6. Results Combination in Hexagonal
Shell

Applicable CivilFEM Product: All CivilFEM Products
Level of Difficulty: Moderate
Interactive Time Required: 20 minutes
Discipline: Load combinations results
Analysis Type: Linear static
Element Type Used: SHELLG63
CivilFEM Features Demonstrated: Combination Module

Problem Description

In an hexagonal shell supported on three alternate vertices and submitted to
a uniform distributed load that can be place at any region of its area, we need
to find the maximum deflection at each point of the shell and where the
distributed load must be placed in order to produce maximum deflection at
the free vertex.

\

10 m

O= Support

B Given

The structure geometry is shown in the previous figure. The following is a list
of all input parameters:
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Shell thickness: 05 m
Young Modulus: 1.0E7 kN/m?
Load: 10.0 kN/m?

B Approach and Assumptions
A 3D analysis will be performed. We will use elastic shell elements.

B Summary of Steps

Preprocessing

1. Specify title
Set units
Define element type
Define real constants
Define material
Define model geometry
Mesh
Save the database

© N o 0 bk~ w D

Solution
9. Apply displacement constraints
10. Define and solve load states
Postprocessing
11.Define targets
12.Define combination rules
13. Carry out combinations
14. Read in results
15. Plot of the maximum deflection at each point of the shell

16. Calculation of the load distribution to obtain the maximum deflection at
a vertex

17.Exit the ANSYS program
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Interactive Step-by-Step Solution

B Preprocessing

1. Specify title

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

Utility Menu: File - Change title
E> Enter the title: “Result combination in hexagonal shell”

E> OK to define the title and close the dialog box.

=

[/TITLE] Enter new title E>| Results Combination in Hexagonal Shell

IE> (8] | Cancel | Help l

2. Set units
Utility Menu:— CivilFEM — Civil Setup
[1> Pick on the Units tab
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)

1" CivilFEM Setup Options

_E}Units CF config | Bridges config | Prestressed Concrete config | GUI config

["CODESEL] Select Codes

Steelcode  KEYSTEEL | Ewocode 3 (EN 1993-1-1:2005) v/

Feinforced concrete code KEYCOMCR | Eurocode 2 (EN 1932-1-1:2004,/4C:2008) v |

Prestressed concrete code KEYPREST | Euwrocode 2 [EM 1392-1-1: 2004 /AC: 2008] w |

Seismic code  KE'YSEISM |Eurcu:0de 8 (EM 1335-1-1: 2004] v|

[ ok ’ Cancel ] l 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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!" CivilFEM Setup Options

| Eu:u:les| Uritz | CF config || Bridges config || Prestreszed Concrete config || GUI u:u:unfig|
[TUMITS] Define Unit Syztem
IE> System urits |USE’ urits Vl
SRR T —
Pres/Shess unit [P] | Hs&r W |UUP = 1000 Pa
Mass unit [M] | User W |UUM = 1000 kg
b onetan unit Eura v |Eur|:| = Euras
(4> 0k ] [ Concel ] [ Heh
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3. Define element type

Main Menu: Preprocessor -»Element Type —Add/Edit/Delete...

[1> Pick Add...

[2> Select Structural Shell etement Tvp ) 5
[3>> Choose Elastic 4node 63 Defined Elent Types:
NOMNE DEFINED

> oK
[5> Close

Options. | Delete l

Close | Help I
=

Library of Element Types Structural Mass Pl Elostic 4node 63 !a
Link gnode 93
Beam Plastic 4node143
Pipe Hyper 4nodel81

Solid Plastic 4node 43 o

Constraint

Element type reference number |1
E> oK | Apply I Cancel | Help I

¥ IElosiic Anode 63

[i\Element Type for Real Constan x|

Choose element type:

Type 1

|E> OK l Cancel

4. Define real constants

Main Menu: Preprocessor -»Real Constants ->Add/Edit/Delete...
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[1> Pick Add...

[2> OK

[3>> Enter 0.5 as TK(l)
[4> OK

E> Close

6-7

Real Constants A

Defined Real Constant Sets

JOME DEFIMED Element Type for Real Conskal #|

Choose element tvpe:

SHELLG3

mm:al Constant Set Number 1, for SHELL63 5

Element Type Reference No. 1

Real Constant Set No.
E> Add... Edi

Shell thickness at node I TK(I) E>

at hode J TK{I)

il |
oee at node K TK{K)
IE> | at node L TK(L)
Ok

Elastic foundation stiffness EFS

Element X-axis rotation THETA
Bending mom of inertia ratio RMI
Dist from mid surf to top CTOP

Dist from mid surf to bot CBOT

TR

Added massfunit area  ADMSUA

E> oK | Apply Cancel | Help |
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FA\Real Constants

Defined Real Constant Sets

x|

Set 1

Add... | Edit... | Delete |

|E> Close | Help |

5. Define material

In this analysis we are going to define the material as a generic material. To
do so, the only necessary property is the Young’'s modulus.

Main Menu: Preprocessor —»Materials props — Material models

E> Double click the Structural folder
E> Double click the linear folder
E> Double click the elastic folder

[4> Choose isotropic

mDefine Material Model Behavior ..

Material Edit Favorite Help

— Material Models Defined

€ Material Model Number 1

=

[

— Material Models Available

=10l x|

(83 Favorites

—
£/> Iﬁ Structural

IE>@ Elastic
IE>© Isotropic
@ Orthotropic
& Anisotropic
(2 Nonlinear
@ Density
(88 Thermal Expansion

(88 Damping

B Frirtion Canffisiont

[5 > Enter 10E6 for EX

[6> Ok
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Fi\Linear Isotropic Properties for Material Number 3 x|

Linear Isotropic Material Properties for Material Number 1

EX
PRXY

Temperatures

Tl

B

Add Temperature | Delete Temperature l

Graph

[6> ok | conca | Hep

E> Close the window to define material properties

mDeﬁne Material Model Behavior o

Material Edit Favorite Help

— Material Models Defined

€ Material Model Number 1

— Material Models Available

:.l Favorites
@ Structural

@ Linear

@€ Isotropic
@ Orthotropic
€ Anisotropic
Nonlinear
@ Density
Thermal Expansion
Damping

@ Erirtion Canffiniont

| 7|

| »
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6. Define model geometry

We are going to define the geometry of the hexagonal shell through solid
modeling.

Main Menu: Preprocessor —»-Modeling- Create — -Areas- Polygon —
Hexagon +

E> Enter 10 as vertex radius

2> oK
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7. Mesh
We first specify the maximum element size and then mesh.

Main Menu: Preprocessor —»-Meshing- Size Cntrls —»
-ManualSize- -Global- Size

E> Enter 2 as element edge length

2> oK

lobal Element Size

Main Menu: Preprocessor —»-Meshing- Mesh —» -Areas- Free +

[3> Pick Al

Mesh Areas

o
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8. 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
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B Solution

9. Apply displacement constraints

We apply the boundary conditions by restraining the displacement of
alternate vertices.

Main Menu: Solution —» Define Loads — Apply — — Structural —
Displacement— — On nodes

E> Pick the nodes of three alternate vertices

(2> ok

{* pick " Unpick

oy Single " Box

" Polygon (" Circle

[ Lioog

Count = 0
Maximum = 54
Minimam = 1
Node Mo. =

{* List of Items

f" Min, Maxz, Inc

|
: > 0K I Apply |

Beszet

Cancel |

Pick All

Help |

(2>
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[3> Select UX, UY, UZ

[4> ok
X

[D] Apply Displacements (U.ROT) on Nodes
Lab2 DOFs to be constrained

Apply as IConstant value LI
If Constant value then:

YALUE Displacement value |
E> (8] | Apply | Cancel | Help I

10. Define and solve load states

To know the maximum deflections in each point of the shell and how we must
load it in order to obtain the maximum deflection at a point, we need to load
and solve each of the shell elements separately. Therefore, every calculated
Load Step can be taken as a starting state for the following combinations.

To solve each one of the mentioned states in an efficient way, we will use

some simple commands in APDL written directly in the ANSYS command
window.

E> Type the following lines:

*GET,NEL,ELEM,0,COUNT
*DO,I,1,NEL
TIME,|
SFE,|,2,PRES,,10
SOLVE
SFEDELE,|,2,PRES
*ENDDO

GET,NLEM, ELEM,0,COUNT
DO,IELE 1,NLEM
E> TIMEIELE
SFE.IELE.2,PRES..10
SOLVE
SFEDELE.IELE.2,PRES
ENDDO
*GET. Par, Entity, ENTNUM, Iteml, ITINUM, Item2, ITZNUM

» X

L

-
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B Postprocessor
The following steps need to be taken to accomplish the results combination:

Target definition
Combination rules definition

Combination calculation
Results review

11. Define targets

First of all, we must initialize the Combination Module in order to erase any
previous Combinations. Then, the Targets (objectives to reach) and the
Combinations will be defined. The Combination Module will utilize the
Combinations (Start States and coefficients) to reach the Target values.

Main Menu: — CivilFEM — Civil Postproces —» Combine Results
— Initialize

Now we are going to define the target as maximum displacement in the Z
direction in absolute value:

Main Menu: — CivilFEM — Civil Postproces —» Combine Results
—TARGETS: Def One Target

[1> Specify Target Number 1

[2> Select DISPL as Group

E> Select UZ as Item and Component
[4> Pick type Absolute

5> ok
x

[*TRGDEF] Define Target
Specify Target Number  ITRG

Select Group, Item and Component allux -

ROT X
ROTY ¥

uz

Select Type Type
" Minimun (MIN)
 Maximun (MAX)

¢ Absolute (ABS)

IE> oK | Apply | Cancel | Help |
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12. Define combination rules

In this case, the combination rule is compatible because any possible subset
of starting states can be taken into account.

Main Menu: — CivilFEM — Civil Postprocess -»Combine Results —»
Combination

This opens the Combination Explorer
E> Enter combination title: Compatible load on shell
[2> Specify Combination Rule 1

New Combination - (fill the properties and press the button)
E> Title ICompatibIe Load on Shell

Compatible Start States.
D Number I1 j > Type ICDMPA“B :I' Addition of any subsets of the Start States defined

[hone, one, several or all of them).

4 > Num S5 [52 NADD |

E> Select type of combination rule compatible

[4> Enter number of Start States: The number of start states coincides with the
number of elements previously saved in the NEL parameter

[5 > Create combination

=10l
v Bzl 2]l@ a[|" M ¢ & 8 I
2 = 5 Combination 1: Compatible Load on Shell i~ New Combination - (fill the properties and press the button)
Title |
Number | Type l LI

Num 5 | NADD | B

[~ Start State

Coeficiert 1 Coeficient 2

[~ List of Possible Start States (drag and drop aver tree]

rﬂ_ Ll Default coeficient 1 |1.000 Def. coef. 2 [1.000
Start State I Title: | ;I
4 Combination 1 Compatible Load on Shell J

& Load Step 1, Sub Step LAST  (From ANSYS)
& Load Step 2, Sub Step LAST  (From ANSYS)
& Load Step 3, Sub Step LAST  (From ANSYS)
& Load Step 4, Sub Step LAST  (From ANSYS)
& Load Step 5, Sub Step LAST  (From ANSYS)
& Load Step B, Sub Step LAST  (From ANSYS)
& Load Step 7, Sub Step LAST  (From ANSYS)
& Load Step 8, Sub Step LAST  [From &ANSYS)
& Load Step 9, Sub Step LAST  (From &ANSYS)
& Load Step 10, Sub Step LAST  (From ANSYS)
& Load Step 11, Sub Step LAST  (From ANSYS)
& Load Step 12, Sub Step LAST  (From ANSYS)
& Load Step 13, Sub Step LAST  (From ANSYS)

Laad Gtan 14 Gub Ghan | AGT  (Eram ANGYG] =l
| |
Combinations |
Information about Combinations | Combinations is selected 4
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Now we are going to specify the starting states that come into play in the
combination rule 1 previously defined, so in Combinations Explorer:

Select from list the NEL start states : from “Load Step 1, Sub Step LAST”
to “Load Step NEL, Sub Step LAST”

[ Feombinations Explorer _lof x|
v x @22 2@ 8]|%" M+ & 0
()-8 Combinations P
&Y Combination 1: Compatible Load an Shell [ Cembation
Title '
umber I Type I L]
e | NADD. |

Caeficient 1 Caeficient 2

~ List of Possible Start States [drag and drop over tree]

fR— LI I Default coeficient 1 |1.000 Def. coef. 2 |1.000

Start State l Title

ﬁ‘j Combination 1 Compatible Load on Shell

Kl

| _Combinations I

E> Drag and drop the NEL start states over Combination 1 tree

[8> OK
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13. Carry out combinations

_,-'Eombinations Explorer

=18]x]

" % ¢+ 3o || x %
- ! e
2 = I— — Combination
i Load Step 1, Sub Step LAST Title ICompatibIe Load on Shell
Load Step 2, Sub Step LAST
& Load Step 3, Sub Step LAST Compatible Start States.
’ Number I1 Type ICDMPATlB Z| Addition of any subsets of the Start States defined
b Load Step 4, Sub Step LAST [none, one, several or all of them).
& Load Step 5, Sub Step LAST = T :
& Load Step 6, Sub Step LAST - Rz e
oad Step 6, Sub Step
& Load Step 7, Sub Step LAST
& Load Step 8, Sub Step LAST S
—Start State

& Load Step 9, Sub Step LAST

& Load Step 10, Sub Step LAST
& Load Step 11, Sub Step LAST
& Load Step 12, Sub Step LAST
& Load Step 13, Sub Step LAST
& Load Step 14, Sub Step LAST
& Load Step 15, Sub Step LAST
& Load Step 16, Sub Step LAST
& Load Step 17, Sub Step LAST
& Load Step 18, Sub Step LAST
& Load Step 19, Sub Step LAST
& Load Step 20, Sub Step LAST
& Load Step 21, Sub Step LAST
& Load Step 22, Sub Step LAST
& Load Step 23, Sub Step LAST
& Load Step 24, Sub Step LAST
& Load Step 25, Sub Step LAST
& Load Step 26, Sub Step LAST
& Load Step 27, Sub Step LAST
& Load Step 28, Sub Step LAST
& Load Step 29, Sub Step LAST
& Load Step 30, Sub Step LAST
& Load Step 31, Sub Step LAST
& Load Step 32, Sub Step LAST
& Load Step 33, Sub Step LAST
& Load Step 34, Sub Step LAST
& Load Step 35, Sub Step LAST
& Load Step 36, Sub Step LAST
& Load Step 37, Sub Step LAST
& Load Step 38, Sub Step LAST

Coeficient 1 I Coeficient 2

~ List of Possible Start States (drag and drop over tree)

IF Lj! Default coeficient 1 {1.000

Def. coef. 2 I‘I.DUU

Start State

| Title

[ -

A% Combination 1

& Load Step 1, Sub Step LAST
& Load Step 2, Sub Step LAST
& Load Step 3, Sub Step LAST
& Load Step 4, Sub Step LAST
& Load Step 5, Sub Step LAST
& Load Step 6, Sub Step LAST
& Load Step 7. Sub Step LAST
& Load Step 8, Sub Step LAST
& Load Step 9, Sub Step LAST
& Load Step 10, Sub Step LAST
& Load Step 11, Sub Step LAST
& Load Step 12, Sub Step LAST
& Load Step 13, Sub Step LAST
& Load Step 14, Sub Step LAST
& Load Step 15, Sub Step LAST
& Load Step 16, Sub Step LAST
& Load Step 17, Sub Step LAST

Compatible Load on Shell

(From ANSYS)
[From ANSYS)
(From ANSYS)
[From ANSYS)
(From ANSYS)
(From ANSYS)
[From ANSYS)
(From ANSYS)
[From ANSYS)
(From ANSYS)
[From ANSYS)
(From ANSYS)
(From ANSYS)
[From ANSYS)
(From ANSYS)
[From &NSYS)
(From ANSYS)

|

Combinations

Information and modifiable data about Combination and Start State

E> Review the information in the list window

[2>> OK to start the combination process
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Main Menu: — CivilFEM - Civil Postprocess —-Combine Results
—CALCULATE: Combine —» Combine for targets

| Combination 1: Compatible Load on Shellis selected

Prior to completing the combinations CivilFEM shows a window with the
global status in order to review all data before carrying out the combinations.




Brtoo sarna

File
“OHBINATION HODULE STRATUS A

GLOBAL STATUS

TARGETS:
- Hin Target Hunber
- Hax Target Nunber

COHBINATIONS: |
- Hunber of conbinat ions:
- Hin Conbinat ion Nunber:
- Hax Conbinat ion Nunber:

—

S

TARGETS DATA
TRRGET GROUP  ITEH COHP TVPE LABEL

1D0ISPL 0 2  ABS UZ*
USER POINTS:

Stress user points:
Hot def ined
Strain user points:

Hot def ined _v_l

mstarts the Results Combination Process .. x|

[~COMBINE] Starts the Results Combination Process

Review the summary information in the lister window
{entitled "CMB_STAT.TXT"), then press OK to start

the Results Combination Process.

IE> OK | Cancel | Help |
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14. Read in results
First of all we need to point to the combined results.

Main Menu: — CivilFEM — Civil Postprocess — Combine Results - READ
RESULTS: Set data to read

[1> Select combined results

[2> OK

Ilsetpatatorend %

[~CMBDAT] Paints to original or combined results
Results KEY

" Original results

E> OK I Cancel | Help |

We read the results of combination rule 1 that satisfy the defined target.

Main Menu: — CivilFEM — Civil Postprocess — Combine Results - READ
RESULTS: By description...

[1> Enter 1 to read result of combination rule 1

E> Select the target (group and components) from which you would like to read
the results

[3> ok

Fi\\Read Combination Results by Target Description N od|
[~CMEB] Read Combination Results

Combination Rule Number ICME E>|1

Select Group, Item and Component @T r
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15. Plot of the maximum deflection at each point of the shell

We are going to change the viewing direction of the model to better observe
the deflections distribution.

Utility Menu: PlotCtrls — View Settings — Viewing Direction...
[1> Enter viewpoint: 1,1,1

[2>> Select Z-axis up orientation
[3> oK

m?iewing Direction

[/¥IEW] [/YUP] Yiewing Direction
Wi N W/indow nhumber

IWindow 1 :]

[#YIEW] View direction

XY ¥V, ZY Coords of view point E> |1 |1 |1
[#¥UP] Coord axis orientation IE> IZ T ll

-axis up
[/REPLOT] Replot upon OK/Apply? |Rep|m j

IE> oK I Apply | Cancel I Help |
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In the following step we plot the maximum deflection in each point of the
shell. You must take into account that this distribution does not correspond to
any specific load state. Moreover, the maximum deflection for every point will
come from a different load arrangement.

Main Menu: General Postproc — Plot Results — -Contour Plot-Nodal Solu
[1> Select DOF solution
[2>> Select Z-Component of displacement

|E> O K m&mtour Nodal Solution Data 1 x|
— Item to be contoured
Favorites J=

¢ Nodal Solution
1 > 6 DOF Solution
A X-Component of displacement
¥ ¥-Component of displacement

Z-Component of displacement

3 Displacement vector sum
¥ X-Component of rotation
A ¥-Component of rotation

¥ Z-Component of rotation
A Rotation vector sum
(B8 Stress
Total Strain
o Elastic Strain —I_.j
4 »

 Undisplaced shape key

Undisplaced shape key | befarmed shape only j

Scale Factor Auto Calculated :”0

Additional Options @‘

IE> 0K | Apply | Cancel | Help |
NODAL SOLUTION AN

STEP=1 Civil

SUB =1 NOV 2 2004

TIME=1 13:43:21
Uz {AVG)

RSYS=0
DMX =.114535
SMN =-.114535

-.114535 -.089083 -.06363 -.038178 -.012726
-.101809 -.076357 -.050904 -.025452

Results Combination in Hexagonal Shell
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16. Calculation of the load distribution to obtain the maximum deflection at
a vertex

Main Menu: — CivilFEM — Civil Postprocess —» Combine Results —»
INQUIRE: Nodal Results +

[1> Pick a free node

[2> oK

NODAL SOLUTION AN

Inquire Combination P Civil

HOV 2 2004
' pick  Unpick - 13:43:21

I Single " Box

" Polygon " Circle 5

- Loop

Count = 0
Maxipum =
Minimum = 1
Node No. =

{* List of Items

i Min, Max, Inc

IE> OE I Applirl

Beset | Cancel |

I 4
o j““l Help | 1535 -.089083 -. 06363 =.038178
-.101809 -.076357 -.050904 -.025452
[ ombination in Hexagonal Shell

-.0lz2726
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[3>> Enter 1 to select combination rule 1
[4> Select group DISPL

[5> Select item and component UZ

[6 > Pick Absolute

[7> Pick Yes to list result

Pick Target Value

[9>> Select Yes Update

[10> OK

mmquire Combination Procedure

[~CMBINGR] Inquire Combination Procedure

Combination Rule Number ICMB IE> Il
Il

Node Number NODE
Select Group, Ttem and Component IE> UX -
REACT Uy
ROTX
ROTY v

—

Select Type Type
 Minimun (MINY
 Maximun (MAX)
|E> + Absolute (ABS)
List KEYLIST

E>(o‘ Yes

(" Recursively

{+ Target Value

(" Concomitant Val.

Requested Data

Update Combined Loads and Model Concomitance

KEYCLD E>|7 Yes Update

oK I Cancel | Help I

b b

=
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6-25

In the following graphs we can read a list of starting states that satisfy the

defined target while observing its distribution in the model.

x
File
|
Conbinat ion Rule 1
Title: Conpatible Load on Shell
Type : COHPATIE (Conpatible)
The selected Start State are:
$.5tate Descript ion Yalue
2 Load Step 2 -114.934E-06
4 Load Step 4 -1.984€E-03
5 Load Step § -4.032E-03
6 Load Step 6 -4.904E-03
8 Load Step 8 -515.729E-06
9 Load Step 9 -648.816E-06
18 Load Step 18 -3.216E-03
19 Load Step 19 -634.111E-06
20 Load Step 20 -8.306E-03
21 Load Step 21 -5.086E-03
22 Load Step 22 -10.205E-03
23 Load Step 23 -1.014€E-03
27 Load Step 27 -1.505E-03
28 Load Step 28 -2.130E-03
29 Load Step 29 -3.565E-03
30 Load Step 30 -3.394E-03
31 Load Step 31 -1.441E-03
32 Load Step 32 -998.992E-06
35 Load Step 35 -306.054E-06
36 Load Step 36 -5.052E-03
37 Load Step 37 -3.750E-03
38 Load Step 38 -1.921E-03
45 Load Step 45 -5.734E-03
46 Load Step 46 -9,153E-03
47 Load Step 47 -4.947E-03
48 Load Step 48 -3.130E-03
Result  -87.688E-03
=
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To obtain the deflections distribution for the start states combination that
satisfy the requested targets we must proceed as follows:

Main Menu: General Postproc — Plot Results — -Contour Plot-Nodal Solu
[12> Select DOF solution
[12> Select Z-Component of displacement

[13> OK
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mtontour Nodal Solution Data ) 5]

— Item to be contoured

Favorites |
@& Nodal Solution
[12> o vOF Solutien
G X-Component of displacement
&3 ¥-Component of displacement

[52 B -Component of diEFlllﬂ.-CIEIl'r'IE:F'lTq

A Displacement vector sum

A X-Component of rotation
A ¥-Component of rotation
§A Z-Component of rotation
A Rotation vector sum

Stress

Total Strain

(88 Elostic Strain _.j

A ol

— Undisplaced shape key

Undisplaced shape key | beformed shape only :I
Scale Factor Auto Caleulated ;”0
Additional Options @I

@ oK | Apply l Cancel | Help |
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NODAL SOLUTION
STEP=1

3B =1

TIME=1

Uz (AVG)
R3Y3=0
PoverGraphics
EFACET=1
AVRES=Nat

DX =.111065
SMN =-,.111065

PRES

111
222
.333

. 444

. 556
.667
778

. 889

0
.111065
.098724
.086364
.012341

| = O JO 0 dH W +=0O

1 08 ROOORECHN

o

17. Exit the ANSYS program
We save everything before exiting the ANSYS program.
Utility Menu: File -»Exit

[1> Pick Save Everything

[2> ok

[ilo romavsys

- Exit from ANSYS -
(" Save Geom+Loads

" Save Geo+Ld+Solu

" Quit - No Save!

2> o | cancel | Help I
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