Lab.vezba br. 2 - Proracun ramovske konstrukcije
Rac¢.projektovanje masSina za transport i meh. Sk.god.: 2024/25

Student

- Projektni zadatak -
Laboratorijska vezba br.2

Na slici je prikazana skica ramovske konstrukcije koja se sastoji od horizontalnog
nosaca, vertikalnih/kosih nosaca i kratkih nosaca (duZine a). Struktura je opterecena silama,
kontinualnim opterecenjima i momentom, sa intenzitetima prema podacima u prilogu.
Karakteristike nosaca su takode date u prilogu. Kratke nosace tretirati kao "fiktivni" element.
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F=10 kN
g=10 kN/m

Dimenzije su Sematski zadate po "grid-linijama" sa kvadratima a x a.

Potrebno je uraditi sledece:
» lzvrsiti staticki proracun strukture primenom MKE u programu SAP 2000
» lzvrsiti dokaz ¢vrstoce strukture

» lzraditi tehnicki izvestaj i pripremiti u PDF-u

dr Vlada Gasi¢
Zadatak izdao
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Staticki proracun ramovske konstrukcije
1. Numeracija ¢vorova KE
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Slika 1 - Numeracija ¢vorova KE modela

2. Koordinate ¢vorova KE

Tabela 1 - Koordinate ¢vorova
TABLE: Joint Coordinates

Joint CoordSys CoordType XorR Y z

Text Text Text cm cm cm

1 GLOBAL Cartesian 0 0 0
2 GLOBAL Cartesian 0 0 100
3 GLOBAL Cartesian 0 0 200
4 GLOBAL Cartesian 100 0 200
5 GLOBAL Cartesian 0 0 400
6 GLOBAL Cartesian -200 0 400
7 GLOBAL Cartesian 200 0 400
8 GLOBAL Cartesian 300 0 400
9 GLOBAL Cartesian 400 0 400
10 GLOBAL Cartesian 400 0 200
11 GLOBAL Cartesian 300 0 200
12 GLOBAL Cartesian 400 0 0
13 GLOBAL Cartesian 600 0 400
14 GLOBAL Cartesian 600 0 500
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3. Numeracija elemenata KE
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Slika 2 - Numeracija elemenata KE modela
4. Postavka elemenata
Tabela 2 Postavka elemenata
TABLE: Connectivity - Frame
Frame Jointl JointJ Length CentroidX CentroidY CentroidZ

Text Text Text cm cm cm cm
1 1 2 100 0 0 50
2 2 3 100 0 0 150
3 3 4 100 50 0 200
4 3 5 200 0 0 300
5 6 5 200 -100 0 400
6 5 7 200 100 0 400
7 7 8 100 250 0 400
8 8 9 100 350 0 400
9 9 13 200 500 0 400
10 13 14 100 600 0 450
11 12 10 200 400 0 100
12 10 9 200 400 0 300
13 10 11 100 350 0 200
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5. Karakteristike poprecnih preseka

Na narednim slikama date su karakteristike poprec¢nih preseka koris¢enih za ovu ramovsku
konstrukciju, kao i karakteristike Celika od kojeg je konstrukcija izradena.

Material Property Data e S - Material Property Data
General Data General D ata
Material Mame and Display Colar |5235 . taterial Mare and Display Colar |Fiktivni_E .
M aterial Type |Steel J Material Type |Stee| J
Material Naotes todifyShow Motes... | taterial Motes tadify/Shaw Notes... |
Weight and Mazs Units “wheight and Mazz Units

Wweight per Unit Walume

Mazz per Unit Yolume

|sotropic Property Data

Modulug of Elasticity, E

Paisson's Ratio, U

Coefficient of Thermal Expansion, A

Shear Modulus, G

Other Properties for Steel Materials
Minimum vield Stress, Fy
Minimum T ensile Stress, Fu
Effective Yield Stress, Fye

Effective Tensile Stress, Fus

[ Switch To Advanced Property Display

o]

7.843E-08

[KN, cm, C

1.170E-05
B076.9231

s
e
585
86

Cancel |

o

=

Wwieight per Unit Wolume

Maszs per Unit Yaolume

|zotropic Property D ata

Moduluz of Elasticity, E

Poizzon's Ratio, U

Coefficient of Thermal E xpanzion, &

Shear Modulus, G

Other Properties for Steel Materials
Minimum igld Stress, Fy
Minirium Tensile Stress, Fu
Effective Yield Stress, Fye

Effective Tensile Stress. Fue

[ Switch To Advanced Property Display

o ]

[kM.em.C |
0.

[2000
B
[7EG
T

35
e
585
G

Cancel |
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Slika 3 - Karakteristike Celika S235 kao i materijala koris¢enog za fiktivne elemente u konstrukciji
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I/Wide Flange Section | 1
Property Data
Section Name [PE270
Section Motes Modify/Show Notes... | Section Name |IPE270
Properties Property Modifiers Material Froperties
Section Properties... | Set Modifiers. .. | ﬂ 5235 - Cross-zection [axial) area 44.0138 Section moduluz about 3 axiz 407.759
Moment of Inertia about 3 axis 5504.7467 Section madulus about 2 axis £2.0536
Dimensions 418.8617 460.5333
. . 27 ] Moment of Inertia about 2 axis . Plastic modulus about 3 axis .
Outzside height [£3]
Product of Inertia about 2-3 o Plastic modulus about 2 axis 56856
Tap flange wicth [12] 135 o T ) i ) T
Shear area in 2 direction . Radius of Gyration about 3 axiz .
i 1.02 E ,7
Top flange thickness (f) T Shear aiea in 3 direction 2295 Fiadius of Gyration about 2 axiz 3.0843
'web thickness [tw] OEe Torsional constant 11.4484 Shear Center Ecoentricity (x3) 0
Bottom flange width [ 25 ] 133
Battom flange thickness [ th ] 1.02 :
Diizplay Color .

nr
Slika 4 - Presek profila IPE 270 sa njegovim karakteristikama
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I/Wide Flange Section

]

Outside height [ t3]

Top flange width [ 2]

‘wieb thickness [tw]

Top flange thickness [ tF]

Bottom flange width [ t2b ]

Bottom flange thickness [ tfh] I1 4

s

J30. | | |

-

Display Color

General Section

Moment of Inettia about 2 axis lw
I
z@m
T
[ emm

Product of Inertia about 2-3
Shear area in 2 direction
Shear area in 3 direction

Tarzional constant

Plastic modulus about 3 axis

Plastic modulus about 2 axis

Property Data
Section Name |HE&300
Section Motes Modify/Show Notes.. I Section Name |HEA3DD
— Properties Property Modifiers —— —Material — Propertie
'W ’7 Set Modifers... | ’7 ﬂm | Cross-section [axial] area IW Section modulus about 3 axis IW
Dimensior Moment cf Inetia about 3asis | 17289598 Section modulus sbout 2 asfs | 4200894

I 1305.0685
I B34.7324

Fladius of Gyration about 3 axis I 127534
Fladius of Gyration about 2 axis I 7.7004

Shear Center Eccentricity [x3]

——

Slika 5 - Presek profila HEA 300 sa njegovim karakteristikama
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A
Property Data

Section Name

|FIETIVMI EL

Modify/Show Motes.... I

Section Motes
— Properties Property Modifiers—— —Material—————
[ section Properties... | { Set Modifiers... | { e |
r— Dimensiar:
Depth [13] 4572 2
width [12]

(1)

o
L——"]
P

Section Mame

|FIKTIVNI EL

— Propertie:

Crozs-zection (axial] area W
Moment of Inertia about 3 axiz W
Moment of Inertia about 2 axiz W
IU-—
[85
[
[s203

Product of Inertia about 2-3
Shear area in 2 direction
Shear area in 3 direction

Torsional constant

Section modulus about 3 axis
Section modulus about 2 axis
Plastic modulug about 3 axiz

Plastic modulus about 2 axis

e
T
-
T

Fladius of Gyration about 3 axis I‘I 27.534
Fadiuz of Gyration about 2 awis I??.DU4

Shear Center Eccentricity 23]

—

-

Dizplay Color

[ox |

Cancel |
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Slika 6 - Presek fiktivnog poprecnog preseka sa njegovima karakteristikama
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Slika 7 - Prikaz dodeljenih poprecnih preseka konstrukcije
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6. Prikaz spoljasnjih opterec¢enja ramovske konstrukcije

20.00

0.10
0.10
10.00

10.00
10.00

010

10.00

Slika 8 - Prikaz spoljasnjih opterecenja u xz-ravni

Slika 9 - Prikaz spoljasnjih opterecenja u 3D
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7. Rezultati proracuna
Prikaz reakcija oslonaca

- 40.00
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Slika 10 -Prikaz reakcija oslonaca u xz-ravni
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Slika 11 - Prikaz reakcija oslonaca u 3D
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Tabela 3 Reakcije oslonaca

Joint OutputCase CaseType F1 F2 F3 M1 M2 M3
Text Text Text KN KN KN KN-cm KN-cm KN-cm
1 DEAD LinStatic -10 0 40 0 0 0
12 DEAD LinStatic 0 0 30 0 0 0

Prikaz deformisane strukture

L ]

i e

Slika 12 - Prikaz deformisane strukture

Tabela 4 Pomerani'a ¢vorova KE modela

Joint OutputCase CaseType U1l U2 U3 R1 R2 R3

Text Text Text cm cm cm Radians Radians Radians
1 DEAD LinStatic 0 0 0 0 0.004819 0
2 DEAD LinStatic  0.474439 0 -0.004328 0 0.004387 0
3 DEAD LinStatic  0.869842 0 -0.008655 0 0.003522 0
4 DEAD LinStatic  0.869842 0 -0.362227 0 0.003535 0
5 DEAD LinStatic  1.228122 0 -0.015147 0 0.000061 0
6 DEAD LinStatic  1.228122 0 -0.068034 0 -0.000306 0
7 DEAD LinStatic  1.228122 0 -0.009038 0 -0.000122 0
8 DEAD LinStatic  1.228122 0 0.003631 0  0.000015 0
9 DEAD LinStatic  1.228122 0 -0.010819 0  0.000566 0
10 DEAD LinStatic  1.100952 0 -0.006492 0 -0.00001 0
11 DEAD LinStatic ~ 1.100952 0 -0.008945 0 -0.000024 0
12 DEAD LinStatic  1.103018 0 0 0 -0.00001 0
13 DEAD LinStatic ~ 1.229914 0 -0.234293 0 0.001668 0
14 DEAD LinStatic  1.399592 0 -0.234293 0 0.001696 0
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Prikaz dijagrama aksijalnih sila
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Slika 13 - Prikaz dijagrama aksijalnih sila

130.01
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Prikaz dijagrama transferzalnih sila
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Slika 14 - Prikaz dijagrama transferzalnih sila

11




Lab.vezba br. 2 - Proracun ramovske konstrukcije
Rac¢.projektovanje masina za transport i meh.

Sk.god.: 2024/25

Prikaz dijagrama momenata savijanja

Slika 15 - Prikaz dijagrama momenata savijanja
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Dokaz c¢vrstoce

Dokaz Cvrstoce horizontalnog nosaca

Horizontalni nosac izraden je od profila HEA 300 cije su karakteristike popre¢nog preseka
date u nastavku teksta, a preuzete iz priloga F (priru¢nik za Osnove metalnih konstrukcija u
masinogradnji) na strani P-16.

4

L |
h =29 cm r/" 1d
b = 30 cm - .‘_t
tw = 0,85cm w
tr = 1,4 cm
A =112,5 cm® h Yy«
I, = 18260 cm*
Sy =692 cm?®
W, » = 1260 cm?
ely | ‘tf
PAWR
v | | |
v
Z

Materijal koji se koristio za izradu profila je S235, a koeficijent sigurnosti se uzima za prvi
slucaj opterecenja pa je:

f, =235 kN/

com? napon na granici tec¢enja

v=15 koeficijent sigurnosti za prvi slucaj opterecenja

Oaop =L =15,67kN/

om? dopusteni normalni napon

Taop = Jjgp = 9,045 kacmz dopusteni tangencijalni napon

Maksimalne vrednosti optereéenja u horizontalnom nosacu

Npax = 20 kN aksijalna sila
Vinax = 20 kKN transferzalna sila

Mo = 3000 KNcm  moment savijanja

Maksimalne vrednosti napona u horizontalnom nosacu bice

_ Nmax _ 20 kN
ONmax = 2% = ——=0,18—

A 1125 m?2 < Odop

13
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M,.. 3000 kN
OMmax =y T 1260 2,38 12 < Jaop
Vnax * S 20692 kN
Tmax = e =09—< Tdop
I, -ty 18260 - 0,85 cm?

Parcijalni i dovoljni uslovi dokaza ¢vrstoce su zadovoljeni

Dokaz cvrstoce vertikalnih nosaca

Vertikalni nosaci izradeni su od profila IPE 270 ¢ije su karakteristike poprecnog preseka date
u nastavku teksta, a preuzete iz priloga F (priruc¢nik za Osnove metalnih konstrukcija u
masinogradnji) na strani P-12.

h=27cm

b =13,5cm
tw = 0,66 cm
tr = 1,02 cm
A = 45,9 cm?
I, = 5790 cm*
Sy = 242 cm?®

Wery = 429 cm®

Maksimalne vrednosti optereéenja u vertikalnim nosac¢ima

Npax = 40 kN aksijalna sila
Vinax = 20 kKN transferzalna sila

Mo = 2000 KNcm  moment savijanja

Maksimalne vrednosti napona u vertikalnim nosacima bice

_ Npax _ 40 kN
ONmax = A 459 0'87cm2 < Odop

My 2000 kN
OM,max = Wey = 4729 = 4,66—Cm2 < Odop
Vinax * Sy 20242 kN

Tmax = 1T = 5790 0,66 7 cm? 40P

Parcijalni i dovoljni uslovi dokaza cvrstoce su zadovoljeni
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Tabela 5 Opterecenja elemenata
TABLE: Element Forces - Frames

Frame Station
Text cm

0
50

100

50
100

50
100

100
200

50
100
150
200

50
100
150
200

50
100

50
100

50
100
150
200
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OutputCase  CaseType
Text Text
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic
DEAD LinStatic

Prilog

P
KN

O O o o o

1.819E-12
1.819E-12
1.819E-12
1.819E-12
1.819E-12
0

0

0
-7.276E-12
-7.276E-12
-7.276E-12
20

20

20

20

20

V2
KN
10
10
10
5.684E-12
5.684E-12
5.684E-12
-10
-10
-10
3.126E-12
3.126E-12
3.126E-12
3.109E-15
5
10
15
20
-10
-5
1.489E-11
5
10
10
10
10
20
20
20
-1.453E-12
-1.453E-12
-1.453E-12
-1.453E-12
-1.453E-12
20
20
20
0
0
0
2.194E-11
10
20
-10
-10
-10

m3

KN-cm
3.638E-12
-500
-1000
-1000
-1000
-1000
-1000
-500
1.273E-11
-2000
-2000
-2000
2.274E-13
-125
-500
-1125
-2000
1.649E-09
375
500
375
-1.328E-09
-1.328E-09
-500
-1000
-1000
-2000
-3000
-2000
-2000
-2000
-2000
-2000
2000
1000
-2.328E-10
-1.819E-12
-1.819E-12
-1.819E-12
1000
500
-1000
-1000
-500
9.095E-13
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Tabela 6 Sile i momenti u ¢vorovima elemenata

TABLE: Element Joint Forces - Frames
CaseType

Frame Joint OutputCase
Text @ Text Text
1 1 DEAD
1 2 DEAD
2 2 DEAD
2 3 DEAD
3 3 DEAD
3 4 DEAD
4 3 DEAD
4 5 DEAD
5 6 DEAD
5 5 DEAD
6 5 DEAD
6 7 DEAD
7 7 DEAD
7 8 DEAD
8 8 DEAD
8 9 DEAD
9 9 DEAD
9 13 DEAD
10 13 DEAD
10 14 DEAD
11 12 DEAD
11 10 DEAD
12 10 DEAD
12 9 DEAD
13 10 DEAD
13 11 DEAD
Tabela 7 Reakcije u osloncima
TABLE: Joint Reactions
Joint OutputCase CaseType
Text Text Text
1 DEAD LinStatic
12 DEAD LinStatic

Text
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic

F1
KN

-10

0

F1

KN
-10
10
-5.67E-12
5.67E-12
0
0
-3.133E-12
3.133E-12
0
0
-1.819E-12
1.819E-12
0
0
7.276E-12
-7.276E-12
-20
20
-20
20
-4.607E-15
4.607E-15
-2.194E-11
20
0
0

F2
KN

-
N

~
=2

F3
KN

O O O OO0 O 0O 0O 0O 00000000 OO0 OouOOoOoOo o o o

40
30

F3
KN

-30
-3.553E-15
20

10

10

-10

10

-20

20
1.45E-12
-1.45E-12
0

0

30

-30

20

-20

10

-10

M1
KN-cm
0
0

M2

KN-cm
-3.638E-12
-1000
1000
-1000
-1000
2.91E-11
2000
-2000
2.274E-13
2000
1.649E-09
1.328E-09
-1.328E-09
1000
-1000
3000
-2000
2000
-2000
0
1.281E-12
9.805E-13
-1000
-1000
1000
0

M2 M3
KN-cm KN-cm
0 0
0 0
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