InZenjerska metoda pomaka
Primjer

Nacrtajte dijagram momenata savijanja!

wp = 3 mm

2 2, = 0,0006

- M = 360 kNm

= 21°C

3 a; = 10° K1
EI = 162000 kNm”
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nepoznanice:
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M473 = Mzﬁ:)) = -3 k‘{3,4} w{(;;l} 3 k{g 4 w{3{2 ,3} + M4C3
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(za objasnjenje trokuta sa stranicama A/, i ‘wéts) procitajte tekst na vrhu stra-
nice 4 u datoteci http://master.grad.hr/nastava/gs/gs2/isp/2-24-pk-1.pdf)

(t)
Vi = u = ——=— = —0,000350

(prema skici na

= = 2433 = ({5 = 10m

L9y 1 prethodnoj stranici)
(ts)
w
Yy = ¥ = ——2‘ +29€3 = —0,0000700
2FE]1 2162000
kioy = = = 102458 kNm
l1 9y 2/ 10
EI 162 000 EI
kg = 5 = —5 = 81000kNm,  kpy = = 81000 kNm
{2,3} {3,4}

= 0,000 700 m


http://master.grad.hr/nastava/gs/gs2/isp/2-24-pk-1.pdf

M, = _1@) + M(S) = 6k w{(?;)} — 6k ¢{<§S)2}

= Gk 0 — 6kpoy v, = —6-102458 - (—0,00007) = 43,03 kNm

Myy = My + MY = —6hpay vl — 6k vy, = Mz = 43,03 kNm
Arc car (W1 carlts cyg (M cars (w1 car(ts a7 (M 1 M
My, = M2(73 )+ M2(f3) + M2(,3) = M2(,3 )+ M2(f3) + (M2(3 - 5 3(2 ))
_ (1) (t) M 1M
= —3kpg 1/’{2.3} — 3kps Zﬂ{z,:’)} <4 T 9 4)
—360
= —3-81000-0,0015 — 3-81000 - (—0,00035) + 3 = —324,45 kNm

My = M5 = 3kpy @, = —3-81000- (—0,0006) = —145,80 kNm

jednadzba ravnoteze momenata u ¢voru 2:

— Moy — Mys = 0 = Moy + Mz = 0

[4 ko) 2 — 2kpoyur + 2k ugazy + M2,1]

1 1 AscC
+ l?) k‘{273} Yo — §k{2,3} up + 5"5{2,3} Uf2,3} + M273] =0

1
(4 ]{7{172} + Sk{g,g})wg + (—2 k‘{LQ} — 5]{5{273}) Uq

1 — —
+ (2 ]{5{1,2} + 5]@{273}) U{Q’g} = —M271 — M2C73

652832 - ¢y — 245416 - u; + 245416 - ug3 = 281,42 (o)

jednadzba rada na virtualnom pomaku du; (projekcije pomaka za u; uz dodani 8):

(Mo + Moy) S0 + MasS05) + Migsuss) + (—M)sus) = 0

_ N e
(6 kgoyp2 — 4dkpoyur + 4dkpoyuss + Mip + M2,1) ?1
1 1 — .\ St dui
+ 3k’{2’3} Y9 — —k{g,g} Uy + —k{g,g} U233 + M23 1 + 0 — ]\4'—1 =0
2 2 ' 6 6
1 4 1
(2 kgoy + ék{Q,S}) Y2 — (5 kg + — B ko, 3}) Uy
4 1 1 — — [p—
+ 5]{5{1,2} + Ek’{lg} U3 = *5 (MLQ + M271) — 6 (M273 — M)
245416 po — 143361 u; + 143361 us3 = 85,39 ‘ x (—1)
—245416 o + 143361 1wy — 143361 ugs = —85,39 (&)



jednadzba rada na virtualnom pomaku dug 3 (projekcije pomaka za us 3 uz dodani d):
(du (duga,3y) (5u (5uq2.3})
(M + M) éw{l 2{}2 o + Mo 61/’{2,3{}2 U Mg 5¢{3 4{}2 > + (=M) 67/’{2,3{}2 =0

(6 kgoyp2 — 4kpoyur + 4kpoyusz + My + M2,1) (_%)

1 1 _
+ (3 k{2’3} P2 — 5/6{2,3} up + ék{z’g} U3 + M2073> (_T>
=0

3 _
+ (—— kizay oz + Mig) M%Q - M (—M—) -

2 6

1 4 1
- <2 ko + 5 k{2,3}> P2 + <§ ko + — 1 ko, 3}> Ug

4 1 3
— (= ok ~k
(3 2 T g Fesy T g {374}) 2.3

1 1 — 1 —
= = (Mys + My,) + = (Myy — M) — = M,
3 6 ' 2 '
2454165 + 143361 u; — 204111 ugy = —12,49 ‘ X (—1)
245416y — 143361 u; + 204111 ugy = 12,49 ()

rjesenje sustava jednadzbi (s), (&) & (F.):
w2 = 0,0005812, u; = —0,0008 m & U3 = —0,0012m
vrijednosti momenata na krajevima Stapova:
My = kg (2 w2 — 2uy + 2“{2,3}) + ]\712
= 102458 - [2-0,0005812 — 2-(—0,0008) + 2-(—0,0012)] + 43,03
= 80,16 kNm
My = kpay (s — 2w + 2ugpgy) + Moy,
= 102458 - [4-0,0005812 — 2-(—0,0008) + 2-(—0,0012)] + 43,03

— 199,26 kNm
1 1 .
MZ,S = k{2,3} (3 Y2 — 5“1 + 5U{273}) + M273
1 1
= 81000 - [3 -0,0005812 — 5 (—0,0008) + 5 (—0,0012) | — 324,45
= —199,40 kNm
3 . 3

Mig = =5 kg upay + Mgy = —5 81000+ (~0,0012) — 145,80 = 0

(,neravnoteza” momenata u ¢voru 2 posljedica je pogresaka zaokruzivanja)



momentni dijagram:
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Mo = 2k oy p2 — 6k 2y w{(iﬂgi — Gk w{(i{;}j?’}) + My
= 2]{{172} Y2 — 6]?{1’2} wy + Ml,Q
Moy = 4k p2 — Gk wﬁ’j;% — Gky1) w{(i{;},g}) + My,
= 4k 0y 02 — 6kpoywy + My
Mg = M5y = 3kpz 02 — 3k ﬂ){(;;} 3ky2,3) 7/’{;{32}3 + My
3 TrC
= 3/{:{2,3} Py — §k{2,3} w2 + M2,3
Mys = Mig = =3k w{(;fi} 3 k3,41 %;{42}3 + M3
3 A7cC
=~ kpapups + Mig
@) _ 0 _ _W1
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My = 1\71@1) + Ml(tzs) = —0k(1 9 ¢{(1@§)} — 6k 9 7#{(1155)2}

= —6-102458 - (—0,003) — 6-102458-0,00063 = 1456,95 kNm
My = My2 = 1456,95 kNm
My, = CMQ(?) + CMZ(E) + CM2(7]?\)4)

w1) M —360
= 3k s — 3kpa U + & = —— = —45kNm

K} 8
My = M%) = —3kgzq %, = —3-81000 - (—0,0006) = —145,80 kNm

jednadzba ravnoteze momenata u ¢voru 2:

—My1 — Mzz =0 = My + Myz = 0
_ 3 .
[4kg1 0y 02 — 6kpoywe + Moy ]| + [3 k23) p2 — 5’6{2,3} wg + M2,3} =0
3 T A7c
(4K + 3kpogy) o2 + =6k — §k{2,3} wy = —My1 — My,
652832 o — 736248 - wy = —1411,95 (owa1,)

jednadzba rada na virtualnom pomaku dws:

(M + M) 805D + Mag s + Magdply? + (M) o) =

2,3} 3,4) 2,3}
(6kg10y 02 — 12k oywa + Mig + M) Sy
3 —\ Sus S
+ <3 k‘{273} Y2 — 5]43{273} wy + M2C73> 72 — MTQ =0

(6 ki12y + gk{2,3}> P2 — <12 kg12y + ik{2,3}> wy = =My — My; — %(Mzc,g - M)

736248 0y — 1200246ws = —2711,4 ‘ x (—1)

7362480y + 1200246 wy = 27114 ()
jednadzba rada na virtualnom pomaku dus 3:

(]w172 + M271) 61/){(5%2,3}) + M273 6w{(5u{2,3)) + M4’3 6¢(5U(2,3}) ( )6w(5u{2 3} =0

1,2} 2,3} {3,4} {2,3}
<—2k{3,4} Uf2,3) + M4C,3> &};& =0
—60T50upy = 729 | x (-1)
60750 up 3y = —72,9 (~Fe,)



rjeSenje sustava jednadzbi (sw+y), (&) & (Be)):
1z (ib) ’Ll,{273} = —0,00lQm
iz (sway,) € (&) @2 = 0,0005812 & wy = 0,002433 m
vrijednosti momenata na krajevima Stapova:
My = kyoy (292 — 6ws) + My
= 102458 - (2-0,0005812 — 6-0,002433) + 1456,95 = 80,37 kNm
Mey = k19 (42 — 6wz) + M
= 102458 - (4-0,000 5812 — 60,002 433) + 1456,95 = 199,46 kNm

3 o
M3 = k{z’g} (3 p2 — 2u1> + M2C»3

= 81000 - (3 -0,0005812 — g - 0,002 433) — 45 = —199,38 kNm

3 — 3
Mis = — kgayugpy + Miy = —3 81000+ (~0,0012) — 14580 = 0

momentni dijagram kao na stranici 7 (s neznatno drukéijim vrijednostima)

N

isti mehanizam kao za 13y u b, isti mehanizam kao za 17,’{273} u a.,
ali s drugim ,,vodeéim” pomakom ali s drugim ,,vodeé¢im” pomakom
— nastavite sami! — nastavite sami!

Prije no sto okrenete stranicu, pokusajte sami nacrtati dijagrame projekcija pomaka i(li)
planove pomaka za zadani prisilni pomak i za utjecaj promjene temperature!
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Prorac¢un provedite sami!




