RELAKSACIJSKI POSTUPCI
Zadatak C2

ts P, P, ts

P, P,
7 %& T %A
y 2,67 L 105 2,1 L 105 2,67 y
1 7 7 7 7 71
’ 2,67 y 4,20 y 2,67 ’
1 7 7 71

E=3-10" kN/m’
w=10"K'

grede: b/h = 30/60 [cm]
stupovi: b/h = 30/30 [cm]

P, = 60 kN
P,=91kN
q=11,6kN
t,=11°C
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1,69

1,69
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GEOMETRIJSKE I MATERIJALNE KARAKTERISTIKE:

e grede: I, = bt _ 03060 _ () 0054/m*

12 12

El, =3-10"-0,0054 = 162000kNm’

®  stupovi: I, =2 = 0303 0.000675m

12 2

EI, =3-10" -0,000675 = 20250kNm”

Elg _ 162000 _ @ — EI,=8El, — El, = EI

EH, = 20250
El, =8EI
CROSSOV POSTUPAK:
o ' -
s 2 o STauN\
7 07 07, 0%

¢ koeficijenti krutosti elemenata:

_ _ _ _ _ _ Ely _ FEI
k15 - k26 - k37 - k48 - k69 - k7,10 — 338 " 338
_ _ Elg _ 8EI
k56 - k78 2,67 — 267

_ _ Els _ 8EI
k67 - k9,10 T~ 420 T 4,20
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¢ koeficijenti krutosti ¢vorova:

ks = ks +ksg = EI - (338 267) 3,29E1
ke = ksg +kg; +kyg + ko = EI - (2867 + 3% +3;+L):5’49EI

3,38

k; =kg + kg +kyy + k7,10 =EI- (4820 + 2867 +3_ +T138): 5,49E1
ky = kog + kg = EI- (2867 + 3138) 3,29E1
ko = ke +koyo = EI- (338 420) 2,20E1

ki = ko 1o + ks o = EI - (355 +555) = 2,201

¢ razdjelni koeficijenti:

¢vor S Ms) =73 = ﬁ =0,09

v k 2.67
c¢vor 6 Hes =7 =550m = 055

¢vor 7 Has :%7 = m =0,35

_k710_ Th =0.05
Moo =% =5wm =Y

2. PROGRAM IZ GRADEVNE STATIKE 2




¢vor 8 Mg =7 =55 =091

y ke _ 3 _
¢vor 9 Hos =72 =550 = 0,13

v _ Koo _ w0 _
c¢vor 10 Hoo =Ty = ma0er = 087

_ ka0 Tk _
Myo7 =70 = 550w = 013

z,u=1,0

MOMENTI UPETOSTI:

M5 =1l = 0338 _ 95 35kNm ~ —25,4kNm

M5 =2hs = 0338 _ 95 35k Ny ~ 25, 4kNm

M gg = fls = 80338 95 35)Nm ~ 25 AkNm

Mgy =—"Tils = 00338 5 35kNm ~ —25,4kNm

'y P,1,05:3,152
Mg =2

4,2?

167 167

'y P,1,05:3,152 P,1,05%:3,15 91~1,05-3,152
Me =—== +(—2 )2—

- + 1’21,052 3,15 — 911,05:3,15 + 911,05%3,15 — 71 66kNm 71 7kNm

p p
67 lgz 4.2

M ogo =20 = 116420° _ 17 O5kNm = 17,1kNm

Mogo =280 — _1L6420° — 17 05kNm ~ —17,1kNm

Moo (,)=0kNm

Moo (ts ) =0kNm
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ITako je o€ito da su momenti upetosti na krajevima elementa 9-10 zbog zadane srednje temperature jednaki nuli jer je kut zaokreta elementa kao
krutog tijela (yo,10) jednak nuli (elementi 6-9 i 7-10 se jednako produljuju);

PLANOVI POMAKA od produljenja zbog temperature:

. ®
0 " @°—§ \§_C i ?

piig
u ﬁ
. 1z -
= R
N T
@ @ \ @ O@- \
Z 0 w0 % 2 V.o 4 7 7
Al Al
[ Yo
_ _ Al W— _ W _Ahy
Y=Y =755 Wi =Woi0 =35

Al =a, -1, -1

t

Al7,10 =Q, 1 'l7,10

ly =1, — Aly=AL,,

_ w _ Al | Aby
lP9,10 = 29,10 +Woio = 220 T a0 = 0

Moo(t,)=—6ky Py, =0

MIOS (t‘Y ) =—6ky,, ¥y, =0
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7 7, 7, 7,
7 7 7 7
R —— R —— R —— R ——
p'sT 1T 81 ST
10 17 €0 1°0-
§'sT I'c- s'st-
I'LS _
T st
S ‘0 LA LA
0°LS- 1°0- % 0°LY- 1°0-
[, N»OI T —_—— N»o ﬂno _
Tst- T €0 20 1o A Ut
—_— L < —_— . y Ao —
0 10 0Ly v - w,v L0 30 50 20
Y% 1°0- €0~ T¥ ¢62 Lyl 9'¢- 60- g1 r'sc
1T 01 STl 16t — S'L- L'E-
600 1'€C cop S0°0 L'1L- L'IL 00 765 L61- 60°0
%T N ——166°0 < se'0——— ————6€°0 >SS0 —— —
N 16°0 (o' 00 16°0
M_u’ I
N»O mmm| % m»%u
T o~ ¢
5 wm- €0- §'s- e
s's o0 €0 0y 10
1'0 L0~ Sy - 6"
<0 ve — €0
8°C 6'¢- 6L 0'c
' 391 re 8-
9‘9- cel-
Mﬁno NARNI NANN Mﬁno
l_‘|4
VM L8°0 L8°0
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ITERACIJE:

¢vor 6 AMeuav. = 71,7 kKNm
-71,7 -0,55=-39,4
-71,7 -0,35=-25,1
-71,7 -0,05=-3,6
-71,7 -0,05=-3,6
-71,7
¢vor 7 MM euav.=  -71,7-12,5=-84,2 kNm
84,2 -0,55=463
84,2 -0,35=29,5
842 -0,05=4.2
842 -0,05=4.2
84,2
¢vor 9 MMeurav = 17,1 —=1,8 =15,3 kKNm

-153 -0,87=-133
-153 -0,13=-2,0
-153

¢vor m AMpeurav. = - 17,1 -6,6 +2,1 =-21,6 kNm
21,6 -0,87=18,8
21,6 -0,13=2.8

21,6

¢vor Q A1v[neurav.= 14,7-1,0 = 13,7 kNm

-13,7 -0,55=-17,5

137 -035=-48

137 -005=-07

-13,7 -0,05=-0,7

-13,7

¢vor 2 A1v[neurav. = 94-0,3=9,1 kNm

-9,1 -0,87=-79
-9,1 -0,13=-1,2

-9,1
¢vor 10 AMpeurav = - 3,9 kKNm
3,9 -0,87=34
3,9 -0,13=0,5
3,9
¢vor 8 AMcurav= 23,1 -25,4=-2.3 kNm
23 -091=21
23 -0,09=0,2
23
¢vor § AMeyrav= 25,4-19,7-3,7 =2,0 kNm
-2,0 -091=-1,8
-2,0 -0,09=-0,2
-2,0
¢vor 9 AMcuav= 1,7 kKNm

-1,7 -0,87=-1,5
-1,7 -0,13=-0,2
-1,7
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¢vor 6 MMMeprav= -0,9-0,1-0,6 =-1,6 kNm
1,6 -0,55=0,9—0,8
1,6 -0,35=0,6
1,6 -0,05=0,1
1,6 -0,05=0,1
1,6
¢vor 10 AMcurav= - 0,7 KNm
0,7 -0,87=0,6
0,7 -0,13=0,1
0,7
¢vor 7 MMeurav. = 2,4+03+0,2+1,4+1,0=0,5 kNm
-0,5 -0,55=-03
-0,5 -0,35=-0,2
-0,5 -0,05=0
-0,5 -0,05=0
-0,5
¢vor 3 AMieuray. = 0,4 kNm
-04 -091=-04
-04 -0,09=0
-04
¢vor 9 AMcurav= 0,3 kKNm
-0,3 -0,87=-0,3
-0,3 -0,13=0
-0,3
¢vor 6 AMeurav. = -0,2-0,1=-0,3 kNm
0,3 -0,55=0,2
0,3 -0,35=0,1
0,3 -0,05=0
0,3 -0,05=0
0,3
¢vor § AMpeuav = 0,1 kNm
-0,1 -091=-0,1
-0,1 -0,09=0
-0,1
¢vor 8 AMpeuray = - 0,1 kNm
0,1 -0,91=0,1
0,1 -0,09=0
0,1

¢vor m AMeuray. = - 0,1 KNm
0,1 -0,87=0,1
0,1 -0,13=0
0,1
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SILE U PRIDRZANJIMA :

Simetri¢an okvir opterecen je
simetricnim opterecenjem.

T‘)(v
-
T'z’ﬁ
—_—
M‘)ﬁ\/\
M
v N
e
Te
Z Fy =
—H Ty — TIO,7 =0
H = _(T% + T10,7)
M% _M10,7
M, = _M7,10
hgo :h7,10
Iy = _TlO,7
—  H,=0kN
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ZM/6 =0
“Toghsg + Mg+ Mo =0
T%zﬁ(Mw +M96)

ZMH =0
_T10,7'h7,10 + M10,7 + M7,10 =0
T\~ ﬁ (M7,10 +M 4 )




\
Ts
-

> F, =0
-H-H,-T- T, -T,;-T;,, =0
H= _(T51 + T, +T 54T, )_ H,

M5 =-M

M =-M,,

M, =-My

My =-M;

hyg =h,e=hy; = hy,
I, =Ty,

T62 - _T73

—  H=0kN

Te Tx T
Ts Te T T
Ms.ﬂ M«:ﬂ Mnf\ anﬁ
P P
Ms M M M
Tis T Tx T

> M, =0

_T51'h15 +M5 +Ms+ B 'h;zs:()

T51:T15(M15 +M s+ h;zs)

> M, =0

T yhy + Mo+ My =0
T73:ﬁ(M73 +M 37)

Y M, =0

_T84'h48+M84+M48_P1'h;§8:O

T84:%48(M48 +M o~ R h_;,;)

U prorac¢unu Crossovim postupkom nastale su zanemarive razlike (veli¢ine 0,1 kNm) kao

posljedica zaokruZivanja.
Sila u pridrZanjima nema (tj. jednake su nuli).

Nije potrebno provoditi postupak Wernera 1 Csonke jer je M = M.
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DIJAGRAMI:
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REZULTATI - DIM:

Characteristics

0.0054

Input data:
Hodes:
Label X ¥
1 0 0
2 2,67 L}
3 6.87 0
4 9.54 0
5 0 3.38
G 2,67 3.38
T 6.87 3.38
] 9.54 3.38
b 2,67 6.T6
10 6.37 6.T6
Elements:
Label 1st node 2nd node
1 1 5 STUPOVI
2 2 [3 STUROVI
3 3 T STUPOWI
1 1 8 STUROWI
5 6 9 STURPOVI
3 T 10 STUPOVI
T 5 [ GREDE
8 3 T GREDE
9 T 8 GREDE
10 9 10 GREDE
Characteristics:
Label E rho A Iz
GREDE Je+0T 2.5 0.18
STUPOVI Je+dT 2.5 0.09
sl adaliiladildilidlo
I 5 l l 7
P
& & &
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Degrees of Freedom: 18

Hodal displacements:

nd u_i v i phi_i

1: 0 0 0

2 0 0 0

3: 0 0 0

4: 0 0 0

5: -2.60275e-05 2.9713e-05 -9.09285e-05
6: -1.17533e-05 -0.000174127 -0.000235841
T: 1.17533e-05 -0.000174127 0.000235841
8: 2.60275e-05 2.9713e-05 9.09285e-05
9: 1.53061e-06 0.00016T1T8 -0.0001421
10: -1.53061e-06 0.00016T1T8 0.0001421

Element end forces:

el H_jj T_jj M_ij H_ji Tji M_ji
1: -23.7353 -31.1308 -26.T163 23.7T353 -28.8692 22,891
2: 139.095 2.58216 -2.9509 -139.095 2.58216 577681
EH 139.095 2.58216 2.9509 -139.095 -2.58216 5.77681
& -23.7353 31.1308 26.7163 23.7353 28.8692 -22.894
5 24.36 -3.93586 12131 -24.36 3.93586 -6.08999
6: 24.36 3.93586 7.21321 -24.36 -3.93586 6.08999
T: -28.8692 -23.7353 22891 28.8692 23.7353 -40.479
1 -30.2229 L] 53.4691 30.2229 L] -53.4691
9: -28.8692 23.7353 40.479 28.8692 -23.7353 22,8941
10: 3.93586 24.36 6.08999 -3.93586 24.36 -6.08999
Reactions:
nd R_x Ry M
1: 31.1308 -23.7353 -26.T163
2 2.58216 139.095 -2.9509
EH -2.58216 139.095 2.9509
4 -31.1308 -23.7353 26.7163
Usporedba:
momenti na krajevima CROSS DIM (OMP)
elemenata

M;s -25,5 -26,7

Ms; 25,2 22,8

Mg 2,1 -2,9

Mg -4,2 -5,7

M3, 2,1 2,9

M3 4,2 5,7

My 25,5 26,7

Mg, 25,2 22,8

M -25,2 -22.8

Mgs -47,0 -40,4

Mg, 57,1 53,4

M6 -57,0 -53,4

Mg 47,0 40.4

Mg, 25,2 22.8

Mg -5,9 7,2

Moyg -5,5 -6,0

M7 10 5’8 7’2

Mios 5,5 6,0

Mo 10 5,5 6,0

Moy -5,5 -6,0

2. PROGRAM IZ GRADEVNE STATIKE 2 -14 -




2. PROGRAM IZ GRADEVNE STATIKE 2

-15 -




