5. Shell Reinforcement According To

Eurocode 2

Applicable CivilFEM Product:
Level of Difficulty:

Interactive Time Required:
Discipline:

Analysis Type:

Element Type Used:

Active Code:

Units System:

CivilFEM Features Demonstrated:

All CivilFEM Products
Moderate

45 minutes

Concrete Shell Reinforcement
Linear static

SHELLG63

Eurocode 2

kKN, m, s

Units selection, code selection, material
definition, stresses postprocessing, shell
reinforcement design

Problem Description

This is a concrete shell loading analysis, which makes use of the CivilFEM Shell
Reinforcement capability. The structure consists of a rectangular shell with a
circular opening at one corner and two constrained adjacent sides. We will
apply a vertical distributed load and design the required reinforcement.
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m Given

The geometry of the concrete shell is shown in the previous figure. The values

of the geometrical dimensions, loads, and materials are as follows:

Loads:

Type

Value

Surface load

Distributed surface load 10 KNw/m?

Frame geometrical dimensions:

a

b

r

e

Mechanical cover

0.2m

0.04m

Section properties

Material:

Concrete: C 30/37
Steel: S 400

m Approach and Assumptions

5-2

A 3D analysis will be performed. Model geometry will be defined with solid
modeling and the automatic meshing of elements and nodes.

CivilFEM Workbook. Ingeciber, S.A°



m Summary of Steps

5-3

Preprocessing

© © N o g s~ wDd R

Specify title

Set code and units
Define material

Define element type
Define shell vertex
Define shell properties
Define the geometry
Mesh the model

Save the database

Solution

10.
11.
12.

Apply displacement constraints
Apply loads
Solve

Postprocessing

13.
14.
15.
16.
17.

Enter the postprocessor and read in results
Perform shell reinforcement design

Analyze reinforced shell forces and moments
Analyze shell reinforcement results

Exit the ANSYS program
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Interactive Step-by-Step Solution

m Preprocessing

In this step we will specify title, units, active code and define the material,
element type, section and model geometry data.

1. Specify title

Although this step is not required for a CivilFEM analysis, we recommend you to
make it part of all your analysis.

Utility Menu: File ->Change title
[1> Enter the title: “Shell Reinforcement According To EC2”
[2>> OK to define the title and close the dialog box.

=

[/TITLE] Enter new title E>i’5hell Reinforcement According to EC2

IE> (5] I Cancel | Help |

2. Set code and units
Main Menu: — CivilFEM - Civil Setup
We will use Eurocode 2 as active code, which is the option by default.
[1> Pick on the Units tab
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x4
E>| Urits | CF config | GUI carfig |

[TCODESEL] Select Codes

Steelcode  KEYSTEEL  |EuroCode No3 -]

Reinforced concrete code  KEYCOMCR  |Eurocode 2 (EN 19921-1:2004/4C:2008) =

Prestressed concrete code  KEYPREST Furocode 2 [EM 1992-1-1:2004/

Seismic code  REYSEISM Eurocode 8 [EN 1333-1-1: 2004) j

About | (] I Cancel Help

[2> Select User units
E> In this analysis, we will select meters, seconds and Kilo Newton.

E> OK to accept units and close the units dialog box
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)7 CivilFEM Setup Options

3. Define material
Main Menu: — CivilFEM — Civil Preprocess —>Materials

[1> Pick on the new button to define a new material
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¥ Material Browser

il atzrial lizt

=101 x|

M ame

| Reference | Numl Type

Atz ims

|1 > Mew

Delete
W adify
Copy
List

Save

Bk

Carelations

AT ime IEB-DD Daps

Help |

[2>> Choose Concrete

[3>> Choose C30/37 for concrete strength class

[4> Add

[5 > Choose Reinforcing Steel
E> Choose S400 for type of reinforcing steel

[7> Add
Exit

5-7
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¥ New material x|

Mumber Il

-3 STEEL
E> (=@ CONCRETE
=-¢E EC2

o C1245
- C16420
- C20425
- C25/30
> o E

! T3R5

- C40/50
! C45/55
S R
- CJE] ACI
r-C[E]| CEB
- C[&] EHE
-C[E] BS&8110
[+--me REINF
- SOIL
-4 ROCK

-[(ar] USER

B
[
[
B

[List wzer material file | Help |
Delete user maternal / file | 4 > Add I Euit |

K New material x|

MNumber |2

g C12415 -]
g C16420
g C20/25
- C25430
g C30/37
- CI5/45
i C40/R0
g C45/55
i CRO/RD
B-CE Al

+-C[E CEB
[-CE EHE
+-CEl BSE110
E> l-mee REINF

---C@

- SOIL x|

. _ ..

[List wser material file | Help |
[elete uzer matenal / file ||z> Add |8 Euit |
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K Material Browser =100 x|

iel atzrial lizt

Mame | Reference | Numl Type
L) 30437 1 Caoncrete Delete
[0 5400 2 Reinfaorcing steel

W adify
Copy
Lizt

Save

BELle L

Comelations

St fma

AT ime IZB.EIIII Daps Help ||E> Ok

4. Define element type

Checking and defining according to codes is only performed through CivilFEM
supported element types. Although you can use any ANSYS elements to define
your model, only the CivilFEM supported elements will be checked according to
codes. Supported CivilFEM elements are SHELL43, SHELL63 and SHELL93.
We will use 3-D Elastic SHELL63 for this analysis.

Main Menu: — CivilFEM — Civil Preprocess —Element Types —Civil Shells
E> OK to define element type Shell 63
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Ii\shell Element Types for Code Checking E |

[ET] Shell Element Types for Code Checking

Element Type Number  ITYPE I 1

Select Element Type ENAME

{+ Elastic Shell 63
" Plastic Shell 43

{" 8 Nodes Shell 93

|:> oK | Apply I Cancel I Help |
1

5. Define shell vertex

Now we define the mechanical properties of the shell vertex. The steps you
must follow are:

1) Define the section thickness at each vertex

2) Set the reinforcement cover at each vertex

3) Define the orientation angle of the reinforcements
On this problem all vertices are equal so we only need to define one vertex.
Main Menu: — CivilFEM — Civil Preprocess —Shell vertex

E> Pick on the New Vertex button

F Shell Yertex explorer E
Szl ez iz

Mew:

MHumber I Mame I Reference I

Help |
Exit |
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[2>> Enter 0.2 as thickness
E> Enter material 1 (concrete)

)" Shell Yertex 1: Shell ¥ertex 1

Heneral properties:

E> Select the Reinforcement tab
E> Enter 2 for reinforcement material
[6 > Enter 0.04 for mechanical cover

[7> ok
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) Shell ¥ertex 1: Shell Yertex 1

5>
6 >

40.000E-03

Reinfarcement amount
0.000E+00
0.000E+00 m < /m
0.000E+00 m< A

0.000E+00 m< A

Heinforcement angle:

Compression angle:

Exit
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F Shell Yertex explorer

Szl ez iz

— Mew:

MHumber | [ ame | Reference |

ﬁ\is‘, 1 Shell Vertex 1 Reinfor Concrete

— Edit;
Fdlmdify
Delete
Copy

List

i

Help

Exi

:

:

6. Define shell properties
Main Menu: — CivilFEM — Civil Preprocess —» Beam & Shell Pro
E> Pick on the New Shell button

F Beam and Shell Properties %]

=

BN,

Mew Beam |
Mew Shell |

Mumber I Mame I Reference I Type I

— Edit:

Fdmdit |

Copy |
List |

Help |
Exit |

Real constants will be defined by default for element 63 so we only need to
select vertex

[2> Select vertex 1. By default the remaining shell vertex are considered the same
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[4> Exit

(Fohetitshetir =1o1x|
IE:>V' x | % || Number 1 ~|  Name [sheil 1 Ename [SHELLE3 x|
Shell Vertex properties: Member Properties Number
Constant shell section I [ 'I
IMember Properties Type
B mm N e —
Vertex] — Vertex2 — P s
roperties:
Thickness m
Mateial
|1 Vl IW VI
Yerter3 - Werterd -
Real Constants
F'Beam and Shell Properties

Mew —————————

MHumber | Mame | Reference | Type |

MNew Beam |
G 1 Ghell Constant
Mew Shell |

— Edit:

Flodif |

Copy

List

_ G |
[ &=
Help |

E> Exi

:
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7. Define the geometry of the model

We will define the geometry by solid modeling, creating primitives and
modifying them in order to accomplish the final geometry with Boolean
operations. First we will define a rectangle:

Main Menu: Preprocessor - — Modeling — Create —» —Areas— Rectangle
— By 2 corners

E> Enter O for X origin coordinate
E> Enter O for Y origin coordinate
E> Enter 7 for rectangle width
E> Enter 4 for rectangle height

[5> OK

eca"gha y 2 Corners
@ Pick ¢ Unpick

Civil

Shell Reinforcement According to ECZ

Then we will define a circle with the origin at a rectangle corner. In order to
distinguish between areas more clearly, we turn on area colors and numbers.
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Utility Menu: PlotCtrls ->Numbering

E>Turn on area numbering

[7>0K

i Plot Numbering Controls x|
[JPMUM] Plok Mumnbering Contrals

KP  Keypoint numbers
LINE Line numbers

AREA Area numbers

YOLU Yolume numbers

NODE Mode numbers [~ oFf
Elem [ Attrib numbering IND numbering j
TABM Table Mames [~ off
SWAL Mumetic contour values [~ off
[imMur] Murbeting shown with Icglgrs & numbers ﬂ

[fREPLOT] Replot upon O Apply?

IRepIot j

E> QK | Apphy Cancel | Help |

Main Menu: Preprocessor - — Modeling — Create — —Areas — Circle — Solid
circle

Enter O for X center coordinate
E> Enter 4 for Y center coordinate

Enter 2 for radius
%] AN

& Pick  Unpick Civil
WP X =
Y =
Glohal ¥ =
Q=
=
WP X

Wp ¥ I4—
Radius I2—'
G o | ey |

Reset l Cancel |

Help |
[1D> oK

.. S

hell Reinforcement According to ECZ
L
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Then we will subtract the circle area from the rectangle area, in order to create
a rectangle with a hole as shown in the figure drawn at the beginning of the
example.

Main Menu: Preprocessor — — Modeling — Operate —» —Booleans — Subtract
— Areas

[12> Pick the rectangle

@OK

Pick the circle (not shown)

[13> OK

AN
Civil

- 11 Reinforcement According to ECZ

8. Mesh the model

To illustrate the reinforcement orientation we must define a local coordinate
system, parallel to the global system. The elements local axis will be oriented
with respect to this new coordinate system.
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Utility Menu: WorkPlane— Local Coordinate Systems — Create Local CS —»

At WP Origin
E> Type 11 for Reference number

E>OK

Fi\cCreate Local €S at WP Origin g |

[CSWPLA] Create Local Coord System at Working Plane Origin

KCN Ref number of new coord sys : >| 11

KCS Type of coordinate system ICartesion 0

B

Following used only for elliptical and toroidal systems

PAR1 First parameter |1
Il

PARZ Second parameter

E> oK | Apply | Cancel |

Main Menu: Preprocessor -»Meshing— Mesh Tool
[3>> Pick Set Element Attributes
E> Select element coordinate system 11
[5> oK
E> Pick Smart Size Option
[7> Setsizeto 5

mrdeshing Attributes W

Default Attributes for Meshing

Help |

MeshTool

Element Attributes:

I Global I Set

4

@ IV Smart Size
A I 2l

Fine ;\ Coarse

Size Controls: @
Global il M
Areas Set ﬂ_‘
Lines Set ﬂl

[T¥PE] Element type number | 1 SHELL63

[MAT] Material number I 1 v I

:'I Keypts Set ﬂl

[REAL] Real constant set number I 1 vI

Mesh: I Areas > ]

[ES¥S] Element coordinate sys 11 v

Shape: T * Quad
& Free (" Mapped Sweep

[SECNUM] Section number I None defined _'_I

IE> oK | Cancel I Help |
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Pick the Mesh button
[9> Pick the area

[10> OK

[12> Close the Mesh Tool Window
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Apply ULROT on Nodes

orcement According To EC2

Shell Reinforcement According to ECZ

Civil
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9. Save the database

Before moving 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

m Solution
Loads will be applied directly on the finite element model.

10. Apply displacement constraints

Main Menu: Solution — — Loads — Apply — — Structural —-Displacement —»On
Nodes

E> Pick Box

E> Press and drag the left mouse button to form a box around the top nodes to be
constrained

E> Press and drag the left mouse button to form a box around the left nodes to be
constrained

[4> ok

AN
Civil

Apply ULROT on Nodes

¥ pick " Unpick

. SinglE> Box

. Polygon (™ gircle
) Locp

0]
o

Couant
Maziman

Minimam

n n n
[

Node No.

- Min, Max, Inc

|
: ? OE I Apply |

Deset | Cancel |

Shell Reinforcement According to ECZ Pick All Help |

s>
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on Nodes

[5 > Select All DOF

[6 > 0K

R Al DOF

Shell Reinforcement According to ECZ

Civil

11. Apply loads

5-22

We will apply a surface load on the shell. Its value is 10 kN/m?.
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Main Menu: Solution - — Loads —Apply — — Structural — Pressure -0On

Elements

[1> Pick Al

E> Enter face 2

%
SFE] Apply PRES !
[3>> Enter 10 for pressure value [EiE ey e i fers aee [constant vae 7]
LKEY Load key, usually face no. E>|2
[4> oK to apply pressure
If Constant value then:
VALUE Load PRES value B
@ pick (" Unpick
= Eas Optional PRES at other face nodes
(¢ gingle ( Box {leave blank for uniform PRES )
" Polygon (~ cirele WAL2 Load PRES at 2nd node |
£ Loop YAL3 Load PRES at 3rd node l
Count =g WAL4 Load PRES at 4th node I
Maximam = Z64
Minimum = 1
Elem No. =
{¢ List of Items
¥ Min, Max, Inc
fi
IE> oK | Apply Cancel Help

I {1)34 I Apply I

Reset | Cancel |

12 Solve E>Pick All | Help |

Main Menu: Solution— - Solve — Current LS
E> Review for information in the status window
[2> Close the status command box
E> OK to solve current load step
[4> Close the information box

m_."'STATUS Command 2

File
E> SOLUTION OPTIOHS
PROBLEH DIHENSIOMALITY. . . . ... ... ... 3-D
DEGREES OF FREEDOH. . . . . . Ux UY UZ ROTX ROTY ROTZ
ANREYSIS TPE s e S dnim &7 STATIC (STERDY-STATE)
GLOBALLY ASSEHBLED HATRIX . . . . ... .. .. SYHHETRIC

LOAD STEP HUMBER. . . . . . . . v v v v v v v 1
TIHE AT EHD OF THE LOAD STEP. . . . ... ... 1.0000
HUHBER OF SUBSTEPS. . . . . . . . v v v v v v 1
STEP CHAHGE BOUNDARY COMDITIONS . . . . .. .. HO
PRINT OUTPUT CONTROLS . . . v v o v v v v v w HO PRINTOUT
DATABASE OUTPUT COMTROLS. . . . . v v v v v ALL DATA HRITTEH
I FOR THE LAST SUBSTEP
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Fi\solve Current Load Step i x|

[SOLVE] Begin Solution of Current Load Step

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

Cancel | Help |

@ Solution is done!

® Postprocessing

13. Enter the postprocessor and read in results

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

X

MRead Results by Load Step Number - ]

[*CFSET] Read Results by Load Step Number

Load step number LSTEP E> I 1
Substep number SBSTEP ILA sT
Alternative number ALT I FIRST v I

IE> oK | Cancel I Help I

14. Perform shell reinforcement design

Now we are going to design under bending the shell reinforcement.
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Main Menu: Civil Postproces — Code checking —» Eurocode 2 -»DESIGN
BY CODE: - Shells - »WOOD Method.

[1> oK
.><J

[~DIMCON] Designs shells vertices
Design according to Wood-Armer method

Cancel I Help I

15. Analyze reinforced shell forces and moments

Now we are going to produce the graph of the Bending Moment Y in the
reinforced shell. When this command is used it is important to note that it
implicates the modification of the EPSW (by default) data records in the ANSYS
database, loosing the original values calculated with ANSYS. The altered
results can be changed using the ~CFCONFIG command.

Main Menu: — CivilFEM — Civil Postproces —-»Code Checking — Eurocode 2
—SHELL RESULTS: —»Shell utilities »GRAPH RESULTS: —»Forces &
Moments

[1> Select bending Moment Y

[2> oK

Graph Force and Moment Results By o |
[~PLSHFOR] Graph Shell Force and
Select Item to Groph ITEM,COMP Sliding Shear -
| Bending Mom X
-

IBending Mom Y

Average Results Nodes AVERAGE Yes (PLNSOL) :J

Items to be plotted KUND
(¢ Def shape only

" Dpef +undeformed

" Def +undef edge

IE> oK | Apply | Cancel | Help I
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BENDING MOMENT Y (FL/LY

NODAL SOLUTION
STEP=1

SUB =1

TIME=1

EPSW (AVG)
TOP

RSYS=SOLU

DMX =.010671
SMN =-57.359
SMX =3.473
-57.359
-50.6
-43.841
-37.082
-30.323
-23.563
-16.804
-10.045
-3.286
Ui

A00OEOCEN

Shell Reinforcement According to ECZ

16. Analyze shell reinforcement results

Now we are going to obtain the graph of the designed shell reinforcement
results. We will select the reinforcement placed at face X Bottom.

Main Menu: — CivilFEM — Civil Postproces —»Code Checking -»Eurocode 2
—SHELL RESULTS: Shell Results

[1> Choose ASBX
[2> oK
=

[~PLSHCON] Graph Shell Results
WOOD m E:fhr- 4

Select Item to Graph  ITEM.COMP

Average Results Nodes AVERAGE IYgg (PLNSOL)

Items to be plotted KUND
(+ Def shape only

(" Def +undeformed

" Def +undef edge

IE> (014 | Apply I Cancel l Help I
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Feinforcement amount al X bottom

NODAL SOLUTION

STEP=1

SUB =1

TIME=1

EPSW [AVG)

TOP

REY3=50LU

DMX =.010671

SMX =.366E-03
0

| EPRL R

B 514p-04

B . 1228-03

.163E-03

.203E-03

B 244p-03

L] .2gse-03

B2 326p-03

B 503

Shell Reinforcement According to EC2

In the following step we are going to obtain the graph of the reinforcement
placed at face X Top.

Main Menu: — CivilFEM — Civil Postproces —»Code Checking -»Eurocode 2
— SHELL RESULTS: Shell Results

[3> Choose ASTX

[4> oK
mGraph Shell Results N _ﬁl

[~PLSHCON] Graph Shell Results
Select Ttem to Graph  ITEM.COMP

WO

Average Results Nodes AVERAGE Iygs {(PLNSOL) 3

Items to be plotted KUND
(¢ Def shape only

(" Def +undeformed

" bef +undef edge

E> oK | Apply Cancel | Help |
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Reinforcement amount al X 1op

NODAL SOLUTION

STEP=1
SUB =1
TIME=1
EPSW [AVG)
TOP
RS¥S=30LU
DMK =.010671
SMX =.001049
0
0
B 533503
1 3s0e-03
Bl 466e-03
B sg3g-03
. 699E-03
L1 .siee-03
1 o32-03
B 0040

Shell Reinforcement According to EC2Z

Next we are going to obtain the graph of the reinforcement placed at face Y
Bottom.

Main Menu: — CivilFEM — Civil Postproces —»Code Checking -»Eurocode 2
—Shell Results

[5 > Choose ASBY

[6> OK
Fi\Graph Shell Results i o

[~PLSHCON] Graph Shell Results
Select Ttem to Graph  ITEM.COMP W OO0D method

Average Results Nodes  AYERAGE Iyes (PLNSOL) Zl

Items to be plotted KUND
¢ Def shape only

(" Def +undeformed
" Def +undef edge

E> oK I Apply | Cancel | Help |
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Feinforcement amount al ¥ bottom

NODAL SOLUTION

EPSW [AVG)

RSYS=SOLU
DMX =.010671
=.243E-03

]

.270E-04
.541E-04
.811E-04
.108E-03
.135E-03
.162E-03
.189E-03
.216E-03
.243E-03

¢ II0OEOCE

X

Next we are going to obtain the graph of the reinforcement placed at face Y
Top.

.‘v

Shell Reinforcement According to EC2Z

Main Menu: — CivilFEM — Civil Postproces —»Code Checking -»Eurocode 2
—Shell Results

[7> Choose ASTY

[8> oK
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mmaph Shell Results

[~PLSHCON] Graph Shell Results
Select Item to Graph  ITEM.COMP

WOOD method

ASTY
Average Results Nodes  AVERAGE Iygs {(PLNSOL) Ll
Items to be plotted KUND
¢ Def shape only
(" bef +undeformed
" Def +undef edge
IE> oK I Apply Cancel Help
Reinforcement amount al Y 1lop .199g-04
[ BT
B ;67z-03
1 300e-03
(] .
.513E-03
(] .637E-03
() .760E-03
= .884E-03
L] .001007
| .00113

Shell Reinforcement According to EC2

17. Exit the ANSYS program

We save everything before exiting the ANSYS program.

Utility Menu: File —»Exit
[1> Choose Save Everything
[2> Choose OK
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FA\Exit from ANSYS
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