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1. Introduction
1.1 Add-on Module CONCRETE

The add-on module CONCRETE for reinforced concrete design is completely integrated in
the RSTAB user interface. Thus, a continuous analysis process is guaranteed for the design
of framework models consisting of reinforced concrete elements.

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

CONCRETE analyzes the ultimate and the serviceability limit state. The designs can be per-
formed by a conventional linear method or by a non-linear analysis. Optionally, the pro-
gram checks if the requirements of the fire protection design according to EN 1992-1-2:
2004 are fulfilled.

When the non-linear calculation is applied, it is possible to take into account the influence
of creep and shrinkage for the analysis of crack formation during deformation. Increasing
the stiffness of structural components due to the concrete's effectiveness for tension be-
tween the cracks (Tension Stiffening) can be controlled by user-defined parameters.

The reinforced concrete design is carried out according to the following national and Euro-
pean standards.

e DIN 1045:1988-07

e DIN 1045-1:2001-07

e DIN 1045-1:2008-08

e DINVENV 1992-1-1:1992-06
« ONORM B 4700:2001-06

e EN 1992-1-1:2004

e ACI 31808

The list shown on the left includes the national annexes available for EN 1992-1-1:2004 and
is constantly being expanded.

The required reinforcement that is determined contains a reinforcement proposal taking in-
to account all user specifications concerning the rebars in the longitudinal and link rein-
forcement. This reinforcement layout can always be adjusted. The designs related to the
modifications will be updated automatically.

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

We hope you will enjoy working with CONCRETE.

Your team from ING.-SOFTWARE DLUBAL
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1.2 CONCRETE Team

The following people were involved in the development of CONCRETE:

Program coordination

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

Programming

Ing. Michal Balvon Ing. Roman Svoboda
Jaroslav Barto$ Dis. Jifi Smerak

Ing. Ladislav Ivanco RNDr. Stanislav Skovran

Ing. Alexandr Prdcha

Program supervision

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

Manual, help system and translation

Dipl.-Ing. (FH) Alexander Meierhofer Dipl.-Ing. Frank Faulstich
Dipl.-Ing. (FH) Robert Vogl| Dipl.-U. Gundel Pietzcker
Mgr. Petra Pokorna

Technical support and quality management

Dipl.-Ing. (BA) Markus Baumgartel M.Sc. Dipl.-Ing. (FH) Frank Lobisch
Dipl.-Ing. (FH) Steffen ClauB Dipl.-Ing. (BA) Sandy Matula

Dipl.-Ing. (FH) Matthias Entenmann Dipl.-Ing. (FH) Alexander Meierhofer
Dipl.-Ing. Frank Faulstich M.Eng. Dipl.-Ing. (BA) Andreas Niemeier
Dipl.-Ing. (FH) René Flori M.Eng. Dipl.-Ing. (FH) Walter Rustler
Dipl.-Ing. (FH) Stefan Frenzel Dipl.-Ing. (FH) Frank Sonntag

Dipl.-Ing. (FH) Walter Fréhlich Dipl.-Ing. (FH) Christian Stautner
Dipl.-Ing. (FH) Andreas Hérold Dipl.-Ing. (FH) Robert Vogl

Dipl.-Ing. (FH) Bastian Kuhn Dipl.-Ing. (FH) Andreas Wopperer

1.3 Using the Manual

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

— = | The descriptions in this manual follow the sequence of the module's input and results tables
[araphic . . .
as well as their structure. The text of the manual shows the described buttons in square
brackets, for example [Graphic]. At the same time, they are pictured on the left. In addition,
expressions used in dialog boxes, tables and menus are set in italics to clarify the explana-
tions.

At the end of the manual, you find the index. However, if you don’t find what you are look-
ing for, please check our website www.dlubal.com where you can go through our FAQ

pages.

I Program CONCRETE © 2012 Ing.-Software Dlubal
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1.4 Open the Add-on Module CONCRETE

RSTAB provides the following options to start the add-on module CONCRETE.

Menu

To start the program in the menu bar,

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

[ add-on Modules | Window Help

: LB Rl WEPERE LD
Shape Properties 3 :"| T2 = mm el T E
Design - Steel 4
Design - Congrete L4 __"': COMCRETE Design of concrete members
Design - Timber 4 |"| COMCRETE Columns L‘\s Design of concrete columns

Design - Composite 4

Design - Aluminium 3

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

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

Navigator
To start CONCRETE in the Data navigator,
open the Additional Modules folder and select CONCRETE.

Project Navigator *
ETY RSTAB -
- .@ Demo-5*

-] Structural Data

- Loads

-] Results

- Printout Reparts

- Guide Ohbjects

=4 Additional Modules

----- T SHAPE-THIN 7 - Design of thin-walled cross-sections

-~ &8 SHAPE-MASSIVE - Design of massive cross-sections

----- L STEEL - General stress analysis of steel members

----- Ee STEEL EC3 - Design of steel members according to Eurocode 3
ez STEEL AISC - Design of steel members according to AISC (LRFD or ASD)
..... =l| ASD - Design of steel members according to AISC (ASD)

----- &) CRANEWAY - Design of crane runway girders

.....

----- 1 COMCRETE Celumns - Design of concrete columns

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

----- &, TIMBER - Design of timber members

& COMPOSITE-BEAM - Design of composite beams

m DYMNAM - Dynamic analysis

----- 2 EMD-PLATE - Design of end plate connections for I-beams
.1 COMMECT - Design of shear connections

- [[7 FRAME-JOINT Pro - Design of bolted frame joints -

™ Data M pisplay 4 p

m

Figure 1.2: Data navigator: Additional Modules —» CONCRETE

I Program CONCRETE © 2012 Ing.-Software Dlubal 7
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Panel
CONCRETE CAL - Concrete[¥] 4 > In case CONCRETE results are already available in the RSTAB structure, you can set the rele-
LC1 - Self-weight L vant design case in the load case list of the RSTAB toolbar (see on the left). If necessary, ac-
I[g%:'ﬁ;;';:flmema| Forces tivate the graphical results display first by using the button [Results on/off].

LG2 - Characteristic values . . i i
LG3 - Deflection analysis When the results display is activated, the panel appears showing the button [CONCRETE]

LG4 - Goveming Load Group . .
CONCRETE CA1 - Concrete desig which you can use to access the design module.

COMCRETE CAZ - Fire protection

— Panel =
|_f‘_.i.| |::“_..“ CONCRETE

I Aeztop
I A-g bottam
I gz link

2

I E ps-c.hottam

I ul.z

Ea 4

Figure 1.3: Panel button [CONCRETE]
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2. Theoretical Background
2.1 Ultimate Limit State Design

In the following, the module's theoretical basis is described in detail. However, this chapter
shall not represent a substitute for the contents found in corresponding reference books.

2.1.1 Bending and Axial Force

The standards EN 1992-1-1, 6.1 and DIN 1045-1, 10.2 describe in detail the calculation ba-
sis for the ultimate limit state design. The corresponding rules refer to bending with or
without axial force as well as to axial force only.

The mathematical limit of failure is reached when the ultimate strains are reached. Depend-
ing on where the ultimate strains occur, the failure can be caused by the concrete or the re-
inforcing steel.

The following picture shows the allowable strain distributions for bending with and without
axial force according to EN 1992-1-1, 6.1.

x=f(fy )

Figure 2.1: Possible strain distributions in ultimate limit state

According to [16] the different areas for strain distributions shown in the figure above have
the following meaning:

Area 1

This area appears in case of a central tension force or a tension force with slight eccentrici-
ty. Only strains occur on the entire cross-section. The statically effective cross-section con-
sists only of the two reinforcement layers A, and A,,. The reinforcement fails because the
ultimate strain ¢4 is reached.

Program CONCRETE © 2012 Ing.-Software Dlubal
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Area 2

Area 2 appears in case of bending only and of bending with axial force (compression and
tension force). The neutral axis lies within the cross-section. The bending-tension reinforce-
ment is fully used, that means the steel fails when the ultimate strain is reached. Normally,
the concrete cross-section is not fully used because the compression strains do not reach
the ultimate strain ¢

Area 3

This area appears in case of bending only and of bending with axial force (compression).
The steel's load-bearing capacity is higher than the capacity of the concrete. The concrete
fails because its ultimate strain ¢, is reached.

c2u-

c2u

The concrete's failure is announced by cracks like in the areas 1 and 2 because the steel ex-
ceeds the yield point (failure with announcement).

Area 4

Area 4 appears in case of bending with a longitudinal compression force. It represents the
transition of a cross-section mainly affected by bending to a cross-section affected by com-
pression. The concrete fails before the steel's yield point is reached because the possible
strains are very small. Area 4 implicates a strongly reinforced cross-section. Therefore, to
avoid such a cross-section, a compression reinforcement is inserted.

Small steel strains in the tension zone result in failure without announcement (the bending-
tension reinforcement does not start to yield).

Area 5

This area appears in case of compression force with a slight eccentricity (for example a col-
umn) or of a centric compression force. Only compression strains occur on the entire cross-
section. The compression strain on the edge that is less compressed is between 0 > ¢, >
.. All compression strain distributions intersect in point C.

2.1.2 Shear Force

The design for shear force resistance is only performed in the ultimate limit state. The ac-
tions and resistances are considered with their design values. The general design require-
ment according to EN 1992-1-1, 6.2.1 is the following:

Veg < Veg
where Vg4 Design value of applied shear force
Via Design value of shear force resistance

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

Veg.c Design shear resistance of a structural component without shear reinforcement

Vs Design shear resistance of a structural component with shear reinforcement, lim-
ited by yield strength of shear reinforcement (failure of tie)

Vid.max Design shear resistance limited by strength of concrete compression strut
If the applied shear force Vi, remains below the value of Vg, no shear reinforcement is
mathematically required and the design is fulfilled.

If the applied shear force V, is higher than the value of V4, a shear reinforcement must
designed. The shear reinforcement must absorb the entire shear force. In addition, the bear-
ing capacity of the concrete compression strut must be analyzed.

VEd = VRd,s and VEd = VRd,max

10
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The various types of shear force resistance are determined according to EN 1992-1-1 as fol-

lows:
Design shear resistance without shear reinforcement
The design value for the design shear resistance Vg4 . may be determined by:

1

Vra,c =|Cra,c -K-(100-py )3 —Kq-0p [-byy -d EN 1992-1-1, Eq. (6.2a)
where
Crac Recommended value: 0.18/y,
200 . . .
k=1+ 4 <2.0 Scaling factor for considering cross-section depth
d Mean static depth in [mm]
pL= bA—Sl <0.02 Ratio of longitudinal reinforcement
W-
A, Area for tension reinforcement extended by minimum

(l,q + d) beyond corresponding cross-section

fo Characteristic value of concrete compressive strength in N/mm?
k, Recommended value: 0.15
b, Minimum width of cross-section within tension zone in [mm]
d Effective depth of bending reinforcement in [mm]
N Ed

Ocp A <0.2-f.4 Design value of concrete longitudinal stress in [N/mm?]

We may apply, however, a minimum value of the shear force resistance Vgg ¢ min-

Ved.c.min = Vmin +K1-Gcp| by -d EN 1992-1-1, Eq. (6.2b)

where

Ki [3
Vmin:y_' L P

C

Design shear resistance with shear reinforcement

For structural components with design shear reinforcement perpendicular to the compo-
nent's axis (o = 90°) the following is applied:

A
VRd,s :( ;Wj-rfywd -cotO EN 1992-1-1, Eq. (6.8)
where
A,, Cross-sectional area of shear reinforcement
s Distance between links
z Lever arm of internal forces assumed for 0.9 d
L Design value for yield strength of shear reinforcement
0 Inclination of concrete compression strut

The inclination of the concrete compression strut 6 may be selected within certain limits
depending on the loading. 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. The following limits are recommended in equation (6.7) of EN 1992-1-1:

1<cot06<2.5

Program CONCRETE © 2012 Ing.-Software Dlubal
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So the inclination of the concrete strut 6 may vary between the following values:

Minimum inclination Maximum inclination
0 21.8° 45.0°
cotd 2.5 1.0

Table 2.1: Recommended limits for inclination of concrete strut

Design shear resistance of concrete compression strut

For structural components with design shear reinforcement perpendicular to the compo-
nent's axis (o = 90°) the following can be applied:

Ocw by "Z-vq-fq

Vrgmax = 8= EN 1992-1-1, Eq. (6.9)
where

Ol Factor for considering stress conditions in compression chord

b,, Width of cross-section

z Lever arm of internal forces (exactly calculated in bending design)
2 Reduction factor for concrete strength in case of shear cracks

fq Design value of concrete strength

0 Inclination of concrete compression strut

2.2 Serviceability Limit State Design

The serviceability limit state design consists of various individual designs that are specified
in the following Eurocode chapters:

e Limitation of stresses: EN 1992-1-1, 7.2

e Limitation of crack widths: EN 1992-1-1, 7.3

e Limitation of deformations: EN 1992-1-1, 7.4

2.2.1 Provided Reinforcement

Before the program designs the serviceability limit state, it checks the provided reinforce-
ment. First, CONCRETE uses the internal forces of the serviceability to perform a design simi-
lar to the design of the ultimate limit state. The design results in a structurally required rein-
forcement which is then compared to the user-defined provided reinforcement.

If the provided reinforcement is smaller than the statically required reinforcement, or if the
analysis reveals any non-designable situations, the serviceability limit state design won't be
performed.

2.2.2 Limitation of Stresses

Concrete compressive stresses

The concrete compressive stresses must be limited according to EN 1992-1-1, 7.2 (1) in or-
der to avoid cracks or strong creep in case they would affect the structure's functioning.
Therefore, chapter 7.2 (2) recommends to apply a reduction factor for the characteristic
concrete compressive strength.

oc =kq-fe

The recommended value for k, is 0.6.

I Program CONCRETE © 2012 Ing.-Software Dlubal
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Reinforcing steel stresses

To avoid non-elastic strains, unallowable crack formations and deformations, it is required
to limit the tension stresses in the reinforcement according to EN 1992-1-1, 7.2 (4). Chapter
7.2 (5) recommends some reduction factors for the characteristic tensile strength which de-
pend on the type of load combination.

o5 =k3 - fy for characteristic load combination
o5 =kyg Ty for indirect action (restraint)

The recommended values for k; and k, are 0.8 and 1.

2.2.3 Minimum Reinforcement

The minimum area of reinforcement used to limit the crack width is determined in accord-
ance with EN 1992-1-1, 7.3.2 (2), eq. (7.1) according to the following simplification:

As,min ‘o5 =K -k 'fct,eff At

where
A,nin  Minimum area of reinforcing steel in tension zone
o, Allowable stress of reinforcement steel according to Figure 2.2
k. Factor for considering stress distribution in tension zone
k. = 1.0 for tension only
k. = 0.4 for bending or bending with axial force
k Factor for considering non-linearly distributed self-equilibrating stresses

k = 1.0 for webs with h <300 mm
k = 0.65 for h > 800 mm
k = 1.0 for restraint externally caused (for example column settlement), only
NA for Germany
fe et Mean value of the concrete's effective tensile strength when cracks occur

fct,eff = fctm

A Area of concrete within tensile zone
Steel stress Maximum bar size [mm]

[MPa] w,= 0.4 mm wi= 0.3 mm w,= 0.2 mm
160 40 32 25
200 32 25 16
240 20 16 12
280 16 12 8
320 12 10 6
360 10 8 5
400 8 6 4
450 6 5 -

Figure 2.2: Limit diameter @*, for reinforcing steels according to EN1992-1-1, table 7.2

Dlubal ——
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2.2.4 Limitation of Crack Widths

Checking the rebar diameter

The limit diameter of the reinforcing bars with max @, is checked in accordance with EN
1992-1-1, 7.3.3 (2) as follows:

g. = Q* . fct,eff . kc 'h(_r
s = _ .= =

s for bending
29 2-(h-d

o f
@, =09, cteff _PNer for uniformly distributed axial tension
29 8-(h-d
where
a* Limit diameter according to Figure 2.2

fet et Effective tensile strength of concrete at relevant point of time, here f,,

k. Factor for considering stress distribution in tension zone, here k. = 0.4
h,, Depth of tensile zone immediately before cracking occurs

h Total depth of cross-section

d Statically effective depth to centroid of outside reinforcement

Design of rebar spacing

The maximum rebar spacing max s, is specified in EN 1992-1-1, table 7.3.

Steel stress Maximum bar spacing [mm]

[MPa] w,=0.4 mm w,=0.3 mm wi=0.2 mm
160 300 300 200
200 300 250 150
240 250 200 100
280 200 150 50
320 150 100 -

360 100 50 -

Figure 2.3: Maximum values for rebar spacings according to EN 1992-1-1, table 7.3

Design of crack width

The characteristic crack width w, is determined according to EN 1992-1-1, 7.3.4, eq. (7.8).
Wk = Sr,max '(Ssm _Scm)
where

St max Maximum crack spacing for final crack state according to eq. (7.11) or (7.14)

€gm Mean strain of reinforcement considering contribution of concrete concerning
tension between cracks
€cm Mean strain of concrete between cracks

I Program CONCRETE © 2012 Ing.-Software Dlubal
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Maximum crack spacing s, ...,

In case the rebar spacing is not more than 5-(c + @/2) in the tension zone, the maximum
crack spacing for the final crack state may be determined according to EN 1992-1-1, 7.3.4
(3), eq. (7.11):

ki-ky kg -9
Sr,max = Ky-c+——=——
Peff
where
ks Factor (recommended value: 3.4)
C Concrete cover of longitudinal reinforcement
k, Factor to consider bond properties

k, = 0.8 for bars with high bond properties
k, = 1.6 for bars with plain surface

k, Factor to consider distribution of strain
k, = 0.5 for bending
k, = 1.0 for tension only
k, Factor (recommended value: 0.425)
Peft Effective reinforcement ratio

If the spacing of rebars lying in the bond exceeds 5 - (c + @/2), or if no reinforcement is
available within the bond in the tension zone, the following crack width limit may be as-
sumed:

Sr,max :1-3'(h_x)

Difference of mean strain (g, - &,

The difference of mean strain for concrete and reinforcing steel is determined in accordance
with EN 1992-1-1, 7.3.4 (2), eq. (7.9) as follows:

fc'c eff
Gs_kt'p’iﬁ'('l“'“e'peff) 5
€ S
€sm —&cm = >0.6-—
ES ES
where
o, Stress in tension reinforcement under assumption of cracked section
k, Factor for creep of bond
k; = 0.6 for short-term loading
k. = 0.4 for long-term loading
feteft Effective tensile strength of concrete at relevant point of time, here f,,
Ol Relation of elastic moduli E,/ E,,,
Peft Effective reinforcement ratio

Dlubal ——
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2.2.5 Limitation of Deformations

EN 1992-1-1, 7.4.3 allows for a simplified design to limit deformations by a direct calcula-
tion. The deflections must be determined close to reality: The calculation method has to
match with the real structural material performance presenting a certain accuracy that cor-
responds to the design purpose.

The deflection is determined from the differential equation of the bending line by double
integration. However, as the stiffness of a reinforced concrete cross-section changes in parts
due to cracking, the moment-curvature diagram is non-linear. There are big differences in
curvature and thus in deflection for uncracked (state 1) and cracked sections (state Il).

Therefore, the deflection is determined by the principle of virtual work for the location of
the maximum deformation. For the curvature an approximate line is applied connecting the
extreme values of the curvature with a line that is affine with the moment distribution.

When calculating manually, three values of deflection are determined according to [16]:

Lower calculation value of deflection

The minimum deflection is achieved when the calculation is performed for a completely
uncracked cross-section (state I). This type of deflection is described as f,.

Upper calculation value of deflection

The maximum deflection is achieved when the calculation is performed for a completely
cracked cross-section (state Il). This type of deflection is described as f,.

Probable value of deflection

It is assumed that some parts of the cross-section are uncracked and other, highly-stressed
parts are cracked. The moment-curvature relation runs up to the first crack after state I. Af-
ter state | it shows some cracks. This assumption results in the probable value of deflection f
existing between the lower and the upper calculated value. According to EN 1992-1-1, 7.4.3
(3), eq. (7.18) the value can be derived from the following relation:

a=C oy +(1-¢) o

The values o, and o, represent general deflection parameters (for example f, or f,). This can
be a strain, curvature, deflection or rotation. { is the distribution value between state | and
state Il and, according to EN 1992-1-1, eq. (7.19), is between 0 < { < 1. To determine a
probable deflection, a quasi-permanent combination of action is used for the calculation of
internal forces.

Chapter 9.1 on page 137 shows an example where the manually performed calculation of a
deformation analysis is compared with the CONCRETE analysis.
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2.3 Fire Protection Design

The fire protection design with CONCRETE is performed according to the simplified calcula-
tion method in accordance with EN 1992-1-2, 4.2. The program uses the zone method de-
scribed in annex B.2.

In case of exposure to fire, the bearing capacity is reduced due to a reduction of the com-
ponent'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 protection design. The fire protection 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 63

Temperature in concrete 8y,

Figure 2.4: Cross-section exposed to fire with damaged zones

2.3.1 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 corre-
sponding compressive strength f_4 and, if necessary, the modulus of elasticity.

M ikcwm)

k()
k(&) T ke(62)

ke 61)

Figure 2.5: Subdivision of a wall with both sides exposed to fire into zones according to [7], figure B.4

The cross-section exposed to fire is compared with a wall. The width of the equivalent wall
is 2 * w. The equivalent width is subdivided symmetrically in several zones as shown in Fig-
ure 2.5.

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

Dlubal ——
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Fire load Half of equivalent width w

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

Column or wall with both sides (op- 0.5 * width of component in direction of fire
posed) exposed to fire effects

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

Table 2.2: Determination of equivalent widths

2.3.2 Reduction of Cross-section

Determination of temperature 6, in center of zone

Subsequent 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 ac-
cordance with EN 1992-1-2, annex A, based on the following assumptions:

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

e The moisture is 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?2K.

Determination of reduction factor k.(6,)

The reduction factor k.(8,) is specified for the temperature determined in the center of the
zone i in order to take into account the decrease of the characteristic concrete compressive
strength f . The reduction factor k.(6,) 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 con-
crete with aggregates containing limestone.

k()
1
- R Graph
N Normal concrete with
i AN quartz aggregates
os NN
I NN 2]
s e Graph
0,6 = Normal concrete with
N limestone aggregates
0,4 N \\
" \
I \\
0.2 N
NN
I N
0 - S
0 200 400 600 800 1000 1200

8 [°C]

Figure 2.6: Factor k.(6) to consider decrease of concrete compressive strength according to [7], 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 are not taken into ac-
count for the ultimate limit state design.

kel Ow) kel Gwn) : k-:[/Hm) :
: = —i i ’ E
el o], E i —————
a) (e.g. wall) b) (e.g. end of wall) c) (e.g. slab)

| :/ ‘J_“z
i

kel Bmz)

3 ke Bmi)
n
//////// % a=
@ (- ficival e) (e.g. column) f) (e.g. beam)

Figure 2.7: Reduction of strength and cross-section in case of fire according to [7], figure B.3

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

e Beams, plates

k
a, = W|:1_£j|
Kc(Opm)

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

a, —w-|1-| —om_
Kc(Opm)

where
w Half of width of equivalent wall
Kem Mean reduction coefficient for a specific cross-section
(1-0.2/y
kc,m = TAZ?ch(ei)
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.(6,) Reduction coefficient for concrete at point M (cf. Figure 2.6)
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Point M is decisive for the reduction of the concrete's material properties. M is a point on

the central line of the equivalent wall (cf. Figure 2.5, page 17). It is used to determine the
reduction factor k.(0,,). 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.

Compressive strength of concrete for fire protection design

The stress-strain curve for the concrete compressive strength is determined depending on
the temperature in point M as well as on the type of aggregates. The values of the com-
pression strain ¢, o for the compression strength f_q can be found in EN 1992-1-2, table 3.1.

fc,e :kc(eM)'fck

Reduction coefficient for concrete at point M (see Figure 2.6, page 18)

Characteristic compressive strength of concrete for normal temperature

where
ke(B)
fck
Concrete Quartz aggregates Limestone aggregates

temp. fu,s/ fex &1 Ecul g feo! fox Ec18 Eoul 8

8
[°C] - ! = - = -

1 2 3 4 5 6 7
20 1,00 | 0,0025 | 0,0200 1,00 | 0,0025 | 0,0200
100 1,00 0,0040 | 0,0225 1,00 | 0,0040 | 0,0225
200 0,95 | 00055 | 0,0250 | 0,97 | 0,0055 | 0,0250
300 0,85 | 0,0070 | 0,0275 | 091 0,0070 | 0,0275
400 0,75 | 0,0100 | 00300 | 0,85 | 0,0100 | 0,0300
500 0,60 | 00150 | 0,0325 | 0,74 | 0,0150 | 0,0325
600 045 | 00250 | 0,0350 | 0,60 | 0,0250 | 0,0350
700 0,30 | 00250 | 00375 | 043 | 00250 | 0,0375
800 0,15 | 0,0250 | 0,0400 | 0,27 | 0,0250 | 0,0400
900 0,08 | 00250 | 0,0425 | 0,15 | 0,0250 | 0,0425
1000 0,04 | 00250 | 0,0450 | 0,06 | 0,0250 | 0,0450
1100 0,01 00250 | 0,0475 | 0,02 | 0,0250 | 0,0475
1200 0,00 - - 0,00 - -

0.8

o
[=]

rel. stress of8) / feg

o
S

0,2

Figure 2.8: Parameters of stress-strain relation for concrete in case of fire according to [7], table 3.1

15

20

Strain & [%a]

25

30

35

Figure 2.9: Stress-strain diagram for concrete with aggregates containing limestone, depending on temperature
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As you can see in the diagram (Figure 2.9), the stress-strain relation of normal concrete with
aggregates containing limestone is changing depending on the temperature. The decreas-
ing 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:

Ecao =[kc(Om)1* -Ec
where
k.(6,) Reduction coefficient for concrete at point M (see Figure 2.6, page 18)

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

C

Determination of reduced tensile strength of concrete

In order to be on the safe side, the concrete's tensile strength is not considered for the ex-
clusive cross-section design. But when compression elements are designed according to the
non-linear approach, the tensile strength of concrete is taken into account for the determi-
nation of internal forces as well as for the cross-section design (cf. chapter 2.4.3).

For the fire protection design we determine the reduced tensile strength of concrete as fol-
lows:

fck,t(e) = kc,t(eM) ' f(:k,t
where
k.«(8y) Reduction coefficient for tensile strength of concrete acc. to Figure 2.10

foet Characteristic tensile strength of concrete for normal temperature

ke 6)

1.0

0.8 ]

0.6 |

04

0.0

0 100 200 300 400 500 600
é[°C]

Figure 2.10: Reduction factor k_,(6) to consider temperature-dependent tensile strength of concrete f, according to
[7], figure 3.2
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2.3.4 Stress-strain Curve of Reinforcing Steel

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

To determine the reduction factor k,(8), the temperature in the center of the most unfavor-
able reinforcing member must be determined first. Depending on how the reinforcing steel
is produced and classified (class N or X) and how much it is strained, the reduction factor
k.(0) is defined.

ki(8)
1
L T~ Graph :
i \\ Tension reinforcement
0.8 II (hot rolled) with
r \ . &iz2%
* \| Iz
0.6 N \\ ] Graph [2]:
- Tension reinforcement
- 3l \ (cold formed) with

y )
I \ arz2%

0.2 \\ N Graph :
T Compression reinforcement
— and tension reinforcement with
. L —
0,
0 200 400 600 80 1000 1200 =i°2%
8 [°C]
Class N
ki(8)
1
\\ Graph |1]:
0.8 \ Tension reinforcement
I (hot rolled and celd formed) with
1] =2%
0.6 \ —— =
\ —i2]
0.4 ‘\ Graph [2]:
| \ Compression reinfercement and
\ tension reinforcement (hot rolled
0.2 \\\ and cold formed) with
\\\\ &i<2%
0L T ——
0 200 400 600 800 1000 1200
8 [°C]
Class X

Figure 2.11: Reduction factor k,(6) to consider temperature-dependent tensile strength of steel according to [7], figure
4.2a/b

Reduction of reinforcing steel strength f_ 4

The stress-strain relation of the reinforcing steel is defined by the following three parame-
ters:

e Slope in linear-elastic zone E;

e Proportionality limit f_¢
e Maximum stress level f, ¢
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The maximum strength of the reinforcing steel that is to be applied for the fire protection
design is determined as follows:

fsy,e =ks(0)- fyk

where
k,(©) Reduction coefficient for reinforcing steel (see Figure 2.11)
i Characteristic strength of reinforcing steel for normal temperature

Determination of reduced elastic modulus E, 4 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 (cf. Figure 2.11), it is possible to take the reinforcing steel's reduced elastic
modulus, depending on the steel temperature and type of production, from EN 1992-1-2,
table 3.2a or 3.2b.

Steel temperature foys! Tk fopa! Fic E.el Es
#[°C] hotrolled | cold formed | hotrolled | cold fermed | hotrolled | cold fermed
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 0.94 042 0.63 0.70 0.56
500 0.78 0.67 0.36 0.44 0.60 0.40
600 047 0.40 0.18 0.26 0.31 0.24
700 0.23 0.12 0.07 0.08 0.13 0.08
800 0.1 0.1 0.05 0.06 0.09 0.06
900 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 foy/ i fops! T Ese/ Es
g[°C] hot rolled and | hot rolled and hot rolled and
cold formed cold formed cold formed

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 2.12: Parameters of stress-strain relation for steel in case of fire according to [7], table 3.2a/b
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For reinforcing steels that are assigned to graph 3 according to EN 1992-1-2, figure 4.23,
the reduced modulus of elasticity is calculated as follows:

I':sy,e =ks(6)-E

where
k,(0) Reduction coefficient for reinforcing steel (see Figure 2.11)
E, Elastic modulus of reinforcing steel for normal temperature (20 °C)

2.4 Non-linear Design

EN 1992 and DIN 1045-1 allow for a non-linear determination of internal forces in the limit
states for bearing capacity and serviceability. The internal forces and deformations are de-
termined by taking into account the non-linear behavior of internal forces and deforma-
tions (physical).

2.4.1 Method

The principle for the analysis of non-linear problems is presented by describing an example
of uniaxial bending. To determine the non-linear diagram for deformation and internal
forces, the finite element method is used with equivalent stiffnesses that are constant ele-
ment-by-element. For this reason, the selected division of elements has a significant influ-
ence on both the results and the calculation's convergence.

To avoid serious input mistakes and a certain oscillation of elements, we use an adaptive
member division on the one hand, and a damped "stiffness application" on the other hand.
In this way we try to avoid extremely large differences in stiffness between adjacent ele-
ments and a resulting oscillation to the next iteration loop. Chapter 2.4.9 describes the sub-
ject of convergence in detail.

The following figure shows the distribution of stiffnesses depending on the moment dia-
gram in a scheme.

Detail point for explication of adaptive division

Moment diagram Moment-curvature relation

\ 1ir

E’l

Stiffness diagram (E*l) constant element-by-element

Figure 2.13: Principle of adaptive division by means of a detail point
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The following flowchart shows the general process of a non-linear calculation:

SPECIFICATION OF PROVIDED REINFORCEMENT

(Pre-design or selection)

v

LOAD STEPS

&

(n-load steps)
¥

Linear elastic determination of internal forces
or with stiffness of previous load step

v

> Determination of stiffness distribution in component
(if necessary, refinement of element division)

¥

Determination of internal forces with the specified

stiffness values

no

v

Exceeding the allowable limit values

{ultimate strains and curvatures)

no

K no
Maximum ber of

F Y

iteration is reached

yes

Reference to reaching the limit
Further calculations or results output

—l yes

no Reasonable definition of equivalent stiffnesses
beyond state of failure

v

Checking stop criteria
(smaller than the tolerance limits)

ho yes

ABORT

¥

FINAL LOAD STEP 15 REACHED

l yes

OUTPUT OF RESULTS
(Message when maximum number
of iterations was reached or
when allowable limit values
(safeties) were exceeded)

Figure 2.14: Usual calculation process of a non-linear analysis

The individual steps and procedures are described in the following chapters.
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2.4.2 Strain and Curvature

This chapter describes the determination of significant parameters on the cross-section lev-
el. The description is reduced to a simple rectangular cross-section affected by uniaxial
bending. The advantage is that the relation moment-curvature (axial force) mirroring most
clearly the stiffness development depending on the action is completely described. This

means that the moment-curvature diagram depends on the cross-section's loading due to
axial force.

Both chapters 2.4.7.1 and 2.4.8 describe in detail the material properties that are applied to
the limit states for bearing capacity and serviceability.

The following essential relations exist between strain and curvature.

Linearized representation

]

r £ee S

i
: \\\\
e

= -

\L\\\
RN
s

o
SN
N
N
N
N
SRR
S
N
N
\\\
N
P
; \\Q\

ds £ ds

Figure 2.15: Relation between strain and curvature on the infinitesimal element
Referring to the relations represented above, the following conditions can be specified:
ds
do ~ tan(dg) = —
r

dp ~ tan(dg) = == -ds _dgcc ds_ s _dgcc ds

The equation is the following:

1 _ 8 ~&cc
r d
where g negative for compression strain of concrete

Taking linear elastic material behavior as a basis, the relation between moment and curva-
ture for uncracked sections (state I) is as follows:

(1} _M
r) E-
For cracked sections (state Il), the direct affinity between the course of the moment graph

and the one of the curvature graph gets lost. The value E*| (flexural resistance of secant)

depends on the loading, and thus it is no longer constant where identical geometric
boundary conditions are given.
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The following figure shows the basic difference between secant stiffening and tangent
stiffening.

M

B __—
f(x)

E*l

(/1)

Figure 2.16: Secant stiffening (E*l) and tangent bending rigidity (B)

When deformations are calculated, the approach depends strongly on the used method. In
[29] QuasT points out the advantages of using the transfer matrix method applying the ap-
proach of the tangential flexural resistances (for area-by-area linearization (1/r),+M/B,). This
may be very practicable with regard to the mentioned method or for "manual calculations"
when deformations or release rotations are to be determined by the principle of virtual
work.

When the finite element method is used, the calculation based on constant equivalent stiff-
nesses is recommended. In order to determine the non-linear diagram of the cross-section's
moment-curvature relation in a sufficiently accurate way even there where abrupt changes
of the tangential bending rigidity occur, a finer division is compulsory in such transition
zones (M, M,). It is performed in the program's background by limiting the differences in
stiffness of adjacent elements.
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2.4.3 Tension-Stiffening

We know from the design in the ultimate limit state that tension forces, when parts of the
reinforced concrete are cracked, must be absorbed within the crack by the reinforcement
only. Between two cracks, however, tension forces are introduced into the concrete across
the (displaceable) bond. Thus, relating to the length of the structural component, the con-
crete is participating in the absorption of internal tension forces, which leads to an in-
creased component stiffness. This effect is called effectiveness of concrete for tension be-
tween cracks or Tension Stiffening.

structural system

curvature diagram

primary crack secondary cracks
7 “‘v N | S
| ‘ 1 I
’Ii\| \/\ F VT TV T 7T TTT )
moment diagram \ i | | |
t 1 :
x|
g, () ;
|
|
|

steel strain

£, (x) —

concrete strain j
|
I
5 I
slippage
|
|
|

T b (X) \/
composite strain

This increase of the structural component stiffness due to tension stiffening can be consid-
ered in two ways:

Figure 2.17: Stress and strain behavior between two primary cracks

e Subsequent to the crack formation, a constant residual tension stress is represented in
the concrete's stress-strain diagram. The residual tensions stress is much smaller than
the tensile strength of the concrete. Alternatively, it is possible to establish modified
stress-strain relations for the tension zone that take into account the concrete's effect
on tension between cracks in the form of a decreasing graph after the tensile strength
is reached. Often, this procedure proves to be reasonable for numerical calculations.

e The approach that is more conventional for practical designs and even easier to com-
prehend is the modification of the "pure" stress-strain diagram of steel. In this case, a
reduced steel strain ¢, is applied in the relevant cross-section. This strain results from
€., and a reduction term due to the tension stiffening.

a) b)

or /

|
I
|
|
|
I
! ! ‘
[ |
|
\Z 8ym8 vk Eum uk
fo

Figure 2.18: Different approaches to consider tension stiffening effect
a) by characteristic concrete curve b) modified characteristic steel curve

|
I
O

I Program CONCRETE © 2012 Ing.-Software Dlubal




2 Theoretical Background

- —

Dlubal ——

Engineering Software

In the add-on module CONCRETE, you can consider the effect of tension stiffening by a
modified characteristic curve for steel according to [13] as well as by a stress-strain curve
for concrete in the tensile zone according to [11] and [25].

Advantages and disadvantages of the respective approaches as well as the appropriate ap-

plication of the individual methods are described in detail in corresponding reference books
(for example [25]).

2.4.3.1 Model: Tensile Strength of Concrete

This model used to determine the effect of concrete on tension between cracks is based on
a defined stress-strain curve of the concrete in the tension zone (parabola-rectangle dia-
gram). The calculational tensile strength is no fixed value but refers to the given strain in
the decisive steel (tension) fibre. The approach was taken on according to the specifications

in [11] that the maximum tensile strength f_; decreases linearly to zero, starting at the de-
fined crack strain until a strain of 2 %eo is reached in the governing steel fibre.

As described in [11], the limit value 2 %o, which is slightly below the actually assumed yield
strain, represents an approach that is sufficiently accurate for practical needs. In several re-
search projects (i.a. [25]) efforts were made to improve or modify the approach of Quast
and to adjust it on the basis of evaluated experiments.

The following figure shows the approach in a scheme:

Stress-strain diagram for concrete in tension zone

ct

Reduction factor depending on steel strainin

governing fibre

f
ciR N

f ciRer

ciR

Stress

cr

N IIIIIPID

ct

~
~

Strain

-

~

~

N e

.,

PALL s

B2

Figure 2.19: Calculation of residual tensile strength for the Tension-Stiffening model according to QuasT
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The parabola-rectangle diagram for the tensile zone is determined according to the follow-

f
v = et
fct,R
Ect
ca v
€
nct:1.1’Ectm' cr
ct,R
Esy ~ €52
Oct,R = fct,R e — €cr S€5 S Esy
€sy ~&cr
where: 0,4 Reduction factor of basic value of tensile strength
foguna  Basic value of tensile strength (e.g. )
fer Calculational tensile strength
v Ratio of compressive and tensile strength
€ Calculational strain when f ; is reached
Ng Exponent of parabola in tension zone
Octr Calculational stress depending on governing strain of steel fibre
&y Calculational yield strain (simplified in computational model assumed
with 2 %o)
€ Strain of decisive steel fibre
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2.4.3.2 Modified Characteristic Curve for Steel

The Tension-Stiffening effect can also be taken into account by a modified characteristic
steel curve. The minor tangential stiffness (abrupt changes in case of re-cracking) is approx-
imatively determined during the crack development by distinguishing between crack for-
mation and final crack state.

Stress-strain curve of steel

A Os
fi ///‘
ty €sm €52
13-0sr Bt(Esr2-€sr1)
Osr
€s
€sr1 Esr2 E€smy €sy €smu €su

Figure 2.20: Modified stress-strain curve of reinforcing steel from [13]
Explanation
Uncracked - state | (0 < o, < c,)

€sm = €51

State of first crack formation (o, < o, < 1.30,,)

Bt(cs _Gsr)+(1-3csr _Gs)(

S —&
0'3Gsr sr2 sr1)

Esm = €52 —
State of final crack state (1.3¢,, < 5, <f)

€sm = €52 *Bt(ssrz *Ssr1)

Plastic steel yielding until failure (fy <o, <f)

€sm = €gy _Bt(gsrz _Ssr1)+ 6d[1 _%}(‘QSZ - gsy)
y

Descriptions:

€gm Mean steel strain
£, Ultimate strain at failure of reinforcing steel
£ Steel strain in uncracked state
€5 Steel strain in cracked state (in crack)
€11 Steel strain in uncracked state with crack internal forces
. Steel strain in crack with crack internal forces
By Factor to consider loading period or load repetitions
0.40 short-term loading
0.25 permanent loading or frequent load changes
o Stress in tension reinforcement, calculated on the basis of a cracked section
for the load combination that results in the first crack formation
o, Steel stress in cracked state (in crack) in N/mm?
Sy Factor to consider ductility of reinforcement
0.8 highly ductile steel
0.6 normally ductile steel
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2.4.4 Mean Moment-Curvature Relation

The mean moment-curvature relation describes the relation between moment and curvature
by taking into account the concrete's tension stiffening effect. By means of discrete condi-
tions of strain (curvatures) it is possible to determine a corresponding moment. Normally,
based on the ultimate strain at failure, the ultimate curvature is divided, which can vary ac-
cording to the task. The disadvantage of this approach is that it requires a very fine division
in order to represent also the transition zones for significant yield points. By connecting the
respective single points we get a continuous (polygonal) line representing the characteristic
moment-curvature diagram. Its graphs are also affected by or depending on the axial force
that is acting. However, in most practical situations the approach of a moment-curvature
relation linearized in particular areas is sufficient.

Depending on the selected approach (double bending, no constant axial force), CONCRETE
determines the stiffness on every element node directly from the design force of the previ-
ous iteration. One of the differences existing between the two approaches of the Tension-
Stiffening method is the following: in the approach according to QuAsT the mean stiffness
arises directly from the stress calculation. For the approach concerning the modified charac-
teristic curve for steel, it is required to determine once again the mean curvature separately,
which may lead to a certain loss of velocity depending on geometry and system.

For compression elements we generally have to use the model from Quast [11] to consider
the concrete's effectiveness. The reason is the simplified calculation in the uncracked state
for the model referring to the modified characteristic curve for steel (see chapter 2.4.3.2
and 4.2.2).

M

(m

Figure 2.21: Exemplary diagram of a moment-curvature relation
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2.4.5 Determination of Element Stiffnesses

2.4.5.1 Flexural Resistance

As described in chapter 2.4, the calculation is based on constant element-by-element equiv-
alent stiffnesses. It is important for this approach to have a very fine division in zones of
significant stiffness changes (tearing, yielding). In case the element division is too coarse, it
may happen that the stiffness conditions will be misinterpreted for some parts or the stiff-
nesses will oscillate. Therefore, CONCRETE performs an adaptive member division to prevent
these effects. The program also checks the difference in stiffness between the element
nodes. If the difference is too large, intermediate nodes will be inserted to minimize the
stiffness differences.

Another important approach for minimizing a non-convergence of statically indeterminate
systems is damping the stiffness change. Especially in cases where the stiffness decreases
strongly due to cracking and yielding (slightly reinforced cross-sections), a change of stiff-
nesses occurring too abruptly may lead to "breaking off" the iteration.

The following figure describes the relation between moment, curvature and stiffness.

Moment diagram Moment-curvature relation (1

M

Curvature diagram linearized
| | |

Figure 2.22: Scheme representation of relation between moment, curvature and stiffness

In accordance with the relations described before, the secant stiffening which depends on

the action arises according to the following equation:

E|(X):M

(1/r)x)
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2.4.5.2 Longitudinal, Shear and Torsional Stiffness

How the flexural resistance is determined as initial value for the non-linear calculation is de-
scribed in the previous chapters. The remaining stiffness parameters can be determined as
follows.

Longitudinal stiffness

The longitudinal stiffness E*A is determined similar to bending from the relation of the
strain g, to the acting axial force. When bending moment and axial force occur at the same
time, it is no longer possible to apply this relation directly because this would result in neg-
ative stiffnesses in particular areas provided that the approach is performed consequently.
This results from the simplified analysis not considering the shifting of the neutral axis for
strain. For non-linear calculations the axis is not matching the centroid of the cross-section
any more. Generally, it is possible to take this fact into account by uncoupling the stiffness
matrix from the centroid. However, this will result in a direct relation between moment and
axial force in the terms of the stiffness matrix. CONCRETE does not take into account the ax-
is strain that arises from crack formation or physical non-linearity.

When we look at the relation between axial force and bending moment, we can see a direct
relation between both stiffness terms. To make it clear, we can think of an example assum-
ing a column with constant compression force: If an increasing moment is now acting in
addition to the axial force, we don't only have a pure constant strain diagram but also a
curvature leading to a displacement of the resulting axial force from the centroid. Thus,
seen from a plastic point of view, also the effective area of the resultant force is reduced,
which leads necessarily to larger strains and so to decreasing stiffnesses. Therefore, the ap-
proach providing the consideration for the affinity between bending rigidity and strain
stiffness in case of bending with axial force represents a reasonable and practicable solu-
tion.

Shear stiffness

Determining the shear stiffness in detail is very difficult for the design of reinforced con-
crete structures, and with regard to particular geometry and load arrangements it repre-
sents a problem that is hard to solve. The beam theory soon reaches the limits because the
bearing capacity is supposed to be determined by the truss effect to represent the stiffness
for a moderate shear loading. In the past such models were used to develop different
methods that in general case are not or only partially sufficient when it comes to their ap-
plication.

In a simplified method, PFeIFFER [25] reduces the shear stiffness in accord with the available
flexural resistance. Even if this approach seems to be strange at first view, it hides a quite
simple and plausible idea. We can think of bending stress and shearing stress as independ-
ent values. With the modified loading of moment and axial force the flexural resistance
changes as well according to the strain and curvature diagram. This does not only affect the
stiffness in the beam's longitudinal direction but also in transversal direction used to trans-
fer shear forces.

We should understand this method to be an approach that implies a sufficient shear capaci-
ty but does not (or only roughly) determine slanting cracks, increase of tension force etc. In
spite of these simplifications we can consider the method according to PreiFFer for moder-
ately slender beams to be a sufficiently accurate approach. Alternatively, we can also take
the linear elastic shear stiffness as a basis for the calculation in CONCRETE.
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Torsional stiffness

Compared to flexural resistance the torsional stiffness is reduced strongly in case of crack-
ing. On the one hand, this is positive as torsion moments from restraint frequently occur-
ring in building construction will be almost completely reduced for load increments until
failure is reached. On the other hand, we have the so-called equilibrium torsion where the
strong decrease of the torsional stiffness may lead to remarkable torsions already in the ser-
viceability limit state and thus to a reduction of the serviceability.

1750
1500 7
vai % d/bs1 =g =03%
1250 h\\ va2 /=183 P gy -0.36%
va2 \
1000\ 3 Va3 d/b=312 ppg; =040%
va VQ9 EZZZZAdIb576 Wi =04F

2

VB 6 d/b=183 Ug 067%
vas

° 1. visible crack

8
e

torsional stiffness Ky [Mpmzl

"N-#}ATU

250

0 1.0 20 30 40 50 60

torsional moment M [Mpm]

Figure 2.23: Scheme from LEONHARDT [22] about decrease of torsional stiffness in case of cracking

The CONCRETE calculation provides two different approaches to consider torsional stiffness.

e Torsional stiffness according to LEONHARDT [22]
Torsional stiffness in uncracked sections (state [)

For the torsional stiffness in uncracked sections (state I) the program takes into account
that the stiffness is reduced by 30 and 35 % until the crack moment is reached. Reasons in-
dicated by LEONHARDT are the following: The concrete core escapes the loading and the
stresses are displaced to the outside. To some extent a micro crack formation is also in-
volved in the reduction.

(Ge *1r(x)) =0.8* G *I1(x) as average value
where It Torsional constant
G Shear modulus

C
Torsional stiffness in cracked sections (state Il)

The torsional stiffness in state Il is derived from a spatial truss model. For simplification we
can assume the inclination of the concrete compression strut below 45°. According to LEON-
HARDT this assumption is true when the ratio of the longitudinal reinforcement and the one
of the transverse reinforcement are not equal. Minor strut inclinations arise from the equi-
librium analysis or from the design assumption if the reinforcement ratio of the links is less
than the one of the longitudinal reinforcement. However, tests showed us that the planer
inclination of cracks that we assume only occurs for high stress.
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Tests also showed us that the truss model provides a good algorithm to determine the tor-
sional stress for the limit of failure. However, for the serviceability we can see that the steel
stresses available in the link and the longitudinal reinforcement do not reach the values ac-
cording to the truss analogy even after several load repetitions.

Link inclinations of 90°:
4 * E * A3 1
(Gc *lT(X))u = CZ S
Uk k(1L +1mpg )+

Link inclinations of 45°:

4% a* Ay

— — B*(1
™ (1+9)

E.*AZ*t, 1

Uk KT /mpi +%*(1“1))

(Gc * IT(X))II =

Teq —0.7* Ty,

" for 90° inclination of concrete strut
Tra,sy = 0.7 * Ter

where  k_ =1-

Teg —0.9%T, S
kg, =1-—E8d =2 ¢ for 45° inclination of concrete strut
b Trasy 0.9°T
Rd,sy — Y- cr
A . s .
p = A—Sl ratio of longitudinal reinforcement related to kern
k
agy *u . .
Wgy = Ssw_k  ratio of transverse reinforcement related to kern

k
T . Asw/sw*fy*Z*Ak
=min e e s
Rdsy AS[/Uk fy 2 Ak
Determination of crack moment for solid cross-section:
Start: feerr =0.55% fck2/3

End: feyrg = 0.65* fy 2/3

Determination of crack moment for hollow cross-section:

Start: feerr =0.45% fck2/3
End: feyrg = 0.55* fy 2/3
Tra.sy Torsional moment for which the steel stress in the truss model
reaches the yield point (torsional moment that can be absorbed)
T, Torsional moment for transition to state Il (crack moment)
Wchtr1
T; =min
Rd,sy {2 * Ak Tt fctr1
A, Area enclosed by center line of walls
A Cross-sectional area of longitudinal reinforcement
A, Cross-sectional area of link reinforcement
o Ratios of moduli of elasticity E/E,
U, Perimeter of area A,
Sw Link spacing
t Effective thickness of wall
0) Factor for creeping to consider

A mutual influence of torsional stiffness and flexural resistance is not effected.
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e Global reduction of torsional stiffness

As an alternative it is possible to calculate in the cracked area with a linear elastic torsional
stiffness that is reduced on a percentage basis.

2.4.6 Creep and Shrinkage

2.4.6.1 Determination of Initial Values

This chapter gives an overview about the time-dependent stresses and strains due to creep-
ing and shrinkage.

Creeping represents the time-dependent deformation of concrete stressed by loading with-
in a specific period of time. The essential influence values are similar to the values of shrink-
age. But additionally the so-called creep-producing stress has considerable effects on the
creep deformation. Special attention must be paid to the load duration, the point of time of
load application as well as to the extent of actions. The creep determining value is repre-
sented by the creep coefficient ¢(t,t,) at the relevant point of time t.

Shrinkage describes a time-dependent modification of volume without effects due to ex-
ternal loads or temperature. The present documentation avoids describing further explana-
tions concerning shrinkage problems and their individual types of appearance (drying
shrinkage, autogenous shrinkage, plastic shrinkage and carbonation shrinkage). Significant
influence values of shrinkage are the relative humidity, the effective thickness of structural
components, the aggregate, the concrete strength, the water-cement ratio, the tempera-
ture as well as the type and duration of curing. The shrinkage determining value is repre-
sented by the shrinkage strain ¢_((t,t,) at the relevant point of time t.

Before the manual describes how creeping and autogenous shrinkage are taken into ac-
count by a non-linear calculation, it presents the determination of the creep coefficient
o(t,t,) and the shrinkage strain ¢ (t,ts) according to EN 1992-1-1, section 3.1.4 and Annex
B.

Creep coefficient o(t,t,)

Using the following formulas requires that the creep-producing stress o, of the acting per-
manent load does not exceed the following value:

Oc <0.45- kaj

where f,; Compressive cylinder strength of concrete at point of time when creep-

producing stress is applied

Sigma c

A

Figure 2.24: Creep-producing stress

In case a linear creep behavior (o, < 0.45fckj) is assumed, the concrete's creep can be deter-
mined by a reduction of the elastic modulus for concrete (see equation on the following
page).
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Eceff = w
’ 1.1+ ¢(t, tp)
where E, Mean elastic modulus according to EN 1992-1-1, table 3.1
o(t,ty) Creep coefficient
t Age of concrete in days at relevant point of time
t, Age of concrete in days when load application starts

The creep coefficient ¢(t,t,) at the analyzed point of time t may be calculated as follows:

o(t,to) = @rp -Blfem) - B(to) -Be(t, to)

,_RH
where ORH = 1+ﬁ'0€1 - Ol
« 1 0
RH Relative humidity in [%]
h, Effective thickness of structural component [mm]
2-A
hg =—-=%
0 u
A Cross-sectional area
u Cross-section perimeter
o4, o, Coefficients to consider influence of concrete strength

0.
L3 !
" fem

0.2
o (35
2 me

fom Mean value of compressive cylinder strength

B(fcm) = ﬂ

fC m

f., Mean value of compressive cylinder strength of concrete in [N/mm?]
v
0.1+t3%

t, Age of concrete in days when load application starts
0.3
t-tg
By +t-to

t  Age of concrete in days at relevant point of time
t, Age of concrete in days when load application starts

B(to) =
Bc(trtO) = |:

Bh :1.5-[1+(0.012-RH)18] hg +250- a3 <1500 - o3

RH Relative humidity [%]
h, Effective thickness of structural component [mm]
o Coefficient to consider influence of concrete strength
0.5
a3 = [3—5j <1 0
me
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The following input is required to calculate the creep coefficient:

e RH Relative humidity [%]
ot Age of concrete in days when load application starts
o t Age of concrete in days at relevant point of time

The influence of high or low temperature on the concrete's curing degree in a range of 0 °C
to 80 °C can be taken into account by a correction of the age of concrete with the following

equation:
0 a7 ry 1
tr =Y e L273+T0AL) At
i=1
where n Number of periods with same temperature

T(At) Temperature in °C during period At;
At

Number of days where temperature T prevails

The influence of the selected type of cement on the concrete's creep coefficient can be tak-
en into account by modifying the concrete's load application age t, with the following for-

mula:

o
9
to :tO,T {1+WJ >0.5

where to,r = t;  Effective age of concrete when load application starts consider-
ing influence of temperature

o Exponent, depends on type of cement

(V4 Type of cement

-1 slow hardening cements of class S

0 normal or rapid hardening cements of class N

rapid hardening, high-strength cements of class R

Example
300.0 Concrete C25/30
- Cement CEM 42.5 N
RH: 50%
Two changes in temperature:
=
% Duration | Temperature
6 days 15 °C
8 days 7 °C
Figure 2.25: Cross-section Considered age of concrete t, : 365 days

Age of concrete when creeping starts:

n

t-|-=2e

i=1

{ 4000

T 13.65
273+T(At;)

4000 13.65} {74000 13.65
6+

400 _ .6}
At —e [273+T(Ati) 273+T(At;) .8 =8.96 days

Age of concrete under influence of type of cement:

o 0
9 9
to=tor |1+ -8.96-|1+— | =8.96 days
o-or [ 2+t i“} [ 2+(8.96)1'2J Y

Dlubal ——

Program CONCRETE © 2012 Ing.-Software Dlubal

39



2 Theoretical Background I

® Dlubal —

Engineering Software

Effective thicknesses of structural component:

_2-Ac_ 2:03:05 oo

h
0"y T 2.0.3+05)

Creep coefficient:

olt, to) = Ory - Blferm) - Blto) - Be(t tg) =1.933-2.923-0.606 - 0.758 = 2.595

where
_RH 1-20
100 100
—[1+—100 ¢ oy =|14—100 4 042|.1.012=1.933
PRH 0.1-3hg | 7 0.1.3187.5
0.7 0.7 0.2 0.2
ar = 2 =[£) 1,042 ay =| 22 =[£) =1.012
fom 33 fom 33
16.8  16.8
fon)= 28 _19:8_5 923
Blty) = ——— = ! ~0.606
7 0.11t92 0.1+8.9602
0.3 0.3
Bttty =] tf0 :[ 365-8.96 ] o758
By +t—tg 538.779 + 365 8.96

B :1.5~[1+(O.O12-RH)18] -hg +250 - a3 :1.5-[1+(o.o12-50)18]-187.5+250-1.03o =538.779

By <1500 - a3 =1500-1.030 = 1545

0.5
o3 =[§) =1.030
33
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Shrinkage Strain g_(t,ts)

Total shrinkage is subdivided into the components of autogenous shrinkage and drying
shrinkage. Then shrinkage can be defined by specifying the shrinkage strain ¢_((t,ts) as fol-
lows:

eus(tts)=eq(t tg)+e, ()

where eq(tty) Drying shrinkage strain

£,(t) Autogenous shrinkage strain

Drying shrinkage is calculated from
Scd(t'ts): Bds(t'ts)khgcd,o

(t-t,)

where By (tt)=—— 5"
(t—t,)+0.044/h]

t Age of concrete in days at relevant point of time
t, Age of concrete in days at the beginning of drying shrinkage
h, Effective thickness of structural component in [mm]

fem
—Ods2—
Ecq0 =085(220+1100 g7 )e ™0 |10 Bpy

fom Mean value of compressive cylinder strength of concrete in [N/mm?]
femo =10 N/mm?
Type of cement Olgs1 Olgsr
Class S 3 0.13
Class N 4 0.12
Class R 6 0.1
3
RH
=1.551-| —
Brr [ (RHOJ }
RH Ambient relative humidity in %
RH, =100 %
hy [mm] ki,
100 1.0
200 0.85
300 0.75
>500 0.70

Autogenous shrinkage is calculated from

€ca (t)= Bas (t)gca (0)

0.5
where B, (t)=1-e %%

t Age of concrete in days at relevant point of time
€cy(0) = 2.5(f4 —10)-107°

o Characteristic value of compressive strength of concrete in [N/mm?]
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Example
300.0
— Concrete C25/30

Cement CEM 42.5N
RH: 50%

=

=

Figure 2.26: Cross-section

Effective thicknesses of structural component:

2-A -0.3-0.
= c_ 20305 =0.1875m

h =
°7 U 2.03+05)

Autogenous shrinkage strain
€ca (1) = B o5 (Ve 4 (00) = 0.978-0.0000375 = 0.0000367
where
B (f)=1—e 02" 21 02365%° _g7g
€ca(0)=2.5(fy —10)-107° =2.5(25-10)-10"° =0.0000375
Drying shrinkage strain
£cq(tts) =Bgs (tts)kpecg o = 0.766-0.87-0.000512 = 0.000341
where

(t-t) (365-28)

= =0.766
(t—t;)+0.044/h3  (365—28)+0.04187.5°

Bas(tits)=

me

—Ods2
Ecq0 =085 (220 +110047)e M0 |.107C B, =

0123 6
=0.85[(220+110-4)e 10 [-107°1.356 =0.000512

3 3
Bry =1.55]1- RH =1.551- 20 =1.356
RH, 100

Cement ClassN = Qg =4

Olgsy =0.12

h,=1875mm = k, = 0.87

Shrinkage strain

Ecs(ttg) = £cq(t,t5)+ £, (1) = 0.0000367 +0.000341=0.000378 = 0.378 %o
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2.4.6.2 Consideration of Creep/Shrinkage by Calculation

Creep and shrinkage are considered by calculation as described in the model below:

Creep

If the strains are known at the point of time t = 0 as well as any later point of time t, the
factor for creeping ¢, can be specified as follows:

Qr=——-1
€t=0

The equation is converted to the strain at the point of time t. This results in the following
condition which is valid for uniform stresses (less than approx. 0.4 f_).

&t =g¢-0 (¢ +1)

For stresses higher than approx. 0.4 f, the strains are rising disproportionately, resulting in
loss of the linearly assumed reference.

For the calculation in CONCRETE the program uses a common and reasonable solution in-
tended for practical construction purposes: The stress-strain curve of concrete is distorted
by the factor (1+¢).

Distortion of stress-strain curve taking into account creeping

ac [N‘mm?2]
230 - without creep
__________________________ Concrete properties
] acl= -2.100 %o
sclu= -3500 %e
1 fe= 2800 Mimm2
i Ecm= 24900 Nfrarn2
1 ’ i i = 25
creeping with creep H
-10 4 i
-5 ) frelaxation ! .
U T T T T T T T T T T T T : 1
ano-1 -2 -3 -4 -5 -6 -7 -8B -8 10 -11 12 13

£c[%o]

Figure 2.27: Distortion of stress-strain curve for determination of creep effect

When taking into account creeping, as shown in the figure above, uniform creep-producing
stresses are assumed during the period of load application. Due to the neglect of stress re-
distributions, the deformation is slightly overestimated by this approach. In addition, this
model comprises stress reduction only in parts, as change in strains (relaxation) is not taken
into account: In case a linear elastic behavior is assumed, it would be possible to imply a

proportionality and the horizontal distortion would reflect the relaxation at a ratio of (1+¢).

This context, however, is lost for the non-linear stress-strain diagram.

Thus, this procedure represents an approximation. A reduction of stresses due to relaxation
as well as non-linear creep cannot be or can be only approximately represented.

The creep coefficient ¢, that is applied in CONCRETE must be considered as effective creep
coefficient. For calculations in the ultimate limit state this means that the ratio of creep-
producing and acting load must be taken into account. Therefore, the creep coefficients de-
termined according to chapter 2.4.6.1 must be adjusted as shown in the following equa-
tion.
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creep —producing load
acting load

Pt,eff = Pt

Shrinkage

The question arises how the component's distortions, which are relevant for the calculation,
are caused. The reason why they are caused is the concrete's restrained contraction due to
the reinforcement. In case the boundary conditions of common "slender" structural compo-
nents with uniformly distributed strain due to shrinkage are assumed, component curva-
tures will only occur for asymmetric distribution of the reinforcement.

Therefore, the shrinkage can be represented by a pre-strain of the concrete or the steel. This
means in detail that the "free strain" of the steel is restrained by a positive pre-strain of the
concrete. In the same way, it would be possible to model the component with a negative
pre-strain of the steel so that the concrete restrains the free strain of the pre-strained steel.
Both models show an identical stress distribution, taking into account the relevant pre-
strain, but they differ significantly in the plane of strain: When the steel has been pre-
strained, it is immediately evident from the strain's condition where zones of tension and
compression due to shrinkage occur. When the concrete has been pre-strained, it is possible
to make statements from the strain's condition concerning the concrete's actual contrac-
tion.

As the determination of deformations is most important for the calculation, it is of no in-
terest whether the modeling, when determining the stiffness, is carried out by a positive
pre-strain of the concrete or a negative pre-strain of the reinforcing steel.

The add-on module CONCRETE takes into account strain due to shrinkage by negative pre-
strain of the reinforcing steel.

2.4.7 Ultimate Limit State

A non-linear analysis in the ultimate limit state is used to determine the limit of failure
(mechanism) close to reality. The design involves the following difficulty: Realistic estima-
tions require realistic initial and computational parameters.

The material properties are no deterministic parameters. In contrast to the discrete cross-
section design where the concept of "local defects" is always applied, mean material proper-
ties have to be used to determine deformations and internal forces.

Another important point when we determine the behavior of structural components close
to reality is the consideration of the concrete's effectiveness for tension between cracks
(Tension-Stiffening, see chapter 2.4.3). The influence of creep and shrinkage is especially
significant for compression elements.

According to EN 1992-1-1, 5.7 non-linear methods must be used leading to realistic stiff-
nesses and considering uncertainties concerning failing. Design methods that are valid in
the governing application areas are allowed to be used. An appropriate non-linear method
for the determination of internal forces including cross-section design is represented by the
approach with the average values of the material properties and the application of a global
partial safety factor v,, which can be found in both the national annex for Germany refer-
ring to EN 1992-1-1, 5.7 and the German standard DIN 1045-1, 8.5. This approach is de-
scribed in the following with regard to the method according to EN 1992-1-1, 5.7.

According to EN 1992-1-1, 5.7 (5), we can apply for structural components for which it is
not allowed to ignore effects according to the second-order analysis the approach accord-
ing to EN 1992-1-1, 5.8.6.

CONCRETE provides both non-linear methods of calculation described above (cf. Figure 4.2,
page 81).
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2.4.7.1 Material Properties

Method according to EN 1992-1-1, 5.7

The design according to EN 1992-1-1, 5.7 is based on mean material properties that have
been calibrated to realize a global safety factor. As a result, we get a reduced concrete
compressive strength representing a controversial subject because of the distortion of the
averaged characteristic curve for concrete.

Calculational average values of the material stiffnesses

e Stress-strain curve for steel according to EN 1992-1-1, figure NA.3.8.1

fr =111,

fe = 1.08 * f, Reinforcing steel - high ductility
fe = 1.05*f,; Reinforcing steel - normal ductility
E, = 200,000 N/mm? Modulus of elasticity for steel

e Stress-strain curve for concrete according to EN 1992-1-1, figure 3.2
fo =085*a™*f,
Ecr Mean modulus of elasticity (secant)
We can see the following relation between the global safety factor y; and the mean
strength of materials:
Concrete (y, = 1.5): 1.5%0.85=1.275~y, = 1.3
Reinforcing steel (y. = 1.15): 1.15*%1.1=1.265~ y=1.3
The following figure shows us how the reduced concrete compressive stress f is represent-
ed with the calculational mean values in comparison to the concrete's stress-strain diagram.
The strong distortion of the characteristic concrete curve is clearly identified. It results in an

overestimation of strains, particularly in areas that are highly utilized, and thus it leads to
overestimated curvatures.

30
Concretar
C 20.25
25 4
T 20 4 '
=2 :
o :
i 15 1 :
G.) l
= h
o o S AR e '
10 ot .
e & g
it SigC) with fom
5 N :
e S0 with ToR
/, """"" PR with fod
0+ : : . ' .
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strain leps(c|
Figure 2.28: Stress-strain relation for internal forces and deformation analysis
When we look at the concrete's characteristic values, we see the following: though the the-

ory is based on reduced stresses (0.85 * o * f,), the modulus of elasticity corresponds to the
mean value in accordance with EN 1992-1-1, 3.1.5.
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Section 5.8.6 of the Eurocode standard describes the non-linear calculation of structural
components prone to instability risks. According to EN 1992-1-1, 5.8.6 (3) the stress-strain
curves must be defined on the basis of design values.

Design values of the material stiffnesses for the calculation of internal forces and de-
formations as well as for the design on cross-section level

e Stress-strain curve for steel according to EN 1992-1-1, 3.2.7

fyd = fyk/YS
1:'(d = k * 1:yk/ys
E,, = mean modulus of elasticity for steel (200,000 N/mm?)

e Stress-strain curve for concrete according to EN 1992-1-1, 3.1.5
fcm = fcd =a * ka/YC
Ec = Ecd = Ecm/YCE

2.4.7.2 Safety Design
Method according to EN 1992-1-1, 5.7

According to EN 1992-1-1, 5.7 we have to design the safety of non-linear calculations by
means of a global safety factor y;. We can do this by modifying the mean stiffnesses of
structural components (f_, fyR etc.), though it is disputed. The calculational steel stress has
been increased and the calculational concrete stress has been reduced, which allows for a
return to the global safety factor y; = 1.3 (or 1.1 for extraordinary combinations of action).

To ensure a sufficient bearing capacity, the following conditions are required:

Eg <Ry = %(fcR,fyR,ftR,...)

where
Eq Design value of governing combination of action
Ry Design value of design resistance
YR Uniform partial safety factor on side of ultimate load

CONCRETE calculates with a yg-fold loading. It can be applied in load steps, corresponding
to an incremental calculation of the ultimate load.

The design is fulfilled when the y;-fold action is higher than the ultimate load. This corre-
sponds to a conversion of the equation above.

YR -E4 <Rg4 :R(fCR’ferftR"")

In this way, also the reduction of imposed internal forces is determined sufficiently.

Advantages and disadvantages of the method

The most important advantage of this approach is obvious: Only one material rule is used
for the entire calculation. This leads to an easier handling as well as to economy of time
when calculating because the determination of internal forces and the design are per-
formed in one fell swoop.

The disadvantage will only be visible when we assume that the terms

R fr fyr f
—(fcR,fyR,ftR,...)—R[C—R,y—,t—R,...j
YR YR YR TR

are compatible. For non-linear calculations, of course, it is not given without restrictions. An
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example showing that such an approach can be quite on the unsafe side represents the
consideration of imposed internal forces. The use of material properties that are divided by
g leads to strongly reduced stiffnesses resulting in a strong reduction of the imposed inter-
nal forces. However, this representation is quite useful to make clear the problem of the re-
duced elastic modulus for steel.

The direct reduction of the stiffnesses is described in detail by QuasT [28] and is evaluated
critically with regard to slender compression elements.

To clarify the relations, we simplify the conditions and assume a horizontal graph of the
characteristic curve for reinforcing steel (f,4 = f,j). This results in the reduced design re-
sistance R, for:

Ry :i:ij'a*cR[S(y,Z)]dA where: a=1{ z
TR TR
-y
1
Rd = E_[a[— fCR < GR (8, fCR)S 0;_fyR < GsR (8)3 fyR ]dA

= sV, =

Ry :Ia|:_fcR - ow(efer) <o R o () sfy—R}dA
YR TR TR YR TR

When we set o = E; * ¢, the result is the following:

R :J'a|:_fcR - ow(efer) o R
TR TR TR

For a practical determination of internal forces according to the linear static analysis with-
out imposed internal forces it is quite alright to calculate with the reduced stiffnesses. In
this case, the diagram of internal forces is affected anyway by the relation of the stiffnesses
from different areas to each other.

However, the concept shows problems when compression elements are designed according
to the second-order analysis. The deformations are overestimated because of the reduced
stiffness in the system. This results in an overestimation of internal forces for calculations
according to the second-order analysis.

Slender compression elements are generally failing when the yield strain is reached in the
reinforcement. So it is obvious that the deformations are overestimated because of the re-
duced modulus of elasticity and the larger curvatures resulting when the yielding starts.
This leads to a smaller allowable load for the column or the reinforcement must be in-
creased accordingly. QuAsT [28] sees no reason for that.
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Method according to EN 1992-1-1, 5.8.6

According to EN 1992-1-1, 5.8.6 (3) it is possible to perform the design for the sufficient
structural safety directly on the basis of design values (f, f 4, ...) of the material properties.
To determine the internal forces and deformations, the stress-strain curves which are also
defined on the basis of design values have to be used in accordance with section (3).

Note concerning German NAD DIN EN 1992-1-1, 5.8.6

According to the national annex for Germany EN 1992-1-1, 5.8.6 (NDP 5.8.6 (3)) it is al-
lowed to determine the internal forces and deformations by means of average material
properties (f.,, fim ---). However, the design for the ultimate load capacity in the governing
cross-sections must be performed with the design values (f_, fyd, ...) of the material proper-
ties.

This "inconsistent" approach was disputed among experts. The problem is that it is impossi-
ble for some parts in statically indeterminate systems to reach a convergence of results: The
internal forces calculated with the mean values of the material properties cannot be ab-
sorbed with the design values to be applied for the design. Increasing the reinforcement re-
sults in an increase of stiffness for the respective parts and areas, which requires again an
increase of reinforcement in the subsequent iteration step. In addition, it is important to
know that a utilization of the plastic resources in the ultimate limit state is hardly possible
as the calculational design moment M, (design values for strengths of materials) won't
reach the value of the yield moment M, (mean material properties).

CONCRETE performs the safety design according to the standard by contrasting provided
reinforcement with required reinforcement determined for the design values of the material
properties. This must always be observed when manual corrections are made to the rein-
forcement (keyword: increase of stiffness).

2.4.8 Serviceability Limit State

With the standards DIN 1045-1 and EN 1992-1-1 detailed designs for the serviceability limit
state find their ways into more engineering offices.

The serviceability limit state is divided into three groups:
e Limitation of stresses (DIN 1045-1, 11.1 or EN 1992-1-1, 7.2)
e Limitation of crack widths (DIN 1045-1, 11.2 or EN 1992-1-1, 7.3)
e Limitation of deformations (DIN 1045-1, 11.3 or EN 1992-1-1, 7.4)

In the following, only the limitation of the deformation is described, taking into account the
influence of creep and shrinkage.

The reason for the detailed description of deformations can be found again in the non-
linear behavior of reinforced concrete as a composite material. As a result of crack for-
mation, the stiffness is reduced significantly in particular areas compared to state |
(uncracked sections). If the cracking is not taken into account, occurring deformations will
be underestimated. By considering creeping and shrinkage, the deformation may be 3 to 8
times larger, depending on the stress and boundary conditions.

The governing curvatures are determined as a basis for the deformations. It is important
not to forget the concrete's effectiveness for tension between the cracks, otherwise unreal-
istic results are to be expected.
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The correct interpretation of results from non-linear calculations requires the knowledge of
the most important factors. Therefore, we compare the most important parameters affect-
ing the stiffnesses in uncracked sections (state I) and cracked sections (state II) in the table
below:

Dlubal ——

Influencing value State | State ll

Creeping The stiffness is controlled main- | Minor influence

(here as reduction of | ly by the concrete.

the elastic modulus Thus, a reduced modulus of

for concrete) elasticity leads to a considera-
ble reduction of stiffness.

Reinforcement ratio | Minor influence The stiffness in state Il is con-
(reasons see Creeping) trolled mainly by the reinforce-

ment.

Therefore, there is a major influ-

ence.
Axial force Influence hardly given A tensile force is reducing the
(In case of simplified linear- stiffness considerably.
elastic analysis there is no in- | \Where necessary, this fact must
fluence at all.) be considered for the modeling

of shrinkage as it leads to ten-
sion stresses within the con-
crete.

Table 2.3: Influence values and their impact in the uncracked and cracked state

Material properties

Generally, the mean material properties are used to calculate the deformation. The effec-
tiveness of concrete on tension between cracks (Tension-Stiffening) must be taken into ac-
count as well by appropriate approaches (see chapter 2.4.3) because otherwise a realistic
deformation analysis won't be possible.

The mean material properties according to DIN 1045-1 and EN 1992-1-1 for the determina-
tion of deformations do not differ from each other (or only little).

Calculational average values of the material stiffnesses
e Stress-strain curve for steel according to EN 1992-1-1, figure NA.3.8.1

f, =1,
fo =1, for serviceability considerations
E,., = 200,000 N/mm? mean modulus of elasticity for steel

e Stress-strain curve for concrete according to EN 1992-1-1, 3.1.5 and 5.7
fem mean concrete compressive strength

Ecrn mean modulus of elasticity (secant)
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2.4.9 Convergence

How fast and safe a non-linear calculation is converging depends on a variety of facts and
can be specified for the general case only by trend.

Main-starting point of the convergence evaluation represents the method that is used. We
know that methods based on tangential improvements (tangential stiffness matrix), often
converge faster (square convergence in area of searched solution) than methods determin-
ing an iterative improvement by means of secant stiffenings. However, secant methods are
generally more stable seen from a numerical point of view, especially in the area of very flat
gradients near the limit of failure (tangential stiffness runs to zero). Of course it is not pos-
sible to find a generalization because the convergence is affected by incremental load appli-
cation, various iteration methods (NEwWTON-RAPHSON, Riks/WEMPNER/WESSELS etc.) and many
other parameters.

In the following, the convergence behavior of the used algorithm is presented shortly.
CONCRETE performs the actual iteration of the state of strain on the cross-section level. This
means: based on a diagram of internal forces within an iteration loop more and more new,
current strain-stress conditions are calculated. The convergence is reached when a state of
equilibrium is established, i.e. the diagram of internal forces in two successive iteration
steps remains within a given threshold.

This method performed exclusively is very stable in case of minor stiffness fluctuations in
statically indeterminate frameworks. However, problems occur in case of abrupt changes or
major changes in stiffness. The calculation may oscillate, which cannot be prevented even
by adaptive division. To avoid the non-convergence, a damped stiffness reduction was im-
plemented into the calculation. The change between the stiffnesses of two iteration steps
will be damped according to user specifications. Thus, the calculation slows down a little
but it is numerically more stable. Finally, we know that a damping for statically determinate
systems makes no sense.

Thus, the two controllable stop criteria of non-linear calculations are the following:
g = [ (1) = (/)4 < Tolerance 1

y is an indicator for the ratio of ultimate moment and acting moment.
In this way, the break-off criterion ¢, takes into account the change of internal
forces.

g, = (E, - EI_,)?/ (El)> < Tolerance 2
This design criterion controls the stiffness difference of two successive iteration
steps on the nodes.
In addition, the deformation difference between two iterations is checked in the program's
background:
g =|u;—uy,| < Tolerance 3 (fix)

The maximum deformation difference is set fixed to the value < 0.1 mm.

If the non-linear calculation is not converging, the dialog box Settings for Non-linear Calcu-
lation offers you several possibilities to improve the convergence behavior.
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p
Settings for Non-linear Calculation

Analyzis Approach | Tension Stiffening Effect  [teration Parameters

Adaptive Element Division lteration Parameters
Parameters  m: 200 0 M ax. Mumber of [terations per
. 4= I_I Load Increment: 5015

L [ramping of Rigidity Change within one Cycle of lterations
Division Factor

for Refinement: = Dramping Factor: 0500
Break Limits

Limit Lengths of Divisions =1 =147 - 141 | 0.001015

Maimurn: 0.5001= [m] &z = | [Eli - Eli)? /ENJ2 1: 000104

Mimimum: 0100 [m] 23 = | Umax,i - Umax,i-1 |/ Damping Factaor: 1.0000 | [mm]

Load Increments

MHumber of
Load Increments: 3%

Load Application: @) Linear
Trilinear:
lteration | Load Load Ratio
crement Applied [%]
1 50.0
2 80.0

@I IE Ok ] | Cancel

"

Figure 2.29: Dialog box Settings for Non-linear Calculation, tab Iteration Parameters

Increasing the number of iterations

The iteration process strongly depends on the cross-section shape, the structural system
and the loading. This may lead to a different convergence behavior. Generally, structural
components that are highly stressed by compression are converging a bit more slowly. As
the current deviations g, and ¢, are displayed permanently during the calculation, we can
easily decide if increasing the number of iterations (slow but continuous convergence)
makes sense.

Increasing the number of load increments, trilinear if necessary

In the first load step, the linear-elastic stiffness is used as initial value. This may result in a
very large difference in stiffness in the first iteration loop when the calculation is done with
one load step only. In this case, it could be useful to apply the load step-by-step.

Limit length of member division and adaptive element division

With this option it is possible to influence the stiffness diagram efficiently. As CONCRETE
calculates with constant mean stiffnesses within a finite element, it is advisable to select a

finer division of elements where major changes in stiffness occur (see Figure 2.13, page 24).

With an adaptive division CONCRETE controls the stiffness differences on the end nodes of
an element. If the specified tolerance limit will be exceeded, intermediate divisions will be

inserted additionally. To access more details about the functionality, click the [Info] button
that is directly available in the dialog box.

Reduction of damping factor

By a specific reduction of stiffness changes between two iteration steps it is possible to
work against the calculation's oscillation. In case of two successive iteration steps, the pro-
gram determines the stiffness difference on one node. The damping factor represents the
part of the stiffness difference that is considered for the new stiffness applied in the subse-
quent iteration step.

E-l; gamped = Eli_1 - (1— damping — factor) + E -1; - damping — factor

This means: The higher the damping factor, the smaller the damping's influence. If the fac-
tor is 1, the damping has no influence on the iterative calculation.
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3. Input Data

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

When you have started the add-on module, a new window opens where a navigator is dis-
played on the left, managing all tables that can be selected currently. The pull-down list
above the navigator contains the design cases that are already available (see chapter 8.1,
page 131).
When you open CONCRETE in an RSTAB structure for the first time, the module will import
the following design relevant data automatically:

e Members and sets of members

e Load cases, load groups, load combinations and super combinations

e Materials

e Cross-sections

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

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

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

3.1 General Data

In table 1.1 General Data, you select the actions that you want to design. The relevant load
cases, groups and combinations can be assigned to the ultimate limit state, the serviceabil-
ity limit state and the fire protection design by using the respective tab.

Diubal —

CONCRETE - [Frame] 55—
File Edit Settings Help

Cal - Reinforced concrete desi v‘ |L1 General Data |

Concrete Design According to

Code: EENEN 1992-1-1:2004/AC: 2010 - National Annex:  EEICEN h

@]

Cross-sections

i Supports Ultirnate Lirait State | Serviceability Limit State I Details ] Fire Resistance }
£ Reinforcement

i1 - Horizantal beams
L2 - Columns LC4 Live load - member 11 o LG1 gHa+HMp &

Existing Load Cases Selected for Design

L5 |Liveload - member 12 LG3 | g+pgeshuimp

¥

LCE Live load - member 13 LGS g+pl 0+p1 24p1d4w+imp
LC? Live load - member 14 £
Lca “wind load - left

=LC3 Imperfection - direction right =

T
L AR
Y|

Load Groups and Load Combinations
LG2 gra-imp -

CONCRETE
Members

LG4 g+pges-a-imp
LGE g+p10+p1 2+p1 4-wirimp
LG7 g+p11+pT1 F+w+imp

m

LG8 gepT1+p1d4wimp — Reinforced Concrete

LG9 g+pl10+p11+p1 3+pl dwsimp ™ hd Design of Members

7| Mondinear —_— /| Activate Creep and
Calculation. .. = Shiinkage

Comment
I ——

Drezign of state |1

Iz/ IEI@ Caleulation \&I Graphic Canecel

Figure 3.1: Table 1.1 General Data, tab Ultimate Limit State
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Concrete Design According to Code / National Annex

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

Concrete Design According to

Code: [ENEN 1992-1-1:2004/AC: 2010 Lg National Annex: BRI CEN - .
9] DIM 1045-1:2008-08
9] DIN 1045-1:2001-07
¥ DIN 1045: 1988-07
™9 DIN V ENV 1992-1-1:1992-06
== ONORM B 4700:2001-06-01

E5 ACT 318-11
3 51a 262

Figure 3.2: Selection of design standard

When EN 1992-1-1:2004 is set, you can select the National Annex from the list to the right.

Mational Annex: | EEICEN ﬂ
CEM  EU k

Si=BS United Kingdom

e CSN Czech Republic

DN Germany

amDK Denmark

C=NEN  Netherlands

2 inF France

Elne Portugal

PN Poland

4=5F5  Finland

@msIST  Slovenia

f=ss Singapore

=55 Sweden

EmsSTN Slovakia

I-UNE  Spain

BHUNT  Italy

== CONORM Austria

Figure 3.3: Selection of national annex

Use the [Edit] button to check the factors of the selected national annex. If necessary, you
can adjust the coefficients.

Eurocode Settings @

National Annex

Code:

Eurocode Settings

[ 2. Basis of design -
[12.4.2.4 Partial Factors for Materials
Partial factor of concrete at the ultimate limit state (persistent, transient) Tc 1.5000
Partial factor of steel at the ultimate limit state {persistent, transient) Ts 1.1500 L
Partial factor of concrete at the serviceability limit state Tc 1.0000 3
Partial factor of steel at the serviceability limit state Ts 1.0000
(1 3. Materials
3.1 Concrete
Maximum value of strength class of concrete Cmax C30/105
Factor Considering Long Term Actions on Compressive Strength oo 1.0000
Factor Considering Long Temm Actions on Tensile Strength ot 1.0000
[ 3.2 Reinforcing Steel
Maximum value of yield strength Fyic 6£00.000 | N/mm2
Factor for calculation of design value for limit elongation of steel lewdt 0.5000

4. Durability and Concrete Cover
=1 4.4.1 Minimum Concrete Cover
Structural Class SC. 54
Modification of Structural Class
Minimum Concrete Cover

Additive Safety Element for Increase of Minimum Concrete Cover Acdur,y 0.00 | mm
Reduction Factor under Use of Stainless Steel AC dur,st 0.00 | mm
Reduction Factor for Concrete with Additional Protection AC dur,add 0.00 | mm
H Increase of the Cover Layer Under Abrasion Loading
Value of Increase k1 5.00 | mm
Value of Increase kz 10.00 | mm
Value of Increase ka 15.00 | mm -

Note:

Figure 3.4: Dialog box Eurocode Settings
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To create a copy of the annex currently selected, click the [New] button in the dialog box
Eurocode Settings. When you have changed the parameters, you can save the copy using
another name. The user-defined parameters are then globally available for all structures in
the National Annex list.

Name

Code: CEM [copied)

Country

Figure 3.5: Creating a user-defined national annex

3.1.1 Ultimate Limit State

The first tab of table 1.1 General Data is shown in Figure 3.1 on page 52.

Existing Load Cases / Load Groups and Load Combinations

These two dialog sections list all actions and load combinations defined in RSTAB that are
relevant for the design. Use the [P] button to transfer the selected load cases, groups or
combinations as well as super combinations to the list Selected for Design on the right. You
can also double-click the items. To transfer the complete list to the right, use the button
>>].

If a load case is marked by an asterisk (*) like load case 9 in Figure 3.1, it is not possible to
calculate it. This may be the case when no loads are defined or, as you can see in the exam-
ple, the load case contains only imperfections.

Selected for Design

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

The analysis of an enveloping Or load combination is often carried out more quickly than
the design of all load cases and groups that have been globally set. On the other hand, the
influence of the actions contained in a load combination are less transparent for a CO de-
sign.

Non-linear Calculation

To perform the ultimate limit state design according to the non-linear design method, tick
the check box below the list Load Groups and Load Combinations. The non-linear approach
is described in the theory chapter 2. Chapter 2.4.7 on page 44 presents the non-linear anal-
ysis for the ultimate limit state in detail.

A non-linear analysis performed according to DIN 1045-1 or EN 1992-1-1 can be carried out
only for load cases and load groups but not for load combinations. The analysis is possible
for both the ultimate and the serviceability limit state, combined or separately.

To open the dialog box Settings for Non-linear Calculation, use the [Edit] button. The dialog
box provides three tabs that are described in chapter 4.2, page 81.

Furthermore, table 1.1 offers you the option to Activate Creep and Shrinkage. For more in-
formation, see chapter 2.4.6 on page 37. When the check box is ticked, you can specify the
modulus of creep and the shrinkage strain in table 1.3 Cross-sections (see Figure 3.13, page
62).

Comment

In this input field, you can enter user-defined notes, for example to describe in detail the
current design case.
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3.1.2 Serviceability Limit State

CONCRETE - [Frame] i
File Edit Settings Help

LAl - Reinforced concrete desi v‘ |l..1 General Data |
|

Concrete Design According to

Code: [EENEN 1992-1-1:2004/AC: 2010 - National Annex:  EEICEN -

i Cross-sections

i Supports Ultimate Linit State  Serviceabilty Limit State ] Datai\s] Fire: Heswslance}
=I- Reinforcement

1 - Horizontal beams
L2 - Columing LC1 Self-weight - LG13  |awp >

Lcz Live load - roof

LC3 Live load - member 10

LC4 Live load - member 11

LCE Live load - member 12

LCE Live load - member 13 2

Existing Load Cases Selected for Design

1E

Members

i3

m

v
¥

BB

Load Groups and Load Combinations

LG1 gHaHmp

CONCRE

m| »

LGZ2 gra-imp
LG3 g+pges+wHMp,

B

LG4 | g+possurimp
LG5 g+p10+p1 24p 1 dia+imp Reinforcad Conerets
LGE g+ D+p1 2+p1 4-w-imp = i Design of Members

| Non-Linear — /| Activate Creep and | s
Calculation =) i ewe LFactor: (1.0 ~]

Comment
I

Design of state 11

@ IEI IEI Calculation Check Graphic Cancel

Figure 3.6: Table 1.1 General Data, tab Serviceability Limit State

Existing Load Cases / Load Groups and Load Combinations

These two dialog sections list all actions and load combinations defined in RSTAB. Use the
[»] button to transfer the selected load cases, groups and combinations or super combina-
tions to the list Selected for Design on the right. You can also double-click the items. To
transfer the complete list to the right, use the button [»p].

Selected for Design

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

Non-linear Calculation

To perform the serviceability limit state design according to the non-linear design method,
tick the check box below the list Load Groups and Load Combinations. Chapter 2.4.8 on
page 48 presents the non-linear analysis for the serviceability limit state in detail.

A non-linear analysis performed according to DIN 1045-1 or EN 1992-1-1 can be carried out
only for load cases and load groups but not for load combinations. The analysis is possible
for both the ultimate and the serviceability limit state, combined or separately.

To open the dialog box Settings for Non-linear Calculation, use the [Edit] button. The three
tabs available in the dialog box are described in chapter 4.2, page 81.

Furthermore, table 1.1 offers you the option to Activate Creep and Shrinkage. For more in-
formation, see chapter 2.4.6 on page 37. When the check box is ticked, you can specify the
modulus of creep and the shrinkage strain in table 1.3 Cross-sections (see Figure 3.13, page
62).
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CONCRETE - [Frame] i

File Edit Settings Help

CA1 - Reinforced concrete desi v] |L.1 General Data |

Irput Data Concrete Design According to

PYp—— Code: [EHEN 1992-1-1:2004/AC:2010 ¥ National Annex:  EEICEN -
Cross-sections
; Supports Ultirnate Lirnit Stale} Serviceability Limit State  Details I Fire Heswslance}
E1- Reinforcement |
1 - Horizontal beams Details for Serviceability
L2 Columns B C
Permanent Factor -
No LC. LG or CO Description Load kt [0 P
e = 0.400 e -
LC2 | Live load - roof a 0.600 U Q
LC3 | Live load - member 10 a 0.600 0
LC4 | Live load - member 11 a 0.600 z
LC5 | Live load - member 12 ] 0.600 E
LCE | Live load - member 13 ] 0.600 o w
LC7 | Live load - member 14 a 0.600 U E
LC8 | Wind load - left a 0.600
LCY | Imperfection - dirzction right ] 0.600
LG1 | g=w+mp 0.533
LG3 | g+pges+w+mp. 0533 e .
LG5 | g+p10ep12+p14+w+imp 0533 einforced Concrete
1G13 [ge 0505 Design of Members
Comment
Design of state 11 - | 1|

Figure 3.7: Table 1.1 General Data, tab Details

If you perform the design according to EN 1992-1-1 or one of the national EN application
documents, the Details tab is displayed additionally.

This tab is unnecessary for serviceability limit state designs according to DIN 1045-1 be-
cause the factor k, is generally defined with 0.4 in equation (136), section 11.2.4 (2).

LC, LG or CO Description

Column A lists all load cases, groups and combinations that have been selected for design
in the Serviceability Limit State tab. The load cases that are contained in the selected load
groups and combinations are also displayed.

Permanent Load

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

Factor k,

The load duration factor k, is used to determine the loading period. The factor k, is 0.4 for
long-term load actions and 0.6 for short-term actions.

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

7i(LF) kg, (LF)

o

X
-
Il
i

7i(LF)

o

Il
-

Equation 3.1
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3.1.4 Fire Resistance

CONCRETE - [Frame] i
File Edit Settings Help

LAl - Reinforced concrete desi v‘ |l..1 General Data |
|

Concrete Design According to

Code: [EENEN 1992-1-1:2004/AC: 2010 - National Annex:  EEICEN -

i Cross-sections
Supparts Ultirnate Lirnit Stale} Serviceability Limit State | Details  Fire Resistance
=I- Reinforcement

i1 - Horizontal beams
L2 - Columing LC1 Self-weight & co3 Fire pratection -

Lcz Live load - roof

LC3 Live load - member 10

LC4 Live load - member 11

LCE Live load - member 12

LCE Live load - member 13 2

Existing Load Cases Selected for Design

TE

m

v
¥

Load Groups and Load Combinations

)

LG11 g+pl2+w+mp o
LE12 | g+pl Z-weimp
LG13  |[og+p

com Ultimate limit state
coz Serviceability

CONCRE
Members

B

= Reinforced Concrete
=z Design of Members

PR

Man-Linear = Activate Creep and Reduction Factar <
Calculation. - Shiinkage acc. to 24.2(2)  nf: 1.005

Comment
I

Design of state 11

@ IEI IEI Calculation Check Graphic Cancel

Figure 3.8: Table 1.1 General Data, tab Fire Resistance

Existing Load Cases / Load Groups and Load Combinations

These two dialog sections list all actions and load combinations defined in RSTAB. Use the
[»] button to transfer the selected load cases, groups and combinations or super combina-
tions to the list Selected for Design on the right. You can also double-click the items. To
transfer the complete list to the right, use the button [»p].

Selected for Design

The column on the right lists the loads selected for the fire protection design. Use the but-
ton [«] to remove selected items from the list. You can also double-click the entries. With
the button [44«], you can transfer the entire list to the left.

Non-linear Calculation

To perform the fire protection design according to the non-linear design method, tick the
check box below the list Load Groups and Load Combinations. The non-linear approach is
described in the theory chapter 2.

To open the dialog box Settings for Non-linear Calculation, use the [Edit] button. The three
tabs available in the dialog box are described in chapter 4.2, page 81.

Furthermore, table 1.1 offers you the option to Activate Creep and Shrinkage. For more in-
formation, see chapter 2.4.6 on page 37.

The option Reduction Factor acc. to 2.4.2 (2) allows for a simplified transfer of loadings
from the design for normal temperature to reduce these actions by the reduction factor ng.
The reduction factor is determined as suggested in EN 1992-1-2 according to 2.4.2 (3). As a
simplification you can use the recommended value ng; = 0.7.
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3.2 Materials

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

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

The material properties required for the determination of internal forces in RSTAB are de-
scribed in detail in chapter 5.2 of the RSTAB manual. The design relevant material properties
are stored in the global material library and preset automatically.

To adjust the units and decimal places of material properties and stiffnesses, select Units
and Decimal Places in the module's Settings menu (see Figure 8.6, page 134).

CONCRETE - [Frame] -
File Edit Settings Help

CA1 - Reinforced concrete desii | 1.2 Materials |

Input Data B C
L. General Data Material Material Description
No. Conerete Strength Class Reinforcing Steel Comment
Crazs-sections [ 1 fi _PBSt5005 (A)
- Supports 2 _|cC BSt 500 5 (A)

B Reinforcement
i1 - Horizontal beams

i 2 - Columng

Material Properties
i Concrete Strength Class: Concrete C30/37

Concrete stress-strain curve for
? . ||=ection design

Characteristic Cylinder Compressive Strength Fox 30.000 | N/mm2 -
Mean Cylinder Compressive Strength fem 32.000 | N/mm2
Mean Axdal Tensile Strength Fotm 2.900 | N/mmZ2
5 % Fractile of Axial Tensile Strength Fetx,0.0 2,000 | N/mm2
95 % Fractile of Axial Tensile Strength fete0.38 3.800 | Némm2
Mean Secant Modulus of Flasticity Ecm 33000.000 | N/mm2 -
B Charactenistic Strains for Nonlinear Calculations
Ultimate Strain for Pure Compression €01 -2.20 | % L
Uktimate Strain at Failure Zout -350 | % " ||Reinforcement stress-strain curve for
[ Characteristic Strains for Parabolic-Rectangular Diagram =ection design
Ultimate Strain for Pure Compression Sc2 -2.00 | %
Ultimate Strain at Failure Souz -350 | % (o ol
yelicly| i
Parabola Exponent n 200 %
Unit Weight 25.00 | kN/m?
El Reinforcing Steel: BSt 500 S (A)
Modulus of Elasticity = 200000.000 | N/mm2
Characteristic Yield Stress Fyk 500.000 | N/mm2 0.1% Bk T
Characteristic Tensile Strength Fa 525.000 | N/mm2 -

Material Mo. 1 - Concrete C30437 in Members: 1-15

Figure 3.9: Table 1.2 Materials

Material Description
Concrete Strength Class

The concrete materials defined in RSTAB are already preset. Materials of a different material
type are highlighted red. When a manually entered Material Description corresponds to an
entry of the material library, CONCRETE will import the appropriate material properties.

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

The list contains only materials of the Concrete category complying with the design concept
of the selected standard. The import of materials from the library is described below.
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Reinforcing Steel

In this column, the program presets a common steel grade that corresponds to the design
concept of the selected standard.

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

The import of materials from the library is described below.

Material Library

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

(S

Material Library

Fitter Choice Material to Select
. B 5505 (4] EN 1332-1-1:2004/4C:2010 -
Material Category:
T —— B 550 M [4) EN 1332-1-1:2004/4C:2010
SRS B 50 (B) EN 1392-1-1:2004/45:2010
Code Group: B 550 M [E] EN 1332-1-1:2004/4C:2010
EM B 5005 (4] EN 1332-1-1:2004/4C:2010 L
B 500 M [4) EN 1332-1-1:2004/4C:2010
Code: o =

B 5000 5 8]
B 500 M [B]

EN1 ]
EN 1932-1-1:2004/AC:2010

EM 1932-1-1:2004/AC:2010

B 4205 (B) EM 1992-1-1:2004/AC:2010
Show: B 4205 (C) EM 1992-1-1:2004/AC:2010
Materials of ‘01! Codes B 4505 (&) EN 1932-1-1:2004/8C:2010 -
Favarites Only... JE [ ®

Material Constants
E1RSTAB Relevant

B 500 S (B) | EN 1992-1-1:2004/AC:2010

Modulus of Elasticity iE 20000.00 | kN/cm?2
Shear Modulus G 7700.00 | kN/em2
Poissons Ratio u 0.300
Unit Weight T 78.50 | kN/m?
Coefficient of Thermal Expansion o 1.0000E-05 | 1/°C
Partial Safety Factor M 1.00

E Design Relevant
Modulus of Elasticity =5 20000.00 | kN/cm?2
Characteristic Tensile Strength Fe 54,00 | kN/em?2
Ultimate Strain Euk 50.000 | %-
Characteristic Yield Strength Fyk 50.00 | kN/em2

High ductility.

()3 ] [ Cancel

. A

Figure 3.10: Dialog box Material Library

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

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

log box. As a matter of principle, it is not possible to edit the material properties in this dia-
log box.

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

Chapter 5.2 in the RSTAB manual describes in detail how materials can be added or rear-
ranged. By using the [Create New Material] button, you can create new types of concrete or
reinforcing steel with user-defined material properties and store them for later use.
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3.3 Cross-sections

This table lists the design relevant cross-sections.

COMCRETE - [Frame] e
File Edit Settings Help
C&1 - Reinforced concrete desi v] |l..3 Cross-sections |
Input Data B [ Cc | D [ E Rectangle 3001500
.. General Data Section | Material Opti- Creep Coefficient /
Materials Ho. No Cross-section Description mize Remark Shrinkage Strain
Cross-sections [ 1T W ctangle 500/600 a 2.806/-0.401
Lo Supports 2 Rectangle 900/300 O 2.722/0.389
) Reirforcement 3 Rectangle 1000/1400 ] 2.631/40.331 -
L1 - Horizontal beams 4 Rectangle 550/1400 ] 2.771/0.39%6 B
3 Columns 5 Rectangle 550/300 ] 2827/0403
3 Rectangle 400/500 a 3.008/-0.447 ;
0 oz .
7 [m] 32) 35 280 i
[rmm]
(o) (o) (e
MNo.1 - Rectangle 900/600 in Members: 1-4

Figure 3.11: Table 1.3 Cross-sections

Cross-section Description

When you open the table, the cross-sections used in RSTAB are preset together with the as-
signed material numbers.

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

To modify a cross-section, enter the new cross-section description directly into the corre-
sponding table row. You can also select the new cross-section from the library. To open the
library, use the button [Import Cross-section from Library] below the table. Alternatively,
place the pointer in the respective table row and click the [...] button, or use the function
key [F7]. The cross-section library that you already know from RSTAB appears. For the CON-
CRETE design only few buttons are enabled in the dialog section Solid Cross-sections:

= [E]

e Rectangle

e Floor beam (symmetric, unsymmetric or conic)
e Rotated floor beam (symmetric or unsymmetric)
e |-shape (symmetric, unsymmetric or conic)

e Circle

e Ring

e Hollow rectangle (Z-symmetric)

e Conic shape (symmetric)

e Channel (symmetric)

The selection of cross-sections from the library is described in detail in chapter 5.3 of the
RSTAB manual.
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Figure 3.12: Cross-section Library

If the cross-sections defined in CONCRETE are different from the ones used in RSTAB, both
cross-sections are displayed in the graphic in the right part of the table.

Optimize

For each cross-section it is possible to perform an optimization analysis. By using the inter-
nal forces from RSTAB the program determines within the same cross-section table the
cross-section that meets the reinforcement requirements specified in the dialog box Optimi-
zation Parameters with the least possible dimensions (see Figure 8.5, page 133).

To optimize a particular cross-section, tick its check box in column C. Recommendations for
optimizing cross-sections can be found in chapter 8.2 on page 133.

Remark

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

Modulus of creep / shrinkage strain

Column E displays the values for the creep coefficient and the strain due to shrinkage de-
termined according to the preset method. Use the context button shown on the left to ad-
just the values. A dialog box (see Figure 3.13) opens where you can specify new data.
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Settings for Creep and Shrinkage

H Counting Form -
Determination of creep coefficient Age
Determination of the shrinkage strain Age

= Input Data
Considered age of concrete (creep) Lk 27393 | Days
Considered age of concrete (shrinkage) L= 27393 | Days

[ Effective component thickness
Cross-section surface Ac 0.540 | m2
Air Exposed Perimeter u 3.000 | m =
Effective component thickness ho 0.360 | m
Type of Cement Cem. Typ N
Relative humidity RH 50| %
Age of concrete at beginning of shrinkage L= 28 | Days
= Age of concrete at beginning of creep Determine
Consider Temperature Mo
Effective age femperature) tT 7.000 | Days
Take Type of Cement into Account Yes
Age of concrete at beginning of creep Lo 7.000 | Days
El Result -
Set Settings for
@ Cross-section: Fectangle 900,600 -
() All Cross-sections
() Cross-section Mo.: |1-6
[ (] 3 ] [ Cancel

" A

Figure 3.13: Dialog box Settings for Creep and Shrinkage

The first item Counting Form comprises two possibilities to define the modulus of creep and
the coefficient of shrinkage:

e Age Modulus of creep and coefficient of shrinkage are calculated by means
of parameters.
e Defined Modulus of creep and coefficient of shrinkage must be specified directly.

How the creep coefficient and the shrinkage strain are determined is described in chapter
2.4.6, page 37.

At the end of the table the Result is displayed showing the determined modulus of creep
o(t,t)) and the determined coefficient of shrinkage ¢ (t,ts).

In the dialog section Set Settings for, you can decide whether the entered specifications are
applied to a single cross-section, to all cross-sections or to selected cross-sections.
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3.4 Supports

This table defines in detail the support conditions of the members that you want to design.
The nodal supports defined on horizontal members in RSTAB are already preset. If neces-
sary, it is possible to adjust them. CONCRETE also recognizes if intermediate or end sup-
ports are available.

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

CONCRETE - [Frame] e
File Edit Settings Help
CA1 - Reinforced concrele desiy ~ | [L5 Supports |
Input D ata [ A | B [ [ D [ E | F [ G
.. Gereral Data Support | Mode |Support Width| Direct Monolithic End M Ratio
Materials Ne. Ma. b fmm] Support | Connection | Support &M Comment
Cross-sections [ 1T . 24000 & a 5] 1.00
poits 2 ] 30000, [ a O 1
Reinforcement 3 ] 30000 M O O 1.00 |
i1 - Horizontal beams 4 12 30000 (=] d d 1.00
L. 2 - Columns 5 17 30000, ™ a a 1 .
3 20 24000, [ a [x 1 0
7 !
B 1
] B3] 2
1
1
1
U
Consideration of a restricted moment
swap of the supporting moments
according to 5.5
Reduction of the momerts or
dimenszioning for the moments at the
face of monalithic support according to
2
EW /| Fieduction of the shear forces in the
d support area according to 6.2.2
? ? @ Calculation Check Graphic Cancel

Figure 3.14: Table 1.5 Supports

Node No.

This column lists the supported nodes of the members that have a horizontal position or a
position that is inclined up to 15°. Use the [...] button available in this column to select ad-
ditional nodes graphically in the RSTAB work window.

Support Width b

In column B you define the effective width of the corresponding nodal support. In this way
you can determine, for example, a wall's wide bearing area which is represented in the
RSTAB model only by a singular support.

Direct Support

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

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

In column D you decide if a flexurally rigid connection with the column or a free rotary sup-
port including reduction options for the supporting moments is available.

End Support

An end support has a different influence on the design moment and the lengths of anchor-
age as an intermediate support. Column E provides a check box for the appropriate assign-
ment.

M Ratio &

For continuous structural components you can define the ratio & for the redistributed mo-
ment and the elastically determined initial moment in column F. The column is only availa-
ble if you have ticked the check box Consideration of a restricted moment swap below the
graphic on the right.

The &-values can be determined according to the standard, for example EN 1992-1-1, 5.5 (4).

Comment

In the final column, you can enter a comment for each support, describing the selected
support conditions in detail.

Taking into account the support widths

Below the interactive graphic in the table you find three check boxes whose specifications,
depending on the design standard, have different effects on the required reinforcement.
The settings are globally valid for the currently selected design case.

Consideration of a restricted moment swap

For continuous beams it is possible to apply the linear-elastic methods with limited redistri-
bution of the supporting moments. The resulting distribution of internal forces must be at
equilibrium with the acting loads. The standards describe the moment ratios § that must be
observed in order to ensure the ability for rotation in the critical areas without special de-
signs, for example EN 1992-1-1, 5.5 (4).

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

Reduction of the moments or dimensioning for the moments
Optionally, the program performs a moment reduction, for example according to EN 1992-
1-1, 5.3.2.2, or DIN 1045-1, 7.3.2, when all of the following requirements are met:

e No end support

e Support width > 0

e Support is defined in direction Z

e Support force acts positive in Z

e Member in horizontal position or with max. inclination of 15°

e Negative moment distribution in the entire support zone

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

Reduction of the shear forces in the support area

For a direct support it is possible to reduce the design value of the shear force, cf. EN 1992-
1-1, 6.2.1 (8) and 6.2.2 (6).
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Loads near supports are taken into account, regardless of whether the check box for shear
force reduction is ticked, provided that they are designed in load cases or groups.

In case of load combinations the shear force is designed generally on the support's edge
because the standard's requirement for a "uniformly distributed load" by means of enve-
lopes is not verifiable in detail.

3.5 Reinforcement

This table consists of several tabs where all reinforcement data is specified. As the individual
members often require different reinforcement settings, you can create several reinforce-
ment groups in each CONCRETE design case. The reinforcement specifications can be de-
fined for members as well as for sets of members.

Reinforcement Group

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

CONCRETE - [Frame] |
File Edit Settings Help
C4l - Reinforced conerete desi vJ |L5 Reinforcement |
Input Data Reinforcement Group Applied to
i General Data |
Materials Mo.: Drescription, tembers: 10
Crass-sections Horizontal bearms @ Sets of Members: 4.5 [l an ‘
Longitudinal Reinforcement l Links I Reinforcement Layuul] Min F\einfumemenl] EN 1832114 | * | | 5. Rectangle 5504300 hd
orizortal beams
- Columns Reinforcement | Reinforcement Layers Rectangle 5501200
Poszsible Maw. Mumber of Layers: -1 -
Diameters:
] =0 Minimum Spacing
1000 - First Layer a 25,00 [mm]
| 1z00 . = =
] 14.00 = [rore] B —
] 16.00
20,00 Anchorage Type i
2500 i
| 2600 Straight vJ |
28.00 b
| 30.00 Steel Surface: | Deformed -
I 36.00
D 40.00 Curtailment Type Provided Basic Reinforcement
~) No Curtailment [Astop:  [[] As bottom: b
@) Curtailment by Zones o i[E g Settings
Mumber Zones:
@ 1000 02| (o] Design the Provided
~) Curtailment by Reinforcement Bars ) = = Reinforcement
A 0.00 0.00) [em?]
)

Figure 3.15: Table 1.6 Reinforcement with two reinforcement groups

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

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

In the dialog section Applied to, you define the members or sets of members to which the
current reinforcement group is applied. All members and All sets of members are preset. If
the check boxes are ticked, no further reinforcement group can be created because mem-
bers and sets of members cannot be designed by different reinforcement specifications
within the same design case. Therefore, in order to use the possibility for several reinforce-
ment groups, clear at least one of the All check boxes.
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Enter the numbers of the relevant Members or Sets of Members into the input field. The re-
inforcement specifications defined in the tabs of the table will be valid for all selected ob-
jects. You can also use the [Pick] button to select the objects graphically in the RSTAB work
window. Thus, the button [Create New Reinforcement Group] becomes active. For the new
group you may only select members and sets of members that are not yet assigned to any
other reinforcement group.

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

Reinforcement proposal

The graphic in the right part of the table shows how the input in the tabs affect the cross-
section. Use the list above the graphic to select another cross-section. The graphic is dynam-
ic: Modifications to the reinforcement specifications are updated and displayed immediate-
ly.

If the check box Design the Provided Reinforcement is ticked, CONCRETE will use the speci-
fications entered in the various tabs to calculate a rebar reinforcement. If you clear the
check box, some of the input fields cannot be accessed. In this case, the program will de-
termine only the required reinforcement areas.

When you have activated the design for the serviceability limit state or for fire protection in
table 1.1 General Data, it is not possible to clear the check box because it is not enabled:
The SLS design is based on an actually provided reinforcement. Crack widths, crack spacings
etc. can be determined only by the applied rebar diameters and spacings. The same applies
to a design according to the non-linear method.

The individual tabs of table 1.6 are described in the following.

3.5.1 Longitudinal Reinforcement

In this tab you enter the specifications defining the longitudinal reinforcement.

CONCRETE - [Frame] =
File Edit Settings Help
L& - Reinforced concrete desi vJ |L.5 Reinforcement |
Ir’:puéData o Reinforcement Group Applied to
- bheneral Uata
Materials Mo Description Members: 10 e
i+ Cross-sections Horizontal bears @ Sets of Members: 4.5 [
Supports
He|frent Longitudinal Reinforcement ] Links I Reinforcement La_l,lnutl Min F\einfnr:emenl] EM 133211 ] 5 - Rectangle 550/900 -
Reinforcement | Reinforcement Layers Rectangle 550/900
Pozzible b ax. Mumber of Lavers: (1 =
Diameters:
] =0 Minimum Spacing
1000 - First Layer a 25,00 [mm]
| 1z00 . = CEOLD
] 14.00 = trore] B —r,
] 16.00
20,00 Anchorage Type i
2500 i
| 2600 Straight YJ !
28.00 b
] 30,00 Steel Surface: | Defarmed A
I 36.00
|1 4000 Curtailment Type Provided Basic Reinforcement
@ Mo Curtailment El4saop: @] A5 bonom: [mm]
~) Curtailment by Zones . . iE 24 Seftings
. . - Design the Provided
~) Curtailment by Reinforcement Bars d 1000 2000 frmd Reinforcement
As 0.0 E.28) [cmd)
)

Figure 3.16: Table 1.6 Reinforcement, tab Longitudinal Reinforcement
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Reinforcement

In addition to the nominal diameters for rebars mentioned in DIN 488, the list for Possible
Diameters includes some diameters used outside Germany. A multiple selection is no prob-
lem for the design.

Use the [Edit] button to adjust the list of the displayed rebar diameters.

Edit List of Possible Diameters (=23

Diameters for Longitudinal Reinforcement (e.g. "8.0 10.0 12.0 ...}
£.0010.0012.00 14.00 16.00 20.00 25.00 28.00 30.00 32.00

@I IE [ (0] 3 ] | Cancel

Figure 3.17: Dialog box Edit List of Possible Diameters

The input line allows for modifying, removing or adding entries.

Reinforcement Layers

For the reinforcement proposal CONCRETE takes into account also multi-layer arrangements
of rebars. Use the list to specify the Max. Number of Layers. It is possible to define up to

three reinforcement layers. The input fields below allow for entering specifications concern-
ing the Minimum Spacing a for rebars of the first layer and b for further layers, if necessary.

When the program creates the provided reinforcement, these structural specifications are
considered. They affect the number of possible rebars inserted in each layer and the lever
arm of internal forces.

If an arrangement of several reinforcement layers is defined, a curtailment of reinforce-
ments is not possible.

Anchorage Type

Both lists in this dialog section provide a variety of anchorage possibilities. The graphic to
the right is dynamic, this means that modified settings are updated and displayed immedi-
ately in the graphic.

The anchorage as well as the Steel Surface (plain, deformed) affect the required length of
anchorage.

Curtailment Type

No Curtailment is preset. If you have specified several reinforcement layers, the other two
options are disabled.

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

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

Provided Basic Reinforcement

In this dialog section you can specify a basic reinforcement separately for the top and bot-
tom layer. When the check boxes are ticked, the input fields below can be accessed. They al-
low you to define the number of rebars n and the rebar diameter d. The field A, indicates
the corresponding reinforcement areas.
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The user-defined basic reinforcement is taken into account when the reinforcement pro-
posal is created. It will be inserted over the entire length of the member or set of members.
In case the required reinforcement is not covered by the basic reinforcement, CONCRETE de-
termines the rebars that are additionally required and inserts them into the cross-section.

3.5.2 Links

This tab contains reinforcement specifications for the shear reinforcement.

CONCRETE - [Frame] 23
File Edit Settings Help
C&1 - Reinforced concrete desi vJ |l..5 Reinforcement |
Ir?puéData | Dat Reinforcement Group Applied to
i General Data
L. Materials Mo.: Diescription Members: 10 [ an
Cross-sections Haorizontal beams @ Sets of Members: 4.5 a0
Supports
= 'H:EMDIEt | bean Longitudinal Reinforcement  Links ]Heimfolcement Layout] Min F\einfnrcemenl] EM 15392-1-1 ] 5 - Rectangle 550/900 -
i 1 - Horizontal beams
2 - Colurns Reinforcement | Link Paramsters Rectangle 550300
Poszsible Mumber af Links
Diameters per Section:
=00
10,00 Inclination: 90,00 1]
[_] 1200
|| 14.00 - N
I_] 16.00
] 20,00 Anchorage Type:
"] 25.00 (. i
[l 2600 Hook = ;
|| 2500 M
] 20,00
] 3600 Link Layout / Link Spacing
I~] 40.00 ~) Uniform Spacing Throughout
~) Zone Related Spacing: a [mm]
~) Subdivided According to Link Spacing | [m] Settings.
@ Defined Link Spacin Design the Provided
. pacing 3100 - 300 mm, 100 mm BRI
o] [7]Max. Spacing. 030012 [m] [T Min. Spacing: | [m]

Figure 3.18: Table 1.6 Reinforcement, tab Links

Reinforcement

In addition to the nominal diameters for rebars mentioned in DIN 488, the list for Possible
Diameters includes some diameters used outside Germany. A multiple selection is no prob-
lem for the design.

Use the [Edit] button to adjust the list of the displayed rebar diameters (see Figure 3.17).

Link Parameters

With the list Number of Links per Section you define the link sections. Two sections are pre-
set. To adjust the presetting, use the list. It is possible to define up to four sections.

The Inclination of the shear reinforcement is defined by the angle between the longitudinal
and the shear reinforcement. The program presets 90°, this means that the links are per-
pendicular. If you want to modify the inclination, observe the standard specifications: EN
1992-1-1, 9.2.2 (1) only allows for angles between 45° and 90°. Furthermore, the code re-
quires in chapter 9.2.2 (4) that bent bars acting as shear reinforcement may be used only
together with links. Moreover, it is recommended that at least 50 % of the shear force to be
absorbed is covered by links.

e - Anchorage Type
Mo anchorage The list provides numerous possibilities for link anchorages affecting the determination of

Berd the anchorage lengths. The graphic to the right is dynamic, this means that modified set-
Straight with tranzverse bar . . . . . .
Straight with two transverse bars tings are updated and displayed immediately in the graphic.
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Link Layout / Link Spacing

This dialog section can be accessed only when a reinforcement proposal is created.
For all members and sets of members a Uniform Spacing Throughout is preset.

When you select a Zone Related Spacing, you have to specify the number of zones with the
same link layout in the list. In case one zone is specified, the program will create a further
zone in addition to the zone with the maximum link spacing (minimum reinforcement). The
additional zone covers the maximum value of the required link reinforcement. If you specify
two zones, CONCRETE will determine the mean value from the required minimum and max-
imum reinforcement and applies the corresponding x-locations on the member as further
zone limits.

If the layout is Subdivided According to Link Spacing, you have to define a spacing for the
link zones. The zones will change in the spacing intervals that are also determined from the
required minimum and maximum reinforcement by an interpolation method.

When a Defined Link Spacing is selected, you can choose an entry in the list shown on the
left. Use the [Edit] button to the right to adjust the entries or to create a new entry with us-
er-defined distances between links.

New List of Allowable Link Distances (=23
No. List Description
4 50 - 300 mm, 50 mm

Link Distances (i.e. "50 100 150 200 ..") [m]
0.0500.100 0.150 0.200 0.250 0.300

@I (0] 3 | Cancel |

Figure 3.19: Dialog box New List of Allowable Link Distances

The Max. Spacing and the Min. Spacing of the link reinforcement can be defined directly.

The zones presented in the reinforcement proposal can be modified or completed subse-
quently in table 3.2 Shear Reinforcement Provided (see chapter 5.2.2, page 99).

Dlubal ——
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3.5.3 Reinforcement Layout

This tab defines how the reinforcement is inserted and which RSTAB internal forces will be
designed.

CONCRETE - [Frame] =
File Edit Settings Help
C41 - Reinforced concrete desi vJ |L.5 Reinforcement |
Ir':vput Data Reinforcement Group Applied to
i General Data
L Materials Mo Description: Mernbers: 10 a0
Cross-sections Horizontal bears @ Sets of Members: 4.5 [ 20
i Supports
=I- Reinforcement L = . A=y
ongitudinal F\E\nfurcemenll Links  Reinforcement Layout ] hin F\Elnfnmemenl] EM 1392-1-1 ] 5 - Rectangle 550/900 -
L. 2 - Columns e Rectangle 550/300
Ctop 45.00 [mm] Cside 45,00 [ram]
Chottom 45.001%] [rmm] [] Cover acc. to = LY T
Code — & £
Caower to Bar Centroidal Axiz 2
3 — —,
S8.00 5| [mm] 59,00 - [mm] sssns | 5
BENN =] [ron] Cover ace. to Cside :
Code i
v
Reinforcement Layout Settings ®
Top - Battom [optimised distribution] vJ Relevant Intemal Forces for
Concrete Design:
oy P N MT [mm]
Yy iy Settings.
Distribute Reinfarcament Evenly Vz Mz .
over Complete Flate Width Design the Provided
Feinforcement

Figure 3.20: Table 1.6 Reinforcement, tab Reinforcement Layout

Concrete Cover

The settings for concrete covers interact with the specification for a reinforcement proposal:
If a reinforcement proposal is created, the covers refer to the dimensions of the rebars' edge
distance c. But if the program won't calculate a provided reinforcement, the specifications
refer to the dimensions of the rebars' centroidal axis u. The following picture shows the dif-
ference.

Depending on your specifications, you can access the input fields in the upper or lower part
of the dialog section.

Centroid Edge
Figure 3.21: Relations of concrete cover

In the input field c,,,, you enter the concrete cover of the longitudinal reinforcement at the
top. In the input field ¢, 4. You specify the cover of the longitudinal reinforcement at the
bottom. These values represent the nominal values c,,,, of the concrete cover, for example
according to EN 1992-11, 4.4.1.1. Based on these specifications and taking into account the
applied rebar diameters, CONCRETE determines the lever arm of the internal forces.

"Top" and "bottom" are clearly defined by the position of the local member axes in RSTAB.
The cover ¢, is required for the equivalent wall thickness for the torsional design.

side
For multilayer reinforcements, when entering the cover to the centroidal axis u, you have to
take care that the distance refers to the reinforcement's centroid.
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Top - Bottom [summetrical distribution]
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I Corners [symmetrical distribution)
Urifarrly surrounding
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With the check box Cover acc. to Code you set the standard values of the selected design
code. Use the [Edit] button to adjust the parameters. A dialog box opens offering three tabs
used to control the determination of values.

Concrete Cover acc. to Code EN1992-1-1
Chottom | Ctop | Cside |

Parameters for Definition of Concrete Cover

Exposure Class acc. to 4.4.1.2 (5] w1 | [
Abrasion Clazs acc. to 4.4.1.2[13) Mo | [l 0
Design Woarking Life acc. to 4.4.1.2(5) Table 4.34 50 ears | []

Concrete Cast acc. to 4.4.1.3 (4] cast-in-place concrete | []
Air Entrainment of More than 4% acc. to 4.4.1.2 [5] Mote 2.
Special Quality Control of the Concrete Production ace. to 4.4.1.2(5) Table 4.34

Mominal Mazimum Aggregate Size Greater than 32 mm acc. to 4.4.1.2 [3) Table 4.2

Maximum Used Diameter of Shear Reinforcement ol Link © 10.00

[rairn]
Minirum Cover due to
Bond Requirement acc. to 4.4.1.2 (3] Crminb 28.00 [mm]
Enviromental Conditions acc. to 4.4.1.2 (5] Cmin,dur © 10,001 [mm]
Additive Safety Element acc. to 4.4.1.2 [B] ACdur,w: 0,00 [rar)
Reduction of Minimum Cowver for Use
of Stainless Steel acc. to 4.4.1.2 [7) Atdurst 000 [rorn]
of Additional Protection acc. to 4.4.1.2(8) ACdur,add © 000 [mm]
Minimum Concrete Cover acc. to4.4.1.2 (2] Crmin : 28.00] [
Uszer Defined Allowance for Deviation acc. to 4.4.1.3 ACdew - 10.00 | [mm] F
Mominal Cover for Longitudinal Reinforcement acc. to 4.4.1.1 Crom lang | 48.00] [mm]
j ﬂ T_ @ [ ak. ] | Cancel

Figure 3.22: Dialog box Concrete Cover acc. to Code

Reinforcement Layout
The list contains a variety of possibilities how to lay out the reinforcement in the cross-
section:

e Top - Bottom (optimized distribution)

e Top - Bottom (symmetrical distribution)

e Top - Bottom (edit ratio A;,,,/ A)

e Top - Bottom (edit ratio A, sngon / A)

e In Corners (symmetrical distribution)

e Uniformly surrounding

For the reinforcement layout Top - Bottom (optimized distribution) CONCRETE performs also
an optimization for biaxial bending.

Due to this option, it is also possible to define the reinforcement by means of the ratio for
top reinforcement and total reinforcement or for tension reinforcement and total rein-
forcement. The value for the ratio is entered in the input field below the list. In this way, the
program facilitates an efficient replication of existing constructions.

Furthermore, if T-beams and I-sections are used, you can Distribute Reinforcement Evenly
over Complete Plate Width. With this option the program releases a part of the rebars.

Modifications to the reinforcement layout are shown by dynamic display in the graphic to
the right.
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If the moment distribution is M, = 0 and M, > 0 for a Top - Bottom layout, the program's
output shows increased areas of reinforcement: The design moment is not acting in the dis-
tributing direction specified for the reinforcement. In this case, select the In Corners layout
in order to perform the design correctly.

3.5.4 Minimum Reinforcement

This tab includes the specifications concerning minimum and structural reinforcement as
well as the parameters for crack width control.

COMNCRETE - [Frame] 5
File Edit Settings Help
CAl - Reinforced concrete desin ‘ Il..ﬁ Reinforcement |
I'?DUt Data Reinforcement Group Applied to
i General Data =
- Materids Mo Description: - tembers: 10 5 Al
i+ Cross-sections 1 | Horizontal beamns ‘=1| [ ¥ || Sets of Members: 4.5 :‘ Al
- Supports
Reirforcement Lung\tudinalF\ewnfumement] Links I Feinforcement Layout  Min Reinforcement | EM 1392-1-1 ] W
Minimum Reinforcement Crack Width Control Rectangle S50/300
Min & top: 40215 [em?] Crack Width Limit acc. ta 7.3.1(5) (N4 Parameter)
Min As bottom 62812 [cm2] || wmax: 030 v [um]
| Minimum Longitudinal Reinforcement
According to Code N ——
| Minimum Shear Reinfarcement 7 . )
According to Code A, min -
Fure Tension 1
Secondary Reinforcement Crack R aising in First 28 Days l
| b aximurm B ar :
Spacing 200,002 [mmm]
Identical Diameter a5 Longitudinal Az min - Layout Top/Bottom i
Reinforcement . . _— (mir]
| Dimensioning of Longitudinal N
ds: [160 | [mm] Reinforcement for S erviceability = Seftings
Lirit 5tate: i
/| Add Comer Reinforcement g:ifg;g:ngxwdad
® | mEmE
@) | o) m
? ? E Calculation Check. Graphic Cancel

Figure 3.23: Table 1.6 Reinforcement, tab Min Reinforcement

Minimum Reinforcement

For the definition of a global minimum reinforcement two input fields are available. You
can enter the steel cross-sections for Min A, ,,, and Min A; ,,1om- Use the [Edit] button to
specify the cross-sectional areas based on the number of rebars and the rebar diameters in
a separate dialog box.

For the calculation of the required reinforcement it is possible to take into account or to ex-
clude, optionally and independently of each other, the Minimum Longitudinal Reinforce-
ment and the Minimum Shear Reinforcement according to the corresponding standard.

Secondary Reinforcement

This dialog section is active only if you want to create a reinforcement proposal.

The Maximum Bar Spacing of the secondary rebars, i.e. the rebars that are not structurally
required in the cross-section, is defined by specifying a maximum value. The reinforcement
proposal will try to realize a uniform distribution of rebars (for example for webs of T-
beams or for slender rectangular cross-sections).

With the option Identical Diameter as Longitudinal Reinforcement the program aligns the
secondary reinforcement with the rebar diameter of the required reinforcement. Alterna-
tively, you can use the list to define a specific diameter d, for the secondary reinforcement.
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If you tick the check box Add Corner Reinforcement, a secondary reinforcement is generally
arranged in all corners of the cross-section. In this way it is possible to define a reinforce-
ment outside the web even for I-shaped cross-sections.

Similar to the minimum reinforcement the secondary reinforcement is taken into account, if
sufficiently anchored, for the designs and the calculation of crack widths.

Crack Width Control

The access to the input fields in this dialog section is only available if the serviceability limit
state design has been activated in table 1.1 General Data. In addition, the dialog section is
adjusted to the selected standard. The description in the following refers to EN 1992-1-1.

The Crack Width Limit w,,,, can be selected in the list. Depending on the environmental
conditions, the specifications mentioned in EN 1992-1-1, 7.3.1 (5) must be applied.

| Crack Width [mm] Exposure Class Structural Element |
0.20 ®C0 - xC1 Frestreszing
0.20 KC2-xC4 Prestressing

0,30 w2 -=C4 Reinf. Concrete, Unbonded Prestressing

2 Reinf. Concrete, Unbonded Pre: ing
0.30 ®51 - %53 Fieinf. Concrete, Unbonded Prestressing
0.40 ®C0 - L1 Rieinf. Concrete, Unbonded Prestrezzing

Figure 3.24: Crack widths depending on exposure class (EN 1992-1-1)

When designing the limitation of crack widths, you have to distinguish between load ac-
tions and effects due to restraint. Effects due to restraint are reduced considerably by crack
formations within the structural component so that a minimum reinforcement A; ,;, with
sufficient dimensions results in a distribution of the entire component reduction on several
cracks having respectively small crack widths. The crack widths caused by a load action,
however, depend on the available steel stress and the reinforcement layout.

Concerning the factor k used to consider non-linearly distributed self-equilibrating stresses,
the German national annex (NA) of EN 1992-1-1, 7.3.2 (2) distinguishes tension stresses due
to

e restraint caused in the structural component itself (for example from drain of hydra-
tion heat)
e restraint caused outside of the structural component (for example column settlement).

CONCRETE calculates the crack width according to EN 1992-1-1, 7.3.4 for the respective
load stress directly. For effects due to restraint the program designs the minimum rein-
forcement according to EN 1992-1-1, 7.3.2 to limit the specified crack width.

If you want to define the effects due to restraint to be Pure Tension, tick the corresponding
check box: The definition affects the factor k. for EN 1992-1-1, eq. (7.1), determining the
stress distribution in the cross-section before the first crack is formed. In case of pure ten-
sion k. = 1.0. For bending or bending with axial force k. is determined according to eq.
(7.2) or (7.3). The mean concrete stress o, is determined from the loads because without
load it is not possible to calculate the concrete stress. In case of exclusive bending stress, o,
is equal to zero in the structural component's axis and thus, according to eq. (7.2), k. = 0.4.
In addition to the stress distribution, the factor k_ takes into account approximately the in-
crease of the inner lever arm for crack formation.

When you assume Crack Raising in First 28 Days, the effective tensile strength of concrete
fi et must be reduced according to EN 1992-1-1,7.3.2 (2). Enter the corresponding Concrete
Strength Reduction Factor into the input field to the right. The national annex for Germany
requires f . = 0.50 - f,(28d). If it is not possible to determine definitely the point of time
within the first 28 days for the cracking's start, it would be appropriate, in accordance with
the national annex for Germany, to assume at least a tensile strength of 3 N/mm? for nor-
mal concrete.
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In case of direct restraint, the extent of reduction is affected by the thickness of the struc-
tural component because higher self-equilibrating stresses occur when the cross-section
dimensions are increased. However, deformations imposed from outside (for example sup-
port deformations) do not cause any self-equilibrating stresses. In such a case the reduction

factor is 1.0.

Use the selection list to define the reinforcement layout to which you want to assign the

minimum reinforcement.

To check and, if necessary, to adjust the Dimensioning of Longitudinal Reinforcement for
Serviceability Limit State, use the [Edit] button to the right. The following dialog box opens.

Settings for Layout of Longitudinal Reinforcement @
Stress Analysis
Satisfy the Proof: /| Limitation of Concrete Pressure Stress og
/| Limitation of Steel Stress as
Crack Width Analysis
Satizfy the Proof: V| Minimum R einfocement min A
/| Limit Diameter lim ds
| Maximurm Rebar Spacing lim 2
/| Crack Wwidth wic
/| Find economical reinforcement for crack width design. @
Deflection Analysis
Satisfy the Proof: V| Deflections u z
- Lirnit ulzmax: L/ 2505
IZ“EI@ [ (0] 3 ] | Cancel |

Figure 3.25: Dialog box Settings for Layout of Longitudinal Reinforcement

For the serviceability limit state design you can select various criteria for the stress design
and the crack width analysis according to which the reinforcement is designed:

Design Normative specifications in EN 1992-1-1
Limitation of concrete stress o, 7.2 (1)

Limitation of steel stress o 7.2 (4)

Minimum reinforcement with A, 7.3.2(2)

Limit diameter d,

Table 7.2 (see Figure 2.2, page 13)

Maximum rebar spacing lim s,

Table 7.3 (see Figure 2.3, page 14)

Limitation of crack width w,

7.3.1(5)and 7.3.4

Table 3.1: Stress designs and crack width analyses

Generally, only one of the criteria, that means lim d,, lim s; or w,, must be fulfilled for the
crack width analysis. If you select the option Find economical reinforcement for crack width
design, it is possible to check which one of the three criteria can be covered by using the
least necessary reinforcement area. The program will add individual rebars to the provided
reinforcement until the design is successfully fulfilled. Click the [Info] button to get more in-
formation on the reinforcement's layout.

The criterion of the minimum reinforcement min A, must always be fulfilled in case of ef-
fects due to restraint.
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Furthermore, you can specify a control of deflections for the Deflection Analysis. The pro-
gram presets a sag of 1/250 of the span length, the value is recommended in EN 1992-1-1,
7.4.1 (4). The input field allows for defining another Limit.

The design criterion of the deformation u,, considers the displacement in direction of the
local member axis z. The sag is related to the undeformed system, this means that the dis-
placements of the start and end nodes are not considered. The reinforcement's layout for
the deformation analysis is carried out according to the simplified method in accordance
with EN 1992-1-1, 7.4.3.

3.5.5 Standard

The fifth table tab is reserved for the settings of the standard that you have selected in ta-
ble 1.1 General Data (see Figure 3.2, page 53). This tab contains the standard-specific rein-
forcement specifications. In the following, the specifications for EN 1992-1-1 are described.

In the tab's bottom section the button [Set Default Values] is displayed. Use this button to
= reset the initial values of the currently set standard.
CONCRETE - [Frame] e
File Edit Settings Help
L& - Reinforced concrete desi + ‘ |L.5 Reinforcement |
Ir':vput Data Reinforcement Group Applied to
i+ General Data -
- Materialy Mo Deescription: - Mernbers: 10 I;i/ Al
Cross-sections 1 | Harizontal beams D K Sets of Members: 4.5 :‘ All
Supparts
alytsiiorcsment Lnng\tudinalHe\nfnr:ementI Links I Reinfarcement La_l,lnutl Min Reinforcement  EM 199211 I 5 - Rectangle 550,300 -
-2 - Columns Percentages of Reinforcement Factors Hecanokesa0200
M aximum Partial S afety Factors for Ultimate Limit States
General aon=] According to 2.4.2.4[1] (MA Parameter)
- for Concrete: Te 1.505
LIRS - for Reinforcement = 1155
| Meutral Awiz Depth Limitation According to ==
5.6.3[2] Partial S afety Factors for Serviceability Limit
States According to 2.4.2 4(2] [N& Parameter] _
- for Cancrete: fe .00 :
. - for Reinforcement = 100 ';
Shear Reinforcement
gglg[azt]\o[nﬁfgaor;;r:lt;flrut ecciincle Reduction Factors in Consideration of Lang Term
Loading Effects ace. to 3.1.6 [MA Parameter]
- Mirirnum 21800 [] - For Compressive mm]
S 50002 7] Strength Clge 1.00 s
- For Tensile
Strength Clot © 100 Design the Provided
Reinforcement
||| e me
)| (o5)(08
? ? E Calculation Check. Graphic Cancel

Figure 3.26: Table 1.6 Reinforcement, tab EN-1992-1-1

Percentages of Reinforcement

The entry in this input field defines the general maximum reinforcement ratio for beams.
The standard EN 1992-1-1, 9.2.1.1 (3) recommends to use the value of A, ., = 0.04 A_for
tension or compression reinforcement and refers to country-specific regulations. The na-
tional annex for Germany defines the maximum value of the sum resulting from tension
and compression reinforcement with A = 0.08 A. which must not be exceeded, also in
the zones of overlapping joints.

S, max

Various

If the concrete compression area is no longer able to absorb the compression forces, a

compression reinforcement is required. This case occurs when the bending moment result-
ing from the concrete edge's compression strain of -3.50 %o and the strain ¢, reaching the
yield strength of the reinforcing steel is exceeded. For B 500 a related neutral axis depth of
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x/d = 0.617 appears. If the model includes continuous beams, horizontal beams with un-
displaceable frames and structural components mainly stressed by bending, it is recom-
mended not to use this limiting bending moment to its full capacity in order to ensure a
sufficient ability for rotation.

Tick the check box to limit the depth of the compression area according to EN 1992-1-1,
5.6.3 (2). In this case, the maximum ratio is x4/ d = 0.45 for concrete up to strength class
C50/60 and x4/d = 0.35 for concrete from strength class C55/67.

Shear Reinforcement

The two input fields define the allowable zone for the inclination of concrete struts. In case
user-defined angles are outside the allowed limits mentioned in the standard, an error mes-
sage appears.

EN 1992-1-1 describes an integrated model for the calculation of the shear force resistance.
For structural components with shear reinforcement perpendicular to the component's axis
(o = 90°) the following can be applied:

A

VRd:s :ﬂ~z~fywd -cotO EN 1992-1-1, Eq. (6.8)

’ s
Equation 3.2

where
A, Cross-sectional area of shear reinforcement
s Distance between links
L Design value for yield strength of shear reinforcement
z Lever arm of internal forces (assumed for 0.9 d)
0 Inclination of concrete compression strut

The inclination of the concrete compression strut 6 may be selected within certain limits
depending on the loading. 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. These limits are recommended in EN 1992-1-1, Eq. (6.7N) as follows:

1<cot6<2.5

Equation 3.3

The inclination of the concrete strut 6 can vary between the following values:

Minimum inclination Maximum inclination
0 20.8° 45°
cotd 2.5 1

Table 3.2: Limits for inclination of concrete strut

The national annex for Germany allows for a flatter inclination of concrete struts with 18.4°.

1.2+1.4.%
1.0<coto<——— ¢ <390
1— Rd,cc
VEd

Equation 3.4

A flatter concrete compression strut results in reduced tension forces within the shear rein-
forcement and thus in a reduced area of reinforcement required.
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Factors

The two input fields in the upper part define the Partial Safety Factor for concrete y, and for
reinforcing steel y, which is used for the ultimate limit state design. The values according to
EN 1992-1-1, table 2.1N are preset.

Accordingly, the two input fields in the lower part define the two partial safety factors for
the serviceability limit state design. The program presets the values of 1.0 which can also be
found in the national annex for Germany.

The Reduction Factor o used to consider long-term effects on the concrete strength can be
specified separately for the compressive and the tensile strength. The values recommended
in EN 1992-1-1, 3.1.6 are preset in both input fields.

According to the national annex for Germany, the reduction factor of the concrete com-
pressive strength o, as well as the factor for the tensile strength of the concrete o must be
defined with 0.85. According to EN 1992-1-1, remark for 3.1.7 (3), the value n-f4 must be
reduced additionally by 10% if the width of the compression area decreases towards the
compressed edge of the cross-section. If this condition is given, CONCRETE will perform the
reduction automatically.

3.5.6 Tapered

This tab appears only in case a tapered member has been defined in the RSTAB model.

CONCRETE - [Frame] 5]
File Edit Settings Help

L& - Reinforced concrete desi vJ |L.5 Reinforcement |

Ir':vput Data Reinforcement Group Applied to
i General Data —
- Materidls Mo Descriptior Members: 10 e
Cross-sections Horizontal bears @ Sets of Members: 4.5 [ 20
i Supports
= -F\:e|forement T Links ] FReinforcement La_l,lnull Min Heinfnrcement] EN 193211 Tapered 41" |5-Rectangle 55043900 -
[ 1 - Horizontal beams
L. 2 - Columns Tapering Rectangle 550/300
_) Unifarm D
B % -
@ Bottom B i
1
i
v
Settings
Design the Provided
Reinforcement
? ? @ Calculation Check Graphic Cancel

Figure 3.27: Table 1.6 Reinforcement, tab Tapered

CONCRETE also designs tapered members provided that the same cross-section type is de-
fined for the member start and the member end. Otherwise it is not possible to interpolate
intermediate values and RSTAB displays a corresponding error message before the RSTAB
calculation is started.
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RSTAB
I_\ Error Ho. 1614
tember Mo, 10

Cross-zection tapering mismatchl

Please check, this in table 1.7, or possibly zome other table!

L J

Figure 3.28: Error message in case of incompatible tapered cross-sections

Tapered sets of members will be designed only if the entire set of members has a linear
cross-sectional profile.

!

Tapering
@ Uriform The following three options can be selected to describe the taper specifically:
T e Uniform
e Bottom
e Top
(@ Bottom ” i . i . .
| I The specification affects the design as well as the arrangement of the longitudinal rein-
forcement.
<9 Member No. 21 - Rectangle 900/600 - Rectangle 1000/1400 ’?‘@
© Top File Extras View
T - SN QaFRERRIF I ([EEEME - ===

MNUM

Figure 3.29: Taper with inclined bottom side

I Program CONCRETE © 2012 Ing.-Software Dlubal




I —
Dlubal

3 Input Data

Cl |

Iass =

Cald-worke +

Hot-rolled k
Cold-worked

O
. ay

+2

Engineering Software

3.5.7 Fire Resistance

The final tab of this table is only available if you have entered data for the fire protection
design in table 1.1 General Data (see chapter 3.1.4, page 57). 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
reset the initial values. The fire protection design is performed according to the simplified
calculation method described in EN 1992-1-2, 4.2 (see chapter 2.3, page 17).

CONCRETE - [Frame] [
File Edit Settings Help

C&1 - Reinforced concrete desi vJ |l..5 Reinforcement |

I"]DUt Data Reinforcement Group Applied to
- General Data
Materials Mo.: Diescription Members: 10 [l an
Cross-sections Horizontal beams @ Sets of Members: 4.5 [Ean

Reinforcement Layout] Min Hainfurcemanl] EM 199211 ] Tapered  Fire Resistance i 5 - Rectangle 5504900 -

Rectangle 550/900

Data for Fire Protection Design Material Factors in Case of Fire

Fire Resistance Class: Ra0 | Parlial Safety Factors according ta 2.3(2)
[MA Parameter]

MNumber of Zones: 30 — .
- For Concrete Todfit 1.00(=

wps oliboncrete Roiegates |\ iarizeaint - For Reinforcement s i 1.00=

Classification of Reinforcement N -0

with Regard to Temperature
Properties; Reduction Factor in Consideration of Long

Term Loading E ffects

Production Type of H
Reinforcing Stesl Hotoled = | gy Compressive i
Load

Ooefi 1.001%

Cross-section Sides Al FnaT " %
e - For Tensie =
Expozed to Fire: . . o St i 100
[ 40 Sides
[] Take Themal Strain of Concrete and
42 Reinforcement Steel into Account [mm]
Consider Precamber dus
to Temperature Gradient Take the Proof into Account Seftings.
[7] Design Longitudinal Reinforcement [] Praaf of Tarsion Procf of Shear Force Design the Provided
for Fire: Resistance Reinforcement

Figure 3.30: Table 1.6 Reinforcement, tab Fire Resistance

Data for Fire Protection Design
The following five selection lists control the parameters, affecting the fire protection design
significantly:

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

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

e Type of concrete aggregate (cf. Figure 2.6, page 18 and Figure 2.8, page 20)

e Classification of reinforcement (cf. Figure 2.11, page 22)

e Production type of reinforcing steel (cf. Figure 2.12, page 23)

For more theoretical details on these parameters, see the description in chapter 2.3, page
17.

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
symbol to the right become active and you can specify the individual sides directly. The di-
rections refer to the local member axes.

In case of asymmetrical effects of fire, the cross-section is stressed by an additional thermal
Precamber due to the temperature gradient that must be taken into account for the calcu-
lation according to EN 1992-1-2, 2.4.2 (4). This thermal precamber affects the ultimate limit
state of structural components like brackets calculated according to the second-order analy-
sis. Internally, the program creates a member load in the form of a precamber of the cross-
section and superimposes the load with the design loads.
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By ticking the check box Design Longitudinal Reinforcement for Fire Resistance, the rein-
forcement proposal will take into account the effects of fire in addition to the bearing ca-
pacity.

Material Factors in Case of Fire

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

The Reduction Factor o 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 values
of 1.0 recommended in EN 1992-1-1, 3.1.6 are preset in both input fields.

With the option Take Thermal Strain of Concrete and Reinforcement Steel into Account, it is
possible to consider 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-shortening of the
rebar: In case of loading due to temperature, thermal longitudinal strains occur in the con-
crete and in the reinforcing steel varying within the cross-section because of different tem-
perature 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 reinforcement is pre-shortened. The zone method according to
EN 1992-1-2 includes only a calculation of structural components, this means that the
thermal additional strains in the centroid are not taken into account by the standard. How-
ever, according to Hosser [19] it is required to take into account those thermal strains for
calculations according to the second-order analysis. The concrete's thermal strain is calcu-
lated across the entire concrete cross-section using the temperature's average value.

Take the Proof into Account

Annex D of EN 1992-1-2 contains a calculation method for the shear and the torsional de-
sign of structural components exposed to fire. This method of calculation is implemented in
the add-on module CONCRETE and can be activated separately.

As this calculation method for the shear and torsional design is not allowed in Germany,
both options are not available for the design according to German standards.
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4. Calculation

To start the calculation, click the [Calculation] button that is available in all input tables.

4.1 Plausibility Check

Before you start the calculation, it is recommended to check the input data. The [Check]

button is available in each input table of the module and is used to start the check. If no in-

put error is detected, the following message will be displayed.

CONCRETE
Information No.
1003

Plauzibility check okl

Figure 4.1: Plausibility check is ok

4.2 Details for Non-linear Analysis

For the analysis according to the non-linear design method the program provides control
parameters affecting the calculation method and the convergence behavior. They are man-
aged in the dialog box Settings for Non-linear Calculation that you open by clicking the
[Settings] button available in table 1.1 (see Figure 3.1, page 52 or Figure 3.6, page 55). The
dialog box offers three tabs.

4.2.1 Analysis Approach

-

Settings for Non-linear Calculation

Analyzis Approach l Tension Stiffening Effect ] Iteration Parameters ]

Analysis Approach - Deformations and Internal Forces Analysis Approach - Shear and Torsional Rigidity
@ Method with Mean Values of Material Strength and with Shear Rigidity: @ Apply Linear Elastic Shear Rigidity
Global Partial Safety Factar [EM 1992-1-1, Abs 5.7] . .
Feduce Shear Rigidity affine ta
Flexural Rigidity
Global 5afety Factor for the
Ultimate Limit Load TR 1.301% . o
Torsional Rigidity: @) Calculation according to Approach by Leonhardt
General Design Method for Members in Axial g!oml H&Ehuatff;g;lg?omtﬂj
Compreszion acc. to Second Order Theory [EM Ungc:raiked Chater iz
199211, Abs 5.8.6) ) =] 5=
Including Feinforcement O ptimization
| Allovs Utilization of Yielding
? r]? [ ak. ] | Cancel

"

Figure 4.2: Dialog box Settings for Non-linear Calculation, tab Analysis Approach for EN 1992-1-1

The contents in the tab are in line with the selected standard.
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Deformations and Internal Forces
Method with Mean Values of Material Strength

As described in chapter 2.4.7, two methods for the non-linear calculation are standardized
according to EN 1992-1-1. The program presets the Method with Mean Values of Material
Strength and Global Partial Safety Factor according to EN 1992-1-1, 5.7.

Global Safety Factor for the Ultimate Limit Load

The method according to EN 1992-1-1, 5.7 was standardized for the uniform application of
only one safety concept (see chapter 2.4.7, page 45).

According to EN 1992-1-1, 5.7 (NA.10) for Germany the value is defined as follows:

e =13 for permanent and temporary design situations and analysis for fatigue
o =11 for extraordinary design situations

General Design Method

Alternatively, you can use the General Design Method for Members in Axial Compression
acc. to Second Order Theory in accordance with EN 1992-1-1, 5.8.6. This method is espe-
cially useful for calculating slender compression elements because it is possible to perform a
cost-efficient design due to the determination of deformations and internal forces with veri-
fied mean values. Background knowledge and further descriptions can be found in chapter
2.4.7.2.

Including Reinforcement Optimization

It is possible to optimize the reinforcement for simple structures. However, please note the
indications to be found in [32], page 233 concerning the non-linear design concept: It may
be that a reinforcement optimization cannot reach a convergent result due to permanent
stiffness change.

Allow Utilization of Yielding

The check box Allow Utilization of Yielding is enabled for both calculation methods accord-
ing to EN 1992-1-1, 5.7 and 5.8.6 described above. The reason for it can be found in sec-
tion 8.6.1 (5) of the German standard DIN 1045-1 not allowing plastic releases (curvatures
/n,, > (1/r)y) for structural components stressed by longitudinal compression. As a result
of the abrupt decrease of stiffness when plastic zones or releases are created, they often
lead to loss of stability in slender compression elements and, thus, to failure of the column.

The check box is deactivated by default: The criterion is taken into account for the calcula-
tion of cross-section curvatures. No plastic curvatures are possible.

Shear and Torsional Rigidity
Apply Linear Elastic Shear Rigidity

The shear areas are calculated linear-elastically and without consideration of a reduction
due to cracking.

Reduce Shear Rigidity affine to Flexural Rigidity

The linear-elastic shear stiffness diagram is reduced in line with the diagram for flexural re-
sistance. The theoretical background is described in chapter 2.4.5.2 on page 34.
Calculation according to Approach by LEONHARDT

The torsional stiffness is calculated by taking into account cracking according to the meth-
od of LEONHARDT [22] (cf. chapter 2.4.5.2, page 35).

Global Reduction of Torsional Rigidity

The torsional stiffness in case of cracking is reduced to a user-defined residual value. The
program presets a residual torsional stiffness of 10 % resulting from the high decrease of
torsional rigidity (cf. Figure 2.23, page 35).
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4.2.2 Tension Stiffening Effect

-

Settings for Non-linear Calculation

Analysis Approach  Tension Stiffening Effect | Iteration Parameters ]
Tension Stiffening Approach Material Concrete - Calculation Parameters
@ Concrete (Residual) Tensile Strength Material Standard | Factorv | Exponent | E Modulus )
[Quast Method] No. | Concrete Strength Class | Values |fco/forr n Ectm [M/mm 2]
Modified Steel Characteristic Diagram = 21.84 201 33000.000
) . i = 2240 1.87 34000.000
Wwithout Tension Stiffening
Duration of Loading for the Designed Load Cases and Load Groups
LC/LG- As Factor
No Description Permanent Load 2
Tension Stiffening elf-weight = 0.400
Effective Tenzile Stength for, R LC2 | Live load - roof a 0.600
@ fotm LG13 |g+p 0.505
feth,0.05 I
feth,0.05
Adjustment Factor of <
Tenszile Strength fet,R: 060 et
Momal Farce az Initial Force
j F]_: [ ak. ] | Cancel

L

Figure 4.3: Dialog box Settings for Non-linear Calculation, tab Tension Stiffening Effect

The specifications for Tension-Stiffening (effectiveness of concrete between the cracks) can
be defined separately for the ultimate limit state, the serviceability limit state and for fire re-
sistance.

Tension Stiffening Approach

Concrete (Residual) Tensile Strength

The approach is based on the residual tensile strength of concrete according to Quast [11]
that is defined depending on the decisive strain of the steel fibre within the tension zone.
The approach is represented graphically in chapter 2.4.3.1 on page 29.

Modified Steel Characteristic Diagram

As described in chapter 2.4.3.2 on page 31 the Tension-Stiffening effect can also be consid-
ered by a modified characteristic steel curve. The computing time will be increased a little
because the analysis requires in addition to the sole calculation in cracked sections (state II)
a calculation in the uncracked state as well as a determination of crack internal forces.

Without Tension Stiffening

In case the tension stiffening effect is not taken into account, the program will distinguish
only cracked and uncracked zones: In uncracked zones CONCRETE will calculate with the
concrete's corresponding stiffness in uncracked sections (state I, considering provided longi-
tudinal reinforcement). In cracked zones it will calculate with stiffnesses available in pure
state Il.
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Tension Stiffening

The calculated values of the concrete tensile strength determine the exponent of the parab-
ola area in such a way that the result will be an increase in line with the compression zone
(Ecm = Ectm)'

Effective Tensile Strength f_

To take into account the appropriate safety level, it is possible to select one of the following
strengths for the concrete tensile strength to be applied:

o fim Mean value of axial tensile strength
o fioos Characteristic value of 5%-quantile of axial tensile strength
* fcoos Characteristic value of 95%-quantile of axial tensile strength

Adjustment Factor of Tensile Strength f;

The value for the concrete tensile strength f ; applied by calculation can be influenced by
means of an adjustment factor. Thus, it is possible to consider boundary conditions such as
an existing damage.

PreiFFeR [25] suggests a reduction to 60 % of the tensile strengths (default setting).

Normal Force as Initial Force

This check box is important for the calculation of crack internal forces: If it is ticked, the axi-
al force will be kept constant for the calculation of crack moments. This is useful for exam-
ple when you apply a prestress. If it is not ticked, the entire load vector will be taken into
account for the calculation of crack internal forces.

Material Concrete - Calculation Parameters

The concrete's Standard Values of the calculation parameters are preset (cf. chapter 2.4.3.1,
page 29). If you clear the check box (third table column), you can directly influence the
stress-strain curve of the tension zone. As the values depend on each other, the relevant
values will be adjusted accordingly after a modification.

Duration of Loading for the Designed Load Cases and Load Groups

This section manages the load duration factors B for applying the reduction term (g, — €,.1),
this means the strains of the governing steel fibres for the crack internal forces in the
cracked or uncracked state (cf. chapter 2.4.3.2, page 31). The factor B depends on the time
of load duration:

0.4 Permanent load or repeated loading
0.6 Temporary loading

When using the approach of a modified characteristic steel curve you can decide if a load
case is considered As Permanent Load by ticking the check box.

For load groups the applied factor B, represents the average of the respective f,-values of
the load cases contained in the LC group.

Note for compression elements

Generally, the Tension-Stiffening model according to Quast (Concrete (Residual) Tensile
Strength) has to be used for the design of compression elements. The residual tension force
can be influenced by means of the Adjustment Factor of Tensile Strength.

The tension stiffening model with the modified characteristic steel curve is based on a dis-
tinction between cracked (M > M) and uncracked zones (M < M_): In the uncracked area
CONCRETE calculates linear-elastically with a constant modulus of elasticity for concrete
(Ecmer)- In case of predominant compression, however, considerably expanded curvatures
occur for minor moment loadings due to the non-linear diagram of the concrete's stress-
strain curve. Thus, results may be remarkably on the unsafe side.
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4.2.3 Iteration Parameters

-

Settings for Non-linear Calculation

Analyzis Approach | Tension Stiffening Effect  [teration Parameters

Adaptive Element Division lteration Parameters
Parameters  m: 200 F M ax. Mumber of [terations per
= I_I Load Increment: 5015
I 0=

L [ramping of Rigidity Change within one Cycle of lterations
Division Factor . . -
s Vet rremeite 1k Dramping Factar: 0,500

Break Limits

Limit Lengths of Divisions =1 =147 - 141 | 0.001015
Maximurn: 0.5001= [m] &z = | [Eli - Eli)? /ENJ2 1: 000104
Mirirnuir: 010015 [m] &2 = | Umax,i - Umax,i-1 |/ Damping Factor: 1.0000 -5 [mm]
Load Increments
MHumber of
Load Increments: 3%

Load Application: @) Linear

Trilinear:
lteration | Load Load Ratio

Stage  Increment Applied [%]
11 50.0
2 80.0

@I IE Ok ] | Cancel

L

Figure 4.4: Dialog box Settings for Non-linear Calculation, tab Iteration Parameters
Information on this tab can also be found in chapter 2.4.9 Convergence, page 51.

Adaptive Element Division

The division of elements has a significant impact on the non-linear calculation: When the
stiffness changes within an element are too large, you may get inaccurate design results or
a non-convergent calculation may be the result. The Adaptive Element Division controls the
differences in stiffness at the element nodes and applies appropriate intermediate divisions
if differences are too large.

Parameters m/n

As CONCRETE calculates with constant mean stiffnesses within a finite element, it is recom-
mended to select a finer division of elements where major stiffness changes occur (cf. Fig-
ure 2.13, page 24). To access more details about the formal context of the parameters m
and n, click the [Info] button in the dialog box.

According to [25] values for m = 20 and n = 40 have proved to be acceptable. However, it
must be mentioned that PFeiFFeR calculates with tangential bending rigidities in line with the
used transfer matrix method. Those rigidities show a considerably higher gradient in the ar-
ea where cracking and yielding starts. For this reason it is possible that different values for
m and n are reasonable in particular cases.

Division Factor for Refinement
With this input field you specify the number of nodes by which the finite element is divided.

Limit Lengths of Divisions

The Maximum limit length of the member division specifies the largest possible length of an
FE beam element. The Minimum limit length represents the smallest allowable length for a
finite element.

The limit lengths represent also the limits for the adaptive element division. Comparative
calculations showed us that the preset lengths of 0.5 m and 0.7 m are reasonable values.
Lengths that are further reduced affect the results only insignificantly but they slow down
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the calculation considerably due to the increased number of finite elements. However, in
case of very large stiffness changes (for example for underreinforced cross-sections from
state | to state Il) it may be reasonable to refine the minimum limit length.

Iteration Parameters

The iteration parameters allow you to control the iteration process.

Max. Number of Iterations per Load Increment

The iteration process strongly depends on the cross-section shape, the structural system
and the loading. Thus, the number of iterations required to reach the defined break-off lim-
its is exposed to strong fluctuations. The preset value of 50 iterations is sufficient for most
practical applications but can be adjusted, if necessary.

Damping of Rigidity Change within one Cycle of Iterations

In the course of two successive iteration steps, the program determines the stiffness differ-
ence on one node. The damping factor represents the part of the stiffness difference that is
considered for the new stiffness applied in the subsequent iteration step. By a specific re-
duction of stiffness changes between two iteration steps it is possible to work against the
calculation's oscillation.

The higher the damping factor is, the smaller is the damping's influence. If the factor is
equal to 1, the damping has no influence on the iterative calculation.

Break Limits ¢, /&, / &5

The break off limits can be adjusted depending on purpose and function: Even if relatively

roughly defined break limits (¢, = ¢, < 0.01) lead to sufficiently accurate results when cal-

culating according to the linear static analysis (for example beam deformations in SLS), it is
nevertheless recommended to refine the tolerances for stability analyses (¢, = &, < 0.001).

Example 3 in chapter 9.3 shows the effect in a clear presentation.

Additionally, the break limit ¢; controls the deformation change. This criterion observes how
the size of the maximum deformation is changing. The specified damping factor is also tak-
en into account.

Load Increments

The loading can be applied step by step in order to avoid or attenuate an abrupt stiffness
change within the individual finite elements ("adapting" the system to the loading). The ob-
jective is to avoid the generation of major stiffness changes during an iteration. When the
loading is applied step by step, it is always possible in the iteration step of a load increment
to fall back on the relevant final stiffness of the element from the previous load increment.

Number of Load Increments

The input field determines the number of individual load increments for the non-linear cal-
culation.

Load Application

e Linear
The load is applied in linear steps.

e Trilinear
As you can react to the load-dependent stiffness development only with a correspond-
ingly fine graduation when loads are applied linearly, CONCRETE offers a trilinear load
application as alternative. Thus, it is possible to respond accordingly to boundary con-
ditions like creeping near the state of failure.

The trilinear load application is managed by the table: You have two specify two in-
termediate points characterizing the load quantity applied until then.
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4.3 Start Calculation

5 You can start the calculation by clicking the [Calculation] button that is available in each in-
Calzulation
put table of the add-on module CONCRETE.

CONCRETE searches for the results of the load cases, load groups and load combinations
that should be designed. If they cannot be found, the RSTAB calculation starts to determine
the design relevant internal forces. In this determination process, the calculation parameters
preset in RSTAB are applied.

You can also start the CONCRETE calculation out of the RSTAB user interface. All add-on
modules are listed in the dialog box To Calculate like load cases or load groups. To open the
dialog box in RSTAB,

select To Calculate on the Calculate menu.

f To Calculate &11

Not Calculated Selected for Calculation

Program / Module Mo Description i Program / Module Mo Description -
RSTAB LGS g+p10+p1 2+pTd+w+imp OMCR | CAd | Reinforced co

RSTAB LGE g+p10+p1 2+p1 d-w-imp

RSTAB LG7 g+p11+p1 3+w+imp

RSTAR LGE | g+p11+p13-w-imp

RSTAB LGS g+p10+p11+p1 3+pT d+w+imp

RSTAB LG10 | g+pl0+p11+p13+p1 d-w-imp

RSTAB LG11 | g+pl2+w+imp

RSTAR LG12 | g+pl2-w-imp

RSTAB LE13 |ap

RSTAR col Ultirnate limit state

RSTAB CO2 | Serviceability L

RSTAB 03 | Fire protection 1

lcez | DIN 1045-1

COMCRETE Ca3 | Limitation of crack widths

COMCRETE Cad Fire protection

FOUMDATION CAl Kicherfundamente i =
Show Additionsl Modulss
Calculate ] [ Cancel

" A

Figure 4.5: Dialog box To Calculate

If the CONCRETE design cases are missing in the Not Calculated list, tick the check box
Show Ad(ditional Modules below the list.

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

Calculate
You can also use the load case list in the RSTAB toolbar to calculate a selected CONCRETE

— case directly: Select the relevant design case and click the button [Results on/off].

Table Options Add-on Modules Window Help
[7]| #s COMCRETECAL -Reinforce = € & 3 47| & 0 | 6o i3 gy | 0 38 & 0| %
B % Q q i:‘? ﬁ Ir? EEI ﬁ ﬁ T @ 7 “N Results on/off L Wz Mt My Mz By pr

Figure 4.6: Direct calculation of a CONCRETE design case in RSTAB

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

Table 2.1 Required Reinforcement by Cross-section is displayed immediately after the calcu-
lation.

The reinforcement areas required for the ultimate limit state design are listed in the results
tables 2.1 to 2.4. If the program created a reinforcement proposal, the provided reinforce-
ment including steel schedule is displayed in the results tables 3.1 to 3.4. The results for the
crack width design are represented in the results tables 4.1 to 4.4. Tables 5.1 to 5.4 show
the results of the fire protection design. Tables 6.1 to 6.4 are reserved for the results deter-
mined by a non-linear design.

All tables can be selected directly in the CONCRETE navigator. You can also use the two but-
tons shown on the left or the function keys [F2] and [F3] to select the previous or subse-
quent table.

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

In the following, the different results tables are described in sequence. Evaluating and
checking results is described in chapter 6 Results Evaluation, page 121.

5.1 Required Reinforcement

5.1.1 Required Reinforcement by Cross-section

CONCRETE - [Frame] 23
File Edit Settings Help

LA - Reinforced concrete desi vJ IZ.]. Required Reinforcement by Cross-section |

Input Data B [ C T D | E [ F T G | + | Rectangle 100011200
‘. General Data Member | Location |LC /LG | Reinforcement Emor Message
Materals Reinforcemert|  No x [m] co Area Unit or Note
; Cross-sections Cross-section No. 3 - Rectangle 10001400
Supports Rswp 1 10 16.000] LG1 31.61[cm?
= Reinforcement As,bottom 10 8.000| LG1 4047 |cm2
i1 -Beams AsT 10 0000 | LG 0.00 | em?
L. 2- Columns as.avlink 10 0000| 1G1 876 |cm?/m | 58)69)
FResults as.Tlink 10 0.000| LG1 0.00 | cmZ/m L —
2} Required R einforcement Cross-gection MNo. 4 - Rectangle 550/1400 1
: n Az top 11 0.000] LGT 20.37 [em?
Cross-section Mo, 1 As bottom Il 8.000| LG1 11.13 [em? 27
Cross-section Mo, 2 Il 0.000| LGT 0.00 Dmf
Cross-section No. 3 1 0.000| LG1 4.82 |cmZ/m | 58) 69)
Cross-section Mo, 4 as.aTlink 1l DO0D| LG1 0.00 | cmZ/m - [mm]

- Cross-section Mo, §

B Petailed Results - Cross-section No. 3 - Rechteck 100071400 - LG e =0
by Member : Longituding it - Top i Astop 3161 | cm2 - 2356
\ [ by x-Location Longitudin: nt - Bottom As,bottom 0.00 [ cm?
+ Provided Feinforcement Longitudinal Torsion Reinforcement AsT 0.00 | cm2 L
- Serviceailly Proof Links (Shear Reinforcement) a5 link 876 cmZim |
Links {Torsion Reinforcement) as T link 0.00 | cm2/m
The Inmer Lever z for the Shear Dimensioning z 1207.80 | mm
Strain in Reirforcement - Top £s,top 22500 | %
Strain in Reirforcement - Bottom Es.bottom - %
Concrete Strain - Top Edge Sc.top 23565 | %
Concrete Strain - Bottom Edge g, bottom -2.138 | %
Strain at Centroidal Axis =0 073|% | TR T T T k-
Neutral Axis Depth x 116.45 | mm -20.000 -2.14
Meutral Axis Depth/Effective Depth w'd 0.087 =
(CCoin) (ot (]

Figure 5.1: Table 2.1 Required Reinforcement by Cross-section

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

The reinforcement areas of the longitudinal and the link reinforcement are listed according
to cross-sections. In both parts of the table the program displays the reinforcement types
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and design details that have been activated in the dialog box Results to Display (see Figure
5.2).

In the lower part of the table the Detailed Results for the entry selected in the table row
above are shown. Thus, due to the design details, it is possible to evaluate the results spe-
cifically. The output of the intermediate results in the lower part will be updated automati-
cally as soon as another row is selected in the upper part.

Reinforcement
The following longitudinal and link reinforcements are preset:
Reinforcement | Explanation
A Reinforcement area of required top longitudinal reinforcement due to
s.top bending with or without axial force or axial force only
Reinforcement area of required bottom longitudinal reinforcement
As,bottom H H H H H
due to bending with or without axial force or axial force only
A Reinforcement area of required longitudinal torsion reinforcement, if
sT applicable
3 Area of required shear reinforcement for absorption of shear force,
sw.Vlink referring to standard length of 1 m
Area of required link reinforcement for absorption of torsional mo-
asw,TIink -
ment, referring to standard length of 1 m

Table 5.1: Longitudinal and link reinforcements

(/_\f’ The bottom reinforcement is defined on the member side in direction of the positive local
member axis z. Accordingly, the top reinforcement is defined in direction of the negative z-
Top and axis. To display the local member axes, use the Display navigator in the RSTAB graphical us-

Bottom layers er interface or the context menu of the member.

o Disolav. Click the button [To Display] to open a dialog box where you can specify the reinforcement
B and intermediate results that you want to display in both parts of the table. The settings al-

so define the types of results appearing in the printout report.

Results to Display | EN1992-1-1 (=23

To Display - Reinforcement

V|: Longitudinal Reinforcement - Top A-z top

Longitudinal Reinforcement - Bottom A-3,bottom
Longitudinal Torsion Reinforcement A-s,T

Links [Shear Reinforcement] a-zw link

Linksz [Torgion Reinforcement] a-s.wT link

Total reinforcement - Top &-3top + 4-2,7/2

Tatal reinforcement - Bottom A-5 bottom + &4-2,T/2
Complete Shear Reinforcement 2*a-2.wT link + a-s04 link.

< <] =] <)

All

To Display - Detailed Results.

V| Longitudinal Reinfarcement - Top A-ztop -
V| Longitudinal Reinforcement - Bottom A-z,bottom
V| Longitudinal Torgion Reinforcement A-2,T

V| Linksz [Shear Reinforcement] a2t link

| Linksz [Torgion Reinforcement] a-s.wT link

V| The Inner Lever z for the Shear Dimengioning z
| Steel Strain - Top Eps-z.top

| Strain in Reinforcement - Bottom E ps-z battom
/| Concrete Strain - Top Edge Eps-c top

/| Concrete Strain - Bottom Edge Eps-c.bottom -

Deselect
@I IE [ (0] 3 ] | Cancel

Figure 5.2: Dialog box Results to Display

m
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Member No.

For each cross-section and each reinforcement type, the table shows the number of the
member with the maximum reinforcement area.

Location x

The column shows the respective x-location for which the program has determined the
member's maximum reinforcement. For the table output, the program uses the following
RSTAB member locations x:

e Start and end node
e Partition points according to possibly defined member division
e Extreme values of internal forces

LC/LG/CO

This column displays the numbers of the load cases, load groups, load combinations or su-
per combinations that are decisive for the respective design.

Reinforcement Area

Column E contains information about the maximum reinforcement areas required for each
reinforcement type. They are necessary to fulfill the ultimate limit state design.

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

select Units and Decimal Places on the Settings menu.

The dialog box shown in Figure 8.6 on page 134 opens.

Error Message or Note

The final column indicates non-designable situations or notes referring to design problems.

The numbers are explained in the status bar.

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

Error Messages or Motes to Design Process @
Used Error Meszages or Notes
28 Min. reinforcement for compression members acc. to. 9.5.2 (2] F-
27 Minimum reinforcement for beams - Bottom acc. to 9.2.1.1 (1)
ha Using the approximate value of lever z =

B9 Min. Shear Reinforcement acc. to 9.2.2 (5]

4 M 3

@A

Figure 5.3: Dialog box Error Messages or Notes

Dlubal ——
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5.1.2 Required Reinforcement by Set of Members

CONCRETE - [Frame] =5
File Edit Settings Help
CaA1 - Reinforced concrete desi v] IZ.Z Required Reinforcement by Set of Members |
Input D ata B [ C [ D [ E E | G | » [Rectangle s00/500
- General Data Member | Location | LC /LG | Reinforcement Emor Message
- Materials Reirforcement, Mo x [m] co Area Unit or Note A
- Cross-sections Set of Members No. 2 - Rectangle 300/600
- Supports As.top 3 0.000| LG1 10.80 | cm? 23)25)
- Reinforcement As,bottom 3 0.000| LG1 - 23)25) [y
1 - Boams AeT 3 0000 LG1 0.00[cm? 3 % /
L2 Columres as.wv link 3 0000 LG1 0.00|cmZ/m |58 / .
Resuls as Tl 3 0.000] LG1 0.00 [ em2/m 7/
) Required Reinforcement Set of Members No. 3 - Rectangle 900/600 _ | "4"”{/,’_:_
by Cross-section 1 0.000| LG1 10.80 | cm? 23)25) !
. of Mermi As,bottom 1 0.000[ LG1 - 23)25) f
ot of Members Mo, 1 - F| A= 1 0.000 | LGT 0.00 | cm? .
Set of Members Mo, 2 - F | @ link 1 0.000| LG1 000 |cm?/m |58 Z
et of Members Mo, 3 - F| 35T link 1 0.000| LG1 0.00 |cm2/m -~ [mm]
g:: EE:ZEEZE:E ; ) E Detailed Results - Set of Members No. 3 - LG1 S Eps [¥
by Member Longtudinal Reinforcement - Top fAstop 10.80 [em? B -20.000 270
by x-Location Longitudinal Reinforcemert - Bottom As,bottom
@ Provided Reinforcement Longitudinal Torsion Reinforcement AsT 0.00 | cm? L
(- Serviceahiliy Proof Links (Shear Reinforcement) aswy link 0.00 | cm2/m 3
Links (Torsion Reinforcement) 3= wT link 0.00 | cm2/m
The Inner Lever z for the Shear Dimensioning z 455.00
Strain in Reirforcement - Top Es.top 2562 | %
Strain in Reinforcement - Bottom &, bottom -
Concrete Strain - Top Fdge Eo.top 2698
Concrete Strain - Bottor Edge Ec, bottom -1.070
Strain at Centroidal Axis & -1.884 | %
Meutral Aus Depth x 554.45 | mm
a Ll F || Neutral Axis Depth/Effective Depth w/d 1.808 &
i) (o) [Hommncd
23) Surroundling Reinforcement, 25) Min. reinforcement for compression members acc. to. 9.5.2 (2)

Figure 5.4: Table 2.2 Required Reinforcement by Set of Members

This table presents the maximum reinforcement areas that are required for the individual
sets of members. Details on the columns can be found in the previous chapter 5.1.1.

5.1.3 Required Reinforcement by Member

CONCRETE - [Frame] &J
File Edit Settings Help
CA1 - Reinforced concrete desii v] P.E Required Reinforcement by Member |
Input Data A B [ ¢ [ 0 | E F G | ~ | Rectangle 55011400
- General Data Member | Location |LC /LG | Reinforcement Emor Message
M aterials Reirforcement|  Mo. x [m] co Area Unit or Note
- Cross-sections Member Mo. 11 - Rectangle 5501400
Supports As top i 0.000| LG1 20.37 [em?
= Reinforcement As,bottom 11 8.000| LG1 11.13 |em? 27
L1 - Beams AsT 1 0.000] LG1 0.00cm?
... 2 - Calumns aswylink 11 0.000| LG1 482 [cm2/m | 58)69)
Results as,wT link 11 0.000] LG1 0.00 | em?/m
2 Required Reinforcement Member Mo. 12 - Rectangle 5501400 N
i by Cross-section As.top 12 16.000| LG1 1565 | cm? r
by Set of Members As,bottom 12 2667| LG1 11.13 |em? 27 3
: et AsT 12 0.000| LG1 0.00cm?
-Member Mo, 1 - Rect| ||| 2s.wv link 12 0.000| LG1 4.82|cmi/m | 58) 69)
Member Mo, 2 - Pect| || [3=swTlnk 12 0.000] LG1 0.00 | cm2/m - [mm]
:::EZ:Z i ) 222 Petailed Results - Member No. 11 - Rechteck 550/1400 - LG1 Sl =3k
-MemberNo. 5 - Rect| || Longtudinal e ment - Tap FAs e 2037 - 2357
Member No. 6 - Rect Longttudinal Reirforcement - Bottom As bottom 0.00
- Member Na. 7 - Rect Longitudinal Tarsion Reinforcement AsT 0.00 L
Member Mo, & - Feat ||| Unks (Shear Reinforcement) 3= wilink 48 3
- Member Na. 9 - Rect Links (Torsion Reinforcement) 8z, link 0.00
-~ Member Mo, 10 - Ret The Inner Lewver z for the Shear Dimensioning z 1207.80
- Member Na. 11 - Ret Strain in Reinforcement - Top &s,t0p 22 500 | %
- Member Mo. 12 - Ret Strain in Reinforcement - Bottom & bottom -
- Member No, 13 - Red_ ||| Concrete Sirain - Top Edge 23574
- Member Mo, 14 - Ret Conorete Strain - Bottom Edge 2342 | %
by w-Location Strain at Centroidal Axis 10616 | %o TR T T T T TR
1. Prwired Reinfoeement 7 || Neutral Ads Depth x 12654 | mm -20.000 234
4 LLLJ F Neutral Axis Depth/Efective Depth w/d 0.094 52
[ Calculation ] [ To Dizplay. ] [ Messages ]

Figure 5.5: Table 2.3 Required Reinforcement by Member

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

CONCRETE - [Frame] [
File Edit Settings Help
CA1 - Reinforced concrete desi v] IZ.4 Required Reinforcement by x-Location |
Input Data ~ B [ C T D ] E [ F T G | » | Rectangle 100011200
i General Data Member | Location | LC /LG | Reinforcement Error Message
- Materials Reinforcement|  No x [m] co Area Urit or Note
- Cross-sechions Member No_ 10 - Rectangle 1000/1400 - x: 8.000 m, right
- Supports 10 8.000| LG1 0.00 | cm?
= Reinforcement As bottom 10 3000 LG1 4047 | cm? .
i1 -Beams AsT 10 8000 LG1 0.00 [cm? v
L. 2. Columns as,wv link 10 8000 LG1 8.76 |cmZ/m | 58) 69)
Results as,aT link 10 8.000| LG1 0.00 | cmZ/m = —
[ Required Reinforcement Member No. 10 - Rectangle 1000/1400 - x: 10.667m i
) by Cross-section As top 10 10667 LG1 0.00 [cmZ i
[ by Set of Members As bottom 10 10667 | LG1 2024 |cm? 7 v
= 10 10667 | LG1 0.00 | em2 =
£ ||| as.wvlink 10 10667 | LG1 8.76 | cm?/m | 58)69)
. - Rectal as.wTlink 10 10667 LG1 0.00 | cmZ/m - [mmj
Memberhe 2150 | etolied Results - Stab Nr. 10 - < 8000 mm - 61 S =203
.. Member Mo, 4 - Recta || Longitudinal Reinforcement - Top { As,top 0.00 | cm2 - 20000 284
Merber Mo, 5 - Rectal Longitudinal Reinforcement - Bottom As,bottom 4047 | cm2 - F K
. Member Mo, B - Recta Longitudinal Torsion Reinforcement 0.00 | cm2 L
. Member Mo, 7 - Recta Links {Shear Reinforcement) 276 | cmZ/m 3
- Member Mo. 8 - Flecta Links {Torsion Reinforcement) as W link 0.00 | cm/m
Member Mo, 9 - Pecta The Inner Lever z for the Shear Dimensioning z 1207.80 | mm
. Member Mo, 10 - Bect Strain in Reinforcement - Top Es.top To
. Member Mo, 11 - Rect Strain in Reinforcement - Bottom s, bottom 22500 | %
- Member Mo, 12 - Bect Concrete Strain - Top Edge Ec,top 2537 | %
.. Member Mo, 13 - Bect Concrete Strain - Bottom Edge Zc,bottom 23582 | %
Member Mo, 14 - Rect Strain at Centroidal Axis &0 10522 | %
- Previded Reinforeament T || Neutral Axis Depth 3 135.99 | mm 23.58
‘ m * Meutral Axis Depth./Effective Depth w'd 0101 -
[ Calculation ] [ To Display. I I Messages I

Figure 5.6: Table 2.4 Required Reinforcement by x-Location

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

e Start and end node
e Partition points according to possibly defined member division

e Extreme values of internal forces
Locations of discontinuity are indicated separately.

The table offers you the special opportunity to display specific information concerning the
design results. In this way, it is possible for example to check the required link reinforce-
ment with the corresponding details for a particular location on the member (designed lo-
cation).

The different columns are described in detail in chapter 5.1.1.
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5.1.5 Required Reinforcement Not Designable

CONCRETE - [Frame] i
File Edit Settings Help

LA - Reinforced concrete desi v] IZ.S Required Reinforcement Mot Designable |

Input Data B [ ¢ [ D | E_ | F | G Rectangle 200/350
‘. Gemeral Data Member | Location |LC /LG | Reirforcement Ermor Message
- Materials Reinforcement| Mo x [m] co Area Unit or Note
- Cross-sechions Member No. 1- Rectangle 200,350 - x: 2500 m

- Supparts A 1 3500 LG1 | Not Designabl I:mf e i
El- Reinforcement As pottom 1 3500 | LG1 |Not Designabl |om?
Lo1-Beams Member No. 1- Rectangle 200/350 - x: 6.000m R ’3,
L. 2~ Columns / 1 5000 LG1 |Not Designabl |cm?
Fesults 1 6000 LG1 |Not Designabl |cm?Z
- Required Reinforcement Rectangle 200350 - x: 0.000 m i i
by Cross-section 3 0.000| LG1 | Mot Designabl cm® i
by Set of Members 3 0.000| LG1 | Mot Designabl | cm+ +
by Member G
by s-Location
[rmm}
Member Mo, 1 - Rectar| Sigma-c [Wmm*2] Eps [s]

Member Mo, 3 - Rectar Petailed Results - Member No.3 - % 0.000 m - LGL

 Longttudinal Reinf Mot Desig | cm? -
Longitudinal Reinforcement - Bottom Mot Desig | cm?
Longitudinal Torsion Reinforcement 0.00 | cm? L -
Links {Shear Reinforcement) 0.00 | cm2/m

Links {Torsion Reinforcement) as T link 0.00 | cm2/m

The Inner Lever z for the Shear Dimensioning z Z70.00 | mm

Strain in Reinforcement - Top 5.top. 0.098 |

Strain in Reirforcement - Bottom Es.bottom -2.900

Concrete Strain - Top Edge Sc,top. 0.698 | %

Concrete Strain - Bottom Edge ¢, bottom -3.500 | %

Strain at Centroidal Axis =0 -1.401 | %

Meutral Axis Depth x 251.81 | mm -20.000 -2.50
4 m F || Neutral Axis Depth/Effective Depth w'd 0.573 =

Calculation

177 Mz, percentage of longitudinal reinforcement exceeded acc. to 9.5.2 (3)

Figure 5.7: Table 2.5 Required Reinforcement Not Designable

This table is displayed only if the program has detected failed designs or any other prob-
lems during the CONCRETE analysis. The error messages are sorted by members and x-
locations.

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

footer.
Messages Click the [Messages] button to display all specific conditions that have occurred during the
design of the current x-location.
Error Messages or Motes to Design Process @
Used Error Mezssages or Notes
7 Flexural compression reinforcement required - Bottom -
25 Min. reinforcement far compression members acc. to. 9.5.2 (2] E
26 Minimurn reinfarcement for beams - Tap acc. to 9.21.1 1)
27 Minimurn reinforcenment for beams - Bottom ace. ta 9.2.1.1 1]
53 Using the appraximate value aof lever 2 -

4 n 3

@ (=)

All Available Error Messages or Notes

Left -
Right

I ax percentage of flexural reinforcement exceeded

Top flexural compression reinforcement cannot be designed

Flexural compression reinfarcement - Bottom cannat be designed

Flexural compression reinforcement required - Top

Flexural compression reinfarcement required - Bottam

Minimurn flesural compression reinforcement - Top

Minimurn flesural compression reinfarcemnent - Bottam

= W @ = @ e L R

=

Minimurn secondary reinforcement top/battam

4 I 2

Figure 5.8: Dialog box Error Messages or Notes to Design Process

Al Use the [All] button in this dialog box to show all messages available for CONCRETE.
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5.2 Provided Reinforcement

The results tables 3.1 to 3.4 appear only in case the option Design the Provided Reinforce-
ment was activated in table 1.6 Reinforcement (see page 66), and if no design problems
were detected by the program (see chapter 5.1.5, page 94). Also the serviceability limit
state design as well as the non-linear calculation require the determination of a provided re-
inforcement.

CONCRETE determines the reinforcement proposal for the longitudinal and the link rein-
forcement by using the specifications defined in table 1.6. The program tries to cover the
required reinforcement, taking into account the corresponding parameters (specified rebar
diameter, possible number of reinforcement layers, curtailment, type of anchorage) by
means of the least possible amount of rebars or reinforcement areas.

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

5.2.1 Longitudinal Reinforcement Provided

CONCRETE - [Frame] -8
File Edit Settings Help
C&1 - Reinforced concrete desi vJ P.l Lengitudinal Reinforcement Provided |
Input Data - C [ D] E F [ G [ H [ | [ J | -
L General Data ltem Reinforcement Mo. of ds Length Location x [m] Weight
L Materials No. Position Bars [mm] [m] from to Anchorage [leg] Message L
Cross-tections Member No. 5 - Rectangle 300/300
. Supports 1 All round 10 20.00 11.464 0.443 11.021 [ 282.57
5 Reinforcement Member No. & - Rectangle 500500
i1 -Besms 1 All round 10 2000 11.363 0.342 11.01 [x 280.09
L2 Columrs Member No. 7 - Rectangle 300/500
Results 1 All round 10 20,00 11.389 -.368 11.021 5] 280.73
=1+ Required Reinforcement Member No. 10 - Rectangle 10001400
- by Cross-section 1 LT0R i 2| 2000 6503| 10223| 16726 E5] 48.09
- by Set of Members 2 Top 4 20.00 3.263 0311 2952 [x 3217
- by Member E 3 Top 4 2000 6.503 10.223 16.726 [x 64.12
- by wLocation 4 Top 4 2000 6415 0311 6.104 5] 63.25 >
(L)420, 1= 5 505 m
(Z)agz0, 1= 3283 m (Z)a420, 1= 5 505 m
@4'20, 1=6.415m ®4Qzu, 1=29551m
Set of Members No,
Set of Members Mo, ()az4as, 1 = 25000
et of Members Mo,
et of Members No!
“ et of Members No. 5010, 1= 15243 m
+- Shear Reinforcement
+- Reinforcement by wLoc ®6’2°' Lo
i Steel Schedule @1_.20’ o 5.0 o
=1 Serviraatili Proct s e
F1-Servinzahiit Pron ’
(o) W) (e

Figure 5.9: Table 3.1 Longitudinal Reinforcement Provided

The output results for the provided reinforcement are sorted by members and sets of mem-
bers according to /tem numbers (reinforcement groups).

The graphic in the lower table section represents the reinforcement including item mem-
bers. The currently selected item (the row in the upper table section in which the pointer is
placed) is highlighted in red. Modifications to the parameters entered in the upper section
are updated and displayed immediately in the graphic.

The reinforcement proposal also takes into account structural regulations. For example, in
accordance with EN 1992-1-1, 9.2.1.2, it is required to arrange a minimum reinforcement
to supports that are assumed to be pinned, and it must cover at least 25 % of the maxi-
mum adjacent moment of span and be available across 25 % of the length of the final span
(values for national annex Germany).
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Item No.

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

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

Reinforcement Position
This table indicates the position of the reinforcement in the cross-section:
e Top
e Bottom
e Corners
e All round
e Secondary

For the reinforcement's arrangement CONCRETE takes into account the user specifications
entered in table 1.6 Reinforcement, tab Reinforcement Layout (see chapter 3.5.3, page 71).

No. of Bars

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

Lengitudinal Reinforcement - Coordinates | Member Mo, 5, Item No. 1 @
Reinforcement Bars
Humber: 45
Bar Coordinates and Hook Rotation
[ A ] [
Coordinates Hook Rotation
No. | y[mm] | zmm] Bl
[ 1 1§ -410.00 180.0 -
2 I -410.00 180.0
3 -41000|  -410.00 180.0 E
4 -13667 |  -410.00 180.0
| Place rebars evenly T
j [ ak. ] | Cancel

Figure 5.10: Dialog box Longitudinal Reinforcement - Coordinates

The Number of Reinforcement Bars can be set manually by using the spin buttons or by en-
tering another number. The numerous input rows in the dialog section below allow you to
adjust the position of each rebar. To delete a row selected in the lower section, click the
[Delete] button.

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

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

200 Lga
10.00
1200
1400
1600 |=

2500
2800
30.00
3200 -

| ®

Anchorage
No
[ Straight - ]
Mo anchoraie ii
Hook
Bend

Straight with transverse bar
Hook. with ransverse bar
Straight with bwo transverse bars
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d

The used rebar diameters affect the calculation of the inner lever arm of the forces and the
number of rebars depending on the position. Use the list to change the rebar diameter for
the current item number.

s

Length

This column displays for each item the total length of a representative rebar. The entry,

composed by the required member length and the lengths of anchorage at both member
ends, cannot be edited in this table.

Location x from ... to

These values represent the mathematical start and end positions of the rebar. They refer to
the member's start node in RSTAB (x = 0). When the program determines the dimensions, it
takes into account the support conditions and the lengths of anchorage |, and |,.

The specifications in both columns cannot be modified. To change data, use the [Edit] but-

ton in the bottom right corner of the graphic (see Figure 5.12, page 98).

Anchorage

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

Anchorages | Member No. 10, Item MNo. 1 @
Anchorage on Start Anchorage on End
Anchorage Type: IBend Anchorage Type: IStraight v]
Bond Type: poor - Bond Type: poor -
Anchorage  |pg: 020 [m] Anchorage  j,4: 020
and Additional = and Additional =
Lenaths I: 0008 <[ [m] Lengths I: 0200 o)
I2: 0102 [m] | ]
T 025 [m] e 020 [
Bending < _
Diameter dbr: 01415 [m] = [m]
Bend Straight
(R Lo
[ (0] 3 ] I Cancel I

Figure 5.11: Dialog box Anchorages

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

Use the lists to adjust the Anchorage Type and the Bond Type. Please find a description of
the anchorage type in chapter 3.5.1 on page 67. CONCRETE recognizes automatically the
bond conditions resulting from the cross-section geometry and the position of rebars.
However, it is also possible to enter user-defined specifications. "Good" and "poor" bond
conditions are shown in figure 8.2 of EN 1992-1-1, 8.4.2.

The lengths /, of the Anchorage and Additional Lengths is determined by equation (8.4) ac-
cording to EN 1992-1-1, 8.4.4 (1), taking into account table 8.2, but it cannot be modified.

The length of anchorage /, for hooks and bends, in accordance with EN 1992-1-1, 8.4.1 (2),
should be at least 5 d..
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The required Bending Diameter d,, is specified according to EN 1992-1-1, table 8.1, and can
be adjusted, if necessary.

The total anchorage length X at each end of the member is comprised of the respective ra-
tios.

Weight

Column | of table 3.1 indicates for each item the mass of all rebars.

Message

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

VR To display all messages of the currently selected item, use the [Messages] button shown on
Mezzages. .. . . . . .
the left. A dialog box with relevant information appears (cf. Figure 5.3, page 91).

Change reinforcement proposal

The graphic in the lower table section of table 3.1 represents the reinforcement including

item bars. The currently selected reinforcement position (the row in the upper table section
in which the pointer is placed) is highlighted in red. To open the edit dialog box for the se-
lected item, click the [Edit] button in the bottom right corner of the graphic.

Edit Longitudinal Reinforcement - Member Mo. 5, Item MNo. 1 @
Location Bar Positioning
« from: 000 [m] Mumber of Bars: 4
fo: 10405 (ml Bar Coordinates and Hook. R otation:
. [ A ] [ .
e 10209 [ Coordinates Hook Rotation
No. | ymm] | z fmm] Bl
Reinforcement Layout - -153.75 180.0 "
Tap 2 -35.83 | -153.75 180.0 L
3 107.50 | -153.75 180.0
4 -107.50 | -153.75 180.0
Reinforcement Diameter
D:]25.00 |[mm] —
| Place rebars evenly K
Anchorages
Anchorage and Additional Lengths
Anchorage Type Bond Ibd I Total
Start: [ Suaight =] [poor -] [N0EE ] NOEEE : 025 [m] | tm1
End: |Susight =) [poo -] [N0EE: NOEEE : 025 [m] | tm1
Straight Straight
.H i
fram = to
Iy ! lenath - Iy i
Total Length: 10,900 [m] Total Mazs: 1679 [ka]
j ak. ] | Cancel |

Figure 5.12: Dialog box Edit Longitudinal Reinforcement

This dialog box summarizes the reinforcement parameters already described above. Use the
dialog box to control or, if necessary, modify the specifications concerning Location, Bar Po-
sitioning, Reinforcement Diameter and Anchorages.

" Calculation When you have modified data, the program automatically recalculates the design, using the
values of the new provided reinforcement. The results of a non-linear analysis represent an
exception: The program deletes these results and a new manual [Calculation] is required.
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5.2.2 Shear Reinforcement Provided

CONCRETE - [Frame] 2]
File Edit Settings Help
LAl - Reinforced concrete desi v] P.Z Shear Reinforcement Provided |
Input Data S—A B [ CT D Tmmmm F [ G | H [ T [ J 1T K ]
L General Data ltem No. of ds Length Location x [m] Spacing Link Dimensions Number of | Weight
L Materials Mo. Links | [mm] [m] from to sii [ml [mm] Sections kal Message
- Cross-sections Member No. 10 - Rectangle 1000./1400
‘. Supports 1 14 10.00 2.000 0.000 2.000 0.154 | 1360.00/960.00/157.8 2 4275
E1- Reinforcement 2 47 1000 | 12,00 14.000 0.255 | 1360.00/960.00/157.8 2 143.53 | 152)
- Beams 3 13 10.00 2000 X 16.000 0.154 | 1360.00/960.00/157.8 2 39.70
- Columns Set of Members No. 1 - Rectangle 300/500
Fesults 1 36 10.00 10.400 0.000 | 10400 0.297 | 460.00/260.00/113.09 2 3696|113 =
£ Required Reinforcement Set of Members Mo. 2 - Rectangle 300/600
- by Cross-section 1 36 10.00 | 10.400 0.000| 10400 0.257 | 560.00/260.00/113.09 2 4140 113)
- by Sel of Members Set of Members Mo. 3 - Rectangle 300/600
- by Member = 1 36 10.00 [ 10.400 0.000| 10.400 0.297 | 560.00/260.00/113.09 2 4140|113
- by x-Location Set of Members Mo. 4 - Rectangle 550/1400 -
=) Provided Reinforcement
#- Longitudingl Reinforcen)
2t
Member No. 5
Member No. &
Member No. 7
Member No. 10
Set of Members No,
Set of Members No,
Set of Members No.
Set of Members No. @1401070 154 m@é?‘lﬂ*ﬁ. 255 m®13‘1070. 154 m
i Set of Members No.
- Reinfarcement by «-Loc
Steel Schedule
- SewiceshitoProot
(ot ) (i) (e

Figure 5.13: Table 3.2 Shear Reinforcement Provided

Similar to the output for the longitudinal reinforcement, the results for the link reinforce-
ment are sorted by members and sets of members according to /tem numbers (reinforce-
ment groups).

The graphic in the lower table section represents the reinforcement including item links. The
currently selected item (the row in the upper table section in which the pointer is placed) is

highlighted in red. Modifications to the parameters entered in the upper section are updat-

ed and displayed immediately in the graphic.

The reinforcement proposal also takes into account structural regulations. For example, in
accordance with EN 1992-1-1, 9.2.2 (6), it is recommended to define the maximum spacing
for vertical links with s, ., = 0.75d. Table NA 9.1 of the national annex for Germany only al-
lows for reduced longitudinal spacings depending on the shear force ratio and the concrete
strength.

Item No.
The results are listed by /tems having each the same properties (diameter, spacing).

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

No. of Links

When CONCRETE determines the link reinforcement, it takes into account the user specifica-
tions entered in table 1.6 Reinforcement, tab Links (see chapter 3.5.2, page 68).

The number of links for an item can be edited: Click in the corresponding cell and enter an-
other value. The link spacing (column G) will be adjusted automatically.

d,
The reinforcement proposal is based on the specifications defined in table 1.6 Reinforce-
ment, tab Links. Use the list to change the rebar diameter for the current item number.

Program CONCRETE © 2012 Ing.-Software Dlubal



5 Results I

® Dlubal —

Engineering Software

Length

Column D displays for each item the total length of the link zone. It is determined by the
start and end locations x, but cannot be edited in this table. To change data, use the [Edit]
button in the bottom right corner of the graphic (see Figure 5.14, page 101).

Location x from ... to

These values represent the start and end positions of the link zones. They refer to the mem-
ber's start node in RSTAB (x = 0). The entries in both columns can be edited so that you can
shift the zone limits by modifying the values.

g To subdivide a zone, enter a location x at the start or end position which lies between both
values. CONCRETE will automatically create a new link zone.

Spacing s;

The proposed link spacing takes into account the specifications defined in table 1.6 Rein-
forcement, tab Link (see chapter 3.5.2, page 68). This value can be edited: Click in the cor-
responding cell and enter another spacing. The number of links (column B) will be adjusted
automatically. The exact link spacing, however, is calculated on the basis of an amount of
links defined by an integer.

Link Dimensions

In this column, the link dimensions are specified following the sequence
"height/width/anchorage length". CONCRETE takes into account the defined rebar diameters
and concrete covers. The values cannot be edited.

Number of Sections

The links' sections are based on the specifications defined in table 1.6 Reinforcement, tab

Pember f Links (see chapter 3.5.2, page 68). Use the list to change the number of sections.

Sezc:tion .
Weight

4 Column J of table 3.2 indicates for each item the mass of all link rebars.

Message

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

m To display all messages of the currently selected item, use the [Messages] button shown on
e the left. A dialog box with relevant information appears (cf. Figure 5.3, page 91).
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Change reinforcement proposal

The graphic in the lower table section of table 3.2 represents the reinforcement including
item links. The currently selected reinforcement position (the row in the upper table section
in which the pointer is placed) is highlighted in red. To open the edit dialog box for the se-
lected item, click the [Edit] button in the bottom right corner of the graphic.

Edit Shear Reinforcement | Member No. 10, Item Mo, 2 3
Location Link Dimensions
w-location framm: 2.000 [m) Start End
Height: 1360.00 1360.00 [mm]
to: 14.000 [m]
width: 960.00 960.00 [rmm]
Length: 12.000 [m]
Hook: 157.85 [mm]
Link Parameters
Spacing: 0.255 [m] Mumber: 47
; . - Total
Diameter: 10,00 [mm] Macs: 38 [ka]
Mumber Links
per Section: 2
j | ak. | | Cancel

Figure 5.14: Dialog box Edit Shear Reinforcement

This dialog box summarizes the reinforcement parameters already described above. Use the
dialog box to control or, if necessary, modify the specifications concerning Location, Link
Dimensions and Link Parameters.

When you have modified data, the program automatically recalculates the design, using the
values of the new provided link reinforcement. The results of a non-linear analysis represent
an exception: The program deletes these results and a new manual [Calculation] is required.
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5.2.3 Reinforcement Provided by x-Location

This table contains information about the ultimate limit state designs that have been ful-
filled or failed. The dynamic of the safety designs represents a great advantage: When mod-
ifications are made to the designed reinforcements, the program updates the designs au-
tomatically.

COMNCRETE - [Frame] &J
File Edit Settings Help
LAl - Reinforced concrete desi v] P.B Reinforcement Provided by x-Location |
TS P B [ C [ D [ E | »| Rectangie ss/300
£ Reinforcement Location As.iop As jpottom s ink
o7 -Beams % [m] [em2] [em?2] fem2/m] Message
L2 Columrs Member No. 13 - Rectangle 550/300
Results 0.000 34.05 6.28 5.24
EI- Required Reinforcement 2316 34.05 628 5.24
- by Cross-section 2316 2463 6.28 5.24 -
- by Set of Members 2667 2463 6.28 5.24 ¥
- hy Member 4425 2463 6.28 5.24
- by w-Location : 2463 1257 5.4
£)- Pravided Reinforcement 2463 1257 524
#|- Longitudinal Reinforcen 8.000 2463 1257 524 =
hear Reinforcement 10.667 2463 1257 5.24
11.557 2463 1257 5.24
b ember Mo, 1 11.557 2463 6.28 5.24 - [mm]
z:::: SZ § Petailed Results - Locationx: 4425 m Sigma-e[imm*2] Eps [fd]
Menber No. 4 f Percentage of Reinforcement - Top ...........; P1op 0498[ % - 19756 478
Member Mo, 5 Percentage of Reinforcement - Bottom P bottom 0.254 %
- Member Mo, B Percentage of Shear Reinforcemert Pw 0.085 | % — == -
- Member No. 7 Safety - Top As top prov. / As 1oy 4440 =
- ember Mo, & Safety - Battom As bottom prov. / A 2.000
- Member Mo. 9 Link Safety aswprov. /aswre 1.086
. Member No. 10 Required Reinforcement - Top As topreq 555 | cm?
. Member No. 11 Required Reinforcement - Bottom As bottom req £.28 | cm?
Member Mo, 12 Redquired Shear Reirforcement @ link req 482 | emZ/m
Member No. 13 Design Momert My Eds,max -18.044 | kNm
- Member Mo, 14 Design Momert My, Eds,min 216.848 | kNm
.. Staal Srhad e T || Partial Factor T 314 10.81
d L] ¢ Strain in Reirforcement - Top in Ultimate State 5,top,u -0.968 | % -
[ Calculation ] [ To Display. ] [ Messages. ]

Figure 5.15: Table 3.3 Reinforcement Provided by x-Location

The upper dialog section lists the longitudinal and link reinforcement areas for each mem-
ber location x.

Location x

The provided reinforcement areas for each member are listed by x-location:
e Start and end node
e Partition points according to possibly defined member division
e Extreme values of internal forces

In case of reinforcements by curtailment, the output shows the x-locations twice for the
zone limits.

A

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

s, top

As,bottom
This value represents the reinforcement area of the provided bottom longitudinal rein-
forcement.

a5 link
This column shows the area of the provided link reinforcement.
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To Dizplay...

parameters.

To reduce the displayed result parameters, use the button [To Display].

Results to Display | EN 1992-1-1:2004

To Dizplay - Detailed Fesults

==l

i Percentage of Reinforcement - Top Rho-top

| Percentage of Reinforcement - Bottom Rho-bottom

V| Percentage of Shear Reinforcement Rho-w

V| Safety - Top A-s.top prov. / A-5.top req.

V| Safety - Bottom &-3 bottom prow, / &-3,bottom req.

| Link Safety a-z.w prov. £ a-s.w req.

| Required Reinforcement - Top A-z.top req,

V| Required Reinforcement - Bottom A-z bottom req,

V| Required Shear Reinforcement a-z link req.

V| Design Moment k-y Eds.max

V| Design Moment b-y Eds.min

/| Partial Factor Gamma

V| Strain in Reinforcement - Top in Ultimate State Eps-s.top,u
| Strain in Reinforcement - Bottom in Ulimate State Eps-z battom,u
/| Concrete Strain - Top Edge in Ultimate State Eps-c topu
/| Concrete Strain - Bottom Edge in Ultimate State Eps-c.bottom,u
V| Meutral Axiz Depth in Ultimate State «u

V| Meutral Axiz Depth/Effective Depth in Ulimate State «/hu
| Effective Depth d

| Curvature in Ultimate State 1/5-.u

V| Inclination of the Meutral Axiz in Ulimate State Alpha-0,u
| Steel Stress - Top in Ultimate State Siama-s.top.u

Deselect

m

@I IE [ (0] 3 ] | Cancel

Figure 5.16: Dialog box Results to Display

ment taking into account the global offset.

I —
Dlubal
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The Detailed Results displayed in the lower dialog section allow for a detailed evaluation of
the performed designs. The output includes the design details of the current location x (that
means the active location selected in the upper dialog section) including all design-relevant

The intermediate results contain information about the Percentage of Reinforcement and
the Safety of the selected reinforcement, i.e. the ratio of the provided to the required rein-
forcement. The safety for the longitudinal reinforcement is designed by an increased mo-
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5.2.4 Steel Bending Schedule

The schedule displays the provided rebars combined in a single overview. The table cannot

be edited.
CONCRETE - [Frame] lﬁj
File Edit Settings Help
CA1 - Reinforced concrete desi v] P.4 Steel Bending Schedule
Input Data B [ C[ D [ ET F ] g [ H I T N o
... General Data tem |Reinforcement| ds No. of Length Anchorage Type Bending Weight
L Materials Type [mm] Surface Bars [m] Start End Diameter [m] [<al
e Clions Longitudinal | 200 | Deformed 4 3263 Straight Straight 322
- Supports Longitudinal | 20.0 | Deformed 7 6.503 Straight Straight 122
21 Reinforcement 5 Longitudinal | 20.0 | Deformed 4 6415 Straight Straight 63.2
i1-Beams 10 Longitudinal | 20.0 | Deformed 4 5.551 Straight Straight 942
L. 2 - Columns 11 Longitudinal | 20.0 | Deformed 1 3459 Straight Straight 85
Fesulls 12 Longitudinal | 20.0 | Deformed & 13.325 Straight Straight 1571
B Required Reinforcement 13 Longitudinal | 20.0 | Deformed & 16.943 Straight Straight 2506
H by Cross-section 14 Longitudinal | 200 | Deformed o 11.336 Straight Straight 2794
by Set of Members 15 Longitudinal | 200 | Deformed 8 11.332 Straight Straight 2235
w Member 16 Longitudinal | 20.0 | Deformed 8 11.342 Straight Straight 2237
w wLocation 7 Longitudinal | 20.0 | Deformed 3 5.453 Straight Straight 403
ovided Reinforcement 18 Longitudinal | 20.0 | Deformed 3 4.650 Straight Straight 344
ongitudinal Feinforcement|| 19 Longitudinal | 20.0 | Deformed 4 33.280 Straight Straight 3281
hear Reinforcement 20 Longitudinal | 20.0 | Deformed 2 28.574 Straight Straight 1428
einforcement by w-Locatio | 21 Longitudinal | 20.0 | Deformed 2 32815 Straight Straight 161.8 =
edule ol Longitudinal | 200 | Deformed 3 36953 Straight Straight 27
Serviceabilty Proaf 23 Longitudinal | 200 | Deformed 3 6257 Straight Straight 466
24 Longitudinal | 20.0 | Deformed 4 25377 Straight Straight 2502
25 Longitudinal | 20.0 | Deformed 2 8.002 Straight Straight 394
26 Longitudinal | 20.0 | Deformed 2 6.183 Straight Straight 305
7 Longitudinal | 20.0 | Deformed 2 24747 Straight Straight 122.0
28 Lirtk 100 | Deformed g1 4722 Hook Hook 0.040 2648
2 Lirtk 100 | Deformed | 180 3.586 Hook Hook 0.040 3578
30 Lirk: 100 | Deformed 50 23986 Hook Hook 0.040 1656
3 Lirk: 100 | Deformed 108 3822 Hook Hook 0.040 2544
32 Link 100 | Deformed a1 2822 Hook Hook 0.040 1409
d 111} b Total 698 59106 | ~

Figure 5.17: Table 3.4 Steel Bending Schedule

Item No.

The rebars are listed by /tems having each the same properties (diameter, length, type of
anchorage etc.).

Normally, the item numbers are not identical with the numbers of the tables 3.1 and 3.2.

Reinforcement Type

This column shows you if the reinforcement is a Longitudinal or a Link reinforcement.

d

Column Cindicates the used rebar diameters.

s

Surface

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

No. of Bars

The number of similar rebars of each item is displayed in column E.

Length

This column shows for each item the total length of a representative rebar.

Anchorage Type Start / End

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

In case links and hooks are used, you find the bending diameter d,, specified in column I.

Weight

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

Total

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

5.3  Serviceability Limit State Design

The results tables 4.1 to 4.4 appear only in case the design of the Serviceability Limit State
was activated in table 1.1 (see chapter 3.1.2, page 55), and if no design problems were de-
tected by the program (see chapter 5.1.5, page 94 and chapter 5.2.3, page 102).

The design of the serviceability limit state is performed by means of the reinforcement lay-
out that is available as Reinforcement Provided in the tables 3.1 and 3.2.

5.3.1 Serviceability Proof by Cross-section

CONCRETE - [Frame] =
File Edit Settings Help
CA1 - Reinforced concrete desi v‘ |4.1 Serviceability Proof by Cross-section |
Input Data MW e [ c [ D [ E [ F [ G [H] T [ J T K [ L [ ™
i Gereral Data Cross. Member Location |LC/LG| o= gc min As | lim d= | Bar Spacing Crack Spacing| Crack Width | Deflections
Materials No. | x[m] CO  |MN/mm2] [N/mmZ]| [em2] | [om] | lim sifmm] | srmaxmm] |(macws imm]| wizmm] Message
| Brooelns 2 4400 LG1 33| 60| 000|360 0.00 428(204)
- Supports 2 8 0000 | LG1 06 59| 000|360 0.00 0.00 | 204}
. Feinforcement 3 10 8000 | LG1 2732 111 7541 121 150.97 80.99 0.03 51.43 | 201) 202) 337)
. 4 11 0.000| LG1 2356 -10.0| 39.38( 170 205.54 58.07 0.06 1.24 | 201}
L. 2 - Columns 5 13 16.000 | LG1 2638 -126| 3084 136 170.22 71.76 0.08 0.00 | 201) 202)
Fesulls Goveming:
&) Required Reinforcement 3 10 8000 | LG1 2792 111 7541|1241 150.97 80.99 0.05 51.43 | 201) 202) 337)
i [ by Cross-section
- by Set of Members
- by Member
- by w-Location
=1+ Provided Reinforcement
- Longitudinal Reinfarcement)
- Shear Reinforcement
#- Reinforcement by w-Locatiol
i - Steel Schedule
=) Serviceability Proof
W
o+ by Member
4 by w-Location
] m s
? ? E Calculation Messages Graphic kK Cancel
@

Figure 5.18: Table 4.1 Serviceability Proof by Cross-section

The table contains the extreme values of different criteria that must be proved for the ser-
viceability limit state. The values result from the parameters of the reinforcement groups for
the crack width control (see chapter 3.5.4, page 72), the provided reinforcement and the in-
ternal forces of the governing actions.

When you evaluate the results of this output table, please consider the descriptions for the
dialog box Settings for Layout of Longitudinal Reinforcement on page 74.
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Cross. No.

The designs are sorted by cross-section numbers. The final row of the table shows the Gov-
erning cross-section for the serviceability limit state design.

Member No.

This column displays the number of the member that provides the extreme values for each
cross-section type.

Location x

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

LC/LG/CO

This column displays the numbers of the load cases, load groups, load combinations or su-
per combinations that are decisive for the individual designs.

GS

The values represent the stresses within the reinforcement in case the tensile zone is
cracked. They are determined from the product of the steel strain and the modulus of elas-
ticity:

o5 = &5 Eg

GC
This table column displays the concrete stresses in the serviceability limit state.

min A,
The minimum area of the rebar reinforcement according to EN 1992-1-1, 7.3.2, eq. (7.1) is:
Act
As,min = kc 'k'fct,eff =<
Os
where k. Factor to take into account the stress distribution within the cross-
section before first crack formation
k Factor to take into account self-equilibrating stresses distributed non-
linearly across the cross-section
fetefr Mean value of effective tensile strength of concrete when cracks occur
A, Tension zone of concrete in cracked state in case of first crack formation
fetefr Effective tensile strength of concrete at decisive point of time
o, Allowable steel stress directly after crack formation (depending on limit

diameter or maximum value of rebar spacings, where applicable)

lim d
The allowable diameters of the reinforcing steels, in accordance with the simplified design
method described in EN 1992-1-1, 7.3.3 are limited to the dimensions mentioned in table 7.2.

Steel stress Maximum bar size [mm]

[MPa] w,= 0.4 mm w,= 0.3 mm w,= 0.2 mm
160 40 32 25
200 32 25 16
240 20 16 12
280 16 12 8
320 12 10 6
360 10 8 5
400 8 6 4
450 6 5

Figure 5.19: Limit diameter according to EN 1992-1-1, table 7.2
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Bar Spacing lim s,

The allowable rebar spacings, in accordance with the simplified design method described in

EN 1992-1-1, 7.3.3, are limited to the dimensions mentioned in table 7.3.

Steel stress Maximum bar spacing [mm)]
[MPa] w,=0.4 mm w=0.3 mm w;,=0.2 mm
160 300 300 200
200 300 250 150
240 250 200 100
280 200 150 50
320 150 100 -
360 100 50 -

Figure 5.20: Maximum values for rebar spacings according to EN 1992-1-1, table 7.3

Crack Spacing s

r,max

This column displays the maximum crack spacing according to EN 1992-1-1, 7.3.4, eq.
(7.11) that is available in the final crack state:

Sr,max =k3-c+kq-ky-ky-

where k,

Peft

2
Peff

Recommended factor: 3.4 (national annex for Germany: 0)
Concrete cover of longitudinal reinforcement

Factor to take into account the reinforcement's bond properties: 0.8 for
ribbed steel bars or 1.6 for rebars with plain surface

Factor to consider distribution of strain:
0.5 for bending or 1.0 for tension only

Recommended factor: 0.425 (national annex for Germany: 1/ 3.6)
Rebar diameter

Effective reinforcement ratio according to eq. (7.10): A,/ A

Crack Width max w,
The characteristic crack width is determined according to EN 1992-1-1, 7.3.4, eq. (7.8):

Wk = Sr,max '(8sm _Scm)

where s

r,max

Ssm

Scm

Maximum crack spacing in final crack state

Mean strain of reinforcement considering contribution of concrete con-
cerning tension between cracks

Mean strain of concrete between cracks

Deflections u,,

The penultimate column displays respectively the absolute value of the deformation availa-
ble in direction of the local member axis z.

The settings for the allowable relative deflection are managed in the dialog box Settings for

Layout of Longitudinal Reinforcement (see Figure 3.25, page 74).
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Message

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

To display all messages of the current serviceability limit state design, use the [Messages]

button shown on the left. A dialog box with relevant information appears.

Error Messages or Motes to Design Process @

Used Error Meszages or Notes

202 Bar spacing > max spacing for crack width control F-
204 Cross-section is overpressed, no cracks will arige.

207 Crack width directly restricted [complied)

il Deflection/tember length = 1,/500

Figure 5.21: Dialog box Error Messages or Notes to Design Process

5.3.2 Serviceability Proof by Set of Member

CONCRETE - [Frame] g5
File Edit Settings Help

LAl - Reinforced concrete desi vJ |4.2 Serviceability Proof by Set of Members |
Input Data B [ € [ b | E [ F [ G JH] | [ J [ K [ L [ M
L. General Data Set |Member| Location LC/LG| os oo min As | lim ds | Bar Spacing Crack Spacing| Crack Width | Deflections
© Materials No. | x[m] CO  |[N/mm2] N/mm2]| [em2] | fom] | lm s1fmm] | srmasx[mm] maxwsk [mm]| uiz [mm] Message
. Cross-ssctions 8 0.000| LG 06 53| 000|360 0.00 0.00 | 209)
. Supparts ) 0000 LG 51| 52| 0.00] 350 0.00 0.00 [ 209)
5. Freinforoement 3 | 2 4400| LG1 33| 60| 0.00] 360 0.00 123 204)
1 - Beams 4 1 0000 LG | 2356 -10.0] 39.38] 170 205,54 58.07 0.06 1.24 | 201)
3 Colurns 5 | 13 | 16.000| LG1 | 2638 -126| 30.84] 136 170.22 7.7 0.08 0.00 | 201) 202)
Results Goveming:
- Reauired Reinforcement 5 | 13 | 16000] LG1 | 2638] -126] 3084] 136 170.22 7178 0.03 0.0
i [ by Cross-section
- by Set of Members
- by Member
+- by x-Lacation

=

201) 202)

=I- Provided Reinforcement
\ [ Longtudinal Reinforcement
+ Shear Reinforcement
+ Reinforcement by #-Locatio
- Steel Schedule
=) Serviceability Proof
i by Cross-zection

; b tdember
- by w-Location

[1[} +

«

204) Crozs-section is overpressed, no cracks will arise

Figure 5.22: Table 4.2 Serviceability Proof by Set of Members

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

Details on the table columns can be found in the previous chapter 5.3.1.
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5.3.3 Serviceability Proof by Member
i ™y
CONCRETE - [Frame] (oS
File Edit Settings Help
CA1 - Reinforced concrete desi + |l3 Serviceability Proof by Member |
Input Data B [ D = F | 1] K L
L. General Data Member| Location [LC /LG| o= gc | min As |lim ds | Bar Spacing Crack Spacing|Crack Width | Deflections
- Materials Ma. x[m] CO  |[N/mm2]|{[N/mm2]| [em2] | [om] | lims1fmm] | Sr.mas [mm] |maxwi mm]| ulz [nm] Message
- Crogs-sections 1 6.000| LG1 55 64 000] 360 0.00 0.7 | 204)
i Supports 2 4400 LG1 -33 60| 000] 360 0.00 428 | 204)
- Reinforcement 3 0.000| LG1 51 -b2| 0.00| 360 0.00 0.00 | 204]
1-Beams 4 3740 LG1 63 33| 000| 360 0.00 419 204)
2 - Colurns 5 0.000| LG1 -19 82| 0.00] 360 0.00 0.00 | 204]
Results [ 0.000| LG1 78 62| 0.00] 360 0.00 0.00 | 204
[ Required Reinforcement 7 0000 LG1 83 67| 000|360 0.00 0.00 | 204]
H - by Cross-gection 8 0.000| LG1 06 -b5| 0.00] 360 0.00 0.00 | 204]
- by Set of Members 9 4400 LG1 09 48| 000] 360 0.00 4.13 | 204
- by Member 10 8.000| LG1 2792 111 7541012 150.97 80.99 0.0 51.43 | 201) 202) 331)
by sLocation 11| 0000] LG1 | 2356| -10.0] 39.33] 17.0 205.54 58.07 0.06 1.24 | 201)
ravided Reinforcement 12 16.000 | LG1 1817 77| 3806| 282 27283 58.07 0.04 10.60
- Langitudinal Reinforcement|| 13 16.000| LG1 2638 -126| 30.84| 136 170.22 7176 0.08 0.00 | 201) 202)
- Shear Reinforcement 14 0.000| LG1 123 51 36.03| 320 300.00 71.76 0.02 6.67
Reinforcement by »-Locatiol Goveming
¢ i Steel Schedule 10 8.000| LG1 2792 -111) 7541 121 180.57 80.99 0.09 51.43 | 201) 202) 331)
=] Serviceability Proof
-~ by Cross-section
- by Set of Members
- by w-Location
4 L L3

Calculation

Messages..

.

Figure 5.23: Table 4.3 Serviceability Proof by Member

5.3.4 Serviceability Proof by x-Location

This results table shows the output for the crack width designs sorted by members. The in-
dividual table columns correspond to the columns of table 4.1. They are described in chap-
ter 5.3.1.

i ™y
CONCRETE - [Frame] -
File Edit Settings Help
C41 - Reinforced concrete desi + |4.4 Serviceability Proof by x-Location |
i [ by Cross-section ~ ﬁ B c D E F G H 1 J K o
by Set of Members Location [LC/LG| o= o min As | lmds |Bar Spacing Crack Spacing|Crack Width | Deflections
- by Member x[m] CO | [N/mmZ] | N/mm2] | [emZ] | [om] | limsi[mm] | Srmax[mm] |maxwi mm] uiz fmm] Message
i - by #-Lacation Member No. 8 - Rectangle $00/500
- Provided Reinforcement 0.000¢ LG1 06 55 0.00| 360 0.00 0.00 | 204)
- Longitudinal Reinfarcer 3000 LG1 -11.3 -38 000 360 0.00 1.01 204
Shear Reirforcement 6000 | LG1 123 37 0.00| 360 0.00 288|204
- Reintorcement by x-Loc Member Mo. 9 - Rectangle S00./500
. i gtesl Scheduls [ 0p00] LG1 | 93] 31 000 380 | [ | 0.00] 283204
- Serviceability Proof 4400‘ LG1 | -DB| “‘3‘ DDD| 360 | | | DDD‘ 413‘20‘0
- by Cross-section Member No. 10 - Rectangle 10001400
- by Set of Members 0.000 LG1 245 13| 8582 320 300.00 58.18 0.0m 0.00
- by Member 2667 LG1 1026 44 B163| 320 300.00 8539 003 26.26
5333 LG1 59 85| 8287 214 23012 85.39 0.07 45.69 | 331)
Member Na. 1 8.000 LG1 2752 -111 7541 121 150.57 8039 0.03 51.43 | 201) 202) 331)
- Member Mo, 2 8.000 LG1 9.2 -111 7541|121 150.57 20,99 0.09 51.43 | 201) 202) 331)
- Member Mo, 3 10667 | LG1 143.4 59| 8267 320 300.00 85.39 0.04 40.55 | 331)
- Member Mo, 4 L 13333 | LG1 19.7 -12 9163 | 320 300.00 81.27 0.00 20.36 L
- Member Mo, § ~|[|_16.000| LG1 517 94| 8335 148 185.37 8.7 0.08 2.16| 201} 1
Member Mo, & Member No. 11 - Rectangle 550,/1400
- Member Mo, 7 0.000 | LG1 2358 -100| 3538|170 20554 58.07 0.06 1.24 | 201)
- Member Mo, & 2667 LG1 949 44| 3630 320 300.00 58.07 0.02 3.2
Member Mo, 9 5333 | LG1 54 05 32325| 320 300.00 8528 0.00 220
- Member Mo, 10 8.000 | LG1 351 16 4021 320 300.00 23.09 0.0 043
Member Mo, 11 8800 LG1 401 -18 4021 320 300.00 2309 001 032
- Member Mo, 12 10.667 | LG1 2639 -13 39.74| 320 300.00 23.09 0.0 -0.08
- Member Mo, 12 13333 | LG1 237 14| 3235 320 300.00 7479 0.0 0.86
Member Mo, 14 L /|| 16000 LG1 180.0 65 3983| 285 27453 6661 0.05 0.00
= || Member No. 12 - Rectangle 550,/1400
< n ] » 0000] WGt [ 1287] 47] 4233] 320 [ 300.00] 6661 0.03] 9.7 -

Calculation

Messages..

04) Cross-section is overpressed, no cracks wil srise.

.

Figure 5.24: Table 4.4 Serviceability Proof by x-Location

This table lists in detail the various designs (see chapter 5.3.1) according to x-locations.
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5.4  Fire Protection Design

The results tables 5.1 to 5.4 appear only in case the design of the Fire Resistance was acti-
vated in table 1.1 (see chapter 3.1.4, page 57), and if no design problems were detected by
the program (see chapter 5.1.5, page 94 and chapter 5.2.3, page 102).

The fire protection design is performed by means of the reinforcement layout that is availa-

ble as Reinforcement Provided in the tables 3.1 and 3.2.

5.4.1 Fire Protection Design by Cross-section

CONCRETE - [Supporting Structure] l_J&
File Edit Settings Help
LA - Reinforced Concrete Des vJ F.l Fire Protection Design by Cross-section |
Input Data [ A | B [ C | D = [ F [ G Cross-section for Fire Design
.. General Data Type Member | Location | LC/LG Safety Ratio Emor Message | Rectangle 203.4/576.7
- Materials No x[m] co il 11 H or Note )
... Cross-seclions Cross-gection No. 1 - Circle 300 ZyE04 0230
- Supports Bending 1 0.000 LG2 4.88 0.205
=I- Reinforcement Shear Force 1 0.000 LG2 2724 0.037
Lo - Columing Tarsion 1 0.000 LG2 0.000
L2 Beams Cross-section No. 2 - Rectangle 250/600 2 N
Fesults i P2 6.000 L2 1.02 0.980 & 4
=1- Required Reinforcement 5 4 0.000 LG2 a7 0.315
+- by Cross-section Torsion 2 0.000 LG2 0.000 =
- by Sel of Members =
+ by Member
4 by w-Location
=) Provided Reinforcement (]
+- Langitudinal Reinforcement Sigma-c [Wmm*Z] Eps [%]
- Shear Reirforcement Da’called Results - Cross-section No. 2 - Rectangle 250/600 - LG2
+- Reinforcement by #-Locati 5] Temp: e Courze in Concrete Cross-section [ 6.58
... Steel Schedule & Half of Width of Equivalert Wall w 0125 |m =
=I- Fire Protection Design Fire Exposure Direction /iy
h Structural Member Considered as Beam
Cross-section Mo, 1 Fire: Exposure Duration T 60 | min
i Cross-section Mo, 2 Type of Concrete Aggregates = Quartz-cortai
+ by Set of Members Zone Thickness t 0.004 | m
- by Member Number of Zones n 30
- by x-Location = Damaged Zone az 0.023 |m e -
Structural Member Considered as Beam
Reduction Factor at Poirt Mfrom 23 Tab. | ke{@wu) 1.0000
Mean Reduction Factor kem 0.8135 -29.268 -1.93
£l I 3 Half of Width of Equivalent Wall W 0125 |m -
lﬂ E] E] Calculation Meszages.. Graphic Cancel

Figure 5.25: Table 5.1 Fire Protection Design by Cross-section

This table shows for each designed cross-section the decisive safety values determined dur-
ing the fire protection design. The values result from the parameters of the reinforcement
groups for the fire designs (see chapter 3.1.4, page 57), the provided reinforcement and the
internal forces of the relevant actions.

In the lower part of the table the Detailed Results for the entry selected in the table row
above are shown. Thus, due to the design details, it is possible to evaluate the results spe-
cifically. The output of the intermediate results in the lower part will be updated automati-
cally as soon as another row is selected in the upper part.

The theoretical background explaining the fire protection design can be found in chapter
2.3, page 17.

Type

The safety values are listed according to cross-sections. In addition to the design values for
Bending, the table shows the safeties for Shear Force and Torsion, provided that these de-
signs have been specified in the Fire Resistance tab of table 1.6 Reinforcement (see Figure

3.30, page 79).
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Member No.

For each cross-section and each design type, the table shows the number of the member
providing the minimum safety.

Location x
The column shows the respective x-location on the member which is decisive for the fire
protection design. For the table output, the program uses the following RSTAB member lo-
cations x:

e Start and end node

e Partition points according to possibly defined member division

e Extreme values of internal forces

LC/LG/CO

This column displays the numbers of the load cases, load groups, load combinations or su-
per combinations that are decisive for the respective designs.

Safety y

Column E informs you about the minimum safety factors y for each type of design. If the
safety is less than 1, the fire protection design has failed and the result row is highlighted in
red.

Ratio 1/y

The entries in this column represent the safeties' reciprocal values (column E). In this way, it
is possible to evaluate quickly the resources which are available until the limit value 1 is
reached in the cross-section.

Among the detailed results, you can find all initial values of the designs. 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.

:E] Design
Bl Factor of Utilization for Bending Rein | 1/v5Li 0.0355
[ Existing Safety to Bending TEL, fi 28.1557
Bl Influencing Intemal Forces
Moment around y-fuds 0.00 | kN
Momert around z-Axds 0.00 | kN
Poial Force 34.58 | kN
E Utimate Intemal Forces
Uttimate Moment around y-Auds Myeu i 0.00 | kN
Uttimate Moment around z-Ads Mz, fi 0.00 | kN
Uttimate Axial force My, i -973.68 | kN
Factor of Utilization for Shear Reinfor | 1/ sw.fi 0.0000
Factor of Utilization for Torsion Reinf | 1/47 5 0.0000

Figure 5.26: Detailed results, section Design

Error Message or Note

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

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

Error Messages or Motes to Design Process @

Used Error Messages or Notes
a01 Mo adequate safety of longitudinal reinforcement for fire resistance design [gamma,SL .

a02 Mo adequate safsty of longitudinal reinforcement for fire resistance design [gamma,sw
506 Min. Shear Reinforcement acc. to 9.2.2 (5] not Fulfilled E

@ a )

Figure 5.27: Dialog box Error Messages or Notes to Design Process
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Cross-zection for Fire Design
Rectangle 321.94821.9

39.0322.033.0
=
= |
=
g ______ .'.--
e :
=
-

[mm]

Temperature course

The cross-section used for the fire protection design is graphically displayed to the right of
the table. The damaged zone is highlighted in red.

Engineering Software

Use the button [Temperature Course] to show the distribution of temperature in the cur-
rently selected cross-section. The following dialog box appears:

Temperature Course

Mumber of Zones

Thickness of Zone:

Temperature Distribution in Zone Center

Temperature Course in Equivalent Wall

ELR|
0007 ]

==

- )
Zone Edge Distance| Temperature in Reduction
1 i [m] \Zone Centre ['C] Factor k o{8)i
838.0 0.0812 ||=
2 0.010 7850 0.1725
3 0.017 671.0 0.3425
4 0.023 5780 0.4825
5 0.030 504.0 0.5925
6 0.037 4310 0.7025
7 0.043 3720 0.7775
8 0.050 3270 0.8225
] 0.057 2820 0.8675
10 0.063 2450 0.5050
11 0.070 2140 0.9350 -
12 0.077 184.0 09575 |

Figure 5.28: Dialog box Temperature Course

A table displays the Temperature Distribution in Zone Center (cf. chapter 2.3.2, page 18).
The graphic shows the Temperature Course in Equivalent Wall according to EN 1992-1-2,

annex A.

5.4.2 Fire Protection Design by Set of Members

CONCRETE - [Supporting Structure]

File Edit Settings Help

CAT - Reinforced Concrete Des

v] F.E Fire Protection Design by Set of Members

Calculation

Input D ata B | c | D | = | F | G Cross-section for Fire Design
. General Data Type Member | Location | LC/LG Safety Ratio Emor Message | Circle 2326
Materials No. x [m] Co [ 1 H or Mote
Cross-sechions Set of Members No. 1 - Rectangle 250/600 T e —
- Supports Bending 2 6.000 LG2 1.02 0.980
21 Reinforcement Shear Force 4 0.000 LG2 317 0315 =
- Columns Torsion 2 0.000 LG2 0.000 E ====>
2 Beams Set of Members No. 2 - Circle 300 :
Results fBending 1 3 2500 LG2 11.45 0.087 =
E1- Required Reinforcement Shear Force 3 2500 LG2 E5.76 0.015 i
o Esaedl Torsion 3 0.000 G2 0.000 i
by Set af Members i
- by Member =
[H- by w-Location
- Provided Reinforcement [mm]
ongitudinal R einforcement] = Sigma-c[W/mm*Z] Eps [%]
brees R et Petailed Results - Set of Members No. 2 - LG2
Reinforcement by s-Locatio) 15T Course in Concrete Cross-section HES 0.000 0.00
L Steel Schedule [ Half of Width of Equivalent Wall w 0.150 |m =
=)~ Fire Protection D esign Fire Exposure Dirsction szlalwly
(- by Cross-section Structural Member Considersd as Column
i i Cross-section Mo, 1 Fire Exposure Duration T €0 | min
: Cross-section Mo, 2 Type of Concrete Aggregates = Quartz-cortai U . R
e Zone Thickness t 0.005 | m
Number of Zones n 30
g Set of Members No. 2 ||El Damaged Zone az 0.034|m
+- by Member Structural Member Considered as Column
(- by w-Location Reduction Factor at Point Mfrom 2.3 Tab. | kef@w) 1.0000
Mean Reduction Factor kem 0.8223 -0.000 -0.00
T + Half of Width of Equivalent Wall w 0150 | m -

Messages.

Figure 5.29: Table 5.2 Fire Protection Design by Set of Members

When sets of members have been selected for design, the fire protection designs are sorted
by sets of members in this table. Details on the columns can be found in the previous chap-

ter 5.4.1.
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CONCRETE - [Supporting Structure] @
File Edit Settings Help
CA1 - Reinforced Concrete Des v] F.3 Fire Protection Design by Member |
- General Data - B [ C T D [ E [ F [ G | » | cross-section for Fire Diesign
Materials Type Member | Location | LC/LG Safety Ratio Emor Message Rectangle 203 4/576.7
- Cross-sections No. *m] co 10 14 H or Note
- Supparts Member MNo. 1 - Circle 300 |
=) Reinforcement Bending 1 0.000 LG2 4388 0.205 =
1 - Columns Shear Force 1 0.000 LG2 2724 0.037
2-Beams Torsion 1 0.000 LG2 0.000
Results Member No. 2 - Rectangle 250,600 2
=) Required Reinforcement 2 6.000 L&2 1.02 0.980 5
by Cross-section Shear Force 2 6.000 LG2 343 0.291
- by Set of Members Torsion 2 0.000 LG2 0.000 =
- by Member Member MNo. 3 - Circle 300 b5
- by #-Location Bending 3 2.500 LG2 11.45 0.087
= Provided Reinforcement Shear Force 3 0.000 LG2 67.35 0.015
Longitudinal Reinforcen = ||| Torsion 3 0.000 LG2 0.000 -
- Shear Reinforcement _ Sigma-c [N/mm*2] Eps [%]
Reintorcement by #-Loc petallad Results - Member Mo.2 - Rectangle 250/600 - LG2 |
Steel Schedule HENY Course in Concrete Cross-section S £.58
- Fire Protection Design ElHalf of Width of Equivalent Wal w 0,125 m E
by Crass-section Fire Exposure Direction Rt e d
by Set of Members Structural Member Considered as Beam
Fire Exposure Duration T &0 | min
Member Ho. 1 Type of Concrete Aggregates = Quartz-contai
2 Zone Thickness t 0.004 | m
L3 Mumber of Zones n 30
n El Damaged Zone a: 0.023 |m [ -
VB Structural Member Considered as Beam
Member Mo. & Reduction Factor at Point Mfrom 2.3 Tab. | ko(@m) 1.0000
- hu el aratinn = Mean Reduction Factor kem 08135 -29.988 193
Ll —T— C Half of Width of Equivalent Wall w 0125 |m -

Figure 5.30: Table 5.3 Fire Protection Design by Member

This table shows the results output of the fire protection designs listed by members. The in-
dividual table columns correspond to the columns of table 5.1 as described in chapter5.4.1.

5.4.4 Fire Protection Design by x-Location

CONCRETE - [Supporting Structure] @
File Edit Settings Help
CA1 - Reinforced Concrete Des v] F.4 Fire Protection Design by x-Location |
Materials - B [ C ] D [ E [ F [ G | »||cross-section for Fire Design
. Cross-sections Type Member | Location | LC /LG Safety Ratio Emor Message Circle 246.7
- Supports No. x[m] co 1 1H or Note
E1- Reinforcement - Circle 300 - x: 0.000 fm] -
1 - Columns 1 0.000 LG2 488 0.205 &
2 -Beams Shear Force 1 0.000 LG2 27.24 0.037 =
Results Torsion 1 0.000 LG2 0.000
[=- Required Reinforcement Member No. 1 - Circle 300 - x: 0.625 [m] =
by Cross-section Bending 1 0.625 LG2 5.80 0.172 o
- by Set of Members Shear Force 1 0.625 LG2 2538 0.034
by Member Torsion 1 0625 LG2 0.000
- by x-Lacatian Member No. 1-Circle 300 - x: 1.250 jm]
= Provided Reinforcement Bending 1 1.250 LG2 7.03 0.142
Longitudinal Reinforcer Shear Force 1 1.250 LG2 37 0.031
. Shear Reinforcement Torsion 1 1.250 LG2 0.000 - [mmi
- Reinforcement by x-Loc = = Sigma-c [N/mm"2] Eps [%a
- Stesl Schadule etailed Results - Member No.1 - x 0.000 m - LG2 ]
[=)- Fire Protection D esign mate intemal forces ]a 092
by Crass-section Uttimate Moment about Awxis y M yu i -106.42 | kN L
- by Set of Members Uttimate: Moment about Auis z Mz, si 0.00 | kN r
- by Member Uttimate normal force Nu,fi 11012 [ kN
m [ Stress and Strain Analysis
1 Uttimate Curvature 1frufi 39.32 [ 1/m
2 Uttimate Curvature in Direction y 1ryufi 0.00 | 1/m
3 Uttimate Curvature in Direction z 1w, fi -39.32 [ 1/m —_— == == - oo
4 Direction of the principal curvature o fi -180.00 | =
Member Mo, § [ Design Details
L. Member Mo, B Strain in Reinforcement - Top in Ultimate | 2= top,u -2.3855 | %
< Strain in Reinforcement - Bottom in Uk | £5 bottom,u 49339 | % -13.899 053
1 LI > Concrete Strain - Top Edge in Ultimate ! | 2¢,top,u 6.1956 | % -

Figure 5.31: Table 5.4 Fire Protection Design by x-Location

This results table displays in detail the fire protection designs (cf. chapter 5.4.1) sorted by x-
location.
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5.4.5 Fire Protection Design Not Designable

CONCRETE - [Frame]
File Edit Settings Help
LA - Reinforced concrete desi v] F.S Fire Protection Design Not Designable
Input Data o B [ C | D ] = [ = [ G | «
i General Data Type Member | Location | LC /LG Safety Ratio Emor Message
Materials Lo x[m] o 70 11 or Note
Cross-sechions Member No. 1- Rectangle $00/600 - x: 0.000 [m]
Supports Shear Force 1 0.000 LG1 9.73 0.103 | 508]
B Reinforcement Member No. 1 - Rectangle $00/600 - x: 3.000 jm]
9 Beams Shesr Force 1 3000 LG1 451 0222 | 506)
L2 Columrs Member No. 1 - Rectangle $00/600 - x: 6.000 jm]
Results Shear Force 1 6.000 LG1 312 0.321) 508]
- Required Reinforcement Member No. 2 - Rectangle $00/600 - x: 0.000 jm]
- Provided Reinforcement Shear Force 2 0.000 LG1 2.92 0.342 | 506
£1- Fite Protection Design | Member No. 2 - Rectangle $00/600 - x: 4.400 jm]
w Cross-section iShearForce | 2 4400 LG1 1.57 0.508 | 506]
w Set of Members Member No. 3 - Rectangle $00/600 - x: 0.000 [m]
by Member £ ||| Shear Force 3 0.000 LG1 332 0301 | 506 =
by w-Location
B Mot Designable Pa’called Results - Member No. 2 - x 4400 m - LG1
El iE Ultimate intemal forces
tember Mo, 2 Ultimate Moment about Axis y My si -895.4 [ kN E
- Member Ho. 3 Uttimate Moment about Ads z Mazy, i 0.0 kN N
. Member Mo. 4 Uttimate normal force Nu,fi -52223 | kN
- Member Mo, 5 E Stress and Strain Analysis
Mermber No. & Ultimate: Curvature 1fru.fi 363 | I/m
.. Member No. 7 Uttimate Curvature in Direction y 1Ay fi 0.00 | 1/m
. Member Mo, 8 Ultimate Curvature in Direction z 1irzu fi -8.63 | 1/m
- Member Mo, 9 Direction of the principal curvature o fi -180.00 | @
. Member Mo, 10 & Design Details
o Member Mo 11 Strain in Reinforcemertt - Top in Ultimatt | 2=, top,u 0.8702 | %.
. Member No. 12 Strain in Reinforcement - Bottom in Uttim | 2¢, bottom,u -3.3770 | %
- Member Mo, 13 2 Concrete Strain - Top Edge in Utimate ! | zz,10p,0 1.3018 | % -
|508) Min. Shear Reinforcement acc. to 9.2.2 (5) not Fulfiled

Cross-section for Fire Design
Rectangle 900.0/556.2

A57.0

0

-10.8687 -0.29

Figure 5.32: Table 5.5 Fire Protection Design Not Designable

bers and x-locations.

footer.

design of the current x-location.

Error Messages or Motes to Design Process

Used Error Meszages or Notes

R0z Mo adequate zafety of longitudinal reinforcement for fire resistance design [gamma,zw,
R0E Min. Shear Reinforcement ace. to 9.2.2 (5] not Fulfiled

Al

==l

a1 Mo adequate zafety of longitudinal reinforcement for fire resistance design [gamma,SL

Figure 5.33: Dialog box Error Messages or Notes to Design Process

This table is displayed only if CONCRETE has detected failed designs or any other problems
occurring during the fire protection design process. The error messages are sorted by mem-

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

Click the [Messages] button to display all specific conditions that have occurred during the

Use the [All] button in this dialog box to show all messages available for CONCRETE.
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5.5 Nonlinear Calculation

71 Morinear - The results tables 6.1 to 6.4 appear only in case the check box for the Non-Linear Calcula-

Calculatian... l@/ tion was activated in the single tabs available in table 1.1 (see chapter 3.1, page 52), and if
no design problems were detected by the program (see chapter 5.1.5, page 94 and chapter
5.2.3, page 102).

The designs are performed with the reinforcement layout that is available as Reinforcement
Provided in tables 3.1.

5.5.1 Nonlinear Calculation - Ultimate Limit State

CONCRETE - [Example - Continuous Beams NL] l&J
File Edit Settings Help
£A2 - Nondnear Calculation | b1 Ultimete Limit State for Non-Linesr Calculation |
Input D ata [ A C_ | D [ E [ £ [«
.. General Data Member | Location LC Safety Utilization
. Materials No No factor 7 [] 14 [H Remarks
... Cross-seclions 1 Lc1 7.030 0.142 |
- Supports Lc1 6.566 0.152 E
E)- Reinforcement Lc1 6.335 0.156
=9 LC1 65485 0154
Results LC1 6.850 0.146
=1+ Required Reinforcement Lc1 7.596 0.132
4 by Cross-section L 9.023 0111
3 by Set of Members LC1 11.764 0.085
- by Member Lc1 19.183 0.052
- by w-Location Lc1 75713 0.013
- Provided Reinforcement L 30.539 0.032 &
1 Longhudinal Reinforcement. B icgReruies - Member No 1, % 1290, LCL
+)- Shear Reinforcement e
+- Reinforcement by #-Locatio El Utimate internal forces Hu ] -
.. Steel Schedule Uttimate Moment about Axis y Myy 9192 | kMNm 1
£ Morlinear calculation Uttimate Moment about Axis z Mzy 0.00 | kNm £
Ultimate normal force Nu 0.00 | kN
[ Stress and Strain Analysis
Uttimate Curvature 1/ru 1.0205E402  1/m
timate Curvature in Direction y 1fyu -0.0000E+00 | 1/m
Ultimate Curvature in Direction z 1fzu 1.0205E02  1/m
Direction of the principal curvature oy 0o
] Design Details
Steel strain in goveming fiber asy 550.00 | N/mm™2
Steel strain in goveming fiber Su 2750 | %
Steel strain in goveming fiber GCu -15.05 | N/mm"2
« 1 r Steel strain in goveming fiber ®u -1.046 | %e -
I&/ IEI EI Messages.. Graphic Cancel

Figure 5.34: Table 6.1 Ultimate Limit State for Non-Linear Calculation

For the designed members this table shows the decisive safety values determined during
the non-linear ultimate limit state design. The values result from the parameters set for the
reinforcement groups, the internal forces of the actions and the specifications in the dialog
box Settings for Non-linear Calculation (see Figure 4.2, page 81 and Figure 4.3, page 83).

In the lower part of the table the Detailed Results for the entry selected in the table row
above are shown. Thus, due to the design details, it is possible to evaluate the results spe-
cifically. The output of the intermediate results in the lower part will be updated automati-
cally as soon as another row is selected in the upper part.

The theoretical background explaining the non-linear design is described in detail in chapter
2.4, page 24.

Member No.

The displayed output for safety factors and utilizations is sorted by members.

Location x

The x-locations represent the FE nodes in the member used for the non-linear calculation.
They are based on the settings specified for the adaptive element division in the dialog box
Settings for Non-linear Calculation, tab Iteration Parameters (see Figure 2.29, page 51).
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LC No.

The numbers of the load cases or load groups that are decisive on the respective locations x
are displayed.

Safety factor y

This column indicates the safety factor y on each location x. The factor represents the rela-
tion of limit load and available loading.

y=f§121.0
Eq
where
Nrd

R4 =|My rd Design value of design resistance
M2 rd
Neg

Eq =|My Ed Design value of action
Mz,Ed

If the safety factor at any location is minor than 1, or if no convergence is reached, the ul-
timate limit state design has failed. The entire talbe is presented in red color.

Utilization 1/y

The entries in this column represent the reciprocal values of the safety factors y. So it is easy
to evaluate resources within the cross-section quickly.

The Detailed Results in the lower part of the table provide information about all design de-
tails. They are listed like in a tree structure.

¢ [ Stress and Strain Analysis
Mean Main Curvature 1/rm 1.1423E-04 | 1/m

Middle curvature in y-direction T/rym -3 6025E-12 | 1/m

Mean curvature in z-direction 1fzm -1.1423E-04 | 1/m

Direction of the principal curvature wm -1800|°

Bl Design Details
Steel strain in goveming fiber TSm 423 | Nfmm"2
Steel strain in goveming fiber =m 0021 | %
Steel strain in goveming fiber GCm -0.69 | N/mm™2
Steel strain in goveming fiber Lm 0.021 | %
Assessed Concrete Residual Tensile Strengt | oot m 0.56 | N/mm"2
Maxdimum Concrete Tensile Strain atm 0.024 | %
El Cross—section properties
Mean moment of inertia over the y-axis by m 1.40631E+09 | mm™4

Figure 5.35: Detailed results, section Stress and Strain Analysis

As different approaches for Tension-Stiffening may be used for the calculation (see chapter
2.4.3, page 28), also the details of the individual models differ a bit from each other.

Remarks

The final table column informs you about failed designs or contains notes about specific
situations occurring in the course of the design (for example when the maximum number of
iterations was reached in the final load step without fulfilling the break-off criterion). The
numbers indicated are explained in the status bar.

To display the messages of the currently selected design case, use the [Messages] button
shown on the left. A dialog box with relevant information appears (cf. Figure 5.27, page
111).
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5.5.2 Nonlinear Calculation - Serviceability Limit State

CONCRETE - [Example - Continuous Beams NL] [
File Edit Settings Help

£42 - Nondinear Calculation | 5.2 Serviceability limit state for non-linear calculation |

Input Data A c_| D [ E [ F [ G [«
.. General Data Member | Location LC Global displacemerts Local displacements Crack Width
- Materials Ho *[m] No ug [mm] ui [mm] wie [mm]
... Cioss-sechions 2 0000 LC1 0.000 0.000 0.04
- Supports 0290 LC1 0.014 0.014 0.03
=) Reinfarcement Lc1 0.009 0.003 0.01
i LC1 0.008 0.008 0.0
Fesults 1.143 LC1 0.032 0.032 0.00
=1- Required Reinforcement 1430 LC1 0.059 0.05% 0.00
- by Cross-section 1714| LCd 0.083 0.083 0.01 =
- by Set of Members 2000 LC1 0.102 0.102 0.01
- by Member 2286 LC1 0.114 0.114 0.01
- by w-Location 2600 LC1 0.116 0.116 0.01
E1- Provided Reinforcement 2857 LC1 0.108 0.10% 0.01 -

+- Langitudingl Reinforcement

5. Shear Reinforcement petai\ed Results - Member Mo, 2, x: 0571, LC1

+ Reinforcement by s-Locatial El Stress and Strain Analysis H -
L. Steel Schedule Principal moments M 7.03  kNm =
=1 Serviceabiliy Proof bending momernt over the y-axis My 703 | kNm
w Cross-section bending moment over the z-axis Mz 0.00  kNm
 Set of Members Normal force N 0.00 kN
i by Member State of cross-section Uncracked
- by wLozation Mezn Main Curvaturs 1irm 1.5878E-04 | 1/m
=) Morlingar calculati Middle curvaturs in y-direction 1/ym 0.0000E+00 | 1/m
S Mean curvature in z-direction 1fzm -15878E-04 | 1/m
Average Strain in Reinforcement £sm 0.027 | %

ezign Details
[ Design Details

Coefficient to Take Accourt of Bond Character | B1
Coefficient to Take Account of Load Type and | B2

< ] + Crack moment Mer 16.24 | kNm 2
@ @ @ Messages.. Graphic Cancel

Figure 5.36: Table 6.2 Serviceability limit state for non-linear calculation

For the designed members this table shows the decisive deformations and crack widths de-
termined during the non-linear serviceability limit state design. The values result from the
parameters set for the reinforcement groups, the internal forces of the actions and the
specifications in the dialog box Settings for Non-linear Calculation (see Figure 4.2, page 81
and Figure 4.3, page 83).

In the lower part of the table the Detailed Results for the entry selected in the table row
above are shown. Thus, due to the design details, it is possible to evaluate the results spe-
cifically.

The theoretical background explaining the non-linear design is described in detail in chapter
2.4, page 24.

Member No.

The displayed output for deformations and crack widths is sorted by members.

Location x

The x-locations represent the FE nodes in the member used for the non-linear calculation.
They are based on the settings specified for the adaptive element division in the dialog box
Settings for Non-linear Calculation, tab Iteration Parameters (see Figure 2.29, page 51).

LC No.

The numbers of the load cases or load groups that are decisive on the respective locations x
are shown.

Global displacements u,

The column displays the resulting displacements that refer to the global coordinate system
XYZ.
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Among the intermediate results under Global Node Deformations you can check the defor-
mation portions of the FE nodes in direction of each global axis.

Local displacements u,

The entries in this column represent the resulting displacements in direction of the local
member axis system xyz.

Among the intermediate results under Local Node Deformations you can check the defor-
mation portions of the FE nodes in direction of the single member axes.

Crack Width w,

This column shows the characteristic crack widths according to EN 1992-1-1, 7.3.4, eq.
(7.8).
Wk = Sr,max '(gsm _Scm)
where S.max  Maximum crack spacing in final crack state
Em Mean strain of reinforcement considering contribution of concrete con-
cerning tension between cracks

Em Mean strain of concrete between cracks

To determine crack spacings and strains, CONCRETE uses the internal forces of the non-
linear calculation.

The Detailed Results in the lower part of the table provide information about all design de-
tails. They are listed like in a tree structure.

[ Zustand Il

[ Cross-section properties
Moment of inertia about the y-axds yn 3.34737E+08 |mm™4
Moment of inertia about the z-zds lzn 5.20833E+08 | mm™4
Surface A 25105.30 | mm "2

[ Stress and Strain Analysis
main curvaturs 1/ 7.0048E-04 | 1/m
curvature in y-direction ryn T5712E-11 | 1/m
curvature in z-direction 1/ -7.0048E-04 | 1/m
Direction of the principal curvature @l -180.0 |
Steel strain in goveming fiber o5l 40.28 | N/mm™2
Steel strain = 0201 | %
Steel strain in goveming fiber acl| -1.91 | N/mm”™2
Steel strain in goveming fiber = -0.059 | %

Figure 5.37: Detailed results, section Zustand Il (state Il)
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5.5.3 Nonlinear Calculation - Fire Resistance

CONCRETE - [Example - Continuous Beams NL] l&J
File Edit Settings Help
C&2 - Mondinear Caleulation v] F!S Fire Resistance for Mon-linear Calculation |
Input Data [ A [ D [ E F -
.. General Data Member | Location Lc Safety Utilization
.- Matenials No x [m] No factor 7 [] 14 Remarks
.. Crass-sechions 1 4170 1C1 5.509 0.101
Supparts 4.440 LC1 3002 0333
E)- Reinforcement 4580 LC1 2.154 0.464
L 4720 1C1 1659 0.603
Results CEEEE L 1336 0.743 [
£+ Required Reinforcement 5000 LC1 1108 0.502
by Cross-section 2 0.000 LC1 1.109 0.502
w Set of Members 0.740| LC1 1.301 0.763
w Member 0290 LC1 1577 0.634
w x-Location 0430 LC1 1.938 0.516
Frovided Reinfarcement 0570| LC1 2466 0.406 -
BRI A Petailed Results - Member No. 1, 4860, LCL
- Fire Protection Design e
=)+ Nonlinear calculation El Utimate internal forces Hu -
.- Serviceshiliy Limit State Utimate Moment about Axis y Myu -14.73 [kNm [
ce Ultimate Moment about Axs 2 Mzy 0.00 | kNm =
esign Details Utimate nomal force Ny 0.00 | kN
[ Stress and Strain Analysis
Uttimate Curvature 1fru 6.3131E-02 | 1/m
Utimate Curvature in Direction y 1y -0.0000E+00 | 1/m
Utimate Curvature in Direction z 1z £.3131E02 | 1/m
Direction of the principal curvature oty -180.0 | °
[ Design Details
Steel strain in goveming fiber Tu 80.02 | N/mm™2
Steel strain in goveming fiber u 20.000 %
Steel strain in goveming fiber TCuy -16.34 | N/mm"2
Steel strain in goveming fiber Lu -1.401 | % 52

Figure 5.38: Table 6.3 Fire Resistance for Non-linear Calculation

The table contains the governing safety factors determined during the non-linear fire pro-
tection design. They result from the parameters set for the reinforcement groups, the inter-
nal forces of the actions and the specifications in the dialog box Settings for Non-linear Cal-
culation (see Figure 4.2, page 81 and Figure 4.3, page 83).

In the lower part of the table the Detailed Results for the entry selected in the table row
above are shown. Thus, due to the design details, it is possible to evaluate the results spe-
cifically.

The individual table columns correspond to the columns of table 6.1. They are described in
chapter 5.5.1.
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5.5.4 Nonlinear Calculation - Design Details

CONCRETE - [Example - Continuous Beams NL] l&J
File Edit Settings Help
£42 - Nondinesi Caloulation | b4 Design Details |
Input Data El Convergence Settings "
... Gereral Data Maxdmum number of iterations per load increme: 50
- Matenials [ Break limits
- Crogs-sections Break criterion =1 0.0010
. Supports Break criterion =2 0.0010 =
=I- Reinfarcement Break criterion 23 1.0000 | [mm)
i Damping factor 0.300
Fesults No. of load Increments: 3
£1- Required Reinforcement El Performance of convergence
+ by Cross-section [ Max. Serviceability limit state
- by Set of Members Total number of iterations performed 9
+- by Member Iteration of final load increment successfully completed
+- by w-Location [ Break Criteria
- Prowided Reinforcement B Load Increment No. 1
&)+ Serviceability Proaf Load factor of load increment 0333
+ - Fire: Protection Design [3 Bresk critena of the respective iterations
E1- Monlinear caleulation H feration No. 0
- Serviceability Limit State Break criterion =1 0.02551 | > 0.0010
Fire Resistanc Break Criteria 0.00000
Details Break criterion &2 0.00776 | <1.0000 [mm]
= teration Mo. 1
Break criterion &1 0.00154 | > 0.0010
Break Criteria 0.00000
Break criterion &3 0.00596 | < 1.0000 [mm]
& feration No. 2
Break criterion &1 0.00000 | < 0.0010
Break Criteria 0.00000
Break criterion £ 0.00000 | < 1.0000 [mm]
lteration of load increment successfully completed
E Load Increment No. 2 -
Iﬁ/ IEI I&I Graphic Cancel

Figure 5.39: Table 6.4 Design Details

The final results table represents an important control option for the non-linear calculation
process. The output is subdivided into two main parts.

Convergence Settings

This section lists all global specifications significant for the non-linear calculation (see de-
scriptions for Figure 2.29, page 51).

Performance of convergence

The convergence behavior is an important starting point in order to evaluate the results
from the non-linear calculation by looking at the iteration process. The stop criteria of the
single iteration steps are shown separately for the ultimate limit state, the serviceability lim-
it state and the fire protection design as well as for each load increment.

In general, a non-linear calculation is converging because the deviations concerning internal
forces, stiffnesses and deformations are decreasing continuously. This effect can be checked
by means of the values €, and ¢, from subsequent iterations: It is easier to understand peaks
or increasing deviations (for example in case of stability analyses) in this way.

With the help of the convergence performance you can evaluate the calculation run appro-
priately. It is also possible to make conclusions about how calculation parameters are to be
influenced, if necessary (see chapter 2.4.9 Convergence, page 50).
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6. Results Evaluation

After the design has been carried out, the results can be evaluated in various ways. The in-
dividual results tables are described in detail in chapter 5. This chapter describes the graph-
ical evaluation.

6.1 Reinforcement Proposal

The results tables 3.1 and 3.2 show you how the required areas of reinforcement can be
covered with rebars to fulfill the relevant design, for example the serviceability limit state
design. The reinforcement proposal is displayed graphically in the form of a drawing in the
lower part of table 3.1 Longitudinal Reinforcement Provided and table 3.2 Shear Rein-
forcement Provided (see Figure 5.9, page 95 and Figure 5.13, page 99).

@2{20, 1=4.305m
@4¢2ur 1=3127m ®4+20, 1=6.733m
®4¢20, 1=6351m ®4¢20, 1=19.699m
@12012, 1= 46.000 m

s¢20, 1=16.793 m
@sozn, 1= 13.260 m
@uzs, 1=3502m

Figure 6.1: Reinforcement drawing in table 3.1 Longitudinal Reinforcement Provided

The currently selected item (the row in the table above in which the pointer is placed) is
highlighted in red. The graphic allows you to display the position and arrangement of the
individual item members in order to evaluate them appropriately.

To open the edit dialog box for the selected reinforcement position, click the [Edit] button
in the bottom right corner of the drawing. The dialog box is shown in Figure 5.12 on page
98 or in Figure 5.14 on page 101. In this dialog box, you can check the numerous parame-
ters of the selected longitudinal or link reinforcement and, if necessary, adjust them.

Dlubal ——
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6.2 3D Rendering of Reinforcement

Both results tables 3.1 Longitudinal Reinforcement and 3.2 Shear Reinforcement provide

the button [3D-Rendering] enabling a photo-realistic visualization of the provided rein-
forcement. A new window opens showing a rendered graphical representation of the rein-
forcement cage of the current member or set of members (i.e. the table row of the object
where the pointer is placed).

43 Member No. 1 - FB 500/700/180/240 [E=0(ECH <5
File Extras View

S 0QaBRREIFEIEE=DEF ===

NUM

Figure 6.2: 3D rendering of provided longitudinal and link reinforcement

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

@ @ To set the graphic display appropriately, use the View pull-down menu or the correspond-

ing buttons (see Table 6.1). Similar to the display in RSTAB, you can use the control func-
tions: Shifting, zooming and rotating the object by keeping the [Shift] or the [Ctrl] key
pressed.

- The current graphic can also be sent directly to the printer, the printout report or the clip-
kel board.
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The buttons in the toolbar are reserved for the following functions:

Dlubal ——

Button Description Function

% Print Opens the dialog box Graphic Printout (Figure 7.4,
page 130) providing the printout settings

|@| Shift Allows for shifting the view by the mouse (zooming/

= rotating by pressing [Shift] or [Ctrl] key)

|g| Zoom Allows for increasing a particular region in the graphic

by drawing a window with the left mouse button

Show whole structure

Resets the graphic's full view

Previous view

Shows the view previously selected

ﬁ View in X Shows the view in plane YZ
ﬁ View in'Y Shows the view in plane XZ
E.}z View in Z Shows the view in plane XY

Isometric view

Shows the object in 3D

Perspective view

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

Line model

Hides the concrete material

Solid model

Represents the concrete in the member or set of
member

Displays the longitudinal reinforcement defined in top

0

forcement - bottom

|E| Top reinforcement of member
— . Displays the longitudinal reinforcement defined in bot-
||;|| Bottom reinforcement | " < grtuc ! ' !
— tom of member
|E| Peripheral reinforce- Displays the peripheral or secondary longitudinal rein-
— ment forcement
| | Link reinforcement Shows the link reinforcement
| i | Member axis system | Controls the display of the local member axes x,y,z
|;=_-| Longitudinal rein- Shows the item members of the top reinforcement
— forcement - top above the member

Longitudinal rein- Shows the item members of the bottom reinforcement

below the member

Shear reinforcement

Displays the item members of the link reinforcement

Table 6.1: Buttons for 3D rendering
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6.3 Results in the RSTAB Model

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

RSTAB background graphic

The RSTAB graphic in the background may be useful when you want to check the position
of a particular member in the model. When you select a table row in the CONCRETE results
table, the corresponding member is highlighted in the RSTAB background graphic. In addi-
tion, an arrow indicates the location x on the member that is displayed in the active table
row.

630 625

Diubal —

CONCRETE - [Supparting Structure] [

File Edit Settings Help

CAl - Reinforced Concrete Des v] |2.3 Required Reinforcement by Member |

Input Data B [ € [ D ] E [ F 1 G | » [ Rectangie 250600
i General Data Member | Location | LC /LG | Reinforcement Ermor Message
Materials Reinforcement, Mo % [m] co Area Unit or Mote
| Brrselns Member No. 1 - Circle 300 E
- Supparts Acz.top 1 0.000| LG 210[em? |15
21 Reinforcemant Az bottom 1 0.000| LGT - 15)
1 - Columms AsT 1 0.000| LG1 0.00 [em?
L2 Beams as.wv link 1 0.000| LG1 0.00 |emZ/m | 58)
Fesults as,wT link 1 0.000| LGT 0.00 [emZ/m
E£1- Required Reinforcement Member No. 2 - Rectangle 250/600 i
e - As 1o 2 6000| LG1 8.30[om?
by Set of Members 2 2400 LG1 77| em=
=)- by Mermber AsT 2 D000 | LGT 0.00 | cm?
i iopember Mo, 1 - Cicle| | @s.wv link 2 6000 LG1 263 |cmi/m | 58)
mber | asurlink 2 0000 LG 0.00 | cmZ/m < [mm]

::;E:Ez i : g'f:c‘f Petailed Results - Member No, 2 - Rechteck 250/600 - LGL e =0
Member No. 5 - Cicle |1 Lengtudinal Reinforcement - Top } Asitop 0.00 [om2 2 -20.000 254
i iMemberNo B - Cicle|| Longtudinal Reinforcement - Bottom As,bottom 77 | em? T
B by x-Location Longitudinal Torsion Reinforcement AsT 0.00 | cm2 L
Provided Reinforcement Links {Shear Reirforcement) as,wv link 219 |cm/m F
- Fire Protection Design Links {Tersion Reinforcement) aswT link 0.00 | cm2/m
The Inner Lever z for the Shear Dimensioning z 490.5 | mm
Strain in Reinforcemert - Top 2s,top s
Strain in Reirforcement - Bottom &s,bottom 22500 | %
Concrete Strain - Top Edge &ctop -2.543 | %
Concrete Strain - Bottom Edge g, bottom 25.027 | %
Strain at Centroidal Axis =0 11.242 | %
Meutral Axis Depth x 55.3 | mm 2503
LI} V|| Neutral Axis Depth/Hfective Depth w'd 0.102 =

Calculation ToD

‘

Figure 6.3: Indication of member and current Location x in the RSTAB model

This function, however, is only available if the results of the current CONCRETE case are set
in the RSTAB graphical user interface. You can use the [Graphic] button to switch to RSTAB
and the button [CONCRETE] in the control panel to return to the add-on module.
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COMCRETE CA1 - Concrete . 9 >
LC1 - Seff+weight [

LC2 - Live load

LG1 - Design Intemal Forces

LG2 - Characteristic values

LG3 - Deflection analysis

LG4 - Goveming Load Group

COMNCRETE CAZ - Fire protection
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RSTAB work window

All reinforcement areas and intermediate results can be visualized in the RSTAB structural
model: First, click the [Graphic] button to close the add-on module CONCRETE. Now, the
various reinforcements and design values are displayed in the graphic of the RSTAB work
window like the internal forces or deformations of an RSTAB load case. The display of the
different result types can be set in the Results navigator of CONCRETE.

The Results navigator is aligned with the designs of the CONCRETE module. The reinforce-
ment types for the ultimate and the serviceability limit state design as well as the fire pro-
tection design and the non-linear calculation including all intermediate results are available
for selection.

Project Mavigator ®
Panel *

= r.¥ Diagrams Inter Coupled - Mormalized
- - p COMCRETE

EI [B] ri# Required Reinforcement

----- [v] i A-stop

----- [¥] P A-sbottom I Al

""" e AT

..... ez a-s,wT link I A-g bottom
----- [¥] F¥ a-s,wV link .

""" [Jr A-stop + A-sT/2 az.wh link,
----- [l A-sbottom + A-sT/2 S

..... e 2%a-s5,wT link + a-5,wV link
[l [B] v Detailed results

= [B] v Provided Reinforcement
..... []e# A-stop prov.

..... [] e A-s,bottom prov.

..... []e a-slink prov.

- [H] v Detailed results

(- [E] #2# Fire Resistance

..... [w] #¥ gamma-SL fi

..... e gamma-sw,fi

..... []r gamma-T,fi

- [B] v Fire Protection Design

COWCRETE

@ 4

Figure 6.4: Results navigator of CONCRETE and panel with selected result types

EMpata B Display = Results q4 b

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

Due to multiple selection and automatic color assignment, the options offered in the RSTAB
Display navigator for the representation of member results are without effect.

As the RSTAB tables are of no relevance for the evaluation of CONCRETE results, you may
deactivate them.

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

The design cases are selected as usual by means of the list in the RSTAB menu bar.

Dlubal ——
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As you already know it from the member internal forces, a scaling of member diagrams can
be set in the second panel tab Display Factors. This means that you can scale the design re-
sults for the evaluation (and the printout) graphically.

Panel x

Dizplay
Factors
Deformation:

Member Diagrams:
B

Surface Diagrams:

Section Diagrams:

Reaction Forces:

Trajectories:

Figure 6.5: Panel tab Display Factors

The results of non-linear analyses can be evaluated specifically as well.

g
| RSTAR 7.04 - Supporting Structure (=] E -

File Edit View Insert Calculate Results Tools Table Options Add-onModules Window Help
NE2daxRE2E 9 ARG E|E]] %4 CONCRETE CA1 -Reinfora ~ @ > 3 3" [ 6 5 o
FHLDAE YRV A-M R RAAREEOS A - [® 7o T e Tl yriEE RN

Project Navigator 2 x
E3 Supporting Structure® = ™ Supporting Structure™ =
~[[] »* Diagrams Inter Coupled - Normalized gt s E=SEo| pporting SEE]

[E - Required Reinforcement CONCRETE CA1 - Reinforced Concrete Design CONCRETE CA1 - Reinforced Concrete Design
[B] - Provided Reinforcement 1788 17.88
PRI v colculion]
® »# Ultimate Limit State
- [8] »2# Load Case / Load Group
- [B] Fg* Ultimate Internal Forces.
L O My-u
b e Mz-u
L0 Neu
=[] i Internal forces
L My
O N Panel x
w O vz COMCRETE
5[] A* State of strain 7.60
L tzem 1391 7My
[B] ri* Details I
- [B] P Cross-section properties
O y-m
Le A-m
- [B] P Stiffness Wiz My: 1391, Min My: 17.88 khim Max u-gr 0,000, Min u-gr 0.000 m
o Cva ly-m~E

LBEam E supporting Structure” (o (@ (5] | 5 supporting structurer hE=
E r# Global ’r\‘nﬂdm Displacements. COMCRETE CA1 - Reinforced Concrete Design COMCRETE CA1 - Reinforced Concrete
L0t wg

o Oe u-gX

bo[rdt v-gZ

* Olvi phi-g.¥
[~ Local Node Displacements

L el

L uelx

o e w1

L O phi-LY

[

. [H] r# Partial Factor

L Ovi Gamma

w2 1/Gamma

FEBP L OAXE B

e My

COMNCRETE

BE o 4

945.07

3945.07
3945.0

< (I ] v
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Figure 6.6: Graphical output of non-linear design results
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All results graphics can be transferred like RSTAB graphics to the global printout report (see
chapter 7.2, page 130).

It is always possible to return to the design module by clicking the [CONCRETE] button in

the panel.

6.4 Result Diagrams

The result diagrams can be accessed in the RSTAB graphic. To display the diagrams,

select Result Diagrams on Selected Members on the Results menu,

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

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

on the selected member or set of members.

] Result Diagram on Member [= B
|[E]| % | COMCRETE Cal - Reinfor = < B E Qg =L H M F e od | AN AN <] i Membersno: 2 Y
x 00D 0S0 100 1800 2000 280 3000 3800 [4000 450 500  58W  60wm =
Navigator # PP T O TS SO TSN IO TP Manccftnore Tttt el insmnlneflosrnllfinsellonseflasned} x| 38200 Il [T Fxed
= [B] Required Reinforcement ki M2 k)
--[iAstop’ Required Reinforcement - A-s top [cm?] ey -
-.[@ A bottom x Asiop
OAsT - ] [em2]
o[ a-swT link 3 0000 014 =+
[ a5,V link 0,600 000
[ A-stop + A-sT/2 g 1200 000 =
[ A-s bottom + A-5T/2 d 1800 000
= 3 : :
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Figure 6.7: Dialog box Result Diagram on Member

In the navigator to the left, select the reinforcements and detailed results that you want to
display in the result diagram. By means of the lists in the toolbar above you can set a par-
ticular CONCRETE design case as well as specific members or sets of members for display.

For more detailed information on the dialog box Result Diagram on Member, see the RSTAB
manual, chapter 9.8.4, page 205.
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6.5 Filter for Results

In addition to the results tables which already allow for a particular selection according to
certain criteria because of their structure, you can use the filter options described in the
RSTAB manual to evaluate the designs graphically.

| ﬂ | On the one hand, you can take advantage of already defined partial views (see RSTAB man-
ual, chapter 9.8.6, page 209) used to group objects appropriately.

On the other hand, you can define the numbers of the members, whose results should be

shown exclusively in the graphic, in the Filter tab of the control panel. A description of this
function can be found in the RSTAB manual, chapter 4.4.6, page 70.

11830 1133

Panel x

Show diagrams for

members no.: - .

Ze ] 0.03

. [=nt — 3

Tt Al 013 [a1s A
None e N e

156 T

420

§.49

€
5
o) [

B a4

Figure 6.8: Filtering members in the panel

In contrast to the partial view function, the model is now displayed completely in the
graphic.
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7. Printout
7.1  Printout Report

The creation of printouts is similar to the procedure in RSTAB. First, the program generates
a printout report for the CONCRETE results. Graphics and descriptions can be added. More-
over, this print preview requires the definition of results which you want to print for the re-
inforced concrete design.

When your structure is quite extensive, it is advisable to split the data into several small re-
ports. If you create a separate report for CONCRETE, the printout report will be generated
relatively quickly.

The printout report is described in detail in the RSTAB manual. In particular, chapter
10.1.3.4 Selecting Data of Add-on Modules on page 227 provides information concerning
the selection of input and output data in add-on modules.

All general selection options are available in order to print the design cases as well as input
and results data of CONCRETE.

f Printout Report Selection D1 [-&Ir
Program / Modules Global Selection | Input Data| Reinforcement | Serviceability Proof I Fire Resistance I State II|
RSTAR
Display
Reinforcement Required Mo. Selection [e.g. 1-5,20]
21 ... by Crosssection . ......... Cross-sections: [AII
22, bySetof Members. .. ............. Sets: [l
23, byMember. . ... Members: [2,4
24 bywlocation. ... Members: 41
25 . MotDesignable . .............. Members: [All

Longitudinal Reinforcement
3. Provided. ... Mermbers: [Al

... Provided - Anchorage ... ... Sets: [AII
... Pravided - Graphics

Shear Reinforcement
32, Provided. ... Members: {41

.. Provided - Graphics ... ........... Sets: [l

3.3 Reinfarcement Prov. by x-Location . . Members: [AII

3.4 Steel Bending Schedule

[ Detailed Results - Design . ... ...... All
[ Detailed Results - Reinforcement . . . . All
Display
[F] Cover Shest [ Eror Messages or Motes
Contents
Infa Pictures
Ok ] [ Cancel

. 4

Figure 7.1: Printout report selection of CONCRETE results, tab Reinforcement
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7.2 Graphic Printout

The design graphics can be either integrated in the printout report or sent directly to the
printer. Printing graphics is described in detail in the RSTAB manual, chapter 10.2.

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

To print the CONCRETE graphic currently displayed in the RSTAB work window,
select Print on the File menu

or use the toolbar button shown on the left.

| RSTAB 7.04 - [Supporting Structure®]

E File Edit View Insert Calculate Results Tools Table Options Add-on Modules Window Help
DNE93EBER D FEE||EE % cONREECAL -Reinfora ~ Q> 3 §7|2(05 | &f (5 23
R BN et P - - QEAAREEOS 4@ T2 XMW

Figure 7.2: Button Print in the toolbar of the main window

<) Member No. 1 - Circle 300
File Extras View

S aQAFBBHESFEHE - -CEHE - == =

Figure 7.3: Button Printers in the toolbar of the 3D rendering window

The following dialog box opens:

Graphic Printout &J
General | Options | Color Spectrum
Graphic Picture Window To Print Graphic Size
(©) Directly to a printer. | 55 (@) Cument Only () As Screen View
@ To a printout report: Al @ Window Filing
() To the Clipboard ) ToScale 1: 100 ~
Graphic Picture Size Options
Use Whole Page Width Show Printout Report on
[7] Use Whole Page Height [OK]
— | rer Show Results for Selected x-Location in
[0 Height: 4913 [% of Page] the Resuft Diagram
Rotation: 0| 1 [ Lock Graphic Picture {without Update)
Header of Graphic Picture
CONCRETE - Members , CA1

[ok ][ caneel

. A

Figure 7.4: Dialog box Graphic Printout, tab General

This dialog box is described in detail in the RSTAB manual, chapter 10.2, page 243. The
RSTAB manual also describes the Options and Color Spectrum tab.

A graphic from CONCRETE that has been integrated in the printout report can be moved
anywhere within the report by using the drag-and-drop function. In addition, it is possible
to adjust inserted graphics subsequently: Right-click the relevant entry in the navigator of
the printout report and select Properties in the context menu. The dialog box Graphic
Printout opens again, offering different options for modification.
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8. General Functions

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

8.1 Design Cases in CONCRETE

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

It is no problem to analyze the same member or set of members in different design cases.

The CONCRETE design cases are available in the RSTAB work window and can be displayed
like a load case or load group by means of the toolbar list.

Create a new CONCRETE case

To create a new design case,

select New Case on the File menu in the CONCRETE add-on module.

The following dialog box appears.

New CONCRETE-Case ==
No. Description
2 Design of concrete members -
j [ ak. ] | Cancel

Figure 8.1: Dialog box New CONCRETE-Case

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

Rename a CONCRETE case

To change the description of a design case subsequently,

select Rename Case on the File menu in the CONCRETE add-on module.

The dialog box Rename CONCRETE-Case appears.

Rename CONCRETE-Case ==
No. Description
2 Mew description -
j | ok | | Cancel

Figure 8.2: Dialog box Rename CONCRETE-Case
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Copy a CONCRETE case

To copy the input data of the current design case,
select Copy Case on the File menu in the CONCRETE add-on module.

The dialog box Copy CONCRETE-Case appears where you can specify the number and de-
scription of the new case.

Copy CONCRETE-Case ==

Copy from Caze
CAZ - Mew description v]

Mew Case

Mo.: Description:

3 Colurmn design - case of fire -

[ (0] 3 ] [ Cancel

" A

Figure 8.3: Dialog box Copy CONCRETE-Case

Delete a CONCRETE case

To delete a design case,

select Delete Case on the File menu in the CONCRETE add-on module.

In the dialog box Delete Cases, you can select a design case in the Available Cases list to de-
lete it by clicking [OK].

- 1
Delete Cases &J

Available Cazes

Mo. Description

1 Feinforced Concrete Design

Mew description

3 Colurn design - caze of fire

=
[ ()3 ][ Cancel ]

. A

Figure 8.4: Dialog box Delete Cases
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Edit Cross-section 4

Export Cross-section to RSTAB [

Import Cross-section from RSTAB

Manipulate List of 'Members to Design’ *
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8.2 Cross-section Optimization

As mentioned in chapter 3.3, CONCRETE offers you the possibility to optimize cross-
sections. Tick the check box of the relevant cross-section in column C of table 1.3 Cross-
sections. Simply click into the little box to open the following dialog box where you can de-
fine detailed specifications.

Optimization Parameters, FB 500/700/180/240 (=23

To Optimize

Opti- )

mmize: Current Minirum I awirnum Increment 1 +] ~

il 500.0 500.0% 1000.0-% 50.01%5 [mm] |
b 700.0 : : | [mm] :
k 180.0 : : | [m] -
= 2400 : : | [m] y

.

FB &00/700/180/240

Targeted Percentage
of Reinforcement: 205 %] Mot to be exceeded at any location

@ Az average value over the whole
member or zet length

@I @ (0] 3 ] | Cancel

Figure 8.5: Dialog box Optimization Parameters of a T-beam

By ticking the check box(es) in the Optimize column, you decide which parameter(s) you
want to modify. The ticked check box enables the Minimum and Maximum columns in order
to define the upper and lower limit of the corresponding parameter for optimization. The
Increment column determines the interval in which the dimensions of this parameter vary
during the optimization process.

The criterion for optimization is specified by the fact that the Targeted Percentage of Rein-
forcement either won't be exceeded at any location or is available as average value across
the entire member or set of members. The reinforcement ratio can be defined in the input
field.

In the course of the optimization process, CONCRETE finds out which dimensions of the al-
lowable parameter should be used in order to still fulfill the design. Please note that the in-
ternal forces won't be recalculated automatically with the changed cross-sections. It is up to
you to decide when to transfer the optimized cross-sections for a new calculation run to
RSTAB. As a result of optimized cross-sections, internal forces may vary considerably be-
cause of the changed stiffnesses in the structural system. Therefore, it is recommended to
recalculate the internal forces after the first optimization and then to modify the cross-
sections once again, if necessary.

You do not need to transfer the modified cross-sections to RSTAB manually: Set table 1.3
Cross-sections, and then

select Export Cross-section to RSTAB on the Edit menu.

Also the context menu of the table rows in table 1.3 shown on the left provides options to
export modified cross-sections to RSTAB.
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Before the changed cross-sections are transferred to RSTAB, a security query appears, be-
cause the transfer requires the deletion of results. When you confirm the query and then

start the [Calculation] in CONCRETE, the RSTAB internal forces as well as the areas of rein-
forcement are determined in one single calculation run.

To reimport the original RSTAB cross-section to CONCRETE, use the menu function already
described above. Please note that this option is only available in table 1.3 Cross-sections.

If you optimize a tapered member, the program modifies the member's start and end and
interpolates the second moments of area for the intermediate locations linearly. As these
moments are considered with the fourth power, the designs may be inaccurate if the
depths of the start and end cross-section differ considerably. In this case, it is recommended
to divide the taper into several single members whose start and end cross-sections have mi-
nor differences in depth.

8.3 Units and Decimal Places

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

select Units and Decimal Places on the Settings menu.

The following dialog box opens, which you already know from RSTAB. The add-on module
CONCRETE is preset.

Units and Decimal Places [&J

Program / Module CONCRETE

- RSTAB -
.. STEEL Input Data Results

- STEEL EC3 Unit Dec. Places Unit Dec. Places
- STEEL AISC el m <] 32 | Stesses: (mm2 ] 2}

- STEELIS e - -

- STEEL 51A 3
.. STEEL BS Support Widths: mm - Reinforcement Areas: (em ™2 - 2
Forces: kN - 2

- STEELGB Reirforcement Areas: |em”2 -
. STEELCS S P =
- ALUMINIUM oress:

.. KAPPA Stresses:

- LTB Mon Units Factors:

- FE-LTB

oL fngls: (R
- CTOT

- PLATE-BUCKLING

- ASD

- CRANEWAY

- CONCRETE Columns

- TIMBER Pro

- TIMBER

- COMPOSITE-BEAM

- D'YNAM

- END-PLATE

- CONNECT

- FRAME-JOINT Pro i

OK ][ Cancel

" A

4

Section Dimensions: |mm -

N ERIEE

m

L T O T e Wt

Alw e e {0l 100 100 ][]

Figure 8.6: Dialog box Units and Decimal Places

The settings can be saved as user profile to reuse them in other structures. The correspond-
ing functions are described in the RSTAB manual, chapter 11.6.2, page 336.
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8.4 Export of Results

The results of the reinforced concrete design can also be used in other programs.

Clipboard

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

Printout report

The CONCRETE data can be printed into the printout report (cf. chapter 7.1, page 129) to
export it subsequently. In the printout report,

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

The function is described in detail in the RSTAB manual, chapter 10.1.11, page 239.

Excel / OpenOffice

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

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

The following export dialog box appears.

Export - MS Excel (=23
Table Parameters Application
| 'with T able Header @ Microsoft Excel
Only Marked Rows OpenOffice.org Calc
CSY

Transfer Parameters

| Export Table to Active Workbook,
Export Table ta Active ‘Workshest
| Rewrite Existing ‘Worksheet

Selected Tables

Active Table Expo_rt Tables with
o) All Tables B
| Input T ables
| Result Tables
? [ (0] 3 ] | Cancel |

Figure 8.7: Dialog box Export - MS Excel

When you have selected the relevant parameters, start the export by clicking [OK]. Excel or
OpenOffice will be started automatically. It is not necessary to run the programs in the
background.
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| H9-o-|= Sheetl - Microsoft Excel = = 52
Home Insert Fage Layout Formulas Data Review  View  Add-Ins & e = @ 2
(== ¥ calibri = Text AL T - &7
- 2w * 0 - -
Paste - @E] % .oofo ’ Sty;les Cevlls E' #
4 = £ .00 .0
Clipboard Ta Font [P Alignment P MNumber r] Editing
A3 A I~ | Cross-section Mo. 1 - Rectangle 900/600 v
[ a B c D E F G H s
1 Member| Location | LC/LG |Reinforcement Error Message ]
2 | Reinforcement| Mo. x[m] co Area Unit or Note
3 |Crnss—se—n:inn No. 1-Rectangle 300/600
4 A 1 0,000 LG1 5,40|cm*2 25)
5 |Arm 1 0,000 LG1 5,40 cm*2 25)
6 A 1 0,000 LG1 0,00|cm*2 5
7 |3, link 1 0,000 LG1 0,00|cm*2/m |58)
& a,.link 1 0,000 LG1 0,00|cm*2/m
9 |Cross-section No. 2 - Rectangle 900/300
10 A, 5 0,000 LG1 8,10|cm*2 25)
11 (Ao 5 0,000 LG1 8,10|cm#2 25) B
12 |a, . 5 0,000 LG1 0,00|cm*2
13 a,,.link 5 0,000 LG1 0,00(cm*2/m  |58)
14 |a, . link 5 0,000 LG1 0,00|cm*2/m
15 |Cross-section No. 3 - Rectangle 1000/1400
16 A, ... 10 16,000| LG1 31,17 |cm*2
17 (A e 10 8,000) LG1 39,86 |cm*2
18 |a, . 10 0,000 LG1 0,00 cm#2
19 a,,.link 10 0,000 LG1 8,76(cm*2/m |58)&3)
20 |a, . link 10 0,000 LG1 0,00|cm*2/m =
|44 » M| 2.1 Required Reinforcement by C .~ 2.2 Requir{|] 4 | il |
Ready | |[[EEm 00w o O (& P

Figure 8.8: Results in Excel
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9. Examples

9.1 Direct Deformation Analysis

This chapter describes an example where the limitation of deformations is designed accord-
ing to EN 1992-1-1, 7.4.3 by means of a direct calculation.

9.1.1 Input Data

System Cross-section

I i 1 § 30 | ] ] I |= 100 em .

20 cm

111

4210

Figure 9.1: System, loads and cross-section

Thickness of plate 20 cm

Material Concrete C25/30 (characteristic values: see chapter 9.1.2)
BSt 500

Reinforcement A ooy = 443 cm?,
d=17cm

Loads

Self-weight 0.20 * 25.0 = 5.00 kN/m

Plaster and flooring 1.50 kN/m
g, = 6.50 kN/m

Live load of office 2.00 kN/m

Load of partition walls 1.25 kN/m

d, = 3.25 kN/m

Maximum moment for quasi-permanent load
Combination coefficient , = 0.3 (live load of office)

Combination coefficient , = 1.0 (load of partition walls)
Quasi-permanent load 6.50 + 0.30 *2.00 + 1.0 * 1.25 = 8.35 kN/m
Maximum moment Muasi-permanent = 8-35 * 4.21% /8 = 18.50 kNm
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9.1.2 Initial Values of Deformation Analysis

Parameters

Mean modulus of elasticity E. = 29000 MN/m?
Mean tensile strength fom = 2.2 MN/m?

Final creep ratio ¢ = 1.8 (interior room)
Strain due to shrinkage g, =— 0.5 %o

Ratio of longitudinal reinforcement

2
Pe = As :Lcmz =0.0026
b-d 100-17 cm

E; 200000

e T, T 10360

19.31

Effective modulus of elasticity of concrete

Ecn 29000

= =10360 N/mm?
1+ 1+1.8

Ec,eff =
The influence of creeping is taken into account by the final creep ratio .

9.1.3 Curvature for Uncracked Sections (State I)

Cross-section properties
W,, = 1.00 * 0.20%/ 6 = 0.00667 m’
I, = 1.00 * 0.20°/ 12 = 0.000667 m*
S, = A, * z, = 0.000443 * 0.070 = 0.000031 m?

Curvature due to load

[1] - e _ Q0180 MM _____0.00267 1/m
r)w  Eceff-lc 10360 MN/m?-0.000667 m
Curvature due to shrinkage
3
(l) zgcsw.ae.ﬂ:o_ooo5.19‘31.m20_00045 1/m
Mes le 0.000667 m

Total curvature

[1J :[1) +(1j =0.00267 +0.00045 = 0.00312 1/m
r tot,| r/m Mes
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9.1.4 Curvature for Cracked Sections (State Il)

Curvature due to load

When characteristic loads are applied, concrete is showing a linear elastic behavior. The dis-
tribution of the concrete stress across the compression zone is assumed to be triangular.

The height of the concrete compression area can be determined as follows:

X=p-0e-d-|-1+ [1+ 2 =0.0026-19.31-17cm- —1+1/1+; =4.53 cm
p-ae 0.0026 -19.31

The tension stress within the reinforcement is determined with My = 18.50 kNm as fol-
lows:

M 18.5.1073

AS-(d—g) 4.43.10*4.(0.17—%j

=269.60 N/ mm?

O =

The curvature in the final crack state is determined as follows:

-3
(lj _ & 134107 61054 1/m
Cyn d—x  170-42.9
where g, = %5 = 26819 _4 34 403
E, 200000

Curvature due to shrinkage

The curvature for cracked sections (state Il) is determined in manual calculations by means
of a table from [18] (see Figure 9.2).
A 4.43 cm?

$ =193 ———
b-d 100 cm-17 cm

=0.050 S B=1.10

®q = Og -

=0.00324 1/m

1 Si 1 1
| =g dte L = e, -B-—=0.0005-1.10-
[rjcs,ll fesn e Iy Fesn P d 0.17m

Total curvature

[1J = (1J + [1] =0.01054+0.00324 =0.01378 1/m
tot,ll M cs,ll

r r r
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Serviceability Limit State

Calculation table for stresses,
curvature and values for

cracked sections only (state ll) of a
rectangular cross-section

EC2, 4412 : [+
Reinforcing steel: E

s

s

2-10% MN/m?

 =E/E =15

(@) | &=k | L=k | 28D | 2480 | B
0.001 | 0.044 | 0985 | 4641 | 1061 1.01

0.002 | 0.061 | 0980 | 3332 | 544 1.02 | Table input value:

0003 | 0075 | 0975 | 2752 | 369 | 1.03 —— .
0.004 | 0086 | 0971 | 2407 | 281 1.03 A
0.005 | 0095 | 0968 | 2171 | 228 | 1.03 w=a, —
0.006 | 0.104 | 0965 | 1988 | 193 | 104 b-d |

0.007 | 0112 | 0963 | 1863 | 167 | 104
0.008 | 0119 | 0960 | 1754 | 148 | 1.04 | patio of elastic moduli:

0009 | 0.125 | 0.958 | 1664 | 133 | 1.04 E
0010 | 0.132 | 0956 | 1587 | 120 | 105 | @, =—*
0012 [ 0.143 | 0952 | 1465 | 102 | 105 E.
0014 | 0154 [ 0949 | 1370 | 880 | 1.05 :
0016 | 0164 | 0945 | 1203 | 79.0 | 106 | SrEEISIrESS:

0.018 | €173 | 0942 | 1230 712 | 106 | 0, =5 -——
0.020 | 0.181 | 0940 | 1176 | 650 | 1.06 ¢ A-d
0022 | 0189 | 0937 | 1130 | 598 | 1.07 .
0.024 | 0196 | 0935 | 1090 | 555 | 1.07 concrfte SE;SS'
0.026 | 0204 | 0932 | 1054 | 518 1.07 | O = EClbd
0028 | 0210 | 0830 | 1023 | 486 | 1.08

0030 | 0217 | 0928 9.94 459 1.08 | Curvature:

0.040 | 0246 | 0918 | 887 | 361 | 1.09 1_2 a-M

0050 | 0270 | 0910 | 8.14| 301 | 110 | *= =§, L E, b-d’

0060 | 0202 | 0903 | 760 261 | 1.11

0070 | 0311 | 089 718 | 231 | 1.12 | Formula A 4.4 from EC2:

0080 | 0328 | 0891 | 685| 209 | 112 | (s] 5.1
"

0090 | 0344 | 0885 | 657 | 19.1 | 113 J 7Py

0100 | 0358 | 0881 | 634 | 17.7 | 1.14

Figure 9.2: Calculation table for cracked sections only (state 1) from [18]

9.1.5 Determination of Deflection
As described in chapter 2.2.5 on page 16, it is possible to determine the probable value of

the deformation according to equation (7.18) of EN 1992-1-1.

Coefficient of distribution
The distribution coefficient { between state | (uncracked sections) and state Il (cracked sec-
tions) can be determined as follows:

2 2
Os,cr 213.78

1By By | 2| =1-1.0.0.5- = 0.686
c=1-Pr-P2 [ ] [269.60]

Gs

where B,=1.0 Ribbed steel
B,=0.5 Permanent load
The first cracking moment M, is:

Mr = fegm - W = 2.2-0.00667 -10° = 14.67 kNm

The stress o, immediately after cracking is determined with M, as follows:
Mo 14.67-1073

= =213.78 N/mm?
As'(d_g) 4.43-10*4-[0.17—

Os.cr =

0.0453)
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Mean curvature

L g-l+(1_g).l =0.686-0.01378 +(1-0.686)-0.00312 = 0.01043 1
m

m M il
Deformation
Thus, the deflection f in the beam center can be determined as follows:
2 1 5 2 2 1
f=k-2 - — = —-4.212m?.0.01043— =19.3 mm
r 48 m

m

- —
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The mean curvature is determined with the distribution coefficient T as follows:
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9.1.6 Result in CONCRETE

In the results output, CONCRETE shows also 19.3 mm for the deformation value in the
beam center.

CONCRETE - [Example-1] (]

File Edit Settings Help

CA1 - Example Manual = | .3 Serviceabilty Proof by Member |
Input Data B | c [ b0 | E [ F [G] H | | [ b 4 K \ L

i General Data Member| Location LC /LG o= ac min Az |lim ds | Bar Spacing Crack Spacing|Crack WidtH | Deflections

- Materiaks No. | xm] | CO | [MPa] | [MPa] | [mm?] | fom] | fmsifmm] | somaximm] maxwk mmf| uizfmm] | | Message

. Cross-sactions 2105 LC3 | 25947 -7, 000 141 757 2578 0. 193 £31

- Supports Goveming:
E- Reinforcement 1 2105| LC3 | 25947 -772 0.00] 141 1757 2578 02 19.3 | 331)

1
Results
- Required Reinforcement
(- Provided Reinforcement
=] Serviceabilty Proof
by Cross-zection
mber
b x-Location

Figure 9.3: Table 4.3 Serviceability Proof by Member

The following figure compares the deformations for state | (uncracked sections) and state Il
(cracked sections).

LC3: gk
Loads [kMim]
Deformations u-z [mm]

£.350

18
Mz u-z: 1.8, Min u-z: 0.0mm
| 4= Example-17 = x
COMCRETE CAY - Example Manual
19.3
Mz -1z 19.3, Minu-lz: 0.0 mm

Figure 9.4: Deformations in state | (uncracked sections) and state Il (cracked sections)
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9.2 Deformation Analysis NL in SLS

This example shows the basic relations of a non-linear calculation. For the manually per-
formed reference calculation a two-span system is analyzed. The example from [14] is de-
signed according to DIN 1045-1:2008-08.

Moreover, we look more closely at the approach used to limit the degree of bending slen-
derness as well as the tensile strength that is applied.

9.2.1 Input Data

System and loads

L1 Permanent losd

1 .60 kMim 160 kMim

Y R Y SR N N B
*

- 2.000 - 4.000 Lg

-

[m]

LC2: Live load - span 1
5.00 kMim

1 L
F________________________________________________ ________§

LC3: Live load - span 2
5.00 khim

r

-

Figure 9.5: System and loads

Thickness of plate 16 cm

Material Concrete C20/25
Reinforcing steel 500 S (A) and BSt 500 M (A)

Exposure class XC1

Concrete cover Chom = 20 mm

n

Combination for ultimate limit state

In RSTAB we create a load combination that will be used for the design in the ultimate limit
state. It is defined as follows:

1.35 * LC1/permanent + 1.5 * LC2 + 1.5 * LC3
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Combination for serviceability limit state

The combination factor y, , for the quasi-permanent combination of action is applied with
0.6. As superimposing load cases is not possible for non-linear calculations, three load
groups with the following combination factors are defined for the design in the serviceabil-

ity limit state:
LG1: LC1 + 0.6 * LC2 + 0.6 * LC3
LG2: LCT + 0.6 * LC2
LG3: LCT + 0.6 * LC3

In addition, we have to deactivate the reduction of stiffness in the Calculation Parameters
of each load group.

General | Calculation Parameters

Method of Analysis

() Linear Static Analysis

@ Second-Order Analysis (Mondinear)

() Large Deformation Analysis (Nondinear, Newton-Raphson)
(7 Postcritical Analysis

Options for Non-linear Analysis

|| Consider Faverable Effects
due to Tension Forces

[ Divide Results Back by [T Caleulate Critical Load
LG Factor Factor...

Figure 9.6: Clear check box of stiffness reduction

9.2.2 Basic Input in CONCRETE

To determine the reinforcement, we only look at the ultimate limit state. In the CONCRETE
table 1.1 General Data, we select CO1 for the design.

CONCRETE - [Example-2] 2
File Edit Settings Help
Cal-DIN 10451200808 | L1 General Data |
Input D ata Concrete Design According to
Materials Code: MIDIN 1045-1:2008-08 - National Annex: =]
- Cross-sections
& Supports Ultimate Limit State | Serviceability Limit State | Fire Resistance ]
El- Reinforcement X . X
1 Exizting Load Cazes Selected for Design m—
] LC1 Pemmanent load o cot Design values for SLS o H"‘\
Lcz Live load - span 1 = w 3 h L
LC3 Live load - span 2 - m v
&
Load Groups and Load Combinations o g
LG1 Serviceability imit state - tatal =
LG2 Serviceability limit state - span U E
LG3 Serviceability imit state - span
= b= Reinforced Concrete
=] =] Design of Members
[ Mondinear = Activate Creep and
Caleulation... - Shiinkage
Comment
P I —

Figure 9.7: Table 1.1 General Data, tab Ultimate Limit State

In table 1.2 Materials, the materials Concrete C20/25 and B 500 S (A) are taken from the li-
brary.

1 44 I Program CONCRETE © 2012 Ing.-Software Dlubal




I —
Dlubal

9 Examples

Engineering Software

Table 1.3 Cross-sections is described in detail later when we consider creeping (see Figure
9.15, page 149).

As the calculation of the example in [14] is performed considering moment swap and mo-
ment reduction, we have to specify some settings in table 1.5 Supports.

CONCRETE - [Example-2] 5
File Edit Settings Help

Cal-DIN 10451200808 = | |5 Supports |

Input Data A | B [ c 1 D [ E G
.. General Data Support | Node  |Support Width | Direct Monolithic End M Ratio

Support | Connection | Support aH Comment
= d = 00

Materials No

o
Cross-sections 1 1
i Supports [ 2 e
3

] a O ¢ o]y

EI- Reirforcement 3 ' = a 3] el !
=1 4 i —
g 5 _ﬂ_

13 I

7 i

3 [

E] b2 b

I

I

]
- &

(onsideration of a resticted moment
gwap of the supporting moments
qocording o 8.3

Reduction of the moments or

dmensioning for the moments at the

flace of monolithic support according to
32

Reduction of the shear forces in the
<

Jupport area according to 10.3.2

Figure 9.8: Table 1.5 Supports

First, we define the support widths shown in the picture. Then, in table column F, we re-
duce the maximum column moment for the intermediate support to 85 % of the linear elas-
tic value. We have to tick the check boxes below the graphic so that CONCRETE will take in-
to account the specifications.

Imaging the provided reinforcement is of major importance for the non-linear calculation
because it represents a decisive value of influence for the determination of curvatures in
cracked state. For our example it is necessary to define an additional reinforcement diame-
ter of 6 mm in table 1.6 Reinforcement (see figure below).
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CONCRETE - [Example-2]

File Edit Settings Help

Ca1-DIN 10451200808 +| [L6 Reinforcement

é Reinforcement

Reinforcement | Reinfercement Layers

Im:pul Data Reinforcement Group Applied to
- General Data
- Materials Mo.: Description Members: 1.2
- Cross-sections @
- Supports

Longitudingl Reinforcemert | Links | Reinforcement Layaut | Min Reinforcement | DIN 1045-

Passible b ax. Mumber of Layers:
Diameters:
V] binimum Spacing
Z 8:0 - First Layer a 200 . [mim] P
1100 = [mmn] L2
[]120 J
S Edit List of Possible Diameters ()
| 200
il 250 Diameters for Longitudinal Reinforcement (e.g. "8.0 10.012.0 ...")
] ggg EO7.080100120714016020025.026.028.030.036.040.0
| 300
1360
"] 400
T R— 6] 1
100 100 =
() Curtailment by Reinforcement Bars = =] I
A 0.00 0.00) [cm?]

[romn]

3

Elan
4 Al

1 - Rectangle 100416 -

Rectangle 100/16

(e oo e

[em]

Settings

Design the Provided
Reinforcement

Figure 9.9: Table 1.6 Reinforcement, tab Longitudinal Reinforce

design in [14].

ment

In the table tab Reinforcement Layout of table 1.6 Reinforcement, we define the concrete
covers with 21 mm in order to ensure the bar centroidal axis assumed with 25 mm in the

COMNCRETE - [Example-2]

File Edit Settings Help

CA1-DIN10451:200008 - | [L6 Reinforcement

Input D ata

i General Data
- Materials No
- Cross-sections
- Supports

- Reinforcement

Reinforcement Group

Description:

=Ed

Concrete Cover
Ctop BEIE Cside © 2105
Chattom 210 [mm]
Cover to Bar Centroidal Axis
250 [mm] 260~
250 [mm]

Reinforcement Layout

Top - Bottom [optimised distribution] v]

[%]

over Complete Plate width

Applied to
Mernbers: 1.2

Long\tudinalF\e\nforcement] Links  Reinfarcement Lapout ] Min F\einfnrcemenl] DIM 1045-| 4 [ *

[ram]
.
£
2
[rom] ssens |
Cside

Settings

Relevant Intemal Forces for
Concrete Design:

N [W]MT
FVy My

Distiibute Reinforcement Evenly V2 Mz

1 - Rectangle 10016 -

Rectangle 10016

[P TRE———

[cm]
Settings

Design the Provided
Reinforcement

Figure 9.10: Table 1.6 Reinforcement, tab Reinforcement Layout

Now the input is complete and we can start the calculation.
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9.2.3 Checking the Reinforcement

With regard to the effective cross-section area, the longitudinal reinforcement displayed in
the reinforcement proposal corresponds to [14]. The non-continuous top reinforcement in
the plate deviates from the reinforcement drawing in the example but we do not modify

any specifications. In any case, the curvatures due to shrinkage will have a reducing effect.

CONCRETE - [Example-2] (]

File Edit Settings Help

CA1-DIN 10451200808 +| B Longitudinal Reinforcement Provided
Input D ata B [ c [ D] E [ F [ g [ H | J

Gerera Data ltem Reinforcement No. of ds Length Location x [m] Weight
Materials No Position Bars [mm] [m] from ta Anchorage [kal Message

- Cross-sections Member No. 1 - Rectangle 100/16
- Supports E ™ Top 21 60 5053 0053 5.000 5] 2354
E1- Reinforcement 2 Bottom il 60 5.000 0.000 5.000 [x 2329
i Member No. 2 - Rectangle 100/16
H 2 1 Top 21 60 4.000 0.000 4.000 [x 18.63
Fesults 2 Bottom 11 6.0 4.000 0.000 4.000 [x 9.76

- Required Reinforcement

i - by Cross-zection

w b ember

w x-Location

ded Reinforcement
adinal fi

hear Reinforcement

einforcement by #-Locatio

- Steel Schedule

@21’5, 1=5055m

@2105, 1=5000m

e

Figure 9.11: Table 3.1 Longitudinal Reinforcement Provided

9.2.4 Specifications for Non-linear Calculation

The non-linear calculation for the serviceability limit state is prepared in table 1.1 General
Data, tab Serviceability Limit State.

ﬁ.l General Data |

Concrete Design According to

Code: F9|DIN 1045-1:2008-08 - MNational Annex: =

Ultimate Limit State  Serviceabiity Limit State | Fire Resistance

Existing Load Cases Selected for Design
Lc1 Peimnanent lnad - LG1 Servi
LC2 Live load - span 1
LC3 Live load - span 2

&

bility firnit =

Load Groups and Load Combinations
col Design values for SLS o

L
CONCRE
Members

= = Reinforced Concrete
=] = Design of Members

Man-Linear Agctivate Creep and | .
( Calculation... Shrinkage s
Comment
L ——

Figure 9.12: Table 1.1 General Data, tab Serviceability Limit State
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For the design we select the load groups that are defined for the design in the serviceability
limit state. In addition, we tick both check boxes for Non-Linear Calculation and Activate
Creep and Shrinkage.

Norlinear We use the button [Settings for Non-linear Calculation] to open the corresponding dialog
Calculation. . box. The presettings in the tab Analysis Approach remain unchanged. In the tab Tension
Stiffening Effect we specify the following settings.

P
Settings for Non-linear Calculation

Analysis Approach  Tension Stiffening Effect l Iteration Parameters ]

Tension Stiffening Approach Material Concrete - Calculation Parameters
*) Concrete [Residual) Tensile Strength Material Standard | Factorv | Bxponent | E Modulus )
[Quast Method] No. | Concrete Strength Class | Values |fco/forr n Ectm [M/mm 2]

@ Modified Steel Characteristic Diagram E G 1273 205| 24500000

~ Without Tenzion Stiffening

Duration of Loading for the Designed Load Cases and Load Groups

LC/LG- As Factor -
Description Permanent Load Bt =
Concrete Tensile Strength emanent load = 0.250
Effective Concrete Tensile Strength fet Live load - span 1 a 0.400
o fom Live load - span 2 a 0.400 | -
fotke,0.05
fetk,0.95 =
Carrection Factor for <
Concrete Tensile Strength 1.0015 # et
[] Marmal Farce as Initial Farce
j r].:. [ ak. ] I Cancel

.

Figure 9.13: Dialog box Settings for Non-linear Calculation, tab Tension Stiffening Effect

We select the approach of the modified characteristic steel curve. For now we take the cor-
rection factor of the tensile strength 1.00 * f as it is already preset. The calculation is done
with the mean axial tensile strength of concrete that is specified in DIN 1045-1, table 9.

The load duration factor B, is calculated depending on the load cases of the relevant load
groups between the limit values 0.25 and 0.4. Default settings for the axial forces are of no
relevance for pure bending.

We can keep the default values set in the tab Iteration Parameters. We only reduce the limit
lengths of the element divisions to values between 0.05 and 0.10 m.
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P
Settings for Non-linear Calculation

Adaptive Element Division

Parameters  m: 20
h: 40

e [4]»

Division Factor
for Refinemnent: 1

Al

Limit Lengths of Divisions

M awirnum: 0100 [m]
Miriirnum: 0050 [m]
Load Increments
MHumber of
Load Increments: 3%
Load Application: @) Linear
() Trilinear:
lteration | Load Load Ratio
Stage  Increment Applied [%]
1 50.0
2 80.0

Analyzis Approach | Tension Stiffening Effect  [teration Parameters

tteration Parameters

Max. Mumber of lterations per
Load Increment: 5015

[ramping of Rigidity Change within one Cycle of lterations

Dramping Factor: 0300
Break Limits

gt =147 - [(14dia 1 0.0010-%
=z =|[Eli - Eli1)2 £ EN)2 |: 0.0010
23 = | Umax,i - Umax,i-1 | # Damping Factor: 1.0000H

[rairn]

(0] 3 ] [ Cancel

.

Figure 9.14: Dialog box Settings for Non-linear Calculation, tab Iteration Parameters

Finally, we define the settings for creep and shrinkage in table 1.3 Cross-sections.

|1.3 Cross-sections

Figure 9.15: Table 1.3 Cross-sections

creep and shrinkage parameters.

A 1 B [ C 1 D Rectangle 100/16
Section | Material Opti- Modulus of creep /
a. Mo. Cross-section Description mize Remark shrinkage straip
el - Rectangle 100/16 a 3.430/0.000

i
i
I

i

*
z

[cm]

The button available in table cells of column E opens a dialog box required for entering
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Settings for Creep and Shrinkage

H Counting Form

Determination of modulus of creep Age
Determination of the coefficient of shrinkage Defined
= Input Data
Considered age of concrete (creep) Lk 27393 | Days
[ Effective component thickness
Cross-section surface Ac 0.160 | m2
Air Exposed Perimeter u 2320 |m
Effective component thickness ho 0.138 | m
Type of Cement Zhit 325R, 425
Relative humidity RH 50| %
= Age of concrete at beginning of creep Determine
Consider Temperature Mo
Effective age femperature) tT 28.000 | Days
Take Type of Cement into Account Yes
Age of concrete at beginning of creep Lo 28.000 | Days
T —— i
Determined modulus of creep oft to) (. 3430 )_
Defined coefficient of shrinkage eftis) 0.000 | %
Set Settings for
@ Cross-section: Fectangle 100,16 v]
() All Cross-sections
() Cross-section No.; |1
[ (] 3 ] [ Cancel

Figure 9.16: Dialog box Settings for Creep and Shrinkage

Engineering Software

To compare: From the diagrams presented in DIN 1045-1, figure 18, a creeping factor of
@, = 3.5 is determined approximately for dry interior rooms (RH 50 %). This creep coeffi-
cient determined according to DIN 1045-1 must be understood as the pure final creep ratio
and usually must still be converted into an effective creep coefficient in accordance with the
relation of creep-producing and effective loading.

Shrinkage is not analyzed further: Due to the symmetrical reinforcement in span 1 and the
minor reinforcement difference in span 2 the shrinkage curvatures are not contributing sig-
nificantly to the total deformation.

Now the input for the non-linear calculation is complete and we can start the calculation.

-

Calculation...

(S

- RS-SOLVER

.

Running
RSTAE - Calculation
COMCRETE

A

Fartial Steps

— | Initializing D ata...

— | Member Mo, 2 [2/2]

- | Calculating Cracks Values...

~ | Monlinear calculation...

CAl

Design according to DIM 1045-1:2008-08

- | Calculating Required Reinforcement. ..

- | Calculating Provided Reinforcement. .

g
I

Cancel

Mo. of members

Mo. of sets of members

M
Mo. of LCs
Mo. of LGs

2

Mo. of load combinations
Mo. of module cases
Monlinear calculation

Load Step Mo.:
Load Factar:
Iteration Mo,

Iterations Taotal:
]

of reinforcement groups

I

m

11
34

Figure 9.17: Calculation details of non-linear analysis
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9.2.5 Results Display and Evaluation
B.2 Serviceability limit state for non-linear calculation
A B D E F G -
Member | Location LC Global displacements Local displacements Crack Width
No. x [m] No. ug [mm] uj [mm] wi [mm]

1 2140 LG1 22.586 22.586 0.1
LG2 25257 25257 0.1 [

LG3 7.843 7.843 0.0

2210| LG1 22591 22591 0.1

LG2 25333 25333 0.1

LG3 7837 7837 00

2310 LGt 22453 22453 0.1

LG2 25287 25287 0.1

LG3 7.796 7.796 0.0

2400 LG1 22303 22303 0.1
LG2 25123 25123 0.1 -

Figure 9.18: Table 6.2 Serviceability limit state for non-linear calculation

In table 6.2 Serviceability limit state for non-linear calculation we can display the defor-
mations on each location x. The maximum deformation occurs on the location x = 2.21 m
for LG 2 (traffic load in span 1). The absolute value of u = 25.34 mm is equal to a limit val-
ue of 1/197 * |, and thus lies below the recommended value of 1/250 * I.

[ Stress and Strain Analysis
Principal moments M 17.66 | kNm
bending moment over the y-ais My 17.66 | kNm
bending moment over the z-axis Mz 0.00 | kNm
Nomal force N 0.00 [ kN
State of cross- i Crack Formation Completed
Mean Main Curvature 1/frm 1.3147E02 | 1/m
Middle curvature in y-direction Tiym 0.0000E+00 | 1/m
Mean curvature in z-direction 1/z2m 1.3872E-02 | 1/m
Awerage Strain in Reinforcement Z=m 1.068 | %
[ Design Details
Coefficient to Take Account of Load Duration | B 0.306
Coefficient to Take Account of Yield Strain delta 0.600
Crack moment Mer 12.93 | kNm
crack moment related to the y-ads Mery 12,593 | kNm
crack moment related to the z-ads Merz 0.00 | kNm
Crack nomal force MNer kN
B4 i1
[ Cross-section properties
Moment of inertia about the y-axis b1 1.06113E+08 | mm™4
Moment of inertia about the z-axis Iz 3.77977E+09 | mm "4
Surface Al 45385.6 | mm”2
[ Stress and Strain Analysis
main curvature 1/ 6.6820E-03 | 1/m
curvature in y-direction 14y 0.0000E00 | 1/m
curvature in z-direction 1421 6.6820E-03 | 1/m
Direction of the principal curvature ol 00(*
Steel strain in goveming fiber as| 74.84 | N/mm™2
Steel strain in goveming fiber ac| -3.00 | N/mm™2
steel stress for crack moment =] 54.79 | N/mm”™2
steel strain for the crack moment = 0274 | %
B4 111
[ Cross-section properties
Moment of inertia about the y-axis by 48497500.0 | mm™4
Momert of inertia about the z-axis lz11 1.33333E+10 | mm "4
Surface Al 227332 \/mm"2
[ Stress and Strain Analysis
main curvature 1/ 1.4620E-02 | 1/m
curvature in y-direction Tiyn 1.1061E-09 | 1/m
curvature in z-direction 1/ 1.4620E-02 | 1/m
Direction of the principal curvature all 00(*
Steel strain in goveming fiber asll 253.64 | N/mm"2
Steel strain Bl 1.268 | %
Steel strain in goveming fiber acil -4.27 | N/mm™2
Steel strain in goveming fiber E4ll 0.720 | %
steel stress for crack moment asril 185.61 | N/mm"2
steel strain for the crack moment gl 0928 | %
Cross- ion p i
[ Cross- ional rigidities (Secant Values)
[ Global Node Def i
Local Node Def
Crack Width
Verification of Safety
Partial Factor Y 2.353
Percentage of utilization 1y 0.425

Figure 9.19: Intermediate results for member 1 on location x = 2.21 m, LG 2
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For the location x = 2.21 m the results are now recalculated step by step. Of primary inter-
est is the calculation of the plane of strain and stress which is decisive as basis for the stiff-
ness properties for the non-linear determination of deformations and internal forces. Dur-
ing manual calculations we sometimes use simplified approaches which may lead to minor
differences.

9.2.5.1 Material Properties for Deformation Analysis

Concrete C 20/25

f.=f,, =20 + 8 = 28 N/mm?

E. = E.,, = 24900 N/mm?

€q = —2.1 %o

€y = —3.5 %o

Distorted for creep with (1+¢) = 4.43:
E. = E,,, = 5620.8 N/mm?

g4 = —9.30 %o

€y = —15.51 %o

Reinforcing steel BSt 500 S (A)

f,m = f,= 500 = 500.00 N/mm?

fun = fu = 550 = 550 N/mm?

E, = 200000 N/mm?

€y = 25 %o

o, = 200000/ 24900 = 8.03
Distorted for creep with (1+¢) = 4.43:
o, = 200000/ 5620.8 = 35.58

9.2.5.2 Statel

When the cross-section properties are determined, the available steel area is taken into ac-
count. The missing area for concrete in the zone where rebars are lying is neglected. Recal-
culating the centroid of the ideal cross-section is not necessary because the reinforcement is
symmetric with the same edge distances on top and bottom side.

The following distances for the Steiner component (parallel axis theorem) are resulting di-
rectly:

a,=0cm
a,=8-25=55cm

a, = 5.5am
Second moment of area

b.h3 100-163

12

2

! +2-(Agye2 227 e )= +2-(5.93.5.52 .35.58) = 46898 cm*

y,l
Ideal cross-section area

A—()=Ac+A, e =16-100+11.86 -35.58 = 2022 cm?
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Crack moment M.,

We assume that the cross-section will crack when the tensile strength f,, in the most exter-

nal fiber is reached.

M
cr _
G = | “Zet = fetm

fom -] 0.22-46898

Zet

=1289.7 kNcm =12.9 kNm

Mcr =

Steel stress o, and steel strain g, for crack moment

Ssr1) = fetm -%-ae =2.2 ~%~35.53 =53.74 N/mm?

ey = 25 = 2373 _ 5 687 20,2687 %
=g, ~ 200000

- —

Dlubal ——
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Notional steel and concrete stress for effective moment M = 17.66 kNm

g = 7 ap =% 5 5.35.58 = 7.4 kN/cm? = 74 N/mm?
| 46898
o. :—ﬂ-zcc _ 1766 & _0301KkN/cm? = ~3.01N/mm?
| 46898

Curvature in state | (M = 17.66 kNm) — (1/r),, = (1/r),

[lj M 001766 758e-3 ym
r)p El 5620-4.6898e 4

CONCRETE results

i Bl Design Details
Coefficient to Take Account of Load Duration | B 0.306

Coefficient to Take Account of Yield Strain delta 0.600
Crack moment Mer 12.93 | kNm
crack moment related to the y-axis Mery 12.93 | kNm
crack moment related to the z-ads Merz 0.00 | kNm
Crack nomal force MNer kN
B Zustand |
[ Cross-section properties
Moment of inertia about the y-ads by 1.06113E+08 | mm™4
Moment of inertia about the z-ads lz| 3.77977E+09 | mm™4
Surface Al 45385.6 | mm"2
[ Stress and Strain Analysis
main curvature 1/ 6.6820E-03 | 1/m
curvature in y-direction 1y 0.0000E+00 | 1/m
curvature in z-direction 1421 6.6820E-03 | 1/m
Direction of the principal curvature ol 00| "
Steel strain in goveming fiber as| 74.84 | N/mm"2
Steel strain in goveming fiber ac| -3.00 | N/mm™2
steel stress for crack moment asr| 54.79 | N/mm"2
steel strain for the crack moment =l 0.274 | %

Figure 9.20: Detailed results for state |
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9.2.5.3 State ll

Cross-section properties in state Il

In contrast to the cross-section properties in the uncracked state (state I) determining the
cross-section properties in state Il (cracked sections) manually is quite difficult. Determining
the strain distribution (general case: g, + (1/r)y *y + (1/r), * ) for a particular action combi-
nation by means of the stress-strain relations defined in the standards for non-linear meth-
ods already represents a problem. To determine the conditions of strain, the tangent meth-
od is normally used like for example the Newton-Raphson method or the modified Newton-
Raphson method (tangent won't be recalculated in each single load step). For further in-
formation we refer to the corresponding literature [11].

Steel stress and strain for crack moment (o, and ¢,)

To determine the stresses and strains during crack formation, we normally can start from
simplified assumptions (linear elastic material rules). We can justify this approach by the
fact that the relation of stress and strain for concrete is appearing nearly linearly until a
stress of 6. = 0.4 * f_is reached. For the reinforcing steel we can roughly assume this fact
anyway until yielding is reached. Thus, if we have a structural component with a crack mo-
ment in the characteristic load level, we can calculate stresses and strains by means of these
simplified approaches with sufficient accuracy.

Without the action of an axial force, the solution for a triangular compression zone is lead-
ing to a quadratic equation (with axial force: cubic equation) when calculating the neutral
axis depth x (height of compression zone). Due to the assumed linearity of stresses and
strains we get a decoupling of the neutral axis depth from the applied moment.

Stress-strain relations

T G,

S Sx

Figure 9.21: Relations for calculation of stresses and strains for characteristic loads

Calculation of neutral axis depth x

For the rectangular cross-section without loading due to axial force the derivation from the
quadratic equation (without subtraction of the missing concrete areas) results in the follow-
ing neutral axis depth (height of compression zone).

2
O:%-x2+(§~ae-A52 +ae-As1j-x—ae-As1 -d

=% X+ [%-35.58 -5.93+35.58- 5.93] -X—35.58-5.93-13.5=50-x* +351.65 - x — 2848.35
X, = 4.81 cm
X, = —=11.84 cm
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Second moment of area
1
Iy = be3 +aeAg(d—x)? + aeAg (x —dy )

= %.100 -4.81% +35.58-5.93(13.5— 4.81)* + 35.58-5.93(4.81—2.5)? = 20768 cm*

Stresses for crack internal forces

Serll M =290 4 81.10 = 2.98 N/mm?
S 20768
Sgril = Ole M (d=x)=35.58.212%0 8 69.10 = 192.05 N/mm?
|y,|| 20768
(x—dy) (4.81-2.5) 2
= : =192.05-~—=21"%9) _ 51 05N/mm
Osr2,Il = Osr2ll (d—X) (13.5—4.81)

Steel strain for crack internal forces

Osrll _ 192.05

= -1000 = 0.96025 %o
E, 200000

Esr1ll =

Steel and concrete stress for effective moment

A simplified calculation of stresses and strains, as it was done for the crack moment, cannot
be applied just like that. The stresses and strains for the effective moment M = 17.66 kNm
required for the calculation of the curvatures and stiffnesses are determined in the compar-
ative calculation with the exact stress-strain curves for concrete and reinforcing steel ac-
cording to DIN 1045-1, figure 22 or 26.

af<0)
f

C

=0,4f,

T

arctan £,

£ £

A clu E((<O)

Figure 9.22: Relations for calculation of stresses and strains for characteristic loads according to DIN 1045-1

To evaluate the stress-strain relation for the concrete stresses and strains, the curvature fac-
tor o, and the centroidal position are described by k, = a/ x. The iterative convergence of
the state of stress and strain is performed according to the Newton-Raphson method. Be-
cause of the uniaxial loading the iteration is reduced to a two-parametric problem, this
means g, and (1/r),.

The curvature factor o, and the centroidal position with k, = a/ x are not specified now in
detail, but descriptions can be found in the corresponding literature [25].

The accurate calculation is performed with the help of an Excel application used for stress
integration. To make it clearer, we have a closer look at it with regard to an iteration step.
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The figure below shows the definition of the strain g,/ the curvature (1/r), and the stress-
strain curves that are applied.

Concrete fo=28,00 Nimm2
Ec=24900 Mimm2
eps-cl=-21 %0
eps-clu=-3,5 %o
verzerrt durch Kriechen:
Ec= 5620 Méinm2
eps-cl= -9 .30 %o
eps-clu=-1551 %o

eps-0 ] 1 z z 1
_r e s e e e x e e e v e w e e a et %] ’_' """
; 43 g Reinforced concrete f= 500 Nimm2
iz o rass- s r st s a b s bl ¥= m
K ; ft= 250 Mimm2
______________________________________ - Es=200000 Mimm2
eps-tu= 25 %o

Figure 9.23: Applied material and strain parameters

Initial value used to calculate plane of strain

First, we find an appropriate initial value for the calculation. There are hardly any re-
strictions for the selection of an appropriate state of initial strain. However, we should
avoid ultimate strain conditions in zones where yielding and failure occurs because without
corresponding intervention (damping or something similar) coefficients of the Jacobian ma-
trix may lead to a poorly performed or even no convergence.

For our example we apply the following state of initial strain:
€01 = —0.3 %o (1/r),,= 5.00E-3 1/m
M,= 7.016 kNm N= -31.48 kN

Difference quotients of matrix

Instead of differential quotients we use difference quotients converging the tangential
stiffness very well when a sufficiently small increment is selected. In this way, the condition
of strain should be represented more precisely.

AN N

d80 d(1/|")z ) dSO _ dN
My dMy ldarr), | | dM,

deo  d/r),

With dey = —0.01 %o (because eps-0 < 0) results in:

dN _ (-37.35-(-31.27))

- = 607.86
deg - 0,01
dMm _

y _(7.198-7.016) oo
dz, ~0.01

With d(1/r), = 0.01 %o/ m (because (1/r), > 0) results in:

dN_ (-30.97 - (-31.27))

=30
d(1/r), 0.01
dM _
y _(7.0187 7.016):0_27
d(1/r), 0.01
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So the system of equations to be solved is the following:
607.86 30 dgg | [0-(-31.27)
-18.86 0.27| |d(1/r), | |17.63-7.016
3.787E-4 -4.2231E-2| | 31.27 | | dgg | |-4.364E-1
2.5902E—-2 8.6374E—1 | [10.614| |d(1/r),| | 9.97769
First calculation of a new state of strain:
€9 €9 deg -0.3| [-0.4363 -0.7363
= + = + =
arn) |, [A71)z ], [dO/r), 5 9.97769 14.97769
With this state of strain the following internal forces are the result:
{ N } _{ 0.81 }
My : 18.044

Additional enhancement of strain condition

In an analogue way, the condition of strain is to be enhanced further. According to needs,
it is possible to keep the matrix of the difference quotients (modified Newton-Raphson
method) or to calculate it again in each step. The calculational advantage represented by
the fact that the coefficients of the Jacobian matrix do not need to be recalculated in each
step is "compensated" in the modified Newton-Raphson method by a higher number of it-
erations. This can also be seen in the progress of the iteration process shown below.

Hr. Az-0 Allin)z &0 (1ir)z H Ny AN Ay
[¥n] [mmi/m] [%0] [mm/m] [kHN] [kHm] [kH] [kHm]
1: -0,436396: 9,97T69T6: -0,736396: 14977698 0,8137791: 18,044738; -0,813779: -0,M14738
2i 0,0166102: -0,366692; -0,719785; 14,611006; -0,03207: 17,630852; 0,0320702: -0,000852
3: 5,542E-05; 0,0001007;: -0,71973: 14,611106; -0,000108: 17,630003;: 0,0001077; -3,01E-06
4
5

1,922E07; 2,35E-07; -0,71973! 14,611107; -3,55E-07 17,63; 3,552E-07; 1,102E-07
_5,56E-09] 1,259E-07 -0,71973] 14,611107; 1,053E-08 17,63] 1,05E-08] -3,34E-07

Figure 9.24: Calculation according to large deformation analysis (Newton-Raphson)

Hr. AE0 Allir)z &0 1)z H My AN Aly
[%0] [mm/m] :[%0] [mmim] :[kHN] [kHm] [kH] [kHm]
1: -0,436396: 9,97769T6: -0,736396: 14977698 0,8137791: 18,044738: -0,813779: -0,HM4738
2: 0,0172065: -0,379305: -0,7119189: 14,598393: -0,047881: 17,616211: 0,0478609: 0,013789
3: -0,000564: 0,0131503: -0,719753: 14,611543: -0,000928: 17,630552: 0,0009284: -0,000552
4: 2,364E-05: -0,000452: -0,71973: 14,611091: -0,000302; 17,62999: 0,000302: 9,672E-06
5
6

-2,94E-07: 1,618E-05: -0,71973: 14,611107: -3,27E-05: 17,630001: 3,268E-05: -1,44E-06
7,J07E-08; -3,95E-07: -0,71973: 14,611107: -4,39E-06 17,63 4,391E-06; -1,TE-07

Figure 9.25: Calculation according to the modified Newton-Raphson method

In the modified Newton-Raphson method the coefficient matrix is calculated only in the
first step. This procedure proves to be very efficient for our example as the result is already
lying near the expected solution after the first iteration step. To achieve nearly equal break-
off tolerances, only one more step is required. In this way, we can save time because the
matrix of coefficients has to be calculated only once.
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Decisive plane of strain
e, =g + (1), -z = -0.729557 +14.8042 - z
Thus, the steel strain is calculated as follows:

€251 = €0 + (Ir), - Zsy = =0.729557 +14.8042-0.135 = 1.269 %o

Eingabe:
Schitzungen:
ec2=e0= 0,735 %o ==-15,31 %0 dor Rotondruckspannung
es1= 1,279 %o == 25 %o dor Stakispannung
Festwerteingabe:
Beton C 20/25
sol= -9,300 Y% { (=) Dehnung bel Erreichen der Spannung ic)
selu= -18.310 %o (=) Dehnang bel Betonversagen)
fo= 2800 Mirmm2? { (+) Hichstwert der ertragenen Betondrack spannungen)
Ecrm= 620,76 Mmm2
b= 100 cm (Brefte)
b= 16 cm (Hbhe)
d= 135 em {statische Hihe)
BSt 500

Es= 200000 Mimm?2
Asl= 594 cm2 Agl= 584 cm2  (Drickbewshring)
fy= 200 Mirmmz2 dz2= 25 ctm

= 525 M2 (bei einer Grenzdehnung 25 %o
Auswertung:

Spannungs-Dofinungs- Baziahung
k= 2 05358481 -1,1Ecimz s Mo Beton (DiN 10451 nichiiinearer Ansats)
p= 007908433 ac2iad

25,00
av= -0,07890 Vallighetsbeivert | T
Ka= 0,33577 Ka=alx
x= 493 cm Intern aus Dehnungen ermittelt :
a= 1.65 cm
z= 11,85 cm 435
o ¥ 0.1355 15,310
012345678 3101121314 151617
ec[%od]<
os= 255,839192 N'mm?2
Fs1= 151,91 kN (resuttierend aus Stahidehnung und Stabloquerschnitt)
Fsl= 43,04 kN £52= 0,362 %0
Fe= -108,87 kN gs2= 72,478 Minm2
Fs1+Fs2+Fc= 0,00 kN (Bel tuter NEherang soiite sich ~ 0 einstelien)
Mrd= 17,6300 kNm
(1/r)z= 0,07492356 1/m

Figure 9.26: Iteratively determined condition of strain, excerpt from German verification

Calculation of ultimate moment

The ultimate moment for a calculation in the serviceability limit state represents the safety
considering the average values of the material properties. The safety against failure in the
ultimate limit state is not designed with this calculation.

Differing from the determination of the state of strain we can calculate the state of failure
by varying a strain parameter. We analyze the limit of failure separately for the concrete
compression zone and the steel fibre. When applying the ultimate strains we have to con-
sider that they are distorted with regard to creeping. Therefore, the ultimate strains accord-
ing to the stretched stress-strain curve are to be used.

With the calculation it is only possible to design the state of equilibrium for steel failure. All
specifications required to calculate the moment of rupture can be seen in the figure below.
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Eingabe:
Schitzungen:
ec?=e0= 5,513 %e == -15,37 %0 dar Retondruckspannung
es1= 25,000 %o == 25 %o dar Stahispannung
Festwerteingabe:

Beton C 20/25
scl= 29,300 %o { (=) Dehnung bel Erreichen der Spannung fe)
eelu= -15,310 %a ) Dehnung bel Betomersagen)
fo= 28,00 Mfmrm2 [ (4] Héchatwert der ertragenen Betoh drack spanningen)
Ecrm= S620 76 Mimm2
b= 100 [Breite)
h= 16 cm (Hihe)
d= 135 cm {statische Hihe)

BSt 500

Es= 200000 Mimmz2
A= 594 em2 As2= 584 cm2  fDruckbewshrung)
fy= 500 Mimm2 d2= 25 cm
fi= 528 M2 (hei giner Grenzdehnung 25 %o
Auswertung:

Spannungs-Delinungs- Beziefruvng
k= 205353481 -1,1Ecmxact o Beton (DN 10451 nichtiinearer Ansatz)
p= 059281242 ac2fac
A -0, 48168 gk eits e iwert
Ka= 0,35500 Ka=aix
x= 244 cm intern als Dehnungen ermittelt
a= 0.87 cm
z= 12,63 cm

o
0123545676310 M21314 1516 17
e[ %<0
os= 525 N/'mm2
Fs1= 311,72 kN fresiibierend aus Stahlde haang dnd Stabiguerschnit)
Fs2= 16,32 kN f52= 0,137 %o
Fc= -328.98 kN gs2= 27 486 Mimm2
Fs1+Fs2+Fc= -0,93 kN (Bel guter Niherung solite sich ~ 0 einstellen)
ﬁrd= 39,7682 kNm I
[(nz= 0.22602337 1'm
Figure 9.27: Calculation of ultimate moment, excerpt from German verification
CONCRETE results
petailed Results - Member Mo, 1, x2.210, LG2
] Zustand Il H -
[ Cross-section properties
Moment of inertia about the y-ads by 48497500.0 | mm™4
Momert of inertia about the z-ads lzn 1.33333E+10 | mm ™4
Surface Al 227332 \mm"2
[ Stress and Strain Analysis
main curvature 1/ 1.4620E-02 | 1/m
curvature in y-direction Tiyn 1.1061E-09 | 1/m
curvature in z-direction 1z 1.4620E-02 | 1/m
Direction of the principal curvature ol 0o °
Steel strain in goveming fiber a5l 253.64 | N/mm"2
Steel strain = 1.268 | %
Steel strain in goveming fiber acl| -4.27 | N/mm™2
Steel strain in goveming fiber ) 0720 | %
steel stress for crack moment asri| 185.61 | N/mm™2
steel strain for the crack moment =yl 0.928 | %
Cross-section properties =
[ Cross-sectional rigidities (Secant Values)
[ Global Nede Deformations
Local Node Deformations
Crack Width
[ Verification of Safety
(] Ultimate intemal forces Ru My 41.54 | kNm
Uttimate Moment about Axis y Myu 4154 | kNm -

Figure 9.28: Detailed results for state Il

I Program CONCRETE © 2012 Ing.-Software Dlubal

159



9 Examples I
® Dlubal —

Engineering Software

9.2.5.4 Mean Curvatures

The average curvatures arising with the selected approach for Tension-Stiffening are deter-
mined from the calculations for pure state | and pure state II.

The Tension Stiffening model described in book 525 [13] which is taken as a basis takes into
account the concrete's tension stiffening effect occurring between the cracks by a reduction
of the steel strain. The required parameters are determined as follows.

Decisive state of cracking
Steel stress in state Il in case of crack formation: Gy = 192.05 N/mm?
Steel stress in state II: Gy = 255.8 N/mm?

Gg1 = 255.8 N/mm? 2 1.3 64y = 249.67 N/mm?

Thus, we have a closer look at the final crack state.

Mean steel strain
E€sm = €521 _Bt(esrll _Ssrl)

£sm = 1.279-0.306(0.96025 - 0.2687) = 1.067 %o

where
€on = 1.279 %o Steel strain in state Il
€1 = 0.96025 %o Steel strain for crack internal force in state Il
€41, = 0.2687 %0 Steel strain for crack internal force in state |
B; = 0.306 Load duration factor of available action

Mean curvature

[lj _ (esm—sc): (1.067+0.735):13.35m:1.335€_21
MJzm d 0.135 m m

Mean flexural resistance

From the mean curvature (1/r), , together with the relation

o
")zm Iy,m-E

arises the secant stiffening in the corresponding node.

M
lym E= Y = %0788 _ 4 3598 MNm? = 1322.80 km?
’ (Vr),, 1.335e-2
where
My =17.66 kKNm Provided moment

[1J =1.335e-2 i Steel strain for crack internal force in state Il
rsm m
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CONCRETE results

Petailed Results - Member MNo. 1, x 2.210, LG2
[ Gtress and Strain Analysi -

Principal moments M 17.66 | kNm
bending moment over the y-ais My 17.66 | kNm
bending moment over the z-axis Mz 0.00 | kNm
Normal force N 0.00 | kN
State of cross-section Crack Formation Completed
Mean Main Curvature 1/rm 1.3147E-02 | 1/m E
Middle curvature in y-direction 1/¥m 0.0000E+00 | 1/m
Mean curvature in z-direction 1/zm 1.3872E-02 | 1/m
Awerage Strain in Reinforcement Z=m 1.068 | %
Design Details

Cross-section properties

E Cross-sectional rigidities (Secant Values)
Strain resistance Am”E 574.36 | MN
Mean Bending Rigidity about y-xis lym*E 1.34 | MNm™2
Mean Bending Rigidity about z-Axis lzm~E 94.12 | MNm™2
Shear rigidity in y-direction Aym”~E 1394.40 | MN
Shear rigidity in z-direction Azm”E 1394.40 | MN
Torsional Rigidity =G 3.99 | MNm™2 -

Figure 9.29: Detailed results of mean curvatures

9.2.6 Results Evaluation

7 Ecample- e
Li32 : Serviceahility limit state - span 1
Defarmations u [mm]

Max 4.0, Minw 0.0 mm

E™ Example-2* (== =]

COMCRETE CAZ2 - DIN 1045-1: 2005-03

2.152

25.339

M u-g 25.339, Min u-g: 0,000 mm

Figure 9.30: Deformations according to linear elastic calculation (above) and non-linear calculation with creep (below)

The deformation from the non-linear calculation where the creep effect is also taken into
account proves to be significantly higher than the deformation from the pure linear elastic
calculation without creep effect. As described on page 151, the calculated deformation ex-
ceeds the recommended limit value of 1/250.
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The deformations in state Il are affected considerably by three factors:

Floor thickness

In our example the floor thickness was determined by a limitation of the bending slender-
ness according to DIN 1045-1, 11.3.2. A comparison with DIN V ENV 1992-1-1:1992-06 ap-
pears to be interesting because there the floor thickness is determined with h > 18 cm by
considering the same boundary conditions. It's a moot question whether this value is neces-
sarily to be called too conservative.

Increasing the floor thickness to h = 18 cm is a possibility to reduce the deformation con-
siderably (u,,., <16 mm for an accordingly little reinforcement and ¢ = 3.40).

Creep

The creep coefficient assumed with ¢,, = 3.43 appears to be relatively high but meets the
requirements according to DIN 1045-1, figure 18, with the assumed environmental condi-
tions and the cross-section geometry.

By means of the y factor (y,, = 0.6) used to calculate the quasi-permanent action combi-
nation it would be possible to effect some reduction from creep-producing to acting load.

Concrete tensile strength

The diagram of stiffnesses shows us that a large area in span 1 is cracked in the serviceabil-

ol 0 A
- |

245

Cracked zone Cracked zone
Mz Iy-m * E: 2,64, Min ly-m * E: 1 .26 Mim*2
Figure 9.31: Stiffness diagram |, * E along the beam length
For the concrete tensile strength the value f,, (axial tensile strength) according to DIN
1045-1, table 9, was assumed in the calculation.

Effects such as the gradient of the stresses have a great influence on the concrete's effective
tensile strength. For example, a large stress gradient increases the tensile strength because
the corresponding high stresses are acting only in very few fibres. More information about
the different influencing factors acting on the tensile strength can be found in [23].

For our example the tensile strength is calculated again according to [23], chapter 2.1.1:
feem = 0.45-0.818-1-252/3 = 3,14 N/mm?

where

fom =20+5=25 N/mm? The mean value is taken into account by the sum-
mand 5 N/mm?, which is different to DIN 1045-1.

Cy =0.85-0.2-0.16 =0.818 > 0.65 Pre-damage of structural component is taken into

account.
h= 2.6+24:0.16 0.870 Influence of structural component thickness
1.0+40-0.16
Cn =1 Influence of eccentricity 1 = M/(N*h) — <« for N — 0
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To consider the influence of an increased tensile strength, the model is calculated with the
adjustment factor 3.14/2.2 = 1.42.

P
Settings for Non-linear Calculation

Analysiz Approach  Tension Stiffening Effect | lteration Parameters

Tension Stiffening Approach Material Concrete - Calculation Parameters

() Concrete (Residual) Tensile Strength Her Standard | Factorv | Bgponent | E M°d'-'|'-'5n
[Quast Method) No Values |fo/far| n E ctm [N/mm 2]

@ Modified Steel Characteristic: Diagram E = 8.36 205 24300000

(71 without Tengion Stiffening

Duration of Loading for the Designed Load Cases and Load Groups

LC/LG- As Factor -
No Description Permanent Load Bt =
Concrete Tensile Strength Standige Belastung ] 0.250
Effective Concrete Tensile Strength fer LC2 | Verkehrslast Feld 1 a 0.400
@ fetm LC3 | Verkehrslast Feld 2 a 0400 | ~
) etk n.os f_tl
) letkn.os

Correction Factor for
Concrete Tensle Strength

[] Marmal Farce as Initial Force

L

Figure 9.32: Dialog box Settings for Non-linear Calculation, tab Tension Stiffening Effect

The calculation shows us a strong reduction of the cracked zones that leads also to a reduc-
tion of the deformation to u,= 15.27. This value is lying clearly below the reference value of
1/250=5/250 = 20 mm. The following figure illustrates the relation between deformation
and stiffness reduction. The cross-section is passing locally into the cracked state only in the
column's support area.

=

E™ Example-2* [ @ | =]

COMCRETE CA3 - Increased tensile strength

1.516

15.279

s Ul 15,279, Min u-l; 0.000 mm

2 eample-2 B

COMCRETE CA3 - Increased tensile strength

N A

2.64 2.46 2.46

Zone is cracked

Mz Iy-tn * E: 264, Min Iy-im *E: 167 Mm*2

Figure 9.33: Deformation and flexural resistance for calculation with increased concrete tensile strength (stress gradient)

We have seen how sensitively the non-linear calculation is reacting when calculation param-
eters are modified. The difference is especially significant in structural components with
large stiffness changes between cracked and uncracked state.
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9.3 Stability Analysis for Bracket

9.3.1 Overview and Input in RSTAB

By describing the stability analysis of a restrained column we look at the basic differences of
both approaches for the non-linear calculation according to EN 1992-1-1, 5.7 and 5.8.6.

The bracket model is presented as example 1 in [20].

System and loads

IS Bample-3, LC1* o = | | &= Bemple3, L2 (== =]
LCA : Axial force with eccentricity 0.05 m LC2: Inclination 1 foki = 282 .81
Lok [kM] Loackz [-] 1#Phi= 282,81
1059._500 —
L
-
[m]

Figure 9.34: System and loads

The loading corresponds to the specifications in [20]. The design value Ny = 1059.5 kN is
already taken into account in load case 1. As shown in the figure above the loading is en-
tered eccentrically. The eccentricity can be determined geometrically or by an additional
moment Mgy = 1059.5* 0.05 = 52.98 kNm. In our example the load is introduced eccentri-
cally by means of a short member.

The inclination of the system is considered as imperfection in load case 2 and it is calculated
with 1/¢ = 1/0.003536 = 282.81.

164
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Several load groups are defined to represent the load-deformation behavior of slender col-
umns consisting of reinforced concrete.

Load groups
Design-relevant load arrangement
LG 1 LCT + LC2

Intermediate steps

LG 2 0.90*LC1 + LC2
LG 3 1.05*LC1 +LC2
LG 4 1.10*LC1 +LC2

The stiffness is not reduced by the partial safety factor y,, for the LG calculation parameters.

Edit Load Group [

LG Mo. Load Group Description LG Factor
1 - 1.00 -

Calculation Parameters

Method of Analysis

() Linear Static Analysis

(@ Second-Order Analysis (Nondinear)

() Large Deformation Analysis (Nondinear, Newton-Raphson)
(7 Postcritical Analysis

L~
Options for Non-linear Analysis

[ Consider Favorable Effects [] Reduction of Stifness by
due to Tension Forces Partial Factor va

[ Divide Results Back by [T Caleulate Critical Load
LG Factor Factor...

M,

(0] 8 ] [ Cancel

" 4

Figure 9.35: Calculation parameters of load groups

Before we perform the non-linear calculation of the column, we calculate all load groups
with RSTAB. The following internal forces and deformations are the result:

Load Group | Axial Force | Moment Moment Column Head

Linear Static | Il. Order

Analysis Analysis Deformation

N [kNm] M, [kNm] M, [kNm] u [mm]

LG 1 -1059.50 82.94 155.45 68.48
LG 2 -953.55 128.99 57.03
LG 3 -1112.47 170.39 74.93
LG 4 -1165.45 186.67 81.94

Table 9.1: Summary of RSTAB results output
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9.3.2 Non-linear Calculation of Column
The column is designed with both methods according to EN 1992-1-1, 5.7 and 5.8.6.

9.3.2.1 Design according to EN 1992-1-1, 5.7

The first design case performs the analysis according to the holistic concept of the Europe-
an standard EC 2.

Input in CONCRETE

The basic input is shown in the figures below.

CONCRETE - [Example-3] |

File Edit Settings Help

C&1-EN 193211, 57 | }.1 General Data |
| _concrete Design According to
( | Code: BHEN 1992-1-1:2004 - National Annex:  EEICEN - )
|
: Supports Ultirnate Lirnit State 1 Serviceability Limit Slatel Detai\s] Fire: Heswslance}
B- Reinforcement . - ~
L9 - Column Existing Load Cases lected for Design AN
LC1 Aial force with eccentricity 0.0+ C1 + L o ‘
=LC2 Inclination 1/phi = 282,81 T

m

Load Groups and Load Combinations
LGz 0.9LCT +LC2 -
LG3 1.058%C1 +LC2

LG4 1.1+LCT + LC2

L]

m\
e &
U s
< £
(o 7]
(U

m..

= m Reinforced Concrete
=] 2 Design of Members

( on-linear ) [] Activate Creep and
Calculation. .. Shiinkage

Comment
[ ——

Dresign aco. to EM 199211, 67 -

Figure 9.36: General data for non-linear calculation according to EN 1992-1-1, 5.7

Settings for Non-linear Calculation

Analysis Approach | Tension Stiffening Effect ] Iteration Parameters ]

Analysis Approach - Deformations and Internal Forces Analysie Approach - Shear and Torsional Rigidity

@ Methad with Mean Values of Material Strength and with Shear Rigidity @ Apply Linear Elaztic Shear Rigidity
Global Partial 5 afety Factor [EM 1992-1-1, Abs 5.7) _ L .
() Aeduce Shear Rigidity affine to
Flexuial Rigidity
Global Safety Factor for the

Ultimate Limit Load TR 1.30% )
Torgional Rigidite: @) Caloulation according to Approach by Leonhardt
() Gereral Design Method for Mermbers in Awial E!oﬁl H&i“g;;g;lgﬂm:l
Comprezzion acc. to Second Order Theaory [EM Ungcraiked State: |
1932-1-1. bz 5.EE) =] =

Including Reinforcement O ptimization

Figure 9.37: Analysis approach according to EN 1992-1-1, 5.7
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-
Settings for Non-linear Calculation

Analysiz Approach  Tension Stiffening Effect | lteration Parameters ]

Tension Stiffening Approach Material Concrete - Calculation Parameters
(@ Concrete [Residual) Tensile Strength e Standard | Factorv | Exponert | E Modulus
[Quast Method) No. | Concrete Strength Class | Values | fo/fetr n E ctm [M/mm <]

5] 18.39 324 26225100

") Modified Steel Characteristic Diagram E

(1 Without Tenzion Stiffening

Duration of Loading for the Designed Load Cases and Load Groups

LCAG- As Factor
Description Permanent Load 2
ST S0 Auial force with eccentricity 0.05 m [x] 0400
/Effective Tensile Stiength fet,R Inclination 1/phi = 282.81 a 0.600
O fetm 0500
@ fotle,0.05 '
&: 1 fetke,ngs
Adjustment Factor of
Tensile Strength fet,R: 0605 wfe

Mormal Foree as [nitial Foree

\ 4

Figure 9.38: Effective tension stress of concrete for Tension Stiffening

To achieve results comparable to the calculation in [20], we have to modify the Tension-
Stiffening model according to QuAsT as shown above. As the calculation of the allowable
compression stress f.; is based on a low quantile, the value f, ;s is used also for the de-
termination of the allowable concrete tension stress.

-
Settings for Non-linear Calculation

Analyzis Approach | Tension Stiffening Effect  [teration Parameters

Adaptive Element Division lteration Parameters
Parameters  m: 200 M ax. Mumber of [terations per
. 4= Load Increment: 5015

L [ramping of Rigidity Change within one Cycle of lterations
Division Factor

for Refinement: = Damping Factor: 1,000
- Break Limits
/Limit Lengths of Divisions =1 =147 - 141 | 0.0001 =
M aximnurn: 0,200 [m] 22 =|[Eli - Eli-1)2 A [ELiJ2 |: 0.0001 =
Mirirmuirn: 02005 [m] 23 = | Umax,i - Umax,i-1 | / Damping Factor: 1.0000 | [mm]

\.

Load Increments

MHumber of
Load Increments: 15

Load Application: @) Linear

Trilinear:
lteration | Load Load Ratio
Stage  Increment Applied [%]
1 50.0
2 80.0

(0] 3 ] [ Cancel

.

Figure 9.39: Limit lengths of adaptive member division and break-off limits

As our structure is a statically determinate system, we can keep the damping factor set to
1.0. In order to represent the distribution of stiffnesses accurately, we limit the maximum
member length to 0.20 m.

We have to note the following for the non-linear calculation of structures prone to instabil-
ity risks concerning the selection of appropriate break-off limits ¢, and ¢,: Though a calcula-
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tion is converging continuously according to the linear static analysis, it is possible that
compression elements may see a "reversal point" where deviations ¢ will increase again. The
described effect occurs when the system cannot compensate or absorb anymore the in-
crease of internal forces caused by the increase of the deformation according to the se-
cond-order analysis with the reduced stiffnesses. The example specifies ¢, = &, = 0.0001.

In [20] a required reinforcement of A;,,, = 66.10 cm? is determined by means of the similar
design method according to DIN 1045-1, 8.5. In order to compare these results with the
CONCRETE calculation according to EN 1992-1-1, 5.7 we still have to specify other settings.

The design is performed with a provided reinforcement that is actually available. Thus, some
specifications for diameter, concrete cover and reinforcement amount are still required in
table 1.6 Reinforcement. The diameter is defined with 25 mm in the tab Longitudinal Rein-

forcement.
CONCRETE - [Example-3] [
File Edit Settings Help
C41-EN 193211, 57 ~ | L6 Reinforcement |
uéData | Dat Reinforcement Group Applied to
- Beneral Data
- Materials Mo Drescription: []an
- Cross-sections 1 Colurnn K St of Members a Al
- Supports
E"H:e' Longitudinal Reinforcement ] Lirks I FRieinfarcement Layout] Min F\einfnrcemenl] EM 133211 ] 1 - Rectangle 40440 -
Reinforcement | Reinforcement Layers Rectangle 40/40
Possible Max. Mumber of Layers: |1
Diameters
; Minirmum 5 pacing
L - First Layer a 20045 [mm] senes
] | [ L2 —
: Anchorage Type :
z [Straight v] l
] Steel Surface: | Deformed 7 A
: Curtailment Type Provided Basic Reinforcement
[ @ Mo Curtailment [Fldstop: [ As bottom: [cm]
() Curtailment by Zones . - iE 5= 1 Seftings
- - Design the Provided
: 100 100
~) Curtailment by Reinforcement Bars d z =] [mm] Reinfarcement
A 0.00 0.00) [em?]
e

Figure 9.40: Specification of rebar diameter

The concrete cover is selected with ¢, = 27.5 mm to have a center distance of 40 mm for
the distance from the center to the edge.

LongitudinalHeinforcement] Links  Reinforcement Layout ] Min Heinforcemenl] EMN 1332-1-1

Concrete Cover
Ctap 275 [mm] Cside 275 [mm]
Chottom ! 2750 ) [C]Coveraccto [ sesse
Code — 2 £
Caver to Bar Centroidal Axis E
40,0 [ram] 400 [mm] sesse | Y
00 = ] Coverace to [ Cside
Code = | ]l
Reinforcement Layout Settings
Top - Bottom [optimized distibution) - ] Relevart Intar_nal Farces far
Concrete Desigr:
l H M1
Wy My
Distribute Reinforcement Evenly Wz Mz
over Complete Plate 'Width

Figure 9.41: Settings for concrete cover
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In order to perform the design with the specified reinforcement from [20], a minimum rein-

— — 2 Y
forcement of A, = A, ortom = 32 cm? is defined.
LongitudinalHeinforcement] Links ] Reinforcement Layout EM 199211
Minimum Reinforcement Crack Width Control
Min &< top: 3200 [emd]

Min S pottem© 320012 [om2] [mm]

[] Minimum Longtudinal R einforcement
According to Code

[ Minimum Shear Reinforcement
According to Code

Fure Tenzsion
Secondary Reinforcement Crack Faizing in First 28 Dayps
[ Mazimurm Bar .
Spacing: | [mm]

Identical Diameter as Longitudinal Tap/Bottam

Fieinforcement N T N
Dimensioning of Longitudinal -
7.0 Feinforcement for Serviceabiliy g
Lirnit State

[] Add Corner Reinforcement

Figure 9.42: Specification of minimum reinforcement
Now the input is complete and we can start the [Calculation].

Results of non-linear calculation
CONCRETE - [Example-3] &J

File | Edit Settings Help

C41-EN 199211, 57 | 1 Ultimate Limit State for Non-Linear Calculation |
Imput D ata B [ € T D [ E [ F [ «
General Data Member | Location Lc Safety Utilization

.. Materials No. x[m] No. factor 7 [ 147 H Remarks =
.. Cross-sections - 0000 | LG1 2135 0.468
L Breils 0200 LG1 2141 0.467
[=J- Reinforcement 0400 LG 2147 0.466
- Calumn 0600 LG1 2.155 0.464
Results 0800 LG1 2.164 0.462

EI- Required Reinforcement 1000 L& 2174 0.460
- by Cross-section 1200 LG1 2.186 0.458

w Member 1400 LG1 2.198 0.455
[+l by x-Location 1600 LG 2212 0.452
=1- Pravided Reintorcement 1800| LG1 2247 0443
(- Longitudingl Reinforcement 2000 LG1 2243 0.446 -
hear Reinforcement Detailed Results - Member No. 1, x: 0.000, LGL
Reinforcement by =-Locatio - -
L Steel Schedule B Uttimate intemal forces Ru -
- Monlingar caloulation Utimate Moment abaut Axis y My -515.90 | kNm
m Uttimate Moment about Axis z Mzy 0.00 | kNm =

Ultimate normal force Ny 294027 kN
Stress and Strain Analysis
El Design intemal forces R {yr - 1.30)

bending moment over the y-axis My -241.64 | kNm

bending moment over the z-axis Mz 0.00 | kNm

Nomal force N -1377.21 kN

Shear Force in Direction z Wz 4.87 kN

Shear Force in Direction y Wy 0.00 | kN

Torsional Momert T 0.00 | kNm
[ Stress and Strain Analysis

m 3 Mean Main Curvature 1/rm 3.8134E-03 | 1/m 2

“

Figure 9.43: Table 6.1 Ultimate Limit State for Non-Linear Calculation

Interpreting results is described in detail in chapter 9.2.5, page 151.

For this example we want to demonstrate that another load increment will lead to the sys-
tem's instability. We select LG 4 which is stable for a calculation according to the physically
linear second-order analysis in table 1.1 General Data.
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CONCRETE - [Example-3] P

File Edit Settings Help

CA1-EN 1992:1-1,57 | 1 General Data |

Ir':vput Data Concrete Design According to
i+ General Data
 Materials Code: [EENEN 1992-1-1:2004 - National Annex:  EBICEN -

i+ Cross-sections

Support: Ultimate Lirit State: | Serviceability Limit State I Details ] Fire Resistance }
() Reinforcement : —
B-9) o Ehmm Existing Load Cases Selected for Design

1

Membersgp

LC1 Aial force with eccentricity 0.0« LG4 1.1"LCT1 +LC2 -

=LC2 Inclination 1/phi = 282 81

—

CONCRETE
. Error No. 1000

The calculation was aborked.
Load Groups and Load J Mo sufficient resistance of the system to secure
L1 LC1 + L0 a stable state of equilibrium [instability].

LG2  |09LCT +LE

m

CONCRE

{0k
LG3 105101 + L R
J =]
o | |
Hon- Ay Cr d
Cakdaton i
Comment
Design acc. to EN 199211, 5.7 P I
D Calculation Check, Graphic Ok Cancel

Figure 9.44: Break-off of calculation for LG 4 because of instability

The calculation is stopped by displaying a message telling us that it is not possible to design
a sufficient resistance of the system with the selected reinforcement when a load increment
of 10 % is applied.

The following column calculation according to EN 1992-1-1, 5.8.6 will show that the col-
umn fails before the cross-section resistance is reached.

9.3.2.2 Design according to EN 1992-1-1, 5.6.8

The second design case performs the design in accordance with the general design method
of EC 2 for compression members according to the second-order analysis.

Input in CONCRETE

In order to compare the results, a new concrete case is created for EN 1992-1-1, 5.6.8. As
we need to change only few input data, we simply copy the first design case by using the
CONCRETE menu. To open the corresponding dialog box,

we select Copy Case on the File menu in the CONCRETE add-on module.

(S

Copy CONCRETE-Case

Copy from Caze
CA1-EN 19321,57 -

Mew Case

Mo.: Drescripti

" A

Figure 9.45: Copying the first design case

In table 1.1 General Data we adjust the comment accordingly.

We use the [Edit] button to open the dialog box Settings for Non-linear Calculation and ad-
just the conditions as follows:

170
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We select the general method as the analysis approach for members with compression ac-
cording to the second-order analysis. Plastic releases (plastic curvatures) are again excluded.

p
Settings for Non-linear Calculation

Analyzis Approach l Tension Stiffening Effect ] Iteration Parameters ]

Analysis Approach - Deformations and Internal Forces Analysis Approach - Shear and Torsional Rigidity

(71 Method with Mean Yalues of Material Strength and with Shear Rigidity: @ Apply Linear Elastic Shear Rigidity

Global Partial Safety Factar [EM 1992-1-1, Abs 5.7] - Reduce Shear Rigidiy ffine to

Flexural Rigidity
Global 5afety Factor for the

[ Including Reinforcement Optimization

(7] &llow Utilization of vielding )

Ultimate Limit Load TR . . _
Torsional Rigidity: @) Calculation according to Approach by Leonhardt
@ General Design Method for Members in Axial he g!oml H&&“g&;g;zgﬁf&j
Compreszion acc. to Second Order Theory [EM Ungc:raiked Chater 4]
1932-1-1, Abs 5.8.6) ) =

Ok ] [ Cancel

.

Figure 9.46: Analysis approach according to EN 1992-1-1, 5.8.6

The non-linear design of the ultimate limit state for compression elements according to
EN 1992-1-1, 5.8.6 is based on a divided safety concept (see chapter 2.4.7.2, page 48).
Therefore, we have to calculate with the average values of the material properties also for
the approach of Tension Stiffening. The partial safety factor y. flows directly into the ap-
plied tensile strength: f ;= f./ v.. This also applies to the concrete's modulus of elasticity.

Settings for Non-linear Calculation

Analysis Approach  Tension Stiffening Effect l Iteration Parameters ]

Tension Stiffening Approach Material Concrete - Calculation Parameters
® Concrete [Residual) Tensile Strength Material Standard | Factorv | Exponent | E Modulus )
[Quast Method] No. | Concrete Strength Class | Values |fco/forr n Ectm [M/mm 2]
) Modified Steel Characteristic Diagram E = 21.21 225 20000.000
(1 Withaut Tenzion Stiffening
Duration of Loading for the Designed Load Cases and Load Groups
LC/LG- As Factor
No. Description Permanent Load Bz
\ETEET SHETIE {TCT ] Aodal force with eccertricity 0.05m = 0.400
/Effecti\,-e Tensile Strength for, R LC2 | Inclination 1/phi = 282 81 a 0.600
@ ferm LG1 0.500
() fetk,0.05 E
k:- etk 0.5
Adjustment Factor of <
Tenszile Strength fet,R: 060 et

Momal Farce az Initial Force

0K ] [ Cancel

Figure 9.47: Effective tension stress of concrete for Tension Stiffening

The parameters of the table tab /teration Parameters remain unchanged.
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In [20] a required reinforcement of A, ., = 40.0 cm? is determined by means of the similar
design method according to DIN 1045-1, 8.6.1. In order to compare these results with the
CONCRETE calculation performed according to EN 1992-1-1, 5.8.6, we define a minimum

reinforcement of A, = A, potiom = 20 cm? in the tab Minimum Reinforcement of table 1.6
Reinforcement.

|l..6 Reinforcement |

Reinforcement Group Applied to
Ma.: Diescription: Members: 1 [ al
1 Colurn K B &l

Longitudinal He\nforcement] Links } Reinforcement Layout

EN 199211 | [1-Rectangle 40/40 -]
Rectangle 40/40

Winimum Rein forcement Crack Width Control

Min & top: 20,0015 [em?]

Min A5 botton © 20,005 [em?] rnm]
[ Minimurn Longitudinal Reinforcement

According ta Code —

[ Minimum Shear Reinforcement
According to Code

]
Pure Tension [
I
Secondary Reinforcement Crack Faising in First 28 Days L
[ Maimum Bar
Spacing: [rmn]

Idzntizal Diameter s Longitudinal Tap/Battom

Reinforcement . . - [em]
Drimenzioning of Longitudinal -
7.0 Fieinfarcement for Servicaabilty = Settings
Lirnit State ) .
[ Add Comer Reinforcement ge_slgn the Provided
einforzement
Figure 9.48: Changing the minimum reinforcement
Now the changes are set and we can start the [Calculation].
Results of non-linear calculation
CONCRETE - [Example-3] l&J
File Edit Settings Help
CAZ-EN 199211, 586 '] F».l Ultimate Limit State for Nen-Linear Calculation |
Input D ata B [ c T D [ E [ F i=
.. Gerera Data Member | Location Lc Safety Utilization
- Materials Mo . x[m] No factor 7 [] 14 [ Remarks =
- Cross-sections 0000| LG1 1.549 0845
Supports 0200 LG 1553 0544
&1 Reirforcement 0400 LG1 1557 0.642
i1 - Calumn 0600 LG1 1563 0.640
Resuls 0.800] LG1 1570 0637
E1- Requited Reinforcement 1000| LG1 1578 0634
4 Cross-section 1200 LG1 1588 0,630
s Member 1400 LG1 1538 0,626
& by #-Location 1600 LG1 1609 0.621
=1+ Provided Reinforcement 1800 LG1 1622 0616
Lengitudinzl Reinforcement 2000] G1 1636 0.611 S
eareiorcencnl i Petailed Results - Member No. 1, 0.000, LGL
einforcement by w-Locatio] Lo
L. Steel Schedule El Utimate intemal forces Ru -
£} Norlinear calculstion Ultimate Momert about Aods y My -362.38 | kNm
B = Ultimate Moment about Axs 2 Mzy 0.00  kNm B
‘... Diesign Details Uttimate normal force Ny -1640.80 | kN
Stress and Strain Analysis
[ Design intemal forces R
bending moment over the y-axis My -233.96 | kNm
bending moment over the z-axis Mz 0.00 | kNm
Nomnal force N -1059.39 | kN
Shear Force in Direction z KE} 375 |kN
Shear Force in Direction y Wy 0.00 kN
Torsional Momert T 0.00 | kNm
El Stress and Strain Analysis
] 1 3 Mean Main Curvature 1irm 5.6765E-03 | 1/m <

Figure 9.49: Table 6.1 Ultimate Limit State for Non-Linear Calculation

With the selected reinforcement we get a safety factor y of 1.549 for the restrained location
(to compare: y = 2.135 for the design according to EN 1992-1-1, 5.7).
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The following figure compares the deformations according to the second-order analysis
with the ones according to both non-linear calculation methods.

E™ Bample 3, LGL [= = ][ 2= ]| E® Eample-2 = | = |[ = | 2 Eample 3 EI@
LG1:LCT +LC2 COMCRETE CA1 - ER 1992-1-1,5.7 CONCRETE CAZ - EN 1992-1-1, 556
Loads [-], [ki]
Deformations u [mm] . 1059 500
™
-68.86 -52.97
ar.2 142.6
WPhi= 28281
...
Panel X
COMCRETE

1
I ugx

COMCRETE
BEl@ 4
-241.64 -233.96
Mae u-g K 872, Min u-g, X 0.0 mm Max u-g 4 142.6, Min w-g 4 0.0 mm
e u: 633, Minw: 0.0 mm Mz by -65.86, hlin hy? -241 64 KM Whcs bty -52 97, Min by 23356 Khm

Figure 9.50: Comparison of results according to second-order analysis and non-linear calculation

For our slender compression element the calculation according to the second-order analysis
is already deviating from the calculation according to the linear static analysis if a low load
level is applied. The physical non-linearity becomes noticeable only for a higher load level,
but then it proceeds very quickly. Finally, the column fails due to loss of stability because of
the strong stiffness reduction occurring in this process.

When the material-dependent non-linearity is not taken into account, the pure cross-section
design of the internal forces of LG1 provides a required reinforcement of A, = 2 * 4.10 =
8.20 cm? according to the second-order analysis (physically linear).

Il.l Required Reinforcement by Cross-section

A [ B [ E [ F | G
Member | Location | LC /LG | Reinforcemert Emor Message

Reinforcement| MNa. % [m] co Area Uit ar Note

Cross-section MNo. 1- Rectangle 40440

As.top 1 0.000 | LG1 410|em2

As bottom 1 0.000| LG1 410|em2

Figure 9.51: Required reinforcement for physically linear design

Thus, the effective required reinforcement is clearly undervalued. But also the design of
moment and axial force from the physically non-linear calculation would lead to an under-
designed reinforcement. In this case, the result for the required reinforcement would be
At =2 *10.1 = 20.2 cm? for M, = 233.96 kNm and N = —1059.39 kN. The reason is that
the internal forces are calculated on the basis of the provided reinforcement. However, the
column fails before the ultimate load capacity of the cross-section is reached. In our exam-
ple this would happen for a moment of ~ 362 kN which leads in interaction with the axial
force to a required reinforcement of A, = 2 * 19.7 =39.4 cm?.
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