Pasul 1: Abstractizarea
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d*v
=0
dx*
Pasul 2: Se alege functia pentru deplasari

N
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Din conditiile la limita se identifica:
v(0) = {71 = a,
dv(0) -

— =9, =4,
. A 3 2
dx VW)=V, =a, ' +a, [’ +a, L+a,
v(L
d;(A )=(92=3az1 L’ +2a, L+a,
X
si rezulta:

. 2 . . | .
V= |:E(V1 —Vz)-I-P(GI +62)}x3 +

{—%(\71 —\72)—%(261 +62)}22 +0,X+V,
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Sub forma matriciala:

Vi
. . 19,
V:[N]{S} clu {8}:<A ,

vV,

kOZJ
[N]:[Nl Nz N3 N4]
1=%fc3—%£2+1 N, =%fc3—%fcz+1fc
N;-%fm%fcz NF%;&—%;CZ
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Pasul 3 - Se definesc relatiile constitutive functie de
marimile discrete

W o du dv
& xa — A M X :EI
(X, 7) p (D) =El=
~ A adv 4%
U=— _
= T=El"
gx(xﬂy):_y
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Pasul 4 - Se deduc componenetele matricei de rigiditate

d’ v(0)
dx’

F—T El

El, . .
= —(129,+6 L0, -129,+6 L0,)

El n n
=?(—12 v, -6L0,+12V,-6L0,)
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d’ \7(0)
dx’

M, =-M =—EI

—E3](6LV1+4L29 ~6LV,+2L°0, )
L
d’*v(L)

M, =+M = El —
ax

_E[(

— 6L, +21°0,—6 LV, +4120,)
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Relatia dintre solicitari si deplasarile din noduri este:

F, 12 6L -12 6L (¥,
M| _Ell 6L 4L —-6L 2I° 181
F, | U|-12 —-6L 12 -6L||¥,
M, 6L 20" —-6L 4L |6,

_

N
—

K]
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Pornind de la expresia stabilita pentru deformatiile specifice

o)=Y

dx’
se obtine forma:

{SX}Z[B]{S\} scrisa ca: {Sx}:_),}[B*]{BA}
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5 12%—6L 6xL—47 —12%+6L 6xL—-2I*>
b |= 3 3 3 3
L L L L

Efectuand calculele pentru [K] :

si findnd cont c3 ”)A/sz: I
A

rezulta pentru [K] aceiasi expresie ‘
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Matricea de rigiditate
pentru solicitarea axiala

oSO O O o O
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Matricea de rigiditate completa rezultata prin insumare
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Se doreste relatia:

=K}
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Matricea de rigiditate se calculeaza cu algoritmul dejacunoscut:
K]=[1] |K][T] @

Unde, matricea de transformare de coordonate este:

"C S0 0 0 0

S C 0 0 0 0

0 01 0 0 0
[T]=

0 00 C S 0

0 0 0 -S C 0

0 0 0 0 0 1
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JEGROUP x|

Element group |1

Element Mame |PIPE: Elaztic straight pipe element ""

BEAMZD: 2D elaztic beam element

T S i —
Y L EGROUP

OP1:Unuzed ophion Im

e

#¥: Global Cartesian Coordinate System OFP2: Unuzed IIIIZItiI:Ir'I [
/}\{3,? Element Coordinate System

{1131 Face nurmber for pressure application . OF3:Unused |:||:||:i|:|r‘| 0

f f@ OP4:|ntegration Tepe [0 Gauss >

Dept{l (r3) L OP5:Matenal Type |0 Linear Elastic |

y 2 E@I L — z  [OPBE:Dizplacement Formulation |0 Small |

Q0

\2 \ i OPF:Unused ophion {0
1 :a;\“@ = OF&:Unused aption (O

- | QF. I Help | Cancel
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Beam2D

Elementul suporta analiza structurala, dinamica (frecvente
proprii), de stabilitate structurala (flambaj) si analiza termica.

Pentru analiza structurala, proprietatile de material
ce trebuie indicate sunt:

EX - modulul de elasticitate;
NUXY - constanta lui Poisson

Se poate apela si un material din biblioteca : Atentie la
unitatile de masura !

M aterial property zet (1
tatenal Mame |4 _STEEL: ALLOY STEEL |
Unit Label |SI:  International [Meter/EilogramdS ecand) b
FPS: Brntizh [Inch/PoundsSecond]
MES: Mebnc [Centimeter/Kilogram/S econd ||
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Meshing | PropSets LoadsBEC  Control  Dizpla
Beam?2D Meshing | Fropasts L L Dizplay
Element Group

RCONST E M aterial Property
Real Constant
RC1 : Crogs-zectional area Pick Material Lib

RC2 : Moment of inertia [12] U zer b aterial Lib
k4 aterial Browser

RE3 - Depth 0 AI5C Sect, Table
RC4 : End-releaze code [nhode 1] |0
Lizt Element Groups
RC5 : End-releaze code [node 2] |0 List Material Frops
RCE : Shear factar in elem. v-axis |0 List Real Constants
RCY : Temp. diff. in elerm. y-a=iz (0 Delete Element Groups

Drelete M atenal Props

RC3 : Penmeter [HSTAR only) {0 Dielete Peal Constant

| aE. I Help | Cancel Change E-Prop

Mew Property Set

Beam Section

Lizt Beam Sections

| BMSECDEF Ed

Section number [0 user zection) m

| Continue I Help Cancel
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Type 1 1 Type2 q

T
21—4 I}I 1

- B —»

Solid Eectangular solid Circular Circular Hollow

Type 4 1 Types 1
| ]
|

|
| J‘Em

-— B — -—— B —W—

Hollow Rectangular I
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Beam?2D BMSECDEF
BS1 : Height of beam [H]

B52 :\wWidth of beam [B]
B53 : End-release code [hode 1)
BS54 : End-releaze code [hode 2)

B55 : Shear factor in elem. y-asiz

0
0
0
B5E : Temp. diff. in elem. p-ass |0
B5Y : Penmeter [HSTAR anly] [0

aF. Help | Cancel |

End release code este o combinatie de 6 cifre, corespunza-
toare gradelor de libertate ale nodului. Daca valorile sunt O
(cazul definit implicit), valoarea corespunzatoare a fortei nu
este cunoscuta, si ea va fi calculata de program. Daca in
pozitia respectiva este plasat (1), atunci fota sau momentul
sunt cunoscute ca fiind zero (datorita prezentei unei articulatii
in acel nod) iar programul nu va calcula forta in nodul

respecitiv.
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Punctul 1 coordonate 0,0,0
Punctul 2 coordonate 200,0,0

Sectiunea dreptunghiulara B=10; H= 20
Material E= 2.1 10° MPa; P=1000 N

Articulatie in punctul 1; rezemare in punctul 2 I

-49.62800

l41 =110l o]
_32.81300
15.33300
P T OOO@ED
1
1 2
II\ /’//_/—/"'/’/j

-h-_\_‘____h f__,_,d-ﬂ
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Exemplul 1

Lin Moment [MT] Lc=1

Hode

1
2
3
4
5
E
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

EDISLIST,LEJ 21.1.0

Valorile reactiunilor

Load ; 1

Node EFX ' EFEES
1 0.000=e+000 &5.000=e+002 0O.000=+000 5. 000=e+002
21 0.000e+000 5.000=e4+002 0.000=e4+000 5.000=4+002
Sum :  0.000e+000 1.000e+003 0.000e+000 1.000e+003
Diagrama de momente T
: Valorile
0.000=e+000 O.000=+000 0. 000=4+000 0. 0004000 O0.000=e+000 —1.875=-003 o ~
0.000e4+000 -1 .86%9=-002 0. 000=+000 O0.000=+000 O0.000e+000 -1 856e=-003
0.000e+000 —3.700=-002 0. 000=+000 O0.000=+000 O0.000=e+000 —1.800=-003 deplasarllor In
0.000e+000 -5 456e-002 0. 000=+000 O0.000=e+000 O0.000=e+000 -1, 706=—-003 0
0.000e+000 -7 . 100=-002 0. 0004000 O0.000e+000 O0.000e+000 -1 .575=-003 r]()(ijrl
0.000=e+000 —8.594=-002 0. 000=+000 0.000=+000 O0.000=e+000 -1, 406=-003
0.000e+000 =9 . 900=-002 0. 000e+000 0. 0004000 O0.000=e+000 —-1.200=-003
0.000e+000 —1.098=—001 O0.000e=4+000 O.000=e+000 O.000e+000 —-9.563=—004
0.000=e+000 -1 .180=-001 0. 000=4+000 0.000=e+000 O0.000=e+000 —6.750=-004
0.000e4+000 -1 .232=-001 0. 0004000 O0.000e+000 O0.000e+000 —3.563=-004
0.000e+000 -1 .250=-001 0. 000=+000 O0.000=+000 O0.000=e+000 1.90%7=-010
0.000e+000 -1 .232=-001 0. 000e+000 O0.000=e+000 O0.000=e+000 3. 562=-004
0.000=e+000 -1 .180=-001 0. 0004000 O0.000e4+000 O0.000e+000 6.750=—-004
0.000=e+000 —-1.098=-001 0. 000=+000 O0.000=+000 O0.000=e+000 9 . 563=-004
0.000e+000 =9 . 900=-002 0. 000e+000 0. 0004000 O0.000=e+000 1.200=-003
0.000e+000 —8.594=—002 0.000=+000 O.000=e+000 O.000=e+000 1.406=—003
0.000e+000 -7 . 100=-002 0. 000=+000 0. 0004000 O0.000=e+000 1.575=-003
0.000e+000 -5 456e-002 0. 000e+000 O0.000e+000 O0.000e+000 1. 706e-003
0.000e+000 —3.700=-002 0. 000=+000 0. 000e+000 O0.000=e+000 1.800=-003
0.000e+000 -1 .869=-002 0. 000=+000 0. 0004000 O0.000=e+000 1. .856=-003
0.000=e+000 0O.000=4+000 0. 000e4+000 0. 0004000 O0.000e+000 1.875=-003
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1

P

Punctul 1 coordonate 0,0,0
Punctul 2 coordonate 200,0,0
Punctul 3 coordonate 100,35,0

Sectiunea dreptunghiulara B=10; H= 20

Material E=2.1 10° MPa; P=100 N
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Rezultate:
Configuratia structurii deformate sub sarcina

Valorile tensiunilor rezultante, la nivelul elementelor

_In STRESS Lc=1

Van Mlszes

L.272040
I:EI - TEIE5A
-0 .E23E50

-0.333435308

._III.SIIlIZEIII

0. 40TOER

o.312278
L.212E7A0
o.124428
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Lin Moment [MI] Le=1

_ Diagrama de momente T

Valorile reactiunilor

[ DISLIST.1.2.1.46.1.0 M =] g3

Hode RFX RFZ RFEES
1 9.371e+001 5.000e=+001 0.000e+000 1. 06Z2e+002
21 =9.371e+001 5.000=+001 O0.000=+000 1.062e+002
Sum 0.000e+000 1.000e+002 O.000e+000 1.000e+002
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Elementul de grinda Beam 3D

¥ b i
4 3 (third node)
(2 A4
depth "z
« Este un element 1 N . & |
. . . -
de tip linie, cu / widh
dOUé nOdUI’i. 4 z » 2 - ¥¥Z:  Glcbd Cartesian Coordingte System
YT Bement Coordingate System
{ﬂ} ﬂ]ig:tlll'lEllt definition usi.ng (D3 Face numbers for pressure goplication

a third node

* Un al treilea nod
poate fi folosit
pentru orientarea
spatiala a
sectiunii
elementului

{B) Alisnment definition
using an orientation
angle ¥

() Element y-axis is parallel
to global X-Y plane if angle
B =0 (K is omitted)
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Beam3D EGROUP

Element group |1

Elerment Mame |BEAMAD: 2D elaztic beam element

BIE

BOLIMD: Boundary element
BLUOY: 1-node zphencal buopant

*Pentru analiza structurala sunt considerate 6 grade de libertate
pentru fiecare nod.

» Se accepta sectiuni nesimetrice, pentru care centrul de forfecare
nu coincide cu centrul de greutate

Op. 1: Section type (tipul sectiunii)

= 0; simetric (optiunea implicita)

= 1: nesimetric

= 2; simetric, cu sectiunea variabila liniar.

Op. 2 si Op. 3: Neutilizate

Op. 4: Se foloseste valoarea implicita

Op. 5: Se foloseste valoarea implicita (Linear elastic Material)

Op. 6: Se foloseste valoarea implicita (Small displacement formulation)
Op. 7 si Op. 8 Neutilizate pentru acest tip de element
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OP1:Beam Type I 0 Swrmmetric ;I

OP2:Unused aption IEI 0 Surnmetnc

_ 1: Unsyrmrmetnc
UF3:Unused ophion |':' 2 Summetric tapered

OF4:[ntegration Type II]: G auss ;l
OP5:Matenal Type ID: Linear Elashc ;I
UPE:Dizplacement Forrmulation II:I: Small ;I

OFY:Unused ophion |EI
OFE: Unuszed ophion |EI

UE. | Help | Cancel |
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Beam3D

Constantele reale se introduc din meniul RCONST, sau
sunt calculate direct pentru sectiunile din biblioteca
programului, cu ajutorul meniului BeamSection

IRCONST B3

RC1 : Cross-zectional area ||

RCZ : Maoment of inertia about p-axis [1y]

RC3 : Maoment of inertia about z-axis [12]

RC4 : Depth of beam [y-axis)

RCH : “Width of beam [z-axiz]

RCE : End-releaze code [node 1]

RCY : End-releaze code [hode 2)

RCA3 : Taorsional Constant 1]

HC3 : Shear factor in elemn. y-axis

O O O o O SO O

RC10: Shear factor in elem. z-axis

| . I Help

Cancel I
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Beam3D CTOR

T =T Valorile constantelor ce intervin in
max . . . . o .
J calcului tensiunii maxime la rasucire.
Cross-Section CTOR and Shear Factor
or CTOR=r ; J=lp= J— 'rg' - 090
o o 1
y CTOR=r J=lp =+ lzz — = 0.50
PT (3a+1.5b] | .
CTOR, = — =
; EI'J Baa I:F F DERE
g
2a H wWhera:
)= F[E -3mLn- b* 1]
3 A 12at
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.T.
4
2 ﬂ-l—J H
t
-—— B —_—
Solid Rectangular
1 Typed 1 Type 5 211 Type 6
* r -—
' | — 1
2 L mH L | 2 H
- TB ‘.—_H_TEF T
l [ 1 * er 1
~— B — -— B —= Bl
Hollow Rectangular Symmetric I Trapezoidal Solid
,IL Type T T 1 Tywped 1! Type 9
| -—
TH ! 2 I—I 2 *I—I:- !
2« H {1 THH
B | TE| | 2 l B
= TE J
Channel Z T
1 Type 10

TH vl

User-Defined Thin-Walled

Beam3D

Tipurile de sectiuni
predefinite, din meniul
BeamSection

(simetrice si nesimetrice)
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Un caz particular de element Beam3D, simetric, este
elementul PIPE, comod de utilizat intrucat numarul de

constante reale ce trebuie definite este redus

Element group |2

Element Mame | PIPE: Elastic straight pipe element

GAP: Gap element
GEMSTIF: General stiffneszs element
HLIME: Hypdraulic link,

IMPIPE: 2-ninde immerzed

: Elaztic straight pipe element
HBAR: Rigid bar element

RHLIME: Hadiation link,

SHELLA: Axizyrmmetric shell element

RC1 : Outer diameter
RC2 :Wwall thickness

HC3 : Intermal pressure

nipe/cable element

IRCONST B

Help I Cancel I

Wall Thickness (r2) >

j Internal Pressure (r3)

35

A

>

Outer Diameter (r1)
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