (@) 1.0000
El Reduced Tensile Strength F ok, 1(6) 2900 | N/mm2
Reduction Factor for Concrete Compressi | k (@) 1.0000
Reduction Factorfor Concrete Tensile St | k¢ (@) 1000.0000
HE Reduced Modulus of Elasticity Ecd(@) 28300.000 | N/mm2
Temperature at Point M from 2.3 Tab. ay 100 | °C
Reduction Factor for Concrete Compressi | k (@) 1.0000
Reduced Reinforcing Steel Properties
[H Temperature Difference of Concrete and Steel
Figure 7.73: Reduced concrete properties
petails - Member No.6 - 0000 m - CO3
Reduced Concrete Properties
= Reduced Reinforcing Steel Properties
[l Reduced Tensile Strength of Reinforcemert | Fzy, +{8) 401.000 | N/mm2
Temperature at the Center of the Reinfor | 8= 298 | °C
Reinforcing Bar Strain at Temperature @ | 2 i 0.250 | %
Reduction Factorfor Tensile Strength k= 18} 0.8020
Applied Curve from Fig. 4.2 3.0000
El Reduced Modulus of Blasticity for Tensile S | Ezy,8) 160400.000 | N/mm2
Temperature at the Center of the Reinfor | 8= 298 | °C
Reinforcing Bar Strain at Temperature @ | 2 i 0.250 | %
Reduction Factor for Modulus of Elasticity | Esy.@ / E= 0.8020
B Reduced Compressive Strength of Reinforc | Fzy o(@) 401,000 | N/mm2
Temperature at the Center of the Reinfor | @2 298 | °C
Reduction Factor for Compressive Streng | ks, o(8) 0.8020
Applied Curve from Fig. 4.2 3.0000
H Reduced Modulus of Blasticity for Compress | Ezy, (@) 150400.000 | N/mm2
Temperature at the Center of the Reinfor | &= 293 | °C
Reduction Factor for Modulus of Hlasticity | E=y,e / E= 0.8020
B Reduced Steel Tensile Strength of Shear B | Fy zw, 7€) 412.000 | M/mm2
Reference Temperaturs BF s 480 | °C
Reduction Factorfor Tensile Strength k 5 =w(B) 0.8240
Applied Curve from Fig. 4.2 3.0000

Figure 7.74: Reduced reinforced steel properties
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Details - Member No.6 - x 0,000 m - CO3
Temperature Course in Concrete Cross-Section

Damaged Zone az 0.021 |m

Reduced Concrete Properties

Reduced Reinforcing Steel Properties

‘S Temperature Difference of Concrete and Steel
Length change of concrete e fi 0.153 | %
Mean value of concrete temperature L1 176 | °C
Type of Concrete Agaregates - Quartz-cont:
Length change of steel s fi 0.369 | %
Temperature at the Center of the Reirforcin | @z 298 | °C

£ Goveming Load

Figure 7.75: Temperature gradient of concrete and steel

VAN

Dlubal

At the end of the Details table, all initial values of the designs are shown. The design safeties
result from the ratio of the ultimate internal force in case of fire and the analyzed internal force

acting on the cross-section.

petails - Member No.6 - 0000 m - CO3

[ Verification
Required Safety of Utimate State ireqy 10
Bl Provided Safety of Ultimate State prov 7 1.1411
= Design Intemal Forces
MNormal Force NEd -431.000
Moment About y-fuds According to Sec | Medyz2 -202 890
Moment About z-fis According to Sec | Medz2 23620
(1 Uttimate Intemal Forces
Uttimate Nomal Force Nu -491.828
Ultimate Moment About y-fuis My u -231.522
Uttimate Moment About z-fxis Mz,u 9.236
Design Criterion {req v/ prov ) Criterion 08763

Figure 7.76: Verification

kN
keNm
feNm

kM
leNm
kMNm

The Design Criterion shows that the design is fulfilled.
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|8. ACI318-11

This chapter describes the design of concrete columns according to ACI 318-11 (USA). The de-
scription is divided in two parts: The first part Calculation According to ACI 318 gives theoretical
information on the design process. In the second part Data Input for ACI the preparation and
input of the data is described that are relevant for the U.S. standard.

8.1  Design According to ACI 318

All equations are in customary units (in, Ib).

8.1.1 Slenderness Effects in Compression Members

8.1.1.1 Effective Length

The effective length is k- &, where €, is the unbraced length and k is the effective length factor
which is defined below.

Pa 'y ¥y Pa k ¥
[= = —oo - oo
50.0 T 10 £ 500 &2 - — oo
10.0 4 E 10.0 0 — / : — 100.
50 3 T E 50 200 3 20 . ry
-0 A o9 . 30.0 - 5.0 — 30.0
30 ' 30 20.0 4.0 200
2.0 — 4 20 . -
i L 100 _| 100
Toe HE B =
1.0 - 1.0 7.0 — —7.0
- + — 88 6.0 — — 6.0
0.7 — 07 5.0 — 50
0.6 — —4-0.7 — 06 4.0 - 2.0 4.0
0.5 05 1 r
04 { C 04 3.0 —| 3.0
03 4 o8 20 — 2.0
41 r 15
0.2 - 08 0.2 1 i
1 r 1.0 - L 1.0
0.1 — + 0.1 E L
= —Los L 0 — 10 g
(a) (b
Nonsway Frames Sway Frames

¥ = ratio of Z{EN¥g) of compression members to Z(ENE) of flexural
members in a plane at one end of a compression mamber

£ = span length of flexural member measurad center to center of joints

Figure 8.1: Effective length factors k acc. to Fig. R10.10.1.1

Dlubal
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It shall be permitted to use the following properties for the members in the model:
Modulus of elasticity for normal weight concrete acc. to 8.5.1 Ec=57000v f'c
f concrete compressive strength

Moment of inertia | for the determination of ¥ acc. to 10.10.4.1

for compression members - columns 0,704

or (if reinforcement ratio is known) for compression members

g P

u

I = 0.8+25h 1—%—0.5})—u g <0.875-14 (10-8)
A Py

where
Agandly  gross cross-sectional characteristics

Ast total area of longitudinal reinforcement area

P.and M, factored forces
Po nominal axial strength at zero eccentricity (0.85f <(Ag- Ast) + f,As)
When sustained lateral loads are present, the moment of inertia | shall be divided
by (1 + Bus) acc. to 10.10.4.2.
8.1.1.2 Slenderness
The slenderness of the column is k- &./r, where k- &, is the effective length and r is the ratio of
gyration (in Eurocode denoted as J).
8.1.1.3 Limiting Slenderness

For compression members not braced against sidesway, the slenderness limits are for

- sway members 22 (10-6)
- nonsway members 34-12(M:i/ M;) <40 (10-7)

My is the smaller (in absolute values) factored end moment
M is the largest (in absolute values) factored moment occuring in the member

8.1.2 Moment Magnification Procedure

8.1.2.1 Minimum Eccentricity

emin = 0.6 + 0.03h (10-17)

h  height of the member in inches

This eccentricity is not intended to be applied simultanously about both axes. It should be
used separately about each axis.
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8.1.2.2 Braced Frame (Nonsway)

Magnified moment Mc:

Mc = 6M; (10-11)
where
M2 the largest (in absolute values) factored moment from the first order analysis
(with consideration of e2min)
&6=Cn (1-Py/(0.75PJ)) = 1 moment magnifier (10-12)
Pu Factored axial force
P.=m%El / (k €.)? (10-13)

if reinforcement ratio is not known: El = 0.4Eclg / (14 Bans)

if reinforcement ratio is known: use moment of inertia as in equation (10-8)
and E = Ec and divide it by (1 + Bans)

lg  gross cross-sectional moment of inertia
Ec concrete modulus of elasticity
Bans ratio for reduction of stiffness due to sustained axial loads
Cm=0.6 + 0.4M:/M; (10-16)
M: smaller (in absolute values) factored end moment from 1* order analysis

M. largest (in absolute values) factored moment from 1 order analysis
(with consideration of emin)

if M2 < Mamin = Pu2,min OF if the column is loaded by transverse load, Cn should
be 1.0

if Mc > 1.4M,, the second-order effects are too high according to 10.10.2.1.

8.1.2.3 Unbraced Frame (Sway)
Magnified moment Mc:
M = 6M; (10-11)

For the calculation of the moment magnifier §, see chapter 8.1.2.2. Mz is the largest (in abso-
lute values) factored moment occuring in the member (with consideration of ez min). M2 and &
should be determined by using the following equations.

Mz = Mins + 6Ms (10-18)
Mz = Mans + 6Mas (10-19)
where
Mins and Mans factored moments from nonsway loading
Mis and Mas factored moments from sway loading
6=1/(1-Q =1.0 moment magnifier (10-20)

Q calculated according to (10-10)

If & = 1.5, a message is shown that second-order elastic analysis or equation
(10-21) should be used.

If Mc > 1.4(Mans +Mys), the second-order effects are too high according to 10.10.2.1.
There is also a corresponding message (the same as in nonsway structures).

As you can see, it is essential for the calculation how to split the loading into sway and non-
sway moments.
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8.1.3 Strength Analysis of Flexure and Axial Force

8.1.3.1 Basic Conditions

oMn = My
@Pn =Py

where

M nominal flexural strength

Pa nominal axial strength
@M, design flexural strength
oP,  design axial strength

M. factored moment

Pu factored axial force

2 strength reduction factor

8.1.3.2 Stress-Strain Diagrams

€y =0.003 085
I | I I
s
7
)
P -"I
2(0.85¢) !
< i
[+] II.'
,.'"l
E, = 57,000,/T; i
/
/
_} n.a
!
iy
i
I
r
i
i
L  aa
£sg
Sirain Assumed Stress Varation
Concrate Stesl
) 2
O<eg<eg : Q:D.asfa[zf—“]—[hz—c] } esZey - b=efs
Fo Fo eg>ey - E=f
Ep 2 Eg o =085 E; =25 000,000 psi

Figure 8.2: Concrete stress-strain diagram

fy

v

arctan E,

sy

Figure 8.3: Steel stress-strain diagram

(Chap. R9.1)
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8.1.3.3 Strength Reduction Factor

ﬁ —\;ﬁ = 0.75 + (£ - 0.002)(50)
0.90 o =
0.75 bpiral ___-=
= (.65 + (g,- 0.002)(250/3
0.65 ¢ (& M b
. Other
Compression Tension
controlled —__ | Transiton | controlled
£,=0.002 £ =10.005
c_ €_
d 0.600 d 0.375

Interpolation on ¢/d,: Spiral ¢ = 0.75+0.15[(1/e/d,)- (5/3)]
Other ¢ = 0.65+0.25[(1/e/dy)- (5/3)]

Figure 8.4: Variation of strength reduction factor acc. to Fig. R9.3.2

&€ is strain in extreme tension steel.
8.1.34 Maximum Axial Strength
BPnmax= 0800(085flc(Ag -As) + fyAst)
where
o strength reduction factor
e concrete compressive strength
fy yield strength of reinforcement

Aq gross cross-sectional area

As  area of total longitudinal reinforcement

8.1.4 Minimum Reinforcement
Ast,min =0.01 Ag
where

Astmin minimum TOTAL reinforcement

Aq gross cross-sectional area

8.1.5 Maximum Reinforcement
Ast,max: 008Ag
where

Ast,max maximum TOTAL reinforcement

Aq gross cross-sectional area

(10-2)

(Chap. 10.9.1)

(Chap. 10.9.1)

Dlubal
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8.1.6 Shear Design
8.1.6.1 Basic Equation

ZWVWn 2 Vu (11-1)
where
2v=0.75 strength redution factor for shear
Vu factored shear force

Vo =Vc+Vs  nominal shear strength

8.1.6.2 Shear Strength Provided by Concrete

Shear strength provided by concrete acc. to 11.2.1 for members subject to shear and flexure
only:

Ve =2\f cbud (11-3)
where
A lightweight concrete modification factor
f'e concrete compressive strength, v/fc < 100 psi
bw width of member
d effective depth

Alternatively, a more detailed calculation can be made acc. 11.2.2 to determine the concrete
shear strength:

Vc = ( 19)\\/f’c + 2500pdeud/Mu) bwd < 3.5)\\/f’cbwd (1 1‘5)
where
My, Vu factored forces

pw=As/(bwd) reinforcement ratio

bw width of member

d effective depth

Aq gross cross-sectional area

As area of longitudinal reinforcement

A lightweight concrete modification factor

f'e concrete compressive strength, f'c < 100 psi
Vud/My <1.0

Shear strength provided by concrete acc. to 11.2.1 for members subject to axial compression:

Ve=2(1 + Nu/(2000Aq))\f cbwd (11-4)
where
Nu factored axial force
Aq gross cross-sectional area
A lightweight concrete modification factor
e concrete compressive strength, Vf'c < 100 psi
bw width of member
d effective depth

192
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Alternatively, the shear strength provided by concrete with axial compression can be
calculated acc. to 11.2.2. The following equation applies for Mm = 0 (Mn is defined below):

Ve = (1.9MWFc +250000Vud/Mm) bwd < 3.5M/f cbwdv/(1+Nu/(500A4)) (11-5)
Otherwise the following equation is to be used:
Ve = 3.5M/f cbuwdV/(1+Nu/(500A)) (11-7)

The parameters in those equations are:
Mm=My-Ny(4h-d)/8

My, Ny, Vu factored forces

pw=As/ (bud) reinforcement ratio

h height of member

bw width of member

d effective depth

Aq gross cross-sectional area

As area of longitudinal reinforcement

A lightweight concrete modification factor

fe concrete compressive strength, Vf'c <100 psi

Shear strength provided by concrete acc. to 11.2.1 for members with significant axial tension:

Vc=0

Alternatively, shear strength provided by concrete with significant axial tension can be calcu-
lated acc.to 11.2.2:

Ve=2(1 + Nu/(500Ag)\f'cbwd = 0 (11-8)
where
Nu factored forces
bw width of member
d effective depth
Ay gross cross-sectional area
A lightweight concrete modification factor
e concrete compressive strength, Vf'c < 100 psi

8.1.6.3 Shear Strength Provided by Shear Reinforcement

Vs=Adpnd /s < 8\ cbud (11-15)
where
A total cross-sectional area of web reinforcement within distance s
d effective depth of bending reinforcement
s longitudinal spacing of web reiforcement
fe yield strength of web steel

Minimum area of shear reinforcement:

Avmin = 0.75Vf cows / fyr 2 50bws / fyr (11-13)
where
f concrete compressive strength, vf'c <100 psi
bw width of member
s longitudinal spacing of web reiforcement
fye yield strength of web steel

The minimum shear reinforcement is required where V. > 0.5¢V. — except in members with
h<10in.acc.to 11.4.6.1.
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8.1.7 Construction Requirements
8.1.7.1 Ties and Stirrups

When shear reinforcement is required (V. > 0.5V, except in members with h < 10in.), the
minimum spacing of shear reinforcement should satisfy the requirements acc. to 11.4.5:

s<d/2 ands < 24in. for Vs < 4Vf cbwd
s<d/4 and s < 12in.for Vs > 4+/f bud

When compression reinforcement is required (as usual for columns), the ties shall conform to
the following:

Size of the transverse ties shall be acc. to 7.10.5.1 at least:

No. 3 (ds = 0.375 in.) for longitudinal bars No. 10 (ds = 1.270 in.) or smaller

No. 4 (ds = 0.500 in.) for longitudinal bars No. 11, No. 14, No. 18 (ds = 1.410 in.)
Spacing of the transverse ties acc. to 7.10.5.2 shall not exceed

- 16 longitudinal bars diameters,

- 48 tie bar or wire diameters, or

- the least dimension of compression member.

8.1.7.2 Longitudinal Reinforcement

Minimum number of longitudinal bars in compression members shall be 4 for bars within rec-
tangular or circular ties acc. to 10.9.2.

In compression members, the clear distance between longitudinal bars shall be not less than
1.5db nor less than 1.5 in. acc. to 7.6.3.

d»  diameter of bar

8.1.7.3 Development of the Reinforcement

3 % wwevs

4= 20 T oKy A 121
dy
where

fy yield strength of reinforcement

fe concrete compressive strength, f'c < 100 psi

Cb smaller of minimum cover or one-half of bar spacing measured to
center of bar

db diameter of bar

A lightweight concrete modification factor

Ktr = 40Au/sn transverse reinforcement index

Au total cross-sectional area of all transverse reinforcement within the
spacing s that crosses the potentional plane of splitting through
the reinforcement being developed

s spacing of transverse reinforcement

n number of bars developed or spliced at the same location

Y, reinforcement location factor

Y coating factor

W, reinforcement size factor

(co+Ke)/dp 2.5
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It may be mu|t|p|led by As,required/ As,provided .
The development length of tension reinforcement shall not be less than 12 in.

Development of compression bars:

€ac = 0.02f, /WFIds = 0.0003f,d (12.3.2)
where
fy yield strength of the reinforcement
f'e concrete compressive strength, Vf'c < 100 psi
dv diameter of bar
A lightweight concrete modification factor

It may be multlplled by As,required/ As,provided .

The development length of compression reinforcement shall not be less than 8 in. acc. to
12.3.1.

Development of standard hooks:

Con = 0029 fy /MW )db (12.5.2)
where
f, yield strength of the reinforcement
fe concrete compressive strength, f'c < 100 psi
db diameter of bar
A lightweight concrete modification factor
Y. coating factor

Hooks shall not be considered effective in developing bars in compression.
It may be multiplied by Asrequired/ Asprovided .

The development length of standard hooks shall not be less than 8d, and 6 in.

dy
. t
t )
N oo i
= LRI
saction ; 12d,
4|
| 4
t
Ma. 3 through Mo, 8
z2 2 -
4y =27 Mo. 9, Mo. 10, and Mo, 11
Mo. 14 and No. 18
Lun

Figure 8.5: Hooked bar details of “standard hook” acc. to Fig. R12.5

Development of welded wires in tension (with transverse bars):

The development length & calculated acc. to previous chapters (eg. (12-1 or 12.5.2) is to be
multiplied by the welded deformed wire reinforcement factor Y.

Y. = (f,— 35000) /fy > 5dv /s
Yn<1.0 (12.7.2)
It may be multiplied by Asrequired/ Asprovided .

The development length of welded wires shall not be less than 8 in.
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Splices (overlap) in tension:

A provided® Maximum percent of A; spliced within
Ay providec required lap length
A, required 50 100
Equal to or greater than 2 Class A Class B
Less than 2 Class B Class B
"Ratio of area of reinforcement provided to area of reinforcement required by analysis at
splice locations.

Figure 8.6: Classes for tension lap acc. to Tab. R12.15.2
The basic equation is the same as for straigth tension bars (12-1), but without multiplicator
As,required/ As,provided and W|th0ut 12in. I|m|t

This value should be multiplied by the coefficient acc. to the class of the splice. The final value
shall be not less than 12 in. The division into the classes can be seen in Figure 8.6.

Class A splice: 1.0¢q
Class B splice: 1.3
Splices (overlap) in compression:
- for fy < 60000 psi lsc = 0.0005fydp > 121in.
- for fy > 60000 psi s = (0.0009f, - 24)d, > 121in.
If . < 3000 psi, then €. shall be multiplied by 4/3.
If ties have an effective area not less than 0.0015 hs, splice length may be multiplied by 0.83,

but the final value shall be not less than 12 in.

8.1.74 Factors for Development Length

Reinforcement location factor ¥,

Vertical reinforcement

Straight bars 1.0
Coating factor ¥,
Epoxy-coated Other
cover< 3dy or spacing< 6d | Other
Straight bars 1.5 1.2 1.0
Hooks 1.2 1.2 1.0
Heads 1.2 1.2 1.0

Reinforcement size factor ¥,
No. 6 and smaller | No. 7 and larger
Straight bars 0.8 1.0

Figure 8.7: Factors ¥ for development length acc. to ACI 318-11
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8.2  Data Input for ACI 318-11

This chapter provides specific information concerning the data input for the design according
to ACI318-11.

Units and Decimal Places

The U.S. code is available in imperial (ACI 318) or in metric (ACI 318M) units, and also the calcu-
lation can be run with both units settings. It is possible to change the units at any time.

An easy way to change units is to right-click the model name in the Data navigator and to
open the dialog box Units and Decimal Places. The current settings can be checked for RSTAB
and for the module CONCRETE Columns. You can change the global settings from metric to
imperial units and back by the Load Profile dialog box.

] RSTAB 8.02.0006 (64bit] - [Column ACL01] =8 %
E™ File Edit View Insert Calculste Results Tools Table Options Add-on Modules Window Help o
DE299ulBeR oz £Y@HE||E|D| 2 10 -Deadiowd <> P ® | o g FEEERE OAXE
e XHERAS Y BRIP AR REAAIS RARR-E- | v- T2 o w e P REE
Project Navigator - Data nx
3 RsTAB Units and Decimal Places =

Column ACL01 [2013]
] : L Program / Module CONCRETE Columrs
General Data... RSTAB g
= Units and Decimal Places... STEEL | | peutista EESS)
% Additi | Inf M5 Excel STEELEC3 Unit Dec. places Unit Dec. places
i itional Infe via MS Exce
; - STEELAISC Lengths: ] s Forces kip = 3=
{.| M| Additional Info via WS Word - STEELIS
e -~ . STEELSIA Section dmensions [ =] 3| Moments oft v 3
&) | save Model 11+ STEELBS Aress [z« 3B Stesses i - 2
i | 23| close Model STEELGE
| ose o Pl W 2] | Desros: I
By | Delete All STEELAS ) Dimensioniess 3=
3 - STEELNTCOF  |E
Project Manager... - ALUMINIUM A
8 | open Mode.. a0 . KAPPA Load Profile | L
LTE
[ | Hew Model... Ctri=N FELTE List of Profies
ELPL Harme Defauit
- CTOT .
- PLATE-BUCKLING ek
.CONCRETE mpetal 0
CONCRETE Columns
TIMBER Fro
TIMBER
- DYNAM
- JOINTS
- END-PLATE
CONNECT E K
FRAME-JOINT Fro
DSTV
DOWEL - 1 oK Cancel |
7 o) ot
I Data| (2 Display 4 Views
SNAP GRID [CARTES [OSNAP [GLINES [DXF

Figure 8.8: Units and decimal places, load profiles in RSTAB

For the design of the column, it is important to know how to split the actions into sway and
nonsway loading and, thus, to prepare the load combinations correctly.

Open the context menu of a load combination by right-clicking it.

s File Edit Wiew Insert Calculate Results Tools Table Options Add-on Modules Window Help

NS 9IRER o FI@QRETEIE *s cot-Toal Load R
V. ARTE % N Aot ar A AE L U TR r R -
Project Navigator - Data o x

ED RSTAB
(-] Column ACL01 [2013]
- Model Data
-8 Load Cases and Combinations
23 Load Cases
{--[2J LCL: Dead Load, D
+-_J LC2: Live Load, L
~/_J LC3: Snow Load, 5
~_J LC4: Wind Load, W
Load Combinations
(23 CO1: Total Load 5} Edit Load Combinations... I}
i--[J COZ Sustained Lf & | new Load Combination...
[ CO3: No Sway Lq =
i CO4: Sway Load | ™
o Result Combinations ¥ | Delete All Load Combinations Del
¥ Super Combinations
| Loads
| Results

Go to Table

Figure 8.9: Context menu to edit load combination
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The dialog box Edit Load Cases and Combinations is opened.

Dlubal

In the Load Combinations tab, there are three main sections: Existing Load Combinations, Exist-

ing Load Cases and Load Cases in Load Combination.

For the following example, four load combinations have been created: Total Load, Sustained

Load, No Sway Load and Sway Load.

p
Edit Load Cases and Combinations

==

Load Cases | Load Combinations | Result Combinations | Super Combinations

Lc2 Live Load, L
@ LC3 Snow Load, §

LC4 Wind Load, W

Figure 8.10: Definition criteria of four different load combinations

Existing Load Combinations €O No. Load Combination Description To Solve
| Total Load 1 v Total Load hd
coz Sustained Load
co3 No Sway Load General | Calculation Parameters
C0s | Sway Load Existing Load Cases Load Cases in Load C cot
= LT Dead Load. D . Dead Load. D
Il LC2 Live Load. L 0.50 Lcz2 Live Load. L
asl LC3 Snow Load, § 0.50 o3l LC3 Snow Load, §
Lc4 Wind Load, W 160 Lc4 Wind Load, W
r
Edit Load Cases and Combinations ==
Load Cases | Load Combinations | Resutt Combinations | Super Combinations
Existing Load C inati CO No. Load Combination Description To Solve
2 ~  Sustained Load -
‘ Sustained Load
co3 No Sway Load General | Calculation Parsmeters
o4 |SwaylLoad Existing Load Cases Load Cases in Load C coz
Lc1 Dead Load, D 120 |HEMLCH Dead Load, D
=l LC2 Live Load. L
asl LC3 Snow Load, 5
T LC4 Wind Load, W
r
Edit Load Cases and Combinations =)
Load Cases | Load Combinations | Result Combinations | Super Combinations
Existing Load Ci inati CO No. Load Combination Description To Solve
cot Total Load 3 + No Sway Load -
Ccoz2 Sustained Load
No Sway Load General | Calculation Parameters
€04 | Sway Load Existing Load Cases Load Cases in Load C co3
L1 Dead Load, D 120 LC1 Dead Load, D
[ ai Qi Live Load, L 050 |NEH LC2 Live Load, L
@l LC3 Snow Load, § 0.50 |WEEN LC3 Snow Load. §
LC4 Wind Load. W
r
Edit Load Cases and Combinations (|
Load Cases | Load Combinationis | Result Combinations | Super Combinations
Existing Load C €O No. Load Combination Description To Solve
cot Total Load 4 * Sway Load -
caz Sustained Load
Cco3 No Sway Load General | Calculation Parameters
( S
B CO4__| Sway Load Existing Load Cases Load Cases in Load C co4
Lc1 Dead Load. D 1.60 LC4 Wind Load, W

198

Program CONCRETE Columns (ACI) © 2013 Dlubal Software GmbH



8 ACI318-11

VAN

Dlubal

Start of the module CONCRETE Columns. In the General Data window, select load combination
CO1 Total Load for the Strength Limit State design. Then go to the third tab and select CO4
Sway Load (see Figure 8.12). Return to the first tab and allocate CO4 by choosing this option
from the list. This list is accessible via the [ w] button which appears when clicking the cell.

CONCRETE Columns - [Column ACL01] )
File Settings Help
CAl ~| 11 General Data
Input Data Design as Column of Design Acc. to Standard / NA
; =
- Materials WMembers: |1 ) @A EFACI 3E-11 -
.- Cross-Sections .
i 5 Al =)
£+ Reinforcement =) -
o=
... Parameters - by Member Strength Limit State | Sustained Loads | Sway Loads
Existing Load Cases / Combinations Selected for Design
LC1 [Beadload, O 001 | Total Load Hoo S
O (C2 | Live Load. L 11
@1 LC3 | Snow Load. § h
LC4 | Wind Load, W >
€02 | Sustained Load [17]
€03 | No Sway Load L :
CO4 | Sway Load — T E
o3
—
Reinforced concrete
design of columns
according to model
Al M 22 column analysis
Options.
FE e

Figure 8.11: Window 1.1 General Data, tab Strength Limit State — selecting CO1 Total Load and allocating CO4 Sway Load

The third tab contains the selected Sway Load combination CO4.

CONCRETE Columns - [Column ACI01] |
File Settings Help
Ccal | 1.1 General Data
Input Data Design as Column of Design Acc. to Standard / NA
.. Materials Members: |1 5 [Eh] @A E=aci 1181 -
.- Cross-Sections ;
i 5 Al =
() Reirforcement
L. Parameters - by Member Strength Limit State | Sustained Loads | Sway Loads
Existing Load Cases / Combinations Selected for Design
LCT | DeadLoad, D €04 | Sway Load
MW LC2 | Live Load. L 1]
@81 LC3 | Snow Load, § h
LC4 | Wind Load, W >
CO1 | Total Load 1]
€02 | Sustained Load :
CO3 | No Sway Load ("]
o3
o
Reinforced concrete
design of columns
according to model
A7) - [ 25 column analysis
Options
i

Figure 8.12: Window 1.1 General Data, tab Sway Loads - selecting CO4 Sway Load
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In the second tab, select combination CO2 Sustained Load for the design.

Dlubal

CONCRETE Columns - [Column ACI_01]

File Settings Help
Ccal

Input Data
¥ Generl

. Materials

- Cross-Sections

&1+ Reinforcement

0 g

.- Parameters - by Member

11 General Data
Design as Column of

Members: 1

Strength Limit State | Sustained Loads | Sway Loads

Design Acc. to Standard / NA
E=Haci 31811

Existing Load Cases / Combinations
Lc1 Dead Load, D
Tl L2 Live Load, L
o=l 1C3 Snow Load, 5
LC4 Wind Load. W
co1 Total Load

C04 | Sway Load

A7) -

Options.

€02 | No Sway Load

coz

Selected for Design

Sustained Load

CONCRETE
Columns

column analysis

Comment

—_—

Figure 8.13: Window 1.1 General Data, tab Sway Loads - selecting CO2 Sustained Load

In the next window 1.2 Materials, check if the materials according to ACl are set.

CONCRETE Columns - [Calumn ACI_01]

File Settings Help
cal

Input Data

i General Data

- Cross-Sections

- Reinforcement

Pty

*.. Parameters - by Member

1.2 Materials
A B c )
Materal Material Description
No Cancrete Strength Class Reirforcing Steel Notes Comment
[ 1 Grade 60
)

Material Properties.
EiConcrete Sirength Olass: Concrele 1'G = 6000 psi

Concrete Compressive Strength 6000 | psi

Modulus of Blasticity 4415200 | psi

Modulus of Rupture 590.95 | psi

B Strains for Parabolic-Rectanguiar Diagram

Strain for Pure Compression ©w
Utimate Strain a1 Faiure "
El Reinforcing Steel: Grade 60
Madulus of Elasticity Es
Speciic Yield Strengih fy
Ulimate Strain ™ 50

EE

Concrete Stress-Strain Curve

0BS5S,

Reinforcement Stress-Strain Curve

Material No. 1 used in

Cross Sections
1
Members
1
Sets of members:
T Length T Weight
13.330 ] 7528.13 [b]

Figure 8.14: Window 1.2 Materials

200

Program CONCRETE Columns (ACI) © 2013 Dlubal Software GmbH




.8 ACI318-11 4&

Dlubal

In window 1.4 Reinforcement, the bars of the longitudinal reinforcement are to be defined.

CONCRETE Columns - [Column ACLE1] =
File Settings Help
cAl ~| 1.4 Reinforcement
O Reinforcement Group Applied to
i General Data N
i Matenals MNo.: Description Members: 1 3 A
Ginss Secions, 1 B [B] [X]| sets of members: ) Al
I =3
i.. Parameters - by Member Longtudinal Reinforcement | Links | Secondary | Layout | ACI 31811 Cross-Section
Reinforcement | Reinforcement Layout ilBecimde 2424, =
Possible (Untomy 3 Rectangle 2424
diameters:
e
e 240
I #5
e
IO #7 Reinforcement Layers.
L Masamum rumberof ayers
I #9
=0 7 ceees S
N . M S
[Hae Mirimum spacing -
O #e -
- First Layer a 0.7875] i 1= T
~Futher Lapers b 0.787 5] linl JRTIE)
- Layer Distance & =] lin]
‘Anchorage Type [in]
[ straight |
Steel surface:
[Uncosted =) Info ==
8 c ] |
Bars No Diameter | Cross-Sectioral
Inch-Pound | SI ] Area in2]
375 110
500 200
625 310
750 440
- 2 875 600
Groprica o 3 | 100 730 oK Gancel
] 29 128 000
32 27m 27m
ES 410 560
4 693 250
57 257 000

Figure 8.15: Window 1.4 Reinforcement, tab Longitudinal Reinforcement

The diameters can be checked in imperial and metric units.

The second tab Links has a similar layout where you can select the bars for the stirrups.

r N
CONCRETE Columns - [Column ACI01] )
File Settings Help
cal | 1.4 Reinforcement
niiikds Reinforcement Group Applied to
.- General Data _
- Materials Mo. Description Members 1 4 @A
‘.. Cross-Sections =
i 1 W || sets of members ; Al
& =l ]
| &7
.. Parameters - by Member Longtudinal Reinforcement | Links | Secondary Reinforcement | Reinforcement Layout | ACI 318-11 Cross-Section
Reinforcement | Link Parameters duFlectonge 2424, =
Possible Number of stimup legs Routangla 2828
diamet 1
fﬂﬂm— In y-direction
e In zdirection 250
[C] #5
mET
% g Minimum shear reinforcemer:
% ® Accordingto Standard
[ #0 Define 2
Clan = &
mrEar Wi &y 0.000F] n2/1
I 18
Anchorage Type
Hook ~|

fin]
Info =5
B c D ]
Bars No Diameter Cross-Sectional
Inch-Pound Sl [in] Area [in?]
375 110
500 200
625 310
750 440
2 | 085 600
8 25 000 790
) 23 | 1128 000
32 270 270
[ Gohs | S o |
7 257 000
L

Figure 8.16: Window 1.4 Reinforcement, tab Links
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The last tab of window 1.4 Reinforcement controls the parameters that are relevant for ACI 318.

p
CONCRETE Columns - [Column ACI_01]

=)

File Settings Help

Mirimum longtudinal reinforoemert acoording to

Maximum longitudinal reinforcement according to
Standard

[] User-defined minimum and masimum longitudinal
reinforcems
Fercentage of reirforcement

min ps 0.00F] %1

max fs 8

Reinforcement area

min As 0.0001 fin? ] =]

Strength reduction factors according to 9.3.2

-for compressive strength L2 0.6501=
-fortensie strength @1 030015
-for shear strength @y 0.750%

Shear Reinforcement
Nominal shear strength Ve ace. to 11.22

Inclination of concrete strut

zccardingto 115.3.6 ® 450002 1]

cal | 1.4 Reinforcement
Input Deta Reinforcement Group Applied to
- General Data .
i Materials No Description Members 1 a4 A
.- Cross-Sections =
i 1 W || 5sts of members ) Al
Y oiccener] i)
=1
.. Parameters - by Member Longtudinal Reinforcement | Links | Secondary Reinforcement | Reinforcement Layout | ACI 318-11 Cross-Section
Longitudinal Reinforcement Factors ihafiectnocie 2424, =

Rectangle 2424

240

fin]

&

Figure 8.17: Window 1.4 Reinforcement, tab ACI 318-11

Start the [Calculation] to determine the required reinforcement. In the results windows, the in-
termediate results are shown as well.

-
CONCRETE Columns - [Column ACI_01]

=)

File Scttings Help

Resutts

£ Check

i i Members

- Required Reinforcement

i by Member

&) Provided Reinforcement
*. Longttudinal

cAl | 3.1 Required Reinforcement by Cross-Section

\r‘put Data B_| C D E | F [ 6 | H | [Rectangle 2422

i General Data Section | Reinforcement | Member | Location Reinforcement Eror or Conerete : Strain

| Materials No Type No. xfl Loadng | Symbol | Aea | Unit Natice Reinforcement : Strain
R Cines Seckoe Rectangle 24/24

E)- Reirforcement Congtudinal 1 0000[ CO1 [As 6199 |in2

HE Shear 1 = = asw 0.166 |inZ/At

- Parameters - by Member

[] Alload cases

Intermediate Results Rectangle 24/24 - CO1

& Shear Rerrforcement
*.. Steel Schedule

Design Type

] Moments According to First Order Theory

Intended Eccentricty

&) Momerts According to First Order Theory.

Factored Nomal Force [Pu | -1380.530 [kip
@ Moment About Axis y | Muy | 322899 [kip#t
E Moment About fods 2 [Muz | 0.000 [ ft
Mirimum Momerts Acc. to 10.10.65
ElMaments According to Second Order Theory
& Moments Due to Second Order Effects (Creep)
Factored Nomal Forcs [Pu | -1380.530 [kip
Moment Abaut y-fuds [ Moy | 451721 [kin&
Moment About 2-/ds [Me.z | 0.000 [ kip ft
B Staticaly Required
1 Min. Reinforcement According to Standard
Gross Cross-Sectional Area [Aa [ 576000 [in2
Mirimum Reinforcement According to 10.9.1 |Asminiozi | 5760 in?
|El Required R
Statically Required F req Asstat 6.193 [in?
Minimum Reinfarcement Acc. to Standard req As min Stana 5.760 | in2
Required req As 6.199 [in2

RIRTIRIRRRRRY N

AT

oy
i

S,

7z

Concrete Max/Min: 0.41/-3.00 %

Reinforcement Max/Min: 0.07 / -2.68 %
EE
Concrete:

Reinforcement

L

Figure 8.18: Window 3.1 Required Reinforcement by Cross-Section with list of intermediate results
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The provided reinforcement can also be displayed graphically.
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CONCRETE Columns - [Column ACI_01]

File Settings Help
CAl ~| 41 Provided Longitudinal Reinforcement
Input Deta MEEmMm 5 [ ¢ [ o [ E [ F [ &
i General Data tem | Number of ds As Location x fi]
Materials Mo Bars fin] fin?] from to Anchorage Message
e Viermber No_1 - Rectangle 24724
i ”:°'°EWE”‘ 8 1000 6283 1230] 14560
Parameters - by Member
Resuts
£ Check
i Members
Required Reinforcement
by Cross-Section
i fby Member
(- Provided Reinforcemert
al . ® @ (1e s 51000 0n
.- Shear Reirforcement
*.- Steel Schedule
| L |
Longitntinal reinforciment dinensions:
11.620/1. lap 1.230/II. lap 1.230 £t
Lengtn: 14000 £
eight 37,63 1
Total lengthii12.637 £
Total weight:301.06 1n
O n 3
E=2EY 0 View | [ Messages... | | Graphics

Taro = 51008 1m, 2= 28 700 20

5| @

Figure 8.19: Window 4.1 Provided Longitudinal Reinforcement
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