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ATENA Engineering 2D

http://www.cervenka.cz/cz/ke-stazeni/
Program obsahuje | manualy, vC. teoretického

Bez klice mozno spustit v DEMO verzi — omezeny
pocCet prvku (300 vC. prvku vyztuze)




Priklad: Popis konstrukce
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Odhad vysledku

Vzdy musim byt schopen predem odhadnout, co
mi vyjde

Program je pouze nastrojem pro stanoveni
presnych Ciselnych hodnot

Odhad:

Tvar pruthypu — —

Mgrm = As™fym "z = 4007550200 = 44 kNm
Fr = Mg /r =44/0,833 = 52,8 kN

(Presny rucni vypocet se zapoctenim tlacenée
vyztuze: My, = 46 kNm, Fr_ = 55,3 kN)



Zadani konstrukce

LBl ATEMA - Atena 20: [Untitled]

Preprocessing © ot pe e e

3

Materialy = [& T
. # | Active load case -

Geometrie

Zatl’zen I’ ----- %ﬁgeedneral data

----- 3+ Materials
..... ' Tupulﬂgv

Parametry vypoCtu | © o ot

P i Macro-elements
Processing | = B Operings

----- = Bar reinforcemeant
----- B Contact ambiguity
----- JL Loads and supports

VypOéet ----- = I__Dad Cases

..... ug Joint

Postprocessing | @ taroenet
Analyza vysledkd | S

Active LC: |[n|:| selection) j




Materialy

Pokud modeluji skutecné chovani konstrukce,

pouzivat parametry materialli ze zkousek
Nejsou-li k dispozici — stredni hodnoty pevnosti,
modulu pruznosti (f..,, E..,) pro danou tridu betonu
Beton — material 3D NonLinCementitious 2

Ocel — Elastic Isotropic nebo Bilinear Von Mises

Vyztuz — Reinforcement, Smeared Reinforcement

Mew material @

Material type
|3D Mon Linear Cernentitious 2 ﬂ

Plane Stress Elastic Isotropic -
Plane Strain Elastic Isotropic
3D Mon Linear Cementitious 2 =

3D Variable Non Linear Cementitious



3D NonLinearCementitious 2

Tlak — Menéetrey-Willam
_| 2~ p s |_
f(fapae)—{\/;fj +m{\/gfcr(9,e)+\/§fj c<0

c)




3D NonLinearCementitious 2

Vygenerovane parametry dle pevnosti betonu
(nebo upravit dle vysledku zkousek)

3D Mon Linear Cementitious 2

Material properties generation
Cubicf,: |45 [MPa]
<= Previous == Next X Cancel

Edit material #1:3D Non Linear Cementitious 2

Name: [

Basic \IEnsiIe] Compressive | Shear | Miscelaneous |
Elastic modulus E : Im [MPa] oiress-Stram Ij;ﬁw Biaxial F:ailurni },.:3',,.',,.'
Poisson's ratio p : | 0.200 [] T“

Tensile strength f, : | 2.200E+00 [MPa] S -
Compressive strength f_ : m [MPa]

[ Plane Strain Idealisation *

Material #: 1 f_cu- = 4.500E+01 [MPa] v OK X Cancel




Elastic Isotropic Material

|ldealné pruzny material — napfr. pomocnée ocelove
prvky (viz dale)

Edit raterial £2:Plane Stress Elastic Isotropic @

WEN 1A D esky]

Basic |Mi5ce|laneuu5|

Elastic modulus E : 2.000E+05 [MPa] [
Poisson's ratio p : 0.300 [-]

Material #: 2 o DK ‘ X Cancel

Nosnée ocelove prvky (svarence, kotvy apod.) —
pouzivat Bilinear Steel von Mises Material



Reinforcement Material

|ldealni pruznoplasticky material — Bilinear

Moznost uzivatelskeho zadani presnejsiho
chovani vyztuze — Multilinear

Edit material #3:Reinforcement @

Mame: |Reinﬁ:urcement

Basic | Miscellaneous |

: - ] - i
Tyee Stress-strain law
Efastic modulus E : 200000.000 [MPa]

g, : 550.000 [MPa]

[v Active in compression

Material #: 3




Propojeni vyztuze a betonu

Plna kompatibilita pretvoreni vyztuze a betonu

Posunuti prvku vyztuze jsou pocitana z posunuti
prvku zakladniho materialu pomoci linearni
Interpolace:

rst Zh rst
| ]

N (1 oﬂ{:_L
~ 7 ,./a_:

Cme

(u(r,s,t) je hledany vektor posunuti uzlu vyztuze, h(r,s,t) je interpolacni
funkce a U, je matice uzlovych posunuti zakladniho materialu)



Smeared Reinforcement Material

Rozetrena (smeared) vyztuz — zadava se smeér a

stupen vyztuzeni

Nutno preddefinovat v General Data

I
[=][=]*

Layers of smeared reinforcement

dit Number of layers: 1

= Add ‘ Z Remove ‘

~

Add smeared reinf. layer

Layer num.: |1

v’ 0K

X Cancel

New material. Smeared Reinforcement

Mame: [Smeared Reinforcement

Basic | Miscellaneous |

|Biinear |
| 200000.000 [MPa]
| 550.000 [MPa]

R Stress-strain law

Elastic modulus E :

li (] Reinforcement direction
Ratio : 0.00897 - x| 0.0000 [m]
Y: 1.0000 [m]

v Active In Compression

Material #: 4 <= Previous | ‘ " Finish | X Cancel




Geometrie

p— ¥




Geometrie

Stycniky

Linie

Makroprvky




Geometrie

Rucni zadavani
\Zl ATEMA - Atena 20: YMVE_test[D:\YMVE_2D_results.cc2*]
File Edit Input Calculations Options Windows Help

0 = B |%a T | Qaaq e BoiEa B
4 €3 DO { Input1
| ## | Active load case -

Active LC:  |(no selection) =

YMVE_2D_results,cc2
----- B General data
----- B Materials
----- ¥ Topology
----- #*, Joints

-----  Macro-elements
----- £ Openings

----- ~ Bar reinforcement
----- ER Contact ambiguity
----- J Loads and supports
----- ER Load cases

..... Run




Geometrie

Makroprvky — zadat material, sifku konstrukce (2D
idealizace), zakladni velikost prvku MKP,
rozetrenou vyztuz

Macro-element # 1.

Topology

Boundary list: MEXBUREDL

FE mesh Layers of smeared reinforcement
Mesh type: [Quadrilaterals - I [

Element size Layer Material of reinf. ayer
¥ Smooth elemen MERENES Smeared Reinforcement ~
Properties

Material

Thickness: 0.1750 [m]

Quadrilateral elements: |CClsoQuad

. J No. of smeared reinf. layers should be
v Geometrically nonlinear entered within general data.

Macro-element # : 1 ' 0K X Cancel




Vyztuz

Zadani opét bodové, pocet prutu na Sirku kce

Edit reinforcement bar number 1.

Reinfnrcementl Morral j

[Properties]

Basic parameters

|Reinfc|rceme nt ﬂ

Area: 4.021E-04 [m?]

Material :

Zalculate section ar:-‘d

Reinforcement bond

[

Connection to the

T ||:|erfect connection

1.0053E-01

Iv Geometrically nonlinear

=

|""nr!,eﬁnet|]

Calculate reinforcement area

Bar reinforcement

0.0160 [m]

Bar diameter

(=S|
Murmber of bar 2

X cancel |

-

Reinforcement bar : 1

W 0K | XI:anceI|




Zatizeni

Ruzné typy do ruznych zatézovacich stavu =>
nadefinovat ruzné ZS pro vl. tihu, zatizeni, podpory

[@ ATEMA - Atena 20: YMVYE_test[Ch\Dokurmenty

Vybrat pat‘r:iény ZS, Zadat Fle Edit Input Calculations Options Wir

rogr D E Bl ®= 5
Body Force — vlastnitihanacelou- 1. —
kci dle objem. hm. materialu e A

ZatéZOVén |' defo rmaCI’ Active LC:  [LC 3 -

(no selection)
- Topolsly
o ® loints

o JLC 1

Load CBS?" - [ Load cases ' Ling
LC name: [Loa case number 4 . | o | a | Trle Code Coefficient & Mach.-E|EmEI'It5
LC Code |Forces LI LC Numb i1 o Gpen|!'|g5
Body force ~ Bar reinforcernent
LC coeff.: Forces 1.0000 1 |ViastniTiha |Body force 1.0000) =8 contact ambiguity
Supports 2 |Deformace |Prescribed deformation 1.0000 zL,;ad“"d supports
Prescri:ued deformation Load cases
FTemperature li * 3 |Podpory |Supports 1.0000 o Joint
Shrinkage L3 Line
Pre-stressing P @ Macro-eleme
LC number :| 1 = Add | X End [ L Barre ,?:;.,.:E,\.E,.:
.8 Contact ambiguity

..... EI Run



Zatizeni

Bodoveé zatizeni a podpory pres roznaseci desky
Zatizeni smerujici dolu znameénko ,-°

Zadavat ,jednotkova“ zatizeni, ne celkové
pozadované hodnoty (viz dale)

DCECE‘:’;ZEDE + Al BRBBEBE

LC code: Prescribed deformation
LC coefficient: 1.0000




Vypoctové kroky

Menu Run => Analysis Steps

Simuluje proces vnaseni zatizeni do kce
Podpory ve vsech krocich

Vlastni tiha pouze v prvnim kroku

Zatizeni silou (deformaci) — pfiklad: Chci aplikovat
X kN (mm) => kvuli stabilité vypoCtu zadam
zatizeni 1 kN (mm) a aplikuji ho v Y krocich

Kroky nemuseji byt stejne velkée



Vypoctove kroky

[ Analysis steps
u | Q@ Seznam zat&Zovacich stavll Coefficient Parameters
Number analysis
1 41,3 dart Newton-Raphson
2 12-3 dart Newton-Raphson
3 |23 dart Newton-Raphson
4 |2-3 dart Newton-Raphson
5 |23 dart Newton-Raphson
6 |2-3 dart Newton-Raphson
7 §2-3 dart Newton-Raphson
8 |2-3 dart Newton-Raphson
9 |2-3 dart Newton-Raphson
10 §2-3 dart Newton-Raphson
11 §2-3 dart Newton-Raphson
12 §2-3 dart Newton-Raphson
13 §2-3 dart Newton-Raphson
14 §2-3 dart Newton-Raphson
15 §2-3 dart Newton-Raphson
16 §2-3 dart Newton-Raphson
17 §2-3 dart Newton-Raphson
18 §2-3 dart Newton-Raphson
19 §2-3 dart Newton-Raphson
20 J2-3 dart Newton-Raphson
21 J2-3 dart Newton-Raphson
22 |2-3 dart Newton-Raphson
23 |2-3 dart Newton-Raphson
24 |2-3 dart Newton-Raphson
25 |2-3 dart Newton-Raphson
» 26 |2-3 ndart Newton-Raphson




Vypoctové metody

Newton-Raphson — feSeni je fizeno pfedem danym pfirustkem zatizeni
(sily, posunu). Obvykle efektivnéjsi, rychlejsi.
Metoda obloukové délky — velikost prirustku zatizeni zavisi na prubéhu

iterace, automaticky se upravuje. Vyuziti pfi analyze mezni unosnosti
konstrukce pfi zatezovani silou (okoli vrcholu a klesajici vetev

diagramu).
o ." ) ( K _ = - A lteracni body Body konvergence
Zatizeni K,_pljjlﬂ Kpriju Kpg]_ ZatIZ?ﬂl dalgich kroki
T TS T
/-__.ﬁ""
Pfirlstek
zatizeni

Bod konvergence
aktualniho kroku

L -

Py Py Deformace Po \ P1P2P4 Deformace
Bod konvergence
predchoziho kroku




Sleduji urcitou veliCinu v urCitém misté konstrukce
— analogie tensometru pfi zatézovaci zkousce

Umoznuji vykreslit napr. pracovni diagram F-y
Component 1 =smerx,2=y,3 =2z

Value
Title: Pruhyb Value: |D|splacements j

Item: [component 2

1on
- 14500/ E 0.0000 [m] | coefficient
Location:  |Nodes ~] | Multiper: [ 1.000 [-]

3 . Mintoring numbe{ 2 X Cance\l -a|x

EIC Title Location Coefficient Monitored value =

lumber monitoru X [m] Y [m] Position [-] Value Ttem &I
1 |sia 0.2000 -0.0500|Nodes 1.0000|Reactions (Reactions) Component 2 (Dof(2)) ~ | = Ede
2 |Pruhyb 1.4500 0.0000|Nodes 1.0000|Displacements (Displacements) |Component 2 (x(2))




Rezy, momentové linie

Rezy — umozni v postprocessoru vykreslit prabé&h
veliCin (napeti, pretvoreni...) v urCitém rezu
konstrukce

Momentove linie — umozni v daném rezu
integrovat napeti a ziskat hodnoty vnitrnich sil




Sit MKP

Generovani pres menu Calculations

= =

Active LC:  |LC 3

(B ATEMA - Atena 20: YMVE_test[C:\Dokument\ CVUT\Vyuka\Medelovani a vyrtufovani
File Edit Input Gptinn5 Windows Help
D& HE B =

Mesh generation
Analysis...

Pre-processing

Post-processing

Analysis progress information...

YMVB_2D_results,cc2
B General data
B Materials

|

Zakladni parametry se voli v makroprvcich (viz
drive)

Pro pravouhlou geometrii jsou obvykle Ctyrhrannée
prvky efektivnejsi nez trojuhelnikové




Velikost prvku MKP

Volba vyzaduje jisty cit, odhad, zkusenosti,
optimalizaci...

Moc prvku — zdlouhavy vypocet, problémy s
pameti, singularity

Malo prvku — nepfesné (az zcela nesmysiné)
vysledky, problémy s konvergenci vypoctu
Ohybané prvky — alespon 4, Iépe alespon 6-8
prvku na vysku nosniku (plynulost zmény tuhosti
pri poruseni)



Hustota sité MKP v ruznych smérech

Defaultni nastaveni: Sit ma stejnou hustotu ve
vsech smérech (dle zakladni velikosti prvku
daného makroprvku)

1E_"'EE‘::]‘EJ'EEEEEEEEEEEEEEEEEE
To muze byt nekdy neefektivni — pfiliS mnoho
prvku = zbytecné dlouhy vypocet => Ize upravit
(zahustit sit' v D-oblastech a ,ve smeru zmen")



Hustota sité MKP v ruznych smérech

Topology — Joint/Line — Mesh Refinement

Edit line # 15, [5m]
Topology Springs
Line type : |Line -] m|o@| Diection Material |

Mesh refinement
Refinement method: |N|:| refinement j

Mo refinement
By size and radius
Number of elements = Add |

Line # : 15 W 0K X Cancel|




Vypocet

Pfed spusténim ULOZIT!!! — vypocet asto pada
Calculations — Analysis

Vybrat, co se ma zobrazovat na diagramu behem
vypocCtu — lze vyuzit monitory a kontrolovat prubéh
zatezovani

Solution Parameters

Specified analysis steps

Mumber |Analyze

Save results

es

ot analvzed

Yes

ot analvzed

Yes

ot analyzed

Yes

At arnabrad
e alla :--.e-\.-

Yes

ot analvzed

Yes

ot analzed

Yes

4[4 4|4 | 4[4]A
4 (4|44 4[4]A

ot analvzed

Set result saving

& Analyse

X cancel




@ Calculating YMVB_test [DAYMVB_2D_model_new.cc?] ...

Load step no. 10 Stiffness Matrix Triangulation
Iteration no. 3

Sol. params.: Standart Newton-Raphson
I~ Store data after each analysis steps

X: |M2: Pruhyb jEH —| (no graphics)

5.261E-02 8

®
Q
Q
&
o
L

0.000E +00 55 oy

[m]

X: <-9.346E-03, 0.000E+00> [m]
Y: <0.000E+00, 4.424E-02> [MN]

Description Magnitude

M1: Sila 4.890E-02] ~

M2: Pruhyb -1.051E-02

EEEEEEENNNNNNERENENNNNEEYS
lllllIllllllllllllllllll"
IEENEENENER lb
| llllIllllllllllllllllllll

ATENA Version 5.4.1.15046 (c) Cervenka Consulting 1999-2017
License Demo

Job: Step 10(10), Log start: 31.01.2018 13:54:54

Disp.Err Resid.Err Res.Abs.E Energy E. (N
Unbal. Energy Ratio: Current Required (L

0.11! 0.011! (N4




Hlasky

Mezi manualy je ,Troubleshooting manual” —
obsahuje popis spousty hlasek, cenné rady pro
ladeni modelu

HASP = kliC s licenci pro ATENU. Bez nej pobezi
pouze demoverze.

7| Atena2DLL (5]

(Thread 1) CCException: Hasp - unrecognized error

! . Source line: 2662, files
ChAtenaV5\SourcesiInclude\CCHasp/CCHasp_Impl.h, last modified at:
Tue Mar 31 12:08:50 2015




Hlasky

Tato hlaska je normalni po dosazeni mezni
unosnosti (,pad konstrukce®), v prubéhu vypoctu
znamena vetsinou chybu v zadani (napr. spatne
podeprena konstrukce, chyba v jednotce pri
zadavani zatizeni, Spatné prirazeny material
apod.)

7| CCStructures @

(Thread 1} CCMatenalbBxtended Abxc
! L CC5ParamYieldF:project_stress_on_f - division by zero
Source line: 147, file:
AASources\CCMateriah CCElastlsotropic\CCGEMPLASTICHW . CCSPara
mYieldF.cpp, last modified at: Wed Dec 11 13:17:20 2013

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

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




Postprocessing

Moznost zobrazit vysledky v jednotlivych
zatezovacich krocich

Vykres
Vykres

Vykres

eni grafu monitoru (napr. F-y diagram)
eni veliCin v rezech
eni vnitrnich sil v momentovych liniich



Kontrola konvergence vypoctu

[ ATENA - Atena 2D: Test{Di\test.cc2*] - [Results 1] m 0Ky P-Jo liGi
[, File Edit Optiuns Windows Help

= | Mesh generation P & L@

Stap: ,m Analysis... Imz a-

Pre-processing

— &
Cracks | Bar re —_ )
Springs 2 TEHIEEET Analysis information =50
L y:
Scalars | Ve Analysis progress information...

Analysis step
[Analysis step 26 ~| | Ml Close

‘nput | Output  Message | Error |

Job: ATENR, Log start: 3.4.2018 15:37:04

K | KN | K | KN | KN | KN | KN

LATENA Version 5.4.1.15044 {c) Cerwvenka Consulting 1999-2017
License Demo

Job: Step 26(26), Log start: 3.4.2018 15:37:
Disp.Err Regid.Err BRes.kbs.E Energy E. (NHR)
Unkal. Energy Ratio: Current Required (LS5)

Warning: Attempt to constrain node 185 dof: 2 that has been already fixed by load case: 2, BC: 1, LHS BC
id: 472; new constraint coming from load case: 3, BC: 2, LHS BC id: 464 will be ignored.

1 1 0.074a! 0.78! 0.93! 0.0538! (NR)

i
3.5e-05 0.00025 0.00031 &.6e-09 (HR)

Step: 26(26) completed. Elapsed CPU (sec) - step this: 0.167, all:




Zobrazeni vysledku

Vybrat zatézovaci krok => volba Scalars

Zvolit pozadovanou veliCinu a zpusob zobrazeni
Zapnout/vypnout zobrazeni vysledku v fezech
Zvolit deformovany/nedeformovany tvar kce

Tvar deformace je rozumny => OK



Zobrazeni trhlin

Volba Cracks

Vhodné je omezit Sirku zobrazovanych trhlin
trhliny < 0,1 mm nemaji prakticky smysl

B =|[a][x
Step: [Step 17 || |l 3% EI| 1, @ o.0E -

5prings Forces MNQ

-3.661E+01
-3.600E+01

- ors | Tensors e
einf. | Interfaces

acks

\elemen':s

Filtr:
<1.000E-04; ...)
I™ Label crack width 6.289E-01
<0.000E+00;1.142E-03>[m]
[~ Label Sigma N
<2.200E-03;2.200E+00>[MPa]

[” Label SigmaT
<0.000E+00;3.422E+00>[MPa

Scalars
areacontour areas
show cuts with labels
Basic material

Crack filter

in nodes Information
Stress Load step 17 Min: 0.000E+00 [m]
Sigma xx Cracks in elements Max: 1.142E-03 [m]

<-3.661E+01;5. 153E+00>[MPa]
Cracks

Crack width range

elements

<1.000E-04; ...) Minimum width: 1.000E-04 [m] |

Opening
<0.000E+00; 1. 142E-03>[m] e .

SigmaN Maximum width: X cancel

<2.200E-03; 2. 200E+00 >[MPa]
SigmaT
<0.000E+00;3.422E +00 > [MPa]



Napeti a pretvoreni ve vyztuzi

Volba Bar reinforcement
Show and label

R
Step: |Step 17 - = 2.06-01 %] -

Springs | ForcesMNQ |

Scalars | vectors | Tensors |
Cracks Bar reinf. IInterfaces|

show and label - |

X H|L

‘ Stress

‘Sigma ped

5 390 MESHE+ 02

---| 5.428E+02
----| 5.489E+02

<-2.959E+02;5.489E+02>[MPa
Bar reinforcement

show and label

in nodes

Stress

Sigma xx

<-2.959E +02;5.489E +02>[MPa]

PrUZNY | PIUD.MNQ |
Skatary | vektory | Tenzory | B
Trhiiny Prut.vyztuZe
Prutové vyztuze
kreslit a popisovat -
v uzlech >
Total Strain x
Eps xx S

8.40

-5.608E-0
-1.207E-0:
-1.095E-0;
-B8.993E-0:
-8.124E-0:
Bl

SOPE0T

>
/

<-1.095E-02;6.636E-02>[None | #3
Prutove vyztuze

kreslit a popisovat

v uzlech

Total Strain
Eps xx
<-1.0956-02;6.636E-02> [None]




step:[step17 ¥ |[& E[1, cr

Scalars I Vectors I Tensors |
Cracks | Bar reinf. | Interfaces |

Vnitrni sily

Volba Forces MNQ
Show and label
Vybrat veliCinu

9.0-01 [%] m-

Springs Forces MNQ
Moment lines
|show and label L]
in nodes ﬂ
¥ Show M [ |
<-2.749E-06;4.203E-02>[MNr’
I~ Show N

<-8.520E-04;4.007E-02>[MN] | [

Moment lines
show and label
n e ]

how M
-2, 7T459E-06;4, 20 302 [MNm]

M. ., =42 KNm — odpovida odhadu => OK



Graph
bratit osy
la 56,3 kN => OK

New

4

Menu Windows —

iciny, mozno o

[ IRV AN ]

Zvolit vel

r

r

. prenesena si

Max

\Z| Graph 2

X: [M2: Pruhyb
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X: <-7.064E-02, 0.000E+00> [m]; Y: <0.000E+00, 5.635E-02> [MN]



Porovnani s vysledky zkousky

Max. sila odpovida (56x2 = 120 kN)
Linearni chovani do pruhybu cca 15 mm — odpovida

Pruhyb namérfeny metrem pred destrukci cca 30 mm —
odpovida

Rozdily — skute€¢né vs. prumérné materialové vlastnosti

Tramec 1_4: Sila (2F) v zavislosti na pruhybu

160
140
120
100

80

60

40

20

0

-5 0 5 10 15 20
-20

Sila (2F) kN]

Prihyb "Pot_2" [mm]



Schéma kce (zadani s Vasimi hodnotami)
Odhadnout Fg,, pro zadany nosnik
Stahnout a nainstalovat Atenu

Provest analyzu pro nosnik dle Vase zadani
Vytisknout a prinést graf Sila-Pruhyb
Porovnat odhadnutou a spoctenou Fg,,

/3 /3 /3
| |

D
Jay A %
250 I 1250
| |




