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W, =160 kN
y 60

g = 0.20%25 = 5.0 kN/m?
p = 10 kN/m?

konzolna ploéa (deo “A”)

R, =5.0x2.4 = 12.0 kN/m

R, =10.0x2.4 = 24.0 kN/m
q,=1.6x5.0 + 1.8x10.0 = 26.0 kN/m?
M, = 26.0x2.4%/2 = 74.88 kNm/m

krstasta ploca (deo “B”)

Kako se povremeno opterecenje moze
nadi u proizvoljnom poloZaju na
konstrukciji, potrebno ga je razdvojiti na
simetricni deo p/2 (deluje po Citavoj
povrSini ploCe) i antimetricni deo +p/2
(razlikuje se u zavisnosti od razmatranog
uticaja).




Simetri¢ni deo (g, p/2)

g = 0.20%25 = 5.0 kKN/m?
p = 10 kN/m?

L

L/, =72/6.0=1.2

G =5.0x6.0x7.2 =216 kN = P/2 X

L, =720

Q,; = 1.6xG + 1.8xP/2 = 734.4 kN

M,,, = 0.032x734.4 = 23.5 kNm/m e .
M,,, = 0.023x734.4 = 16.9 kNm/m
-X,,, = 0.071x734.4 = 52.1 kNm/m }

-Y,; =0.062x734.4 = 45.5 kNm/m
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Antimetricni deo (tp/2)

P/2 = 5.0%6.0x7.2 = 216 kN
Q,, = +1.8xP/2 = +1.8x216 = £388.8 kN

Seme povremenog opterecéenja koje daju najveée momente nad
osloncima i u poljima su prikazane na skici. Pri tome se srednja Sema
(maksimalni momenti —Y) nece ni razmatrati, s obzirom da se na spoju
konzolne i krstaste plo¢e uvek usvaja moment sa konzole.




Maksimalni oslonacki moment -X

i

X, =kB'xQ,, = 0.082%Q,, e
X, = 0.082x388.8 = 31.9 kNm/m

X, = (X)yy + (-X),, = 52.1 + 31.9 = 84.0 kNm/m my j Al
pretp. a,, = 3.0 cm i = Sy
h,=d-a,=20-3=17cm i

g, /e, =2.615/10%0 =600 |

17 _ 2655 = w=15.444%

|84.0 £=0.918
2.05

2
A, =15.444 17><2"1%5 ~13.46 CZ = usv.: R@16/15 (13.40 cm?/m)

k=

cm?

A, =0.2x13.46 = 2.69
m

= usv.: R@10/25 (3.14 cm?/m)

Maksimalni oslonacki moment -Y
-Y, = 74.88 kNm/m (moment sa konzolne ploce)
a; =2.0+1.6+16/2=44cm
h,=20-4.4=156cm

g, /¢, = 2.763110%o

k = Z‘G =2581 =  w=16.427%
74.88 £=0.914
2.05

2.05

A, =16.427 x15.6 < 22 _13.135™ = usv.: R@16/15 (13.40 cm¥m)

m

cm?

A, =0.2x13.13=2.63
m

= usv.. R@10/25 (3.14 cm%m)




Maksimalni momenti u polju M, , M,

M.z = K%Q,; = 0.049%Q,,

M., = 0.049x388.8 = 19.1 kNm/m

M, =M, +M,,=235+19.1=42.6 kNm/m
M,,; = k83xQ,, = 0.038xQ,,

M,,, = 0.038x388.8 = 14.8 kNm/m

M,, =M, +M,,=16.9 + 14.8 = 31.7 kNm/m
a, =2.0+1.2/2=26cm

h, =20-2.6=17.4cm

l

g
ML}—
L,=7.20

42.6x10° _6.79 cm?

¥ 0.9x17.4x40 m

= usv.: R@12/15 (7.54 cm?/m)

Maksimalni momenti u polju M, , M,

M,, =M, +M,, = 16.9 + 14.8 = 31.7 kNm/m
a, =2.0+12+1.02=37cm = h,=20-3.7=163cm

2 2
= 31.7x10 :5.400m
¥ 0.9x16.3x40 m

= usv.. R@10/15 (5.24 cm%m)

Za usvojenu armaturu moguce je dokazati moment nosivosti:

A ,xc, 5.24 x40

= =6.268% — k=4.082
bxhxf, 100x16.3x2.05

e

2
M, =103 ) 205-3268KNT , 31.7KNM _
4.082 m m

yu




Analiza opterecenja za grede roS 2

optereéenje sa konzolnih prepusta: i Q3 ]
R, =R, =5.0x2.4 = 12.0 kN/m % s
sopstvena teZina greda: gi S slg ™
Gy = 05 = 0.25X0.60x25 = 3.75 kN/m ) T
944 = 0.50%0.60x25 = 7.50 kN/m i Q4
POS 2
Simetricni deo (g,p/2) C Le=600 |
G=P/2=5.0%6.0x7.2= 216 kN
G=P2 L =pr
greda k kN m kN/m

POS4 0331 Qi 71.5 i 9.93
POS3 [0226| Q: 48.8 ri2 6.78
POS2 |0257| Qs 55.5 6.0 9.252
POS2 |0.186| Qg 40.2 6.0 6.696

Analiza optereéenja za grede — simetriéni deo 0

N

7.20 240

240

] 6.00 | 6.00
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Proraéun POS 2 — prvo polje .

(=}
3 A
Q=6.0x7.2x1%9 _216kn ~ 120
2 B o)
QF? = 0.298 % 216 = 64.4 kN T
957 =6:'(;’=10.73’;'7V 8 B2 B3
Q5% =-0.228x 216 = 49.2kN i ! i
A—\ | ) 1
g 492 gy kN g
6.0 m N ‘
g,=3.75+12.0 + 9.25 = 25.0 kN/m Lo, e
g,=3.75+6.70 = 10.45 kN/m 1 2 3

p,=12.0+9.25+12.0 + 10.73 = 43.98 kN/m
p,=6.70 + (-8.21) = -1.51 kN/m

q,; = 1.6%25.0 + 1.8x43.98 = 119.17 kN/m
q,p = 1.6%10.45 + 1.8x(-1.51) = 13.99 kN/m

Proraé¢un POS 2 - prvo polje 2
q, = 119.17 4} B N
qu =13.99 m
| rrvy - | BrPTTY |
p1=4398ﬁ _ KN
p,=-1.514
| TEEET
1 S -
9,=25.0'm - kN
g, = 10.45 K
| rrvy | BrTTEY |
ﬁAg=617 4ﬁ5g=1329 cg=1&5ﬁf
A, =116.0 B, =159.3 C,=-20.5
| L,=6.00 | L, =6.00 |
A = 7x25.0-10.45 «6.0=61.7kN Ap — 7X4398_(_151)X60=1160kN
C, = 7”0";2_25'0 x6.0=18.0kN  C,= 7X(_1'512_43'98 x6.0 = ~20.5kN
B - 5X(25'0+10'45)x6.0=132.9kN

I 8




Proracun POS 2 — prvo polje

A,=1.6x61.7 +1.8x116.0 = 307.6 kN | dus 1119“17%\/
2 2
Mumax = Au = 307.6 =396.9kNm
’ 2xq, 2x119.17 ﬁA - 3076
u - .

_ 3078 _ 5 58m = L, -2x,, -5.16m 307.6

Xmax -
[ Hﬂmﬂﬂm
516 T
B:min{ 25+ == =154 }:154cm u

25+ 20% 20 = 425 _ ‘
3 e, /e, =1.128110%0 \W
K = 5 —4.728=5=0.101=x=5.4cm M

|

|
[396.9x10% - V =516 Mu
\/-ix = 4.640% 1 } y
154 x 2.05 |

A = 4.640x 124293 205 49 45 cm?
100 0
396.9

usvojeno 6R@22 (22.81 cm?)
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Proracun POS 2 — prvo polje

T = 3076  _ 0.958 kl\l2 >T, 2022
25x0.9x53 cm® |<3r, : 1
\ \
r=258x(1-97T\_148m R |
0.258 | |
|
| 2012
A :}(0.258—0.11):0.222 sz I ]
em U@10/25
2x0.785 s
®u = 25x 0202 #0=T1-3em ¥ 3022
_ o o o o
usvojeno UR@10/10 (m=2) ° 16y
3@22
.= 307.6 (cot 45° —cot 90°) = 3.84 cm”?
2x 40 25

usvojeno 2R@22 (7.60 cm?)




Proraéun POS 2 — drugo polje

p,=12.0 +9.25+ (-12.0) + (-10.73) = -1.48 kN/m
p,=6.70 + 8.21 = 14.91 kN/m

G = 1.6%25.0 + 1.8x(-1.48) = 37.35 kN/m  §
q,, = 1.6%10.45 + 1.8x14.91 = 43.54 kKN/m B Y

F—

7x14.91—(~1.48)

Cpmax = x 6.0 =39.7 kN S
' 16 S
A= 7x(~1.48)-14.91 6.0 = _9.5KkN
/ 16 A

240

C,=1.6x18.0 + 1.8x39.7 = 100.3 kN

2
21003 445 5kNm
mex = 5 43.54

_100.3 _ 550 = Ly=2x2.30=4.60m

Xmax -
43.54

15

oo}
@

A
120 |
q5°=-10.73 53 =821
B2

6.00

6.00

N

W

Proraéun POS 2 — drugo polje

460

B =min 25+ﬁ:63 =63cm
25+8x20=185

g, /s, = 0.869/10%

k= L2 =5.887=5=0.080=x=4.4cm

[115.5x10% 1L = 2.968%

63x2.05
A =2.968x 037955 205 445072
100 40
usvojeno 3R@16 (6.03 cm?)

= 1003 _gosg N o

25x0.9%x 53 cm

usvojeno UR@8/30 (15)

16
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Proracun POS 2 - oslonac

17

(=)
A
Q=6.0x7.2x1%% _ 216 kn ; 12.0
2 BV \
il ¢5=9.25 q5'=705 |
o _0257x216 _ g, kN
6.0 m o i ]
I B el i
Q5" =0.196 x 216 = 42.3 kN
Y i S '
51 423 _; 55 kN sl
6.0 m o ‘ A
ﬁiL 6.00 L 6.00 L
1 1 1
1 2 3
p,=12.0+9.25+ 12.0 + 9.25 = 42.50 kN/m
p,=6.70 +7.05=13.75 kN/m
q, = 1.6x25.0 + 1.8x42.50 = 116.51 kN/m
q,, = 1.6x10.45 + 1.8x13.75 = 41.47 kN/m
Proraéun POS 2 - oslonac 2022 8
A, = X42:50=1375 6 _106.4kN 1 | l
Y | o
c, = X13:75-42.50 5 _ 20.2kN 022 * |
0 | 2012 |
5 =5X(42'5+13'75)x6.0=211.0kN l I
p,max 8
u@10/12.5 u@10/12.5
Mo = L] " q.L5
max 16 16
116.51+41.47
My = = x 6.07 = ~355.4 kNim 2022
le, = 3.5/6.2649
k=23 5012 = /% o
355.4x10? n=29.017%
\ 25x2.05
A, =29.017 x 25x53 205 49 70cm? = usvojeno 6R@22 (22.81 cm?)

100 40




Prora¢un POS 2 — oslonac g, = 116.51 4

m
A,=1.6x61.7 + 1.8x106.4 = 290.3 kN |
T8 — A —q, %L, ﬁAg =61.7 B, = 132.9ﬁ
A, = 1064 B, =211.0
T2 =290.3-116.51x6.0 = -408.8 kKN L L,=6.00 L

B 4088 = 0_3431(7N2 > 31, 290.3

" 25x0.9x53 cm m\ TU 183.6
X, = 290.3 =2.49m

=

116.51 249
A =(6.0-2.49)x 1= 971V 2 38m

0.343
408.8

e, = 2x0.785  4o_73cm = usvojeno U2R@10/12.5

25x0.343

20

Proracun POS 2 — oslonac ) L,y =350.8

W A =238.3 T
x=351x|1- Ly f ' f
0.343

j=0-737m 1 ,=137.2 88 1§11

W 11

Jednostruke uzengije UR@10/12.5

mogu prihvatiti napon: | :
| I
|
0 2x0.785 40 0.201 kN2 N :
Y 25x12.5 cm H <)=2.01
|
i dovoljne su na duZini: \ :
\Ui
r‘\
¥ 181=3.43

) (- x)= 0.201

A, = =
0.33

_ x(2.38-0.131)=1.37m
3t,

dok je na preostalom delu duzine osiguranja 2.38 — 1.37 = 1.01m
potrebno postaviti dvostruke uzengije (ili, kao varijantno reSenje, vertikalne
uzengije i koso povijene profile).

AA, = 0 (»Spic« momenta)




Proraéun POS 2 - oslonac ‘ 41,47 2!
Qu2 40 m

C,=1.6x18.0 + 1.8x20.2 = 65.2 kN

|
| =
7-uB’d :qu2XL2_Cu } ﬁBg=132'9 C9=18 Oﬁ
I _ -
T29 =41.47x6.0 - 65.2 =183.6 kN i LBP'Z”OL 6.00 C"_ZOZL
| # 2= . #
wio 1836 450 KN |
25x0.9x53 cm’ |
|
x, =222 _157m 1830 Ty 1o7
41.47 (T
_(6.0- _0.11 | I
A =(6.0-1.57)x (1 0154) 1.27m | 65.2
Bd 3 kN ‘
9 == (0.154-0.11
TR QX( )= cm? 408.8
e, = 2x0.503 =20.1cm = usvojeno UR@8/20 AA. =0
25x0.2% ?
tyy = 220803, 40 _0.080 KN o - KN
' 25x20 cm’ cm’®
Proracun POS 3

| 240

=0.272x216 = 58.8 kN

g% - 58.8 _s8 16ﬂ
7.2 m

7.20

g=375+6.78=10.53 KN/m
p=6.78+8.16 = 14.94 kN/m A
q, = 1.6x10.53 + 1.8x14.94 = 43.74 kN/m
M, = 43.74x7.2%/8 = 283.4 kNm

B=25+ 720 =85¢cm
12

240

g, /e, =1.326/10%0

kzLZ=4.156 = §=0.117 = x=0.117x53=6.2cm <d, =20cm
283.4x107 1L = 6.043%
\ 85x2.05

A =6.043x 82793, 205 _4395cm? = usvojeno 4RG22 (15.21 cm?)

100 =~ 40




Prora¢un POS 3 23
Tu =1.6x37.9 + 1.8x53.8 = 157.5 kN

157.5 g kN _ 7.2 (/011
0.132

T =—" = x
" 25x0.9%x53 cm? 2

tr = Z %(0.132-0.11)=0.033 cl;l;IZ

):0.60m

_ 2x0.503

e,=————=20.17cm = usvojeno UR@8/20
25 x0.2%

v, = 220903 45 0.080 N o -0.033 N
’ 25x 20 cm ’ cm
1575

N Th (cot45°—cot90°)=1.97cm? = usvojeno 2R@22 (7.60 cm?)
X

Proracun POS 4
51 = 0.362x 216 =78.2 kN B

o =782 1086 M
7.2 m

| 240

7.20

g=7.5+2x9.93=27.36 KN/m

p =2x(9.93 + 10.86) = 41.58 kN/m

q, = 1.6x27.36 + 1.8x41.58 = 118.62 kN/m A
M, = 118.62x7.2%/8 = 768.7 kNm

B:50+7ioz2300m

4
o
X
o

g, /e, =1.327 110%0
k=23 _4151 = $=0.117 = x=0.117x53=6.2cm <d, = 20cm

2 _

23;)0253 x 2‘%5 =37.84cm?> = usvojeno 10R@22 (38.01 cm?)

A, =6.057 x




Proracun POS 4
Tu =1.6x98.5 + 1.8x149.7 =427.0 kN

T, =—————=0.
" 50x0.9x53 cm?

25

427.0 0.179 KN {> 1, =1.1MPa
< 3, |

2 0.179
kN

2

|
x:zzx(1— 0'11j=1.39m |
I
|
|
|

Try :gx(0.179—0.11)=0.104

:

cm l
 2x0.785

e,=————x40=12.1cm
50x0.104

40

Ug10/20

4022

usvojeno UR@10/10 (m=2)

N

44‘ [ —

. 427.0

44. o—|

3

6022

= x (cot 45° — cot 90°) = 5.34 cm”®
2x40

R

50

B —

usvojeno 4R@22 (15.21 cm?)

Vetar u poduznom pravcu - W,

W, prihvataju dva rama jednake krutosti (ose A i B)

50\’
Js1 = Js.? ) JsZ = (2,5) ><Js1 = 8“Is1
W, =8.0kN
W, +8w,, +w, 10w, =Y —gokn =
2 W,, =64.0kN

WH

Wx,1 - Wx,3
2

M

8.0x5.0

M b/d = 25/60

26

bs
8

wrg = 20kNm

:I:> Wx1 :I:> Wx2

25/25
POS s1
25/50

POS S2

b/d

g

N
2
I
~
)
S
=
=
3
b/d

POS 2

L=6.00m

1

&

Wx3

25/25
5.00m

POS S3

b/d
H

6 | L=6.00m |




Vetar u poduzZnom pravcu - W, 27

Wx g0
b/d = 25/60
POS 2

25/25 @M
|

POS s1
25/50

25/25
5.00m

b/d =

b/d =
POS S2

b/d =
POS S3

H=

| L=6.00m | L=6.00m |

I

@16.7 16.7

Vetar u poprecnom pravcu - W, 28

Vetar W, prihvataju tri rama, od kojih su ivicni ramovi (u osama 1 3)
Sirine 25 cm, a srednji ram (osa 2) Sirine 50 cm, dakle dvaput vece
krutosti. Stoga srednji ram prihvata polovinu, a ivicni po Cetvrtinu
ukupne sile:

Wy’ +Wy2+Wy3 =Wy7 +2Wy’ +Wy’ =4Wy7
4W;=Wy=160kN = Wy1=40kN=Wy3 : Wy2=80kN

Svaki ram formiraju po dva stuba istog preseka, visine i konturnih
uslova, pa svaki stub prihvata polovinu odgovarajuce sile od vetra:

M, , ~22 50 _ 100 kNm A, =-B,=100+100 57 8kv (S2)
v2 5% 7.2
My, ~ izo y %0 —50kNm=M,,, A, =-B,= 50;250 _13.9kN  (51,S3)




Vetar u poprecnom pravcu - W, 29

Wy _ 80 Wy _
% b/d = 50/60 . % 2/(1 = 25/60 o
POS 4 POS 3 I
Sl Sl S Sl S S
Tl OSA 2 Tlg S g OSA 1(3) g 3
3|a k] L 3o 3|a !
ks S iy ks ks T
| L=720m I | L=720m |
£60 100 £40 50
=) = ]|
100 ? %0 ?
iMWy iMWy
100 100 50 50

Dimenzionisanje stubova S1, S3 %0
Maksimalna sila usled p u stubu S1, N 1'20
istovremeno i minimalna sila u stubu S3: B}~ T & =1073 E'";és' — 8 5;""5
B2 i 1 |
q152:Q1 :0244X216:732ﬂ . i§ i E i
L, 7.2 m ] " B2 I B3 V|
PSS = 6.78 +7.32 =14.1kN/m N dl
Al : :
RPOS3 —14.1x7.2/2 = 50.8 kN S

P, =AP9S2 RFOSS _ 116+ 50.8=166.8kKN  ~

p,max p,max

6.00

6.00

N
W0

pros3 —6.78 —8.16 =—1.38 kN/m

RFOS3 — _1.38x7.2/2=-5.0kN

p,min

Py = CEOSZ L RPOS3 _ _20.5 5.0 =~25.5kN

p,min p,min




Dimenzionisanje stubova S1, S3 31

Ukupna sila u POS S1i S3 se dobija sabiranjem reakcija POS 2 i POS 3:
stub POS S1: G=A,+tRy;=61.7+37.9=99.6 kN
stub POS S3: G=C,tRy;;=180+37.9=2559kN

Poduzni pravac (vetar W,) — b/d = 25/256 cm

36 x10°
m,=—_——>——
25x 257 x2.05
Numin = 1.0XG+1.8%(Prin+Z,,)= 1.0x55.9 + 1.8%(-25.5— 16.7) = -19.8 kN
n=—198 5015 =|p, 016
25x25x2.05
Numax = 1.6XG+1.8%(PractN,)= 1.6x99.6 + 1.8%(166.8 + 16.7) = 489.6 kN

n =898 9382 =u, =0
25x25x2.06

M, = 1.8x20 = 36 kNm = =0.112

2.05

A=Ay =0.16x25x25x = 2 =5.120m"

Dimenzionisanje stubova S1, S3 32
Poprecni pravac (vetar W,) — b/d = 25/25 cm

2
M, =1.8x50 =90 kNm = m, =210 _ 0 281
25257 x 2.05

Nomn = 1.0XG+1.8%(PuntZy)  (POS S3)

Nomin = 1.0x55.9 + 1.8%(-25.5— 13.9) = -14.8 kN
n, = Qgi"z'zw - 0012 = |u, =0.421
Nymax = 1.6XG+1.8%(PraxtN,) (POS S1)
Nomax = 1.6%99.6 + 1.8%(166.8 + 13.9) = 484.6 kN

. _ 4846
Y 25x25x2.05

=0.378 =|p, =0.258

2.05

Aoy = Ay = 0421525 % 26x =% =13.47 om”




Dimenzionisanje stubova S2 s A
1 20 |
g5 = Q7" _0.362x216 _ 10.86 KN 5 F-025 || =705

oL 7.2 T m 218
proS* = 2x9.93+9.93+10.86 = 40.65kN/m X e ;’ Bt
RPOS = 40.65x7.2/2 = 146.3kN N
P = BEOS2 1 RPOSY = 211+146.3 = 357.3kN I A

‘1 2 3
prost = 2x9.93-9.93-10.86 =—-0.93kN/m J .

POS4 _ _ ) 120 | .
RPOS4 = _0.93x7.2/2=-3.3kN B eyl
pros? =1249.25-12-9.25=0 i S
pLos? =6.70-7.05 = -0.35kN/m R ol
B, =5X(Ogo'35)x6.0=—1.4kN A
P =BoS2 4 RS = _1.4-33=—4.7kN N A

' ' }L 6.00 TL 6.00 WL
G=B,+R,=1329+98.5=231.4 kN 1 2 5
Dimenzionisanje stubova S2 3

Poprecni pravac (vetar W) — b/d = 50/25 cm
2
+M, = 1.8x100 = 180 kNm = m, = 18010 _ ) 281

Nu,min = 1_OG+1,8(Pmin+ZW)

"~ 50x 252 x2.05

Nymin = 1.0x231.4 + 1.8%(-4.7 — 27.8) = 173.0 kN

. 173.0
Y B0x25x2.05

Nymax = 1.6G+1.8(Prax+Niy)

=0.068 =

w, =0.382

Nymax = 1.6%x231.4 + 1.8%(357.3 + 27.8) = 1063.4 kN

n, =224 0415 =
50x25x2.05

A, =A,,=02382x50x25x
40

1, =0.253

2.05

=24.48cm?




Dimenzionisanje stubova S2 %

Poduzni pravac (vetar W,) — b/d = 25/50 cm
288 x10?
m, =
25x 507 x 2.05
Nymin = 1.0XG+71.8XPyin = 1.0x231.4 + 1.8%(-4.7) = 223.0 kN

n, = 223.0 =0.087 =|u, =0.228
25x50x2.05

Nymax = 1.6XG+7.8%XPrax = 1.6%x231.4 + 1.8x357.3 = 1013.4 kN

ho 1013.4
Y 25%x50x2.05

M, = 1.8x760 = 288 kNm — =0.225

=0.395 = |u, =0.131

A, =A,,=0.228x25x50x 24005

=14.62cm?
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Ugaoni stubovi (POS S1, POS S3):
3025 A, =2R@25=9.82 cm? > Aspo = 5.12 cm?

Aary = 3R@25 = 14.73 cm’ > Agporr. = 13.47 cm’
| -u@1o0/20 Srednji stubovi (POS S2):

Aarx = 3RD25 = 14.73 cm’ > Ag porr. = 14.62 cm?
3025  A,,,=5R@25 = 24.54 cm® > Aqporr = 24.48 cm’

AB) |




