ZADATAK
Za zadani sistem metodom sila odrediti M, T,N dijagrame.

Grede i stupovi:

b/h=36/72[cm] F =b-h=036-0,72=0,2592m>
E =3-10"kN/m* = 113 36.0.723
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I, = =1119,74-107> m*

o =105k T "
Stapovi:

b/h=6/6lcm]= F, =0,06>=3,6-10"m?*

E,=2-10°N/m*

a, =107 K™
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PROSTA GREDA

10kN/m

EREEREEREY 65 kNm
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REAKCIJE:

M, :0:>—10-4,752/2+65+Boll,75:0:>B:ﬁ(112,81—65)

B°=4,069 kN

M, :0:>—A011,75+65+10-4,75-9,375:0:>A:H,%(SIOSI)
A°=43,431 kN

> F, =0=A"=0 kN

Kontrola:

>F,=0 = A?—¢4,75+ B =0=43,431+4,060-47,5=0
0=0

MOMENT U KARAKTERISTICNOJ TOCKI

10kN/m
bbb bbbk M=A%75-10-475%/2
SN Z93485kNm
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PROVJES PARABOLE (q=10kN/m'

Raspona 4,75m

_gql* 10-4,757
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=28,203kNm



ODREDIVANJE DIJAGRAMA m;
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ODREDIVANIJE DIJAGRAMA m;
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REAKCIJE:
=y
Ah 0,5594
A 0,8288
W\Av TB

> Fy =0= A" =0,8288

dYMu=0=- B"0,25+ B"¥11,75+0,8288-4,75=0

cijeli B'h
%
N 2,5 2,25
L ©
C\ \1
w2
10,8288
B"7,0+ B"2,8125+0,8288-1,6875=0
desno — B =—(2,488B" +0,4973)

-uvrstimo u gornju jednadzbu

2,5

2,25




0,25(2,48B"+0,4973) + B"11,75=-3,9370

12,3722B" = —4,0613
B =-0,3282
B"=03167

dMp=0=-— A"0,25- AV11,75+0,8288-4,75=0

cijeli

2,25

2,25

3,06

Y Mo=0=-A"30625-A"4,75=0= A" =-0,6447A"

ljevo

-uvrstimo u gornju jednadzbu

7.3256A" =—3,7298
A"=-0,5091
A" =0,3283

SILE AY, B, $tap 1, Stap 5

B'n=0,3168

B'v=0,3283

tap5=0,4521

uvijet:

- = - -

B"+ BY = §tap5+ B

ocCitano(AutoCAD):
S5=0,4521(tlak)

B =0,00864




Av=0,3283 $tap1=0,7201

A'n=0,5091
Av=0,1809

SILE 4,6,8,9

tap4=0,3295

Stap9=0,2398 4
stap5=0,4521

$tap1=0,7201 Stap6=0,3818

uvijet:

- - N -

A"+ A = Stapl+ A

ocCitano(AutoCAD):
S1=0,7201(vlak)
AV =0,18091

uvijet(ravnoteza ¢vora):

e e

4+5+9=0

ocCitano(AutoCAD):

§9 =0,2398(tlak)
S4=0,3295(tlak)

uvijet(ravnoteza ¢vora):

e e

1+2+6=0

ocCitano(AutoCAD):

S6=0,3818(viak)

MOMENTI U KARAKTERISTICNIM TOCKAMA
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Presjek 2-2 (kontrola)

M
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Presjek 3-3
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Presjek 4-4
M
N7 14
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DIJAGRAM m;
! | ! |
| | <1 |
MAv 2,5 2,25 5 2,5 . 2,25 . 2,25 TB 2,25 )

<

—
0,4522
0,5783
0,0194

1cm=1kNm



UTJECAJ TEMPERATURE (dijagram ki)

At ~10°5 20 - (-20)

K=o, — %G =5,56-10"*

&)

2,5 2,25 2,5 2,25 2,25 2,25

KOEFICIJENTI POPUSTLIIVOSTI

Koeficijent 811

2,5

2
O = J.m—ldx
1 El

S = (0,83 2 j(0,83 - 3) " (0,83 22 j(0,83 2y 1] ¥ (2’25 ](3 " 033) ;
Eily 2 3 2 33 2 \3° 3

(1 : 25)(1 2 + lO,98j + (0,98 2 j(0,98 2 + 1) + (0,98 . 225)( 2072 + 0’78j +
2 373 2 373 2 3 3

(0,78 - 2’225 j(0,78 - % + %0,98) + (0,78 - 2’225 )(% : O,78ﬂ L (0,57408 +0,82792 +

Elll
1,06125+1,24166 + 1,20866 + 1,00695 + 0,74879 + 0,4563) = 7’22?8
141
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3yy = M2y
Lyl

Sy = (0,4522 23 )(0,4522 : zj + (0,4522 225 j(0,4522 : 3) +
E 2 3 2 3

(0,5783 - 2; ](0,5783 - %) + (0,5783 : 2’225 j(0,5783 : % + % : 0,0194j +

(0,0194. 2’225 ](0,0l94%+%.0,5783] +(o,0194- 2’225 j(o,om%ﬂ _

%(0,17041 +0,15336+ 0,27869 + 0,2550 + 0,00449 + 0,00029) = 0.86226
141 141
Koeficijent 81>= 851
, 25 S 225 25 ° 225 ° 225
mm m,m
S, =[—Zdx=[2"dx=0
12 J El E, 21

Sy =— (0,83 25 j(0,4522 : 3) + (0,83 25 (0,4522 : 3) +
A, 2 3 2 3

(1' 2,25

j(0,4522 : lj + (1 23 j(0,5783 : l) +( 0,98 2> j(0,5783 - z)
2 3 2 3 2 3

+ 0,98-2’25 0,5783-z+1-0,0194 + 0,78-2’25 0,0194-2+1-0,5783
2 3 3 2 3 3

( 0.78. 2.25
2

](0,0194 - zﬂ 1 (0,31277+0,28149+0,16957 +0,24096 +
111



2,1011
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+0,47228 +0,43218 + 0,18050 + 0,011349) =

SLOBODNI CLANOVI

Clan 310

M
510 == 511/0 + 5{0 == .[ ml de+J‘m1thx
Elll

Clan 3", (utjecaj zadanog optereéenja):
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So=r (7,88 25 2]{_ 0,83- 1) - (6,36 12,25 3](— 1 053) +
Elll 3 2 3 o) 7

(8,5-2’5j(1+0,98.3j+(8,5-2’25j(0,98-3+1-0,78){1,62-225)(_0’98—3.0,7@
2 \3 3 2 33 2 A 3 3

+ (1,62- 23 ](— 0,78 3) + (65 22 j(— L 0,78] — L (5450-8729+10483+
2 3 2 A 3 I,
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Clan 3¢ (utjecaj temperature):

, 2,5 . 225 2,5 , 225 225 . 225
8o = [mydx K =a, 221092220 5569074
h 0,72
51t0 = K}(Oa83' 2; +0,83- 2’225 +1- 2’225 +1- 2; +0,98- 2; +0,98 - 2,25 +

0,78 - 2,25 +0,78 - 2’225j =K, (1,037 +0,933+1,125+1,25+1,225+1,1025+ 0,875 - 2)
=k, - 8,429
Clan d10= —16,466 +8,429k,
i
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5= L{(zgs 25. 3)(— 0.4522. lj + (6,36 2,25, 3}(— 1 0,4522) +
E\lL 3 2 3 2

8,5-2 [ 0,5783-2 | +(85- 22 | 0,5783- 2+ L.0,0194 |+
2 3 2 33

1,62- 2’5j(—0,0194-2—1-O,5783)+ 65- 225) —1-0,0194j
2 33 2 3

= LI (—2,9694 — 2,1569 + 4,0962 + 3,7485 — 0,3749 — 0,4728)
141

11,8706
Elll

Clan 8% (utjecaj temperature):
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S50 =Im2K,dx K; =0(,%=10_5w=5,56-10_4
Sl =K, (0,4522- 2; +0,4522 - 2,25 +0,5783- 2; +0,5783- 2,25 +0,0194 - 2’25)

= k,(0,5653 + 0,5087 + 0,7228 + 0,6506 + 0,0218)
=K, - 2,4693

(v:Ian 020= 1’8706

+2,4693K,
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JEDNADZBE KONTINUITETA

7,12668X, +2,1011X, + E, Ik, - 8,429 —16,466 = 0
2,1011X, +0,86226X , + E Ik, - 2,4693 +1,8706 =0

7,12668X, +2,1011X, =—1573,054 +16,466
2,1011X, +0,86226X, =-460,8306 —1,8706

X, =-220,218-0,4104X,- iz druge jednadzbe, uvrstimo u prvu
—1569,423 -2,9248X, +2,1011X, =-1556,59
X, =128 g5 sgry

—-0,8237

X, =-220,218-0,4104 - (—15,58) =—-213,8kNm

Rjesenje: X;=-213,8kNm; X,;=-15,58kN



Rjesavanje osnovnog sistema opterecenog
zadanim opterecenjem i silamaXy, X,

10kN/m
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REAKCIJE:
10kN/m | | 1558kN [ | B
o L L L T T T Tlpswan o 65 ki
A} \ﬁ 12,92
Av /F B
!
b 2,5 225 2,5 225 . 225 225
Y Fy =0= A" =-12,92kN
2
ZMAv=0:>—B'h0,25+B'V11,75+65—10-4’75 =0
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B"7,0+ B" 2,8125-12,92-1,6875+65—-213,8=0
desno = B'h = —2,4883“} +60,658
-uvrstimo u gornju jednadzbu

0,25(2,48B" —60,658) + B" 11,75 = 47,812
12,3722B" = 62,977

B" =5,09kN

B" =47,989kN

dYMp=0= — A"0,25- A”11,75+65+10-4,75-9,375=0

cijeli

|
1 S
| ™M
l
i \ 2,5 2,25 )
~| | 10kN/m
LA
12,02 /1 U7 12,92
213,8kNm
dMH=0=
ljevo
4,75>

— A"3,0625- A"V4,75+2138+10- =0= A" =—0,6447A"+68,76

-uvrstimo u gornju jednadzbu

—7.3256A"=-297,623
A" =40,628kN
A" =42.566kN



SILE AY, B, $tap 1, Stap 5

B'h=47,99kN

B=45,69kN

N\ B'v=5,09kN
/

S/ tap5=50,42kN

A'h=40,63kN

A'v=42,56kN

N

Stap1=68,67kN

Av=86,01kN

SILE S2, $3, $4, $6, S7, S8, S9

S1=68,67kN

S5=50,41kN

S$2=50,05kN

S6=36,42kN

S9=26,73kN

S4=36,74kN

uvijet:

- - -

B"+ B" = §tap5+ B

ocCitano(AutoCAD):
S5 =150,42kN (tlak)
B=4569kN T
uvijet:

- - N -

A"+ A = Stapl+ A

ocCitano(AutoCAD):
S1=68,67kN (tlak)
A’ =86,01kN T

uvijet(ravnoteza ¢vora):

o

o . . —
S+ 52+ 56=0

ocCitano(AutoCAD):

$2 =50,05(tlak)
S6=36,42(tlak)

uvjet(ravnoteza ¢vora):

- o5 o

. . . —
S4+ 55+ 59=0

ocCitano(AutoCAD):

S4 =36,74kN (tlak)
S9 =26,73kN (tlak)



uvijet(ravnoteza ¢vora):
e — —

o . =
§3+54+858=0

S4=36,74kN
S8=8,91kN  o¢itano(AutoCAD):;
$3=35,65kN S3 =35,65kN (tlak)
S8 =8,91kN (tlak)
uvjet(ravnoteza ¢vora):
A G A
S2+ 83+ 57+ X, =0
S$3=35,65kN

15,58kN oCitano(AutoCAD):

$2=50,05kN S7 =3,43kN (tlak)

S7=3,43kN

SILE U STAPOVIMA:

S1=68,67kN
$2 =50,05kN
$3=35,65kN
S4=36,74kN
$5=50,41kN
S6=36,42kN

N

S§7 =3,43kN
S8 =891kN
$§9=26,73kN




MOMENTI U KARAKTERISTICNIM TOCKAMA

Presjek 1-1
10kN 2
/m y M =86,01-2.5—10 2’5 —183,78kNm
ki SN =129/
y |/ ’
86,01kN T T, =86,01—25=6101kN
PRV R T, =T, — 36,42 =24,59kN
Presjek 2-2

10kN/m ¢36,42kN

M
12,92 . AN N
213,8kNm-L| |/
86,01kN 2 5
) 2,5 , 225
4,75°

M =86,01-4,75-10 -36,42-2,25-2138=0=0=0

N =1292kN
T, =86,01-47,5-36,42=2,09kN

Presjek 3-3
¢8,71kN
M | 8,91kN | 26,73kN 65 kNm
N 7Y
13 f45,69kN
:
| 2’25 2125 2,25

B

L
# #

M =65+45,69-4,5—26,73-2,25=210,46kNm
N =12,92kN

T, =8,71+8,91+ 26,73 — 45,69 = —1,34kN

T, =T, —8,71—891=—1896kN



Presjek 4-4

\ M‘ | 26,73kn 65 kNm M =65+ 45,69 -2.25=167,8kNm
\y 14 ¢45,69kN N=0
T 2,25 2,25

L
7

T, =26,73 45,69 =—18,964kN

B3

Presjek 5-5
M 65 kNm M =65kNm
N_7] _
N | 45,69kN 3 N=0
T, 225 T, =—45,69kN

T, =T, +45,69=0kN



DIJAGRAMI M, T,N METODOM JEDINICNE SILE
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DIJAGRAMI M,T,N u DIM-u
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Degrees of Freedom: 30

Nodal displacements:

nd u_i v_i phi_i
1: 0 0 0.000709341
2: 2.45579e-06 0.000604506 -1.82111e-05
3: 4.66601e-06 0.000525235 -1.87187e-05
4: 7.1218e-06 0.000557396 3.61233e-05
5: 7.1218e-06 0.000579215 -5.65953e-05
6: 7.1218e-06 -1.28493e-05 -0.00057007
7: 7.1218e-06 -0.00221197 -0.0013847
8: 0 0 -2.84872e-06
9: 0 0 0.000149143
10: 0.000159837 0.000511308 0
11: 2.44215e-05 0.00051402 0
12: -8.71267e-05 0.000538573 0
13: -0.000188414 0.00050392 0
14: 0 0 -0.000138467
Element end forces:
el N_ij T_ij M_ij N_ji
G1: -7.6385 79.4238 0 7.6385
G2: -7.6385 24.6005 -167.309 7.6385
G3: -7.6385 -2.6846 -197.348 7.6385
G4: 0 -15.8721 -190.637 0
G5: 0 -39.9665 -154.925 0
G6: 0 0 -65 0
S: 39.9665 0 0 -39.9665
St: 56.2353 0 0 -56.2353
S2: 40.9882 0 0 -40.9882
S3: 32.1259 0 0 -32.1259
S4: 33.1146 0 0 -33.1146
S5: 45.4328 0 0 -45.4328
S6: 29.8233 0 0 -29.8233
ST7: 4.78511 0 0 -4.78511
S8: 8.03147 0 0 -8.03147
§9:  24.0944 (] (] -24.0944
X2: 9.21579 0 0 -9.21579
Reactions:
nd R x Ry M
1: -7.6385 79.4238
8: 0 39.9665
9: 39.7644 -39.7644
14: -32.1259 -32.1259

T_ji

-54.4238
-2.10051
2.6846
15.8721
39.9665
0

[eNeeNeNeleleNeNelele)

M_ji

167.309
197.348
190.637
154.925
65
65

o o

[=N=N-NoNoleleNei]



