4, Frame Reinforcement by Eurocode 2

Applicable CivilFEM Product: All CivilFEM Products
Level of Difficulty: Moderate
Interactive Time Required: 35 minutes
Discipline: Structural Concrete

Analysis Type: Linear static
Element Type Used: BEAM3

Active Code Eurocode 2
Units System N, m, s.

CivilFEM Features Demonstrated: Units selection, code selection, material
definition, section definition by dimensions,
axial and bending reinforcement checking,
shear reinforcement checking, axial and
bending reinforcement design, shear
reinforcement design.

Problem Description

This example illustrates the Eurocode 2 designing criteria for a typical concrete
constrained frame. We will use the program skills to check the frame
reinforcement and to design the appropriate one if necessary. We will check for
axial force, bending moment Z and shear in the Y direction.

We are not considering the self-weight of the reinforced frame. Nevertheless we
will apply a distributed load along the left column.
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Loads:
W =40 kN/m
L =60 kN/m

Frame geometrical dimensions:

Length L=6m
Height H=5m

Section properties:

Dimensions:

Width B=0.4m
Depth D=05m
Material:

Concrete  C40/50

Steel S400 y.=15 y.=1.15

Reinforcement:

Bending reinforcement: Group 1 3 ¢ 16 mm at face number 2 (Scalable)
Bending reinforcement: Group 2 3 ¢ 16 mm at face number 4 (Scalable)
Shear reinforcement: ¢ 10 mm /30 cm

" Given

The load distribution, the section geometrical dimensions, material properties
and safety factors for concrete and steel reinforcement are shown in the
previous table.

® Approach and Assumptions

We will use 2D elastic beam elements for this analysis. Model geometry will be
defined by direct generation of nodes and elements.
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® Summary of Steps

Preprocessing

o

[ERN
©

11.

© 0 N o bk 0D

. Specify title

Set units

Set code

Define material

Define element type

Define section

Define bending reinforcement properties
Define shear reinforcement properties
Define Beam & Shell properties

Define nodes and elements

Save the database

Solution

12. Apply displacement constraints

13. Apply load

14.

Solve

Postprocessing

4-3

15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

Enter the postprocessor and read in results
Checking under 2D bending moment and axial force
Review elements OK and No OK

Plot an interaction diagram

Checking under shear force in Y axis

Review elements OK and No OK

Design for bending moment and axial force

Review designed reinforcement for bending moment and axial force
Design for shear force in Y axis

Review designed reinforcement for shear force

Exit the ANSYS program
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Interactive Step-by-Step Solution

® Preprocessing

1. Specify title

Utility Menu: File ->Change title

[1>> Enter the title: “Frame Reinforcement by Eurocode 2”
[2> OK to define the title and close the dialog box.

mchange Title

]

[/TITLE] Enter new title

[2> ok | Cancel |

2. Set units

Utility Menu:— CivilFEM — Civil Setup

E>|Frame Reinforcement by Eurocode No.2

Help |

E> OK to accept meters, seconds and newtons and close the units dialog box

)" CivilFEM Setup Options

Codes Units l CF config] GUI canfig

[“UMITS]  Define Unit Syztem

System units

Length wnit[L] | [-] | - | m
Tieerti] | = | = | .
Force unt [F] | =l | = | N
Pres/Stiess wnit[P] | =l | = | Pa
Mass unit [M] | =l | = | kg
Maretary urit  |Euro | |Eura - Euros
Ahout E>]T| Cancel Help
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3. Set code
Main Menu: — CivilFEM — Civil Setup

[1> Pick on the Codes tab
E> OK to set active code and close the code dialog box.

15 Caces | Urits | CF confia| GUI conti|

["CODESEL] Select Codes

Steelcode KEYSTEEL  |EuroCode No.3 ~|
Reinfarced concrete code KEYCOMCR |Eurocode 2 [EM 1992-1-1: 2004 /4C: 2008) j
Prestressed concrete code KEYPREST |Eurocode 2 [EM 1992-1-1: 2004 /4C:2008) j
Seizmic code  KEYSEISM |Eurocode 8 (EM 1938-1-1: 2004) ﬂ

About ok, Cancel Help

4. Define material

Main Menu: — CivilFEM — Civil Preprocess —Materials

Choose New

Select concrete material type
Choose EC2: C40/50 concrete

Add to define material 1

Select Reinforcing steel material type
Choose EC2: S400 reinforcing steel

Add to define material 2 and Exit.

VAVAVAVAVAVAVAY.
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Ok to define material properties and close the dialog box
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F Material Browser

=101 x|

fel atznial lizt

M ame | Reference

| Numl Type

E>New |

Delete
fd madify
Copy
List
Save

Cormrelations

Bkl

Soitre fmz

AT ime |28-DD Draps

I New material

Mumnber Il

=3 STEEL

- CONCRETE
[J23>ac EC2

© gl CB0sE0
+-CE] ACI

+--C[E] CER
#-C[E] EHE
=-CEl BSE110
e REINF

s SOIL

&% ROCK

--[ar] USER

Lt wzer matenal file |

Delete usern material / file | E>

Add

Help |

| Exit
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' New material

MHumber |2

------ @ 12415
------ @ C1R/20
------ e Rl
------ @ T25/30
------ e Ewcilerd
------ @ C35/5
------ G C40/50
------ i C45/55
------ § CR0/E0
E-CE] ACI

&--C[E] CEB
&--C[El EHE

. E=-cgE Bssiin
|:5 > REINF

EC2

.
=-CE] AL
&-C[E] CEB
=-CJEl EHE
=-C[El B38110
- SOIL

e

I

Lzt uzer material file | Help |

Delete user materal /L file | DITI

Edit |

' Material Browser

=101 x|

il atzrial iz

| Reference | Numl Type

C40/50 1 Caoncrete

5400 2 Reinforcing steel

Delete
fdicelifyy
Copy
List
Save

Carrelations

=
=
_Cow |
[ ]
[ & |
[eameeien]

St Tirne

ActTime

IZE.EIIII Days

Help | 0K
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5. Define element type

We will make use of BEAM3.

Main Menu: — CivilFEM — Civil Preprocess —Element Types —Civil Beams
E> Select 2D Elastic Beam 3
[2>> OK to define element type

MBeam Element Types for Code Checking B |

[ET] Beam Element Types for Code Checking

Element Type Number ITYPE I 1

Select Element Type ENAME

3D Taper Beam 44
3D Elost Beam 4
3D T-wal Beam 24

3D Lin. Beam 188

e ® @ © @

3D Qua. Beam 189

Y

e ® @ ©® @ W @

2D Taper Beam 54
3D Spar Link 8
3D Spar Link 10
2D Spar Link 1
2D Plast Beam 23
Elas straight 16

Plas straight 20
Label

IE> oK | Apply Cancel | Help |

6. Define section

First, we will define the section geometry and then we will introduce the
reinforcements.

Main Menu: — CivilFEM — Civil Preprocess —»Cross Sections

[1> Pick on the Concrete button to define a concrete section

4-8 CivilFEM Workbook. Ingeciber, S.A° er. 2025



E> Choose rectangular shape

[3> Enter 0.5 as depth (TKY)

[4> Enter 0.4 as width (TKZ)

[5> Enter Rectangular Section as Name

E> To draw the rectangular section click with the right button on the window
E> Ok to define Concrete Section

Exit to close dialog box

F Cross Sections Explorer o ] |

— Mew Section

Hum | Mame | Reference | Type | Shape |

i HotPoled

Steel by Dimengions |
Steel by Plates |
L

[£> Caoncrete |
User Data Base |

— Edit Sections
hiodify |
Copy | Delete |
List | Save |
terge |

2D Mesh Sections

Capture 20 Mesh |
Export 200 Mezh |

Active fine

ActTime |28. i} Days |

Help Bt |
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J’New Concrete Section by Dimensions

LB Rectangular Section

User defined ¥

Feinfor Concrete Reinforced concrete 5 Square / Rectangular
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7. Define bending reinforcement properties

To define the bending reinforcement we have to take into account the following
facts:

a) Number of reinforcement groups to be defined.
b) Material of reinforcement group.

c) Class of reinforcement group.

d) Amount of reinforcement per group.

e) Location of reinforcement group.

We will define two reinforcement groups as it was indicated in the section’s

graph.
The characteristics of the reinforcement of group 1 are shown in the following
table:

Group 1

Reinforcement material | Material 2 (S 400)

Reinforcement class Scalable

Diameter 16 mm

Number of bars 3

Face number 2

Geometrical cover 0.032 m

The characteristics of the reinforcement group 2 are shown in the following

table:
Group 2
Reinforcement material Material 2 (S 400)
Reinforcement class Scalable
Diameter 16 mm
Number of bars 3
Face number 4
Geometrical cover 0.032m

First, we will define the reinforcement group 1:

Main Menu: — CivilFEM — Civil Preprocess — Cross Sections

E> Select the Reinforced Concrete section
[2> Pick on the Modify button
[3>> Edit Reinforcement Groups
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[ Cross Sections Explorer

i Rectangular Section

_—

(500.000E-03

| 4.167E-03 1

13.333E-03

16.667E-03
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[4> New Reinforcement

F Section 1: Rectangular Section i

Section Select Edit List View

=10l x]

|v x B[% H Number |1 | Name [Rectangular Section

4 S s M

MNew reinforcement

F4

Pick an element

Properties:

Selecting 4

Select material 2 as material for bars

Select Reinforcement at Face 2

Enter 0.032 for Geometrical cover

Specify reinforcement distribution by number of bars
Select 16 mm as Diameter of Bars

Select Bars at both ends at MC

Enter 3 as number of bars

CAACAVAVAVAVAY

Ok to define reinforcement group 1
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F Reinforcement properties

Fredaiinzd Banding rinforcamer

User defined || =
Harding rzinforceman
5> f =
D (0 Scaleabls |_
o 2 [ m 4: Bars at both ends at MC |

Wil elizinnn iz r2infare e

FECERE |
T

AELIEan o2

B
D —
[1s5. 000E-05

@ New Reinforcement
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F Section 1: Rectangular Section

Section Select Edit List  Wiew

J v x B|¢% IJ Number 1 7| Name |[Rectangular section
i | s D
Howrekiiorcemeric 1) Bending reinforcement properties;
* @ * uf |1
R1

F1

Pick an element

F4

=
s

Cls | Scaleable

Ufe

m
=
=%

Ge | 32.000E-03 -
Mc | 40.000E-03 o
AsT | 603.186E-06 e

1.508E-03 o

s
23
=

STk
—
o

2

2

=

NL | 6.250E+00 1/m

5 [160.000E-03 o

Selecting 7

Select material 2 as material for bars

Select Reinforcement at Face 4

Enter 0.032 for Geometrical cover

Specify reinforcement distribution by number of bars

Select 16 mm as Diameter of Bars

Select Bars at both ends at MC

Enter 3 as number of bars

Ok
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F Reinforcement properties
Fradzfinad barding rainforcamsar

Uszer defined |_ |_,

Earding rzinforeaman

16> R
0 Scdeatle 7]
B>ue [¢ = (10> End [4 Bars stbothends sthe 3]

W riferrnly chiziriniae] i

Bars diztibution reinforcemnart

20>n [
[ 1

[Rectangular Section

16.667E-03 |
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8. Define shear reinforcement properties

In order to define the shear reinforcement we have to take into account the
following considerations:

a) Angles between the stirrups and the element local axis X.
b) Shear reinforcement amount.

Shear reinforcement
Angle 90°

Diameter 10 mm
Spacing of stirrups 0.3m
Number of legs 2

E> Click New Reinforcement

4-17

¥ Section 1: Rectangular Section

_{ol x|
Section Select Edit List Wiew
|~ >x B| % |J Number |1 | Neme [Rectangular Section
| e
New reinforcement = Propeities;
@ @
Rl
>—T.(
Fl 3
© * L
R2
F4
Pick an element Selecting 4
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[2>> Pick on the Shear tab

F Reinforcement properties

Bendi@hﬂaf l Torzion ]

S EE N T (i (e (=T

Amnaut

" By Ratio

Mat |2
IE> . " By Area / Distance
E>.-‘1'-.|pY 30.000E+00  ® Alpg  |0.000E+00 o E> & By Number of bars

o
L]

Azt m 2 Am Agzs m 2 Am

A m? BT y::

Flurmoer

[6 > nr |2 Nz [o
E> 5 |z00.000E-03 |

Fi [10.00 |

: ; k. | Cancel

E> Enter 2 for reinforcement material

[4> Enter 90 as angle with X axis (by default = 90")
E> Select By number of bars

E> Enter 2 as number of legs in one stirrup.

E> Enter 0.3 as distance between stirrups

Select 10 mm as diameter of bars

E>OK
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Rectangular Section

500. 000E-03 | 1

[a00. o00E-03

4 | 2zo0.000E-03
5.474E-03 |,

by [2.667E-03 |
22 [4.167E-03 |,
;o [16.6678-05 | 3

Reinfor Concrete Reinforcad concrete S Square / Rectangular

At dins

Z58.00
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9. Define Beam & Shell properties
CivilFEM command ~BMSHPRO will be used to define ANSYS real constants.
Main Menu: — CivilFEM — Civil Preprocessor -»Beam & Shell pro
E> Pick on the New Beam button

F Beam and Shell Properties

=

L=

Mew Beam |
New Shell |

Humber | Mame | Reference | Type |

I

—Edit:

I difn |

Copy |
Lizt |

Help |
Exit |

E> Select cross section number
E;> Enter “Concrete Beam” as Name for the Beam property

[4> Select element type BEAM 3
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(=1
fpEaMa  w|  offset |coe x|

¥'Beam 1: Concrete Beam

IE>\{ x ‘@ HNumber

Name Concrete Beam

Cross Sections tMember Properties Number
Constant Section | [ﬁ
T y tMember Properties Type
| a— A -
J X
Z
Properties:
P> —
Q ° (o)
I
%
o ° °
Cross Section
Node | location
v G Real Constants
2
[6> Exit
' Beam and Shell Properties

Mumber I Mame I Fieference I Type I

@ 1 Concrete Beam Constant

Mew Shell

=

— Edit:

I it

Delete

Copy

List

Help

6 Exit

Lt el
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10. Define nodes and elements
Frame geometry definition implies the creation of nodes and elements.

The steps that you must follow are:

a) Define nodes coordinates in active coordinate system

b) Define elements

Main Menu: Preprocessor - —Modeling— Create —» Nodes — In Active CS
[1> Enter 1 as node 1
E> Introduce the coordinates of node 1

[3> Pick on apply

mCreate Nodes in Active Coordinate System 3

[N] Create Nodes in Active Coordinate System

NODE MNode number E> Il

X.¥.Z Location in active €S E> |o Io |0|
THXY, THYZ, THZX

Rotation angles (deqrees) I I I

oK | IE> Apply | Cancel | Help |

[4> Enter 11 as node 11
[5>> Introduce the coordinates of node 11

E> Pick on apply

Ii\create Nodes in Active Coordinate System

[N] Create Nodes in Active Coordinate System

NODBE Node number E>| 11

X,¥.Z Location in active C5 IE>|0 |5| IU

THXY, THYZ, THZX

Rotation angles (degrees) I I I

(5] 4 I IE> Apply | Cancel | Help |
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[7> Enter 23 as node 23
Introduce the coordinates of node 23

[9>> Pick on apply

I\\create Nodes in Active Coordinate System

[N] Create Nodes in Active Coordinate System

NODE Node number E>| 23

X,¥,Z Location in active €5 |6| |5 IU

THXY, THYZ, THZX

Rotation angles (degrees) I I I

oK I IE> Apply | Cancel | Help I

Enter 33 as node 33

@ Introduce the coordinates of node 33

[12> OK

mtreate Nodes in Active Coordinate System

[N] Create Nodes in Active Coordinate System

NODE Node humber |33

X.¥.Z Location in active C5 [1D> |6 |0| |0

THXY, THYZ, THZX

Rotation angles (degrees) I I I

@ oK | Apply | Cancel I Help I

Now we are going to introduce the rest of the nodes by filling between nodes.

Main Menu: Preprocessor - —Modeling— Create — Nodes — Fill between
Nds

[13> Select node 1

Select node 11
[15> oK
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Fill between Nds
" pick [ Unpick
o Single " Eox
11 23
£ Polygon (7 pirele
[ Loop
Count = =
Maximum = Z
Minimum = £
Hode No. = 11
% List of Items
[ Min, Max, Inc
: OE I Apply |
Beset | Cancel |
DPiclk A1L | Help |
1 33

Frame Reinforcement by Eurocode No.2

Ji\create Nodes Between 2 Nodes N x|
[FILL] Create Nodes Between 2 Nodes
NODELNODE2 Fill between nodes

NFILL Number of nodes to fill
NSTRT Starting node no.
NINC Inc.between filled nodes

SPACE Spacing ratio

ITIME No.of fill operations -

- {including original)

INC Node number increment -

T

- (for each successive fill operation)

oK ] Apply Cancel Help

@ Select node 11

Select node 23
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Fill between Nds

11 23

:

Frame Reinforcement by Eurocode No.2

fﬂ Create Nodes Between 2 Nodes
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[22> Select node 23
[22> Select node 33
[23> OK
OK

Fill between Nds

11
(% pick [ Unpick

10
[ Single " Bax

i Polygon 7 pircle 9
i« Loop

Count = Z
Maximam = Z
Minimum = 2

Hode Ho. = 11

% Lizt of Items

[ Min, Max, Inc

@ Ca e || .

4-26

Reset Cancel |

1
Dicly A11

14

Help | Frame Reinforcement by Eurocode No.2

17

18 19 20 21 22 23

2

33

mtreate Nodes Between 2 Nodes il

[FILL] Create Nodes Between 2 Nodes
NODELNODE2 Fill between nodes

NFILL Number of nodes to fill
NSTRT Starting node no.
NINC Inc.between filled nodes

SPACE Spacing ratio

ITIME MNo.of fill operations -

- (including original)

INC MNode number increment -

- (for each successive fill operation)

Cancel

T

Help

’_2% oK | Apply
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11 12 13 14 15 16 17 18 19 20 21 22 23
10 24
K 25
8 26
7 27
5 28
5 29
4 30
3 31
2 32
ps 33
Frame Reinforcement by Eurocode No.2

Now we are going to introduce the first element between nodes 1 and 2

Main Menu: Preprocessor - —Modeling— Create —» Elements — —Auto
Numbered-Thru Nodes +

[25> Pick on nodes 1 and 2

[26> OK

/W ANSYS Graphics [_ (O] =]
Fill between Nds I

% pick [ Tnpick
IS Simgle  Box 1l lz 13 14 15 18 17 1 1% 20 2l 22 23
€ Polygon () pirole L #
[ Loop 25
Count = 2 26
Maxinum = z 27
Minimum = Z

28
Node Mao. = 11

29

% Lizt of Items 30

" Min, Max, Inc 31

32

33

;. ; . e s o . . g

' 0E I Apply |

FRAME REINFORCEMENT EY EURCCODE No. 2

Beset | Cancel |
Pick Alll

Help |
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Copy the first defined element a total of 32 times, incrementing the nodes number by
1.

Main Menu: Preprocessor - —Modeling— Copy — —Elements—Auto
Numbered +

[27> Pick on the existing element

OK

Enter 32 as Total number of the copies —including the original-
Enter 1 as Node number increment

[3D> OK

Fill between Nds

* pick - Unpick

11 12 13 14 15 16 17 18 19 20 21 22 23
oy Single " Eox

) Tolygon = Circle 0 2
(" Loop
9 25
Count = 2
6
Maximum = & ? ‘
Minimum = &
7 217
Node No. = 11
i3 28
{* Lizt of Items
B 29
i Min, Max, Inc
|| 4 30
3 31

@ 0K Apply | ’z
| Cancel | @

32

Beset

Frame Reinforcement by Eurocode No.2

Pick AE11 Help |
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V‘CODY Elements (Automatically-Numbered)

. 1 12 13 14 15 16 17 18 19 20 21 22 3
10 24
9 25
8 26
7 217
6 28
5 29
4 30
3 31
2 32
Y
k_X 33

Frame Reinforcement by Eurocode No.2
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11. Save the database

Before going to the next step, we will save all we have done so far. The save
operation will save the database to file.db and file.cfdb

Toolbar: CFSAVE

4-30 CivilFEM Workbook. Ingeciber, S.A° er. 2025



® SOLUTION

12. Apply displacement constraints

Main Menu: Solution - — Loads — Apply — — Structural — Displacement

—On Nodes +
[1> Pick on the nodes 1 and 33
[2> ok
[3> choose All DOF
E> Click OK to close dialog box

Apply U,ROT on Nodes £V ANSYS Graphics

1=l B

S Pick " Unpick 1

o Single {" Box

{" Polygon Circle 11 12 13 14 15 16 17 13 18 20 21 22 23
(‘ Loop ha ba
Count = 0 b 33
Maximam = 33 s bs
Minimum = 1
d 7
Node No. = 33
6 k&
(¢ List of Items a ba
' Min, Max, Inc la n
I <] 1
] z
iy i
(1) 34 Apply
Reset | Cancel I
. FRAME REINFORCEMENT EY¥ EURCCODE No. 2
Pick A1l Help
mAppIy U,ROT on Nodes i _2<_]

[D] Apply Displacements (U,ROT) on Nodes

Lab2 DOFs to be constrained

Apply os
If Constant value then:

YALUE Displacement value

(4> ox |

Apply

IConstan'f value j

—

Cancel |

Help |
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13. Apply load

Main Menu: Solution - — Loads — Apply — — Structural — Pressure -0On

Beams

[1> Pick Box

E> Press and drag the left mouse button to form a box around the top beam

elements

[3> Apply

E> Enter 60e3 as pressure value
[5> Choose Apply

4-32

Apply PRES on Beanf

% Dpick " Unpick

e Sing1|E> En

e Polygon  {~ girele
' Loop

Count = 0
Maximam = 322
Minimum = 1
Elem MNo. =

{* List of Items

' Min, Max, Inc

ox | 3 Apply |

Beset Cancel |

Dick All Help |

[SFBEAM] Apply Pressure (PRES) on Beam Elements

LKEY Load key |1

WALI Pressure value at node I E> 60000

{leave blank for uniform pressure)

A ANSYS Graphics - [O] =]
1
it} 24
B 25
26
7 27
B 23
5 23
53 0
1
] 2
3
FRAME REINFORCEMENT EY EURCCODE No. 2
mnpply PRES on Beams : XI

Optional offsets for pressure load
IOFFST Offset from I node

JOFFST Offset from J node

YALT Pressure value at hode J I

(5] Apply Cancel | Help I
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’ [s>
9
8
7
6
5
4
3
2
VX
Frame Reinforcement by Eurocode No.2

24

25

26

27

28

29

30

31

32

33

[5> Pick Box

Press and drag the left mouse button to form a box around the left beam

elements

[7> oK

Enter 40e3 as pressure value

[9> OK
Apply PRES on Beam:

¥ pick r'Unpick —L— Lz 113 lu Ls Le L7 Ls lw

C singi[D % Box

" Polygen ( pirele P
] Loop A
Count = 0 7
Maximam = 2z 6
Minimam = 1

5
Elem HNo. = IE>

{* Lizt of Items

[ Min, Max, Inc

I =X

pme Reinforcement by Eurocode No.2

LD

Lo b

24

25

26

27

28

29

30

31

32

| Cancel |

Beset

DPick &kll Help |
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mnpply PRES on Beams

NN VA VA VAN VA VA P VO O VI Y A

25

26

27

28

29

30

31

32

Frame Reinforcement by Eurocode No.2

14. Solve
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Main Menu: Solution - — Solve — Current LS

x

File

I
SOLUTION OPTIOHNS

PROBLEH DIHENSIONALITY. . . . . . .. ... .. 2-0

DEGREES OF FREEDOH. . . . . . U ¥ ROTZ

RNALYSIS:MPERD S D2l Fhsln ang Sng STRTIC (STEADY-STATE)
GLOBALLY ASSEHBLED HATRIX . . . . . . . . ... SYHHETRIC

LOAD STEP OPTIOHS

LOAD STEP WUMBER. . . . . . . o oo v v i n 1
TIHE AT EHD OF THE LOAD STEP. . . . ... ... 1.0000
HUHBER OF SUBSTEPS. . . . . . . oo oo i u 1

STEP CHAHGE BOUNDARY COMDITIONS . . . ... .. HO
PRINT OUTPUT CONTROLS . . . . o o o o o o a o HO PRINTOUT
DATRBASE OUTPUT COWTROLS. . . . . . o . v v W ALL DATA HRITTEH

FOR THE LAST SUBSTEP

msdve Current Load Step x|

[SOLYE] Begin Solution of Current Load Step

Review the summary information in the lister window (entitled "/STATUS
Command"), then press OK to start the solution.

....................................

0K Cancel | Help

MNote e ﬁl

@ Solution is done!
Close I
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® Postprocessing

15. Enter the postprocessor and read in results

You must select the load step from you want to read results data from CivilFEM
results file. This results file contains the calculated forces, moments and
stresses.

Main Menu: — CivilFEM — Civil Postproces —»Read Results —» By Load Step
E> Enter 1 in the Load Step number box
[2> OK to read load step 1

mmzad Results by Load Step Number ]

[~CFSET] Read Results by Load Step Number

Load step number LSTEP >11|
Substep number SBSTEP ILAST
Alternative number ALT I FIRST v I

E> oK I Cancel | Help |

16. Checking under 2D bending moment and axial force

Now we are going to check the frame under bending moment and axial force
according to Eurocode 2 provisions. We will check bending on element local
plane XY (bending Mz) which is the default value.

Main Menu: CivilFEM — Civil Postprocessor —» Code Checking— Eurocode
2 - CHECK BY CODE—»Beams & Solid— 2D Axial+Bend

E> OK to check bending moment Mz according to Eurocode 2
]

[*CHKCON] Checks According to EUROCODE No. 2
Checks axial force +bending

Choose bending local plane
& ¥ local plare |

(" XZ local plane

E> oK | Cancel | Help I
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17. Review elements OK and No OK

In order to review the checked results according to Eurocode 2, we are going to
plot the elements OK and No OK in accordance with the code criteria for
checking under bending moment and axial force. In this graph, elements that
satisfy Eurocode 2 specifications for the requested check are plotted in green,
while elements that do not satisfy the code provisions are plotted in red.
Elements plotted in grey are elements that have not been checked.

EC2 RESULTS AN
Civil
Elements OK and Elements no OK

Frame Reinforcement By Eurocode no. 2

Main Menu: - CivilFEM — Civil Postprocessor —» Code Checking— Eurocode
2 > BEAM RESULTS: Plot Results...

E>Choose Axial+Bending
[2>Elements OK/NoOK

>0k
m{;raph Reinforced Concrete Results i l]

[~PLLSCON] Graph Reinfarced Cone
‘CRT_TOT

Select Item to Groph  ITEM
I ELM_OK

Axial + bending

Optional scale factor  FACT ll
IE> oK | Apply | Cancel I Help I

4-37 CivilFEM Workbook. Ingeciber, S.A° er. 2025



18. Plot an interaction diagram

We are going to select a non-valid element, for example element 32, and we will
get the Ultimate Axial Force — Ultimate Bending Moment Interaction Diagram of
the section, for bending on the element local plane XY, (moment Mz).

Main Menu: - CivilFEM — Civil Postproces —» Code Checking— Eurocode 2
— BEAM RESULTS: Interac Diag — 2D Plot

[1>Click OK

E> Enter 32 (beam element number)
[3>>Choose MZ plane

[4>Choose MZ plane

n 20 Interaction Diagrarm
[~PLZDIMT] 20 Interaction Diagram

Entity Type Lab Bearn w

Stress limit in concrete ICI

Stress limit in reinforcement

E> OK Cancel Help

ﬂ 20 Interaction Diagram

Beam Mumber Mum E>

Beam End KEY1)
(@ End |
(JEnd)J

Projection plane
{_) Biaxial bending
O my

> o

E> oK Cancel Help
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ANSYS

COMBINED AXIAIL + BENDING ULTIMATE STRENGTH I
CivilIFEM

480000
A LOARD STEP: 1
SUBSTEP: 1
400000 ATT: 1

BENDIN!
MCOMEN'

CROSS SECTION: 1
320009 ELEMENT: 32
SECTION AT NODE:I
240009 EFFECTS OF ACTIONS 4
Nx -203103.581
My 0
Mz 147543.238
M* 147543.238
80000 M¥/Nx = -0.72644331028

160000

ULTIMATE STRENGTH "
Nu = -247365.077
Mu = 144892.169%
Mu/Nu = -0.5857327489%

o

0 0 0 0 0 0 0
1540000%500002000% 520007 350000 7120000720009 000

BXIAL FORCE

CRITERIUM
CRT TOT = 1.02
-160000 N

LIMIT STATE IS EXCEEDED
-240000
—3Z0000

—400000

—480000

Frame Reinforcement by Eurocode No.Z2

19. Check under shear force in Y axis

Now we are going to check the column elements under shear force in the Y
direction, following Eurocode 2 provisions.

Main Menu: - CivilFEM — Civil Postproces Code Checking— Eurocode 2 —»
CHECK BY CODE: Beams & Solid »>Shear & Torsion

[1>Choose Shear Y

[2>0K
x|

[~CHKCON] Checks According to EUROCODE No. 2
Checks shear and torsion
Type of Check  Lab, DIRKEY

IE> (8] ' Cancel I Help |
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20. Review elements Ok and No OK

As we did for checking under bending moment and axial force, we are going to
review the valid and non-valid elements according to Eurocode 2 criteria for
checking under shear force.

Main Menu: - CivilFEM — Civil Postprocessor — Code Checking— Eurocode
2 -> BEAM RESULTS: Plot Results

E>Choose Elem OK

>0k
mGraph Reinforced Concrete Results ] l(J

[~PLLSCON] Graph Reinforced Cone
Select Item to Graph  ITEM

Shear checking

Optional scale factor  FACT Il
E> oK I Apply I Cancel I Help |

®
Frame Reinforcement by Burccode No.Z

4-40 CivilFEM Workbook. Ingeciber, S.A° er. 2025



21. Design for bending moment and axial force

In this step, we are going to design the reinforcements for bending moment and
axial force, to check if we satisfy the active code criteria. For this calculation, we
will define the minimum and maximum allowable reinforcement ratios. During
the design process, the program will always consider a reinforcement ratio
equal or higher than WMIN times the reinforcement initially placed in the
section.

Main Menu: - CivilFEM — Civil Postprocessor —» Code Checking— Eurocode
2 —> DESIGN BY CODE: -Beams & Solid — 2D Axial + Bend

E>Select plane XY (Mz) as Elem. Local Plane Bend
[2>>Enter 0.5 as Omega Min.
[3™>Enter 5 as Omega Max.

[4>0K

I\\Design Reinforcement E X

[~DIMCON] Designs axial force +bending
Designs According to EUROCODE No. 2

Choose bending local plane

E> ¢ X¥ local plane

(" XZ local plane
Omega min, Omega max WMIN, WMAX IE>| 0.5 |5| @

E> (8] I Cancel | Help |

22. Review designed reinforcement for bending moment and axial force
First we are going to plot the designed reinforcement factor.

Main Menu: - CivilFEM — Civil Postprocessor —» Code Checking— Eurocode
2 - BEAM RESULTS: Plot Results

[1>>Choose REINFACT

[2>0K
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mGraph Reinforced Concrete Results = _>£|

[~PLLSCON] Graph Reinforced Cone
Select Ttem to Graph ITEM

‘Axial + bending B |[CRT_TOT

DS_0OK

| REINFACT
Optional scale factor  FACT I 1

E> oK I Apply | cancel | Help |

LINE STRESS
STEP=1

SUB =1

TIME=1

CFETARE ICFETAB J
MIN =.5

.5
679465
.858525
.038
.218
.357
577
756
.536
115

B0COREOEN

Frame Reinforcement by Eurocode No.Z

23. Design for shear force in Y axis

Now, we are going to design for shear force in Y to check if all elements satisfy
the active code criteria.

Main Menu: - CivilFEM — Civil Postprocessor —» Code Checking— Eurocode
2 — DESIGN BY CODE: - Beams & Solid —» Shear & Torsion
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E>Select shear Y as type of check

[2>0K
X

[~DIMCON] Designs According to EULROCODE No. 2
Designs axial shear and torsion

Type of Check  Lab, DIRKEY E>| Shear ¥ EI

IE> (8] ' Cancel I Help I

24. Review designed reinforcement for shear force
We are going to plot the designed reinforcement for shear force.

Main Menu: - CivilFEM — Civil Postprocessor — Code Checking— Eurocode
2 -> BEAM RESULTS: Plot Results

E>Choose Shear Design
[2>>Choose Area Rnf/Length

[3>0K

Fi\ Graph Concrete Results 4

[~PLLSCOM] Graph Concrete Result

Select Ikem ko Graph ITEM Shear checkin

(2>
2>

Optional scale fackor  FACT |:|
IE> Ok, apply Zancel Help
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AN LINE STRESS

Civil STEP=1
SUB =1
. TIME=1
CFETAE ICFETAE J
MIN =0
ELEM=1
MAX =.00141

ELEM=27

L157E-03
.313E-03
L4T0E-03
L62T7E-03
L784E-03
.940E-03
.001067
.001254
.00141

BOUCREEEN

Frame Reinforcement by Eurccode No.Z

25. Exit the ANSYS program
ANSYS Toolbar: QUIT
E> Pick on Save Everything option

[2> ok

x

- Exit from ANSYS -
(" Save Geom+Loads

(" Save Geo+Ld+Solu

T

" Quit - No Save!

E> (s]'¢ | Cancel | Help I
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