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Metoda pomaka

Metoda proracuna staticki neodredenih sustava u kojoj su nepoznanice
translacijski i rotacijski pomaci odabranih tocaka nosaca koje nazivamo
cvorovima.

Svi Stapovi koji su kruto spojeni u jednom cvoru imaju u njemu jednake
pomake. A A
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Metoda pomaka — Pretpostavke

Tocna metoda pomaka
« uzima sva tri pomaka jednog cvora za nepoznanice
* rijetko se primjenjuje zbog velikog broja nepoznanica

Inzenjerska metoda pomaka (IMP)
« zanemaruje uzduzne deformacije elemenata FA ~ oo

* nepoznanice rotacije (kutovi zaokreta) Cvorova i neovisni
translatorni pomaci (smanjen broj nepoznanica u odnosu na
tocnu metodu).
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Inzenjerska metoda pomaka — Postupak proracuna

Nepoznanice

Proracun krutosti (i rotacija stapova — plan pomaka)
Momenti upetosti

Jednadzbe momenata na krajevima stapova

Jednadzbe ravnotezei /ili rada

o U & W N =

Konacni dijagram momenata savijanja
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1. Nepoznanice — Rotacija (kut zaokreta) cvorova
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Rotacije  (kutovi  zaokreta) Neovisni translatorni pomaci
cvorova jednak je broju krutih
cvorova. Pod krutim cvorom
podrazumijevamo svaki cvor u
kojem su barem 2 elementa
povezana krutom vezom.

Za odredivanje broja neovisnih
translatornin pomaka koristi se tzv.
zglobna shema sustava (stanje
slobodnih pomaka cvorova), koju
dobivamo tako da sve krute veze u
0. cvorovima pretvorimo u zglobne.
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Primjer #2 — Odredivanje nepoznanica
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Primjer #3 — Odredivanje nepoznanica
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Primjer #4 — Odredivanje nepoznanica
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Primjer #5 — Odredivanje nepoznanica
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Primjer #6 — Odredivanje nepoznanica
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Primjer #7 — Odredivanje nepoznanica
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Primjer #8 — Odredivanje nepoznanica
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Primjer #11 — Odredivanje nepoznanica
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Primjer #12 — Odredivanje nepoznanica
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2. Proracun krutosti i rotacija (kutova zaokreta) stapova

Stvarna krutost stapa koristi se

2a izracun momenata upetosti T tangenta na elasticnu progibnu liniju u B’
ka_d_a ~su nos_aEi optereceni { podetni polo7aj AB
prisilnim pomacima : ‘B A B
1 Al L -
A A | ]
i A’ - Op Ap
Lz'k YAB
) . : : |
Rotacija (kut zaokreta) Stapa S N B
odnosno elementa (razlikovati YiB
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@, nepoznanica):  poznata / e
VrUeanSt uz prEtpOStaVku u=1: tangenta na elasti¢nu progibnu linijju u A’ l

t
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2. Proracun krutosti i rotacija (kutova zaokreta) stapova

tangenta na elasti¢nu progibnu liniju u B’
T / R ~ _ tpa ~ _ bup
pocetni poloZaj A B —
AB A B L L
l A i - - - - T t
Ay v b teti;aA’B’ Ys 0, —,, = ‘BA
A’ N Op A A AB —
VAR b L
0 - -
A B 0, —1), = byp
B AB

tangenta na elasti¢nu progibnu linijju u A’
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3. Momenti upetosti, M @ G—j

Sustav rastavljamo na niz jednostrano i obostrano upetih greda.
Momenti na krajevima elemenata od vanjskih opterecenja (Tablice!)
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4. Jednadzbe momenata na krajevima stapova

a) Obostrano upeta greda

EI —
no ®§ Mz'k:T'<49z+29k_6¢¢k'u>+Mz‘k

) N _EI

(46, 420, —6¢,, -u) + M,

lik '
qu | ql, L v | $
stanje slobodnih stanie
b) Jednostrano upeta greda pomaka upetonti

(iz plana pomaka)

4D (0 EI .

!
] T My =—(30, =3¢, u)+
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4. Jednadzbe momenata i poprecnih sila na krajevima stapova

a) Obostrano upeta greda

%® @g y, —4BL, (2Bl GBI GEI
A, 77 S A I r
# I £ M, :%91 +%92 +6%A1 —%A2
V= 627;’[ - 6% 0+ 12LE[ A _12;1 A
Va, =—6Lg91 —6%92 —%Al +12L#A2
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5. Jednadzbe ravnoteze i/ili rada

Pomocu sustava jednadzbi ravnoteze i/ili rada odredujemo vrijednosti
nepoznanica pomocu jednadzbi momenata na krajevima stapova M,,.

Koliko ima nepoznatih rotacija (kutova zaokreta) cvora toliko ima jednadzbi
ravnoteze!

Koliko ima neovisnih translatornih pomaka toliko ima jednadzbi rada!

; R O Jednadzbe ravnoteze
z 6, -
K ' M =0
H\TIIM" P2 ;7%2 Z Z
! _—-_j ZMlzo M14 +M12:O
@ @,I ZM2:O My, +Myy + My, =0
< o M,,+ M,,= =50 (npr.)
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v =1 u=1
Jednadzba rada #@ ®H @)
Plan pomaka'! 0, w

E:Mik-%C —|—rad sila:() ,

| P41 i P52
!
| Pid jednako
, usmjerene,
stoga je rad

q L A sile pozitivan!

Lijevi stup koji se zaokrece Desni stup koji se zgz{kreée

Rad vanjske sile P

Vv, U jednadzbe rada uvijek uvrstavamo s predznakom!
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6. Konacni momentni dijagram

Konacne vrijednosti momenata savijanja dobivamo iz jednadzbi momenata
na krajevima Stapova uvrstavanjem dobivenih vrijednosti nepoznanica u
korak 4.

M, :%'<46i+28k_6wik'u>+ﬂik Bl
E] _ Mik :T'<39i_3wik'u>+Mik
M, = T'(Zwk + 20, — 61, 'u>‘|‘Mla’

Dijagrame momenata savijanja crtamo s obzirom na pravilo vrtnje

ST

\|]|k

Dijagram poprecnih sila se odreduju pomocu dlferenC|jaInih odnosa iz
dijagrama momenata savijanja.

Doc.dr.sc. Marin Grubisic, mag.ing. aedif.
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Sustave prema metodi pomaka mozemo podijeliti na:

1. POMICNE SUSTAVE - postoje translatorni pomaci;

Nepoznanice — rotacije (kutovi zaokreta) i translatorni
pomaci cvorova
Jednadzbe - jednadzbe ravnoteze cvorova i jednadzbe rada

2. NEPOMICNE SUSTAVE — nema translatornih pomaka;

Nepoznanice — rotacije (kutovi zaokreta) cvorova
Jednadzbe — samo jednadzbe ravnoteze cvorova
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Zadatak #1
Za prikazani sustav odrediti dijagram momenata savijanja.

20 kNIim
O @ ®§ +  STUP/GREDA:
b/h=30/30cm

|
50 kN E =30 GPa
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1. Nepoznanice
0, u =0

\.
—
g

NEPOMICAN SUSTAV !
(92

S
T
RN

e S

2. Krutosti stapova (elemenata)

1

STUP/GREDA: EI =20250 kNm”
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El El El @ G—)
k12 :? k23 — k24 —

3 4 M.,
@H 20 kNim ® @ﬁ

20 kNIm B 2 B R T
@ﬁ\ /*\'@D M, ZQ =15 kNm M}, =—15 kNm «
_4, 3 ’F 12 EEEN -

M,, = M,, =0 kNm ~

I *E”V 0, L oo =25¥Nm
)It

8

* 2
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4. Jednadzbe momenata na krajevima stapova

0 0
_ VET
M12:k12-(%+292—6;%-u)+M1 _?0 +15

4EI
M, =k, 4‘9 +}6{ 61, -

+ M, =
M,, = ky, - (46, +2f 6% 1%

M, =k, - (/+29 6/
My, =k, (46, + / 6}/ | i, 4?,92

— 2ET
M42 — k24 <§4 ‘|_2(92 _6%"“)"_]\442 — T{@
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5. Jednadzba ravnoteze
> M,=0 M, +M, +M24 =X EI =20250 kNm®

\ J \ J /

\
Y Y e

My, My M,,

@, 20 kNim @ ®§ 9 __ 30
2
11E1

50 kN 0, ~—0.000134680 rad

g S
-
T o
L 3 P’ 3 L
g g 7
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0045

RY (Rad)
0.00013332

Doc.dr.sc. Marin Grubisic, mag.ing. aedif.

T

Geometry Displacements Reactions

Mode no.:

2

UX (mm)

UZ {mm)

-0.013

-0.043

RY (Rad)

0.00013332

Close

Printout

Help

0, ~—0.000134680 rad
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NER U
S /,,:\ | I\l \ Sveuciliste Josipa Jurja Strossmayera u Osijeku UNIOS | GrAFOS | ZTM
-

20 kNim

Q7 2) SN
M, =B 30 )15~ 13.19 kNm S \
3 | 11EI

30 50 kN
——|—15~—18.63 kNm ~—
3 11ET

, V0363 KNm 1

30

——— |~ —1.82 kNm / 2229
AET( 30 |

M, =—|———|+25~22.25 kNm oo i_f\

4 11ET 125,69

oET( 30 ) .. . ..
M., =220 2 | 95226.38 kKNm
24| 11EI 3;
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18,63
g 22,25 .
13 194{\ / 1,82

o

26,38 ZM4 =0
{wkwg@ 22.25—26.38 4+ 50-2— R, -4 =0
. 'b , = R, =+23.97 kN 7
“ © M, =—2225+R,-2=+25.69 kNm
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Za prikazani sustav metodom pomaka odrediti dijagram momenata

savijanja.

20 kN/m

@/rg‘
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E =30 GPa
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1. Nepoznanice

02 L u=1 L u=1 , =1 |
o 7 e

Y ~ POMICAN
u=0 | 'y W | SUSTAV |

:" :'J 62 & u

N ——

¢42 2—22—025 ¢53 :—Z:—OZ5

—_
p—d

2. Krutosti stapova (elemenata)

1

EI =20250 kNm”
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4. Jednadzbe momenata na krajevima stapova

M,, = k,-(36, 3@5// +M21—E9 —9225

0
3EI
M,, = ky, (36, 3@/ +/y/
AEI ~ 1.5EI

M,, :k24'(492 +%J4_6¢24'u>+ﬂ24 :TQQ +Tu+50

2E1 1.5E1

M42:k24%+29 — 6ty )+ M, = p 92—|—Tu—50

— 0.75FE1
M53:k35-(/%5—3¢53-u)—|—M35 1 u—6.29
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5. Jednadzba ravnoteze i jednadzba rada

ZMzzo M21_|_M23+M24:O
ZE] ZE] A/E[ 1.5E1

0, & u| £==6, —225+2-- 2—|—7(92—|—Tu—|—5()=0

M21 M23 M24

3E[(92—|—$u:—27.5 O J,m];krhr; (2) (3 .

o AR

AU T L
L 3 le 3 L
A 1 A
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+rad sila=0 Y2 ;

S

(M, +M,,)- ¢42+M53 W, +50-0.25—100-0.5=0

Moap P-6
].(_0 25)+[0 T5EI

1510, + 22

__\w;
pP. A a-_—-i_’:ﬁ 80 khlmL
Mw 100 :,,

e
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|! u=1_ |,

-9

Wss
~
Wi

!

I
F

u— 625]( 0.25)+12.5—50=0

~ LoEI
4

——0,—0.234ET u = 35.938
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¢

8.567159 1 1  8.567337 2 2 8.542527 3
o I — S—

Geometry Displacements Reactions

Node no.: 2

UX (mm) | UZ (mm) |
-8.567159| -0.055168

5.620295 7 \ 2.360899
— ¢ : 4 T
RY (Rad) I \
-0.000619
Close Printout Help

0, =12.54 EI =0.000619 rad 8
u=—173.68 EI = —0.008576 m (8,577 mm)

——
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6. Konacni dijagram momenata savijanja @ (U

M, = %Hg —22.5=—-9.96 kNm Mik

S @

m

M, =3 1954 1Nm
3

ARKT 1.5E1

My =—=0,+ u+50 =—2.59 kNm

21 1.5E1
M42 — THQ T

—50=—-108.86 kKN
0.75E1 o m‘&“—*/—gj% iiiﬁ
— u—6.25=—38.81 kNm ’

M53

5,63

()

NS T
108,86 38,81

46,87 — 44 37
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30 kN/m 30 kN/m

Tetiva

=-10 mm
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Zadatak #3

Za prikazani sustav metodom pomaka odrediti dijagram momenata
savijanja.

N

Q @ é b/h=30/30cm
LN LGN , E = 30 GPa

50 kNm

e 15 3 L, 25
4l 1 7 |
1. Nepoznanice 0 0
3 _ 3
= i =0 NEPOMICAN SUSTAV !

8, nije nepoznanica, jer na tom mjestu znamo vrijednost momenta!
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2. Krutosti stapova

byl
L

1

GREDA: EI=20250 kNm’

ky, = ik

1
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3. Momenti upetosti Q Q c0 kN 50 knm ') 20 kNim (4
" TS
e
7

25
1

e - s
Ll Ll

50 kNm

@
(— M, =50 kNm

M M,, =+50 kNm
M,

@ M, =+—2=1425kNm
3

3 20 KNIm @ qu
i é M,, = ++—=+15.625 kNm
+ 2.0 £ | ;
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4. Jednadzbe momenata na krajevima stapova

0 _
M,, =k, -(393 — 3y u) +M,,  50kNm @ (3) 50N f®ﬂ\ 0 kNim {4
(= L

'ZEIQ +25=FI10, +25

LK

Z p 15, 3 25,
M34 — k34 39 315/ +M34
:32—ES]9 +15.625 =1.2E10, +15.625
5. Jednadzba ravnoteze
> M,=+50 M, + M, =+50
E10, +25+1.2E10, +15.625 =450 — <+
2.2FE10,=9.375 = 0, = +4.26/E] 0, =+0.000210 rad
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6. Konacni momentni dijagram @ Gj
M,

M,, = EI (4.26/ ET)+25=+29.26 kNm
M, =1.2EI (4.26/EI)+15.625=+20.74 kNm

50,0

20,74 M

o,

29,26
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Utjecaj prisilnih pomaka lezaja i temperature kod metode pomaka
uzima se pomocu momenata upetosti.

1. PRISILNI POMACI: Av, Ah, A6

Prisilni pomaci se pri izraCcunu momenata upetosti mnoze sa
stvarnom krutoscu elementa na koji djeluje pomak:

L,

1

iy =

1
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a) Translacijski pomaci: Av, Ah

Skica momenata upetosti se crta prema djelovanju pomaka, analogno
djelovanju koncentrirane sile!

JEDNOSTRANO UPETA GREDA

R Mkz:ingkAv T R

Ly, Av

A
OBOSTRANO UPETA GREDA

_ _ 6kz 'A’U p “
M'k: ki::l: l]z /
k

3
A%V/ | Av

T

7
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b) Rotacijski pomak: 0B

\V/rtnja momenata upetosti jednaka je vrtnji 0! Kod obostrano upete grede
moment na cijem kraju djeluje B0 biti ce pomnozen sa faktorom 4, a
suprotni kraj sa 2!

JEDNOSTRANO UPETA GREDA
A0

M, =+3k, -Af

OBOSTRANO UPETA GREDA
A0

M, =42k, -A§ k§ M, ==+4-k, -Af

Doc.dr.sc. Marin Grubisic, mag.ing. aedif. 62 / 99
Ured 11.26, VVladimira Preloga 3, marin.grubisic@gfos.hr | Google Classroom: gmvjpo6




Sveuciliste Josipa Jurja Strossmayera u Osijeku UNIOS | GrAFOS | ZTM

Gradevinski i arhitektonski fakultet Osijek . . . vy .
Josip Juraj Strossmayer University of Osijek Gradevna statika 2 (GS22020) — Video nastava VJEZbI
Faculty of Civil Engineering and Architecture Osijek

2. UTJECA) TEMPERATURNIH PROMJENA

a) Jednolika temperatura, t.

Jednolika temperatura uzrokuje promjenu duljine stapa za ;. koji
se odreduje prema izrazu:

0, =t - L [m]

S

gdje je:

o — temperaturni koeficijent (o, =1-10>C-1 za beton i Celik)

t. —jednolika temperatura

L — duljina elementa na kojem djeluje jednolika temperatura.

Pomak o, uzrokuje momente upetosti samo na susjednim
elementima (!) u odnosu na element na koji djeluje temperatura.
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@ (2) © b =t

S

) L23

Ots

-

®

OF
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Primjer #2

Uzima se u obzir samo ona projekcija pomaka o, koja djeluje
okomito na susjedni element jer samo ona izaziva moment

savijanja!

E:J't Sy

® % Y

Doc.dr.sc. Marin Grubisic, mag.ing. aedif. 65 / 99
Ured 11.26, VVladimira Preloga 3, marin.grubisic@gfos.hr | Google Classroom: gmvjpo6




Sveuciliste Josipa Jurja Strossmayera u Osijeku UNIOS | GrAFOS | ZTM

Gradevinski i arhitektonski fakultet Osijek . . e
Josip Juraj Strossmayer University of Osijek Gradevna statika 2 (GS22020) — Video nastava vjezbi

Faculty of Civil Engineering and Architecture Osijek

b) Nejednolika temperatura, At

JEDNOSTRANO UPETA GREDA

At®) \ —  15-El-«a,-At
J M,, = 3

OBOSTRANO UPETA GREDA

g At® 2 [ = _ :El.aT-At(‘A’@V\

\4 ___________ J M, =—M,, , \ Z
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Zadatak #4

Za prikazani sustav metodom pomaka odrediti dijagram momenata
savijanja.

ix10
A6 =1x10"rad STUP/GREDA

@ 20 kNim
oF L arto «  b/h=40/40 cm
@ @ E =30 GPa

100 kN L & :1-10_5
Y1°eC
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1. Nepoznanice
0, 0, f u=10
] ===

NN

T

NEPOMICAN
SUSTAV !

N TRER (92 & (93

2. Krutosti stapova

B E,Lk]
ik L

EI EI
by ==~ =0333E] =ky =k, ky =——=0.25E

STUP/GREDA: EI =64000 kNm’
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%WAQ ® M, =—4-k, -A0=—85.33 kNm
7 7, — 2k, A= —42.67 kNm

+1.5-E[-04T-At — 194 kNm

% joo E@ M, = =7 =+50 kNm
‘_I:_

!
e 2 J 2
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4. Jednadzbe momenata na krajevima stapova

0 0 _
Mu:kw%[w + 20, —/%ﬁlz-u)JrMm—%é’ —8&85.33

M,, =k, -(46, +/29 W + I, —4—?9 —42.67

M, = ky, -(46, + 20, —6%/% )+ M, :4];79 2—];79 +15
M, = kiyy - (46, + 26, 6 + M., —QEIH 4—?9 ~15

M,, =k, -(36, 3% 5\7 — I, +24
M, =Ky -(46, + }6{ 6% i, —E]92—5O
M, =k, % +26, 6@0// 92+50
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5. Jeadnadzbe ravnoteze
ZM2:O My + My + My, =0

4
4—?92 —42.67+%6’2 +2—§[93 +15+ EI6, —50 =0

Y \ Y M
My, M23 >

11
ZM3: My, + M, =0 TE[92+%93:77.67
2—?92+4—?93—15+E16’3+24:O

Y Ms, A’,
Man oOFT  TEI
2, =0, =9
0, = +23.24/ ET ~ +0.000 363 rad 3 3
0, =—10.49/EI ~—0.000164 rad
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P " AT : ra

H
[ b |
[t

g b . 6 b
B8 Node Properties: 2 - s BB Node Properties: 3- 1 — >
Geometry = Displacements | Reactions Geometry | Displacements | Reactions
Node no.: 2 MNode na.: 3
lr) UX (mm) | UZ {mm]} UX (mm) | UZ (mm)
0.026 -0.053 0.026 0.0
;6 m RY (Rad) L] RY (Rad)
-0.000355 0.000147
/ e
/ ’
/ Y2
Llose Printout Help ,I Close Printout Help
. . 7 .
/ y
4 V4
. ) II ) | '/
Y} U4
U4
& / ’
PN e = e /_
— -.,_.- —
4

0, =+23.24/EI ~+0.000363 rad| .~
0, =—10.49/EI ~—0.000164 rad *
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6. Konacni momentni dijagram @ <—Ij
M,=-70.00 kNm M, =-1351kNm M
M, =-12.00 kNm M,, =+13.51 kNm
M,, =+38.76 kNm M, =—26.76 kNm

M., =461.62 kNm

38,76

120 {f‘ 13,91
26,27 =——

@
:%_
1@
+ 5
®

70,0 5581] M

e
M, =0 = R =5872%kN
.M, ’ 4%1.62

M, =58.72-2—61.62 = 55.81 kNm
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Zadatak #5

Za prikazani sustav metodom pomaka odrediti dijagram momenata
savijanja.

50 KNm

Q AREEN é b/h =30/30 cm
< e E =30 GPa

YAv=0,00m

1,5 3 2,5
ﬂb ’I{ ﬂh ﬂb
1. Nepoznanice 0
0, 3
- o NEPOMICAN SUSTAV !

8, nije nepoznanica, jer na tom mjestu znamo vrijednost momenta'
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2. Krutosti stapova

L1,
L,

1

GREDA: EI=20250 kNm’

iy =

1

k, =
" 15 50kNm @ 50 kim ) 20 kNim (4)

ol Q i QQHL%;;

3 YAv=0,00m
E] [ 15 ‘+' 3 L 25 JlL

k34 — —_ i L
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3. Momenti upetosti Q @ 50 mm 50 kNm@ 20 kN/m @

@ @ M I\r—ﬂ 01m

50 kNm _ 2y 3 VSR
Q:mb M, =—50 kNm

’

’ ® {1, (M) =450 kNm

32 — 425 kNm

3k AV _ e 1 Nm

M32 (Av) =
23

M,, = M, (M)+ M,, (Av) =92.5 kNm

Superpozicija momenata upetosti!
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3. Momenti upetosti Q Q 50 kh.lm 50 ka® 20 kN/m @

!&.v—ﬂ 01m
25 L
3 4 * ;
O 20 kNim @ 2

_ L
f smannpTA (q):+%:—|—15.625 kNm

25

¥
® @ _ 3k, - A
7 M., (Av)=— u

——97.20 kNm

34

M,, = M,,(q)+ M, (Av) =—81.57 kNm

Superpozicija momenata upetosti!
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4. Jednadzbe momenata na krajevima :';tapova

M —k (3(9 _Bw Z)_FM 50 kNm 5nkmf@zﬂkhlfm®
32 = Iz "\ 9U3 5 30 Q — | %;é;}

KE[ lw.r=|:n,1:n1m
TG B=BI0,+925 ﬁ o

M34_k34 39 ?ﬂe/ +M34

= 32E5] 0, +15.625 =1.2FE10, —81.57

5. Jednadzba ravnoteze

> M,=+50 M, + M, =+50

EI6, 4+92.541.2E10, —81.57 = +50 A\_D @
M?)? MY34 J

2.2FI0,=39.07 = 0,=+17.76/El |0, =+0.000877 rad
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6. Konacni momentni dijagram @ (U
M,, = EI (17.76/EI)+92.5=+110.26 kNm
M, = 1.2E[(17.76/E]) —81.57 =-60.26 kNm

50,0

e B

60,26

110,26

Doc.dr.sc. Marin Grubisic, mag.ing. aedif.

Ured 11.26, VVladimira Preloga 3, marin.grubisic@gfos.hr | Google Classroom: gmvjpo6 79799




Sveuciliste Josipa Jurja Strossmayera u Osijeku UNIOS | GrAFOS | ZTM

Gradevinski i arhitektonski fakultet Osijek . . e
Josip Juraj Strossmayer University of Osijek Gradevna statika 2 (GS22020) — Video nastava VJEZbI

Faculty of Civil Engineering and Architecture Osijek

Zadatak #6

Za prikazani sustav metodom pomaka odrediti dijagram momenata
savijanja.

A =1210"rad

oy F’D kN (2) STUP:  b/h=30/30cm
GREDA: b/h=30/40cm
E =30 GPa

10 kNim
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1. Nepoznanice
92 U = O

% #

/ 4 ﬂ :
NEPOMICAN

SUSTAV !

02

RSN R
2. Krutosti stapova

 EJ, STUP: EI,=20250 kNm’
L, GREDA: EI,—48000 kNm’

k., = bl =9600 kNm £, :ET[S =5062.5 kNm

5

k,

1
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= A =1x10rad
3. Momenti upetosti D *sa kN
@ ﬂ A

&)

@%\ 5ﬂ%@@12<p> + 2L g5 km e
* M, (P)=-31.25 kNm Ol nil

., 25 , 25
| |

A

% A %@) M,, (A§)=—4-k,-A§=—33.4 kNm
o My (AF)

(A0)+ M, (P)=—7.15 kNm
M, = M,, (A0)+ M, (P)=—50.45 kNm
M,

@?\ 10 kNIm /\@
et
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)

] o . Agp =1x10%rad
4, Jednadzbe momenata na krajevima stapova D +5ﬂ KN

®4 s

i 0 = 2EI
M12:k12'<%—|—292—6 12-u)—|— = 5G(92_7.15 10 kN/m

I
4

° 0 .  AEI 5
M21 — kl? <492 126, _% u>—|_ 21 — 5 : 82 —50.45 T *

., 25 . 25

O O _ 7 l "llr
M, = ky - (40, + 20, — 645, -w) + M,, = EI0, +13.33
0 0

_ pI
M, :kzg-(%meg — 645, - u)+ M, == 50,-13.33
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5. Jednadzba ravnoteze
> M,=0 M, +M,=0
4F1

0, —50.45+ E1,0,413.33=0 0, =+0.000 636 rad

)
\ ~ M I
My, v | i . 2 :
6. Konacni momentni dijagram Do ; - P-2
i i [
M., :TG92—7.15:—|—4.96 kNm
Geometri Displacements  Reactions m

M, = 4iIG 6, —50.45=—26.24 kNm || [l

lo.034 -0.043

M, =EI6,+1333=+2621 kNm | ([E=

M, =159 1333—_6.80 kNm -
2

Cloze Printout Help
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2 I a3

=

6. Konacni momentni dijagram 1

| 4,96 2626

4 : u Mode Properties: 3-1... — x |
]
i
i Displ t : :
X Geometry LIsplacemenis  Reactions m
| Mode no. 3
Y ' 1
]
|

UX {mm) | UZ {mm)
-0.034 -0.043

M =
0, = 40.000636 rad '

el
i
: Cloze Printout Hel
TR , :

Rl 28, 257 R =20.74 kN
M, =—4.96+R,-2.5=46.9 kNm

Doc.dr.sc. Marin Grubisic, mag.ing. aedif. 85 / 99
Ured 11.26, VVladimira Preloga 3, marin.grubisic@gfos.hr | Google Classroom: gmvjpo6




Sveuciliste Josipa Jurja Strossmayera u Osijeku UNIOS | GrAFOS | ZTM

Gradevinski i arhitektonski fakultet Osijek . . . vy .
Josip Juraj Strossmayer University of Osijek Gradevna statika 2 (GS22020) — Video nastava VJEZbI
Faculty of Civil Engineering and Architecture Osijek

Zadatak #7

Za prikazani sustav metodom pomaka odrediti dijagram momenata
savijanja.

STUP/GREDA
b/h=40/40 cm
E =30 GPa
1107

T 1°C

Qlp
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1. Nepoznanice

91 62 § U:O .
\ T —

NEPOMICAN
SUSTAV !

2. Krutosti stapova

Eiklik 2
k==~ STUP/GREDA: EI=64000 kNm
ik
k,, = % =0.25E]  k,=FEI k,= % =0.333EI =k,
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3. Momenti upetosti @ @

IVIik

2R AY

— —32.0 kNm
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4. Jednadzbe momenata na krajevima stapova

0
_ 4Bl . 2EI
M12:k12-(491+2<92—6%u)+M12:Tﬁl T@ 32

0BT 4E
M,, =k, - (46, +26, 6@% u)+ 31, =22 +Te 132

M,, = k(46 +}6f 61% +}/ =419, ©__mme © @

20 kN/m SOKN |
M, =k, - % 126, 61% + i, _2EIH

M14:k14.<301_3¢4.u>—|—M14:3—?9 984 e | 4 L 1

0 0 _
M, =k, .(39/— 3% u)+ M., = —28.125 kNm
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. , ™  a=0c @ &
5. Jednadzbe ravnoteze =00 Sheeeiooooiooos N

ZMl =0 M,+M,=0 20 kN/m S0KN T

El 2E1 El
/4/7 1‘|‘T(92—32—|—g7(91—98420 %;@ E‘E@) o

\ J \ J
Y

M, MY14 + = * 1 *
1ET

2

> M,=0 M, +M, =0 2F1 0, +——0, = +41.48

9EI . AEI e
il Uil _ 1E1
\ v / My 2

M21

0, =+23.09/EI = +0.000361 rad
0, = —8.71/EI = —0.000136 rad
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F
b |

4

L)

= I—
{

0,

0,

-, e
=+23.09/EI =+0.000 361 rad

= —8.71/EI =—0.000136 rad «
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MNode no.:

Geometry Displacements  Reactions

3

UX (mm)

UZ (mm)

-0.000

-0.003

RY (Rad)
-0.000378

Printout

Help

Mode no.:

Geometry Displacements | Reactions

4

UX {mm)

UZ {mm})

-0.003

0.030

RY (Rad)
0.000171

’/
v

Close

Printout

Help
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6. Konacni momentni dijagram Q Q

M,, = EI (+23.09/EI)+0.5 (—8.71/E1) —32=-13.26 kNm
M,, =0.5+(4+23.09/EI)+(—8.71/FI)+32=+34.84 kNm
M,, = 4FI (—8.71/EI) = —34.84 kNm
M,, =2EI (—8.71/El)=—17.42 kNm

M,, = EI(+23.09/EI)—9.84=+13.26 kNm
1328 /1742

J%« 7N
34,84
17.8 23.43
M é
g - 2813

92 /99

Doc.dr.sc. Marin Grubisic, mag.ing. aedif.
Ured 11.26, VVladimira Preloga 3, marin.grubisic@gfos.hr | Google Classroom: gmvjpo6




Sveuciliste Josipa Jurja Strossmayera u Osijeku UNIOS | GrAFOS | ZTM

Gradevinski i arhitektonski fakultet Osijek . . ey .
Josip Juraj Strossmayer University of Osijek Gradevna statika 2 (GS22020) — Video nastava VJEZbI

Faculty of Civil Engineering and Architecture Osijek

Iznosi unutarnjih sila na elementima

@ 1T 50 S'M,=0 = R,=2692kN 1

!
A Cj? 157, M,;=R,-15-20-15-0.75=+17.83 kNm

50 kN
@ ' QEEDZ]\@:O — R, =15.62 kN |
4 D 5= M, =R,-15=+2343 kNm

4

Doc.dr.sc. Marin Grubisic, mag.ing. aedif.

Ured 11.26, VVladimira Preloga 3, marin.grubisic@gfos.hr | Google Classroom: gmvjpo6 93799




Sveuciliste Josipa Jurja Strossmayera u Osijeku
Gradevinski i arhitektonski fakultet Osijek

Josip Juraj Strossmayer University of Osijek

Faculty of Civil Engineering and Architecture Osijek

Ispitni rok | 1. listopada 2020.

0.2 kN/cm'

®)
O

O 1@ ®

40 kN
‘ 0.2 kN/cm! ts = —40°C
40 kNm
© @
’ Av =2 mm ’

~%

20 kN
Y
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200 cm J

200 cm

200 cm

200 cm 300 cm 150 cm>‘150 cm
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0.2 kN/cm'

(O O A

9 > ® Bl | 5 .

40 kN I

| =
0.2 kN/cm! ts = =40°C : \
I A

40 kNm . £

@]

I o

| =
© @ ' \

] Ay =2 mm ] ’
200 cm 300 cm 150 cm){l 50 cm 200 cm _
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@,
® (@ ©) VT 5, |
At = +40°C ,
* 5 &
o
S
0.2 kN/cm' 40 kKN |
(. A
40 kNm g
o
o
@\l
® @ !
)
, ) ,
Ay=2mm|
- 200 cm e 300 cm % 300 cm e 200 cm .
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0.15 kN/cm!

At = +20°C

® 06 15 ® 24 E‘
S
=

50 kN
Y
¢ ‘

40 kNm g
o
S
Q
® @ ,
/ Av =2 mm ’ i

200 cm 300 cm 300 cm 200 cm
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0.2 kN/cm'

At = +30°C

O QO —1
® 0 ® @ 4o

& 5

=)

S

40 kN “‘
Y
(. ‘

40 kNm g

=)

S

Q
® @ ,

7 . 777
— Av =1 mm
200 cm 300 cm _L 300 cm 00 cm
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