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Rezolvarea problemelor de Rezistenta Materialelor cu ajutorul limbajului
de programareMD-Solid 3-1

Capitol 1 —Intindere-compresiune

Problema 1
Bara ABCD , este actionata de fortele exterioare: Fa = 25 kN; Fg= 75 kN;

Fc =55kN; regiunea (1) A-B cu diametrul di= 60 mm; regiunea (2) B-C cu
diametrul d,= 80 mm; regiunea (3) C-D cu diametrul d3 = 100 mm.

Sa se afle fortele interioare de intindere —compresiune si sa se calculeze
tensiunile interioare din fiecare regiune.

- Se pun fortele exerioare din punctele A, Bsi C;
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Problem

Determine the required diameter for each segment of the axial member.
MNaormal stress limits are given for each segment.

Force

!

[

Segment (1)
160,

Problem-solving considerations
Cut free-body diagrams through each segment. Assume tension in each
sagment. From the equilibrium equations, solve for the force in each
segment. To find the required area, divide the axial force by the specified
normal stress. Find the diameter from the area.
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Introduction
This type of axial structure is used to introduce concepts of internal forces and Force
normal stress. To compute the internal forces in the axial member, we must cut
a free-body diagram through each segment. Once the internal force is known, we o Up Diameler
can find the normal stress in the segment or we can find the area necessary so S
that normal stresses are less than a specified stress limit. #® Down st
ress
Problems of this type are easier to solve If we adopt a consistent method of
drawing the free-body diagrams. As we construct each free-body diagram, we
will assume that the Internal force In a segment creates tension. A tension force
pulls on the surface exposed when we cut through the segmented axial member.

'_
o
B
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This assumed tension force may act in either the +y or the -y direction,
depending on how we cut the free-body diagram. We Include this assumed
internal force in the equilibrium equation and then solve for its value. 17 we
compute a positive value, then we know that the segment will indeed be
subjected to tension. If we compute a negative value for the internal force, then
we understand that the segment will actually be in compression.

Segment (3)

_ Diameter

Force

* Up
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Figura 1- Datele de intrare- Fortele exterioare [KN]
Se pun fortele exterioare:Fa = 25 kN; Fg= 75 kN;

Fc =55kN si diametrele :regiunea (1) A-B cu diametrul di= 60 mm; regiunea (2)
B-C cu diametrul d>= 80 mm; regiunea (3) C-D cu diametrul d3 = 100 mm;

-se duce sus si se da comanda calculeaza (Compute);
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- apare forta de reactiune din D, Fp = 45 KkN; fortele interioare din fiecare
regiune in parte;

Hack  Fee

Typical Mechanics of Materials Questions
a

Problem
Determine the normal stresses in each segment of the axial member. The _
diameters for each segment are given. Diameter

Stress

Problem-solving considerations o Up
Cut free-body diagrams through each segment. Assume tension in each # Down
sagment. From the equilibrium equations, solve for the force in each
sagment. Compute the segment cross-sectional area from the diamaeter. The
normal stress is the force divided by the area.

Introduction -
This type of axial structure is used to introduce concepts of internal forces and
normal stress. To compute the Internal forces In the axlal member, we must

cut a free-body diagram through each segment. Once the internal force is E
known, we can find the normal stress in the segment or we can find the area
necessary so that normal stresses are less than a specified stress limit.

Problems of this type are easier to solve if we adopt a consistent method of
drawing the free-body diagrams. As we construct each free-body diagram, we
will assume that the internal force in a segment creates tension. A tension
force pulis on the surface exposed when we cut through the segmented axial
member. This assumed tension force may act in either the +y or the -y
direction, depending on how we cut the free-body diagram. We include this
assumed internal force in the equilibrium equation and then salve for its value.
If we compute a positive value, then we know that the segment will indeed be
subjected to tension. If we compute a negative value for the internal force,
then we understand that the segment will actually be in compression.

Force

Calculation Diameter
Free-Body Diagrams

To find the internal axial force in Segment (1), draw a free-body diagram that
cuts through Segment (1) and includes the free end of the axial structure (I.e.,
loint A). Click button [1] to see free-body diagram. We will assume that the
internal force Fy In Segment (1) creates tension. In the y direction, the force
equilibrium equation for Segment (1) Is:

Iress

*Up
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Figura 2- Rezolvarea problemei
-Se duce jos in program unde scrie Free-body —Diagrams 0123;
- se alege regiunea interioara 1 ( se da clic pe ea) si apare:

-forta interioara F1= 25 kN: tensiunea normala interioara o1 = 8,842 MPa

Back File
Typical Mechanics of Materials Questions ® Support atfop
a
Compute Seament (1)
Problem ) Foree
Determine the normal stresses in each segment of the axial member. The
diameters for each segment are given. Diameter

Stress
Problem-solving considerations
Cut free-body diagrams through sach segment. Assume tension in sach
segment. From the equilibrium equations, solve for the force in each
segment. Compute the segment cross-sectional area from the diameter. The
normal stress is the force divided by the area.

Introduction =
This type of axial structure is used to introduce concepts of internal forces and Force
normal stress. To compute the internal forces in the axial member, we must
cut a free-body diagram through each segment. Once the internal force is
known, we can find the normal stress in the segment or we can find the area
necessary so that normal stresses are less than a specified stress limit.

m

Diamaster

m Stress
Problems of this type are easier to solve if we adopt a consistent method of
drawing the free-body diagrams. As we construct each free-body diagram, we
will assume that the internal force in a segment creates tension. A tension

frrca nille an tha ciirfara avnnead whan wa rut thranah tha canmantad avial

Figura 3- Regiunea (1)
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-Se duce jos in program unde scrie Free-body —Diagrams 0123;

- se alege regiunea interioara 2 ( se da clic pe ea) si apare:

-forta interioara F,= 100 kN: tensiunea normala interioara o2 = 19,894 MPa

Vertical

Back  File
Typical Mechanics of Materials Questions ® Suppor at top
a 1
Problem 2 Force

Determine the normal stresses in each sagment of the axial member. The

diamaters for each segment are given. Diametear

Problem-solving considerations
Cut free-body diagrams threugh each segment. Assume lension in each
sagment. From the equilibrium equalions, solve for the force in each
sagment. Compute the segment cross-sectional area from the diameter. The
normal stress is the force divided by the area,

Introduction

This type of axial structure is used to introduce concepts of internal forces and
normal stress. To compute the internal forces in the axial member, we must
cut a free-body diagram through each segment. Once the internal force is L | Diameter
known, we can find the normal stress the segment or we can find the area -
necessary so that normal stre : are less than a specified stress limit,

Fore

Stress

Problems of this type are easier to solve If we adopt a consistent method of
drawing the free-body diagrams. As we construct each free-body diagram, we
weill mae that the internal force in a nent creates t n. A tension
force pulis on the surface exposed when we cut through the segmented axial

member. This assumed tension lor\ce may act in either the +y or the -y

direction, depending on how we o il iant ik 1o prn0dy diagram We include this

assumes ernal force in the equiiionar daeation and the = value,

If we compute a positive value, then we know that the rngmr\nr will indeed be =

subjected to tension. If we compute a negative value for the internal force, =

then we understand that the segment will actually be in compression. . Fere
Calculation Diamatar
Free-Body Diagrams

To find the internal axial force in Seumenl (1), draw a free-body diagram that

cuts through Segment (1) and includes the ond of the axial structure (i.e Stress
Joint A). Click button [1] to see free Imtl\.- diagram. We will assume that the
internal force Fy In Segment (1) creates tension. In the y direction, the force
equilibrium equation for Segment (1) is:

- [ * Up
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Figura 4- Regiunea (2)
-Se duce jos in program unde scrie Free-body —Diagrams 0123;
se alege regiunea interioara 3 ( se da clic pe ea) si apare:

-forta interioara F3= 45 kN: tensiunea normala interioara o3= 5,73 MPa

Typical Mechanics of Materials Questions » Support attep
a b
X - Sagraant (1)
Problam
Delermine the normal stresses in each segment of the axial member. The
= for each it are glven.

Problem-solving considerations
Cut free-body diagrams through each segment. Assume tension in each
. From the 0l lions. solve lor the force in sach
segment. Compute the sagmant cross-sactional area from the diamater. The
normal stress is the lorce divided by the area,
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Figura 5- Regiunea (3)
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Problema 2
O bara arizontala este sustinuta de doaua tije (1) si (2);

Se dau diametrele tijelor verticale : d1 = 25 mm; d2 = 60mm; lungimea pe
orizontala intre tije este de 5m.

Actioneaza o forta P = 9KN la o distanta de tija (1) de x m.
Se afla fortele si tensiunile din tijele verticale si distanta x.

Se achimba unitatile de masura:

Typical Mechanics of Materials Questions |||
a b 1 Introduction |
The normal stress in Rod (1) must equal the normal stress in Rod (2). Use the definition
Problem of normal stress to derive an expression relating the force in Rod (1) to the force in Rod '
{2). Substitute this relationship into the vertical force equilibrium equation and solve for
Compute the normal stress in each rod. The load, the position of the load, the rod forces. Substitute these forces into a moment equilibrium equation to solve for
and the rod diameters are specified. the desired distance.
Problem-solving considerations
Write two equilibrium equations and solve these equations simultaneously to
compute the internal force in each rod. Compute the cross-sectional area
fram the diameter. To find the nermal stress, divide the internal ferce by the
cross-sectional area.
Force Units
. b
Red(1)———— Red (2) |
b
[EE_ Force oo [ tiop
1 m Diameter m Diameter KN
R - oo [CT '
Stress Stress Stress Units
psi &
Length Units

Click [ =] to view the animation Scene 1of2 e jﬂ

Figura 6- se modifica datele de intrare

For aach rod, write tha rod atreaas as fores divided by areaa. Eqguate the o
stress equations. From this relationship. obtain an expression for one of the

internal forces. Subslilute this <pr ion inte the equilibrium tiorns.

Problem-sclving considerations ‘

Diameter

Rod (1 :I—l
oo~ RN

Hick [=] to view the animation

Figura 7-Unitatile de masura
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Problem-solving considerations mm . For Rod (2), the diameter is 60,0 mm. The cross sectional area for Rod (2) is
E h rod it th d sir: f divided b . Eguate tha twi 28274 mm_. Since the problem requires that the normal stress must be the same in
SO0 PN EOSISHass 310108 CIVICE TNy O3 SHRITI tNe both rods, the force In Rod (1) divided by the area of Rod (1) must equal the force In
stress equations. From this relationship, obtain an expression for one of the Rod (2) divided by the area of Rod (2). Write this equation as:

internal forces. Substitute this expression into the equilibrium equations.
F1i/Ay = FafAz

Force Units
Rnd (1) fRed @ ————— kN Bl
m. Force I_ Ferce Diameter Units
‘m Diameter Diameter mm =

] Iress o
- — Strass Units

MPa =

Length Units

Compute |

Scene1of2 14| «| »|

dlick [>=] ta view the anir

Figura 8- Rezolvarea problemei 2
Problema 3

Un sistem de doua bare este solicitat de o forta concentrata F = 6 kN, se dau
tensiunile admisibile ale celor doua tije 6,; = 120MPa; o,, = 180MPa.

Sa se calculeze fortele interioare din bare si ariile barelor.

Se da compute si se afla.

Iypical Mechanics of Materials Questions
al bl cl Introduction
Since the bars are two-force members, the force carried by each bar must act along its
Problem longitudinal axis. Draw the free-body diagram for the joint where Bar 1, Bar 2, and the applied
load intersect.  All three forces act through a commen point; therefore, only two equilibrium
Compute minimum areas required for Bars 1 and 2. The allowable equations can be written: the sum of forces in the horizontal direction and the sum of forces in
stress for each bar is specified, the vertical direction,

Calculation
= = = The equaticn for the sum of forces In the horizontal direction is:
Problem-solving considerations

Consider a free-body diagram of the loaded joint, and solve for the F1 €0s(155,000%) + Fz c0s(55,000°) + Load = c0s(270.000,000°) = 0
forces in bars 1 and 2. Divide each bar's force by its allowable stress | |, (-0,9063) + F2(0,5736) + (6,000 kN) (1,0000) = 0

to find the required area.
The equation for the sum of forces in the vertical direction is:

Area Units
mm2 x|

Force Units

kM b
Stress Units
MPa =

jientation for Bars and Load

r'ﬁ::r—Z\ cad

000 270.000,000
ke ) Compue

Figura 9-Rezolvarea problemei 3
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Capitol 2 - Solicitarea la rasucire ( torsiune)

Problema 4

Un arbore incastrat la un capat si liber la celalalt capat este solicitat la torsiune
de momentele de torsiune exterioare din sectiunile B si C sunt egale cu : M= 4
KNm; Mic= 8 KNm.

Lungimile regiunilor A-B si B-C: lag = 650 mm; lsc = 480 mm, diemetrele
arborilor din fiecare regiune sunt : das = 50 mm ; dsc = 75 mm.

Arborele din prima regiune A- B este executat din aluminiu cu modulul de
elasticitate transversal Ga = 28 GPa iar arborele din a doua regiune B-C este
executat din bronz C 86100 cu modulul de elasticitate transversal Ggron; = 18
GPa.

Se cere:

- Diagrama de momente de torsiune interioare;
- Diagrama de tensiuni tangentiale;
- Diagrama deformatiile unghiulare.

Rezolvare:
In figura 10 se traseaza diagrama de momente de torsiune interioare.

S-au pus toate datele de intrare si se da calculeaza (Compute) dupa ce s-
a selectat diagrama de momente de torsiune (Plot Torque) din coltul

drepta jos.

angth Units

2 lorques
ccw

|mm

Diameter Units
|mm

Medulus Units

aft AB ST
Length [650,0 Length [480.0
T <A

o oo 0 o0

0.0
Shear Modulus TS o dulos
[28.00 - 18,00 =

0,00

Apply Defaults |

Select Plot
* Torque

4,00 ~ Shear Stress

0.0 0.0
Torque Diagram Compute

Figura 10- Diagrama de momente de torsiune interioare
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In figura 11 se arata cum se pun valorile in program , cum se schimba

valorile sau sensul momentelor de torsiune.
IDItu IS
< N-m 'D

2 Torques
Cloraues 3
K U X j = Length Units
mm |

Diameter Units
mm

odulus Units
GPa 'l
StresT oG

MPa 'I

Tale Units

radians 'l

Default Values

e O
o0 o

S

Shear Modulus

_Goply Dotauts |

Select Flot

Figura 1l
In figura 12 se traseaza diagrama de tensiuni tangentiale interioare.

S-au pus toate datele de intrare si se da calculeaza (Compute) dupa ce s-
a selectat diagrama de de tensiuni tangentiale (Plot Shear Stress) din

coltul drepta jos.

1 erque Unts
kM-

2 Torques
Torque B =
j J 4.0 Ler Units
— . Torque C
- oW e |[mm -
- - ow Diamatar Units
mm =

==
MMadulus Units

Shall BC
Length |4sn.n

Langth [BDD.U
o0 [60.0
o o0
Shear Modulus
|z8.00

~

0.0
Shear Stress Diagram

Figura 12- Diagrama de tensiuni tangentiale maxime [MPa]
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In figura 13 se traseaza diagrama de deformatii unghiulare [ radiani].

S-au pus toate datele de intrare si se da calculeaza (Compute) dupa ce s-
a selectat diagrama de deformatii unghiulare (Plot —Rotation Angle) din
coltul drepta jos.

2 Torques Torque Units

Torque B |k.N-m "|
4.0

Torque C Length Units
20 mm ~]

Diameter Units
mm

Modulus Units
GPa x

Strass Units
MPa

EFigle Units
radians &

Shaft AB Shaft BC
Length |650,0 Length |480,0 [
0.0
0D |s50,0 oD 750
oo o 00
D [0.0 D 0.0
00
Shear Modulus Shear Modulus
_ZB.M 7| 18,00

0,00 -
Apply Defaults

0,15133 Select Plot

Gl 0.0
Rotation Angle Diégram

Figura 13- Deformatii unghiulare [radiani]
Problema 5

Un arbore incastrat la un capat si liber la celalalt capat este solicitat la torsiune
de momentele de torsiune exterioare din sectiunile B, C si D sunt egale cu :
Mis= 10 KNm; Mc= 7 KNm; Mip= 12 kNm .

Lungimile regiunilor A-B ; B-C si C-D: lag = 360 mm; Isc = 450 mm, lcp = 710
mm diemetrele arborilor din fiecare regiune sunt : dag =50 mm ; dsc = 70 mm ;
dco = 40 mm.

Arborele din prima regiune A- B este executat din magneziu cu modulul de
elasticitate transversal Gmag = 18 GPa , arborele din a doua regiune B-C este
executat din monel ( Monel , wrougth HR 710) cu modulul de elasticitate
transversal Gmonel = 66 GPa iar arborele din a treia regiune C —D este executat
din otel ( Steel SAE 4340 HT) cu modulul de elasticitate transversal Gsteei= 76
GPa .
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Se cere:

- Diagrama de momente de torsiune interioare;
- Diagrama de tensiuni tangentiale;
- Diagrama deformatiile unghiulare.

3 lorques E—
ﬂ J j 1000.0 Torque ©
oW 1240.0
© CCW

- oW

Diameter Units
mm

Madulus Units
GPa

Shaft BC

Length |400.0

oD |45.0

ID |35.0

Shear Modulus

o

Shear Modulus

T —

© Torque
= Shear Stress

Torque Units

kMN-mm B
 Length Units
mm
: Diamater Units
mm -

: Modulus Units
GPa 2

| Stress Units
MPa Z

- Angle Units

Shaft AB
Length |360,0

radians -
Shaft BC Shaft CD

Torque Diagra

oD (50,0
D oo

Shear Modulus

m

0.0

Length 4500
aD [70,0
D [0,0

Length 1710,0

oD ,W
D jo.o

Shear Modulus Shear Modulus
[18,00 B 66,00 - 76,00 -

-12,00

|
Figura 15- Diagrama de momente de torsiune interioare
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Shear Stress Diagram

Torque B

© oW

Shaft AB
Length ﬁ_o
oo E.U
1} 50
Shear Modulus
18.00 -

Shall BC

Lengh [ss00
oD ,W
Do

Shear Modulus

oo ]

=
[
5]

0.0

Terqua C

P

-0,07

C

Shalt CD

Length ‘7100
oD ’W
Do

Shear Modulus

oo ]

Torque D

3 Torques

£ -

Figura 16- Diagrama de tensiuni tangentiale maxime

~Torgque B

100

- Shaft AB-

Length (3600
QD 50,0
D 00

Shear Modulus
18,00 B

Rotation Angle Diagram

0.0

T CW
~ CCW

0,00016

0.0

- Shaft BC

Length |450,0

QD 700
D oo

Sheaar Modulus

~Torgue C

-0,95

me]

oW
~ CCW

0,00015

G

- Shaft CD

Length 7100

oD |'|0.U
D |0.0

Shear Modulus

oo

Angle Units

radians q

~Torque D

|1 20

N

0.0

[ largua unns
kN-mm &
Length Units
mm =
| Diameter Units

fom ]

Modulus Unils-

GPa g

: Stress Units

MPa b

| Angls Units

radians =

Default Values

oro
o
D

Shear Modulus

Apply Defaults

~ Torque
© Shear Stress

T

-0,00030

Figura 17- Diagrama deformatiilor unghiulare
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Capitol 3 - Solicitarea la incovoiere

-se duce la MDD Solid Modules , clic dreapta si se alege incovoierea

( Determinate Beams)

—— = - :
file Modules Customize Help e ————
MD3Solids Help Documents I [

Animated Learning Tools

Problem
- Axial

€ £
= - N

Right click for Help —— e

ey Trusses

;]
=
=
=
©
(8

Figura 18 — Solicitarea la incovoiere

-Se da clic dreapta pe Determinate Beams si apare:

Back File Loads

@

Figura 19 — Solicitarea la incovoiere- Bara rezemata la ambele capete
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- Sedaclic dreapta pe bara rezemata la ambele capete si apar:
- Lungimea totala a barei ( Total Beam Length );
- Pozitionarea reazemelor pe bara;
- Caorigine se ia mereu capatul din stanga al barei;
FE Ueterminate beam Modul [N

Back File Loads I

Cancel

Figura 20 — Se pregateste enuntul unei probleme la incovoiere
-s-a ales lungimea totala a barei 6m;

- reazemul din stanga se afla la distanta de 2 m fata de capatul barei din
stanga;

- reazemul din dreapta se afla la distanta de 5 m fata de capatul barei din
stanga;

-Apoi se da clic dreapta pe Enter;

13
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Back File Loads

Cancel

Location of la

Figura 21- Lungimile barei si distanta reazemelor
Beam Diagrams Modul o L [l

Back File Options Help

Back File Loads

‘ = =

X
(m) 5, 6,

Load Diagram

.
YL ER R

Figura 22- Lungimile barei si distanta reazemelor si originea de referinta
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-In figura 23 se pune o forta concentrata in jos in valoare de 4 kN la
distanta de 0,5 m de origine;

- se da clic dreapta pe Enter;

[ S

Back File Optons Help

1amta e

Concentrated Loads
Laad Lecation

Cancel .

%
(m) 0 2,

@99
0

Load Diagram

Figura 23-Aplicarea unei forta concentrate F

Problema 6

O bara orizontala este rezemata de doua reazeme A si B la distantele fata de
origine la 2m si respectiv la 5 m.

Bara are sectiunea circulara cu diametru de 100 mm.
Bara este incarcata co o fota concentrata P1 =4 N ( in jos) in origine.

- Sa se traseze diagramele de eforturi interioare;

15
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- Sa se calculeze sagetile si rotirile sectiunilor transversale.

Figura 24- Problema initiala

| — —= _ - _ _ _ S . S = o — —
Back File Options Help
p].
A L] B
F A A P
x
(m) 0 2, 5, 6,
Load Diagram
[m =1 Loads =11 Reactions =
Click. om an area fof mone detaik
v
2,67 2,67
0,00
0,00 0,00
-4,00
-4,00
x
(m)
™ - Shear Diagra o
[+
0,00 0,00
0,00
-8,00

x
(m) 5,64
N-m = Moment Diagram

Figura 25- Diagramele de forte taietoare si de momente incovoietoare

-In figura 26 se alege sectiunea transversala a barei , se dace sus la Options,
apoi la Design
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Land Disgeam.

0,00

-4,00

=] Shoas Diagram

0,00 0,00

Figura 26- Alegerea sectiunii transversale a barei

Din figura 27 se da clic dreapta pe sectiunea transversala (Cross Section)

[ . P . B . B . T S . E— o I e S N —
Back File Cross Section Allowable Stresses

ShearfMoment Along the Beam

>-coordinate () |D-D ShearfMoment ‘
Shear Force (M) Mot calculated
Bending Moment (MN-m) Mot calculated
Analysis T Design T Unsymmetric T Max Loads
Masximum Select the lightest shape
Bending Standard Steel Shapes (US) Standard Steel Shapes (SI)
= Dmome“t ~ W, M, S, and HP Shapes ~ W, M, S, and HP Shapes
‘ ) — WT, MT, and ST Shapes — WT, MT., and ST Shapes
|N—m j — Structural Tube Shapes — Structural Tube Shapes
T P —" — Pipe Shapes — Pipe Shapes

Shear Force
(optional) — Structural Lumber (US) ‘
0.0 : :
= Rectangle - Aspect Ratic « Circular Shape
|N j — Rectangle - Fixed Width
Height-to-width ratic |1.0 imm |
Capture

Define an allowable stress (or a stress limit) for the material used
in the beam cross section.

Figura 27-Sectiunea transversala

Din figura 28 se da clic dreapta pe simpla (Simple)
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Back File

Flanged Double

Standard Help

Figura 28-Sectiunea transversala-Simpla ( Simple)

—
— =

] [ = ]HI‘“:Eih Wyl

Back Simpledfblanged Double Standard Help

[ 1l =

Box Shafie

Circls

Cylinder (Pipe be)

Specified Properties

Double Standard Help

270

Rotate |

Mohr s

prele
Click Compute to update section properties|
ick Compute to update section propearties
0,00 =] Material Elastic Qpa E
Ao cdulus

I Comoosite Beam

Figura 30-Sectiunea transversala-Simpla- circulara- fara diametru
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Eececiol N N - 5
Back File Simple Flanged Double Standard Help
User-defined Circle Shape Axes
| Cus
100,0
Ry
. - Z Axis Properti
Elastic Modulus E 207_000.0000
to in From bottom to centroid y [bot) 50,0000
1 From centroid to top y [top) 50,0000
Area of shape A 7.853.9816
Moment of Inertia 4,9087E +06
Rotate Section Modulus 98.174.7704
Section Modulus [bottom) 98.174.7704
=0 Section Modulus [top] 98.174.7704
Radius of Gyration 25,0000
a0 Plastic Modulus 166.666.6667
Shape Factor 1.6977
-z - 180 From bottom to plastic n.a. yp (bot) 50,0000
From plastic n.a. to top yp [top) 50,0000
o 270 Polar Moment of Inertia Ip 9.8175E+06 mm~4
Product of Inertia Ipz 0.0000 mm”~4
Maximum Moment of Inertia Imax 4.9087E+06 mm”™4
Rotat Minumum Moment of Inertia Imin 4.9087E+06 mm™4
olate Angle from z axis to Imax axis B 0.0000 degrees
Clockwise
Mohr'
Circl
Compute
To sc@le omp

El dulus /
207.000,00 Material Elastic Fa =
Modulus

Figura 31-Sectiunea transversala-Simpla- circulara- diametru

-In figura 32 se alege Options-Slope /Derflections Diagrams, se da clic
drepata pe Slope /Derflections Diagrams;

Beam Di
Zack Fil Options =
w ShearMoment™Saggrams
lope/Deflection Diagrams
Bearn 5tresses
Design
Shear Diagram Sign Convention
Moment Diagram Sign Convention [w] B
s Ea g
x
(m}) 0] 2, 5, G,
Load Diagram
n =1 Loads ~1 Fieactions
Click on an area fof more details E
5,33 5,33
0,00
0,00 0,00
-8,00
-8,00
x
(m)
o 'I Shear Diagram
0,00 0,00 E
0,00

Figura 32- Pentru calcularea sagetilor si rotirilor
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e St . .. WA 22 =B 2B 222= =B -
ack  File Options Help

[3]

2

Qj _ 0 B
P s LSS

X
(m) 0 2, 6,
Load Diagram

ﬂ | Loads ﬂ | Flesgtions =

0,001804

—— -451,100E-06

-451 4 00E-06 -451,100E-06

X
(m) ; 5,64
:gree v Slope Diagram

I

B ———
0,009091
do 0,0
-0,007873
-0,05249
X
(m) e

Figura 33-Sagetilor si rotirilor sectiunilor transversale

-In reazeme sagetile sunt egale cu zero, se vad din desen;

Problema 7

O bara incastrata la un capat si libera la celalalt , de lungime 8m .

La capatul liber actioneaza un moment incovoietor concentrat M =2 kNm.
Bara este de sectiune dreptunghiulara cu : h =120 mmsi b =70 mm.

- Sase traseze diagramele de eforturi interioare ( T si Miy);
- Sase calculeze sagetile si rotirile sectiunilor transversale.
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A
X
n 0 8,
Load Diagram
j I Loads j I Reactions j
on an area for more detalls ﬂ
0,00 0,00
X
m)
j Shear Diagra H
2,00 2,00
0,00

ij
L=

Moment Diagram

Figura 34-Diagramele de eforturi interioare ( T si Mi;)
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] Cross Sect oo -

¢ Properties Y Axis Properties Print Details

Back File Simple Flanged Double Standard Help

- Z Axis Properti
User-defined Rectangle Shape Axes
- Elastic Modulus E 193.000,0000
¢ y-z
¥ From bottom to centroid ¥ (bot) 60,0000 mm
i -y From centroid to top ¥ [top) 60,0000 mm
Area of shape A 8.400.0000 mm"2
K Moment of Inertia Iz 10,0800E+06 mm”™4
m = Section Modulus Sz 168.000,0000 mm3
_ | Section Modulus (bottom) 5 (bot) 168.000,0000 mm’3
Section Modulus (top) S [top) 168.000.0000 mm”~3
Radius of Gyration (53 34 6410 mm
toin | | Plastic Modulus zz 2620000000  mm™3
Shape Factor 1,5000
From bottom to plastic n.a. yp (bot) 50,0000 mm
Rotate From plastic n.a. to top h [top) £0.0000 mm
Polar Moment of Inertia Ip 13.5100E+06 mm"4
&0 Product of Inertia Iyz 0.0000 mm"4
Maximum Moment of Inertia  Imax 10.0800E +06 mm"™4
- 90 Minumum Moment of Inertia_ Imin 3.4300E+06 mm™4
Angle from z axis to Imax axis B 0,0000 degrees
z 180 Counterclockwise
-
© 270 ——— ..
Rotate |
Mohr's
Circle
To scal
astic Modulus N\
93.000,00 / | b Eeie P = Sheat Diagram
LA

Figura 35-Sectiunea transversala

B
Ml\%’
X
(m) 0 8
Load Disgam
ol Loate =l Reacion:
Shges
319,440E+06
0,000

[r’r‘l} 0,0
s ¥ Slope Diagiam

N >y Defecions

22, 301E+04

0,000
0,000

Figura 36- Sagetile si rotirile sectiunilor transversale
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Problema 8

O bara rezemata ca in figura , de lungime 10m .

La capatul liber actioneaza o forta concentrata P; = 10 kN.

Pe lungimea de 3m actioneaza o forta distribuita liniar w1 = 5kN/m
Bara este de sectiune profil I.

- Sase traseze diagramele de eforturi interioare ( T si Miy);
- Sase calculeze sagetile si rotirile sectiunilor transversale.

x
(m) 0 2, 3, 7, 10,

Load Draman
I =3 -

0,00 [ 0,00

-2,70 2,70

x
(m) 2,46
= Shan Dingeam

| Moment Diagram

Figura 37- Diagramele de eforturi interioare ( T si Miz)

AISC Shape W1100x342

¥

amele de efort

° |A523 Grade a2 -| 000

Yiold Stross = 280 MPa -2,27 |-10,20
Ultimate Stress = 414 MPa 10,00 —

Selected shape is NOT AVAILABLE in
this steel type and grade.

Figura 38-Sectiunea transversala
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Zack Fde Optiors Help

x
{m) U] 2, 3, 7, 10,
Load D an
| oot 15— :

0,001238 0,001017
697,473E-06

-0,001364
-0,002402

*
{m) 4,69

0,02589
0,01498
0,0
0,0
0,04128
-0,1078

*

{m) 4,69
wm =] d.lmm Dioww-?
—— e —— —— —

Figura 39- Sagetile si rotirile sectiunilor transversale

Problema 9
O bara rezemata ca in figura 40, de lungime 10m .
Bara este incastrata la capatul din dreapta si liber la stanga.

La capatul liber actioneaza o forta distribuita trapezoidal cu : qo = 2kN/m si g1 =
6kN/m .

La distanta de 6m fata de origine actioneaza un moment incovoietor concentrat
M: = 8kNm si la distanta de 8m actioneaza o forta concentrata P1= 25 kN.

Sectiunea transversala profil U ( C 12X30) din figura 42.
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-Sa se traseze cercul lui Mohr pentru sectiunea transversala;

- Sa se traseze diagramele de eforturi interioare ( T si Myy).

e e gy

Back Fie s Help

=
—
Fr
=]

{m) 0 4 6, 8 10,
Lo Dingram
m =] Loads - Reachions
9,00 9,00
0,00 ‘
0,00
16,00 16,00
16,00 16,00

{I'::l]
= S

82,67

®
{m) 10,0
vm =

O il A arw] @ ] e 1 A1

Figura 40- Diagramele de eforturi interioare ( T si Miz)

Back File Options Help

LSS
.
———
(md) o 4
Load Diagr.
o =11 Coads =1 = =
e o A o T TS @@5 e — |
=T
T, — O
0,00 \ 1
\ 0.0
-16,00 -16,00
-16,00 -16,00
>

(m)

=] - Shear Diagram D
0,00 .
-82,67
x

(md) 10,0

kM-m -~ MHMoment Diagram D

Figura 41-Forta si momentul de reactiune din reazemul incastrat
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AISC Shape C12x30

Axes
O y_z

[ x_y

Ratate
=0
- 20
~ 180
© 270

Rotate

{2529 Grade 50 |
et 7 T Wy

Yield Stress = 50 ksi
Ultimate Stress = 70 ksi

Selected shape is available in this steel

type and grade.

— = ™ —
Zm ¥ Asis Properties  Print _Excel gt

{ Z Axis Properties 1
Elastic Modulus E 29 0000E+06 psi

From bottom to centroid ¥ [bot) 6.0000 inch

From centroid to top ¥ [top) 6.0000 inch

Area of shape A 8.8200 inch™2
Moment of Inertia 1z 1620000 inch™4 1
Section Modulus Sz 27 0000 inch™3 N
Section Modulus [bottom] 5 [bot) 27 0000 inch™3

l Section Modulus [top) 5 [top) 27,0000 inch™3

Radius of Gyration [F3 4.2900 inch

Plastic Modulus Zz 33.6000 inch™3

Shape Factor 1.2444

From bottom to plastic n.a. yp [bot) 60000 inch

From plastic n.a. to top yp [top) 6.0000 inch

Polar Moment of Inertia Ip 0.8700 inch*4
Product of Inertia Iyz 0.,0000 inch™4
Maximum Moment of Inertia Imax 1620000 inch™4
Minumum Moment of Inertia Imin 51400 inch™4

Angle from z axis to Imax axis B 00000 degrees

Counterclockwise
=
0,00

Figura 42-Sectiunea transversala a barei

y direction
Iy

|5,14

(m)

kN

0,00

Xy direction
Ixy

|c:-,0

| lin~a

Figura 43-Sectiunea transversala a barei pentru Cercul lui Mohr
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Back  File Analysis Options  Help

¥ direction y direction xy direction
Ix Iy Ixy
162,000 5,140 | (0,000
-z W L
Ioymax = 78,430 in~4

In 162,000 in~4 C

I = 5,140 in~4 R =

83,570 in~4
78,430 in~4

QOrientation of Principal Axes

Compute Moments of Inertia at Arbitrary Orientation

080 4

¥

60

50

~ ap
"

N, 30
20

Angle from x axis
to x' axis

|17,=» (=]
=l

I 154,652 in?
Iy =12,488 in?

Ley 33,146 in?

Figura 44-Sectiunea transversala a barei-Cercul lui Mohr

Problema 10

O bara rezemata ca in figura 45, de lungime 5m .

La capatul liber actioneaza o forta distribuita trapezoidal cu : gg = 3KN/m si g2 =

8KN/m .

La distanta de 1m actioneaza o forta distribuita dupa un dreptugni cu wi=
3kN/m si in origine actioneaza un moment incovoietor concentrat M; = 6kNm .

Sectiunea transversala este data in figura 46 si este un profil dublu U.

-Sa se traseze cercul lui Mohr pentru sectiunea transversala;

- Sa se calculeze sagetile si rotirile sectiunilor transversale;

- Sase traseze diagramele de eforturi interioare ( T si Miy).
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X
(m) 0 1, 3, 3,

Load Diagram

n j I Loads El | Reactions

Zlick on an area fof more details

11,00
6,00
0,00
0,00 0,00
-4,83
-4,83
X
(m)
=
0,00
0,00
-3,00
-6,00
-12,67

(m) C ;
N-m 'I Moment Diagram

Figura 45- Diagramele de eforturi interioare ( T si Miz)
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Simple Flanged Double Standard  Help

User-defined Double C Shape (back-to-back)

focis Properties ¥ Axis Properties  Print Details  Excel

Elastic Modubus

E
From bottom to centroid ¥
From cantroid to top ¥ ltop]
A
[}

Area of shape

From bottam to plastic nos ¥p [bot)
From plastic n.a. bo top i ltap]
& ol Irveitia [
Product of Trenia [
Maximum Momant of Insitis Nemsat
inamm of Inetin Nemin

Angle from = axis to Imax acis B

6,00
0,00
0,00
-11,17
»
(m)
kM -
lastic Modulus
- - - 0,00
103.000,00 = aterial Elastic T = -3,0C
8 Modulus
___,..--""'.‘- -6.00
I Composite Beam >9
4
hMatarial A
[o.00 =] Assign area for this material by clicking
writh left mouse button
hMaterial B
|0,[:tj J A_Ssig_n area for this material by clicking
with right mousea button %
{m)
kM- —I

Figura 46-Sectiunea transversala

3ack File Analysis Options Help

-X direction y direction Xy direction
Ix Iy Ixy
|87,573E+06 |444,293E+06
e ——

Qrientation of Principal Axes

Details | Imm~4

\____/

178,36E+06 mm”™4

]xy Max =

-50 00°
X Y

265,93E+06 mm~4
178,36E+06 mm~4

I: =  444,29E+06 mm~4 =
Iz 87,57E+06 mm~4 R =

Yy

Compute Moments of Inertia at Arbitrary Orientation

Angle from x axis
70 to x' axis

==

90 go

Iy - 151,29E+06 mm*
Iy -380,58E+06 mm*

Loy - 136,63E+06 mm*

g0 -80

Figura 47-Sectiunea transversala-Cercul lui Mohr
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M1 s s s s s s / s
X
{m) 0 1 3, 5
Load Diogiam
n o Loads | Reaction;
0,00810
0,1136
0,2280
X
(m) 2,13
Jegree v Slope Dingr
0,7984
0.0
-1,407,407 0.0
-6,923

(m) 2,13
= G D

Figura 48- Sagetile si rotirile sectiunilor transversale

Az
AN O B
S S S S E
My~——="
X
(m) 0] 1, 3, 5,
ad Diagram
1 ;I I Loads ‘ ;I I FReactions
lick on an area fof more '_".',l = 1717 kM [down]
SN BT =

0,00

0,00 } \ 0,00
-1N17
-11,

Figura 49 — Fortele de reactiune din reazeme

X
fra
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Capitol 4 - Incovoiere — Incarcari simetrice

Problema 11

O bara rezemata ca in figura 50, de lungime 4m .

La capate actioneaza cate un moment concentrat M1 = M2 = 4kNm.
Pe lungimea de 4m actioneaza o forta distribuita liniar wy = 5kN/m.
Sectiunea transversala este un profil T standardizat din figura 51.
-Sa se traseze cercul lui Mohr pentru sectiunea transversala;

-Sa se traseze diagramele de eforturi interioare ( T si Mi;);

-Sa se calculeze sagetile si rotirile sectiunilor transversale.

pteam begEmavoc Y NS WS NS NS S O S W S
Back File Options Help
b
A
A
Mi———="
X
(m) 0 4,
Load DRagram
m LI | Loads j | Reactions E
Click on an area fof rore details l
10,00
0,00 0,00
0,00
-10,00
X
{m) 2p
kM - Shear [Fagram _D
)
6,40
0,00 0,00
-4,00 -4,00
X
(m) 0,45 2b 3,55
kMN-m - Moment Piagram _D

Figura 50- Diagramele de eforturi interioare ( T si Mi,)
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Din figura 50 se vede ca fata de axa de simetrie de incarcare diagrama de
momente incovoietoare este simetrica iar diagrama de forta taietoare este
antisimetrica.

In punctul de aintersectie al axei de simetrie cu diagrama de forte taietoare
,forta taietoare este egala cu zero (este un punct principal in care forta
taietoare interioara este egala cu zero).

Simetria se foloseste in multe cazuri si simplifica foarte mult calculul.

xisx Properties ¥ Axis Properties  Print  O=cel

| AISC Shape WTS500x374.5 Axes

= yz
1
[ 417.0 ] it

v

Rotate | 1 —
0,00

Mohyfs
Cirgle

E|

¥ield Stress = 345 MPa
Ultimate Stress = 483 MPa

Figura 51-Sectiunea transversala profil T standardizat

x direction y direction xy direction Orientation of Principal Axes
Ix Iy Ixy
|1,130E+09 |426_000E+06 0,000 2

) e : — —]

Ty Max =  352,00E+06 mm~4 |
Compute Moments of Inertia at Arbitrary Orientation
20 a0 Angle from x axis
;70 to x' axis
A7 60
Y T~ so0 =1
“{\. 40 | [
v ~
\\,.»3n Compute ‘
N-20
f-10
. Le = 1,13E+09 mm#
= 0
* Iy -426,00E+06 mm?*
- f—-10
20 Ly - 0,00 mm#*
/30
A
& -an
< -s0
I = 1,13E+09 mm~4 C = 778,00E+06 mm~d4 YR T e
Iz = 426,00E+06 mm~4 R = 352,00E+06 mm~4 -90 -80

Figura 52-Sectiunea transversala-Cercul lui Mohr
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SaLE  rHE UpLLns  Oep

F.%

E
M=
x
(m) 0 /—\ a
n =11 Loads /L ° BE“[ Mg actions

Click on an area fof more details

10,00

By = 10,00 kN [up]
[BSs 1000 1M fap) ey

0,00 0,00
0,00
-10,00
x
(m) 2,0
<M -~ Shear Diagram [
=
6,00
0,00 0,00
-4,00 -4,00
(r)r:) 0,45 2,0 3,55
N-m ] Moment Diagram I
Figura 53 — Fortele de reactiune din reazeme
md o i a,
; =2l Loads s Bl Fisactions =

0,001571
0, 001352

-0,001352
-0,001571

0,45

Silope fliagram

o

—_—
/ 0.0

0. 03835

2,0

Deflection Diagram

lo

Figura 54- Sagetile si rotirile sectiunilor transversale
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-Sagetile in reazeme sunt egale cu zero;

- Rotirea in punctul principal este egala cu zero ( punctul din mijoc) ;

Problema 12

O bara rezemata ca in figura 55, de lungime 6 m .

La capate actioneaza cate o forta concentrata P1 =P, = 8kN.

Pe lungimea de 6 m actioneaza o forta distribuita liniar wy = 3kN/m.
Sectiunea transversala este un profil Z din figura 57.

-Sa se traseze cercul lui Mohr pentru sectiunea transversala;

-Sa se traseze diagramele de eforturi interioare ( T si Mi;);

-Sa se calculeze sagetile si rotirile sectiunilor transversale.
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A O B
;S LSS FAr A
Axa de simetrie S-K
X
{m) 0 2, 4, 6,
Load Hiagram
j | Loads ZI | Feactions
ick on an area for mare detail:
6.008,00
3.000,00
Q
0,00 8,0C
-8,00 0,00 0,00
-3.000,00
-6.008,00
X
(m) 310
J - Shear Piagram
0,00 0,00
-4.506,00
-6.016,00 -6.016,00
X
(m) A0 6,0

Figura 55- Diagramele de eforturi interioare ( T si Miz)

Axa de simetrie geometrica si de incarcare S-K intersecteaza diagrama de
forte taietoare in punctul Q si aici T=0 ( punctul Q este un punct

principal).

Axa S-K este simetrica fata de diagrama de momente incovoietoare si
antisimetrica fata de diagrama de forte taietoare;
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LS P2

\LHLHHHIHHHHL

AN 9 B

F

x
(m) o 2, 4, 5,

ad Diagram
LI I Loads l LI I

ick on an area fof more details

FReactions

6.00

3.000,00

8,00

-3.000,00
-6.008,00

>
(m) 3,0

| - I Shear Diagram |

s

-4.516,00

-6.016,00 -6.016,00

(m) 3,0 6,0
d-rm vl Moment Diagram i

Figura 56 — Fortele de reactiune din reazeme
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/
~
| Rotate
- .
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BB |~ 180
= 270

Rotate I
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I
& To =

astic Modulu?
30.400.00 j arial Elastic @r, =

T Composite Beam
hMaterial A
]D.l‘ll‘l j Assign area for this material by clicking
with left mouse button

Malterial B
][_I_u[_l j Assign area for this material by clicking
with right mouse button

Figura 57-Sectiunea transversala profil Z
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x direction
Ix

y direction
Iy

[372,600E+06

T

[137,400E+06

xy direction

Ixy

Orientation of Principal Axes

178,200E+06 o,

(_comoue )
N——

? Details ) |Imm~a
\—-—‘“’

Compute Moments of Inertia at Arbitrary Orientation

Angle from x axis
to x' axis

oo =l o |

60

-9 -80 70

Compute I

Iy -449,16E+06 mm?
Iy = 60,84E+06 mm?

Iy - 88,80E+06 mm*

Figura 58-Sectiunea transversala-Cercul lui Mohr

Axa de 5i+netrie S-K
x
(m) 0 2, 4, G,
Load iagram
' =11 Loads =11 Reactions
45,687
\ 25,373
Q.
Rotirea in punctul Q este egala cu zero
-25,373 k
45,687
x |
(m) zjo 6,0
=gree vi Slope Biagram
210,382
0,0 0,0
1L.417,258
-1.417,258
x
m) 3]0
jee——— | Maflorsindl oo

Figura 59- Sagetile si rotirile sectiunilor transversale
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Capitol 5 - Incovoiere — Incarcari antisimetrice

Problema 13

O bara rezemata ca in figura 60, de lungime 6m .

La capate actioneaza cate o forta concentrata P1 =P, =9 kN.

Pe lungimea de 2m actioneaza o forta distribuita liniar wi = 4kN/m ;la capatul

din stanga , la fel la capatul din dreapta numai ca are sensul opus.
Sectiunea transversala este in figura 62.

-Sa se traseze cercul lui Mohr pentru sectiunea transversala;

-Sa se traseze diagramele de eforturi interioare ( T si Mi;);

-Sa se calculeze sagetile si rotirile sectiunilor transversale.

Rezolvare:

Py

\I, s

PN
P

Axa de asimetrie de incarcare S-K

2,

=11 Loads

Load Miagram

ck on an area fol more details

.50

0,00

13,00

Shear Piagram

13,00

-9,00

4,50

11,00

-11,00
4
(m)

|

~4,50

3,0

Moment Diagram

Figura 60- Diagramele de eforturi interioare ( T si My,

38



Rezolvarea problemelor de ” Rezistenta Materialelor ,, cu programul - MD Solid 2D — Dumitru Mihai

Axa S-K este 0 axa de simetrie geometrica si axa antisimetrica de incarcare
a barei.

Diagrama de forta taietoare este simetrica fata de axa S-K iar diagrama de
momente incovoietoare este antisimetrica fata de axa S-K.

Diagrama de momente incovoietoare se intersecteaza cu axa antisimetrica

S-K in punctul Q ( punct principal pentru ca momantul incovoietor este
zero).

LIS LS IR

Back File Options Help

Py Py

A O B
Far e
Axa de asimetrie S-K /
X
(m) 0 1: 41 5: 6:
Load 1
m ﬂ | Loads (j ]\ lHeactions ‘ ZI
Click on an area fof more details [ E P
8,50
4,50
0,00 0,00
-9,00
-9,00
-13,00 -13,00
X
(m)

ke - Shear Jiaglam R

11,00

Q 4,50
0,00
0,00
-4,50
-11,00

X
(m)
kM-m - Moment Diagram L

Figura 61 — Fortele de reactiune din reazeme
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. Section Properties

Axis Properties Y Axis Properties  Print  Details Exc_el/

Back File Simple Flanged Double Standard Help
- s
| User-defined Double | Shape Axes i
& yz Elastic Modulus E 200.000,0000 MFPa
From bottom to centroid y [bot) 101.6667 mm
Xy From centroid to top ¥ (top) 138.3333 mm
Y Area of shape A 24.000,0000 mm”~2
Moment of Inertia Iz 212.7333E+06 mm™4
mm hd Section Modulus Sz 1,53789E+06 mm"3
Section Modulus [bottom] S [bot) 2.0925E+06 mm"™3
Section Modulus [top) S (top) 1.5378E+06 mm"3
. Radius of Gyration 1z 94,1482 mm
toin
Plastic Modulus Zz 2,0600E+06 mm™3
1 Shape Factor 1.3395
(20 0 From hutlo_m to plastic n.a. vp [bat) 70.0000 mm
e —  Rotate From plastic n.a. to top wp (top) 170.0000 mm
& Polar Moment of Inertia Ip 612.1333E+06 mm~4
0 Product of Inertia lyz 0.0000 mm™4
200 M aximum Moment of Inertia Imax 399 4000E +06 mm™4
’ a0 Minumum Moment of Inertia Imin 212.7333E+06 mm™4
200,0 Angle from z axis to Imax axis B 90_0000 degrees
z [l Counterclockwise
200 ] ‘
\/‘ 4
. 0,00 |
-9,00
250,0 !
-13,
~ 0,0 > J To X
(m})
kN -
MPa
I~ Composite Beam
. 0,00
Material A ’ﬁ
J Mohe's Circle |
Zack File  Analyss Optens  Help
x direction y direction xy direction Orientation of Principal Axes
Ix Iy Ixy
[212,733E+06 [399,400E+06 0,000 4

Coompar——r—¢ petais ) | Imm7s

e —

Loy mMax =

93,33E+06 mm ™4

I, =
Ip =

399,40E+06 mm~4
212,73E+06 mm~4

306,07E+06 mm~4
93,33E+06 mm~4

Compute Moments of Inertia at Arbitrary Orientation

a0

Angle from x axis
to %' axis

|-2x.5

Figura 63-Sectiunea transversala-Cercul lui Mohr
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—-_—

lack File Options Help

Py

Axa de asimetrie de incarcare S-K

Wl W
A QO B
S LS 7 S LS
X
(m) 0 1, 2, 4, 3, 6,
Load [iagram
n j | Loads Z| | Reactions
0,01582 0,01582
0,008865
0,008865
-0,001122
-0,0011N /
-0,008152
X

(m) 1,83 3 4,17

legree - lope DRagram
\'I— _-/
0,2370
Punctul Q - sageata este egala cu zero
0,(0,05484
m D,D
0,0
Q -0,0548455

-0,2370

(m) —

m 1,83 4,17
—| | P o [ S - ——

Figura 64- Sagetile si rotirile sectiunilor transversale
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Problema 14

O bara rezemata ca in figura 65, de lungime 4m .
Pe bara actioneaza cate o forta concentrata P; = P, =5 kN.

Pe lungimea de 2m actioneaza o forta distribuita liniar wi = 6kN/m ;la capatul
din stanga , la fel la capatul din dreapta numai ca are sensul opus.

Sectiunea transversala este in figura 62.
-Sa se traseze diagramele de eforturi interioare ( T si Mi;);

-Sa se calculeze sagetile si rotirile sectiunilor transversale.

Rezolvare:
| . F I S g3 o I e B T g B I I L}
Back File Options Help
P, d P,
| Axa de asimetrie de incarcare S-K ﬂ
:l; |
A ﬁ B
P P S
X
(m) 0 1, 1, 3, 4,
Load Biagram
m ﬂ | Loads ﬂ | Feactions
Click on an area fof more detailz E
2.506,00 2.500,00 2.506,00
2.500,00
0,00
-2.500,00
-2.500,00 -2.506,00
X
(m)
M - Shear piagram
E
2.503,00
Punctul Q ,in care momentul incovoietor este
egal cu zero
0,00 Q
0,00 0,00
-2.503,00
X
(m) 2,0
FT—— M amant Flionsam

Figura 65- Diagramele de eforturi interioare ( T si M)
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Axa S-K este 0 axa de simetrie geometrica si axa antisimetrica de incarcare
a barei.

Diagrama de forta taietoare este simetrica fata de axa S-K iar diagrama de
momente incovoietoare este antisimetrica fata de axa S-K.

Diagrama de momente incovoietoare se intersecteaza cu axa antisimetrica

S-K in punctul Q ( punct principal pentru ca momantul incovoietor este
zero).

Back File Options Help

o
)
5]

=
[+

A O B
P
X
(m) 0 1, 3 3, 4,
Load
m j | Loads . .Y / R eactions ﬂ
Click on an area fof more details =25
2.500,00 2 406,00
2 0
00
-2.500,00
-2.500,00 -2.5(6,00
X
(m)
N - Shear Biagram ﬂ
2.503,00
0,00
0,00 0,00
-2.503,00
X
(m) 2,0
M-m - Moment Diagram ﬂ

Figura 66 — Fortele de reactiune din reazeme
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Back Fie Simple

Flanged Double Standard Help
Aluminum Shape S 12x0.350 Axas
= oy
== .
=y
vy
| C— |
0.35
to mm
Rotate
= 0 ha .
o ot nptee Dot
rE R e = a2 Ireme s BT Dooo0  Gagress
Ll .|
- ]"'3 :l < 180

viaterial Elastic
110,00

E
s S 0,00 /

42

S 12=0.350

S 2=0.428

x
{m)

Beam
Back File Options  Help

A B
’ s, # ’
®
(m)
m
-0,007183 -0,007183
®
(m) 1,0 3,0
B =
0,08357
0,08357
0,000 In punctul principal @ sageata eate egala cu zero
0,0 0,0
Q
-0,08357
®
(m) 1,0 3,0
mm > Dellection Disgran

Figura 68- Sagetile si rotirile sectiunilor transversale
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Capitol 6 - Grinzi cu zabrele (Trusses)

-se merge la MDSolid Modeles;

- se duce

le Modules Customize

la Truses ( Grinzi cu zabrele) si se da clic dreapta ;

Help | ——

MDSolids Help Documents I MDSolids Modules I Animated Learning Tools

Problem

e £
£

L

To define a
truss mamber,
click on the
desired starling
grid point with
the left mouse
button and drag
to the desired
ending grid
point.

Remember,
truss members
can onlv ba

Right click for Help || IRSSSSSISEEER

e Trusses

P
=

:
sq

Figura 69 —Date initiale - Grinzi cu zabrele

Define Truss Grid

cing interval
d % direct cror
10.0 10.0

¥
Mumber opfSpaces
12 5

Figura 70 —Pagina de lucru in grinzi cu zabrele
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New Truss

Back

/—\ Cu mausul se deseneaza grinda cu zabrele
u

Create

C Erase 48 000°

& Members
' Supports

- se merge din nod in nod ;
~ Loads

nod = punctul in care se intalnesc mai multe drepte

Undo

To define a
truss member,
click on the
desired starting
grid point with

Figura 70 —Constructia grinzi cu zabrele

(R Lwiwaey)

bara ( zabrea; elementele grinzii )

45 000° 45,000°

45.000°

- se pun reazemele (Supports) ;

-0 articulatie fixa si o articulatie mobila;

- grinda cu zabrele trebuie sa fie static determinata;

2n =b+3 ;: n = numarul de noduri iar b este numarul de bare

Click on the
supponed truss
joint with the left
mouse button
and drag in

Figura 71 — Punerea reazemelor

46



Rezolvarea problemelor de ” Rezistenta Materialelor ,, cu programul - MD Solid 2D — Dumitru Mihai

[ e e vt =7 =) 2T

Mew Truss

pack | R

= Croate 'ép

© Erase

“ Members
~ Suppors

s Loos| S it

[ Tupward direction) |

“ Loads

Compute

| To specity a

| load, dlick on

| the desired

| truss joint with

| the lefl mouse

| bufton and drag
| mither up.

| down, lelt, or

| right.

Aler releasing
| the mouse
| hulion, a bos
| will appear in
| which the force
| magnitude is
| entered.

g M B SHOROLRrEnT T o IS

Figura 72 — Punerea fortelor exterioare in noduri

Problema 15

Se da grinda cu zabrele din figura 73 cu incarcarea si rezemarea .

Sa se calculeze eforturile interioare din barele grinzii cu zabrele.

MNew Truss

Back

-1

S S

Problema numarul 15 - Grinzi cu zabrele
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Figura 72- Grinda cu zabrele

Edit [Member Forces - [Reactions B
12,0
Back A
B D E
40 8,0
& Create 13,33 (T)13.33 (Tﬁ
© Erase Y Barele sunt supuse la intindere-culoarea
13,2 (C)|3,77(C) 3,77 (T) albastra

© Memb

smoers 233 (T) 12,0(%)
C Supports A F Fx 4.0
& Loads 0,0(M) . 6,67 (C)

Compute

To specify a
load, click on
the desired
truss joint with
the left mouse

Fy 2,67

barele sunt supuse la compresiune - culoare portocalie

Figura 73- Eforturile interioare

- Se da clic drepata pe Member Forces si apar fortele interioare din

bare;

l 1TUSS ANAIYEIE MIoaw

Back File Stresses Help

Edit

BD =
Back CD
AC

2

Create

Compute ‘

Member Forces 3 Reactions
AB =9, Tension -
= 13,333 Tension
= 12,000 Tension
= 0,000 Tension =
BC = 13,199 Compression
DE = 13,333 Tension 8,0
CE = 3,771 Compression
CF = 6,667 Compression -

ag

To specify a

lnad Alinlk A

\

13,2 (C)[3.77 (C) 3,77 (T
e 33 (T) 12,0 (1) X

A Fx 4,0
0,0 (T) 6,67 (C)

Fy 2,67
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Figura 74- Eforturile interioare centralizate de program

. 1
Reactions /

Edit Member Forces B
— V.,
12,0
Back A
20 B D E
* Create -—13,33 (T)13,33 (T
~ Erase
13.2 (C)

~ Memb
- Sem er 9A33 (T) 12,0(%
~ Supports
* Loads

Compute

To specify a
load, click on
the desired
fruss joint with
the left mouse
button and drag

- | R,

Py = 9,333 Downward
pEx = 4,000 Ri

ght to Left
Fy = 2,667 Downwed

Figura 75- Fortele de reactiune din reazeme centralizate de program

Problema 16

Se da grinda cu zabrele din figura 76 cu incarcarea si rezemarea .

Sa se calculeze eforturile interioare din barele grinzii cu zabrele.

Back File Stresses Help

New Trus,

[Member Forces

- IReactions

Ba

Compute
To specify a
load, click on

=L

62°

4,036°

Figura 76- Grinda cu zabrele
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Back File Stresses Help

e e
Edit HMember Forces ™ -l

\ Reactions )

120 30,0
Back A
A C E F
45,0
48,0(T) \45,0 M 45,0(T) —d
4948(C) 3.04(M) 0,0
25() 00
B D Dx 45,0
430(C)
e By 175 Dy 05
. Compute
To spe
load, click on
Figura 77 - Eforturile interioare
Truss Analysis Modul
Back File Stresses Help
Edi [Member Forces N\ ki Reactions
— AC = 48,000 Tension .
AB = 49,477 Compression
Bac! BC = 29,500 Tension A30,0
CE = 45,000 Tension B
DE = 0,000 Compression E F 450
BD = 48,000 Compression . . U
& Creale EF = 45,000 Tension 45,0(T) 45,0(T) —
DF = 0,000 Compression -
* Erase
4948 (C) 34M 0,0
* Memb
embers 205 () 00
* Supports B D Dx 45,0
“ Loads 48,0(C)
By 175 Dy05
Compute
To specilya
load, elick on
the desired
truss joint with

the left mouse

Figura 78- Eforturile interioare centralizate de program
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Iruss Analysis Modul

ack File Stresses Help

Edit [Member Forces j@ -
— 4By = 17,500 Downward
Dx = 45,000 Right to Le
Back 120 /\30'0 / Dy = 0,504 Downward \
A C \ \ E F
45,0
& Create \ 48,0 (T) 45,0 (T) 45,0 (T) b
C Erase
49,48 (C) 3,04 (T) 0,0
¢ Members 295 (T 0.0
¢ Supports 1B 480 (C) Dy Dx 45,0
By 17,5 Dy 0,5

the desirad

Figura 79- Fortele de reactiune din reazeme centralizate de program

Problema 17

Se da grinda cu zabrele din figura 80 cu incarcarea si rezemarea .

Sa se calculeze eforturile interioare din barele grinzii cu zabrele.

New Truss

Back

Compute

To specily a
load, click on
the desired
truss joint with
the left mause
bution and drag
gither up,

Arwm laft Ar

45,000°

12,0

Figura 81- Grinda cu zabrele
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Jack Fle  tresses  Help

P L .
Edit @ For@ B Reactions J -

Back ACy 195 3.0
Cx 15,0 D 15,0
- 270(T) =
C
16,97 (T) 6,36 (C) 10,61 (T)
75(M)
E
12,0(C) 15(C)
A B
To specily a V
load, click on 12,0 3,0 Ey 15
the desired
truss joint with
the left mouse
button and drag
sither up.
Figura 82- Eforturile interioare
Back File Stresses Help
ember Forces ) i Reactions -
AC = 16,971 Tension
CD = 27,000 Tension
DE = 10,607 Tension Acy 195 30
AB = 12,000 Compression
BC = 7,500 Tension
BD = 6,364 Compression D 15.0
001 =5
C
16,97 (T) 6,36 (C) 10,61 (T)
15(1)
E
12,0 (C) 15(C)
A B
To specity a V
load, click on 120 30 Ey15
the desired
truss joint with

Figura 83- Eforturile interioare centralizate de program
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1 russ F\"BIySIS Woaul
ack File Stresses Help
Edit [Member Forces - /@) B
~ |gx = 15,000 Right to Left |
. = 19,500 Upward
Back
& Create Cx15.0
~ Erase
C embers
16,97 (T) 6,36 (C) 0,61 (T)
© Lo 7.5(T)
E
12,0(C) 7.5 (C)
Compute A B
To specily a V
load, click on 12,0 3,0 Ey 715
the desired
truss joint with

Figura 84- Fortele de reactiune din reazeme centralizate de program

Problema 18
Se da grinda cu zabrele din figura 85 cu incarcarea si rezemarea .

Sa se calculeze eforturile interioare din barele grinzii cu zabrele.

| Truss Analysis Modu
Back File Stresses Help

9,0

26,565° 26,565°

Compute 8,0
Q =

To specilya
load, click on
the desired
truss joint with

[T [T

21,0

Figura 85- Grinda cu zabrele
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-Se selecteaza sterge (Erase);
- se duce la forta si se da clic pe ea de mai multe ori pana se sterge;

- la fel se poate sterge si 0 bara a grinzii cu zabrele;

: Truss Analysis Modul

New Truss

Back

9,0

“ Create

26,565° 26,565°
~ Members
© Supports

« Loads

Compute

Using the left
mouse button,

click at the V
desired joint 21,0
and drag in the
direction of the

Figura 86- Stergerea unei forte

[ I russ Analysis Modul

tack File Stresses Help

@ |Member Forces j |Reactions j

46,96 (T) 0,0
21,0 (C) 0.0 (T)

Ax 34,0
34,0 (C) 8.0 (T) =

To specify a c E
load, click on

the desired
fruss joint with Ay 21,0 21,0
the left mouse
button and drag
either up,
down, left, or
right.

After releasing
the mouse

Figura 87- Eforturile interioare
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T Arlys ol J
Back File Stresses Help

Memberw

j ‘Reactions j

Edit ‘
AB = /21,000 Compression
BD = 9,000 Tension
CD = 0,000 Tension
AC = 34,000 Compression
BC = 46,957 Tension D
DE = 0,000 Compression 9.0
¢ Create G
46,96 (T) 0,0
21,0(C) 0,0(T)
A o Y 8’0
e’ 34,0(C) 8.0(T) =
. C E
To specify a
load, click on
the desired
truss joint with Ay 21,0 21,0
the left mouse
Figura 88- Eforturile interioare centralizate de program
Iruss Analysis Modul
Back File Stresses Help
Edit |Member Forces j Reactions / j
— Ax = 34900 Left to Right
Back
& Create
 Erase
¢ Members
0,0
0,0(T)
8,0
8,0(T) ==
C E
load, click on
the desired
truss joint with Ay 21,0 210
tha laft mniica

Figura 89- Fortele de reactiune din reazeme centralizate de program
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Capitol 7 - Grinzi cu zabrele cu axa de simetrie geometrica si axa de

simetrie de incarcare S-K

Problema 19

Se da grinda cu zabrele din figura 90 cu incarcarea si rezemarea .

Sa se calculeze eforturile interioare din barele grinzii cu zabrele.

New Truss

|Member Forces

B

|Reactions

Back

& Create

 Erase

© Members
 Supports
% Loads

!

Compute

To specify a
load. click on

New Truss

AB,O

AS,O

AB,O

S 5

e

Figura 90- Grinda cu zabrele

|Member Forces

E

|Reactions

4

Back

Compute

To specify a
load, click on
the desired
truss joint with
the left mouse

AB,O

As,o

AB,O

Axa de simetrie g

bometrica si de incarcare S_K

Figura 91- Grinda cu zabrele cu axa de simetrie geometrica si de incarcare

S-K
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Edit [Member Forces | Reactions -
6,0 50 6,0
A A A
B D F
¢ Create 25(T) 25(T)
C Erase
* Members
* Supports 3,54 (C) 3,54 (C)
9 leeee 85 (T) 5,0(T) 85(T)
A E
Ex 0,0
. 0,0 0,0 —
C
To speciy a v v
load, click on Ay85 Ey 85
the desired
truss joint with

Figura 92- Eforturile interioare

Edit |Member Forces - IReactions -

6,0
BaCk A /
B
= Create @‘ |
“ Erase

© Members -
s

© Supports

¢ Loads %

Compute

To specify a
load, click an Ay 8,
the desired
truss joint with
the left mouse
button and drag
either up, : K
down, left, or
right.

Axa de simetrie S-k

Figura 93- Eforturile interioare din grinda cu zabrele sunt simetrie fata de
axa de simetrie S-K
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Back File Stresses Help

e ———
c e - Reactions -
BD = 2,500 Tension *
CD = 5,000 Tension
AC = 0,000 Compression AS'U AB'D
AB = 8,500 Tension =
BC = 3,536 Compression
DF = 2,500 Tension D F
& Create EF = 8,500 Tension o 25(T)
CE = 0,000 Compression - e
¢ Erase
3,54 (C) 3,54 (C)
85(T) 50(T) 8.5 (T)
A E
Ex0,0
0,0 0,0 =
C
To specify a V V
lvad, click on Ay 85 Ey 85
the desired
Figura 94- Eforturile interioare centralizate de program
Truss Analysis Modul
tack File Stresses Help
Edil Member Forces - /@ |
B A 8,500 Do ard
x = 0,000 Right to L&t
Back Ay Ey = 8,500 Downward
D F
« Create / 25
C Erase
C Members
@ 3,54 (C)
¢ Loads
L0(T) A
x 0,0
0,0 —
Compute C
To spacify a V V
load, click on Ay 8,5 Ey 85
the desired
truss jaint with
the left mouse
button and drag

Figura 95- Fortele de reactiune din reazeme centralizate de program
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Problema 20

Se da grinda cu zabrele din figura 96 cu incarcarea si rezemarea .

Sa se calculeze eforturile interioare din barele grinzii cu zabrele.

Back File Stresses Help

N = d . "
New Truss ember Forces __ ( Reactions )

Back A1 20

Compute

To specily a
load, click on
the desired

Figura 96- Grinda cu zabrele

New Truss Member Forces | Reactions

Back A1 2

* Create

” Erase

~ Members

" Supports
* Loads

Axa de simetrie 5K
50 50

Compute

Figura 97- Grinda cu zabrele cu axa de simetrie geometrica si de incarcare
S-K
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IS Ty e

Jack File Stresses Help

ﬁ h
. Member Forces ) - IReactions ~|
12,0
Back
C E G
& Create / 5,0(T) 5,0 (T) \
¢ Erase
7.07(T) 8,49 (T) 8,49 (T) 7,07 (T)
- Members / B0 ( 0,0 FO (C) \Fx 0.0
* Supports 5,0 (C) 11,0 (C) 11,0 (C)=—— , 3
& Loads A D H
5,0 By 1,0 Fy 1.0 5,0
To specify a
load, click on
the desired
Figura 98- Eforturile interioare
back hile Stresses  Help
- W - \_[Reactions _J ~|

To specify a
load, click on
the desired

truss joint with
the left mouse

bu e arod Avas

Figura 99- Eforturile interioare din grinda cu zabrele sunt simetrie fata de

&xa de si-metrie y..

axa de simetrie S-K
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| Iruss Analysis Modul

lack File Stresses Help

L b = - “ -
Edit gmber Forceg /= -l . [Reactions _J §
AC =/,0/1 Tension o

BC = 5,000 Compression
AB = 5,000 Compression
CE = 5,000 Tension

DE = 0,000 Compression L
BD = 11,000 Compression

12,0

BE = 8,485 Tension 50(T)
AN
7,07(T) 8,49 (T) 8,49 (T) 7,07(T)
/ 180 ( 0,0 Nro (o) \Fx 0.0
5,0 (C) 11,0 (C) 11,0 (C)—N—5: -
A D H
5,0 By 1,0 Fy 1,0 5,0

Figura 100- Eforturile interioare centralizate de program

Truss Analysis Modul
Sack File Stresses Help
Edil [Member Forces - Reactiong .’ -
By = 1,080 Downward
12’0 00 Le RiQ
Back Fy /1,000 Dojvnward

To specify a
load, click on
the desired

[ IR N T .

Figura 101- Fortele de reactiune centralizate de program

din reazeme
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Capitol 8 - Grinzi cu zabrele cu axa de simetrie geometrica si axa de
antisimetrie de incarcare S-K

Problema 21

Se da grinda cu zabrele din figura 102 cu incarcarea si rezemarea .

Sa se calculeze eforturile interioare din barele grinzii cu zabrele.

iack  hile  Stresses  Help

A
New Truss @ B L’eactions E
6,0 6,0
Back A

Figura 102- Grinda cu zabrele

ﬂember Forcey E—— \_ [Reactions J b
, S ,

o
[==]

30
Axa S-Keste axa de ’imetrie geometrica si axa antisimetrica de incarcare

To specify a

Figura 103- Grinda cu zabrele cu axa de simetrie geometrica si antisimetrie
de incarcare S-K
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e

h
\ ‘Reactions ) J

© Members
¢ Supporls
Loads

(Qomputey

e’
Ta specify a
load, click on

FlE Jueses  MEp

Ay 0,0

0,0(T)

0,0

]
As,u 6,0
C E G K
) (T) b 0 (T)—\3,0 (€) 30 (C)/
1240 | 4240 | 4AMm | 42M 0,0(T)
Lo L
30(T) " 80 () 0 00 " " 3,0(C) "
B D F H
30 30 Ly 0,0

Edit

|Member Forces

Back

Create

Erase

Members
Supporls
Loads

specify a
i, click on
v desired

Figura 105- Eforturile interioare din grinda cu zabrele sunt antisimetrice

Figura 104- Eforturile interioare din grinda cu zabrele

\Reactions j

x00

Axa S-K find axa de simetrie geometrica si axa antisimetrica de incarcare

fata de axa de simetrie geometrica S-K
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jack bile Stresses Help

Erase

C Members

Supporis
Loads

ber Forg
AC = 0,000 Tension

BC = 3,000 Tension
AB = 0,000 Compression
CE = 3,000 Tension
DE = 6,000 Tension
BD = 0,000 Compression
EG = 3,000 Tension
FG = 0,000 Compression

0.0(M
A
00 3.0(T)
B

Ay 00 30

424(C)

j c \Reactions > j
. As,o 6,0
E G K
30(T) 30(C) 30(C)
424 (C) 424(T) 424(T) 0,0(T)
80 (7 0,0 30(C) L Lx 0,0
Q) 0.0 0,0
D F H
3.0 Ly 0,0

o Left

4,2

To specify a
load, click on
the desired
Figura 106 - Eforturile interioare centralizate de program
Edit |Member Forces j Reaction
B f 0,000 Do
= 0,000 Ri
Back Ly = 0%Q0 Downw
G
“ Create =30 (T)—\S',U (C)
" Erase 14(C) | 42
80 (% 0,0
e, 0,0
D F

Ta specilya
load, click on

Figura 107 - Fortele de reactiune centralizate de program

din reazeme
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Problema 22

Se da grinda cu zabrele din figura 108 cu incarcarea si rezemarea .

Sa se calculeze eforturile interioare din barele grinzii cu zabrele.

Jack File Stresses Help

Nz,n 20,0 Azn,n 12,0

Figura 108- Grinda cu zabrele

New Truss

Back Nz,o 20,0 Azo,o 12,0

 Create

 Erase

* Members

 Supports
% Loads

K
Axa de simetrie geometrica si axa de anitisimetrie de incarcare 5-K
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Figura 109- Grinda cu zabrele cu axa de simetrie geometrica si antisimetrie
de incarcare S-K

Back FHle Stresses Help /_\

Edit $ Member Forces ‘;— — j \ Reactions )
]
12,0 20,0 Azo,u 12,0
B D F H J
12,0(C) 12,0 (C) 12,0 (T)mp==12,0 (T)

16,97 (T) 16 97 (T) 16,97 (C) 16,97 (C)
G,0(T)

GxUU
0,0 UO(T) %7

Gy 4,0

Edit %
20,0 2.0
Back \5
- J
# Create
C Erase

~ Members ; T y " ‘ 0 0,0
 Supporls , , : 0,0
« Loads I

Axa de simetrie geometrica si antisimetrica de incarcare S-K

Figura 111- Eforturile interioare din grinda cu zabrele sunt antisimetrice
fata de axa de simetrie geometrica S-K
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Back File Stresses Help

ﬁ
-~ (. [Reactions ) B
AB ="U,000 Compression »
AC = 0,000 Compression
BD = 12,000 Compression AZD’D 120
CD = 20,000 Compression
DF = 12,000 Compression F H )

EF = 0,000 Compression . .
CE = 0,000 Tension C) —120(T) 120(T)

FH = 12,000 Tension
C Erase

m

16,97 (T) 16 97 (T) 16,97 (C) 16,97 (C)
¢ Members 0 G0 0,0
* Supports 0,0 D 0(T) -G'GHQA 0,0
E |
G20,0,0

load, click on

Figura 112 - Eforturile interioare centralizate de program

Back File Stresses Help h

Edi IMember Forces v Reactions N
~ /f Cy =4,000 Downward
Back 1 20
D F H A
© Create 120(C) 12,0 (C)/ 120(T 0
¢ Erase
16,97(T) 16,97 16,97{C) 16,97 (C)
¢ Members 0,0 20,0 (C/ Gx 0.0 GO 0,0
00 0,0(T) et 00
A E I
Cyd0 G20,00
Compute
To specily a
load, click on
em Adanivad

Figura 113 - Fortele de reactiune centralizate de program
din reazeme
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