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Introduction 1

1 Introduction

RC-SEC-EN is a software for the calculation of reinforced concrete
section according to EN 1992-1-1 and EN 1998-1 and eventual national
application annexes.

For brevity in the remainder of this user guide (and in the notes of the program)
EN 1992-1-1 will be referred to as EC2, and EN 1998-1 as EC8. This software is
a standalone application used in addition to a standard static or seismic analysis
for checks of reinforced section belonging to beams, columns and walls. In
seismic checks is considered the class of ductility demand (DCL, DCM or DCH)
and whether or not the section is within a critical region of the member. If the
checks are not seismic you must select the low ductility class (DCL) and so only
EN 1992-1-1 is applied.

RC-SEC-EN performs checks for:

Ultimate Limit State (ULS):
« Uniaxial or biaxial Bending with or without axial force (86.1 EC2-
85.4.3 EC8). It is also provided the eventual design of longitudinal and/or
transverse reinforcement.
» Interactions domains N-Mx, Mx-My, N-Mx,My, with numerical results
and graphical representation.
» Uniaxial and biaxial Shear (86.2 EC2-85.4.3 EC8) and Torsion (86.3
EC2) force, with eventual design of stirrups.
» Instability by the method based on nominal curvature with uniaxial or
biaxial bending. The calculation of curvature is performed according to
equation (5.34) EC2 or by diagram moment-curvature (also in biaxial
bending).

Serviceability Limit State (SLS):
e Limitation of normal stress (87.2 EC2) by bending moment and/or
axial force (performed methods: simplified, AAEM, EM).
- Limitation of Crack widths by means direct calculation according to
87.3.4 EC2 .
e Limitation of deflections of a beams (isolated or extracted from a
frame) by double integration of curvatures and considering cracking,
creep and shrinkage.

Ductility control:
e Direct check of curvature ductility factor mF (85.2.3.4 EC8) by
moment-curvature diagram (uniaxial or biaxial) taking into account (or
not) of the eventual confining effect of hoops.

CROSS-SECTION TYPE
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A set of practical cross-sections (“Predefined[12") like Rectangular, T, L,
Flanged and Circular can be used as well as a free shape cross-sections
("Generall2s") formed by one or more concrete regions (polygonal or
circular, full or empty) with free positioning of longitudinal steel bars and
stirrups.

For Predefined cross sections is provided a faster input and the ability to
perform the checks but also a first automatic design of reinforcement
(for bending and/or shear forces) for a set of uniaxial combinations (up
to 60) of internal forces. A special input is provided for rectangular
section od columns[s8] and walls| o) (especially for seismic checks).

For general sections is also possible, once defined the geometry of the
section, to check or design the envelope of reinforcement in a single
calculation cycle up to 60 combinations for each of the above types of
combinations (ULS and SLS).

For general section type is also possible to import geometry of concrete
and longitudinal bars (diameters and positions) from a *.dxf file.

CHECKS
ULS checks are performed by determining of the bidimensional
interaction domain for uniaxial forces N-Mx, and of the threedimensional
domain for biaxial bending N-Mx-My. For each design combination the
program calculates:
» Axial force and bending moments od resistance, in reference to the
assumed stress pathl o7.
» Ultimate position of the neutral axis.
e Stress and strain at ULS of all bars and vertices of the concrete
section.
e Shear-torsion checks.
e Graphics of interaction domains.
= Stability analysis for one span column by nominal curvature method

SLS checks involve the determination of the following results:

= Normal stress in all bars and vertices of concrete section.

= Neutral axis position.

e Crack widths.

* Axial strain and curvature (AAEM (Age Adjusted Effective Modulus)
method or EM method.

= Deflections in a beam-column isolated or belonging to a frame.

INTEGRATED TOOLS
In separate windows it is possible to run the following tools to perform:
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Introduction 3

- Definition of Creep and Shrinkage coefficients[73] according to §3.1.4 EN
1992-1-1 to use with AAEM or EM methods in Serviceability Limit State
checks.

- Definition of Concrete Cover[7s] according to §4.4.1 EC2-1

1.1 Scope of the program

The program is applicable only to RC sections for which can be
considered valid the hypothesis of conservation of plane sections
and the perfect bond of the reinforcement to the concrete. The
sections to be calculated must be compact (as generally appear to
be the majority of the RC sections) in such a way that the shear
center can be regarded virtually coincident with the geometric
centroid (shear does not generate torsion); in particular, are not
considered thin-walled open sections.

The individual combinations of assigned internal forces are meant
applied to the section in a single phase load (and not in stages such
as in the calculation of prestressed sections).

For the same section can be done at the same time both the
capacity checks (SLU) and the serviceability checks (SLS for normal
stresses and crack opening).

The calculation methods and the code references used in the
preparation of the program are described in detail in another
section of the manual (Theoretical background).

The RC sections taken into account by the program are divided into
the following four groups described in the remainder paragraphs:

- Predefined sections

- General sections

- Rectangular sections of columns

- Rectangular sections of walls

- Polygonal sections subject to torsion

At the start of each calculation in addition to the choice of one of
the above five section types must be defined (in the General
Datal ¢1tab ) a set of parameters and options including the choice
between seismic (DCM, DCH ductility class) and non-seismic (DCL
ductility class) calculation and the position of the section in the
structural member (in reference to the distance with the ends of
the member). This allows to control of different prescriptions on
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4 RC SEC EN

the minimum and maximum quantities of longitudinal and
transverse reinforcement provided by the code rules. It is
important to remark that for the first two types of sections the
user must declare the kind of member (beam or column) in which
that section is included.

1.2 Tipology of the sections

Predefined sections
They are the ones most frequently used in the current RC structures and
consist of a single region of concrete having one of the following shape:
rectangular, circular, T, rectangular with flanges (in this sub-case are
included also C and L shapes).
For all the above sections except for the circular ones the armature must
be defined by two rows of bars (upper and lower) to be assigned by the
relative diameter and concrete cover.
For all predefined sections the bending moment to be assigned can have
only the component Mx (uniaxial bending around the X axis of the
reference with a positive sign if compresses the upper fibers of the
section) and the corresponding neutral axis is always parallel to the X
axis. This is strictly true only for symmetric sections about the Y-axis,
but it is also common for unsymmetrical sections belonging to decks of
buildings or to foundation decks. In these cases, in fact, is valid the
prevailing hypothesis of rigid floor in its own plane; the existence of this
constraint conditions allow to assume the neutral axis in the horizontal
direction (i.e. in the direction perpendicular to the vertical loads plane).
The ULS capacity checks (up to 60 for a single section) can be
performed in the presence (even simultaneously) of N normal force,
bending moment Mx, shear and torsion Vy, T. These checks lead to the
determination of resistance forces to compare to design assigned forces.
It is also possible, from the fixed size of the assigned concrete section,
the design of the minimum envelope reinforcement (top, bottom bars
and stirrups) able to cope with the assigned forces.
For circular predefined sections of columns it is also possible to perform
an instability checkl23] according to the simplified method of "nominal
curvature".
For each section you can generate the ULS interaction diagram N-Mx .
To a single section can be assigned up to 60 SLS combinations of forces
(each consisting of normal stress N and Mx) for each of the three
possible types of SLS combinations (characteristic, frequent, quasi-
permanent). The program determines the maximum normal stress and
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Introduction 5

the crack openings by comparing their values with the critical values in
EC2.

General sections
Can be formed by one or more concrete regions (up to 20) polygonal
shaped or circular shaped. To the concrete regions can be attributed
different classes of resistance. Reinforcing bars can be assigned
individually entering their coordinates and/or by means automatic
generations of corner bars or linear and circular generations (thus
allowing a much faster input).
The ULS checks are performed with axial and biaxial bending and shear
set of forces: N, Mx, My, Vy, Vx (up to 60 combinations).
For each combination are also calculated two-dimensional diagrams of
interaction Mx, My at constant axial force and also the three-dimensional
interaction domain N-Mx, My. It is also possible to compute a general
sections imposing the neutral axis to be parallel to X reference axis (see
Forcesledl). Biaxial serviceability checks are also performed.
It is also possible, from the fixed size of the assigned concrete section,
the design of the minimum envelope reinforcement (top bars, bottom
bars and stirrups) able to cope with the assigned design forces.

Rectangular sections of columns
In current projects the majority of the columns is characterized by a
rectangular section and symmetrical reinforcement with respect to the
principal axes of inertia. The seismic verification almost always involve
the simultaneous presence of the components forces N, Mx, My, Vy, VX.
It is therefore seemed appropriate to provide a specific type of
calculation for these sections, starting from a very fast input of the
geometry of the section. Automatic design of bars and stirrups is
allowed. For this typology it is also possible to perform the instability
checkl 47! according to the "nominal curvature™ method.

Rectangular sections of walls

Walls elements are characterized by an elongated cross-section with a
length to thickness ratio greater than 4 (85.1.2 EC8). The program
distinguishes between ductile walls and large lightly reinforced walls (see
definition in 8 5.1.2 EC8). Once defined the type of wall, the size of the
section, the reinforcement and the design forced (from the analysis), the
program performs bending (biaxial), shear checks (uniaxial) and ductility
checks (detailing too).

Polygonal section in Torsion

© 2020 Geostru



6 RC SEC EN

Torsion check is performed for sections (hollows too) with a generic
polygonal contour. If shear is also present the check should be manually
completed applying the eq. (6.29) EC2. Shear reinforcement must be
added to shear reinforcement already calculated.

SLS deflections in single beam
A single beam can be formed by one or more sub-elements each
characterized by a single rc cross-section. Short time and long time
deflection are assessed from the differential equation of bending line by
double integration. The calculation is performed taking in accounting for
curvature evaluation cracking, creep and shrinkage (AAEM/EM method| ]
) if a large number od cross-section along the length of the beam.

1.3 Units

Units (expressed in S.1.) in this program are those most commonly used
and they are not editable:

> Forces: kN, m

»  Stress: Mpa (N/mm?=)
»  Section dimension: cm

»  Diameter bars: mm

In each input and output text field is indicated then right unit assumed.
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2 Basic working tools
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The user interface consists of several co-operating parts grouped
together.

e Drop-down menu - It is the first row in the screen. These menu
enable the management of all functions of the program.

e Navigator Tabs - Set of commands that open underlying windows
for input and output data.

e Tabs bar (ribbon) - Set of tabs commands for quick access to
specific functions of the program.

e Main window - In relation to selected command in the Navigator
Tab the window shows the input and output data in graphical
form. The content may be an image or a diagram with text.

¢ Information window - Actual information (in text form) related to
selected Navigator Tab are shown in this window

e Printing window - In this window (not visible in the above figure),
after checks, you can view, and eventually print on paper, all data
is input and output.

The Navigator Tabs consists of five underlying windows:
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e General Data

e Section Data

e Forces

e Checks

o Stirrups-Ductility

The first three tabs correspond to the first three commands on the menu
"Data". The "Checks" Tab corresponds to the command "Save and run"
in the Run menu. The last tab "Stirrups-Ductility” is active only after the
results were displayed by the "Checks" tab; with "Stirrups-Ductility” tab,
you can edit and/or assign hoops and cross-ties to all sections and
immediately obtain new results selecting the "Checks" Tab. Also through
the last tab you can generate moment-curvature diagrams (also biaxial)
aimed at the evaluation of the curvature ductility factor (8 5.2.3.4 EC8).
Once assigned the characteristics of materials (concrete and steel) in the
materials Iibrary|?7'1, available by the "Data" menu or by the direct

command ®, the modeling of the input section and its subsequent
resolution can be controlled interactively by the use of only five tabs
above.

Under the graphics window is finally present an information window
whose content varies depending on the type of current graphic
representation. If you are in the stage of data entry section it displays
the legend of the bars assigned geometric data (area, coordinates of the
centroid, moments of inertia and static of concrete section) and a series
of check box options on how with which he likes display the section in
question. Last tab "Stirrups-Ductility” is available only after a first run:
you can later to modify or assign hoops and/or cross-ties with
immediate shear check reporting. In the same window are present
command to generate moment-curvature diagrams (biaxial too) for
confined or not confined sections (for structures in seismic zones).
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Basic working tools 9

2.1 General Data

General Data | Section Data | Forces | Checks

Description: |Columnon, 13 at first Floor

Typology of the section

(%) Predefined {uniaxial bendind and shear For beam or column
i General {biaxial bending and shear)

) Rectangular sec. of column (biaxial bending and shear)
el ¢not ductile, ductile or large lightly reinforced))

) Poligonal section in torsion

1 5L5 deflection in single beam {lang-term deformations kool

Exposure Class [§4.2 EC2]

#C2 - Carbonation (long-term water contack/Foundations) W

Member characteristics (for detailing design)

Column {compression member) w

Section position in member
(%) Section is into a critical region {near joinks) of the member

() Section is out of critical regions of the member

Load path for moments of resistance (U.L.5.)
(%)M =const, ({constant axial forces)

MM = const, {constant eccentricicy)

Options for serviceability limit states {5.L.5.)

) n method [ ]crack width always in cracked state
() ABEMIEM methods [ ] Crack width (effective tension area)

Ductiliy Class {also for detailing)
(IDCL (law) onky EC2 applies Curvature ductility Fackor
() DCH (height) ECZ+ECS applies W= |B50
(&) DCM {middle) ECZHECS applies Section at the base
Coordinates of bars are always related at their own cenkroid, Then A
assigned cover of bars include 12 of their diameter.
Compliance with the minimum cover of the reinforcement (also with
respect bo environmental conditions) is awarded only o the
designer thraugh the carrect assignment of the coordinates of the

centroid of the bars, To calculate the cover according to §4.4.1
ECZ wou can use the tool 'Cover Definition' in UM menu of this w

This is the first window to fill for a new project. These are the principal
input data:

Typology of the section
The five choices provided are:
- Predefined sections[12): rectangular, T, rectangular with flanges,
circular. Bending and shear forces are only uniaxial. Checks or
design of reinforcement.

© 2020 Geostru
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- General sectionsil2sl: are formed by one or more concrete
regions polygonal or circular shaped with reinforcement however
arranged. The bending moment and shear forces can be selected
as uniaxial or biaxial. In general it is expected to only checks
calculation. For polygonal sections formed by a single concrete
region can also be performed the design of longitudinal bars.

- Rectangular section of colums(s8):: the arrangement of the
reinforcement is always doubly symmetrical. The calculation is
always biaxial in bending and shear. Check or design of
reinforcement.

- Rectangular section of walls[s0l: the arrangement of the
reinforcement is always doubly symmetrical. Program performs
only checks calculation in biaxial bending and uniaxial shear.

- Polygonal section torsion[sdl: simple torsion check for polygonal
sections (hollow or not).

- SLS deflections in simple beam[:zl: the beam can be isolated or
belongs to a frame.

Exposure class
This selection, according to 8§ 4.2 EC2, affects the definition of the
concrete to be used in the project of the section. The user is responsible
for the consistent choice of the concrete class (program do not perform
any compatibility check between exposure class and concrete class).

Member characteristics
Defines the type of member to which the section belongs: beam,
column, beam, foundation beam in seismic zone, beam without stirrups.
If the project is in seismic zone the user must indicate if the current
section is located within or not a critical region according to the section 5
of EC8. The checks take in account the detailing rules according to 89
EC2 and 85 ECS8.

Load path for moments of resistance
The calculation of the resistance moment force for a given design
moment and axial force may be performed by program with a constant
ratio M/N or keeping N= constant. The second way must be choose in
seismic checks.

Options for serviceability limit states (SLS): user may choose between
simplified method (n method)[= that assimilates rheological phenomena
of the conglomerate placing equal to 15, the coefficient n of
homogenization (n=Es/Ec is editable in the appropriate grid of the
materials library[67), and il AAEM method[=3 that take in account the
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values assigned to creep, shrinkage and ageing in the concrete grid in the
materials Iibrary|?7'1. It should be noted that the assignment of the
serviceability combination forces is optional unlike those of resistance
that must always be assigned (at least one). In order to set always zero
the tension strength in cracking zones of concrete for crack width
calculations, you may select the appropriate check box. If you want to
calculate the crack width setting e2 of (7.13)EC2 as the value at the
edge of effective tension region of concrete you may select the
appropriate check box.

Ductility Class

Low ductility class DCL includes all section to be calculated only with EC2
standards while Height (DCH) and Middle (DCM) Classes include all the
section required by EC8 in seismic zones. For beams in DCH or DCM
classes and within critical regions of the member you should assign the
curvature ductility factor m in order to respect the eq. (5.11)ECS8. Idem
for columns in order to respect the eq. (5.15)EC8 when expected;
alternatively for direct check of local ductility it is possible to generate the
moment-curvature diagram selecting the Stirrups-Ductility21] Tab.
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2.2

Predefined sections

General Data  Section Data | Forces | Checks

Predefined Section
Type of calculation

* Check - Duckility " Reinforcement design

Section shape; Rect, with flan
Concrete dass: C30/37 -
Long. Reinforc,;  |BS00C -

Section sizes (cm)

B
. S B2 o Hz [o

B3 |20 Hi |25

B+ o He |0

Longit. Reinforcement {covers ko bar centraidal axis [cml)

Lowe, cover {cm) | 4 Upp. cover| 4 Lat. cover |4

Botkorn bars

n |4 @mm |18 +n. |0 Gmm |0

Top bars

noo |3 @ |16 +n. |0 @mm |0

Stirrups {enter Diameter=0 to get automatic design)

Reinforcement:  |BS00A -
{+ 1 hoop .
¢ 2 hoops n. cross-ties ]
Diameter (mm) |6 Spacing {cm) (153

f+—20—rf+—36——]

This dialog window is opened if in General Datal ¢ Tab you have selected
the typology “Predefined Section”. The expected data are:

e Type of calculation

you may choose between the verification (checks) of the section and
the Reinforcement Design. In the first case it is necessary to assign (in
the same window) geometric data relating to the shape of the section
and the numbers, diameters and covers of the bars, in the second simply
assign the concrete geometric data and the covers of the two rows
(without numbers and diameters of the bars) .
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e Section shape
in this drop-down menu you can choose one of the various shape of
sections provided: Rectangular, T, Rectangular with flanges, Circular.
Depending on the choice made, appropriate text boxes appear for
entering the dimensional data. The drawings shown above illustrates the
input of a L section selecting the shape "Rectangular section with flanges™
and filling the appropriate text boxes.

e Concrete class
in this drop-down menu you can choose one of the concrete classes
present in the Materials library/[e7\.

¢ Longitudinal reinforcement
in this drop-down menu you can choose one of the steel grade classes
present in the Materials library/e7l.

e Section sizes
for each of the provided shapes appear the appropriate text boxes to
enter the sizes: the correspondence between the numerical data to be
entered and the position of the corresponding sizes is always present in
the graphic scheme at the top of this Tab window.

e Lower cover

concrete cover [cm] of the lower row of bars measured from centroid of
bars to lower fiber of concrete. This concrete cover should be assigned
by the user respecting the minimum concrete cover required by 84.4.1
EC2. To this end it is available the separate program concrete cover|s)
to load from the dedicate command in the principal Tab Bar. The cover
to assign is measured from the centroid of the bar (different from edge
cover obtained by coverls] sub-program). Between section results are
always expected the edge cover of longitudinal and stirrups bars. No
conformity check to EC2 rules - exposure class, strength class, etc. - is
done by the program on these values.

e Upper cover
concrete cover [cm] of the upper row of bars measured from centroid
of bars. The same considerations carried out in the previous data.

e Lateral cover
concrete cover [cm] of bars measured from centroid of bars to lateral
edge fiber sides of the principal rectangular part of the section.

© 2020 Geostru



14 RC SEC EN

e Bottom bars

a single row of bottom longitudinal bars may be assigned by input of
their number and diameter. You may assign (in this same row) even bars
of two different diameters. In this input the user must be careful to
respect the maximum permitted spacing (see 88.2 EC2). Minimum
spacing between longitudinal bars is calculated (as one of results) and
compared with the value assigned in code and reinforcement options|7o\.
If you want to assign more than one row of bar you should input the
section as a general section in General Datal 9.

e Top Bars
a single row of bottom longitudinal bars may be assigned by input of
their number and diameter.

e Web Bars: (not present in the above figure)
two lateral web row are provided only for rectangular section of
columns. The possible presence of these lateral bars increases bending
and torsional resistance of the section.

e Stirrups
in a verification calculation you may assign diameter and pitch of one or
two hoop. You can also assign one or more cross-ties (if intermediate
longitudinal bars are present). If you assign the null value to the
diameter (or to the pitch) the program performs the automatic design of
stirrups using the user default diameters in code and reinforcement
options[7d\.

2.2.1 Reinforcement design

Given dimensions and strength class of the concrete section and the
steel grade of longitudinal bars and stirrups you can require to the
program a first design of longitudinal bars and stirrups selecting the
design option in Section Data dialog window (frame "Type of
calculation™). For a circular section of a column such dialog appears as
below:

© 2020 Geostru



Basic working tools 15

General Data  Section Data | Forces | Checks

Design Predefined Section
Type of calculation

™ Check - Duckility & Reinforcement design
(™ Stability analysis For one span colurnn {rarminal cury, method)

Section shape: Circular hd -
Concrete class: C30/37 *

Diarn "
Long. Reinforc.:  |B450C *

Section sizes (crm)

Diarn. | 50

Longit. Reinforcemant {covers to bar centroidal axis [cm])

Caver {cm) 5

IMin number of bars (== &)

nfe

Stirrups {enter Diameter=0 to get automatic design)

Reinforcement:  |B450C -

The design is referred to all ULS combination forces assigned in the
pertinent dialog window (Forces[el Tab). For SLS forces program
execute only checks calculation after ULS design of longitudinal bars.
Selecting Checks[+l] Tab the program performs the design and a
subsequent complete checks. After first check you can modify, as many
time you want, the reinforcement data in order to refine the results to
your need.

In order to require to design only stirrups (if longitudinal bars already
assigned) you shall input zero value in the Diameter (or spacing) text
box in the stirrups frame. The stirrups design also relates to the control
of the local ductility in critical section of columns in seismic zones.
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Results and N-Mx diagram

File Modffy Display Data Run  Options 7
OEH 2Q @ XU @iF FE&E S FTEES B @ covediton

Section name: Beam 14_Design.secEC  Comb. n. 1 (U.L.S.) GereralData | Section Data | Forces  Checks | Stirmups Ductity
Edge cover long. bars: 3.3 cm  Edge cover stirrups: 2.7 cm O

}——20 —+—y35 4—{ general check: ok

N.Comb, Mot checked

J j CHECK COMBIN, OK.

ULS Bending-Axial Forces: Safety factor =1.868 [OK if > 1.0]

Sforz assegnati_ Sforai xbaricentrico) | Deform &
N=000kKN  NuE

fo: F = 90,00 Kam  Mix it = 168, 12 Khm

min
stran

75

10973932 1em -
000036662 1fem min
: N

50

Shear and Torsion (ULS) Safety Factor =0.220 [OKf <= 1.0]
Forces Stimups a
v

VRds= 11B.0S KN Webbars: 70 10
bw =350 cm

Legend

® 701
® 7o10wen

Tot As= 1078
(034%)

Selecting Checks Tab the program calculates and shows for each
assigned combinations (ULS and SLS):

- [Main window] the graphical data (with eventual dimensions) of
section with the concrete compressive area (red colored) and the
corresponding stress diagram (blue colored); for for T and flanged
sections the program generate new bars magenta colored (defined as
web bars in the Legend and with diameter as defined in Code and
reinforcement optionl7l) to sustain the horizontal secondary hoop; if
torsion force is present the number of these web bar is such to sustain
the longitudinal steel area necessary for torsion.

- [Checks Tab window] the principal results for Bending and Shear
(capacity checks for ULS) and for Bending (stress control and crack
widths for SLS).

- [Information window] the legend of longitudinal bars, the display
options and the stress and strain of bars and of concrete vertices
selected by mouse.

General Daka | Seckion Data | Forces Ehecks|Stirrups-DuctiIity

28 S B

Command button of the above Checks Tab bar (from left to right):

feS Print preview. Capture the image present in the main window
and paste it in the Microsoft XPS Document Writer (useful to print the
diagram directly on paper):
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Microsoft XPS Document Writer (A4)

Plok Margins & mm Q inches
Top: IW Eatkorn: W
Left; |5.00 Right: 5.00

Crientation
@ Portrait O Landscape

Scale

100000 o
3911.5534

Scaled ko Fit

Printer Uniks

Drawing Uniks

Calar
D E &' Pen Assignments
Print Area

® Extents O window

Refresh | | Sel

ech Printer | | Prink

Print Checks.

Print data input and all the checks in a special

Text window allowing a comfortable viewing; you can save the same
text to a file with *. doc, *. rtf, *. txt formats.

Design.secEC  Comb. n. 1 (U.L.S.)

dge cover stirrups 2.7 cm

]

General Data | Section Data | Forces  Checks | Stirrups-Ductility |

(g Bl @

general check: ok

M.Comb, Mot checked

Type of Combination

5L Characteri omhbinations 1)
SLS Frequent combinations a
L% Quasi-Permanent combinations

File Modifica Formato
aial narow * 9 ~ 1.0
Farm |
1 1 2 3 4 5 @ 7 2 9 10 1 12 13 14 15 18 17 138 19 |
| |_“hJ_\\J\|J|J BB T \J\JIIJ\\‘N_\I w1
Al
ULTHATE LIMITSTATE - STRAINS AT ULTIMATE STATE =
3
£c max |¥irmate compressive sirain in concrete
ect Sitrain in the concrete flher 3t ec2fscy of depth F ec*={ then the section iz 3/l compressed) sl
e max Ordinate in [om] of the fiber comespanding to ec max i ; =
es max W strain in teel bars [+ iF compressive) 8|
Yz max Ordinate [om] of the bar comesponding to es max
£z min Min strzin in seel bars (+ f compre ssive)
s min Ondinate [om] of the bar comesponding t es min =1.0
~|
Comb M. e rmax et Vomax es i Ysmax esrmin s min 3 -
1 0.00350 02750 .0 .00040 70 1106565 40 b |
2 000350 A 02556 00 00n12 40 106064 i
i 0.00350 02780 0 .00040 70 1106565 40
SHEAR-TORSION REINFORCEMENT (FOR. THE ENVELOPE OF ALL ASSIGHED COMBINATIONS) ]
Stinup diameter; 6 mm
Smups spacing W3 om = Max distance for code = 18 4 cm
Murmber of branches of stimip: 2
Prea stimupsin 31 emm = Area stir. stricty¥ nece ssary for shear+orsion = 2 Zem®m
Mean distance between branches: 230 em = Max dist BENIEC? = 533 em
Weh bars for torsion:  T@10 § .5 e
|
| Seatimtis | ragetd | .
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- Copy. This command copy the image at moment displayed
in the main window in the clipboard memory so you can paste it in any

document you want:

STRERITH DObAIN hbix (UL TIRATE LAIT STATE
M. [
-
-
41
]
a
]
STRENGTH Dol A1 10 < ULTIN ATELINIT 3T ATE}
gedon NamezBeamid Design.ssEC
Folnt M. Oy ramiber of cokoulabed o nt o Fihe defvein
H Cantrod ol Aol ok [FH]ak point o+ IFoompresehos)
ix Eccrelinig redreenk (M ] ot podnk ol sl x
o I ke cormprezsive sran In conrebe
=" Srain Inithe: coferete =1 ok 020 of depth
&2 i A sradn inithe: b bars O [Ptk
Foint M. H hix & TR " 3 in
i - man R " pn L
H AR imaz LIELY HH R HEH ] R L]
LERA ) =0 LELE LR R EHIAES R L]
3 < HE: R HHH R L]
- Az EVHH ER T
§ LR EH apzzzi | FETI T
1 - | EYG LT
H IR EFR-L H ERE {LH
' Zz aapaze EYHITTS
] 66281 Az ]
1" ELE R LT 41EA1
E LLIE R LEH RN L1
E Enag EYTICT EYT L]
1] FEhn EVIRIH ER I -H
13 Nidat ERIRES ERITA T
E LEE] BRI ERLHIE]
n nm: EVIIR "] 1
E [NITHH
] [ELLTTES
n YT
1 [EIRENT]
& — , :
- Export Dxf. You can save in *.dxf file format the image at

moment displayed in main window using a dialog box.
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ULS INTERACTION N-Mx DIAGRAM

If you select the N-Mx diagram option in Checks window program display
the strength diagram N-Mx in the Main window:

STRENGTH DOMAIN M- (ULTIMATE LIMIT STATE)

Section name: Beam 14_Design secEC
File path: CASORGENTI_FWGS-RC-SEZ-EUROCODENV ALCOLI_SESBeam 14 _Desian.secEC

iy [kt
70
{’_.—* "_*‘\\
o
. yd .
i 4 / \\\
12 N
Y
|/ N\
¥ \
# ALY
/4 \
113 K 35 1065 =23 2484 37 9 R 535\\ s [ [RN]
-\ﬁ‘ 5 o5 o m— K= =5 L& T
\ b 7
* d

o
-~

3

i
1
P
.
.,

N F
M,
321 \\ - -
-~
20 \\. e
h“"'h. _,_-n-""" r

LT

Grid spacing Mx = 74 kMm Grid spacing M =338 kN

The corresponding Information window shows:

Legend M [kN] Display

Mz [kMm] M. interaction points | % Pivak points (ULS)

;trfzfr?nn;: I;nxees My [kNm] | | 7h ﬂ [v Calulated points
i ) ) ) [+ iErid
- Azzigned forces [ Drawing scale and grid spacing
&  Capacity forces Scale M [ M £0.58 W Farces assigned
$ Pivots Spac. M{KM) [356.3  Spac. MikNm) [74.4 [ Paints numbering
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In N, Mx text boxes shall appear the values of calculated points of the
domain boundary selected on the graph by mouse. Drawing scale and
grid spacings may be modified (rounding their values). Display options
can modify the graphical aspect of the diagram.

2.2.3 Stirrups

After performing calculation (Checks Tab) you can display and/or change
stirrups in the Stirrups-Ductility Tab window. In the below figure is shown
an example of a beam section with two hoops and two cross-ties as
transverse reinforcement.

Fle Modfy Display Dats Run Optins 7

0SH2Q XD e f THSE sFEHE B B o

General Dats | Section Data | Forces | Checks  Stirrups-Ductility
BN

ear check and Stirrups conformity OK

Section name: Predefined_Spess.secEC & 2 Hoops Eis (3
Edge cover long. bars: 3.3 cm  Edge cover stirmups: 2.5 cm Diameter(om) [~ Spachalem) [is0

N.2 St.$98/15.0 :
\<ﬂes@8/15.

e

© Lows3.15EC2 (n

Simpls of doLble hoops are provided plus eventual rossiss.

Legend

® %014

Tobhe= 40,02
(1437

Options, text boxes and graphic commands are provided in the dialog
box to change the initial proposal for hoops and cross-ties. For each
change that you make the program performs an immediate shear check
showing in the upper frame caption if this check is Ok or Not:

General Daka | Seckion Data | Forces | Checks 5I:irrup5—DucI:iIil:r|

ESRE =1  N -
Shear check and Stirrups conformity DK
~
1 Hoop M. Cross-ties |2
(* 7 Hoops

Diameker (mm) |5 Spacing {cm) 15,0

For predefined section the choice is limited to the number of hoops (one
or two) and the number of cross-ties. For more complex shapes of
stirrups is recommended to model the section as a general one.

The commands in Tab bar are (from left to rigth):
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gl Print preview. Capture the image present in the main window
and paste it in the Microsoft XPS Document Writer (useful to print the
diagram directly on paper):

Plok Margins & mm ) inches

Top: =00 Bottom: | 5.00
Left: |5.00 Right: 5.00
Orientation
O Portrait @ Landscape
\ [1e 10 2150)
Scale
Printer Uniks |
Drawing Uniks

Scaled ko Fit
Color

OEaw Pen Assignments

Print Area
® Extents O window
| Refrash ||Se|e-:t Printer” Prink || Exit |
_ & Print numerical results for ductility check. Unavailable in the

present display of stirrups.

- =@ Copy. This command copy the image at moment displayed in the
main window in the clipboard memory so you can paste it in any
document you want.

_ i This command generate a dxf file of the image at moment
displayed in the main window.

- l Graphical generation of a cross-tie. Unavailable for predefined
sections

- i Delete a cross-tie. Unavailable for predefined sections

Diameter and pitch of hoops can be changed in the corresponding text-
boxes. The diameter of cross-ties is that assigned in Code and
Reinforcement Options| 791 window.

2.2.4 Ductility check

Ductility checks concern the following positions of sections of structures in
seismic zones:

¢ within critical regions at the ends of all the beams (not secondary beams)
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¢ within critical regions at the base of columns in DCM ductility class. (are
excluded all the other critical areas of the columns on the upper floors on
the first)

¢ within all critical region of columns in DCH ductility class.

¢ within critical regions of ductile walls

To respect the required local ductility in the above critical regions the
curvature ductility factor u, must comply with the rule in §5.2.3.4 EC8:

= 1,5 (29, - 1) if T,>T, (5.4)
EC8

Hp= 1,5 [1+2(q, - D] T/ T, if T,<T. (5.5)
EC8

where:

d, basic value of the behaviour factor
T, fundamental period of the building
T. period at the upper limit of the constant acceleration of the
spectrum

For beams EC8 allows to replace (5.4)-(5.5) above control with the
equations (5.11), (5.12).

For columns EC8 allows to replace (5.4)-(5.5) above control with the
relation (5.15).

Building a moment-curvature diagram of the cross-section it is possible to
evaluate p, so as to allow a direct check of the above (5.4)-(5.5).
In the figure below is shown such a diagram generated for a confined
circular column in seismic zone.

‘ Fle Modfy Display Data Run Options 7
NEH LA AR e FHkKe R STITEAS B @ oo
M KN Gereral Data | Section Data | Forces | Checke Stirrups-Ductiity

it SE =T I N 4

ma;

& 1Haop

Dismeter ) 5 Spacing (om) 5.2

'I Mcrackl=77.13 kim (@crack =0.00070F)
| My E276.04kN 7)
i
|
|
|

=
I
&

MUl =260-32 K

Mz 3330.17
Curv. diictilfy f

e
(e}

i
Sy
TS
Qe 2
=]

Ity = 5.4
Mcras)

14710001/

Pont | Moment | Curv(if) | Epcmax | Scmax | Epsmn | Ssmn

11.02 00000010 0.00015¢43 4% 00001151 2303
22,04 00000020 0.0001738 556 0000095 101
3306 00000030 0.0001%38 616 D.00007ED  15.20
4408 00000038 0.0002133 677 Dooomses 1130
s5.10 00000049 0.0002381 737 0.0000371 742
6611 0000005 0000232 7.57 0.0000174 349
713 00000071 0.0002751 8.62 -0,0000059 118

[

iim) [20.00
jem) [o.000041
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The moment-curvature diagrams can be of the following types:

Marment-Curvature diagram bypes

Comb, ULS n. 1 -

" Midle values For material {no confinig)

* Confining with EC2/ECS walue based on assigned stirrupps
" Confin. Kent-Park type (values in Materials data window )
" Low §3.1.5EC2 {nocorfining) . T.Stiffening |20.0

- The first option generate a diagram using for concrete and steel the
same stress-strain relationship used for design check but with the
substitution of the design values with the mean ones.

- The second option refers to a diagram that take in account the
confining of concretel:« core by stirrups and the spalling of concrete
cover at strain strength.

- The third type refers to a concrete stress-strain relation parabola-
trapeze (Kent-Park Type) whose parameters are assigned in the
Materials Library/e7.

- Last type generate a diagram base on the relation shown in 83.1.5
EC2. You can take into account a certain percentage of tension
stiffening.

2.2.5 Instability of circular columns

For predefined circular section of column you can check the instability of
the column with nominal curvature methodlw (§5.8.8 EC2). This
method is primarily suitable for isolated member with constant normal
force and defined length |, (pre-calculated according to § 5.8.3.2 EC2).

For columns with rectangular section the same type of checks is
performed by program in the pertinent typology "Rectangular section of
columns[47'. For the present circular section this type of calculation The
"Section Data" Tab looks like:
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General Data  Section Data | Checks

Predefined Sections
Type of calculation

7 Check - Ductility " Reinforcement design
(¥ Stability anakysis For one span column (nominal cury, method)

Section shape: Circular -
Concrete class: CZ8135 -

Diarn

Long. Reinforc,:  |B4500C -

Section sizes (cm)

Diam. |45

Longit, Reinforcement {covers to bar centroidal axis [cm])

Cover {om) 4

M. bars {min. 4)

n. |12 @mm |14

Skability data (Mominal curvature method 55,88 EC2)

Mode of calculation of curvature 1r

(3)Eq.{5.341EC2 () Mam-Cury. diagram
Design constant axial force Nd 500,00 knl

Effective creep ratio (according eq.(5.19))
Drata Far ¥ axis stability direction

2,50
First order moment Mxod (without imperf.) (12500 khm

Eccentricity e (=lo%/400 see 5520900 4.0 o
Effective length lo¥ {according bo §5.58.3.2) |300.0 cm

The relevant input data in this window are:

- Diameter of concrete circular section

- Concrete Class and Steel grade

- Number and diameter of bars arranged along the circumference with a
given concrete cover (measured from centroid of bars)

- Design constant axial force N,

- Effective creep ratio according to eq. (5.19) EC2: Pt = D (o0
MXoqo/MX,y  Where  MX; is the first order moment in SLS quasi-
permanent combination

- First order bending moment in ULS combination: MX_,

- Eccentricity eY: = 1,,/400 to take into account geometric

imperfections according to simplified alternative in 8 5.2(9) EC2.
- Effective length |, : to evaluate in advance according to § 5.8.3.2 EC2
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The curvature 1/r; in eq (5.34) can be assessed by the program (see in

above figure the option "Mode of calculation of curvature 1/r") with the
direct formula in 8 5.8.8.3 EC2 or by means the moment-curvature
diagram as in "model column” method. Below is an example of such a
diagram for a circular section:

MOMENTS-CURVATURES DIAGRAM (Md = 500 daM)

Section name:  Circ_buckling. secEC
File path: CASORGEMTI_F3S-RC-SEZ-EUROQCODEV ALCOLI_SEZWCir:_buckling.secEC

M [KN ]
|
g /-."""-.
/";::-
3 =l ya ’
iy / 7
,-"// /
| /
A 4
/ _
f 1*ord. available=121.91 kNm
¥
. /
4
. /
7
|
Fi //
B 4 =
/ |1
[
el
7 =
/ L]
. :f ,—‘// 2oni. unfavailliblea9 83 kN
! o]
I L
1ir [1fem)
i : A ;i g
: : P g :
lMoments grid spacing = 20 khm Curvatures spacing = 0.00001 2675 1icm
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2.3 General sections

This dialog window is opened if in General Datal ¢ Tab you have selected
the typology “General Section”.

For this type of sections are expected checks for ULS and SLS
combinations in uniaxial or biaxial bending and shear forces with or
without axial force. The general sections may be formed by one or more
regions of concrete (up to 20) each of which can have a polygonal shape
or circular. Each region can be can be either full or empty (hollow
sections). The bars can be assigned individually or automatically
generated by the program on the basis of specific data shown below.

It is important to assign reinforcement only after having defined the
number and the shape (circular or polygonal) of concrete regions. In
order to accelerate the input of bars without the need to manually
provide all the coordinates of the individual bars, may be assigned a bar
at each vertex of the polygonal region by means of the appropriate
button (1 or 3 bars for each vertex).

Any intermediate bars along the sides may be assigned by one or more
linear generations of bars. In the example below the only coordinates
assigned directly (in free bars grid) are those of the isolated bars n. 5,
6.

Fie Modfy Dsplhy Dats Run Optens 7
NEH 2 & ®R e F K& = FEBEEHEL B @ coverdsiniion
Section name: General_Section.secEC

2 | >

AT

=13+
-
.

e

]
!

30 20—

.

Langiudinal Bars

Stirrups (enter Diam.=0 to get design values)

steel [gsoos | Diam. (mm) [6 Dist. (em) [25.0

AT

First you have to choose between the check option (assigning all
geometrical and reinforcement data) and the design of reinforcement
option (at geometrical data of concrete already assigned). In second
case the program provides a tubular design distribution of longitudinal
bars along the perimeter of concrete regions (that you can later freely
change).
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e Concrete Regions

In this frame the first input data is the number of concrete regions
of the section (max 20). The above example section is formed by
two concrete regions; the first is a full polygonal, the second is an
empty circular one. The remaining data in this frame relate to each
region (to select in the text box named Current Region) in which it
IS necessary to assign:

- Current concrete class: to choose in the corresponding drop-
down menu between the classes assigned in the Materials
Libraryle7).

- Shape of current region: to each region you must the pertinent
polygonal or circular shape (full or empty).

- Vertices coordinates region: for polygonal regions these
coordinate of vertices are to be assigned in clockwise order; for
circular region the input data are the centre coordinates and the
radius. Not allowed vertices in alignment with the two contiguous
vertices (each straight side of polygonal regions must be defined
only by the two end vertices).

- Shift origin: this optional command lets you to change all
coordinate to a new reference system with origin in the concrete
centroid of the section (particularly useful for imported sections
from dxf file[edl).

- Import file .dxf: this optional command lets you import all
coordinates of vertices of a concrete region and the positions and
diameters of bars contained in a file of type *. dxf built according to
the details given in Import general section from dxf file e4),

e Longitudinal Reinforcement

For its definition it is necessary to assign:

- Steel grade: to choose in the corresponding drop-down menu
between the classes assigned in the Materials Library/[s7l.

- Bars in vertices of concrete regions: if you choose one or three
bars in each vertex the program generate bars in all vertices of the
polygonal section. The bars diameter of the first assignment is the
default setting in the text box named "Diam.". The spacing between
the three bars in each vertex is the default value in the text box
named "Clear spacing”. You can then change the diameter of the
individual bars in the grid named "Corner bars + free bars": to
change the diameter with a unique value just assign that value in
the text box named "Diam.".

- Diam.: it is the default diameter [mm] of vertex bars (if present)
initially set equal to the default value assigned in code and
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reinforcement options| 3 window. Changing this value all diameters
of corner bars assume the same new value.

- Cover: it is the default value [cm] of vertex bars initially set
equal to the default value assigned in code and reinforcement
options[ 79l window. This cover value is measured from the centre of
bars. Changing this value all cover of bars assume the same new
value. If bars are imported from a .dxf file (and then text box "bars
in vertices of concrete regions™ is set = 0) the cover value must
be assigned directly by user as a mean value to define the effective
width "d" of section in uniaxial or biaxial shear calculation and the
cover c in eq. (7.11) EC2. No conformity check to EC2 rules -
exposure class, strength class, etc. - is done by the program on
these values.

- Clear spacing: this value is active only if user select the "Three
bar for each vertex" option. The value refers to the minimum
distance between perimeters of vertex bars. The change in its value
has immediate effect on all the vertex bars.

- Corner bars + free bars: in the first rows of this grid are placed
the coordinates and diameters of the vertex bas. In subsequent
rows can be entered manually more isolated bars. In the above
example have been directly assigned the free bars number 5 and
6.

- Linear generations of bars: in this grid you can assign a number
of bars equidistant from each other and placed on the line joining
any two bars already defined in the grid "Corner bars + free bars".
In the above example have been assigned five linear generation:
the first of which is between bar n.1 (Initial bar) and bar n. 2 (Final
bar) and consists of n. 4 bars with diameter equal to 14 mm.

- Circular generations of bars: in this grid you can assign a number
of equidistant bars placed on a circumference of a certain radius. In
the above example we have assigned one circular generation by
means the X centre, Y centre coordinates, the Radius, the number
of bars and their diameters.

e Stirrups

doing a first verification calculation you may assign steel grade,
diameter and pitch of only one initial virtual hoop. After the first
calculation you can assign one or more hoops and cross-ties
defined in the Stirrups-Ductility[3] Tab. If you set the null value to
the diameter (or to the pitch) the program performs the automatic
design of the virtual hoop using the user default diameters in code
and reinforcement options| 70\,
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231

Reinforcement design

Given dimensions, strength class of the concrete section and the steel
grade of longitudinal bars and stirrups you can require to the program a
first design of longitudinal bars and stirrups selecting in "Section Data"
dialog window the option "Reinforcement design”. For a general section
such dialog appears as below:

General Daka  Section Data | Forces | Checks

Type of calculation
" Check - Ductility {» Reinforcement design

Concrete Regions

M. of concrete regions: 2 Current Region:

Curr, Concrete |C3|:|||'3? j |1 ﬂﬂ

Shape of current region

* Palygonal Ful " Palygonal emphsy
" Circular Full " Circular empky
¥Yertices of curr. region {in clockwise order)
M. Yertices: |4 % werticelcm] | ¥ wertice[cm)
1 |-z20.00 0.00
e Ori 2 | -40.00 80,00
S 3 40,00 50,00
4 20,00 0.00

Import file | dx=f

Longitudinal reinforcement

Steel grade  |gsonc - |

Bars in wertices of concrete regions
* Cne bar for each werkex
" Three bars far each vertex

Ciarn. {mm}| 14 Cover |4.5 Clear spacing | 2

Diameters of bars (longitudinal and for stirrups) used in design are those
stored in Materials Library|?7'1 (that you can modify as you want).
Longitudinal bars provided by the program after the first run ("Checks"
Tab selection) are uniformly distributed along the perimeter of the
concrete regions. You can easily modify their position and diameter and
run again the checks.

After the first run the program provides only for a virtual hoop around
the perimeter of the concrete region. In the Stirrups-Ductility[33] Tab
window you can generate (in the appropriate grid) one or more hoops
(up to 9) and cross-ties (up to 80). Selecting Checks Tab the program
performs new checks for the modified stirrups. And so on interactively.

Print results on the pertinent window (command E)to evaluate in detail
eventual non conformity of checks.
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2.3.2 Results and diagram Mx-My

File  Modify Display Data Rum  Opkions ?
DEHRURA XD iR EHS = TP EES B [ coweditn
Section name: General_Section.secEC ~ Comb.n. 1 (UL.S))

rees Checks | Strmups-Ductity

N.Camb. Mot checked

0

My =50.00kNm My ut =313.84 km strain

Ubim, Curv,=0.000122521 1fem min
Vielding Curv =0.000057633 tfem  eutral
Aebame— A pems et

< >

HEAR:

3 strains of crass-section
" ULS interaction diagram MMy
” Nty

Legend

® 201
LRET:2E)

Tot As= 5051
(130%)

Selecting the "Checks" Tab (or the equivalent command @) the program
calculates and shows for each assigned combinations (ULS and SLS):

- [Main window] the graphical data (with eventual dimensions) of section
with the concrete compressive area (red coloured) and the
corresponding stress diagram (blue coloured); the black parallel line
(orthogonal to neutral axis) represent the active strips shear resisting.

- ["Checks™ Tab window] the principal results for Bending and Shear
(capacity checks for ULS) and for Bending (stress control and crack
widths for SLS).

- [Information window] the legend of longitudinal bars, the display
options and the stress and strain of bars and of concrete vertices
selected by mouse.

General Daka | Seckion Data | Forces Ehecks|Stirrup5-DuctiIity

2B S B

Command button of the above "Checks" Tab bar (from left to right):

-9 Print preview. Capture the image present in the main window
and paste it in the Microsoft XPS Document Writer (useful to print the
graph directly on paper):
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Microsoft XP5 Document Writer (A4)

Plok Margins & mm ) inches
Section name: General_Section secEC  Comb. n. 1(U.L.5.) Top: |S5.00 Bottom:  |5.00
i left: [S00  pigh (5.0
Crientation
O Portrait ® Landscape
Scale

Printer Uniks |

Drawing Uniks

Scaled ko Fit

Calar
D E &' Pen Assignments
Print Area

® Extents O window

| Refresh | |Select Prinker | | Prink Exit

Print Checks. Print data input and all the input data and the
checks in a special Text window allowing a comfortable viewing; in this
window you can save its text to a file in *. doc, *. rtf, *. txt formats.

|GenEra\Data Section Data | Forces  Checks | Stirrups-Ductiity

(B Gl E

General_Section.secEC Comb. n. 1 (U.L.S.)

general check: ok

Type of Combination N.Corb, ot checked

e
—_— aial nairow v 9 -6 7 s |[E] | = [Fly @4
. et f O S O ASPomn Moo MU PPN o 1 o RPN O oo W S |
L d i 4 Gty a3 e
. >1.0]
E ~ feform| &
= ULTHATE LIMITSTATE - BENDING AND AXIAL FORGE - STRAIN VALUES Nax =
=< H in
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e ect Siain n the conerete Ther at ecaibcu of degth [1 20 then the sections allcompressed)
5 e Yeonordirate [crri inthe eoncrete pointin wich ises 2
E e nm Y-coordivate [errinthe concrete pointin wich s e¢ e in
- estrax Wiascstrain i teel bars (+ Heorpressive) eutral
H W e Wecnotdiiate [ot] of barin wich is esmas e
E e nm Y-coordate [er] of bar in wich i esax >
. & esmn Iin strain in sleel bars [+ if compressive] —
E ¥srin Yeonordinat o] f bar in wich ises i
H Tsmin “V-coordinte [crm] of barin wich ises min
o ot M. ec max et dowsx  Yemmx  esmmx  Yemmx  Vemmx  eswin Femin  Yemin ~
6 1 000350 000156 nn 800 000262 349 w0 00T 63 40
((g H 2000330 000275 00 00 000276 16.9 40 00012 149 76.0
ULTHATE LIKITSTATE - POSITION OF NEUTRAL 4XIS FOREACH COMBINATION
m, ab,c Coeffa, b, ¢ inneutral axis equation: aX+h¥-+o=0) reference ¥, V.0 ()
i o 0f e depth of newtral avisto the effctive depth of the secion
S D Ratio of tothe MECH]
20 Corrb M a b c E] D
—_— 1 0000044512 0000114149 .007412421 0312 0830 —
2 0000112533 {1.000087331 0.001249336 0.2457 0761
10 axes of section
ULTHATE LIKITSTATES - SHEAR CHECKS
dimensions =
EH Stirup diameter, 3
OETEED T H Siimups spacins(aitch) 154 em < Moscspacing for code = 18.0 em v
ing of bars Sectiontf1 Page3/3 Line&0 Cold 100 % WUM
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_ = Copy. This command copy the image at moment displayed

in the main window in the clipboard memory so you can paste it within
any document you want

_ i Export Dxf. You can save in *.dxf file format the image at
moment displayed in main window using a dialog box.

ULS INTERACTION Mx-My / N-Mx-Mx DIAGRAMs

If you select the ULS interaction Mx-My diagram option in Checks
window program display the strength diagram Mx-My in the Main
window:

STRENGTH DOMAIN Mx-My (ULTIMATE LIMIT STATE)

Section name: General_Section.secEC

File path: CAWSORGENTI_FAGS-RC-SEZ-EURCCODEMCALCOLI_SEAGeneral_Section.secEC

N = 100 [kN] = Const. My [KNm]
B2

il
11901 -974  -86R -TA(AR‘J ~Afd -GRT o048 09 1.‘3‘ 2ah  SRT 4809 F1Y T34 H#ﬁ 979 4109 19093 MX [kNm]

Grid spacing moments by, My = 122 kNm

The corresponding Information window shows:

Legend M[kM] Display
Mz [kMm] M. inkeraction poinks

Wireframe line Wl [kMm] | | 76 ﬂ [ Calulated paints
Reference axes W rid

&  Assigned forces - Drawing scale and grid spacing
[v Faorces assigned

» Capacity forces
Spac. M(kNm) [122.3 [ Poinks numbering
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In N, Mx, My text boxes shall appear the values of calculated points of
the domain boundary selected on the graph by the mouse. Drawing
spacings may be modified (rounding its values). Display options can
modify the graphical aspect of the diagram.

If you select the ULS N-Mx-My diagram option program display the
interaction tridimensional diagram N-Mx-My in the Main window:

2.3.3 Stirrups

After performing calculation (by "Checks™ Tab) you can display and/or
change stirrups in the "Stirrups-Ductility” Tab window. In the below figure
is shown an example of a column section designed for seismic zone with
three hoops and two cross-ties as transverse reinforcement.
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Fle Modfy Display Data Run Options ?

05K LRI RS e 0 FNEE e EEAES B D o

General Data | section Data | Forces | Checks Stirrups-Ductility
RIBIGIM1L 2

Shear check and Stirrups conformity OK

Section hame: General_Stirrups.secEC
Edge coverlong. bars: 3.3 cm  Edge cover stirups: 2.7 cm 44 Diometer () b Spedng(m) [i75

St.@6/17.8 ioops (type bar numbers in clockwise sequence)
St@enre | . N.Hoop [ bart | bar2 | bar3 | bad | bas| A
1 13

N 12 13 5
P : w2 3 o4

2 2 13 14 15 15 44 < >
L] LJ L |

DLO6/17.

60

Legend Display
® 13014

[ Sestion dinensions

Taths=2325
(122%)

Options, text boxes and graphic commands are provided in the dialog
box to change the initial proposal for hoops and cross-ties. For each
change that you make the program performs an immediate shear check
showing in the upper frame caption if it is Ok or Not:

General Daka | Seckion Data | Forces | Checks  Stirrups-Ductility
S B 2Bl 2

Shear check and Stirrups conformity OK

Diameker (mm) |E. Spacing (cm)  |17.8

Hoops (type bar numbers in clockwise sequence)
M. Hoop bar1 | bar? | bar3d | bard | barb | »

1 1 2 13 5

2 10 2 3 4 W
L4 b
Cross-Ties

Diameter @ |6 T

M. Cross-Tie Barn. 1 Ear n. 2 .
1 15 14
2 17 7
3 -

The three hoops have been generated typing in the upper grid of this
dialog window, for each hoop, the long. bar numbers that define vertices.
To erase whole hoop type O in the first column of the grid. The cross-ties

can be generated with graphical command 1 or typing the number of
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the two bars which define the single tie. Each cross-tie can be erased

with the dedicated graphical ¥ command or typing O in the grid.
The commands in the Tab bar are (from left to rigth):

feS Print preview. Capture the image present in the main window
and paste it in the Microsoft XPS Document Writer (useful to print the
diagram directly on paper):

- Print numerical results for ductility check. Not active in the present
display of stirrups.

- =@ Copy. This command copy the image at moment displayed in the

main window in the clippboard memory so you can paste it in any
document you want.

_ & This command generate a dxf file of the image at moment
displayed in the main window.
1

- Start the graphical generation of a new cross-tie by clicking
with mouse on any two longitudinal bars

Y4

- Erase a cross-tie by clicking on it with mouse

Diameter and pitch of hoops and diameter of cross-ties can be changed
in the corresponding text-boxes.
Cross-ties can be also generated typing in the grid (or type O to erase).

2.3.4 Ductility check

Especially for sections of seismic structures may be useful a direct
calculation of the curvature ductility factor [eq. (5.4),(5.5)Ec8] by
means the calculation of moment-curvature diagram.

Program is able to generate moment-curvature in biaxial bending too
and for any section shape. For section with only one concrete region is
also possible to obtain diagrams taking in account the confining of
concrete by stirrups.

In the figure below is sown such a diagram generated for a confined
rectangular column in seismic zone. Diagram can be saved as a dxf file,
numeric results can be printed on the screen or on paper.

Ductility checks concern the following positions of sections of structures in
seismic zones:

¢ within critical regions at the ends of all the beams (not secondary beams)
¢ within critical regions at the base of columns in DCM ductility class. (are
excluded all the other critical areas of the columns on the upper floors on
the first)
e within all critical region of columns in DCH ductility class.

¢ within critical regions of ductile walls
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To respect the local ductility in the above critical regions the curvature
ductility factor p, must comply with the rule in 85.2.3.4 EC8:

be= 1,5 (29, - 1) it T,>T,
(5.4) EC8

he= 1,5 [1+2(q, - DI T/ T, it T,<T.
(5.5) EC8

where:
d, basic value of the behaviour factor

T, fundamental period of the building

T. period at the upper limit of the constant acceleration of the

spectrum

For beams EC8 allows to replace (5.4) above control with the equations
(5.11), (5.12).

For columns EC8 allows to replace (5.4) above control with the relation
(5.15).

Building a moment-curvature diagram of the cross-section it is possible to
evaluate p, so as to allow a direct check of the above (5.4)-(5.5).

In the figure below is shown such a diagram generated for a general
section of a column in seismic zone.

DE5H 2R XD Y HEKSE cdTEHA= B B o

M [ General Dt | Secton Data | Forces | Checks  Stireups-Ductility
! NEIDERE
ma
.
il
Diameter (nm) & Spacng(em)  [17.8
1 1 35
2 w2 3 4 v
< b
/
/

onst. MWy = 190 00/0.00 km = Const.)

M =33.04 kNm_(@lerack =0.000238)

"
F17 Ty =o8.44 0 @y =0.008772)
/| IMutt5363.50 KNm (it =0/038789,
/ et Ne}(1 =0 01840
Curv.[dlictilty factorl CCDF = Guligy = 4.4
{ Equivhlent biingar £.9.2 EN 1998.2 biidges).

My Eq=BB5|53 kNm| (@ Eq.=0]010[744;

14r100{1irm]

Pont | Moment | Cuv(if) | X v Cuv¥ | Cuvy | Epcmax | scmax | Epsmin | Ssmin
o1 oowooos 1101 007 0.0000007 -0.0000001  0.0000680 238 0.0000307 613

g k) [r0.00

Curvat. spacing (1jem) [o.000015 0.2z 00W0016 2202 043 0.0000015 -D.0000002 00000913 3,17 0.0000153 3,06

0.3 0000024 304 020 00000023 -D.0000004 00001148 3,97 -0,0000004 0.09
o 0000003 4405 026 0.0000033 -0.0000005 00001423 4,89 -0.0000222 .45
i 0.8 00000048 5508 033 0.0000047 -0.0000006  0,0001773 6.04 00000872 -11.44

0.66 00000067 €607 039 0.0000066 -0.0000008 0,0002203 7.43 00001108 2206
07 00M000%2 7708 046 0.0000090 -0.0000010 00002700 0.01 00001839 -3.77

The moment-curvature diagrams can be of the following types:
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Moment-Curvakure diagram tyvpes

Comb, ULS n. 1 -

" Midle values For material {no confinig)

' Confining with EC2/ECS walue based on assigned stirrupps
" Confin. Eent-Park type (values in Materials data window )
" Low §3.1.5EC2 (nocorfining) % T.Stiffening |20.0

- The first option generate a diagram using for concrete and steel the
same stress-strain relationship used for design check but with the
substitution of the design values with the mean ones.

- The second option refers to a diagram that take in account the
confining of concrete core by stirrups and the spalling of concrete cover
at strain strength. (See Ductility Checks| )

- The third type refers to a concrete stress-strain relation parabola-
trapeze (Kent-Park Type) whose parameters are assigned in the
Materials Library/e7.

- Last type generate a diagram base on the relation shown in 83.1.5
EC2. You can take into account a certain percentage of tension
stiffening.
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2.4  Rectangular sections of columns

This dialog window is opened if in General Datal ¢ Tab you have selected
the typology “Rectangular Section of column”.

For rectangular sections of the columns (the most common shape for
columns in current applications) has been prepared a special type of
calculation that, starting from a very quickly input (compared to that of
the general sections[26]), allows both the verification that the design of
the reinforcement under biaxial bending and shear. It was also the
possibility to perform the verification of the ultimate limit state of
instability according to the simplified method of "nominal curvaturel+1' (§
5.8.8 EC2).

General Daka  Section Data | Forces | Checks

Type af caloulation
* Check " Reinforcement design

(" stahility analysis For one span colurmn (nominal cury. method)

Concrete

Concreke class |C3I:I,l'3? ﬂ

Dimenzions of rectangular section [cm]

Side | 50 Side™ |40

Feinforcement

Steel grade  |B450C j
Carner bars
* 1 bar For each corner
(" 3 bars For each cormer Diameter | 16 mm
Cover (Fram centroidal axis of bars) 4 cm
Diskance betw, bars in the same corner 2 cm
“Web barz

M. web barz ¥ sides | 3 Diam. web = | 14 mm
M. web barz ™ zsides | 2 Diam. web % | 14 i

Stirups [zet Diameter=0 to get automatic design]

f* 1 Hoop
Steel grade |B450C -
("~ 2 Hoops e |

Diarmeter skrirrup |2 iyl Spacing |3.0 I

The simplifying assumptions (but also the most common in practice)
relate to the dialog window shown in the above figure are:

- Rectangular section refers to the axes X, Y coincident with x, y principal
axes of inertia of concrete section;

- Longitudinal reinforcement is doubly symmetrical with respect to the
principal axes of inertia x, y;
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- Corner bars all have the same diameter and concrete cover (measured
from the centre of the bars).

- Web bars arranged along X direction have the same diameter that can
be different from the remaining bars; the same for the web bars
arranged along Y direction.

Below are listed each data to be entered in the above input window for
check type of calculation:

e Concrete
in this frame can be assigned:
- concrete class: to choose in the corresponding drop-down menu
between the classes assigned in the Materials Library/e7l.
- X side section: Measures in cm of the side parallel to the axis X.
- Y side section: Measures in cm of the side parallel to the Y axis

¢ Reinforcement

- steel grade: to choose in the corresponding drop-down menu between
the classes assigned in the Materials Library/e7l.

- corner bars: number of bar per corner for each vertex of the section
(one or three) and diameter [mm] of the bars to be used.

- cover: measured from centre of bars. No conformity check to EC2
rules - exposure class, strength class, etc. - is done by the program on
these values.

- distance between bars in the same corner: min distance measured
between perimeter of bars (only if you have select three bars per
corner)

- web bars: number and diameter of intermediate bars between corners
bars (along X and Y sides)

- Stirrups: choose the number, the diameter and the pitch of initial
hoops and the steel grade of stirrup bars. After the first calculation you
can modify the pitch or the number of hoops and cross-ties in the
Stirrups-Ductility[43] Tab. If you set the null value to the diameter (or to
the pitch) the program performs the automatic design of stirrups/d
reinforcement using the user default diameters assigned in code and
reinforcement options/ 7o\,

When you first open this dialog window, the default option is that of a
single bar for each vertex. You can then select the other option that take
three bars for each vertex also staring at the net distance between the
three bars.
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241

Reinforcement design

Given dimensions and strength class of the concrete section and the
steel grade of longitudinal bars and stirrups you can require to the
program a first design of longitudinal bars and stirrups selecting the
design option in Section Data dialog window (Type of calculation frame).
For a rectangular column sections such dialog appears as below:

General Daks  Section Data | Forces | Checks

Type of caloulation
" Check * Reinforcement design

" Stability analysis For one span colurnn {nominal cury, method)

Concrete class | C30037 -

Dimensions of rectangular section [cm)
Side |90 Side'y |40

Concrete

Reinforcament

Steelgrade  |BS00C =

Comer bars
(¥ 1 bar for each corner

" 3 bars For each corner EETEER | Rl o
Cover (from centroidal axis of bars) 4 cm
Distance betw, bars in the same corner z cm

“w/eh barg

N. weh bars ¥ sides Diam. weh ¥ mm
N weh bars ' sides Diam. web mm

Stirmups (et Diameter=0 to get automatic design)]

Steel grade | BSO0A -

Diameters of bars (longitudinal and for stirrups) used in design are those
stored in Materials Libraryle7] (that you can modify as you want).
Longitudinal bars provided after the first run ("Checks" Tab selection) by
present design calculation are distributed along the perimeter of the
concrete regions. You can easily modify their number and diameter and
run again for new checks.

After the first run in design mode the program provide only one hoop
and the strictly number of cross-ties in seismic conditions ("DCM" or
"DCH" ductility class). In the Stirrups—DuctiIity|73'1 Tab window you can
modify the number of hoops (one or two) and the number and the
definitions of cross-ties.
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2.4.2 Results and diagram Mx-My

Fle Modfy Diplay Dets Run Options 7

O05H LR REKGEH cTBEAS B B o

Section name: Column 13.secEC  Comb. n. 1 (U.L.S))
Edge cover long. bars: 4.3 cm $dge cover stirrups: 3.5 cm BB

general check: ok

o

mber [T ﬂ j CHECK COMBIN, 0K

46 [OK i > 1.0]
Defarm &

it = 108,58 khim
1y ult = 260.27 khim

121611 1jem

< 3

1,000 [OK if <= 1.0]

s 5t = 25.13 amfm

rent comb.= 2.25 cmifm

Legend

* 6019

Tot A= 20.63
(123%)

Selecting "Checks"” Tab the program calculates and shows for each
assigned combinations (ULS and SLS):

- [Main window] the graphical data (with eventual dimensions) of section
with the concrete compressive area (red coloured) and the
corresponding stress diagram (blue coloured); the black parallel line
(orthogonal to neutral axis) represent the active strips shear resisting.

- [Checks Tab window] the principal results for Bending and Shear
(capacity checks for ULS) and for Bending (stress control and crack
widths for SLS).

- [Information window] the legend of longitudinal bars, the display
options and the stress and strain of bars and of concrete vertices
selected by mouse.

General Daka | Section Data | Forces  Checks | Stirrups-Duckility

QB 5 B

Command button of the above Checks Tab bar (from left to right):

feS Print preview. Capture the image present in the main window
and paste it in the Microsoft XPS Document Writer (useful to print the
diagram directly on paper):
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Plat Margins @ mm Q inches
Top: 500 Botkom: | 5.00

Section name: Column 13.secEC Comb.n. 1 {ULS)
Edge covel dge cover stirups: 3.5 o

rlong. bars 43 om ., B E] m Left: [5.00 Rcht:  [5.00

Orientation

O Portrait &) Landscape

Scale

Printer Linits ]
Drawing Units

Scaled to Fit
Color

D B & Pen Assignments

Prink Area

@ Extents O window

Refresh | |SEIEct Printer | | Print | ‘ Exit ‘

- Print Checks. Print data input and all the checks in a special
Text window allowing a comfortable viewing; you can save its text to a
file with *. doc, *. rtf, *. txt formats.

_ =2 Copy. This command copy the image at moment displayed
in the main window in the clipboard memory so you can paste it in any
document you want

_ i Export Dxf. You can save in *.dxf file format the image at
moment displayed in main window using a dialog box.

ULS INTERACTION Mx-My / N-Mx-Mx DIAGRAMs
If you select the ULS interaction Mx-My diagram option in Checks

window program display the strength diagram Mx-My in the Main
window:
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243 Sti

STRENGTH DOMAIN Mx-My (ULTIMATE LIMIT STATE)

Section name: Column 13.secEC

File path: CASORGENTI_F\GS-RC-SEZ-EUROCODE\CALCOLI_SEZ\Column 13.secEC

N = 850 [kN] = Const. My [kNm]
Ji
e g \-\\
yd AN
/ * N
134
/ \
B ) =470 -4 -F\-J- =184 - Al 134 kq Il 4 430 & AlA MX[kNm]
\ _ /
X /
184 /
\ , /
N 4
2B
\\%fe,/

Grid spacing moments Mx, My = 67 KNm

The corresponding Information window shows:

Legend M [kN] Display
: M [khm] M, inkeraction poinks
Wireframe line My [khim] | | 76 j | Calulated paints

Reference axes
&  Assigned forces [ Drawing scale and grid spacing
- Capacity farces

v arid
[¥ Forces assigned

Spac. M(khmy [122.3 [ Paints numbering

In N, Mx, My text boxes shall appear the values of calculated points of
the domain boundary selected on the graph by mouse. Drawing spacings
may be modified. Display options can modify the graphical aspect of the
diagram.

If you select the ULS N-Mx-My diagram option program display the
interaction tridimensional diagram N-Mx-My in the Main window.

rrups

After performing calculation (Checks Tab) you can display and/or change
stirrups in the Stirrups-Ductility Tab window. In the below figure is shown
an example of a column section designed for seismic zone with two
hoops and two cross-ties as transverse reinforcement.
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Section name: Column 13.secEC G;tSéDt Forces | Checks Stimups-Duetili
Edge cover long. bars: 4.3 cm  Edge cover stirrups: 3.5 cm 2B DBLE

Shear check and stirrups conformity OK
" 1Hoop
& 2Hoops

Dismeter () [5 Spacing (a)  [5.0

St.8/8.0

St.08/8.0

40

)

Single or double hoops are provided
column,

Legend Display.

® 1601
¥ section dimensions

Tot he= 2083 I~ Humbering of bars
[REZE']

Options, text boxes and graphic commands are provided in the dialog
box to change the initial proposal for hoops and cross-ties. For each
change you make program performs an immediate shear check
showing in the upper frame if it is Ok or Not:

General Daka | Seckion Data | Forces | Checks  Stirrups-Ductility

RARENETRT NP -

Shear check and stirrups conformity DK
" 1 Hoop

f* ZHoops

Diameter {mm) |:3 Spacing icrmy  |2.0

Cross-Ties
Diameter @ |3 iy
. Cross-Tie Barn. 1 Ear n. 2 .
1 =] g
z2 7 10
3 w

The commands in Tab bar are (from left to rigth):

fes Print preview. Capture the image present in the main window

and paste it in the Microsoft XPS Document Writer (useful to print the
diagram directly on paper):

- Print numerical results for ductility check. Not active in the present
stirrups display.
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_ =2 Copy. This command copy the image at moment displayed in the

main window in the clippboard memory so you can paste it in any
document you want.

_ i This command generate a dxf file of the image at moment
displayed in the main window.
1

- Start the graphical generation of a new cross-tie by clicking
with mouse on two longitudinal bars

_ % Erase a cross-tie by clicking on it with mouse

Diameter and pitch of hoops and diameter of cross-ties can be changed
in the corresponding text-boxes.
Cross-ties can be also generated typing in the grid (or type O to erase).

2.4.4  Ductility checks

Especially for sections of seismic structures may be useful a direct
calculation of the curvature ductility factor [eq. (5.4),(5.5)Ec8] by
means the calculation of moment-curvature diagram.

Program is able to generate moment-curvature in biaxial bending too
and for any section shape. For section with only one concrete region is
also possible to obtain diagrams taking in account the confining of
concrete by stirrups.

In the figure below is sown such a diagram generated for a confined
rectangular column in seismic zone. Diagram can be saved as a dxf file,
numeric results can be printed on the screen or on paper.

Ductility checks concern the following positions of sections of structures in
seismic zones:

¢ within critical regions at the ends of all the beams (not secondary beams)

¢ within critical regions at the base of columns in DCM ductility class. (are
excluded all the other critical areas of the columns on the upper floors on
the first)

¢ within all critical region of columns in DCH ductility class.

¢ within critical regions of ductile walls

To respect the local ductility in the above critical regions the curvature
ductility factor p, must comply with the rule in 85.2.3.4 EC8:

uy> 1,5 (24, - 1) it T,>T,
(5.4) EC8

by = 1,5 [1+2(q, - )] T/ T, if T, <T.
(5.5) EC8
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where:
d, basic value of the behaviour factor
T, fundamental period of the building
T. period at the upper limit of the constant acceleration of the
spectrum

For beams EC8 allows to replace (5.4) above control with the equations

(5.11), (5.12).

For columns EC8 allows to replace (5.4) above control with the relation

(5.15).

Building a moment-curvature diagram of the cross-section it is possible to

evaluate p, so as to allow a direct check of the above (5.4)-(5.5).

In the figure below is shown such a diagram generated for a rectangular
section of a column in seismic zone (with confinement for core section).

DEH 2@ aXpe BiEREe S cTFBEESR: B B o

GeneralData | Section Data | Forces | Checks  Stirrups-Ductility

—

=

& diagram types
«

Spading (am) 8.0

Dameter 0[5 mm

Barn. 2 -
[
10
v

€ Cross set tion with transverse rein forcement t

i spacing 5
g (knm) [40.00
a (fem) [0.000035

MU = 356,20
Oy =0.0000834
lout = 0.0007038

The moment-curvature diagrams can be of the following types:

Marment-Curvature diagram bypes

Comb, ULS n. 1 -

" Midle values For material {no confinig)

* Confining with EC2/ECS walue based on assigned stirrupps
" Confin. Kent-Park type (values in Materials data window )
" Low53.1.5EC2 (no confining)

008
018
028
037
046
055
05

%, T.5kffening | 20,0

- The first option generate a diagram using for concrete and steel the
same stress-strain relationship used for design check but with the

substitution of the design values with the mean ones.

- The second option refers to a diagram that, only for one concrete
region section, take in account the confining of concrete core by stirrups
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and the spalling of concrete cover at strain strength. (See Ductility
Checksl o)

- The third type refers to a concrete stress-strain relation parabola-
trapeze (Kent-Park Type) whose parameters are assigned in the
Materials Library! e7.

- Last type generate a diagram base on the relation shown in 83.1.5
EC2. You can take into account a certain percentage of tension
stiffening.

2.45 Instability check

In the present typology "rectangular section of column" (selected in
General datal 9 Tab) you can check the instability of the column with
nominal curvature methodl.l (§5.8.8 EC2). This method is primarily
suitable for isolated member with constant normal force and defined
length |, (to be pre-calculated by the user according to § 5.8.3.2 EC2).

The input windows for this calculation is as follows:
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izeneral Daks  Section Data | Checks

Type af calculation
" Check " Reinforcement design

{* stability analysis for one span column (nominal cury, method)

Concrete class  |C30/37 -

Dimenzionz of rectangular section (cm)

Sidex |50 Sidey |40

Concrete

Fieinforcement

Steel grade  |B4S0C hi
Correr bars

* 1 bar For each corner
" 3 bars for each corner Diameter | 16 mm

Cover (from centroidal axis of bars)

4
Distance betw, bars in the same corner 2 o

‘Web barz

M. web barg ¥ sides | 3 Diam. web = [ 14 i
M. web bars v sides | 2 Diam. web % | 14 i

Stability data [Mominal curvature method 85.8.8 ECZ)
Calzulation with uniasial or biazial curature 177

() with uniaxial eq.[5.34]EC2 (%) %With biaxial M-Cure. diagram
Design conskant axial faorce MNd 500.00 kI

Effective creep ratio (according eq.(5.19)) |2.00

Drata for 'y axiz ztability direction
First order moment Mxod (without imperfection)|50.00 ki

Eccentricity eit {=loY/400 see §5.2(7)) 23 cm
Effective length lo% {according to §5.58.3.2) 300.0 cm

[rata for 'y axiz stability direction
First arder moment Myaod (without imperfection)| 100.00  kMm

Eccentricity ei¥ (=loX/400 see §5.2(7)) 20 Il
Effective length loX {according to §5.8.3.2) F00.0 cm

Y
D 3
L ] L [ ] ® ®
L ] .
o B X
S3
L L]
4
° o . » )
\ 50 |

Display

I Reference axes

¥ Section dmensions

I~ Concrete vertex numbering

Longtudinal Bars Geometrical data of concrete section

® 4018
* 10014

[ Mumbering of bars
W Reference arid

Tota2nas | - oo
- X - 286867 et
(197 %) 0¥ - 416857 et v Georingten) |

The relevant input data in this window are:
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- Dimension of side X and Y of the concrete rectangular section
- Concrete Class and Steel grade

- Number and diameter and cover of corner bars and web bars
- Design constant axial force N,

- Effective creep ratio according to eq. (5.19) EC2: Ot = @ (10
MXqu/MXOd where MXo4p is the first order moment in SLS quasi-
permanent combination

- First order bending moment in ULS combination of interest: MX_,

- Eccentricity eY: = 1,,/400 to take into account geometric

imperfections according to simplified alternative in § 5.2(9) EC2.
- Effective length |, : to evaluate in advance according to § 5.8.3.2 EC2

The curvature 1/r, in eq (5.34) can be assessed by the program (see in

above figure the option "Mode of calculation of curvature 1/r") with the
direct formula in 8 5.8.8.3 EC2 or by means the moment-curvature
diagram as in "model column” method. In biaxial bending it is difficult to
use the direct formula (5.34) of § 5.8.8.3 EC2 as it is hard to meet the
conditions of applicability (5.38a) and (5.38b) EC2. The biaxial moment-
curvature diagram provided without problems by the program make
always possible to check biaxial instability. In the below results such a
diagram is shown together with the windows to print numerical results.
The graphic of diagram can be save as dxf file or printed directly on
paper.
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2.5

MOMENTS-CURVATURES DIAGRAM (Nd = 500 dalN) General Data | Section Data  Checks
Section name: Rectangular_Column_Instahilty secEC YETEE

File path: C:\SORGENT|_F1GS-RC-SEZ-ELROCODEICALCOLI_SEZRectangular_Column_nstabilty secEC
COLUMN STABILITY - Nominal Curvat

N
q 5
i BEsus ALl
i LT arial nanow v 9 -6 7 s |[E] €]y @+
A1 L vl b BB B JIRR L D T |
i 3l g i i i
COLUMM STABILITY WITH NOMINAL CURVATURE METHOD 5.8 9£C2
E [Gurvature # derived from biasial Mom Cury. diagram (see Model Columan’ method]
E INTERNAL FORGES AND RESULTS
o
E Castant s sl Il N 000 kN
Blfsctive cresi rotis [according o s 15 19 KE 135
o Beiding first ordsr misrnent amund X 5is o 5000 K
b Efective lnght of colurn in ¥ divection (5 8 3.2] ke W00 e
B
B
g
44
: |
q | ‘ | 1 [1ig
T Slendemess ratio with raspectto Y dir. L = loiy: 74
8 % 4 B 8 %g B oBoEE ;@ EEEgoyi Min St e s atis e 5.13) i 24
EENEEEEEEEEEEE Eccenrcty of N by imperfecions in ¥ dieetion eiY 130 om
°°°°°°°°°°°°°°°°°°°°° Total first order moment around X HoXeho X+ NdeiY: M50 kHm
) Benving firat order mament around ¥ s MoY': 0000 kb
Momerts grid spacing = 20 khim Curvatures spacing = 0.000002387 14cm Effecive lenght of coburn i 3 direction (8.3 I 000 em
Slendemess raiio milh respectto X dir. LY = Il 85
ovomenss gl [ Display Mlin Slstuds s ot s 5 13) i w4
R (L [ crid reference Eccentricity of N by imperfzcions in X direction eiX: 200 om
wvailabls o, [k S e Total first order monaent sround - MoY=Ho¥s Nt 1000 Kim
ERIRES Vectorial total first order moment kd: 12602 km
1 [1fem]
<
Section1/1 Page3i3 Line24 ol 100 % UM

Rectangular section of wall

The rectangular sections of the walls must have an aspect ratio greater
than 4 and for seismic design (cantilever behavior with plastic hinge at
base and bending moments without sign reversal at least the first two
floors) shall have a minimum cross-dimension 1.5 meters in the case of
low-rise buildings and at least 2.0 meters tall buildings. The seismic wall
sections are characterized by confinement, with special hoops at the end
zones in order to confine the vertical reinforcement that resists to
flexural strength. The central area of the section (web) is reinforced with
horizontal and vertical bars mainly intended to absorb the shear
stresses. There are two main types for the seismic walls (see ECS8

in /2/[:)):

e Ductile walls: with a strong degree of interlocking the base and
sufficiently slender to be able to develop a plastic hinge at the base
(the remaining part of the wall must instead remain in the elastic
range). The design can be done either in DCM or in DCH.

¢ Lightly reinforced walls: whose considerable transverse dimension
(> 4 m or > 2/3 height of the wall) makes impossible the formation
of a plastic hinge and can not prevent the rotation at the base. The
design is expected only in DCM.

e Wall outside the critical area: the sections located above the
critical zone not strictly require the confinement with special stirrups
of the end zones, however it is recommended in any case its
prediction even if they do not follow the rules of transverse
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reinforcement detail of EC8 code in the critical zone. Even in the
absence of stirrups of confinement (or for non seismic wall) we
recommend to define the length of the critical area for the sole
purpose of the positioning of vertical reinforcement of the
extremities.

Section Data dialog window is the following:

iGeneral Data Section Data | Forces | Checks

M. 9 cross-ties gach m? of web wall Wall section within the base critical region hcr

(®) Section of Ductile wall

) Section of large Lightly reinforced wall

[ Squat wall (HALY <2 where H = total heigth of wall

Concrete section data

. Concrete Class  |C30/37 hd
Rectangular section sizes [cm)
1 T Thickness L |25.0 ‘width Ly |200.0

Lenght L of sach confined end region~ [50.0 o

Reinforcement
M o Steel bars B450C A

Reinfarcement of each canfined boundary region

Diam. Verticsl Bars |20 mm  Cover 40 m
" ! Size M. intermal vett bars 2
" » Size ¥ M. intermal vert bars [3
HoopDism [8  mm  Spacng [E0  em

FReinforcement of not confined region (web)
Fa— T =] Diam. Yert, Bars |14 mm  MEBarsiside |6
Diam. Hor. Bars |12 mm Spacng 95 m

* K Calculation Data

v A Basic behaviour Factor 0 [2000
Design behaviour factor g [2400
ULALAS Tiisec) [T180  ESpectrum: Se(TH)[500  misec?
fo—25 —| Te {sec) W E.Spectrum: Se(Tc)Wmfsec‘

Principal data to enter in the above dialog window:

Type of wall

e Ductile wall: in the General Datal *1 window you must preliminary enter
the position of the current section into the wall: within or out the height
of the critical region [see 85.4.3.4.2(1)]. In General Data should also
entered the ductility class (DCM or DCH). In CDH the conformity check
is much more difficult then in CDM. In DCH if the ratio between the
height to length is not greater then 2.0 the wall is "squat": this fact is
to be entered in the pertinent check-box.

e Large lightly reinforced wall: boundary region must be always confined
also out of the critical region. Ductility class can be only CDM.

Concrete section data
For this type of section is expected only checks (no design of
reinforcement).
Are to be entered the concrete class, the sizes of the rectangular section
and the length L  of the confined boundary elements measured by the
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distance between the axes of the confining hoops (as you see in below
figure). Main vertical bars for bending will be placed within the width L _. In

the case in which the amount of vertical bars to be placed in the
boundary elements is insufficient, the measure L_ previously assigned will

be increased. The same in the case when the compressed area (due to
bending deformation) with strain exceeding 0.0035 should fall outside of

L. (that is if the strain ¢_,, in the figure below exceeds 0.0035). As

clarification of the adopted symbols, see the graph below:

- M.1 bar. within side
0 » . 3 O . 3 | | i
| |ba |b
L ] L] [ ] [ 3 L ] [ ] L 3 { L] 3 L. 1
;
| .3 bars within side ¥

Ecu2
Eouz,c

Xu

Reinforcement of each confined boundary region
Must be assigned the steel grade, the number, diameter and cover of
intermediate bars (over the fixed 4 corner bars) placed along sides
parallel to X axis and along sides parallel to Y axis. The four corner bars
are not to be entered as they are considered always present in the
boundary elements. Diameter and pitch of confining hoops complete the
input data of this reinforcement.

Reinforcement of not confined region (web)
In the web region must be entered the diameter and the number of
vertical and horizontal bars assegnati placed along each two side of the
web.

Calculation data
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251 Sti

In the case of large lightly reinforced wall must be entered only the
behaviour factor g. For ductile wall in CDM must be entered the basic
behaviour factor g, , T, (fundamental period of vibration of the building)

and T_ (upper limit period of the constant spectral acceleration region of

the spectrum). For ductile wall in CDH are also necessary the spectral
values Se(T,) and Se(T,).

rrups

After performing calculation ("Checks" Tab) you can display and/or
change stirrups in the "Stirrups-Ductility” Tab window. In the below figure
is shown an example of a section within critical region of a ductile wall
designed for seismic zone. Note the two hoops in the boundary regions
and the cross-ties in the same regions. In the web region of the wall (out
of the boundary confined regions) are provided n.9/m2 cross-ties but
them are not displayed in the graph but only indicated in the text.

File Modfy Dispay Data Run Options 7
O5H A RAXD e HHEEEGE sSFBEES B B o=
Section name: WALL1.secEC Genersl Diata | Section Data | Forces | checks  Stirrups-Ductility

Edge coverlong. bars: 30cm  Edge cover stirups: 1.8 cm N, 9 cross-ties each m? of web wall RiBERL 2

stosmo

——

e

Cross-ties in boundary elements of wall
Diameter & J6

mmmmmm

AN

il
|

Legend Display.

® a0
® 12010 ¥ Section dinensions

Toths= 83.87
(1887

Only cross-ties can be added or erased in the grid. After the eventual
changes you can check again the section clicking the "Check™ Tab.
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2.6

26.1

Polygonal sections in Torsion

The dialog Tab window for polygonal section (hollow or not) with only torsion
force acting is:

Fie Modfy Display Data Run Options 7

0EdH 208 el dlsdE cdTHES BB o

SeCtIOﬂ name: TOI‘SIOHSGCEC Genersl Dats Section Data | Checks

Materials

Concrete cagr
Ctg stuts angle Theta: [2.00
Long. bar Steel [B4s0C v

Ctg(Theta)>=1.00
stirups Steel 8450 <] Chgrneraye- 250

B fma— 10—

|
l
\

16

ukaneously the check.
(6.29) ECZ.

Longtudinal Bars

v = o
X = 404029 e 4

Tot as= 00
(0.00%) Y = 300265 e

As usual in the data input dialog are to be assigned geometrical data of the
concrete region (hollow or not), materials data and steel bar (stirrups and
longitudinal for torsion only) details (diameter, pitch).

An important input data is the Cot(Theta) where Theta is the angle 3 of
inclined struts in the web (86.2.3(2) EC2). Cot(Theta) is limited by values
assigned in Code and reinforcement options[70l window (National Annex). If
the section is also subjected to shear force a rule of standards requires that
you must use (in the two separate check) the same value for Cot(Theta); the
designed stirrups areas for the two forces (shear and torsion) can be
summed and should be checked (manually by the user) with the following
interaction relationship about concrete resistance [eq.(6.31) EC2]:

T /T +V_/V <=1.00

Ed Rd,max Ed Rd,max

For predefined section the above check is, instead, automatically performed
by the program.

Results

The output window is (the position of bars is only indicative):
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Fle Modfy Display Data Run Options 7

O5H 20X HEKSE = TFEHE= B @ o

55

Section name: Torsion.secEC  Comb. n. 1

[ 16—l 10

General Data | SectionData Checks

nnnnnnnnnnnn

it ity

m  Tred= 28,80
Trsd= 15.00
Trd=18.86

Concrete

e
gtud | Sc (Mpa)
—

resis! | Sigain

Tot As= 505
(113%) Stain

Steel
Ss MMpa)
—

In the output Check windows is present the usual

Tab Bar with

its

options.
The text printing output (for checks results only) for the showed
example is:
CHECKS RESULTS
Dezign walue of applied tarsional moment Tsdu; 1500 kMm
Torsional resistance by concrete stuts Trdu; 880 kMm
Torsional resistance developed by azsigned stirups Towsd A 1562 kNm
Torsional resistance deweloped by minimum quantity of stirups Tousd: 1500 kMNm
Azzigned Spacing of simups 190  cm
Spacing of sirmups of assigned diameter stricty receszary for torsion: 196 om
Torsional resistance developed by the vielding of longitudinal bars Towld: 1886 kNm
Dezign Torsignal cracking maome nt: 349 kMm
Torsion check OK
Area enclozed by the external perimeter of section Ac = mmn - e
The perimeter of concrete section g = 16 om
Effective wall thickness  teff = g0 om
Area enclozed by the center ine of walls Al = 2y om®
The petimeter of area &yl = M oem
Assigned sirmips 1 Strup @6 150 (19 em¥m)
Stirups strictly neceszary: 1 Strup @A A6 (18 cmn)
Area calculated long. bars for torzion  As| = 12 om?
Dezigred longitadinal bars for torzion: gt @0 end

Mote The above desigred reinfarcement efer to the assigned
diarmeters and to the detailing of code [$9.2.3EC).
The nurrber of designed longitudinal bars iz such 2 o
allan their =pacing to be nat greater than 35 om.
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2.7

SLS deflections in single beam

Last typology that you can select in the General Datal 91 window is the
SLS deflection calculation of a single isostatic beam for the verification of
limit state of deformation.

The beam can be hyperstatic as belonging to a frame, but solving the
frame, for the SLS combination of interest (usually quasi-permanent), we
make the beam isostatic applying two bending moments at the end (see
main window in below figure). Alternatively the beam may be a cantilever.

In general maximal sag of a beam must not exceeds span/250 if subject
to a quasi-permanent loads. Deflection after construction that could
damage adjacent part of the structure must be limited to span/500.

You can directly check (no check is performed by the program) the limit
state of deformation comparing the above limit values (or the limit value
that you choose) with a calculated deflection performed by the program
according to the most rigorous method described in 87.4.3(7) EC2 by
double integration of the differential equation of the bending and
computing curvatures at frequent section along the member.

The calculation take in account cracking, creep, aging and shrinkage as
mentioned in the topic Limitation of Defo rmation|zs!.

DEH QA XpDeiHTHSE e« FEEEA= B O o

(General Data  Beam data | Checks
1000 ‘

Select the directory containing the files of sections:

i
USORGENTLF
(Y35-RC-SEZ-EUROCODE
i
o
)

M. Load | Abscis. ¥ from left (am) | Load [+ if donnwiard] (k) &
1 0.0 18.00

ot counted by program;
ed loads Py. The internal

Beam can be assigned as consisting as one or more sub-elements: each
sub-element is characterized by a constant section (as geometry and
reinforcement) and a distributed load acting on it. Two sub-element may
be different only for different placing of longitudinal bars or for different
distributed loads. Before of this input it is necessary to input ad save with
a different name the above section that define the different sub-element
(even a single). The section to assign may be predefined or general but
with uniaxial bending forces and must be saved in a single directory. Creep
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and shrinkage coefficients assigned (in Materials library[s7) to each section
are taken in account in the deflections calculation of the beam.

General Daka  Beamn data | Checks

Select the directory containing the hiles of sections:

(= (a1 Example 1.secEC
CASORGEMTI_F Example 2.secEC
£ G5-RC-SEZ-ELROCODE Example 3.5ecEC

Example 4.secEC
Example &.secEC
Example 94.secEC

Example 96, secEC

Type af load combination {Service Limit Skake)

(") Characteristic {only short-term deflections)

(%) Quasi permanent {short-term and long-term deflections)
Type of span

'@} Bearn on bwo supporks
() Cartiliver beam

The input begin with the selection of the directory (no selection of file) in
the above dialog box. Then you must define the type of load combination
(Characteristic only for short term deflections or quasi-permanent for
short and long term deflections). The selection of the type of span
complete this first part of input.

M. sub-element {constant section) of beam [< 11] |1
Mean length of discretization of beam [ =5 cm] 20 cm
Maoment ak the left support [+ if counterclockwise] 15,00 kMm

Moment at the right support [+ if clockwise] 3000 kMNm

Data of Sub-Elements of beam (from left ko right)
(Uniform loads Py positive iF downward, M positive if in compression)
M.Elem.| Section Mame |Length (o) | PruylkMim) Mk

1 Example 94,sec 1000 40.00 0.00

Concentrated vertical loads (if there are)

M, Load | Abscis, ¥ From left (o) | Load [+ if downward] (ki)
1 3500 15.00
z

The data of each sub-element are (in this example there is only one):

- Section Name: to select in the first column of the grid (in this column are
present all the file *.secEU within the directory selected before)
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- Lengh [cm]: of each sub-element (the sum of all sub-elements is the
span of the beam)

- Py [kN/m]: if the uniformly distributed load included self-weight.
- N [kN]: Axial force (acting in the centroid of all sections). May be useful
for evaluation of viscous shortening of columns in a multi-storey building.

Eventual concentrated vertical loads can be assigned (as in above grid)
with their abscissa [cm] from left support and value [kN].

RESULTS

Fie Modfy Display Data Run Options ?

DEH QXD e UK E:cFFHES B @ oe

| i 1000. GeneralDats | peam chts  Checks |

[ElPrink Checks | E3Cony | Prink preview [EREmort DxF.

(@ 2031
m) joooo
ckuse] (%) [0.268005
©) [o.3sa246.

) [zs0s
@) joooo
] () o300z
() [o.4asas0

Deflections - Stress Checks

. Sec.[Crack{jh]_ Defl. T
4 s Lo13
44 s 0904
M=y 3 i
g 3
y

07es

E
2
2
Curvatures Yes 0667
e
2
2
2

05
0425

0304
0182 0229 ok

2 ]
[ oot [ oore [ ok [ §
>

Deflections
o.maxe2.503 o

03 em

Legend Short-time effects Long-time effects

' Defection  (mypore
Horiz Dl (e [0.005 | | Horz sl () po05
Worert i) [5747 | mement  qaim) [ar
Cavates (e oomzE | | curvads (1jem) [oro1om025

<e-n Shorttime Curv.

Moving the mouse along the beam length you can read the single section
results in the information window (bottom of the screen).
Deflection results are distinct in short time (only cracking if it occurs and

no rheological coefficient applied) and long time deflection. Stress check
is also performed by the program.

é Print Checks = S&3Copy | Print preview

The above command Tab bar contains the usual tools seen in the other
typology.
After Print command the printing output is:
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arial nanow

e effects

()

ac, {cm)
Flebiray

DEFLECTIONS - GURVATURES - AXIAL DISPLACEMENTS OF BEAH SECTIONS

12
Sectioniji | | Page3a

N See Progressive onter nurmber of the section (from beam dissretizzation) fomleft to right
Ko Distance of sectons from Iel end of the heam
Sec Hare File e of saction at X distancs
Chetk: O hotOK = confority of e stressestn the orfcal sresses of materials
Crack: Y= secton craked ornot eracken (ooneret stesses < tenisile stength)
D1 Shorttime defiecton [or] [+f dovrwerd]inthe ourrent secion
Cur.l Short tine uriaturs [1r] n eurrert the sedion
LD Shotfimis axdal dispiacament ot of secon (+Homm rightto lety
D F Long thne deflection [crr] of curenit section [+ F doinrd]
Cur.F Long thne curiahire [14m] of curent sscton
LD.F: Long thne asial isplacernent fen] of sechon
NSet % Sec. Mame Check Crack DA cul  ADI DLF  orF  ADF
1 98 Example 9A.secEC QK g 0.046 -0.0000127 0.000 0056 00000165 00
2 24 Example 9AsecEC 0K 8 0142 0000092 0.0 0176 00000130 0.000
3 40 Example 9AsecEC 0K 3 0243 0.0000055 0o 0.300 00000095 0.000
4 BBE  Esample 94 .secEC oK N 0.345 -0.0000023 0.000 0.426 0 0000043 n.oon
] 882  Example 94secEC 0K N 0.445 -0.0000015 0.000 0556 0.0000028 00
[} W78 Example 9A.5ecEC QK N 0552 .0000007 0o 0665 00000013 0.000
i 1275 Example 9A.secEC QK N 0656 0.0000001 0.000 0620 0.0000001 oo
] 71 Example 9A.5ecEC ok N (0760 0.0000008 (.000 0951 00000015 o0
9 1667 Example 9A.5ecEC ok N (L8635 0.0000015 (.000 1081 00000028 o0
10 1863 Ewample 9AsecEC []'¢ N 0866 0.0000021 oo 1211 00000040 0.000
1 2058 Esample 9AsecEC 0K g 1069 0.0000037 (.000 1330 00000078 oo
2955 Framrle 48 secF(: & 170_NmmRd 0 14640 INANTN3 nnn
[

© 2020 Geostru




60

RC SEC EN

2.8

Forces

Selecting "Forces" Tab the program shows the underlying dialog windows that
make possible the input of load combination forces (up to 60 for ULS and

SLS).

This window automatically varies according to the typology of the section.
The two figures below show the windows for a predefined section (the left

one) and for a general section (the right one).
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General Data | Section Data  Forces | Checks
H Positive Sign
Conventions of
Forces in the
selected reference.
= | Axial Force M positive
e if compressive
H \/ &
i
i
)

Forces reference system (N always centroidal)
o Axesx,y Jf axes x,Y of reference, M applied at centroid

f* Uniaxial (neutral axis always [ff axis ¥ of coord, reference)

(" Biaxial (exact calculation based on M, Mx, My values)

Combination type

L3 Lltimate limit stakes:

n. load combinations

5L Serviceability limit states: Characteristic load comb, | O
5L5 Serviceability limit skates: Freguent load comb, 0
5L5 Serviceability limit states: Quasi permanent load cor | 0

Internal forces

R = R S R L

M [kN]
600,00
2000,00
500000
10000.00

M [kRm]
100,00
100,00
100,00
100.00

Wy [kN]
0.00
0.00
0.00
0.00

Import forces from fle bt

MTar[kMm]
0.0a
0,00
0.0a
0.00

61
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General Daka | Section Data  Forces | Checks

Positive Sign
Conventions of

Farces inthe
:jw( selected reference,
Axial Force N positive

if compressive

VY

I

s

Forces reference system (N always centroidal)
(™ Axes x,v principal of inertia

% fxes #.Y' with origin in B fcentroid of concrete sec.)

Type of bending
" Uniaxial {neutral axis always Jf axis ¥ of coord, reference)

* Biaxial (exact calculation based on M, Mx, My values)

Combination type

LILS lkimate limit skates: n. load combinations

5L5 Serviceability limit states; Characteristic load comb, | 0
5L5 Serviceability limit skates: Frequent load comb., 0
5L5 Serviceability limit states: Quasi permanent load corr | 1

Internal forces Import forces from file bt
M [kN] Mg [krm] | MY (k] | [k W [kI]

1 |115.00 120.00 56,00 132.00 47.00

2 (115,00 -120.00 56,00 -122.00 -55.00

3

4

5

&}

7

Force reference system (N is always applied at the centroid of

the concrete section)
For general sections|zs) (right figure) are provided two reference systems
(x,y axes principal of inertia or axes X'Y' parallels to X,Y coordinates
axes); type of bending and shear can be uniaxial (X' axis is always
parallel to X) or biaxial. Internal forces MX,MY are bending moments,
VX,VY are shear forces, N is axial force: sign conventions are showed in
the scheme placed in the upper part of the figure.
For predefined sections[12] (left figure)reference system can be only that
parallel to X,Y coordinate axes and bending moments and shear forces
cam be only uniaxial. Internal force Mx is the bending moment, Vy is the
shear force, N is axial force and T is the torsional force: sign conventions
are showed in the scheme placed in the upper part of the figure.
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For rectangular sections of columnslsél and for rectangular sections of
walls general coordinates system overlaps with local system X,y (axes
principal of inertia)

Type of bending
For predefined sections the type of bending is only uniaxial. For
rectangular sections of columns and walls is only biaxial.
Only for general section it is possible the choose between uniaxial
(neutral axis forced to be parallel o X axis) or biaxial bending (and shear).

Combination type
Selecting in this box one of the four type of load combinations (the first
relates to ultimate limit states the subsequent three to serviceability limit
states) are shown, in the underlying grid, the corresponding internal
forces assigned or to assign. It is required to assign at least one ULS
combination.

Internal forces
In this grid you can enter, in the pertinent columns, the internal forces
acting on the section. The type of forces vary depending on the type of
section and of the reference system assumed above.
You can assign forces importing their values by a text file previously
prepared (see Import forces from text file@'ﬁ).
You can also assign forces pasting with the mouse columns of values
from a different grid (excel etc).
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Import general section from dxf file

From the drop-down menu "File" you can select the command Import
general section from dxf file. So the below importation window allows
you to import one or more polygonal concrete regions and (optionally)
any number of bars with their own diameters. The imported section wiill
be considered by program a general sectionlz6] typology.

-

Entities to import and corresponding layers [CASORGENTI_F\GS-RC-SEZ-EUROCODE G2 autocad dit
Layer Poligonali congl.: |E| j
[v Barelong.  Layer |D ﬂ

Units in the DXF file

(+ Centimeters

™ Meters

Opzion: Coordinates new onigin of 3.7 reference system

X lem) |0 Yilem] |0

[i<F FILE BUILDING: in an DF editor [autocad etc.] concrete
polpgonal perimeter and longitudinal barg can be drawn also in the
zame layer:

-Polygonal perimeter must be dravwn as 'Polyline' entity whoze
vertices shall be clockwise.

-Bars [optional dxf input) must de drawn az 'Circle' entity with
diameter equal to real bar diameter.
Additional empty region must be drawn az afilled one, and. only after
importation, will be declared empty (in the general section dialog).
"o can shift the origin of 2. reference axes in a new point so to
prevents the caze when such origin iz too far away from the centroid
of zection [allowing better vizualization of the saction in the program
and avoiding numerical problems).

Fle HModfy Diplay Data Run Options

DEH DA XD o f EMeB sFBEHAS B @ o

GererelData - Section Data | Forces | checks

Type of calculation
& ch

Shape of current region
@ Polygonal ful

ertice[cn
361,68 123,04
42847 173171
42179 1167.17
437,38 1266 o

st BsooA -
of cancrete regions
& Hobars " one bar for each vertex

 Three bars For each vertex
Dism.[mm][14 Coverfem][4  Clear spacing[ 2
Corner bars + free bars
N

Klem] | Y[em] | @[mm]
1 snet 12zs0s 40

2 42295 122653 40
3 4787 uesTs a0
4 4319 280 40
Linear ener

Circular generations of bars [cm’
[

1
#center |V center | Radus | M, bars z[mm]la
I v

The procedure to build the dxf file is specified in the information text box
of the above importation window. If after the importation of file the
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section results very far from X,Y axes origin (as in the present example)
you can shift the centroid to the origin X,Y axes by means of Shift Origin
command in the general section window.

The dxf file of the simple polygonal section shown in the above figure is
saved in the "\Examples" directory with the name "Sec autocad.dxf".

2.10 Importforces from text file

If the section has a lot of load combination forces to check can be usefull
to buid a text file containing such forces in a format defined in the
following.

Once defined any section typology from the drop-down menu file should
be selected the command Import forces from text file. After opening of
below window you must select in the upper text box, the file name
(already built and saved) to import. Select also the unit of force written
in the text file. Reversal also eventual signs of forces for different sign
conventions.

- ||

select text file:  |C\SORGENTI_F|GS-RC-SEZ-EUROCODE|EXAMPLES\FORCES_FROM_FIL ...

FIRST RO FORMAT

Mumber af ULS cambin, 2 <hsluz, <Msle_rare=, <Msle_freq.=, <MNsle_q.Per. =
o (mumero righe di comb, per ogni skato limite)
M. of charactetistic SLS comb, | O FORCE FORMAT OF EACH COMBIMATION (LLS/SLS)

Mz, <Mz, <Mys, <Vas, <Wys, <Ts
M. of frequent 5LS comb. L Set = 0 all the forces not in use (e, For predefined sections

) sek for ULS Forces: M, Mx, 0, 0, Y, T)
M. of quasi-perm. 5LS comb. 1 IJze anly the paoint as decimal separatar,

Units M, W, My of File

" kg, daM

O

f Tans Sign reversal of internal Forces

IUnits of lengths of File M M [ W
" m [ M [ Wy
' m [ My 1

The nurmbers that make up the bext file most contain the paint {nok a camma) as the decimal separator,
The numbers of the same row musk be separated by a cormma or a space, The rows are separated by a
carriage return (enter).

The first rawe should contain the number of the ordered combinations ULS, SLS characteriskic, SLS

fFrequent, SL5 quasi-permanent, Follmwing subsequent rows, Forces to enter inko individual rows musk
comply with the Format shown in this dialog import, For example, i vou want to import bwo comb, ULS

and one comb, 5L3 quasi-permanent the row to bvpeis: 2,0, 0, 1

Al subsequent rows have the same Format consists of six berms per row: B, M, My, W Wy, T For all the
fForces that both ULS and SLS

Obviously, if the section is subject only ko My Yy Forces, the reimaining ULS Forces will alwaws be null, w

Import | Exit
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The numbers in the text file must contain the point (not a comma) as
the decimal separator. The numbers of the same row must be separated
by a comma or a space. The rows are separated by a carriage return
(enter).
The first row should contain the number of the ordered combinations
ULS, SLS characteristic, SLS frequent, SLS quasi-permanent, following
subsequent rows. Forces to enter into individual rows must comply with
the format shown in this dialog import. For example, if you want to
import two comb. ULS and one comb. SLS quasi-permanent the row to
typeis: 2,0,0,1
All subsequent rows have the same format consists of six terms per
row: N, Mx, My, Vx, Vy, T for all the forces that both ULS and SLS
Obviously, if the section is subject only to My Vx forces, the remaining
ULS forces will always be null, while in the SLS combinations SLS forces
will be null My, Vx, Vy, T. So each row should always contain 6 numbers
(although some of them are necessarily zero).
As the units of the imported forces may be different from those used by
the program must be assigned (in the appropriate options) the units on
forces to import. A similar assignment is made for signs of forces to
import
In order to reverse (or keep) the correct sign of the forces in the file,
please note that the program considers positive:

- Axial force N if compressive.

- The shear forces Vx, Vy if bound as the positive direction of the

reference axes.

- Bending moment Mx if it compresses concrete fibers having max

value of y-coordinate.

- Bending moment My if it compresses concrete fibers having max

value of x-coordinate.
Below is an example of a text file that corresponds to a generic section
with two comb. ULS and one comb. SLS quasi-permanent:

2,0,0,1

50.00, 60.00,25.00,80.00,10.00,0
0, 80.00, 45.00,20.00,15.00,0
70.00,46.00,15.30,0,0,0

This text file named "FORCES_FROM_FILE.txt" is saved for proof in the
"Example” folder of the program.
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2.11 Materials Library

® This is the button in the Tab bar to open the library of the materials
data (the same selecting "Materials Library” from the drop-down RUN
menu). In this window all tension are expressed in Mpa (N/mm?2).

At starting of the program or of a new calculation this window show the
default library which may be amended or extended. To save the library
as default library for the next calculations save it with the command
"Set as default”. To save the current library (after modifications) only for
current section save it with the command "Set for current calc.” (this
current library is saved together with the data of the section.

f R
Concrete
= - a2
W cess | YRR Em fom | fek | Fed feid | Ftm | oot | conthaent | cofient | cont,
1 | Cz20/25 29962 2.0 0.0 11.3 1.0 .2 2.5 00025 0.5
Z | C25/30 31476 33.0 25.0 14,2 1.2 2.6 2.5 00025 0.5
3| C30{37 32837 35.0 30.0 17.0 1.4 .9 2.5 00025 0.8
4 | C35/45 34077 43.0 35.0 19.8 1.5 3.2 2.5 00025 0.5 v
< >
Reinforcing Steel
I Grade Es Fym Frk, Fyd Fek b ={FtkFyld e_uk e_ud k=(ftd/fvd) For design
1 BS004 200000.0 530.0 S00.0 434.8 525.0 1.05 0.025 0.0225 1.00
Z ES00E 200000,0 5350.0 S00.0 434,58 540.0 1.08 0.05 0.0450 1.00
3 B500C 200000.0 530.0 S00.0 434,85 575.0 1.15 0.075 0.0675 1.00
4 B5504 200000,0 550.0 550.0 478.3 580.0 1.05 0,025 0.0225 1.00 3
Serviceability Limit States [max stresses - max crack width)
Exposition Class Combination Type | Stress concr.| Stress reinf, | Crack width — prERQR
% fck %o Fyk mm fyd itd
0, X1 Charact., Frequent 60.0% 80.0%: -
0, %iC1 Quasi-permanent 45, 0% 80,0% 0,40 . ,
NCZ RCE, R0, 801,901, XD2, %03, %51, %52, X553, %F, %4 | Charact., Frequent £0.0% B0.0%: ; ; 0045
W2, %03, 504, ¥D1, 500, XD2, 503,551,252, ¥53, %F, %A | Quasi-permanent 45,0% B0.0% 0.30 5
Set as default Set for current calc. | Cancel and Exit
CONCRETE

Class: Name of the strength class of the concrete by means a string
of no more than 10 alphanumeric characters. The normalized classes
to edit are those present in the table 3.1 EC2 on the basis of the
characteristic cylindrical strength ka and cubic Rek:

Values based on fck: if this box is checked Ecm, fcm, fcd, fctd,
fctm (column with dark background colour) are automatically
calculated by program typing the only fck value. Their values are
defined on the basis of formulas in table 3.1 EC2, of partial safety
factor Ye in table 2.1N EC2 and of code setting adopted by user

(National Annexes) in the window dialog "Code and reinforcement
options[ 701", If the box is not checked you can freely change all the
above values.
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Ecm: Mean elastic Ecm modulus (Mpa). In table 3.1 EC2 Ecm =

22000 [(f,,,/1001°-3 Mpa

fcm: Mean compressive cylindrical strength fCm = ka + 8

fck: Characteristic compressive cylindrical strength ka

fcd: Design compressive strength fcd = a.c fCk / Ye with Y= 15

and ac. = coefficient taking account of long term effects defined in

C
the window Code optionsmﬂ (recommended value 1.0)
fctd: Design tensile strength fctd =0,7 fctm / Ye

. : : _ 2/3
fctm: Design mean tensile strength fctm =0.3 (fck)

50 Mpa; fctm =2.12 In[1+ (fcmllo)] if fCk > 50 Mpa

LI PR

Creep coeff.: Coefficient ¢ (t,t0) [eq.(B.1) in B.1 Annex B EC2] used
in SLS stress determinations based on AAEM and EM method and in
SLS deflections calculation[ssl. Default value are to be changed in base
to the real case study.

Shrinkage coeff.: Coefficient €cs [eq. (3.8) EC2]. Same

considerations in above creep coeff.

Aging coeff.: Coefficient x(t,t0) used in SLS stress determinations
based on AAEM method and in SLS deflections calculation[ssl. For
t=0c0 use x=0.8. In EM method x=1.0

n omog.: Es/Ec used in SLS stress simplified calculation (n = 15 as

common default value).

fc max: max strength of confined concrete in a stress-strain relation
Kent-Park type (for ductility check with moment-curvature diagrams)
fc ult: strength of confined concrete at max compressive confined
strain in a stress-strain relation Kent-Park type (for ductility check
with moment-curvature diagrams)

ec O: compressive strain e, at max confined stress in a stress-

strain relation Kent-Park type (for ductility check with moment-
curvature diagrams)

ec ult: compressive strain e in correspondence of fc ult in a

cu
stress-strain relation Kent-Park type (for ductility check with
moment-curvature diagrams)

STEEL
Name: Name of steel grade (string of no more than 10 alphanumeric
characters)
Es: Elastic modulus Es- (ES: 200000 is the recommended value in
EC2)
fym: Mean yielding stress fyrn (no indication in EC2). Used in ductility
check
fyk: Characteristic (nominal) yielding stress f,

yk
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d: Design yielding stress f,, = f . /vy. with y.=1.16; this value
yd yk’® ¥s S

is not editable as derived automatically from the value assigned to fyk
ftk: Characteristic nominal tensile strength ftk' This value is never
used in program calculation (but only for description). The ratio ftk/ft

is regulated for each class (A-B-C) of steel in Annex C EC2.
ftk/fyk:This ratio ftk/fty , important for steel ductility, is regulated for

y

each class of steel in Annex C EC2. This value is never used in

program calculation (but only for description)
e_uk: Characteristic strain at max force e (for A class steel 2

0.025; for B class steel = 0.025 ; for C class steel = 0.075). It is
important to edit this value in accordance with the steel grade
e_ud: Design ultimate strain eud = €uk ” ku with ku= reduction

factor assigned in Code and reinforcement options (0.9 if the
recommended for ku value in EC2). This value is not editable as

derived automatically from the values assigned to e_uk and ku

k: Design ratio ftd/fyd ; if you set k=1 program assume in the design

stress-strain diagram an horizontal top branch without strain limit
(with a very little difference in results program assumes e,d as strain

limit); if you set 1<k<1.35 program assume in design stress-strain
diagram (see fig. 3.8 EC2) an inclined branch with strain limit eud and

max stress k'fyd . Assigned k value must be consistent with nominal

ratio ftk/fty
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2.12 Code and reinforcement options

® This is the button in the Tab bar for quick opening of the following
important dialog window (you can open this window also from from drop-
down menu Options).

At starting of the program or of a new section this window show the default
values which may be amended or extended. To save the options as default
for the next calculations save it with the command "Save code and options
as default”". To save the current options (after modifications) only for current
section save it with the command "Exit" (current options are saved together
with the data of the section.
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Code setting and reinforcement options

Code setting

Mational Annex values: |EC2 code w |

zECz 3EC2 |6Ecz|7EC2| 96z | s5ECE |

§ in Eurocode | EC Yalues | | My walue
316010 4 cc 1.00 [ 0.85
3.1.602) A 1.00 [
3.2.7(2) Eud/Euk 0.90 [ ]
Cipkions For caloulations

— Dhameter lana. reink, [hameter shrmips

1t Diarn. mm I 14 1=t Diarn. mm IE-
2nd Diarn, mm I 16 Znd Diarm, mm IB

— Diameter edge bars faor torsion

Diarneter I 10 T

— Diameter crozs-tie for columngAsalls

Diarmeter I A T

&'sfis min, (predefined sections) IS—
Min, net distance For long. reinf, [85.2(23] IE— cm
Max. dist, between long. barsidesign only) | 25 cm
Default cover (from center of bars) Iq— o
Minimum long. diskance between stirrups IS_ cm
{Clti :FC?;EEEI:T:EBSI:UI:S in Eorsion IE_

Max personal Ckg angle aof stuks in shear I 25 25
"Cnncrete sections discretizakion (crn)

Default Step for dizcretization IEI.EEIEI <=2 cm

{+ Ribbed bars surface " Smooth bars

Infa Save Code and Options as defaulk |

Exit (Code and COptions Far current section) |

71
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Code setting

This frame concerns only those parameters (used for r.c. section) that
EC2/ECS8 left open for national choice in National Annex.

The first drop-down combo box option is the standard EC2 with its
recommended parameters. Subsequent options relate to some national
annex here assumed.

Code dependent parameters are listed in order according to articles (8)
in code. Placing the mouse on a line with code will display some
information about the parameters.

In each option selected you may change the single value clearing the
pertinent check box: so you can implement your country (or your
particular) values also selecting EC2 as annex option.

In the above Tabs you can choose the parameter of interest selecting
the number of the EC2/EC8 chapter where the parameter is present.

Reinforcement options

Reinforcement diameter in this window are used by the program to
design calculation of the reinforcement. Only the first diameter is used for
initial default values in input windows.

e Af'/Af: min ratio between compressive longitudinal bar area and the
tension one. In seismic zone EC8 fixed precise values for thi ratio
depending on the position of the section in the member

e Min net distance for long.reinf.: Min distance between edge bars. For
the correct assignment of this value see 88.2 EC2

e Default cover: distance between centroid of the bar neatest to the
concrete edge and the same concrete edge. For the correct
assignment of this value see 84 EC2 and the sub-program Concrete
cover| s

e Minimum long. distance between stirrups: minimum pitch in stirrups
design for the first diameter in above options; if for such diameter the
pitch is not sufficient program assume the second diameter

e Cot of angle of struts in torsion: this cot value is assumed as default
only for the typology Polygonal section in Torsion. Limiting value are
those assigned in above Code setting

e Max personal Cot angle of struts in shear: Program assume this value
as max limit value for cot value for a much conservative amount of
stirrups than EC2 cot recommended value 2.50
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e Barre ad aderenza migliorata o barre lisce: questa opzione viene
utilizzata solo nel calcolo dell'apertura delle fessure e nel calcolo delle
deformazioni in esercizio.

e Default step of discretization: for very large sections (i.e. bridge piers)
we recommend to set this value = 1 cm for a much quick calculation.

2.13 Concrete rheological coefficients

B This is the button in the Tab bar for quick opening of the following
dialog window (you can open this window also from from drop-down
menu Options).
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B Creep and shrinkage coefficients (§3.1.4 EN 1992-1-1-2005)

[rput D ata
Mean compressive strenght of concrete fom ak 28 days 28.8
Percentile mean relative humidity RH (between 20%% and 100%:) a0
Motional size hl = 2Ac/u (Ac=concrete sect. area; u=perimeter drying) [rom] 150

Cement Clazs
0 5 [zlow hardering cementz]

(#3¢ M [normal and rapid hardening cements}
{3 R [rapid hardening cements)

Age 0 {in days) of the concrete at first loading [daws] IT
Final Age k1 {t1=t0) of concrete For defining creep and shrinkage [daws] | 365
Age ts of concrete fks< E1) at the beginning of drving shrinkage [daws] |287
Results
At b F1xt0
Creep coefficient @ at time t1 W
shrinkage coefficient at time £l M
Autogenus srhinkage coeff, at time £1 m
Ageing Coefficient at time t1 W
Mean elaskic modulus Ecra(kd) &k time £0 af Firsk loading [Mpa] Im
Mean elaskic modulus Ecr(t1) ak ime E1 of interest [Mpa] Im
At time 1 =infinite
Creep coefficient @ at time t=infinite (70vears =25550 days) 2,860
Drrain shrinkage Coefficientda at kime t=infinike 0,000508
Autogenous shrinkage coefficient at time  t=infinike 0.000027

Rhenlogical coefficients caloulated in this form can be entered in the Matenals Library in order to be
uzed by program in Serviceability Limit States method AAEMAEM [if semplificate method [n=15] iz
uzed creep an shiinkage coeff. are not put into account]. Creep and shrinkage are, howewer, always
uzed by program in the deflection calculating of beams in SLS.

Ageing coeff. fram H b infinite can be assumed, with good approsinmation, alwavs equal b 08 [with
t0 x 15 dayz]. EM method wantz ageing coeff. zet ta 1 [in the Matenialz Libran).

Frint ]

—

Edt |

This is a service sub-program (to select in the principal Tab bar)l 7 that
calculate the rheological coefficients (creep and shrinkage) with formulas
mentioned in 8 3.1.4 EC2. These coefficients can be entered in the
Materials Library|?7'1 in order to be used by program if AAEM (Age
Adjusted Effective Modulus) or EM (Effective Modulus) are selected in
General datal o1 input for SLS verifications. Creep and shrinkage are,
however, always used by program in the SLS deflectionl s6) calculating of
beams in SLS.

© 2020 Geostru



Basic working tools 75

Aging coefficient from t; to t =« can be assumed, with good
approximation, always equal to 0.8 (with t, > 15 days). EM method
wants ageing coefficient set to 1. If time t, is finite X(t,t,) is calculated by

the following semi-empirical relaxation function (Bazant and Kim,1979):

x(ttg) = [1- ROt /E ()] -1/p(tty)

R(t,ty) = (1-0.008) / ®(t,t) - 0,118 [B(t-t,t )/ Bty +a) -1] / B(t,t-1)

n cui:
& = (t-tg)/2 k
Bt tg) = [1+ @t ) /E ()

2.14 Concrete Cover

The concrete cover is the distance between the surface of the
reinforcement closest the nearest concrete surface (including link and
stirrups and surface reinforcement where relevant) and the nearest
concrete surface. The nominal cover c__ shall be specified on the design

(see 84.4.1.2), plus an

allowance in design for tolerance, Ac, , (see 84.4.1.3):

drawings. It is defined a minimum cover, c

min

c = Cmin + ACdev

nom
The evaluation of the nominal cover is preliminary to the checks of any
section once established concrete data, the environmental conditions
and the diameter of longitudinal bars and stirrups.

The cover to assign to longitudinal bars in the input windows of
this program is the above nominal cover value plus half diameter
of bars.

The calculation of the concrete cover to be performed two times: first
with reference to the stirrups, the second to that of the longitudinal bars.
The concrete cover more restrictive of the two affects the value of the
other concrete cover.

In the Example 4.1 in ref./4/1:) are given:

- ®20 as diameter of longitudinal bars

- o8 as diameter of stirrups

- XC1 as exposure class

-d,=20 mm as max aggregate size (<32 mm)
-50years as design working life of structure

-S4 as Structural class

-10 mm asAc,,
- Normal quality control is put in place.

For stirrups the calculation leads to: ¢ . =15mm then c _=c_ . +
Ac,,, =15+10 =25 mm
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For long. bars the calculation leads to: Cpin =20 mm then c _=c
+ Ac,, =20+10 =35 mm

The concrete cover for the stirrups is "dominant”. In this case, the concrete
cover for longitudinal bars is increased to: 25+8 = 33 mm

The same result is shown in the below window that you can open from "Run"
drop-down menu or directly from the pertinent command (the last one) in
the principal Tab bar of the program. Note that the last result is the cover
value to assign in the input windows of the present program. Results can also
be printed on paper.

5 A=)

min

Fararmeters for Definition of Concrete Cover
Diameter of reinforcement [for bond requirementl]
bl aw diameter [or equivalent diam.] of longitudinal bars Ir T
b ax Diameter od Stimups [set 0 in absence of them) Iai T
Concrete data and Environmental conditions
Expozure Clazs acc. to §4.4.1.2(8] =1 w
Concrete Clazs acc. to Appendis E EC2-1 C25430 w
Deszign Warking Life acc. to & 4.4.7.2(8] Al years [54] w
[ ] Mominal masimum Agoregate Size Greater than 32mm ace.bo table 4.2
[]5pecial Quality Contral of Concrete Praduction acc. to table 4,38
" aniations
] Reduction Crindur for slab members §4.4.1.2 table 4.3M
[]Increase for abrasion §4.4.1.2 13 Ii M
[ ] Reduction for &dd. Prot. 8441 2(7)(8] dCdur,st+dCdur,add Ii T
[] Additive Safety Element acc. to §4.4.1.2(8) dodwg [0 mm
Additive Allowance for Deviation acc, to %4.4.1.3(1] dCdey Ilﬂi T
Cover Results
tdin edge Cover for stimups [eq. [4.2]] Crin IT i
bdin edge Cover for longitudinal bars  [eq. [4.2]] Cmin IT o
Mominal edge Cover for stimups [eq. [4.1]] Crom IT o
Mominal edge Cover for longitudinal bars [eq. [4.1]] Crom I:ﬂi ]
MNominal Cover to Longitudinal Bars Centroidal Axis IT i
it | [ Eat |
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The correspondences between the symbols used in this sub-program
and those in 84.4.1 EC2 are:

Cmin,dur = Crin dur minimum cover due to environmental
conditions
dCdur,st = Ac reduction of minimum cover for use of

dur,st
stainless steel

dCdur,add= AC,, add reduction of minimum cover for use of

additional protection

dCdur,g =Ac additive safety element

dur,y
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2.15 Text height - Printing options

Height of kext character

Mumbers of vertices of the polvgonal concrete regions |37 cm
mumber of longitudinal bars |37 cm
Dimensions and coordinates |37 cm
Genetic kext and legends |37 cm

Scales of normal stresses in diagrams

:

Length in cm corresponding ta a normal stress of 10 Mpa .5
Printing options

{* Compack printing: print only mazx and min stress and strain

" Extended printing: print stress and strain of all concrete vertices and bars

Save as defaulk

From drop-down Options menu you can select this dialog window to set
the following entities:

e text height [cm] of text within the graphs (text height is instead
automatic for the interaction domains and moment-curvature
diagrams);

e drawing scale of the stress diagram in the screen graphs;

e type of printing (compact or extended) in the results report (i.e.
printing or not stress in all vertices of section and in all bars).
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2.16 Colorsinthe graphs

—Background graphics windows ——  — Interaction Graphics
Back Coler ] Contours M |
— Cross-section graphic Paints _.
Contours _. Reference axes _.
Bars: 1st diameter _. —Deflections of beam
Bars: 2nd diameter _. Bending moments _.
Bars: 3rd diameter _. ATRElTEs _.
Web Bars _. Deflections _.
Lxes ¥, Y reference _. applied loads _.
Axes ¥,y pr, inertia _.
— Section Outpuk
Discretization _.
Mormal stress _.
(] | Cancel | Reset |

From drop-down Options menu you can select this colors dialog window
to set the principal graphical entities of the program.
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3 Theoretical Background

3.1 ULS Bending and Axial Force

3.1.1 Assumptions

The calculation of the ultimate moment resistance M_, of rc cross-

section is based on the following assumptions (86.1 EC2):

¢ plane sections remain plane

e the strain in bonded reinforcement is the same as that in the
surrounding concrete

e tensile stresses of concrete are ignored (no strength in tension)

e the stresses in the concrete in compression are derived from the
design stress-strain relationship illustrated in the following

¢ the stresses in the reinforcing steel are derived from the design curves
showed in the following

Stress-strain relation for the design of concrete
For the design of cross-sections program uses the parabola-rectangle

stress-strain relationship according to 83.1.7 EC2 depicted in the follow
figure.

bl
I
4 I
I
I
|

1
1
1
1
I
1
1
1
1
1

N 1
1
1
1
1
1
1
1
1
1
1
|

. &
Ee &z ¢

The value of the design compressive strength f_ is:

f,=a_f 1y, (3.15)EC2

c cc ck
where:
Y. = 1.5 is the partial safety factor for concrete
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o term effect...

cc

(recommended value

options[7d7)
The parabola-rectangle in figure is described by the following function:

is a coefficient taking account oflong

1.0 but editable in Code and reinforcement

o, =f,[1-(1-¢/¢,)"] forO<g=<¢g, (3.17)EC2
o, =T, fore ,<e <¢_, (3.17)EC2
€0 = is the strain at reaching the maximum strength =
0.0020 for f,, < 50 Mpa
= 0.0020 +
0.000085(f_ -50)°>3 for f, = 50 Mpa
€euz = is the ultimate strength = 0.0035
for f, <50 Mpa
= 0.0026 +

0.00035[(90-f_)7/100]°>* for f, = 50 Mpa
2.0 for f, <50 Mpa
1.4+23.4[(90-f )/100]* for f, = 50 Mpa

n

Stress-strain relation for the design of steel

For the design of cross-sections program uses one the bilinear stress-
strain relationships according to 83.2.7 EC2 depicted in the follow figure.
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fix =Kfyif
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The inclined top branch has a strain design limit ¢ =k, - ¢, a Yyield

stress f ,=f ,/y, and a maximum stress f, =kf, 7y,

d max
where:
&, = ultimate characteristic strain (ductility)

k, = reduction factor for ¢, (= 0.9 recommended in EC2; but you

can edit a different value according to National Annex in Code and
Reinforcement options)

k =f,/f, thisratio canvary from O to 1.35

In 83.2.7(2) EC2 is allowed to set k=1.0 (horizontal top branch without
strain limit) independently of the actual value of fyk/fyk .

The actual min or/and max value of f ,/f , vary according to the class of
steel (i.e. for class C the ratio 1.15 sfyk/fyk < 1.35) (see Annex C EC2)

In the program you can set (in the Materials Library[¢7)) any k > 1.0 for

design checks independently of the actual value of fyk/fyk (but pay

attention to respect the min and max actual value of f ,/f )

In the program you can set freely (in the Materials Libraryle7’]) the value
g, but you must pay attention to respect the actual ultimate strain (see

Annex C EC2)
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3.1.2 Uniaxial bending

Given a cross-section referred to O,x,y axes, the bending is defined
uniaxial when the bending is around x axis and the corresponding neutral
axis is parallel to x.

This condition, strictly speaking, is true only if the section is symmetrical
with respect to y axis. But in many circumstances (beam within rigid
floor diaphragms, foundation beams) the lateral constrains make
sufficiently approximate the above hypothesis.

To evaluate internal forces Mx, N for each position of the neutral axis
program works with the following procedure of integration of stresses.

Ya

& /

¥Yei

'_X ._J,'.'.' Eo_ |

Discretization of cross-section and generic stain and stress
distribution

The cross section is first discretizzed into n strips parallel to x axis (and
then to neutral axis) having all the same thickness Ay (step) that you
can change (from 0.2 to 2.0 cm) in the dialog window Code and
reinforcement options[ 70\ The width of Ax, each strip is given (see figure

above) by the intersection of the line passing in the middle of the step
Ay. The area of each strip is then given by:
Ac. = AX . Ay

The internal forces N , Mx for any position of the straight line of
deformation of the cross-section are given by the following equilibrium
equations referred to x axis:
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N = | gdh +Z4 @ = Tyl it Dhy m

Me= | oy dh +Zhy Giys = Tehachi u ¥ Dhy Ci¥g
where:
o, is the stress, assumed constant in the entire strip, in the Ac.
area
€ is the strain, assumed constant, in the Ac, area
o, is the stress in the centroid of area A_, of the generic bar i
g is the strain in the centroid of area A, of the generic bar i

In above summations the normal force N is supposed to be applied in the
origin O; to compare the internal moment Mx with the external one
(design moment) with N placed in the centroid of concrete section, it is
necessary (after summation) to add the moment - N y. to the above

Mx (Y, = y-coordinate of centroid).

Every possible strain distribution in ultimate limit state is shown in the
figure below.

;h .&c0/ Ecu

All possible strain distribution at ultimate limit state (with strength areas
between 1-2-3-4 characteristic points)

For the assumption of conservation of planar sections and the described
limitations imposed to the ultimate strain of concrete and steel, the
deformed configurations of the section, corresponding to the various
possible ultimate states, all pass at least one of the points labeled A, B, C
of the figure. In the same figure are also represented the positions 1-2-
3-4 (for positive curvatures) of the strain configurations corresponding
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to transition from one type of failure to another.

The strength area from 1 to 2 is obtained by rotating the section around
the point A (pivot A). The second area from 2 to 3, by rotating the
section around B. The third field, finally, from 3 to 4 around the pivot C.

SAFETY CHECK

Strength domain (interaction N-Mx domain) for ultimate limit state in uniaxial
bending

The above figure is a generic interaction region of the strength internal
forces N, Mx (the moment is referred to the centroid of concrete).

The boundary curve of region is the border of strength domain and each
of its points corresponds to one of strain distribution (with ¢_ or ¢_ at

their strength value) shown in previous paragraph.

In that border 1-2-3-4 points are the same points seen in the previous
topic with only reference to the positive (2-3) or null (1-4)curvatures.
Points 5-6 refers to negative curvatures.

To calculate the forces N, Mx corresponding to those characteristic
points (from 1 to 6) just executes the integration described in the topic
uniaxial bending(s3] assuming the following analytical expression of the
straight line of deformation:

e(y)=by +c (1)
where :
b =c, = curvature around x axis
cC = ¢, = strain in the origin O of reference axes
X,y
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coefficients b, c of line (1), are derivate by the strains ¢, , ¢, of any two
points P,Q of the section with y-coordinates y,, y,:

= (SP_SQ)/(yp_yQ)
g by,

Cc

Known b, c it is easy to calculate with the eq. (1) any point {N,Mx} of the
safety border. For example if you want an intermediate point between
characteristic points 2 and 3 of which are known the curvatures b2, b3
referred to pivot B (in previous topic):

assign a generic curvature b between b2 and b3, indicate with y,, ¢, the y-

coordinate and the known strain of pivot B, you can get the unknown value of
coeff. cin eq. (1):
= ¢, - by, [ b2 < b< b3]
The integration of stress provides, finally, the pair of N, Mx values of
point with curvature b.
= ¢, - by, [ b2 < b< b3]
The same procedure you can do for every b curvature for the other
characteristic couple of points so to built the entire border of the
strength domain.

Given a generic couple of design forces {N¢,Mx_}, uniaxial bending check

is positive if its representative point S (see previous figure) is not
external to strength domain (as in depicted case). This condition that we
define measure of safety can be numerically expressed in multiple
ways. This program allows the following two way (see previous figure):

1) At constant eccentricity e=Mx/N: program calculate {N_,Mx_} of

point R as intersection of border line with the stress path line r (with
Mx/N = e for all of them). The measure of safety is given by the
segment ratio OR/OS (Safety Factor). If such ratio is = 1.0 the bending
conformity is positive for {Ng,Mx } design forces.

2) At constant normal force N=const.: program calculate {N..,Mx_.} of

point R' as intersection of border line with the stress path line r' (with N =
const for all of them). The measure of safety is given by the segment
ratio O'R'/0O'S (Safety Factor). If such ratio is = 1.0 the bending
conformity is positive (check is OK) for {N_,Mx_} design acting forces.

DIRECT SAFETY CHECK

Program perform the uniaxial bending check (to obtain the safety factor)
in the following way.
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Generic equation of straight line r (or r') in the previous figure has the
form:

I - N+m -Mx+p=20 (2)

where |, m coefficients are immediately given from condition that r
passes through the design point {N;,Mx } and the origin point O (or O)

In the case depicted in the previous figure the intersection point
{N;.Mx_.} R is placed between characteristic point 2-3 then in the

second area strength then we know the pivot B:
the only unknown is then the curvature b that must be: b2 < b < b3.
So b can be easily calculated with iterative procedure of bisection.

3.1.2.1 Design of reinforcement

This type of caclulation is a option available in section datali?] dialog
window.

Given the geometrical and mechanical data of predefined concrete
section and the steel grade and position of the two row of bars, program
search the minimum areas of row bars which correspond to a strength
domain in which all acting forces {Ng,Mx.} fall (S on the border or within

the border if code detailing requires more steel area).
For beams bars their design procedure is based on the respect on a limit
value for x/d (max value set = 0.45) and on the minimum ratio A '/A,

between compressive and tensile area of bars (assegned in the window
Code and reinforcement options|01).
For columns bars design provedure is based only on the A '/A_  assumed

in options.

3.1.2.2 Detailing cecks

Strength check based on bending resistance is not sufficient to state the

PO

sitive conformity of a cross-section.

It is also necessary to check the conformity to the detailing of reinforcement
(88 EC2; 85 EC8) and the detailing with references to member (89 EC2; 85
EC8) to which section belongs.

Program performs also these checks using the Eurocodes rules and the
options assigned in Code and reinforcement options/ 70 window.

3.1.3 Biaxial bending and axial force

Biaxial bending with axial force refers to general section[26] and
rectangular section of columns|z8l.
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A general section (as that depicted in the below figure) consistes in one
or more concrete polygonal regions and any number of bar anyway
arranged. Concrete geometrical data and bars have a general reference
system O,X,Y. Positive bending moment are showed in the figure. N
assigned normal force (positive if compressive) is applied in the centroid
of concrete regions. Bending design moment can be refered to O,X,Y
axes or C,x,y principal inertia axes.

In calculations performed by the program internal normal force N is
applied in the origin O and MX,MY to X,Y axes.

T
el
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Scheme of integration of stessesin biaxial bending

In the above figure is showed the scheme of integration of stresses
referred to a generic position of neutral axis with the same inclination o
of x* axes which belongs to a rotated reference system O,x*,y*. The
numerical integration is performed with:

N = | ag-dA +Zh o = Tpda i+ DAy
Mgt = | gV dA +Lhaiys  2hibaGyat Il s
My = ) a-(x)dA -Thyohiz =-TohaCisy LAy Gis

where, with reference to the generic discrete strip i of the figure:
Aci = (Xciz_ Xci 1) ' Ay
Xci = (Xci2 + Xci 1) / 2

The integration results Mx*, My* are then referred to B, &, n principal
inertia system (to compare the internal forced with the design ones):
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ME =Mx* cos 6 + My* sin6 + N y,

Mn = -Mx* sin @ + My* cos0 - N x,
where x., Yy, are the coordinates of origin O referred to principal axes of
inertia.

»Mn

N

M

Three-dimensional interaction domain N-M{-Mn

As you can see in the above figure, the generic design forces S%NSd, Mng,,
M&Sd# has three components to compare, in a definite measure direction
r, with the correspondent strength forces R%NRd, Mng, M&RdF obtained by

the intersection of the straight line r with the surface of interaction
(border of 3-d domain). To each point of this surface correspond a strain
configuration of the section with a failure of concrete or steel. In
particular the cusp points 1 correspond to the max tension strain (¢ ) at

null curvature and 4 to the min compressive strain (¢_,) at null curvature.

For each direction a of the neutral axis we can obtain the same possible
strain distribution at ultimate limit state seen in uniaxial bending with
characteristic intermediate point 2-3. The ultimate border line 1-2-3-4
seen in uniaxial bending here become (performing the previous numerical
integrations) a three-dimansional line y (from 1-4 in above figure).
Varying the angle o (i.e. neutral axis direction) from O to 2 n the set of
all the curves y constitute the entire interaction surface.
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3.1.31

91

Safety check with constant M/N

»Mn)

The measure of safety with constant M/N is performed in perfect
analogy to that developed for uniaxial bending[e3l. Point S is a
representative point of the external design forces 1 Ng,» MEg, ,MnSdF , the
measure of safety is given (see figure) from the ratio between the
length of segments OR and OS measured along the straight line r
belonging to plane IT passing through the axis N and forming a constant
angle g with axis M,

B = arctan (Mng,/ ME,)

The check consists to find the particular direction o of neutral axis
whose corresponding spatial curve of interaction ¥ intersects the plane
of interactionIT just in the point R (intersection of line r and the
interaction surface. As the point R belongs to IT plane , its components
Mn., ME,, form , the, the same 3 angle.
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3.1.3.2 Safety check with constant N

In this case, the straight line r of measure lies in the plane orthogonal to N
axis and all where all points are then characterized by N =N_, (design axial

force). To be sure that the origin O’ of the measure line r is internal to the
interaction surface, O’ is assumed as the intersection of the straight line O-4
with the plane N =N_, . So the safety measure is the segment ratio O'R/O'S.

N a

/Z ;

I\IE::, 0O,

M

ME ;

3.2 ULS Shear

3.2.1 Uniaxial check (predefined section)

The design for shear force resistance is only performed in the ultimate
limit state. The analyzed rc sections belong to beam or to columns with
transverse reinforcement that consist only of stirrups placed
orthogonally to the axis of member. Do not use this shear check with
opened thin walled sections (section do not stay plane with bending-
shear actions).

The general design requirement according to EC2 (EN 1992-1-1) is the
following:

IA
<

Ed Rd
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where
Vg design value of applied shear force
\ design value of shear force resistance

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

Vede design shear resistance without shear reinforcement

Veas design shear resistance limited by yiel shear of shear
reinforcement

Ved max design shear resistance limited by strength of concrete

compression struts
Design shear resistance without shear reinforcement

The design value for the design shear resistance V_, . may be determined

by:

V. =I[C

Rd,c

k (100 p, f, ) - k16, 1b,d (6.2a) EC2 o

Rd,c

For the symbol's meaning please see EC2 /1[::V.

Program provide in the general datalel window a special member
characteristic defined "Beam without stirrups" that you can choose if no
stirrup is is to use.

Design shear resistance with shear reinforcement

Program provide only shear reinforcement perpendicular to the
member's axis (o = 90°), then the following is applied:

Veas = Afs -z -1, -cotd (6.8)EC2
where:
A,, cross-sectional area of shear reinforcement
S longitudinal spacing between stirrups (pitch)
z level arm of internal force of bending and axial force acting in

the same combination
(program do not assume the simplified value z = 0.9 -d)

f yield strength of shear reinforcement
ywd

) inclination of concrete compression struts
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The inclination § of struts must comply with the following limit values
recommended by EC2:

1 <cot9 <2.5 (6.7)EC2

Those limiting value can be different in the National Annex (see Code and
reinforcement optionsmﬁ)

The design shear resistance of concrete compression struts (o = 90°
always in this ) is:

Viedmax = %ew " By " 2 - Vv, - T, /(1+cot?8)
where

a., =1 factor for considering stress conditions in compression
chord

b, minimum width of cross section (predefined sections)

Z lever arm of internal forces

v, reduction factor for concrete strength (National Annex can

change this parameter. See Code and reinforcement options)ﬁﬂ
f, design value of concrete strength

) inclination of concrete struts

The procedure followed by the program for shear check is:

If for cot8 =1 V_ <V, then concrete section dimensions are not sufficient
for shear resistance then it is necessary to resize the section.

If forcotd =1 V_,=V_, then equating design shear V_, to shear resistance (1)
V. We obtain § value:

§ = 0.5 arcsin[(2V ), VvV, f.,0.9-d b, )]

if cot satisfyes eq. (6.7)EC2 the strictly necessary stirrups area A_, is given
by eq. (6.8). The ckeck is OK if the comparison between A_ is less than the
actually present area.

If the section was defined (in general data|_9'1) as internal to a critical region

of a beam in seismic zone and its ductility class is DCH then for EC8 program
sets coty =1

If coty >2.5 we assume cot9 = 2.5.
In Code and reinforcement options/ 73 windows you can optionally assign to
coty a max value less than 2.5.
In shear checks program controls all the stirrups detailing specified in 8 8
and 8 9 of EC2 and in 8 5 of EC8.
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3.2.2 Biaxial check

Eurocode 2 rules (86.2) for the shear, applied in the previous
paragraphls2] to the predefined sections, shall apply only to the uniaxial
stress perpendicular to the neutral axis of a section of the beam subject
to bending also uniaxial.

In current design applications, however, the checks of reinforced
concrete columns must always be conducted in biaxial bending with axial
load and in the presence of both components of the shear referring, in
general, the principal axes of inertia of the section of concrete only.
Capacity design of columns in seismic zones requires a considerable
increase of the shear strength that can become a critical element in the
design.

While for biaxial bending Eurocodes provide two types of approximate
solutions in the case of biaxial shear is not given any indication, simplified
or rigorous as it is, on the possible mode of calculation. It is therefore
proposed the following procedure.

hA
Vi
o
Vy
] ﬁ -
] L] VI ||§ : X

Assuming known the neutral axis at ultimate limit state, the resulting
shear vector V +V,_ is not generally orthogonal to that line. Even for the

simple rectangular section of the figure it is evident that the calculation of
the shear resistance conducted separately for the two acting
components V, and V,_, in addition to lead to results to the detriment of

safety is conceptually incorrect because it admits the decoupling of the
components V,, V, does not actually present in the same way as that of

the components M_, My bending moment. It therefore seems more

appropriate to assume, as plane truss resistant model to shear, the
plane orthogonal to the direction of the neutral axis of the section
obtained from the calculation of biaxial bending in ULS. Consequently the
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value of the acting shear force will be constituted by the resultant V., of
the sum of the projections of the components V , V, on the direction

orthogonal to that of the neutral axis. Indicated with  the angle formed
from the neutral axis with the x axis of inertia, the value of effective
shear force to assign in the following calculation is then:

V=V, sinb+Vy cosb

In this way biaxial shear problem has become an uniaxial shear
calculation. Sections reported below are oriented so as to highlight the
orthogonally between the neutral axis (in biaxial bending) and the
direction of the acting shear V_, just defined.

VEa Vra Ve

A rational approach to the problem of the evaluation of shear resistance
is to divide the sections in a sufficient number of elementary strips (as
shown above) plotted parallel to the direction of the shear V., and

consider the shear strength as the sum of the individual elementary
strips. Each strip is considered in the same way as a rectangular section
whose resistance can be evaluated based with the relationships (6.8)-
(6.9) EC2 below reformulated with reference to the generic strip and
assuming the stirrups always orthogonal to the beam axis (o = 90 °):

Vegi = Zi " Agyi 15+ 1,4 COMO 1
Viei =2 b -a, - s - cosd 2
where:
z effective inner lever arm of strip i (to each z, corresponds a d.
value)

A, portion of the area of the stirrups engaged in the single strip i
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S pitch of stirrups
yield strength of shear reinforcement

—h

ywd

f’Cd reduced compressive strength of concrete (v, - fcd);

a,, =1 factor for considering stress conditions in compression chord
0 inclination of concrete struts (the same for all strips).

So that each strip could represent the projection (on the cross section)
of an elementary isostatic truss is necessary that its two extremes fall
respectively in the current compressed strut (compressed area of the
section due to the bending) and in the tensile current formed by the
longitudinal bar placed along the perimeter. To meet the first condition
we exclude strips that do not intersect neutral axis. The second condition
may be satisfied if the longitudinal bars are sufficiently distributed along
the perimeter of the section (tubular reinforcement). For columns in
seismic zones you can consider this condition always satisfied because of
the high values of the minimum reinforcement (p = 1%) which involve
small distances between the bars (EC8 provides, also, a distance < 15
cm on high ductility DCH and < 20 cm on mean ductility DCM). In not
seismic zones the designer can meet this requirement with an
appropriate distribution of the longitudinal bars.

5 Auwi
/
F L]
1
11
B e
di ctg?d

On the basis of the above assumptions the present figure shows the
longitudinal section of the truss corresponding to the generic elementary
resistant strut with an effective inner lever arm equal to z, and with an

effective depth equal to d.. In order to fully assess the shear resistance
expressed by (1) remains to be defined A_, ; ie the cross sectional area of the

stirrups pertaining to the elementary strut. In (1) it is evident that such
resistance is directly proportional to the height of the effective inner lever arm
z, then it is logical to assume:

Agi =718z - Ay,
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As a result the shear resistances, this time referring to the entire section,

become:
Vg = (S221Sz) A, Is - f ;- cotd ©)
Ve= S2;+b)-a_ - f_snq-co 4

86.2.3(3) EC2 states that the shear resistance should be taken as the
lesser of the two.

Equations (3) and (4) are equivalent to the corresponding EC2 formulas
(6.8) and (6.9) provided to set:

- 2
2y = Sz,°/Sz,
Ayt by et = S(d-b) = Ay
W, eff A | dei

The effective values b . , z,, dy thus obtained define, for any form of

section, width and depth of an equivalent rectangular section for the purposes
of shear resistance. These dimensions allow, i.e., to use the same shear

verification check illustrated for the predefined sections in uniaxial shear:

4 Ccoto
a,, T, -cote/(1+cot®6)

w,eff. cw

\Y/ = Z . ALlS 'fyw

Rd,s
V = z.-b

Rd, mex eff

3.2.2.1 Effective stirrups area

Given a high demand for biaxial shear (as in seismic zones) we try in the
following, to assess the effective area resistant to shear provided not
only by hoops, but also by cross-ties actually arranged in the section
with the same pitch of the brackets. It is assumed here that the variation
of the direction of the shear force (as normally occurs in various
combinations provided) results in a consequent change in the effective
resistant area to shear provided by hoops and cross-ties.

To fix ideas, consider the generic section of a column, represented in the
following figure, reinforced with two hoops marked A, B and two cross-
ties a, b.
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/i /il

With reference to the perimetric hoop A we can say that, regardless of
the direction of the shear, its contribution can always be assumed to be
two times the area of the cross section of the hoop itself. The
effectiveness of this hoop is indeed always maximal because it envelops
in each case, the strut of the resistant truss at maximum depth for any
direction of shear forces. Said maximum effectiveness may be
commensurate to the maximum distance between the longitudinal bars
(connected by hoop A) on the measured direction of the shear force
(length h, in the figure). For every shear direction it is always possible to

identify two resistant legs of the hoop which develop an effective shear
resistant area equal to two times the area of the section of the hoop.

The effective area of inner hoops (such as B) , can be evaluated by
reducing the area of the two legs by means of a factor equal to the ratio
h,'/ h, in which h;" is the maximum distance between the bars enclosed

by the inner hoop (always measured on the direction of the shear here
assumed orthogonal to neutral axis).

With similar reasoning can be considered the effective area of the single
cross-tie reduced to the ratio h," / h, where h," is the projection of the

length of the tie on the shear force direction. On the safe side we may
exclude (in the calculation of effective area) the cross-ties in which at
least one of the two ends does not fall in the compression zone of the
section.

Consider, for example, the below square section transversely reinforced
with two hoops, as well square, which steel bars have the same cross-
sectional area A, . With reference to a shear force inclined of 45° to the
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sides of the section, the effective area of the external perimeter hoop is
equal to that of two legs: 2 A, .. As said above the effective area of the

inner bracket can be assessed equal to:

2A,h,'/h, =A,.
In total, therefore, the effective area resistant to a shear vector angle of
45 °isequalto 3 A .

In the case, instead, where the shear is parallel to the sides of the
section, resulting h, '=h_, we can assume as effective area 4 A_. For all

intermediate inclinations, therefore, the effective area of the transverse
reinforcement to be taken in checks of ductility capacity and of shear
resistance ranges from 3A,  to 4 A, .

3.2.3 Shear check of walls

The check of seismic wall shear force (amplified automatically by the
program) are performed according to EC2/EC8 rules assuming as inner
lever arm equal to 80% of the width of the section, except in the case of
the walls in ductility class DCH for which the shear strength compression
V should be reduced by 60% and assuming cot3 = 1 (what makes

Rd,max
difficult the conformity of shear check for these walls in high ductility
class. We recommend for seismic walls to adopt the ductility class DCM.
Sliding shear check is provided in EC8 only for walls in ductile class DCH
(8 5.5.3.4.4). The program does not provide for the presence of inclined
bars at the base of the wall in the last mentioned check.
In ductility class DCH wall should also be verified for diagonal tension
failure (8 5.5.3.4.3 ECB8).
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The considerable number of checks and parameters entails, for ductile
walls, the need to iterate the verifications by changing from time to time
the reinforcement. To this end, we recommend to print at each step the
full results (also on the screen) in which they are exposed eventual non-
conforming values with reference to the standards requirements.
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3.3 ULS Torsion

3.3.1 Torsion check

A full design for torsion shall be made only when the static design of a
structure depends on torsional resistance of elements. In statically
indeterminate structures where torsion arises from compatibility only, it
will be normally unnecessary to consider torsion at ultimate limit states.
The program applies the method given in 8 6.3 EC2 to calculate torsional
resistance. Such method refers to thin walled closed sections in which
equilibrium is satisfied by a closed shear flow. Solid sections may be
modelled by equivalent thin-walled sections. Complex shapes, such T or
flanged sections may be divided into more sub-sections, each of which is
modelled by equivalent thin-walled sections, and the total resistance
taken as the sum of the capacities of individual elements.

The method of calculation assumes an annular flow of shear stresses
and, consequently, one can assume for resistance a tubular truss in
which tensile stresses are balanced by the longitudinal and transverse
reinforcement therein and the oblique compression forces by the struts
of outer concrete.

Are explicitly excluded from this discussion (and from the program)
sections that consist in open thin-walled profiles.

SLU check

EC2 (86.3.2) define t_ = A/u as the effective wall thickness given by the

ratio between the concrete area (including inner hollow area) and the
outer perimeter u. The thickness t_ need not be taken as less than twice

the distance between edge and centre of longitudinal bars. For hollow
sections the real thickness is an upper limit.

Torsion check in a polygonal equivalent thin-walled section is satisfied if
the acting torsion force T_ is not greater of the following three torsional

resistances provided by concrete struts and by the transverse (hoops)
and longitudinal reinforcement:

a) Concrete: Trame = 2A T -cot 8/ (1+ cot?9)

b) Hoops: Te =2-A-AJs - T, -cotd

c¢) Longitudinal bars: Taa =2-A -ZA,Tu -, /cotd
where:
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A

area enclosed by the centre-lines of the connecting walls, including

inner hollow areas

u, perimeter of area A,
A, area of cross-section of the hoop bar (one bar)
S pitch of hoops
A, cross-sectional area of longitudinal reinforcement for torsion

cd
ywd

ywd

=v-f, [see (6.9)EC2]

design yield stress of the hoops

design yield stress of the longitudinal bars

cot 9 = cotangent of the angle 9 of compression struts

The maximum resistance of a member subjected to torsion and shear is
limited by the capacity of compression struts. In order not to exceed this
capacity the following safety condition should be satisfied:

T /T +V_/V <1.0

Ed Rd,max Ed Rd,max (1)

This safety condition is named "safety factor" in the program output of
predefined section.

When torsion and shear are simultaneously present the angle 3 assumed
in the checks must be the same.

For light action effects the absence of cracking is expressed by:

TEd/TRd_C + VEd/VMC <1.0 (2)
where:
T =2f -t -A

Rd,c ctd ef K

Predefined sections|12)

For this typology the program performs (with the above formulas) both
the calculation of verification (check) that the design of the
reinforcement. If combinations with torsion and shear force acting
simultaneously interaction check is carried out with the relationship (1).
As default value of cot3 is assumed that assigned in Code and
reinforcement options[7d window. In presence of bending moment a
portion of the upper and lower area of longitudinal bars for bending is
reserved to torsion resistance (proportionally to the length of sides of
the section). The area of web bars completes the longitudinal
reinforcement for torsion. All the longitudinal area of bars resisting to
torsion are non included in the resisting are for bending.
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Polygonal sections in torsion[sd]

Because of their generality for General sectionlzs] typology is not
expected torsion check in interaction with bending and shear. So for this
section typology program performs only the torsion verification for the
assigned reinforcement; also shown in output are the areas of stirrups
and longitudinal bars strictly necessary to balance torsion force. Torsional
concrete struts resistance T is also calculated in order to manually

Rd,max
control the above relationship (1). The torsional reinforcement areas
may be, at last, added to those already calculated for bending and shear
and so to get the final design of the section. You must assign for Cot 9
the same value assumed for the shear force acting in the same
combination.

The program proposes as results a disposition of the reinforcement that
respect the detailing of standards (89.2.3 EC2):

- The longitudinal bars spacing of the torsion link should not exceed u/8
or the requirement in 9.2.2(6) or the lesser dimension of the beam
corss-section.

- The longitudinal bars should be so arranged that there is at least one
bar at each corner, the others being distributed uniformly around the
inner periphery of the links, with a spacing not greater than 350 mm.
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3.4 ULS Instability

3.4.1 Nominal curvature method

The analysis of slender isolated columns may be performed with
simplified methods such as that based on "nominal curvature method"
used in the present program for the typology "rectangular section of
columns[471" and "predefined sections[23" in the case of circular section of
columns.

The nominal curvature method (85.8.8 EC2) is primarily suitable for
isolated member with constant normal force N_, and defined length |,

(pre-calculated according to § 5.8.3.2 EC2). The purpose of this method
is to give a nominal second order moment M, (based on effective length

|, and an estimated max curvature) to add to the first order moment
M,:4 (inclusive of the effect of imperfections e,=|,/400) so to have a

final design moment M_,:

M.y, = Mgy + M, (5.31)EC2
M, = N_,-e, =N, (1/r) - 1,2/c
where:
1/r=K -K,-1/r, =K -K,- ¢ /(0.45 - d) (5.34)EC2
c =10 for constant cross sections (or less if the first order

moment is constant - 8 is a lower limit)
program use 10 always
d=h/2 +i this value for effective depth is to be used if

reinforcement is not concentrated on opposite sides
i radius of gyration of the total reinforcement area

S

K, correction factor depending on axial load (see (5.36)
EC2) 1 ifK>1then K =1
K, correction factor for taking account of creep (see

(5.37)EC2) : if K< 1 then K =1

The curvature 1/r, in (5.34) 8 5.8.8.3 EC2 can be assessed by the
program with the direct formula in 8 5.8.8.3 EC2 or by means the
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moment-curvature diagram as in "model column” method (see ENV). In
biaxial bending it is difficult to use the direct formula (5.34) as it is hard
to meet the conditions of applicability in (5.38a) and (5.38b). These
conditions are always checked by program. The biaxial moment-
curvature diagram provided by the program make always possible to
check biaxial instability. If curvature 1/r, is assessed with moment
curvature diagram (uniaxial or biaxial), only K is used to correct the

curvature as K_is implicitly taken in account in the diagram.

Slenderness is defined as follows:

A=l /i
where:
IO
85.8.3.2(2) EC2

i is the radius of gyration of the uncracked concrete section =

V(I/A)

is the effective length of the isolated member as defined in

Second order effects may be ignored if the slenderness 1 is below A, :

A, =20-A-B-C/Vn (5.13)

A=1/(1+0.2 - ¢_)

B=V(1+2w)
C=1.7-r_(ifr_isnotknown C = 0.7 may be used)

Oor = Do Moeo /Moy effective creep ratio [see (5.19)EC2]

o =Af,/(A F,  whereAsis the total area of long. bars
n=N_/(A.f)

Program applies (5.13) setting C = 0.7 always (r,, is not assigned) and
9., as the input data assigned in the dialog window. The other parameter

are directly calculated.
If A <X, program stops calculations with a message.
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3.5 Ductility checks

3.5.1 Local ductility for beams and columns

Ductility checks concern the following sections for structures in seismic
zones:

¢ within critical regions at the ends of all the beams (DCM, DCH). [Not
secondary beams]

e within critical regions at the base of columns in DCM

¢ within all critical regions of columns in DCH

¢ within critical regions of ductile walls (DCM, DCH)

To respect the local ductility in the above critical regions the curvature
ductility factor p, must comply with the rule in 85.2.3.4 EC8:

Uy > 1,5 (29, - 1) if T>T (5.4) EC8

1 C

up> 1,5 [1+2(q, - DI T/ T, if T <T (5.5) EC8

where:
d, basic value of the behaviour factor
T, fundamental period of the building
T. period at the upper limit of the constant acceleration of the
spectrum

For beams EC8 allows to replace (5.4) above control with the equations
(5.11), (5.12).

For columns EC8 allows to replace (5.4) above control with the relation
(5.15).

For beams ductility check is normally performed by the program applying
the eq. (56.11),(5.12) ECS8 that that is, controlling the maximum and
minimum tension reinforcement ratio of longitudinal bars.

For columns ductility check is normally performed by the program
controlling the stirrups confining and applying the following disequation:

aw,,Z30mgn, e b./b, - 0.035 (5.15)
EC8
where:
a =a,-a, =confinement effectiveness factor
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W,, = (volume of confining hoops/volume of concrete core) - f /f, =
(A, /(s by) + A, I(s-hy))-f/f, =w+w
m, = curvature ductility facto.
n, =N,/ (A, f_,) = normalized design axial force
€, = design value of tension steel strain at yield
b, = gross cross-sectional width
b, = width of confined core

0

Eq. (5.15) should be applied in both directions x ed y (in a rectangular
section):

aw,,>30mgn, g, b./b, - 0.035
oW, >30m, ng &, h./h, - 0.035

Note that care must be taken to ensure the same ratio of transverse
reinforcement that is to be approximately w, =W, .

As the program operates in biaxial bending and biaxial shear the last two
formulas (5.15) EC8 are redefined as a function of only the actual y-direction
inclined (as w,, is the sum of both the amount of shear reinforcement in the

two directions perpendicular of the section) of neutral axis and the relative
amount of transverse reinforcement effective in only one direction y:

aw, z(E30mgn, e d/d, -0.035)/2
where d_ e d, are equivalent to the transverse dimension (b_,h ) and the
corresponding dimension of the confined core (b,,h,) obtained from the

biaxial shear check. Then the control of the local ductility of the section is
performed only once by the program for each of the seismic combinations
and not twice (separately for the directions of the axes x and y) for each
combination.
In the case of the sections belonging to existing structures calculated with
non-linear method (pushover) the ductility in bending can no longer be
calculated with the previous reports simplified (valid only in the case of
calculation with behaviour structure factor q), but in its place must be
assessed the capacity of rotation (of ductile mechanisms) from the
ultimate curvature and the yield strength which, at the same time, define
their relationship with the ductility in bending. The best way to figure these
relations is to track the diagram bending moments-curvatures to which is
dedicated the continuation of this paragraph. It is recalled that the
maximum ductility demand for the columns is required in sections of
attack with the foundations in which the model of seismic behavior
provides for the formation of plastic hinges; in other critical areas of
columns the ductility demand is lower (should not form plastic hinges
thanks to the respect of the capacity design rules) and, for these areas,
the EC8 does not require specific checks in DCM (for DCH also requires
verification of ductility within the other critical regions of the columns but
with reduced demand).

Curvature ductility factor p, of the critical regions is defined as the ratio

of the post-ultimate strength curvature 85%- of the moment of
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resistance, to the curvature at yield, provided the limiting strains of of
concrete and steel €  and g , are not exceeded.

EC8 does not provide details on both the meaning of the above definition
or operational modalities with which to conduct the direct calculation of
the said ductility factor. In the following we will refer to the specialized
literature and to the first draft of Eurocode 8.

For a comprehensive evaluation of the ductile behavior of a section
subjected to a constant normal force N is necessary to trace the
diagram moment-curvature using the relationship stress-strain based
upon the mean values of resistance (not the ones used for the design
resistance check) of the concrete and steel.

To fix the ideas consider the below section (35x35 cm) of a column
(reinforced with 8® 18 longitudinal bars and with ®6/12cm hoops and
cross-ties) and its diagram Moment-Curvature (for N = 400 kN)
obtained on the basis of the mean strength value for conglomerate
(parabola-rectangle f, = 30 Mpa, f, = 38 Mpa and € , = 0.0035) and

steel B450C (f, = 480 Mpa, f = kf —with k=f /f and g =

0.0075). The ratio between the ultimate curvature (0.046600 1/cm)
and the yield strength curvature (0.013044 1/cm) provides the following
value of the ductility factor m, = 3.57. The same section is studied in the

example "Ductility checkls:1".
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The low ductility factor obtained in this way is clearly unsatisfactory for a
structure in a seismic zone calculated for example with a behaviour
factor q, = 3.5, because for the above (5.4) it is required a ductility

factor p, 2 2 x 3.5 -1 = 6.0. The only factor that can improve the

ductility is the increase of the ultimate strain concrete, which can be
achieved by means of a dense stirrup confinement. In fact the increase
of the confining pressure exerted by the stirrups on the concrete core
produces an increase of the resistance f_, (to f_, ) and of the strains ¢_,

ck,c
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ede,, (to e and ¢_ ) as you may see in the below stress-strain

cO0,c cu,c

relationship diagram.
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Blue line show the confined stress-strain relation of the confined concrete
core of the section: the ascending branch has a parabolic form unlike the
descending straight branch (softening effect) that is similar to the trend
of a Kent-Park relationship type but here it is conventional and do not
depends by the quantity of stirrups. Mean value of the confined strength
(f.me) is most suitable than the the characteristic (f;, ) in ductility

assessment. The main variables that determine the confinement effect
are:

- the ratio between the volume of the stirrups and the volume of the
corresponding confined concrete (high amount of steel match high
confining pressures);

- the yield stress of the steel of the stirrups as it provides an upper limit
to the confining pressure explicable;

- stirrup spacing increase which reduces the effect of the arc confining
pressure;

- the ratio between the diameter of the bar of the stirrups and the length
of the largest side of the stirrups, due to the flexural stiffness that the
bar plays in its plan to develop the confining pressure (this problem is not
present in circular columns while for rectangular columns is resolved by
transverse ties that connect the longitudinal bars and at the same time
the hoops).

For predefined section[12), rectangular section of columns[z8] and for
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general sectionl28] consisting of only one concrete region the program
can perform a direct ductility check (moment-curvature analysis based)
automatically generating the above confined stress-strain relation based
on the actual assigned hoops and cross-ties.

For the same typology of sections it is also possible to perform the
direct ductility check using the following specific values of confined
concrete parameters assigned in the Materials Library|?ﬂ (in this case you
may directly model the inclination of the decreasing branch of the above
diagram) :

-fcmax =f . (max strength in the above graph)

- fc ult = 0.85 f . (ultimate strength in the above graph)
-ecO =g, (strainatf =1 _ )

-eOult =g, (ultimate strain)); if ¢, >¢_, thenf =0

- fcm = f ., max compressive stress for concrete part outside

the confined core: if ¢ > ¢_, (usually 0.0035) then f =0

Parameters used in the ductility check for the steel bars are:

- Es =E,,
- fym = fym mean yield stress of stirrups steel
- fu =k-f, (ultimate strength) where k = f,/f , assigned

in material IibraryEﬂ for the stirrups steel

Let's now suppose that the above square section is within the critical
region at the base of a column to design in ductility class DCM. The Local
ductility condition (5.4) EC8 can be checked (this is the usual way) by
means of the (5.15) relation that we firstly apply only with reference to
Y direction (m,= 6.8 min value required):

w, = (30 mgn, g h/h - 0.035) /(2 a)
(furthermore w, = 0.08/2 = 0.04)

where first member is:
w, = Ast’y /(s - hy) - fycl /f, = 084823/ (12.00 - 29.4) - 391.3/
20.0 =0.047

- Ast,y =3 -0.28274 =0.84823 cm=2 (area of 3 legs ® 6)
- s =12cm (pitch of stirrups)
- hy, =35-1.8/2-0.6/2=29.4cm (dimension along dir. Y of the

confined core section measured between centreline of hoop )

and second member is:
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30mgn, e, h/h;-0.035)7/ (2 -a) = (30-6.8-0.1633 - 0.001956 -
1.1905 -0.035) / (2 - 0.4554) = 0.0467 <w,= 0.047 > 0.04 (A)
-n,  =Ng/(Af ) =400000/(3502:20) = 0.1633 (normalized design
axial force)
-g, = fyd/ES = 391.3/200000 = 0.001956 (design value of tension steel
stirrups strain at yield)
- h./h, =35/29.4 = 1.1905 (ratio of gross

sectional depth (Y direction) to width of confined core)
-a=oa, o, = 0.7189 - 0.6335 = 0.4554 (confinement effectiveness

factor)

- a, = 1- 2Xb2/(6xb,xh) = 1 - 8:13.5/(6-29.4-29.4) = 0.7189
[from(5.16a)ECS8]

-a, = (1-s/2b,)(1-s/2h,) = (1-12/(2-29.4))? = 0.6335
[from(5.17a)EC8]

[For a generic polygonal section o, = A /A, where A, is the area
enclosed by the centreline of the hoop perimeter and A _; is the area of

the polygon interior to A, obtained with an offset of the sides of A, equal

to s / 4. Always a polygonal cross section in the formula of the product
an b,-h, is replaced with the newly defined area A .]

In (A) we see that the ductility check (5.15) is satisfied in Y direction.
If we use the same eq. (5.15) with a 45° inclined direction and with the
same value for m,we have also a positive conformity for local ductility:

W,. = 0.049 > 0.047

Now we want to check local ductility by means the moment-curvature
diagram with the above stress-strain relation for mean confined value of
strength.

To evaluate confined parameters of concrete we calculate first the
effective lateral compressive stress o, (generated by the designed closed

link and cross-ties) with the following experimental formula (see Model

Code 1990):
c, =05 -f _-a-a«, = 0.5 - 38.0 - 0.4554 .- 0.06074 =
0.526
where:

o, = (volume of confining stirrups / volume of concrete core) -
f /f  =(6-29.4-0.28274/ (12 - 29.42)) 480.0/38.0 = 0.0607

ym” ‘cm
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Known o, we can apply EC2 formulas (3.24), (3.25), (3.26), (3.27) to

assess the parameters of confined concrete:

cm.c = f . (1,000 +5,0 c,/f_) if c,<0,05f
emc f., (1,125 +2,50,/f ) if c,>0,05f
cuc 0,85 -f

8(:2,(: 8(:2 (fcm,C/ fcm)2

€euz.c = e, + 01l a0,

In our case ¢,<0,05f = 1.9 Mpa then:

f..= 38(1.000+5.0-0.526/38) = 40.6 Mpa
f,.= 0.85-38 = 32.3 Mpa

£,.= 0.002 (40.6/ 38)2 =0.00228

€., = 0.0035 + 0.1 -0.4554 - 0.06074 = 0.00626

Note the increase, thanks to the confining stirrups, of ultimate concrete
strain ¢, . (almost 2 times the not confined concrete value 0.0035).

In the below figure is shown the moment-curvature diagrams with the
new confined parameters and the corresponding stress-stain relation
(blue line in the above graph).
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The diagram on the left refers to the uniaxial direction Y from which we
obtain a good (conformity OK) ductility factor m,= 8.56 > 6.8 (min
required value); note the sudden drop of the diagram for the crushing of
the cover (not confined concrete).
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The diagram on the right refers to the biaxial direction 45° inclined (in
each point of the biaxial diagram the ratio Mx/My is held constant and
equals to the ratio of ULS design moments) from which we do not
obtain a sufficient (conformity Not Ok) ductility factor m,=4.59 < 6.8

(min required value); in general for all inclined direction of the seismic
forces ductility factor mgis less than than the uniaxial directions X or Y.

Note that the above application of the (5.15)EC8 for the 45° inclination
leads to a positive ductility check in contrast with the more realistic
assessment obtained with the moment-curvature diagram.

An additional moment-curvature diagram generated by the program
(lower option in the stirrups-ductility window) is based on the mean
compressive stress-strain low described in 8 3.1.5 EC2 for not linear
analysis of frames.

For this last diagram it is also possible to assign the % of the mean
concrete tension strength f_  to take in account in the tension region of

the following assumed stress-strain diagram:

A

G¢

me

0,007 &

v

Ecu

3.5.2 Local ductility of walls

For ductile wall Ec8 prescribes a lot of detailing rules in 8 5.4.3.4.2.
In the critical region of the wall the width L_of the confined boundary

zones (see below figure) must be not lesser than 0.15 | and of 1.5 b,

and the minimum longitudinal reinforcement ratio is 0.005.
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For large lightly reinforced walls the length L of the boundary zones
should extend (in |, direction) for a value not less than b or 2 -b-s_ /f_,
where s__ is the mean value of the compressive stress.

The local ductility check to perform for the ductile walls in the critical
region is ensured by the following relation:

aw,,230m, (n,+w,)e b /b, - 0.035 (5.20) EC8

in cui:

o} =a, - a, =confinement effectiveness factor in L, end zoned (as in

the in previous topicl )
w = (A, /(sby) + Ast’y/(s ho)) - /g = w +w

. required curvature ductility factor to calculate with (5.4) or (5.5)
EC8 where q, is amplified with the factor M_ /M_,
w, = mechanical ratio of vertical web reinforcement (, fyd/fcd).

wd
m

W, 2 0.08 in CDM class and 0.12 in CDH class.
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It should also be checked for length L,  of the areas confined primarily
considering the length of the compressed area x, ULS (see figure) after
spalling of the concrete cover:

X, = (n,+w) 1, b/b,

where IVV is the width of the section and b0 is the thickness of the confined
end zones.

L. must be = L' length where concrete strain if greater than 0.0035 :
LC 2 L' = XU (1_€cu2/€cu2,c)

with:

e, =0.0035

e, =0.0035 + 0.1 oW,
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3.6 SLS checks

3.6.1 Limitation of stresses

With reference to SLS combinations compressive stresses in the
concrete shall be limited in order to avoid longitudinal cracks, micro-
cracks and high level of creep. Stresses in the reinforcement shall be
limited in order to avoid unacceptable cracking or deformations.

In the calculation of stresses cross sections are assumed by the program
uncracked if concrete flexural tensile stress does not exceed f_, and if

the option "Crack width always in cracked state" (see General Datal 91
window) is not checked. But if in at least one combination among those
assigned, is exceeded the value of f_, _, then all combinations are checked

as cracked. If the above option is checked then cross section is assumed
cracked for all SLS combinations without tensile control.

For characteristic combination forces program assumes as critical value
of concrete compressive stress: k, -f, (k; = 0.60 is the recommended

value; to modify k, in according to national annex see Code and

reinforcement options|ol).
For characteristic combination forces program assumes as critical value
of steel tension: k; -f, (k; = 0.80 is the recommended value).

For quasi-permanent combination forces program assumes as critical

value of concrete compressive stress: k, - f, (k, = 0.45 is the

recommended value).
Program provides two calculation method for SLS stresses evaluation:
Simplified method and AEEM (or EM) method.

Simplified method (n method)

The stress-strain relationship is always linear both for the concrete (for
tension stress not exceeding f_, ) that for the steel. Area of steel bar is

amplified with the factor n = E_/E_. In general the value assumed for n is

15 to take in account creep effects (long time effects) on stresses
redistribution. Anyhow you can set n value for each concrete class in
Materials Library|?7'1 window (for characteristic combinations only may be
better not to take in account creep and setn=E__/E_ ).

Calculation procedure:
for the hypothesis of conservation of plane sections the deformation of the
cross section may be expressed by means of a plane (x,y) the equation of
which is:

e(xy)=ax+by+c (1)
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where a, b are the curvatures of the plane around x and y axes of
refence assumed, and c is the strain at the origin of refence axes.
Now we express the neutral axis as the intersection of above plane (1) with
the plane undeformed g(xy) = O:

ax+by+c=0 (2)

The stresses in a generic point X,y of the concrete region j are:

oy(xy) = E; e(xy)=E; (ax+by+c) if €>0
©)
oy(xy)= 0 if ¢<0

where E is the elastic modulus of concrete region j.
similarly, for the generic steel bar which centre has coordinates x, y.:
o, (x,y) = E, (ax +by, +c) 4

indicating with A]. the effective area (which stress is greater then f_ ) of
region j and with A, the area of the single bar i, the three equations of

equilibrium are:

N = laty)dh + 2oz, y) 4,

L]

Mz = |y @ (zy) dh + 2y, a,(z,.7,) A
L

My = V(—x) aizy) db+ 2 (%, ) a(z,7,) A,
&

Areas, static moments and moments of the second order, can be
written:

4 =:qu \'Ajd.ﬁ; +E,2 4

SE = EJE’L‘J xIAjF da + Esz 1."ri‘li"‘i

9y =2 FE | mda+E,> x4y
1oy A
T =EJE’L‘_'| xlﬂjflrz da + E’sz Fiz‘ée‘i

2
Iy =2,Eq L xtda +E 2 x4,

Jzy= EjE.:j ]ijg,r dh +E, 2 x4y

Substituting (3) into (5) and taking into account last relations, we obtain the
following non-linear system in the unknowns a, b, c:
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Ml |& Sz Sy
MWx|=Fz Iz Iy
Ly v Ty Iz (5)

The iterative solution of the above system provides the coefficients a, b, ¢ and
then the stresses by means of the relationships (3) and (4).

AAEM method

AAEM (Age Adjusted Effective Modulus) provides a more refined
evaluation of stresses and deformations of cross sections taking into
account the assigned values (in Materials Libraryleé7)of creep o(t,t,),

shrinkage ¢(t,t;) and of the time of load application (for cracked and

uncracked sections). EC2 standards not provide any guidance on this
method of calculation, but merely provide the rheological data of the
concrete (see Concrete rheological coefficients[73)).

You can assume this method for SLS checks selecting the pertinent
option in General datal 91 window. Program use as default this method in
SLS deformation checks/:sl.

AAEM method is based on a double calculation of the same section:

e evaluation of instantaneous stresses at time t, of first loading;

e evaluation of stresses changes due to creep and shrinkage from t; to

the final time t. Program assume the simplifying assumption that, after
t,, bending and axial force remain constant up to time t (this is strictly

true only for isostatic members).
For a compressed concrete sample not reinforced and without any
constrains the creep coefficient f(t.t,) is defined at time t; as:
f(tt,) = s,/e, (6)
wheree, =s,/ E_(t,) (7)
This theory is valid for s, < 0.45 f_, (t,).

If from (6) we express the strain e, in function of time we have:
e(tt)) =s, [1+f(tt,)]

If after t; of first stress s, , we have a gradual reduction of stress ds, the

superposition principle allows us to express the strain at time t, as follows
(including shrinkagee_too):

e(t) =e(tt)+s,[1+ f(tt,)]/E(t,) +E.(r) [1+{(t;)] ds C)

© 2020 Geostru



Theoretical Background 121

To avoid the difficulties of integrations of differential relation (8) the
method replaces the actual load history o(t) with a single stress increase
Ac and a creep coefficient f(tt)) reduced by means of the so-called

coefficient of aging ¢ =c(tt,):

e®) = s, [1+] /E(t,) +As(t) [1+cfl/E(t,) + e_ 9)

where e =e_(tt,) = shrinkage function.
The value of c(t,t,) can vary from 0,5 to 1. In most practical problems affects
only the final value c(t,t,): for t; > 15 days that value may be assumed
always equal to 0.8.

The age adjusted modulus of elasticity is then:

E*(tt,) =E[(tt,)/ (1+c.f) (10)
and then:
e(t) =s, [1+H] 1 E(t,) +As(t) /E(tt,) + e (tt,) (12)

A graphical representation if the relation (11) is shown below where the first
increase of the concrete stress is the segment O-A due to the instantaneous
application of forces (initial elastic straine, = s,/ E(t,) in the first term of (11)).

The horizontal segment A-B corresponds to the application of the free
distortion due to creep (s, f(t.t,)/ E(t,) ) + shrinkage (e(tt,) , from time t, to t.

Segment B-C is the second term of the (11) and is equivalent to a second
elastic solution using the modulus adjusted for aging E_.

gt
—rsis

=
4
,"’
4
’1
I
).
F
- *
B>
5

)

0 & 1)
Stresses evaluation with AAEM method
We study a general cross section consisting of one or more concrete
regions (also of different class and rheological characteristics), and a set
of longitudinal bars however placed.
In a first phase (at time t,) section is subjected to the forces N, Mx, My

L )

to which correspond the strains a,, b,, ¢, obtained by the iterative solution
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of the linear system (5), with elastic modulus E; and evalued at time t,.

Elastic modulus of steel bars is always E_ in the two pases. From a,b,c,,
we know the stresses (3) in every point of the section..
Aa,, Ab,, Ac, from time t, to final time t due to creep and shrinkage at

constant values of N, Mx, My forces.
Now we apply to the section the forces N*, Mx', My" such as to prevent

any deformation caused by the rheological phenomena. For each
concrete region j (no constrains with other regions and with and with
bars) at time t the strains would be:

Aa, = fi(tt) - a,
Ab, = f(tt) - b, (12

Ac, = f(tt)-c, + ecsj(t,to)

To get the forces N*, Mx*, My* we perform the following numerical integrals
with the adjusted modulus Ecj* = Ej(ty):

N = z"l Eci* ACJ ACI' +zj Ecj* chi Abi + ZJ ECJ'* %/Cj Aaj

Mx"

2, B S Ac +2) B I Ab +2 Ecj Ixy, Aa, (13)

1

My = % ES Sy, Ac +3j E/ My, Ab +3 E'Jy, Aa

I

or, in matrix notation:

%
o . . *&'*.:j chj ijl__j ﬂ-.-:j
MX* =Z; By SXEJ. Tey Ty, ﬁbj
v S}.rcj nycj J}.rqi ﬂ-.c;rj

(14)
To restore the consistency of the deformations in the overall section we have to resolve the following
system (5) with Eq. = Eq.*:
I A Bz oy|lhg
Mz"|= Bz Iz Juy Aby
My Jay Ty ||

+

Known Aa0, AbO, AcO, the stress increase fro t, to t is calculated with the
equation (9) applied at point x,y of the region j:
As,=E; Ae, - E (f e, te, j)
where:
Ae; =Aa;-x + Ab, -y + Ac,

g = a,- X+ b-y+ ¢
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The total strain in the section at time t is:

a'tot = a0+ Aal = Xy tot
b, = b0+AbO =y, (16)
Ctot = CO+ACO = eOrigine

So that neutral axis is given by:

B X +btot Y+ Cq =0

Final stress in concrete are:

St =S; = SO+AS

Final stress in the bar i of coordinates X, , y, :

S . +As

Sitot = Sio i

where:
S;o =K (ao'xi + bo'yi +C0)
As, =E, (Aa, x +Ab,y +Ac))

To simplify the calculations in the case of cracking of section in the first loading
(at time t,), we regard the compressed part of the section as not variable in

form from t, to t.

EM method
The fundamental relation of AAEM method is:

E. (tt,) = E(tt,) / (1+c.f)
(10)
EM method (Effective Modulus method) is a simplification of (10) where y = 1:

E(tt,) = E(tt)) / (1+0)
17)

Because of the uncertainty of the evaluation of the mechanical and
rheological parameters the numerical difference between the two
methods is minimal so it would seem useless the treatment carried out
for AAEM method with respect to that leaner permitted by (17). In fact,
the advantage of the AAEM method consists in the ability to take
account of the shrinkage jointly with creep, while using the EM method
the effect of the shrinkage must be calculated separately with different
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3.6.2

procedure (see (7.21) in 87.4.3 EC2 vald for beams but not for
columns).

Limitation of crack widths

Cracking shall be limited to an extent that will not impair the proper
functioning or durability of the structure. The limit recommended values
w, . for crack width are given, for relevant exposure classes and for

quasi-permanent combinations, in the table 7.1 of EC2 :

0.4 mm for classes X0, XC1
0.3 mm for classes XC2,XC3,Xc4,XD1,XD2,XS1,XS2,XS3

The two value can be modified in Code and reinforcement options|
window.

Program controls cracking by means direct calculation of crack widths
(87.3.4 EC2).

The characteristic crack width w, may be obtained from the relation:

Wk = Sr,max (Ssm - Scm)

where

S, max Maximum crack spacing for final crack state according to eq.
(7.11)

€., MmMean strain of reinforcement considering contribution of tension
stiffening

€., Mean strain in concrete between cracks

r,max :k3'C+(k1' kz'k4'q))/ Pt

where

K, factor (recommended value: 3.4)

c concrete cover of longitudinal reinforcement

K, factor to consider bond properties (0.8 for bars with high bond
properties; 1.6 for bars with plain surface)

K, factor to consider distribution of strain (0.5 for bending; 1.0 for
tension only)

K, factor (recommended value: 0.425)

) is the diameter of tensile bars within A_ .

The setting of bond properties of bars k; and of recommended values is
possible in Code and reinforcement optionsﬁﬁ window.

8sm - 8cm = [Gs - kt ’ fct,eff/peff' (1+ae peff)] /Es = 06 GS/ES
where
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c, stress in tension reinforcement under assumption of cracked
section
k, factor for creep of bond (k, = 0.6 for short-term loading
(frequent comb.); k., = 0.4 for long-term loading (quasi-permanent comb.)
f.q effective tensile strength of concrete at relevant point of

concrete: in program is always equal to f_,

peff = As/Ac,eff

A, total area of bars placed within A_

A, .« effective tension area (surrounding the tension bars) of depth
h, .- Where h_ . is the lesser of 2.5(h-d) , (h-x/3) or h/2 (see Figure 7.1
in EC2)

Program allows to calculate (see check box "Crack width (effective
tension area)" in General datal o1 window) coefficient k, with reference to

the fibre of the area A, o less tensioned and also with compression axial
force, so to have:

k, = (e,+¢,)/2¢, (7.14) EC2
where

e, is the greater and ¢, the lesser tensile strain at the boundary of

A, .« In cracked section

The definition of A_ . is easy for predefined sections in uniaxial bending;

but for biaxial bending or for general section the program implements the
following criterion:

- the lengths 2.5(h-d) ,(h-x/3), h/2 are measured normally to neutral
axis (so to have the effective inclined depth h
- Ac,e

tensile bar within the depth h_

c,eff)

« is the area obtained adding the concrete circular areas around all

« - the circle diameter is 7 times the
diameter ® of the correspondent bar.
The entire area of all section is discretized in little squares that are

summed to give A_ . if their centre is within the depth h_ . and within the

above circle.
Minimum reinforcement areas check

If the section is in Low Ductilty Class (only EC2 applies) program

compares the areas A, of bars included in the effective tension area A_

with the minimum tension area A, . specified by EC2:
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A min s = K KT AL (7.1) EC2
where
A, is the area of concrete in the tensile zone calculated just

before formation of the first crack.
o, is the absolute value of the max stress permitted in the

reinforcement immediately after the formation of the crack
k coefficient which allows for the effect of non uniform self-
equilibrating stresses
= 1.0 for webs with h<300 mm or flanges with widths less
than 300 mm
= 0.65 for webs with h=800 mm or flanges with widths
greater than 800 mm
intermediate values may be interpolated
K. coefficient which take account of the nature of stress

distribution
= 1.0 for pure tension
=0.4 [1-c /(k,(h/h*)F_ )] < 1for bending in webs of box

section and T sections

=09F_,/(A,f,) =05 for flanges of box
sections and T sections
c, = N.,/bh  mean stress of the concrete acting in the part of
the section under consideration
h* =h forh<1.0m
=1.0mforh=1.0m
K, coefficient considering the effects of axial force on stresses

= 1.5if N, is a compressive force
= 2h*/(3 h) if N_, is a tensile force

F absolute value of the tensile force within the flange

cr

immediately prior to cracking due to the cracking moment

3.6.3 Limitation od deformations

8 7.4.3(1)P states that when a calculation is deemed necessary, the
deformations shall be calculated under load conditions which are
appropriate to the purpose of the check.

The calculation method adopted by the program is the most rigorous
outlined in 87.4.3(7): curvatures are evaluated at frequent sections
along the member and then are calculated the deflections twice,
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assuming the whole member to be in the uncracked and fully cracked
condition in turn, and then interpolate using the following expression:

a=Ca, +(@-0a, (7.18) EC2
where
o} is the deformation parameter considered which may be, for

example, a strain, a curvature, or a rotation
a,, o, are the values of the parameter calculated for the uncracked

and fully cracked conditions respectively

¢ is a distribution coefficient (allowing for tension stiffening at a
section) given by the expression:
t=1-B(c,/c,)? (7.19) EC2
B is a coefficient taking account of the influence of the duration

of the loading or of repeated loading
= 1.0 for a single short-term loading. Program assumes this

value when Characteristic or Frequent comb. option is checked
= 0.5 for sustained loads or many cycles of repeated loading.

Assumed by program when Quasi-permanent comb. option is checked

o, is the stress in the tension reinforcement calculated on

cracked section
c is the stress in the tension reinforcement calculated on a

Sr
cracked section under loading causing first cracking
o, /o, =M /M =f_ /o where M_  is the cracking

moment; o is the min concrete tension in the uncracked section

ct,min

ct,min

For loads with a duration causing creep, the total deformation including
creep may be calculated by using an effective modulus of elasticity for
concrete according to:

B et = Ecmn / (A+0(c,t)) (7.20) EC2
where
o (1) is the creep coefficient[73] relevant for the load

and time interval

If in the input window/se] you select the option "Characteristic comb."
only short-time deflection are calculated. If, instead, you select "Quasi-
permanent comb.” long-time deflection are calculated using the age
adjusted effective modulus (see AAEM method/us)):
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Ec’eﬁ(ocito) = Ecm / (1+ C.(p(OC,tO))

where
c = aging coefficient: c(«ct)): for t, > 15 days that value may be
assumed equal to 0.8 or 1.0 if you want to adopt the EM method

suggested by (7.20) EC2.
The values of ¢(ec,t;) and ¢ must be assigned (changing the default

values) in the Materials libraryle7] of the sections of sub-element/ss! (one
or more) that compose the beam. The same for the eventual shrinkage
coefficient ¢__ (ct;) to take in account. Program do not use the relation

(7.21) in EC2 but the unified theory outlined in AAEM methodfus)
paragraph.

Serviceability limit value of deflection for beam, slab or cantilever
subjected to quasi-permanent loads must not exceed span/250. For the
deflections after construction, span/500 is normally an appropriate limit
for quasi-permanent loads: in the case of partitions may be appropriate
to calculate deflections (to limit at max span/500) as difference between
total long-time (t=«) deflection and the deflection due to self weight +
dead load before partition construction (so we have to do two separate
calculations).

Load history influences the value of deflections. A typical load history for
building could be:

 Application of self weight g, at time t;, (about 10 days)

e Application of remaining dead loads g, (including partitions) at time t,
(about 60 days)
e Application of quasi permanent live load y,, - g, at time t, (365 or

typically «)
A simplified method to avoid to use (because the load history) different
values for coefficient ¢ is the simplified method in /8[wV/; this method
consists in the following definition of an equivalent creep coefficient Poq -

(peq: [gl (p(OC,tl) + gz (p(oc,tz) + g3 (P(Oclt3)] / (gl+gz+q‘|02'g3)
o may be any time values in days.
Program do not compare the calculated deflections with their limit values

assessed by the user.

Section deformations
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Each sub-elements of the beam is divided in segments by means of an
assigned (in the input window|?6'1) length of discretization. The
deformation of the section calculated in the middle of each segment is
assumed constant for the whole segment. Program calculates two
deformations value for each mean section:

1) Instantaneous deformation (short-time effects)
The state | is the uncracked state with unlimited tension strength of
concrete with a ,b,,c, as deformation parameters. We have a state Il

when under N,Mx force the section cracks assigning O value to tension
strength of the concrete with a,,b,,c, as deformation parameters. For

eq. (7.18) EC2 the mean deformation of the section at time t is:

f‘k;rm:am(tﬂj :(1 - Ej'al + f'az
K = &g (8 =(1-€)-f:'1[%€-bg
fom=Cn By =C1-C)oep ¥ oy
where
Q: 1_ B (‘I:ctm/fct,min)2
=20 if f <f the section is not cracked under N, Mx

ct,min ctm
forces

c is the min concrete tension in state | under N,Mx forces in the

ct,min

uncracked section.

1) Long time deformation

Program calculate the increase of deformations Aa , Ab,, Ac, at state | due

to creep and shrinkage by means of AAEM procedurem. So the
deformation at time t is:

C 3= a=a +Aq
C ;= Db,=b +Ab,
803: C3=C1+AC1

At state Il Aa,, Ab,, Ac, are the increase of deformation. Total deformations at
time t are then:

C ,,=a=a,+ Aq,
c ,,=b,=b,+ Ab, (1)
804: C4:CZ+ ACZ
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By means the distribution coefficient { we obtain the mean deformations at
time t:

c ymzam(t) =(1-¢) a, +z aq,
c ,,=b. M®=(1-¢) b, +2zb, (2
Eom=C,() =(1-¢) c, +zc,

Deflections in single beam

Beam can be assigned as consisting as one or more sub-elements: each
sub-element is characterized by a constant section (as geometry and
reinforcement) and a distributed load acting on it. Two sub-element may
be different only for different placing of longitudinal bars or for different
distributed load. Before of this input it is necessary to input ad save with
different names the above sections that define the different sub-elements
(even a single). At each sub-element correspond a section that may be
predefined or general but always with uniaxial bending forces. Pertinent
creep, shrinkage and aging coefficients must be assigned to each section
in Materials librarylé7] and they are taken in account in the deflection
calculation of the beam.

The beam can be hyperstatic as belonging to a frame, but solving the
frame, for the combination of interest (usually quasi-permanent), we can
make the beam isostatic (on two supports) applying the two hyperstatic
bending moments at the end. This is a simplification that disregards the
true interaction in the time of hyperstatic forces with creep and shrinkage
effects: specific studies have shown that the difference in deflection is
negligible.

Beam on two supports

}—Z‘Hf" j
M, Mg,

5w

=
T
[
]
T
=
(::_
.::_
.

[
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To fix the ideas with an example we show the calculation scheme in the
above figure (a) that refers to a beam consisting of two sub-elements
whose lengths are indicated as I, and I,. The two sub-element have

different sections and acting loads (self-weight shall be included in the
distributed load). Bending moments M, and M, at the end of the beam

may represent hyperstatic action from adjacent structural elements.
Concentrated loads P, may be assigned in any point of the span. A

constant axial force N may be present (so we can also study, for
example, the shortening of columns under creep effects in height
buildings).

In uniaxial bending we denote with y(z) the distribution of curvatures
along the beam due to the acting loads in the scheme (a) and with M*(z)
the bending moment produced by a unit load in the service scheme in (b)
figure. The principle of virtual work gives the following deflection
formulation for n at the abscissa z of application of unit load:

n{z)=[M'{z)x(z)dz
To resolving the integral in numeric form we subdivide the whole length
of the beam in N little segments. Each segment has a length Az and

abscissa of its mean point equal to z, . The numerical integration can be
express:
S _
Bz = LMz ¥ (z) A (=1, .n)
iml
If we substitute in the summation short-time values of curvatures y of
the sections we obtain the instantaneous (t=t,) beam deflections. Long-

time deflection (t=«)are obtained with the substitution of long-time
values of curvatures.

Cantilever beam
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The same type of scheme and relationships has been applied to the
cantilever typology of beam (very sensitive to bending deflections).
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4

4.1

Examples

This section discussed a number of examples performed with the
program and saved in "\ Examples" folder of the installation directory.
Almost all are taken from reliable worked examples for which references
are given in the bibliography at the end of this user guide.

Uniaxial Bending Check

A's= 100 ¢

= 100 cm
d=95cm

h

As= 100 cm?

b =50 cm

The above cross section of a column refers to Example 6.1 in /4[:V.
C30/37 is the concrete class and S450C is the steel grade.
The concrete design strength is: fo=0o,.f, /v =085-30/15=

17.0 Mpa

The steel design yield strength is: fycl = fyk/ 7y, = 450/1.15 = 391.3

Mpa

The problem is to assess uniaxial moments of resistance under the
following axial loads: 600 kN; 2000 kN; 5000 kN; 10000 kN.

We want check the same section with the program and compare the
results.

INPUT DATA
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Once opened a new calculation (by means the command "New" in the
menu File) it is important to control if the default Code setting options

agree with those in the given example to compare.

In this example we control, in particular, the parameters y, v, , a .. The

c

EC2 recommended value of the last parameter o is 1.00 and it is to

change in 0.85 as in the example. If a specific National Annex is selected
no change is necessary.

Code setting

Mational Annex values:

g in Eurocode
3.1.6(1) A
316020 A ct
5.2,7(2) EudfEuk

EC2/ECE code L

2ECz 3EC2 |6Ecz|7EC2| 9ECZ | SECE |

EC ‘Walues My value
1.00 [ 0,85
1.00
0,90

The others default code parameters are the same.

-

The filled General Datal 97 and the pertinent Section Data windows are:
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General Data | Seckion Data | Forces | Checks General Data  Section Data | Forces | Checks
]
Diescription: |E><amp|e Unizxial Bending Predefined Section
Twpe of calculation
Typology of the section {+ Check - Ductility " Reinforcement design

% Predefined (unizxial bendind and shear For beam or column)
" General (biaxial bending and shear)
" Rectangular section of colurmn (biaxial bending and shear)

€ wall (not ductile, ductile o large lightly reinforced)) Section shape: Rectangular -
" Polygonal section in tarsion ,—_| :
" 515 deflection in single beam (ong-term deformations too) Gomre i e c20/37 =

Exposure Class [§4.2 EC2] Long. Reinforc.:  |B450C =

#(C2 - Carbonation (long-term water contact/Foundations) w

Member characteristics {for detailing design}

Column {compression member) w Section sizes (cm)
Section position in member B S0
& Section is inko a critical region (near joints) of the member H 100

" Section is out of critical regions of the member

Load path for moments of resistance {U.L.S.)

% M=const, ({constant axial forces)

™ MJM = const. {constant eccentricity) Longit, Reinforcement (covers ko bar centroidal axis [om])

Options for serviceability limit states {S.L.5.) Low. cover {cm) |5 TEREE | Lt e |

 n method Iv Crack width always in cracked state e e

" ABEMIEMmethods | Crack width ({effective tension area) ™ |6 B |32'5?: tn |D B |U
Top bars

Ductiliy Class {also for detailing) n. | E @ mm |32.57f +n. | 0 & mm |U

9 peLfsn) ey B2cpgTss wWeb bars (for each side)

o~ } ;
DiCH (height) ECZ+ECE applies N ID— i ID—

" DCM (middle) EC2+ECS applies
Stirrups {enter Diameter=0 to get aukomatic design)

Coordinates of bars are always related at their own centraoid, Then = Reirfarcement: | B450C -
assigned cover of bars include 12 of their diameter.

Compliance with the minimum cover of the reinforcement {also with e 1 hoop i

respect to environmental conditions) is awarded only ta the " 2 hoops il GBS o
designer through the correct assignment of the coordinates of the

centroid of the bars. To calculate the cover according to §4.4.1 Diameter (mm) |6 Spacing fcm) 15,0

EC2 wou can use the kool 'Cower Definition’ in RIUM menu of this w

In the above General Data window we have selected the "Predefined"
typology and "Columns” as member characteristics. We left unchanged
the default value of Load path (N=cost.) so to calculate bending
capacities with assigned values of N taken as constants. The section
belongs to a structure not in seismic zone then low ductility class DCL
applies (only EC2 rules).

In the Section Data window we left the default type of calculation
(Check) and typology (Predefined section for uniaxial forces check). In
the three combo boxes we selected the shape (rectangular) and the
same classes of the materials provided in the example. After setting the
actual sizes of the section (50x100) and the covers (5 cm), we
simulated the areas of the two row of longitudinal reinforcement A, = A’

= 50 cm=2 as obtained by 6+6 bars all with the same fictitious diameter
of 32.573 mm.
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General Data | Section Data  Forces | Checks

b Positive Sign

Conventions of
Forces in the
selected reference.
Axial force N positive
i if compressive

an
\V

Forces reference system (N always centroidal)
¢ Axesxyw /[ axes x,¥ of reference. N applied at centroid

{* Uniaxial {neutral axis abways || axis ¥ of coord, reference)

" Biaxial (exact calculation based on M, Mx, My values)

Combination type

5LS Serviceability limit states: Frequent load comb,

LILS Lilkimate limit states: . load combinations
SLS Serviceability limit states: Characteristic load comb, | O
u]
5LS Serviceability limit states: Quasi permanent load corr | O

Internal forces Import forces from file .t
I [kr] M [kMm] | Wy [kI] MTar[kMNm]
1 600,00 300,00 0.00 0.00
Z | Z000.00 300,00 0.00 0.00
3 |5000.00 300,00 0.00 0.00
4 |10000.00 300,00 0,00 0.00
5

In the above Forces window we assigned, as ULS combinations, the
above four axial forces and generic values (300 kNm) for the
correspondent moments; this because we want to assess only the
bending capacities without compare the actual moments.

RESULTS

Selecting the Checks tab we obtained the below results window, printed
results window (command on the local tab bar) and interaction diagram
N-Mx (option in the lower part of this window):
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General Data | Section Data | Forces  Checks | Stirrups-Ductilicy

G

general check: ok

M.Comb, Mot checked

ne

Combination Mumber | 1 4 | p | CHECK COMBIN, QK

Type of Combination
3¢ binations

SLS Characteristic combinations

515 Frequent combinations

5L5 Quasi-Permanent combinations

ULS Bending-Axial Forces: Safety factor =6.785 [DK if = 1.0]
Sforzi assegnati Sforzi ulkimi {asse x baricentrico) Deform |
I = 600.00 kN Mulk =500.11 kM mas 3
M = 300,00 kMm  Mx ult = 2035.43 kNm min
skrain
max
mirn
Meutral

Ultirn, Cury,=0,000333096 1jcm
Yielding Cury, =0,000033434 1/cm
As bok,= 100.0 cm2

Mir adna Fouer ~F have — 2 T frn

>

Fiun and display
(% Stresses and strains of cross-section
" ULS interaction diagram N-Mx

STRENGTH DOMAIN MN-My¢ (ULTIMATE LIMIT STATE)
Section name: Example Uniaxial Bending Check secEC
File path; C:\SORGENTI_F\GS-RC-SEZ-EUROCODEEX AMPLES Example Uiniaxial Bending Check. secEC

¥ i

el
T H

bz

[k

= S I

Grid spacing Mx = 325 kNm Grid spacing N = 986 ki

- | G I

LB

arial narow

s |[E]
B,

(&3

18,

Check Reault of chedk
M

= Tl

T uft
Tt Uit

= g.F,
hieutral
Mz s

H A
: o

B Total

Yielding bending moment [Mdm]

Ratio of edistibuted moment tothe elasic
Total area of longitudinal bats [cr . [Getine

Corab.M. Check N 153 Mukt
00.00
2000 00
000 .00

10000.00

300.00
300.00
300.00
300.00

60011
193998
500016

100024

203
251
250

1
2
3
4 i

&C Hax
ec”

i ma
e max
s rax
&S it

s i

Ordinate [om] ofthe bar comesponding

Ordinate [om] of the har come sponding

®

Cormb. N, &6 A & 't max
0.00350
0.00350
0.00350

000318

0.07078
£.00165
000124
0.00200

dm e b —

=

Sectionlf1

Pagezf2 Linezg Colél 100 %

ULTMATE LIMITSTATE - GHEGCKS FOR BENDING AND AXIAL FORCE

Desigh axal force applied inthe concrete cerdroid kM) [+ cormpressive)
Design bending motnett farce [khia] around x5 of reference

B:dal capacity (] of section [+ F cormpresshe)

Bending toment capacity (i around xaxis of reference
Safetyfactor = wecorial ratio of (M uthdxutt) to
Otlinate ¥ [ of heutral 20ds inthe reference systerm =

Raio of the depth of neutral axds 1o the efiective depith of the sedion

bk ult

ULTMATE LIMITSTATE - STRAINS AT ULTIMATE STATE

LKimate compressive stain in concrete

Strain in the concrete finer at ec2lecu of depth §f ec™=0then the seclon is all compressed)
Ordinate in [om)] of the fiber corre sponding to ec max

M strain in steel bars b F compressive)

Ilin strain in steel bars (+ i corpre ssive)

Ly

RLENTRNIEAE B |
-

19

(M. Check ORI such ratio iz ==1.0 14

mometitin cortinuous bearrs [510)EC2]

eh brackets it shown the min from eq. (9.12) EC2]]
5F. “th M sn wid D AsTotal
895
104
337

154

191153
230426
0.0
0nn

543
fihd
2.0
617

6755
1395
606
3.7

—100.0 (0.0
-=100.0 {100y
— 1000 {128
—100.0 25 6

to es max
to e min

esmax s max &5 min
{02614
4100742
H1.00151

000056

000183
0.00280
000324
0.00304

850
850
450
430

UM
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In the below table the values of ultimate moments M_, obtained in the

aforementioned example are compared with the just reported results Mx
ult. The differences are very small despite the different methods of

calculation:
NEd MRd MX ult
(kN) (kN (kN
m) m)
600 2031 2035
2000 2524 2519
5000 2606 2582
1000 1000 986
0
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4.2  Uniaxial Bending Design

Als= As

50 cm N
d=45cm }

h =

As

1 b =30 cm

» L

LY
The above cross section of a column refers to Example 5.3 in /6[w:V.

C30/37 is the concrete class and S500C is the steel grade.
The concrete design strength is: fo=a,.,f /vy, =085-30/15=

17.0 Mpa
The steel design yield strengthis: f = f / y = 450/1.15 = 391.3

yd yk
Mpa
The problem is to design the longitudinal reinforcement distributed over
only two level of the same areas A, under the assigned ULS forces:

N=1875 kN; Mx=280 kN.
In addition to the above question we want to design shear reinforcement
for a ULS shear design force V., = 300 kN.

INPUT DATA

Once opened a new calculation (by means the command "New" in the
menu File) it is important to control if the default Code setting options
agree with those in the given example to compare.

In this example we control, in particular, the parameters y, v, , o .. The

Cc

EC2 recommended value of the last parameter o  is 1.00 and it is to

change in 0.85 as in the example. If a specific National Annex is selected
no change is necessary. In the design context of this example it is
important to set the following reinforcement options:
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- Diameter of longitudinal reinforcement (below set at 14 and 16 mm)
but for predefined section the diameter is an input parameter in design
context

- Diameter of stirrups (below set to 8 and 10 mm)

- A'/A below set to 1 because the member of the section is a column

- Min net distance between longitudinal bars set to 2 (this distance must
be assigned in according to 8 8.2 EC2 and with the diameters just
assigned)

- Max distance between longitudinal bar set to 45 cm to avoid the design
of bars at intermediate level not provided in the assumed example

- Max personal max value of cot 6 = 2.5 as usual in reinforcement shear
design

P -
[ Code setting B

Mational Annex values: |ECZ/ECS code w

2ecz |aEce|eEce| 7Ecz | 9Ec2 | SECE |

g in Eurocode EC Values Ty wvalue
§2.4.2.4(1) Gr 1.5
52.4.2.4(1) Gs 1.15

Options for calculations
Diameter long. reinf. Diameter stimups

1st Diam, mm | 14 Lst Diam. mm | &
2nd Diam, mm | 16 2nd Diam, mm | 10

Diameter web bars for torgion

Diameter ,10— mm
Diameter crozs-tie for colurmns fwalls
Diameter ,6— mm
A'stas min. {predefined sections) ll—
Min. net distance for long. reinf. [§8.2(2)] |2— cm
Max. dist. between long. bars{design only) l? cm

Default cover {from center of bars) 4 cm
Minimum long. distance between stirrups 5 cm
Cot of angle For stuks in karsion ,—

z

{1 <=Cot<=2.5)
Max personal Cot angle of stuts in shear 25 =25
Concrete sections discretization {cm)
Default Step for discretization |0.500 ¢=2cm

(+ Ribbed bars surface " Smooth bars

Info Save Code and Oplions as default |

Exit {Code and Options For current section) |

In the below "General Data" windows we selected the typology
"Rectangular section of column™ suited for the present example; the
other data are the same of the previous example.

In the below Section Data window we select:

- The option "Reinforcement Design” to perform, at the same time,
bending and shear design or reinforcement (when you reopen this
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window the selection is at check option so you must reselect the design
option to run in this modality)

- Materials classes for concrete and steel bars (for longitudinal and
stirrups reinforcement)

- Dimension of rectangular section

- Type of arrangement of corner bars (one bar for each corner) and bar
diameter
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General Data | Section Data | Forces | Checks

Description: |

Typology of the section

" Predefined {uniaxial bendind and shear For bearn or column)
" General (biaxial bending and shear)

(% Rectangular section of column {biaxial bending and shear)
" wall {not ductile, ductile or large lightly reinforcedy)

™ Palygonal section in tarsion

(™ SLS deflection in single bearn {long-term deformations toa)

Exposure Class [§4.2 EC2]
#C2 - Carbonation (long-term water contack/foundations) A
Member characteristics {for detailing design}
Column {compression member’) w
Section position in member
(™ Section is inko a critical region (near joints) of the member

(" Section is ouk of critical regions of the member

Load path for moments of resistance {U.L.5.)
(+ M=const. (conskant axial forces)

™ MM = const, {constant eccentricity)

Options for serviceability limit states {5.L.5.)
* n method [ Crack width always in cracked state
" AAEM/EM methads [ Crack width (effective tension area)

Ductiliy Class {also for detailing)
% DCL {low) only ECZ2 applies

" DCH (height) ECZ+ECS applies

" DCM (riddle) EC2+ECS applies

General Daka  Section Data | Forces | Checks

Type of calculation
" Check {* Reinforcement design

(" Stability analysis For one span column (nominal cury, method)

Concrete cass  |C30/37 -

Dimenzions of rectangular zection [cm)

Sidex |30 Sidey |50

Reinforcement

Concrete

Steel grade  |BSOOC -
Corner bars

{* 1 bar for each corner
(™ 3 bars For each corner Diameter | 16 mm

Cover (From centroidal axis of bars) 5 cm
2

Distance betw, bars in the same corner

YWeb bars

M. web bars X sides Diam, web mm
M. web bars ¥ zides Diam. web T

Stirups [set Diameter=0 o get automatic design)
Steel grade |BAO0A -
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Genetal Data | Section Data  Forces | Checks

Postive Sign
Conventions of
Forces in the
selected reference.
Axial force M positive

if compressive
W [\Mx

f* Axes x,v principal of inertia

™ Uniaxial {neutral axis always [ axis ¥ of coord, reference)
+ Biaxial (exact calculation based on M, Mx, My values)

Combination type

LILS Ultimate: limit stakes: n, load combinations
5L5 Serviceability limit states: Characteristic load comb,

o

5L5 Serviceability limit states: Frequent load comb, o

5L5 Serviceability limit states: Quasi permanent load cor | 0
Internal forces Impart forces from file k=t
I [ke] I [klm] | My [kRm] | Wy [kR] W [ki]

1 1875.00 280,00 0.00 300,00 0.00

In the above Forces window we assigned, as ULS combinations, the axial
and uniaxial bending forces of assumed Example 5.3 in /6[:V/. For the
shear design we added the uniaxial shear force Vx = V_, = 300 kN.

RESULTS

Fle Wodfy Display Deta Run Options 7
DEH DA XD e i FedE «TEEHES B @ coe

Section name: Example Uniaxial Bending Design.secEC  Comb.n. 1 (U.L.S)) Corerd e | eten v | Forces Chedks | sttty
Edge cover long. bars: 4.2 cm  Edge cver stirrups: 3.4 cm 2 @58

general check: ok

N.Comb. Mot checked

i
515 Frequent combinations
515 Quasi-Permanent combinations 0

Comtination tuster [T 4| ) | crec comem, o
ULS Bending-Axial For ces: Safety factor =1.026 [OK if = 1.0]
tor ssseqrat |Sforslubin (s pre. rerda) —— [Deform] el
S rTe Dk Nk o 187523 i
I = 20000k U = 25720 o i
Wy = OcokNm Myl = 0.00 s
Ui, Curv 0000088272 1 i

o X >

0 nochs Sy o eceooomo e Nedrdl
< >
Shear (ULS): Safety factor = 1.000 [0K if <=1.0]
Fortes Sirups ]
SHEAR: Envelope: As St=11.17 cn¥jm
Wy =D Disneter 08 im
Wed =300.00 kN Spacing=9.0cm
YRd,max = 300,01

T s = 504,93
1 b =300 cm
2 Ztm 8
[
* Stresses and strains of cross-section
30 WS teraction dgram Wty
8 4
Legend Concrete: Display
e M) [ || W Reference axes of soctin
* 12016 8 (Mpa)

Sirain ¥ Section dimensions

T~ Numbering concrete vertex

Steel
So (el
Tt = 2413 ™ Numbering of bers
T Strain

The total area of designed bars (6+6 ® 16) is 24.13 cm2 (as you may

see in the legend box). This area is very near to that (23.45 cm?) of the
assumed example calculated by means of an abacus.
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The bending resistance (287.2 kNm) is slightly greater than the design
value (280.0) as you may graphical control in the below interaction
diagram (black circle is the design value and the red one is the reistance).

STRENGTH DOMAIN Mx-My (ULTIMATE LIMIT STATE)

Section name: Example Uniaxial Bending Design.secEC

File path: CASORGENTI_F\GS-RC-SEZ-EUROCODBEEXAMPLES\Example Uniaxial Bending Design.secEC

N = 1878 [kN] = Const. My [KNm]
160
.
—— T
L T
7 ) ™~
// \\
—t il I £ 120 il il 4 120 160 il il ?
\\ 1, //
™~ L
-qn

Grid spacing moments My, My = 40 kiNm

Mx [kNm]

The shear design performed by the program has produced the following
two legs stirrups: ® 8 / 9 cm. The check results are:

ULTHATE LIMITSTATES - SHEAR CHECKS

Strmup diareter: 3 mm = Mn diameter for code = 6.0 mm

Stirmups spacingpitch): 90 em = M spacing for code = 30.0 e

Area stirpin: M2 emiim = Qmup area stictly necessary for shear = 11.0em3nm
Ched Fesult of check

Wed Dezigr Shear (K] = sum of W and wy projected onto the: normal to the neutral axs

W e Shear resistance Y] by concree diagonal gruts [[6 3] B22]
el Shear resisance M) by sinups [68] EC2]
Zm hian neighted irner lever ann [on] of Srips athogonal to neutral 2ds;
are not incuded Srips without an exdretne corpressed.
The weightz are condituted by the length of lewer anm for each srips.
Dm hiain weighted afective depth [orm] of drips orthogonal to newtral 3z,
b hean weeighted shear width [er] misurate parallelto the nedral axs =
=ratio of amea of resitent Sripsto Zed wlie
Theta Brgle [*] ofthe indined concrete stz inthe neb
Nt Brea of hoope+orozsdes sty necessary for shear forceforn ]
b Ef Effectve Mrea of hoope+crozss-ties inthe shear drection in curent cormb. [orfin]
Cornb.M. Check Wed Wil max i,z Zm|Dm bin  Theta Pt
1 OK 0000 0001 30433 300450 00 25K5c — 110

A EF
1.2
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4.3 Uniaxial_Shear_design

d =5

h = 80 cm
d=75cm

As

b =20 cm \|/

The above cross section of a beam refers to Example 6.4 in /3[=V.
C30/37 is the concrete class and S450C is the steel grade of stirrups.

The concrete design strength is: fo=0o,.f, /v =085-30/15=
17.0 Mpa

The steel design yield strengthis:  f = f /v = 450/1.15 = 391.3
Mpa

The coefficient v,= 0.616 (in eq. (6.9) EC2)

Longitudinal reinforcement for bending resistance are not given but it is
known only the lever arm of internal force: z = 67.5 cm
The problem is to design stirrups to satisfy a design shear force V., =

600 KkN.
We want to do the same and compare the results.

INPUT DATA

Once opened a new calculation (by means the command "New" in the
menu File) it is important to control if the default Code setting options
agree with those in the given example to compare.

In this example we control first the parameters vy, vy o . The EC2

s ? cc
recommended value of the last parameter a__is 1.00 and it is to change

in 0.85 as in the example. If a specific National Annex is selected no
change is necessary.
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The value v,= 0.616 is not conform to EC2 recommended value 0.6(1-
f /250) = 0.528; then we entered the assigned value 0.616 in the

below window.
To obtain the same diameter for stirrups bars we assigned the same
diameter 12 mm to the first and the second choice.

Code setting and reinforcement options

Code setting

Mational Annex values: w
2ECz | 3Ece 6ECZ |7EC2 | 9ECZ | 5ECH |

£ in Eurocode EC Walues Iy walue | A
£.2,3(2) Cot max 2,500
£.2,3(2) Cak min 1,000
6.2.3(3) v1 0.6[1-Fckf250] O 0616

COptions For calculations
Diameter long. reinf. Diameter shmups

1st Diamn., mm | 14 1st Diam. mm | 12
2nd Diam. mm | 16 2nd Diam, mm | 12

Diameter web bars for torsion

Diameter |1D_ T
Diamneter cross-tie for columnswalls
Diameter Is— mm
A'sfas min. (predefined sections) ,5—
Iin. net distance For long. reinf. [58. 2(2)] ’2_ cm
Mazx, dist, between long, bars{design only) ,? o
Defaul cover (from center of bars) ,4_ om

inimum long. distance between stirrups 5 o

Cot of angle for stuts in torsian ,—
{1<=Cot=<=25) g

Max personal Cot angle of stuts in shear 25 =25
Concrete sections discretization {cm)
Default Step for digcretization  |0.500 <=2 cm

(¥ Ribbed bars surface (" Smaath bars

Info Save Code and Options as default |

Exit {Code and Options For current section]) |

In the General Data windows we selected the "predefined” and Beam as
Member Characteristic.

In the below Section Data window we select:

- The option "Check" as the longitudinal reinforcement is known

- Materials classes for concrete and steel bars (for longitudinal and
stirrups reinforcement)

- Shape (Rectangular) and Dimension B, H of the section

- Cover and data of longitudinal bars: we defined the areas of the two
rows of bar such to obtain z=67.5 cm like in the original example.

- To design only shear reinforcement stirrups we set to O the
diameter of stirrups:
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General Data  Section Data | Forces | Checks

General Data | Section Data  Forces | Checks

147

Predefined Section
Type of calculation

% Check - Ductilicy " Reinforcement design

|Rectangular ﬂ
C30037 -
E450C hd

Section shape:

Concrete class:

Long. Reinforc.:

Section sizes (cm)

E 20
H a0

Longit. Reinforcement (covers to bar centroidal axis [cm])

Lowe, cover (cm) |9 Top cover |5

Eiottom bars

no |3 Fmm |26 +n. |0 Gmm |0

Top bars

no |2 @mm (16 +n. |0 @mm |0

Stirrups {enter Diameter=0 to get automatic design)

Reinforcement:  |B4S0C hd
0
]

{* 1 hoop
" 2 hoops

Diameter (ram) |03

n. cross-ties

Spacing {crmn)

Lat. cover | 4

M Positive Sign

Conventions of
Forces inthe
selected reference,
Axial Force M positive
W if compressive

o
T L

Forces reference system (N always centroidal)
¢ Axes x,y Jf axes ¥, of reference. M applied at centroid

(' Uniaxial {neutral axis always jf axis ¥ of coord. reference)

(" Biaxial (exact calculation based on M, Mx, My values)

Combination type

SLS Serviceability limit states: Frequent load comb.

LS Lltimate limit skates: n. load combinations
5L Serviceability limit states: Characteristic load comb, | 0
1]
SLS Serviceability limit states: Quasi permanent load cor | 0

Internal forces

I [kM] Iz [kMm]
30,00 300,00

Import forces from file kst

Wy [KMN] MTar[kMm]
600,00 0.00

ERE: T, R SRR

In the Force window we cannot assign only the shear V,, = V., = 600 kN

but also the axial and moment force (not present in the original

example).

RESULTS

Below printed results show that the designed stirrups are 2-leg @

12 /17.8 cm very near to

the -leg ® 12 /17.0 cm in the original

example. The angle 6 of inclination of shear struts is 29°.04 (29°.0 is

the original result).
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SHEAR REINFORCEMENT (FOR THE ENVELOPE OF ALL ASSIGHED COMBINATIONS

Stirmup diameter: 12 mm

Stirmups spacing lpitch]: 178 om = Max distance for code = 240 cm

Murnaber of branches of stimup: 2

Area stirmipsin: 127 e = Mrea sl stictly necessary for shear = 12 bom®im
Mean distance beteen hranches: 158 cm = M dist A AMIECY = 56.3 om

ULTHATE LIMIT STATE - SHEAR CHECKS

Check Fesult of sheartorsion check
e Dezigh applied Shear Wy ] (uhiaxdd force)
e, o Shear resigance [k without shear reinforcamment [56.2 2 EC2)
W, Shearresistance ] limited b crushing of concrete stuts [e.[6.9)EC2)
Wrd,5 Shear resigance [KM] sustained by eldinof shear reinforcement [eq (6 5]EC]
z Inter lesel arm[on] of resigant cross sedion [56.2 3(1) ECZ)
b Wit wictth [cr] of cross sedion paraliel o newtral 24z [56.2 3(1) EC2)
Theta The angle [*] bebreen the concrede compression stuts and the beatm axiz (562 .3(1) EC2)
Bzt min Minirmim adrizsible area of irmips [oma) [eg (9 5MEC2]
Rl| Scp Reirforcerment ratio of tensle long, reinforcament | Mol mean stress (MAC] Mpal, see note 2 of 562 .3(3)
Bt 000 Cioeff. faking accourt of compression stess in eq [69EC2
Crd,=0.120 Coeff. for shear rsigance without shear rirforcerment ineq (B2 a)EC2
k1=1516 Coeff. for shear resigance without shear reirfarcerment in e 6.2 aJEC2
Wi =3 580 Coeff. for shear resigance without shear reirfarcerment in e [B.3MEC2
Comb. M. Check el Wide  Widmax Wi 2 z b Theta Ast min Rl | Sep
1 0K B00.00 90,75 0001 E0409  BFA 200 2904 omtynz
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44  Bi

axial Bending Check
|6] 18 [6]
[ y 4 32
jt o | o
£
L)
Ol o
< ) -
[ X
L
BEnE
b =30cm

The above cross section of a column refers to Example 5.4 in /6[V.
C50/60 is the concrete class and S500C is the steel grade.
The concrete design strength is: f,=0a,.,f /vy =085-50/15=

cd
28.3 Mpa

The steel design yield strengthis:  f = f / v, = 500/1.15 = 434.8

Mpa

The authors in /6[::V/ claim that the above reinforcement is the exact and
rigorous solution to the project under the forces N= 2000 kN, Mx =
234 KNm; My = 100 kNm.

To control that statement we perform a biaxial check of the section with
the given reinforcement in order to compare the capacity forces with the
design ones.

In addition to the previous question we want to design shear
reinforcement for a ULS biaxial shear design force Vx = 420 kN, Vy =
180 kN and compare the results with uniaxial separate checks.

INPUT DATA

Once opened a new calculation (by means the command "New" in the
menu File) it is important to control if the default code setting options
agree with those in the given example to compare.

In this example we control, in particular, the parameters y, v, , o . The

ccC

EC2 recommended value of the last parameter o  is 1.00 and it is to
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change in 0.85 as in the example. If a specific National Annex is selected
no change is necessary. We left the values of the shear parameters as
recommended in EC2.

In the context of this example, we could possibly modify the following
option:

- The diameter of first (8 mm) and second (10 mm) diameter of stirrups

- Max personal max value of cot 6 = 2.5 as usual in reinforcement shear
design.

| B
l Cade setting

Mational Annex walues: |EC2/ECS code W

2EC2 3ECZ |6ECz|7ECZ|9EC2 | SECH |

g in Eurocode EC Yalues Iy walue
3160104 oo 1.00 O 0,85
31620 A ct 1.00
3.2.7(2) EudfEuk 0,90

In the below General Data windows we should selected the typology
"Rectangular section of column”, but this special typology provides the
same cover for all the bars. As in this case the covers are different for
the two sides, we are forced to select the "General" typology. Then we
select "Column" as Member characteristic and DCL as Ductility class
(only EC2 applies).

In the below Section Data window we select or assign:

- The option "Check" to perform bending check and "0" as diameter of
stirrups in order to perform the design of stirrups shear in biaxial shear
(after calculation when you reopen this window the selection is at check
option so you must reselect the design option to run in this modality)

- N. of concrete region = 1 for the simple section at study which has a
shape "Polygonal full”

- Coordinates of the four vertices of the concrete section with manual
input (for complex sections you can import geometry and bars from a
dxf file)

- As the different covers we are forced to select "No bars" option and
manually enter the coordinates of the centroid of the four bars

- Materials classes for concrete and steel bars (for longitudinal and
stirrups reinforcement)
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General Data | Section Data | Forces | Checks

General Data Section Data | Forces | Checks

Description: |Bia><ia| bending check and biaxial shear design

Typology of the section

Predefined {uniaxial bendind and shear For beam or column)
General (biaxial bending and shear)

Rectangular section of column (biaxial bending and shear)

Wall {not ductilz, ductile or large lightly reinforced))

Palygonal section in tarsion

5LS deflection in single beam {long-term deformations too)
Exposure Class [§4.2 EC2]

¥C3 - Carbonation (Moderate humidity) v

YT MY

Member characteristics (for detailing design)

Column {compressian member) w
Seckion position in member

(% Section is into a critical region (near joints) of the member

™ Section is out of critical regions of the member

Load path for moments of resistance {U.L.S.)
% MN=const. (constant axial Forces)

™ MiM = const, (constant eccentricity)

Options for serviceability limit states {5.L.5.)
' n method
™ AAEM/EM methods

[ Crack width always in cracked state

[ Crack width (effective tension area)

Ductiliy Class {also for detailing)
* DCL (low) only ECZ applies

(" DCH (height) EC2+ECS applies

" DCM {middle) EC2+ECS applies

Coordinates of bars are always related at their own centroid. Then
assigned cover of bars include 1)2 of their diameter,

Compliance with the minimum cover of the reinforcement (also with
respect to environmental conditions) is awarded only to the

designer through the correct assignment of the coordinates of the
centraid of the bars, To calculate the cover according ko §4.4.1

EZ wou can use the tool ‘Cover Definition’ in RUM menu of this w

Type of calculation

e Check - Ductility ™ Reinforcement design

M. of cancrete regions: 1 Current Region:
Curr. Concrete |CS0f60 = 1 ﬂﬂ

Shape of current region
& Palygonal Full
" Circular Full
¥Yertices of curr. region {in clockwise order)

M.Wertices: | 4 ¥ verkice[cm] | ¥ wertice[cm]

Concrete Regions

" Polygonal empty
" Circular emphy

1 |-15.00 0.00

— 2 |-15.00 40,00
Shift Origin 3 | 15.00 40,00
4 115,00 0.00

Impork file ,dxf

Longitudinal reinforcement

Steel grade  |psonC -

Ears in wertices of concrete regions
&+ MNobars " One bar for each vertesx
(™ Three bars for each verkex

Diarn.[mm] | 14 Cover[cm] | 5 Clear spacing | 2

Corner bars + free bars

M % [cm] i [om] @lmm] |~
1 /-9.00 5.00 32
2 |[-9.00 35.00 32
3 |9.00 5.00 3z
4 19.00 35.00 3z b

Linear generations of bars

M.gen | Initial bar | Final bar M. bars | & [mm] ~

1
2
3 e

Circular qenerations of bars [cm]
M. | ®cenker | ¥ center | Radius | M. bars | @ [mm] || &
1 v

Stirrups (enter Diam.=0 to get design values)

| Diam. {mm) |0 Dist. {cm) |0

Steel |BSO0A

151

In the Force window we assign the design forces described above for
axial, biaxial bending and bending shear.
To compare the biaxial results with uniaxial ones we assign two

additional combination (see below window) with separate uniaxial
bending moment and shear forces (leaving unchanged the axia force).
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General Data | Section Data  Forces | Checks

i

Positive Sign
Conventions of
Forces inthe
selected reference,
Azxial force M positive
if compressive

Forces reference system (N always centroidal}
o fAxes xy principal of inertia

" Axes ®,Y with origin in B (centroid of concrete sec.)

Type of bending
™ Uniaxial {neutral axis always [ axis ¥ of coord. reference)

% Biaxial (exact calculation based on M, Mx, My values)

Combination type

[u]
5L5 Serviceability limit states: Frequent load comb, n]
5LS Serviceahility limit states: Quasi permanent load corr | 0

Internal forces Import forces from file tet
I [kM] I [kMm] | B (kM) | Wy (k] W [kN]

1 | Z000,00 234.00 100,00 20,00 180,00
2 | 2000,00 234.00 o.00 420,00 0.00

3 | 2000.00 0.00 100.00 0.00 180.00
4

RESULTS

Fle Modfy Diplay Deta Run Options 7

OE5H 2Q @ XD efHEd E X BEHES B @ o
Section name: Example Biaxial Bending.secEC  Comb. n. 1 (U.L.S.)

Edge cover long. bars: 3.4 cm  Edge cover stirrups: 2.4 cm RLBDE
general check: not ok
[ N.Comb. ik checked
515 Crraciersic combinaions o
515 Freauen conbinstons o
|5L5 Quasi-Permanent combinations: ]

VVVVVVVVVV S Combination Nurber [T ¢ | b | cHecic coms. uorox
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N N Stor ssmgrat fora ki (s i, nerz®) | Deform| A
R N 1= 200000k N Uk = 2000, 16 ki max
N 1 = 23400 K Uk = 23579 Kim o
S \ Wy = 10000k 1y =50.90 i sran
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Shear (ULS): Safety factor = 1.000 [OKif <=1.0]
Stirups a
SHEAR: Envelope: s 5t = 39.27 cmijm
Yy =420.00k  Diameter:10 mm
Yx =180.00K0  Spadng=4.0em
Ved = 423,720
VRdmax =422.73
VRd,s = 43231 WU
b =309 cm v

N
N

Fiun and display

3 O ¥ Stresses and strains of ross-section
LS ineractian diagram Mix-My.
®

@ o © )
Strain [V Section dimensions

™ Numbering concrete vertesc

Steel
st [
Tot = 3247 G2 ™ Numbering of bers
5 Strsin

The numerical output results for biaxial bending (below reported) show a
very slight difference the original example forces and the resulting
resistances calculated by the program:

Mx_, = 234 KNm; Mx_, = 233.79 kNm
My, = 100 KNm; Mx_, = 99.90 kNm
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ULTMATE LIMT STATES - H-MX-HY CAPACITY CHECKS

Check Fezult of check

M Dezigh aWal force [k applied at the cerdroid of concrete sedion [+ compressive]

Tl Dezign bending rmament [Hudm]around xaxs principal of inerda

Tuly Deszign bending mament (K] around v axs princpal of inerda

Mkt Doxialforce capacity (K] [+ Feonpressive)

Tl it Eending moment capacity [ around xaxisprincipal o inerlia

Tuly it Bending mament capacity [ around yaxis principal of inertia

5.F. Safety Factor = wectotial ratio of (M ultfulxult, ity uit] to (M b fulyd . Check QR ratio ==1.00

Comb M. Check M b hohy M ult B ult Whyut 5 F.

1 Matlk, 200000 23400 10000 2000 16 2330 99480 0999
2 oK 200000 23400 gon 200022 i non 1433
3 Ok 200000 0.0n 10000 2000.00 .00 2902 21w

1) Wectorial hending momert = Fesistance bending morme it

ULTMATE LIMITSTATE - BENDING AND AXIAL FORCE - STRAIN YALUES

B TR
ect

e R
i R
BE TR
HEhEE
= Ex
ez 1ih
¥ min
Y= min

Comb M. ec max

1 000350
2 000350
3 000350

LHirnate cormpressive strain in concrete

Strair it the concrete fiber at ec2ecu of depth [if ect=0 thenthe section iz all comprezsed)
H-coordinate o] inthe concrete pointin wich is ec rax

Y-coordnate (o] inthe concrete poiritin wich is ec nax

Iufax grain b Seel bats [+ Feorrprassive]

H-coordnate [cr] of barin nich is esmax

f-coordinate o] of bar in wich iz exmax

Ilit =rzin in geel bars[+ i corrpressive)

¥-coordinate [ora] of barin wich ises min

f-coordinate o] of bar in wich ises min

ec® A max T max e5 max Az max s max ez mih Hz min 'z min
0.00104 150 0.0 0006 90 3|0 000134 4.0 50
0.00112 150 a0 00mEH 40 B0 D0ms 40 a0
0.007102 150 a0 00023 90 /0 -000m3 4.0 a0

The numerical output for shear reinforcement (below reported) show
that for the biaxial design shear forces is strictly necessary a two-leg
hoop ®10 / 4cm i.e. A_, = 38.5 cm2/m.while for separate uniaxial shear

checks are strictly necessary A_, = 20.5 cm2/m for shear in y direction

and A, = 9.3 cm2/m for shear in x direction. This huge difference

demonstrates the inadequacy of the calculation of the double uniaxial
shear instead of the biaxial one.

© 2020 Geostru



154

RC SEC EN

ULTHATE LIMITSTATES - SHEAR CHECKS

Stirup diameter: 10 mm = Min diameter for code = 5.0 mm
Stimips spacinalpitch): 40 em = M zpacing for code = 180 cm
Brea stirupdn: M3 cmim = Jrmup area stictly necezzary for shear = 38 Scm®n
Check Fesult of check
Wed Desigh Shear [ = sum of Wxand Wy projected onto the notmal to the neutral axs
rd e Shear resiztance 4] by concrele diagonal snats [[B 5] BC2]
rd,z Shear resigance [K4) by stinups [B5] EC2]
Zm tlai neighted inner lever atn [cm] of Srips othogonal to neutral ads:

ate nat incuded strips without an extretne cormpressed.

The weights are constibuted by the length of lewer atn for each srips.
Din hdan weighted efective depth [om] of Arips orhogonalto neutral 2:4s.
b hiean weighted shear nidth o] misurate parallel to the nedral ads =

= tatio of atea of rezistent sripsto Amed wlue
Theta Bngle [*] ofthe indined concrete strts inthe web
hzt Irea of hoope+rozs-ties Arictly neceszany for shearforcefom®m]
I Eff Effective brea of hoops+crozs-ties inthe shear drection in curent commb. [crrfdn)

Corb M. Check Wed  Wnd e il & Zm|Dm b Theta Aat AER
1 oK 4237 373 43231 2087 309 3913 — 384 M3
2 oK 42000 42001 a0381 24930 300 2vdE- — 204 M3
3 0K 18000 13286 TAT39 1770 400 2180 — 93 343
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4.5 Ductility check

!

8 ¢18 long.

Et e r\ 8 d6 /12 em

-]
~

N = =

35 cm l

! X

| h
T“_‘%
S
"

b =35 cm

T

The above cross section of a column is within the critical region at the
base C30/37 of a structure designed in DCM ductility class.

C30/37 is the concrete class and B450C is the steel grade.

We want to perform a verification of resistance and a verification of
ductility with reference both uniaxial than biaxial forces. The uniaxial
acting forces in y direction are (first combination):

N =400 kN; Mx= 100 kNm; My =0; Vy = 150 kN; Vx =0

The biaxial forces (second combination) Mx,My, Vy,Vx have the same
vectorial intensity but an inclination of 45° with respect x axis:

N =400 kN; Mx = 70.71; My = 70.71; Vy = 106 kN; Vx = 106 kN.

The curvature ductility factor (8 5.2.3.4(3) EC8) is p, = 6.8 for all

seismic directions.

INPUT DATA

The concrete design strength is: fo=0a,.,f, /vy =100-50/15=
20.0 Mpa

The steel design yield strength is:  f , = fyk/ y, = 450/1.15 = 391.3
Mpa

In this example we first control, in particular, the parameters y, v, , o,

c?

cot 6 in Code and reinforcement option[70] window.

© 2020 Geostru



156 RC SEC EN

In the below General Data windows we should selected the typology
"Rectangular section of column". We select DCM as Ductility class and
set the above curvature ductility factor (6.8).

In the below Section Data window we select and assign:

- The option "Check" to perform resistance check and "6" as diameter
of stirrups in order to perform the check of stirrups for shear resistance
check and ductility check.

- Materials classes for concrete and steel bars (for longitudinal and
stirrups reinforcement)

- Dimension and cover of the rectangular concrete section and the bar
reinforcement provision.

- Stirrups diameter and pitch: Note that in this first input it is not
possible to assign specific cross-tie: it will be possible only after a first
run in the Stirrups-Ductility[ 43 window.
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General Data | Section Data | Forces | Checks

Description: |seismic column

Typology of the section

" Predefined (uniaxial bendind and shear For beam or column)
" =eneral (hiaxial bending and shear)

* Rectangular seckion of column (biaxial bending and shear)
" wall {nok ductile, ductile or large lightly reinfarced))

" Paolygonal section in korsion

" 515 deflection in single beam (long-term deformations boo)

Exposure Class [§4.2 ECZ]
%3 - Carbonation (Moderate humidity) v

Member characteristics (for detailing design)
Column {compression member) w
Section pasition in member

f* Section is into & critical region (near joinks) of the member

" Section is out of critical reqions of the member

Load path for moments of resistance {U.L.5.)
* N =ronst,  (conskant axial forces)

" MM = const. (constant eccentricity)

Options for serviceability limit states {5.1.5.)
* n method [ Crack width always in cracked state
" AAEMIEM methods [ Crack width (effective tension area)

Ductiliy Class {also for detailing)

" DCL (low) onk EC2 appliss Curvature ductilicy Factor
™ DCH (height) ECZ+ECS applies W= |e=0
& DM {middle) EC24+ECE applies I Section &t the base

General Data  Section Data | Forces | Checks

Type of calculation
* Check ™ Reinforcement design

(™ Stability analysis For one span column (nominal cury, method)

Concrete
Concrete class  |C30)37 -

Dimenzions of rectangular section [cm]

Sidex |35 Sidey |35

Reinforcement

Steel grade  |B450C v

Coarmer bars
* 1 bar for each corner
" 3 bars for each corner Diameter | 15 iy

Distance bekw, bars in the same corner

Cover (From centroidal axis of bars) 4 cm
2

weh bars

M. webbarz = zides |1 Diarn. weh » | 18 mrm
M. web bars* sides |1 Diarn. web v | 18 T

Stirmups [set Diameter=0 ta get automatic design)

9 i Steel grade |E450C -
™ 2 Hoops

Diametet skrirrup |6 T Spacing [12.0 cm

The report for moment forces capacity check is:
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ULTIMATE LIMT STATES - N-MX-HY CAPACITY CHECKS

Check Fesult of check

M Design adal force [K] appled atthe cerbroid of concrete section [+ if compresshe)

It Design bending moment i around x 245 principal of inerzia

Design bending moment i aroundy 245 principal of inerzia

M ult Ixial farce capacity [HY] [+if corpressive)

It ulk Bending moment capacity [Mdm] around x 28 principal of hettiz

Ity ulk Bending moment capacity [Mdm] around y 23 principal of hettiz

5F Safety Factor = wectorial ratio of [ ulthte Wt bty ulf] to Mt fot] . Check OF if ratio ==1.00
Comb M. Check & b Ity M ult hub Lt Mty uk  5.F.

1 Ok 400.00 100.00 n.00 40020 159.16 oon 1592
2 Ok 400.00 mi 0.1 400 16 9967 a7 1410

ULTIKATE LIMIT STATE - BENDING AND AXJIAL FORCE - STRAIN ¥ALUES

BC [ Litimate cormpresshee strain in concrde

ect Strain in the conciete fiber at ec2decy of depth (if ec*=0then the zection iz all compreszed)

Hemax coordinate [oen] in the concrete poit in wich is e max

e max f-coordinate [crm] in the concrete poit in wich is ez max

ES I Wz stain insteel bars [+ if comprezsive)

e max coordinate [orn] of bar inwich & & max

T max f-coordinate [orn] of bar inwich & es max

5 it Mlin strain in steel bars [+ compressie)

Hzmin wecoordinate [om] of bar inwich & e min

= min f-coordinate [orn] of bar inwich & es min
Cornb M. ec max ec* He rnax e max 3 frax Az max s max &3 tmin ¥z rain

1 000350 D004y 175 15 000216 135
2 000350 0009 1 175 000234 1345

135 D006TE 135
135 4100342 135

ULTIMATE LIKIT STATE - POSITION OF NEUTRAL AMS FOR EACH COMBINATION

Coefl. 3, b, ¢ in neutral @6 equation: ak++c=0 reference XY 0
Fatio of the: depth of neutral 2k to the effectve depth of the zection
a b C ]

0.000000000 0.000331011 002292655 —
0.000119751 0.000119751 000691256 —

- g
= o
: 22
Ly

Fatio of rediztituted rorment to the elastc moment in cordinuous beatms [eg05.100BC2)

D

3 min

135
135

The safety factor for biaxial second combination is lesser than the first
uniaxial combination as you also see by the interaction diagram:

STRENGTH DOMAIN Mx-My (ULTIMATE LIMIT STATE)

Section name: Example_Ductility.secEC

File path: CA\SORGENTI_F\GS-RC-SEZ-EUROCODE\EXAMPLES\Example_Ductility. secEC
N = 400 [kN] = Const. My [kNm

180

e ~
-~ .
110

/ ™~

il hil ik il HMX [kNm]

Grid spacing moments M. My = 40 kNm

The capacity and ductility shear check report is:
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ULTHATE LIMITSTATE - SHEAR CHECK - LOCAL DUGCTLITY CONTROL

Stimup diameter: B mm = Min diameter for code = 6.0 mm
M Cross-Ties/! Diameter : 26 mm
Strmups (8 crossdies) spacing: 120 em = Mhax spacing for code = 12.1cm
Area stinupin: i1 emim = Stinup area sticly necessary for shear = B.lem®n
Check Fesult of check
Wed Dezign Shear [Md] = summ of W and Wy projected oo the nommalto the newtral axdz
Wrdd b Shear resiztance Y]k concrte diagonal stz [[69) BC2]
Wrd,® Shear resigance [Md] by gimups [[65] EC2)
Zm hat wmeighted itner lewer arn [om]of strips orthogonal to neutral ads;
ate not inciuded stips without an exdrere comrpressed.
The voeights are constbaed bythe length of lewer arm for each srips.
Dn hitait meighted effective depth [orm) of Srips orthogonal to neutral axs.
b hiear vueighted shear width [om] misurate parallelo the neral s =
=ratio of atea of resktent Srips to Zned wlue
Theta Lrgle [*] ofthe inclined concrete st inthe web
Izt Area of hoops+rozsties ricthy necessanfor shearforce[omn]
b Ef Effective Mrea of hoops+crossdies inthe shear drection in cunent comb e
Betueen brackets is shonn the value related to the crossies only
Crozz-ties aiea izreduced byfactor Lt (L=ties lenigh projeced anthe sheat
diredtion; d_rmx= s effective sedion width on the shear direcion.
Llpha = 01455 Confinemment effiectiveness factor = Alphatflphas [[5:15) ECE)
Alphad = 0719 from e [5.16) BOE)
Alphas = 0G335 [frorm e [5.17) ECH]
Ohilst hilechanical wolwnetric raio of confining boop and cross-dies i the shear direcion [[5.15)EC3],
[Between brackets iz shown; Ohdst min walue = ratio of 102 second merrber of [3.13) value to the corfinerment effectivenessfactor]
Comb. M. Check Wed  Wid,max Wid 5 Zm|Dm b Theta Pt A B bkt
1 QK 15000 32310 18512 26810 30 211800 — BT TOR4 0.047(0.047)
2 oK 148 29327 17359 25112498 31 211800 —  B1 0 TIOR4 0.043(0.047)

Shear resistance of concrete struts and of stirrups are very near both
the first(uniaxial) and the second (biaxial) combination. The ductility
checks performed with the (5.15)EC8 equation are positive for both
combinations.

The direct moment-curvature diagram for the biaxial combination leads
to a negative check for the ductility factor p, = 4.6 < 6.8 so showing

the limit of the (5.15) check in biaxial assessment:

h [kNm]
J
i o
/,_ : I e ” e B I
y /
A
Fi
f
!
7
f/
I
,l M-Cyre| diagram (N =400 kN = Canst. MMy = VFO.71/70.71 kNm = Const )
i Merakpkl=23.03 kiNm (@crack =0.000528)
,’ My =f141.88 kNm &k =0.008825)
i/ Mult #1F4.80 kNm {i2ult =0|045136
I.‘IIIC! —A\Ol’. ORI =0 10
’!/ Cury ductility facton CODF F @ult/Ery = 4.5
" Equivalent bilingar diagrami§E.3.2 BN 15982 bridges):
! Wty Eg=[177 |11 khm| {2y Eq.=0)012264
Mcrac i
|
|
T T T T TR TE T T . LB T |
14r*100[14m]
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4.6 Crack width check

o)
q:
Il
'_U
. .
As' =4d14
£ £
(] [a]
8 1]
" Il
= o
As =6924
b =40 cm

The above cross section of a beam refers to Example 7.3 in /4[wsV.
C30/37 is the concrete class and S450C is the steel grade.
The concrete design strength is: fo=0a,.,f, /vy =085-30/15=

17.0 Mpa

The steel design yield strengthis:  f, = f,/ y, = 450/1.15 = 391.3

Mpa

The problem is to assess crack width under the following bending
moment Mx = 300 kNm (SLS frequent combination) assuming o, = n =

E./E, = 15.
We want check the same section with the program and compare the
results.

INPUT DATA

Once opened a new calculation (by means the command "New" in the
menu File) it is important to control if the default Code setting options
agree with those in the given example to compare.

In Materials Library we must control if the parameter o, = n = E/E_ is

set to 15 (see column n coeff.) for the concrete class C30/37:
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Concrete
Yalues based Creep Shinkage Aging n fora

N® on Fck Ecm Fem Fek Fed fetd Fetm coefficient | coefficient | coefficient | coeff. kel

1 29952 28,0 20,0 11.3 1.0 2.2 2.5 00025 0.8 15

2 31476 F3.0 25.0 14.2 1.2 2.6 2.5 00025 0.8 15

3 32308 6.0 Z58.0 15.9 1.3 2.8 2.5 00025 0.8 15

4 32624 35.0 30,0 17.0 il z.9 2.9 00025 0.5 15 v
£ ?

The filled General Datal 97 and the pertinent Section Data windows are:

General Data | Section Data | Forces | Checks

Description: |Example Uniaxial Bending

Typology of the section

% Predefined (unizxial bendind and shear For beam or colurmn)
" General (biaxial bending and shear)

" Rectangular section of column (biaxial bending and shear)
€ wWall {not ductile, ductile or large lightly reinforced))

" Polygonal section in torsion

™ 813 deflection in single beam {long-term deformations oo}

Exposure Class [§4.2 ECZ]
¥C3 - Carbonation (Moderate humidicy) v

Member characteristics {for detailing design}

Beam A

Load path for moments of resistance {U.L.S.)
¢ M =const, {constant axial Forces)

" M{M = const. {constant eccentricicy)

Options for serviceability limit states (5.L.5.)
* n method
" AKEMEM methads

[w Crack width always in cracked state

[ Crack width (effective kension area)

Ductiliy Class (also for detailing)
& DCL {low) only EC2 applies

" DCH (height) EC2+ECS applies

" DCM (middle) EC2+ECS applies

Coordinates of bars are always related at their own centroid. Then A
assigned cover of bars include 1/2 of their diameter.

Compliance with the minimum cover of the reinforcement (also with
respeck ko environmental conditions) is awarded only to the

designer through the correct assignment of the coordinates of the
centraid of the bars, To calculate the cover according ta §4.4.1

ECZ vou can use the kool 'Cover Definition' in RIUM menu of this w

Genersl Data  Section Data | Forces | Checks

Predefined Section
Twpe of calculation

% Check - Ducility " Reinforcement design

|Rectangular j
Concrete class; Ca0f3T -
Long. Reinforc,:  |B450C -

Section shape:

Section sizes {cm)

B
H

—
o

Longit. Reinforcement {covers bo bar centroidal axis [cm])

Lowe, cover {cm) | 5.2 Top cover |46 Lat. cover ,?
Bottom bars
. |6 @ |24 +n.|D @ ’U_
Top bars
n. |4 @ mm |14 +n.|U @ mm ,U—

Stirrups {enter Diameter=0 to get automatic design)

Reinforcement:  |B450C hd
0
15.0

f* 1 hoop
" % hoops

Diameter {mm) &

n, cross-ties

Spacing {cm)

In General Data window the section has been entered as a Predefined

typology; as Member Characteristic we selected "beam";

SLS we selected "n method".

as Options for

In Section Data window we entered the exact data of the of the
aforementioned comparative example.
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General Data | Section Data  Forces | Checks

Fositive Sign
Conventions of
Forces in the
selected reference

Anial force N positive
L If eompressive
hix
=B | T

Forces reference system (N always centroidal)
& duxes m,y ff axes &Y of reference, N applied at centroid

& Uniaxial {neutral axis always [f axis X of coord, reference)
" Biaxial (exact calculation based on h, Mx, My valuss)

n. lnad combinations 1
ad comb, |0
omb.
tload cor | 0

Internal forces Impott forces from fils st

WIKM] M [kim]
1 000 300.00
Z

In the above Forces window we assigned, we selected the SLS Frequent
load comb. row and then entered in the grid the values 300 kNm for the
moment Mx.

Note that we have to assign, for any section to calculate, at least one
Ultimate Load combination (in this example we assigned Mx=450 kNm).

Combination type

LLS Ulkimate limit states:
E

ity l

RESULTS

Selecting the Checks tab we obtained the below results window and the
printed results window (which command is on the local tab bar) with
reference to SLS load combination of our interest. In particular the crack
width w, is 0.184 mm as in the reference example.

General Data | Section Data | Forces  Checks | Stirrups-Ductiliey
A B 5 8

general check: ok

Type of Combination M.Comb., Mot checked

ULS Capacity combinations 1
515 Characteristic combinations 0
515 Frequent combinations

515 Quasi-Fermanent combinations u]

Combination Number | 1 4 | » | CHECK COMBIN, OFK

Bending and axial force {(SLS)

Stress-Skrain Crack width ~
Scmax =11.64 Mpa Crack width = 0,184 mm

Aclim =15.0 Mpa Limit width = 0.300 mm

S min =-233.1 Mpa Crack spacing =209 mm

55 lim =-360.0 Mpa Ac effective =487 cm?

Coeff, K2 = 0.500
Meutral axis: ¥ = 36,5 cm

< 4
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SLS FREQUENT COMBINATIONS - STRESS LMITATION [§ 7.2 EC2]

Check Fezlt of Check
Senax fbax corpressive stress [+ in concrete uba]
R0k ecnotdingte [orn] of conctete fiker coresponding to 5S¢ mas[reference XY 0)
S in Mlin compression gress [+ in concrete [pa)
Yemin y-coordihate [om] of concrete fiber coresponding to Sc ik [reference XY 0)
Sz in i tenzion stress(-] of geel barz[hia)
(s rin y-coordiate o) of centroid bar conespondng o Sz min [eference XY,0)
he eff. Concrete deptt [or] in concrete tension area surrounding tension seel bars
D eff Effective tension area [cm?that iz the area of concrete surrounding the tension reirforcerment [for crack width cordrol)
Dz eff Area of tension steel bars [crf] within A2 ef [for cack width control]
[ bars lean spacing [orn] of botded reinforcerment [eq [711) 573 4{3)ECG2]
[ bars = Dindicates spacng = Sc-+82) and ey [7.14] iz pertinent]
Comb M. Check  Sc max i pa Sc rin 't min Ss min s min he: eff Preff AsEF Dhars
1 oK 1164 ] .00 365 2331 954 122 L 271 ]

SLS FREQUENT COMBINATIONS - CRACK WIDTH[S 7.3.4 EC2]

Check Fesult of check
el Greater concrete tensile stain fension is - within the enfire sedion assessedin cracked sedion
e2 Lesserconciete tenzile drain [fension is -] within the enfire secion assessed in cracked section
k1 =08 high bond bars aszigred [se eq (711 EC2]
kt = NEfor charad. ad frequent SLS; = 0.4for guasi-penm. SLS [Fador dependent on the duration od the load [see eq 7 9) EC2]
k2 =0.5for bending; =[e1 + 22 2% for eccentric tension [mee eq 713 EC2]
k3 =540 Coeff, ineq. [7.11) EC2 according to national annex
k4 = 0425 Coeff. iney. [7.11) ECZ according to national aknex
@ e Equivakert bar diarmeter [rr] cover fom] tothe fensile reinforcerment [zee eq [7.11)(7:12] EC2]
reff Geomerical ratio Lz efiie eff [eq[7.10) EC2]
- & Ci Differerce bebueenthe mean drain of tenzile geel and concrele underthe relesant corrbination [ea [78]]
Eietieen brackets: Miirmurm value of ey [79) = 05 Smax/Ex
SHHRR final crack [t spacing
nk; Cakulated valie ] of crack width = s ras¥fe s - e crlfeq [7.8]]. Lirt wilue of wk iz shonn betneen brackets
i crack First cracking bending morment [
Cornb. M. Check el el k2 @lc ref S -8 O ST Max nk  Merack
1 oK 00136 I 0.500 24140 0056 0000879 @O00V0) 209 01840300 10686

In the above output are printed also the stress and all intermediate
values calculated by program (for example the effective tension area of
concrete Ac = 487 cm?2).

The program perform also the check of minimum reinforcement areas (8

7.3.2):

SLS - MINIMUK REIFORCEMEN T AREAS FOR CRACK CONTROL 8 7.3.2 EC2

M Car. 5L5 combination number

Corrk Type Frequent or Cuasi-Perrmanent

Fewion Part of concrete sedion under consideration [Web/Flange]

k Coeff. mich fake account of seff-equilibrating sresses [zee eq[7 1) BS2)

ki Cioeff, wich take account of sess detibution at crackingfzee eq [T 1) EC2]

I eff Lrea of concrete within t2nsile zone of the region under consideraion just hefore cracking [[7:1]]

Med 5L asdal force [+ if corpressive] ading onthe region under consideration [Hy]

S =hled /e mean sreszin the region of area Ac [web or rectangular sedion) [eq.07.1]]

Fur Bhzolute walue of the tensile force [K]witkin the fange at cacking due to the cracking moment [eq.07.3]]

k1 Coeff. considering the effect of axal forces onthe sress [web or recangular sedion] [eq]7 2]]

Az rey Brea [cr] of reirfiorcivg steel within the tensile 2one of region under consideration

Iz rrin Minirurm Lrea [omd of reinforcing steel within the tensle 2one of region under consideration resuired by e, [71]
Comb M. Comb Type Region k ko Aceff Med 14 k1 Fre  Asreg  Asmin

1 Freque it Web 085 037 1100 6793 283 150 - LI 23

If we remake the input of the same section as a general section we can
note a slight difference between the crack width w, .(w, =0.183 mm

instead of 0.184). This is due to the different way to assess the tension
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effective concrete area A, (see Limitation of crack widths[::1 topic). The

below graph showed by program for SLS combinations make in evidence
with blue points the effective tension area calculated as circles the
diameter of which is equal to 7 diameters of the corresponding tensile
bars (the circles are limited by the rules laid down in 87.3.2(3) EC2).

Section name: Example Crack Width Bizxial secEC Comb.n. 1 (S L5 freg.)
Edge cover long. bars: 38 cm  Edge -:werstirru\Ps: 32 em

50
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4.7

Deflection check

e =40 i

Ll

70 cm
55 cm

h
d

e =T824

| = 1000 cm
b =50cm

The above beam refers to Example 7.6 in /4[:3V that concerns the
evaluation of the vertical displacement in the mid-span of the beam with
the constant transversal section depicted in the same figure. This
problem is resolved firstly in a cumulative way stating o, = E./E_ = 15.

C30/37 is the concrete class and S450C is the steel grade.

The use of the o, parameter is equivalent to use the following effective

creep coefficient [see eq.(7.20) EC2]:

E, o = Ecn/ (1+0(cty) = 15/ E, = 15/2000000= 1/133333

from which for the assigned concrete E__ = 328370 then the equivalent

creep coefficient ¢ to use in the program is:
¢ =@(ct,)=E, /133333) - 1 =1.463

Before to calculate the beam deflection we have to generate the
constant predefined transversal section which file that we named
"Transversal 1.seceEC". In this section we have select the above
materials and set in the C30/37 concrete row of Materials Library[e7):
creep coefficient ¢ = 1.463 , aging coefficient y=1 (EM method) and
shrinkage coefficient = .000000001 i.e. null value:

Concrete
alues based Creep Shinkage Aging no |~
i | G on feck EEn e s e e Fobm | Coeficient | cosfficient | cosfficient coeff,
C20/25 29962 25.0 20,0 11.3 1.0 2.2 2.5 .000z5 0.5
2 | C25/30 31476 33.0 25.0 14.2 1.2 2.6 2.5 .000z5 0.5
3 | CZ8/38 32308 36.0 258.0 15.9 1.3 2.5 2.5 .000zs 0.8
4 | 230437 32837 38.0 30.0 17.0 il A 2.9 1.463 0.0000001 1 w
< >
D nimfrcnines Chanal

The input windows of the section "Transversal_1.secEC" are:
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General Data  Section Data | Forces | Checks General Data | Section Data  Forces | Checks
PrTedeﬁpedl Section % Positive Sign
fpe oF caicuation Canventions of
& Check - Ductility " Reinforcement design

Forces in the
selected reference,
Axial force M positive
A W if compressive

Section shape: |Rectangular j

Concrete class: C30/37 - ! me
Long. Reinforc.: B450C - ! H B \/ &,

Section sizes (cm)

E S0
H 7

Forces reference system (N always centroidal)
% Awes x,y Ji axes &, of reference. M applied at centroid
Longit. Reinforcement {covers to bar centroidal axis [cm])

Low. cover (cm) |4 Top caver |4 Lat. cover |4

Botkom bars

o ’?— gmm B4 +n ’D— B ID— ¢ Uriaxial (neutral axis always [f axis X of coord, reference)
" Biaxial (exact calculation based on W, Mx, My values)

Top bars
n |0 @rmm |0 +n |0 @m0 Combination tppe

LILS Ulkinnate limit skates: n. load combinations

313 Serviceability limik states: Charackeristic load comb, | 0

) _ ) ) 5L5 Serviceabilicy limit skates: Frequent load camb, 0
Stirrups {enter Diameter=0 ta get automatic design) 3L3 Serviceability limit states: Quasi permanent load cor | 1
Reinforcement:  |B450C -
& 1h Internal forces Import forces fram file txt
2 hEEEs n. cross-ties 0 £
I [kh] Mz [kMm] Wy [kM] M Tar[kMrm]

Diameter {(mm) |6 Spacing {cmy  [15.0 1 (0,00 500,00 0,00 0.0

2

Assigned Stirrups data and Forces are not used in the deflection
calculation but their definition have the sole purpose to complete input
and so save the file section.

At this point, in a new and separate calculation, we made the following
input of the "Single beam deflections™ typology:
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General Data Beam data | Checks

Select the directory containing the files of sections:

SR, Example Shear Design.se »
A SORGENTI_F Example Shear-Torsion.se
£G5-RC-5EZ-EUROCODE Example Torsion.secEC

Example Uniaxial Bending
Example Uniaxial Bending

Transwersal_1.secEC

Type of load combination {Service Limit State)

() Characteristic {only short-term deflections)

() Quasi permanent (shart-term and long-term deflections)
Type of span

@ Eearn on two supports

() Cantiliver beam

M. sub-element {constant section) of beam [< 11] ’1—
Mean length of discretization of beam [==5 cm] ’20— cm
Moment at the left suppart [+ if counterclockmise] W kRm
Moment at the right suppart [+ i clockwise] 0.oo kkm

Data of Sub-Elements of beam {from left to right})
{Uniform loads Py positive if downward, M positive if in compression)
M.Elem.| Section Mame | Length fcm)| Py{kMim) kN

1 Transwersal_1.s 1000 40.00 0.00

Concentrated vertical loads (if there are)
M. Load | Abscis. ¥ From left (cm) | Load [+ if dowrnveard] (ki) o
1
2

The single sub-elerments of beam subdivision should have the -
same constant section {in geometry and reinforcement) and the
same uniform load.

The own weights of sub-glements are not counted by program:

they have to be included in the assigned loads Py, The internal

Firstly we selected the directory were saved the transversal section
named "Transversal 1.seceEC". Then the type of span (Beam on two
supports™ and the following numerical data:

- N. sub-elements of beam = 1 (in this case we have a constant section
over the entire span of the beam)

- Mean length of discretization of the beam = 20 cm

- Moments at the end supports (both zero in this case)

In the Data of sub-Elements of beam (there is only one sub-element) we
have to select (in the drop-down list) the name of the above section, the
length of the sub-element (in this case coincides with the length of span
= 1000 cm), the assigned distributed load Py= 40 kN/m. There is no
concentrated load over the span.

Immediate following results are furnished by the program:
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I 1000 General Data | Beam data
] Print Checks | iaCopy | Print preview | $8]Export Dxf
ort time deflections
lax cm) [z
am) [0,
) o 5
otati end [+ dackuise;
ong ti

o [uy (ew) [0.000
Rotation in left end [+ F countclockwise] (<) [0.657350
Rokation inright end [+ If cockuise] e [-0es7358

S it AU Wttt

Deflections - Stress Checks in sections

M. Sec | Crack[¥/h]| Defl. 1 Defl F, | Check | McA
a1 Yes 2578 3.488 oK l
22 Yes 2.621 3.548 oK 4
Curvatures 23 Yes 2657 3.596 oK 4
24 Ho 2.683 3630 Mook 4
25 Ho 2698 3650 Mok 4
26 Ho 2703 3657 NooKk 5
27 Ho 2698 3650 Motk 4
28 Ho 2.683 3630 NooK 4
29 Yes 2.657 3.596 oK 4
an es 2671 3Kam o 4V
3 >
| : critical values of stress exceeded in some

Deflections [TY=E

Dm ez 567

T s e

Short-time effects Long-time effects

Deflection  (em)| | | Deflection  (em)|

riz. Displac, (em) || Horiz, Displac. demy [
Moment  (m) | | Moment (o) [
curvxtes (e | cuevxted (Uemr |

In the check window we can see the max positive deflection for short
time effects (2.703 cm > 2.164 cm of the original example) and for long
time effects (3.657 cm > 3.571 cm of the original example). The slight
difference is due to the simplified method performed in in YZIRNTE

Note the warning relating the max stress check calculated with the AAEM
method. Maximum value of concrete compressive stress is 13.62 Mpa >
13.50 Mpa critical concrete compressive stress. Performing the stress
with n simplified method (o, = 15) max stress results, instead, equal to

12.94 Mpa < 13.50.
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48 In

stability Check

N

€040 cm

|=1200 cm

7

Section hame: Example_Instability.secEC GereralDsta Section Data | Checks

Type of calculation
C check " Reinforcement design

@ Stabiity analysis for ne span column (nominal curv. method)

Concrete

v Concrete class | C40/50 ~
Dimensiens of rectangular section [cm]

Side3t |70 Side'y |70

steel grade  [B450C |

Comer bars

@ 1 bar for each corner

3 bars for each corner Rapes 2+ mm

Caver (from centraidal axis of barsy 5 m

Distance bebw, bars in the same corner 2 em
“web bars
N web bars X sides | 0 Diam. web X | 0 mm

N webbars ' sides | 8 Diam. web Y | 24

70

Stability data [Nominal curvature method §5.8.8EC2)
Calculation with uniasial or biaial curvature 1/1
© With uniavial eqE.34EC2  Ewith biasial M-Cur.diagram

Design constant axial force Md 1000.00 | K
Effective creep ratio (according 2q.(5.19)) [250

Datafor'? asis stabilly diection
First order moment Pxod (wkhout imperfectiom) (000 kim

_1 Eccertricity eiY {=lov/400 see §5.2(7)) 0.0 om
Effective length lo¥ (according to §5.8.3.2) |00 Ll
| | Data for ¥ aris stabiity direction
I 70 | First order moment MYod {without imperfection)880.00  khm
e Eccentricity e {=loi/400 see §5.2(7)) ] o
snerete section | DoPeY
< — ¥ Reference axes Effective length lo¥ (according to §5.8.:3.2)  [24000  cm

e

We want to assess the ultimate limit state of instability for the above
isolated cantilever column only for X direction as in the example reported
in/7/.

In the above Section Data window are assigned (no data for Y direction):
- Concrete class: C40/50

- Steel: B450C
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- Dimensions (Side X, Side Y) of the rectangular section of the column:
70x70

- The longitudinal bars 10+10®24 are assigned as 1 bar ®24 /corner
and n. 8 web bar ®24 along Y direction.

- Design constant axial force: 1000 kN

- First order moment MX,, =N, -e, + F, -1 = 1000 - 0.40 + 40 - 12.00
= 880.00 kNm

- Eccentricity eX for geometric imperfections: 0.00 cm (already included
ine,)

- Effective length |/ X = 1200 - 2 = 2400 cm according to fig. 5.7 g) in
8§5.8.3.1

If we check the option "with uniaxial eq. (5.34)" the output is:

COLUMN STABILITY WITH NOMINAL CURYATURE HETHOD [33 8.2ECA

INTERNAL FORCES AND RESULTS

Conztant dezign axial load Nd: 00000 kM
Berding first order rmoment around " axis Mo aa0.00  kMm
Effective lenght of colurmn in X direction (§3.8.3.2) loX: 2000 em
Slendermess ratio with respectto ¥ dir. B = 100K 154

Min Slerdeme sz ratio 24513 Lwin: M5
Eccertricity of Nd by imperfections in X direction e i: 000 em
Total first order moment around Y- HoY=hoY"+ Hd*eiX =0m  kHm
Curvature correction factor dependent on M [eq.(5.36)] Kr: 1.00
Curvature comection factor dependent on creep 3 dir.[eg. 15 37 K 1.00

RESULTS IN XDIRECTION

Efftective section width in 2 direction d: RO cm
Curvature in 2 direction by eq.(2.34) 1 0.00006E390 1 hem
Mlaz top colume ¥ displacement [eq.0.33)] e2: AT em
2nd order moment around ez [eq.0.33)] MM 3528 kNm
Total design moment around Y axds [eq.(0.31)] HdY = Mo Hd27- 126522 kHm
koment of resistance around Y axis HRY: 136107 kHm

COLUMH STABILITY INXDRE. OK: HRY =HdY

The second order moment 385 kN is very near to 390 kN obtained
in/7/.

If we check the option "with biaxial moment-curvature diagram" the
output is:
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COLUKH STABILITY WITH HOMINAL CURYATURE HETHOD [35.8 3ECA
[Curvature 1 derived from biaxial Hom-Gurv. diagram {see Model Column' methodj]

INTERNAL FORCES AND RESULTS
Conztant design adal load Nd: 100000 kM
Effective creep ratio [according to eq. (. 190 KR 250
Bending first order moment around % axis Moy™: 88000 kMim
Effective lenght of calurmn in X direction (83 .8.3.2) loX: 2000 com
Slendemess ratio with respe ctto 3 dir. U = [0 144
Min Slendermess ratio feg.5.131 Leain: M8
Eccentricity of Md by imperfections in 2 direction ei; oo em
Total first erder moment around Y: HoY=hoY'+ Nd*eiX =000 KHm
¥Yectorial total first order moment Hd: =000 KHm
Curvature correction factor for creep feq. (5371 K 1.0
Wectonal equilibium curvature i 0000043547 Ticen
Ind order wectarial moment at the coresponding T cure . M2 TIET kMm
Total vectorial design moment [eq.(5.21)] Hd = Hod+iZ 1159.63 kHm
¥Yectorial moment at the corresp. 1ir curvature HRJ: 12723 WHm
COLUKMN STABILITY OK: HRd =kd
Maztop colurmn vectorial dizplacerment: AU em
Max concrete strain at said T curvature 0.007:
Min zteel strain at said T curvature: L0020

Last results are less conservative but near to the previous. The "model
column” diagram is:

MOMEMNTS-CURVATURES DIAGRAM (Nd = 1000 dal)
Section name: Example_nstabiity secEC
File path: CASORGENTI_FU3S-RC-SEZ-EUROCODE'EXAMPLES Example_Instabilty secEC

W [kNrm]

|||

#

il

14 [1/cm]

N I D A

Momerts qrid spacing = 100 kMm Curvatures spacing = 0000007238 1fcm
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4.9

Pier check

File  Modfy Display Data Run Options 7
D8H 288X e FEESB cFEFAES
B @ cover

Saction name: Plr.saoEC  Comb.n. 1 (LS )

General Data | Section Data | Forces  Checks | Stirups-Ductity.

RIE5 @

general check: ok

ULS Bending-Asial Forc
Sforzi asseqnati

N =30000.00 kN

1]
Mix =3000.00 Kiim M it = 52653.71 ki
My = 000,00 Khim My = 247169.26 Kiim

Ui,
Viekding

es: Safety factor

0

5
1 | »| crEckcomem. o

=30.907 [0K f > 1.0]
ercia) form A

=0.000027757 Yfem i

~0.000003717 Lo Heutral
mi it

>

Legend

@ 2002

Despite the simple cross sections studied in the previous examples,
program is able to assess complex general sections as that shown in the

above figure.

Such section refers to an hollow rc pier and its geometry for concrete
and reinforcement has been imported from a dxf file, which constitutes

the best way to input complex sections.
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