INZENJERSKA METODA POMAKA
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P, =87 kN

Ml =57 kNm

Ah = 0,002 m

b/h = 0,5/0,5 (cm)
E =3-10" kN/m?




ZGLOBNA SHEMA:

Minimalni broj stupnjeva slobode zglobne sheme:
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Zglobna shema je geometrijski promjenjiva —
3 zgloba na istom pravcu.

OSNOVNI
SISTEM:

NEPOZNANICE:

P4, U3y

A
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MOMENTI NA KRAJEVIMA ELEMENATA:

= element 1-3, (,,jednostrano upeta greda“):

M, :M1C3 :m1C3+M1C3
M 5 =3k 0, —3k3¥ ;5 +M1C3 (P1)+M1C3 (Ah)

1 -
M, =0-3k,yp,; +(M13 _§M13j_3k13')”13

P -l 1 P -l —
M, =-3k,p,; + (%_5{_ %:D =3k, ¥ 5

3P-1 —
M3 =-3k3p 5 +5%_3k13 Vi3

= element 3-4, (,,jednostrano upeta greda“):

_ c __C C
Myz=M;s=ms+M,

1
M 43 =3k, 0, =3k, y5, + EMI

= element 4-2, (,,jednostrano upeta greda*):

M,=Mg =my, +MF
My, =3k, =3k Wy +0
M ,, =3k, p, =3k, W,

= element 5-4, (,,obostrano upeta greda®):

M 5 =mys + M

M 45 = 2k 45 s + 4k ys p, — Ok ysW 45 +0
M s =0+4k,sp, —Ok,s¥ s

M 5 =4k p, — 0k W s

Mg, =ms + My,

M, = 4k45,05 + 2k45:04 - 6k45'//45 +0
Mg, =0+2k,sp, —O6k,s¥ s

M sy = 2k,y5p, =0k ysY s
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PLAN POMAKA:
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1. JEDNADZBA:

Mis (
oYy
7

Sw. =, =
3 S Vi =%u =739

5V/111 = 5‘//24 =

ZW/&AM =0

ou
M13 '&/II +M43'5V/11 +M42 '5111 +(M45 +M54)'&//IV +P1' 234 +M1 '&//11 =0
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[,
( 13 Vi + T_3k13‘”13j 51//1 + (3](34:04 _3k34l//34 +%M1J '5‘//11 +

(3k24p4 3k24‘/’24) 5’//111 + [(4k45p4 - 6k45‘//45 )+ (2k45p4 - 6k45'//45 )] '5V/1V +

=0

+
391
(3k24p4 3k24‘//24) ( ]Jr [(4k45 Py = Okys¥ s )+ (2k45 Ps = Ok s ) . ?t(;jl

2 391

3P- 1
(_ 316131/13 +§ : 13 13 j (3]{34:04 _3k34V/34 +5M1j '&4

P =0 /:0u,

-85 882, 64 - uz, + 81493, 87 - p, =-66,41

2. JEDNADZBA:

Mas

M3 JM“Z

M, —My,—-M, =0
My+M,+M,=0

1
3k34p4 _3k34'//34 +5M1 + 3kz4:04 - 3](241//24 + 4'k45:04 - 6k45’//45 =0
-81493,74 - u3y +447 811,88 - py= —% /- (- 1)

81493, 74 - uzq - 447 811,88 - py = %
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SUSTAV JEDNADZBI:
8149374 —44781188] uy | | -3
—85882,64 8149374 0, | -66,41

RJESENJE SUSTAVA JEDNADZBI:
sy = 861,702 - 10°°

ps=93,172-10°

Usporedba:
poopeent IMP DIM (OMP)
pomaci
P4 93,172-10° 94,076 - 10°
Usy 861,702 - 10° 860,125 - 10°
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IZNOSI MOMENATA NA KRAJEVIMA ELEMENATA:

P -l
M13:_3k13§”13+% —

o 3k13 Vs

M, =32806,33u,, —3,95
M, = 24,32kNm

1
M 5 =3k, p, — 3k, W3, +5M1

M, =—40916,35-u,, +159982,94p, +577

M, =8,14kNm

sy =3k py =3k, W,
» =40577,39 -u,, +123355,26- p,

pn =46,46kNm

T XX

4s = ks p, — Ok, W s
4 =—81154,78 -u,, +164473,68- p,

15 = —54,61kNm

T X X

sq = 2kysp, — Ok, W s
5, =—81154,78 -u,, +82236,84 - p,

o =—62,27kNm

T X X
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PRORACUN U MATHEMATICI:

EI=156250

P=87;
M- 57
M=0.002

k13-1562503.78
k34-15625@.93
k24-1562503.8
k45-k24

yW3=-u 3.78;
y4=u 3.91 .
Ww4=-u 3.04 .
yi5=u 3.04 .
y=Ah 3.78 .

M13--3k1343+ 3 2P«3.788-3k13y .
M43- 3k34 - 3k3434+1 2«M;

M42- 3k24 - 3k2424

M54- 2k4% - 6k4545

M45- 4k4% - 6k4545

Solve[{M13 W13 + P*u/2+M*y34+M43 Y34+M42*y24+ (M54 + M45
) *y45 0,
M43+M42+M45 0}]
{{p—-0.0000636428,u—0.}, {p—0.0000931717,u—0.000861703}}

p =0.00009317166568572969;
u =0.0008617027299804683;

{M13, M43, M42, M45, M54}
{24.3179,8.14814,46.4589,-54.607,-62.2692}

1. PROGRAM IZ GRADEVNE STATIKE 2 -9-




DIJAGRAMI:
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uzduzne sile na elementima 5-4 1
4-2 ne mogu se izracunati iz uvjeta
ravnoteze
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REZULTATI - DIM:

Input data:
Hodes:
Label X v
1 0 0
2 5.2 0.74
3 0 3.7T8
4 2.93 3.78
5 0.65 6.82
Elements:
Label 15t node 2nd node
1 1 3 1
2 3 4 1
3 5 4 1
4 4 2 1
Characteristics:
Label E rho A
1 Je+0T 2.5 0.25
&
sustav:
1
R
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Degrees of Freedom: 6

Hodal displacements:

nd u_i Vi phi_i
1: 0.002 L[] ]
2: 0 L[] 0000471106
3 0. 000874562 “1A1458e-05 i
4 0000860125 0000643675 5. 40758e-05
5: 0 L[] (1]
Element end forces:
el H_ij T i M_jj N_ji T ji M _ji
1 221148 50,0449 247398 221148 36.9551 0
2 36.9551 221148 1] -36.9551 221148 T.79624
kH -2.24062 306017 -S2.0114 224062 306017 -54.2T49
4 224062 12.2312 465.4T8T -2.24062 12,2312 0
Reactionz:
nd R_x R_y M
1: 50,0449 221148 247398
2 111294 -5.54625
5: -25 8257 -16.5635 620114
Usporedba:
momenti na
.. IMP DIM (OMP) SAP
krajevima elemenata
M3 24,32 24,74 25,18
Mys 8,15 7,78 5,89
My, 46,46 46,48 47,08
Mys -54,61 -54,27 -52,80
Ms, -62,27 -62,01 -60,87
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DIJAGRAMI - SAP:

-57, [0

-36184 150, 18

)

deformirani oblik

|z

—34,84

-21,48 |

1. PROGRAM IZ GRADEVNE STATIKE 2

-14 -




