Mechanika Budowli

Projekt 2 — Dynamika w ujeciu klasycznym

Nazwisko i Imie Studenta: Studzizba Paulina, Walawender Kinga

Rok akademicki : 2013/2014
Semestr: 4

Grupa: B7

Masy:

m= 200 kg

m,= 330 kg

ms= 520 kg

Amplituda sity wymuszajqcej: P,=18,0 kN
Czestotliwos¢ sity wymuszajgcej: p=20,5 Hz

Przekrdj pretow: IPE 220

Drgania swobodne (wtasne):
q1 = 811B1 + 8128, + 613B3 + 81181’ + 6148,

Gz = 02181 + 833B; + 823B3 + 821B1" + 6248,
q3 = 03181 + 83,B; + 83383 + 63181 + 634B,4

q1 = A,cos(wt)
q, = A,cos(wt)

q3 = Ascos(wt)

G, = —A;w?cos(wt)
G, = —Ayw?cos(wt)
G3 = —Azw?cos(wt)
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By = —¢imy

Bll =—qimy ' . ‘

H2 = —damz B4 B2
B3 = —q3mgs
By = —q4ym; = —m, ctga 4, A

q1 = 811B1 + 8128, + 613B3 + 81181’ + 6148,
Gz = 02181 + 833B; + 833B3 + 82181 + 6248,
g3 = 83181 + 833B; + 833B3 + 83181 + 6348,

A; cos(wt) = 81 (—my(—Aiw? cos(wt))) + 81, (—my (—A,w? cos(wt)))
+ 811(—my(—A w?% cos(wt))) + 8;3(—m3(—Asw? cos(wt)))
+ 814(—my ctg a (—A;w? cos(wt)))

A, cos(wt) = 8,1 (—my (—A;w? cos(wt))) + 8,5 (—my (—A,w? cos(wt)))
+ 821 (—my(—A w? cos(wt))) + 3 (—m3(—Azw? cos(wt)))
+ 8,4 (—my ctga (—A;w? cos(wt)))

Az cos(wt) = 831 (—my (—A;w? cos(wt))) + 83, (—my(—A,w? cos(wt)))
+ 831 (—my(—A w? cos(wt))) + 833(—mz(—Azw? cos(wt)))
+ 834(—m ctga (—A;w? cos(wt)))

A; cos(wt) = 8,1 (myA;w? cos(wt) + myA;w? cos(wt)) + 8 (MyA,w? cos(wt))
+ 813(m3Azw?% cos(wt)) + 814 (my ctg a A;w? cos(wt))

A, cos(wt) = 8,1 (mA;w? cos(wt) + myA; w? cos(wt)) + 8,,(M,A,w? cos(wt))
+ 8,3(mzAsw? cos(wt)) + 8,4(my ctg a A;w? cos(wt))

A5 cos(wt) = 831 (M A w? cos(wt) + myA;w? cos(wt)) + 83, (MyA,w? cos(wt))
+ 833(mzAzw? cos(wt)) + 834(m ctg a A;w? cos(wt))

Ay = 811 A102(my + my) + 814,02 m, + 8134307 ms + 81,4,0*m, ctga
Ay = 814107 (Mg +my) + 85A,wPmM, + 853430 m5 + 644, 0%Mm, ctga

Az = 831407 (My + my) + 83,4,w°m, + 833430%m3 + 8344, w°m, ctga

A1 (1 - 6114, 0%(my + my)) — Ay810Pm, — A3S13wPMms — Ay 8140°my ctga =0
—A,(8,0%(my + my) + Sraw?m; ctga) + A,(1 — §,,0*m,) — A38,30%m; = 0

—A;(8310%(my + my) + S34w*m, ctga) — Ay83,w%m, + A3(1 — S330%m3) =0
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Uktad jest statycznie niewyznaczalny (SSN = 1). Zastosowano metode sit.

lk—ZfMMk

Wyznaczenie rozktadu momentoéw od sit jednostkowych po kierunkach: q4, g5, qs i qs.

Wyznaczenie M7

Stan x1=1
Stan P
%1=1 1
5
S 3
1 1
7 7 3

511X1 + 51}) =0

611 = —
11 = g2

b = 23T (272 )] - 22

EI

X, = 0,198373
M1ﬂ
1
0,991866 0,198373
1,611389 1
0,198373
1,611389

Wyznaczenie M}

81p = 1[ *45*\/_3*(3*7+§*5)—%*2.5*\/1_3*(§*5+§*7)—%*2.5*2,5*

EI

( %5 + 1o 5)] -89, ‘;’3;9261

X, = 0,520876

s Sedes a1 s VT (s e 1 1o 7 T (74 3e5)] -

172,668363

EI

3|Strona



M2"

0,104393 |1
1,3021 970’520876
0,85385
0,479121
0,85385
Wyznaczenie M3
Stan P
1[-1 2 1 1
O1p =E[7*5*5*\/ﬁ*(§*7+§* 5)—5*2,5*
2 1 _ _ —119,586002 2.5
\/1_*(3*5+3*7) 2,5*5*2,5]——E1
X, =0,692576
5.5
...... 1
9.9
1
m3" 7‘
25D
0,962881
25 | 0,692576
0,651966 = 1
0,692576
0,651966
Wyznaczenie M) 0
M4
1
2
102

2,5
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Wyznaczenie wspoétczynnikow 6.

1

814 —ZfM M3 ZE%* 1,611389*‘/13*2*2—%*0,991865*\/_3*-*2] 2,681224

EI

1,926934
EI

5. = % MM =111, 5 VT3« (24 0,85385 — 1+ 0,104393)| =

0,409893
EI

5y =3 MM =111, 5 VT3« (24 0,651966 — £+ 0,962881)| =

8,y = ZIM My -1 %* 0,991866 + 5 %= * 0,991866 + - * 1,611389 * V13 * (3* 1,611389 — -+

4,021836
EI

0,991866) + % 0,991865 * V13 * ( ¥0,991866 — = * 1 611389)]

8,y = z‘,fMZMZ =$E +0,85385 + VI3 * (2% 0,85385 — 2 + 0,104393) + 2+ 0,104393 + V13 *

(5 +0,104393 — § * 0,85385) n % ¥0,104393 % 2,5 (3 0,104393 + 1 1 302197)
3,730748

1,302197 * 2,5 G ¥1,302197 + § * 0,104393) 141,302197 % 2,5 * 1 302197]

z‘,fM Mz _ 1 [ +1,611389 * V13 (g +0,85385 — < * 0,104393) +%0,991865 * V13 *

(5 +0,104393 — 5 * 0,85385) 2 40,991865 * 2,5 * (3 0,104393 + 1 1 302197) +1425«
2890401

0,495932 * (§ +1,302197 + % * 0,104393) 140495932 %25 * 1 302197]

M3M3 _l l E _ l l
Zf = [2 * 0,651966 * V13 * (3 * 0,0,651966 S * 0,962881) +ox 0,962881 *

\/13 * (5 * 0,962881 _ § %0 651966) + 1409628815+ (3 +0,962881 — % * 2,5) n % ¥5% 2,5
14,02889

(§*2,5—§*0,962881) —*25*25*‘*25]

MM3

S=2 M =§E +1,611389 + V13 * (2 0,651966 — 3 + 0 962881) +20,991865 * V13 *

(5 * 962881 — 5 * 0,651966) + % % 0,991865 * 5 * ( +962881 — 1 * 2 5)] 0614-839

EI

8,5 = sz2M3 =%E % 0,85385 * V13 (g* 0,651966 — - * 0,962881) ++0,104393 V13 +

(g ¥0,962881 — § x 0,768559) + % £1,302197 * 2,5 (—g «0,768559 + % . 0,962881) +2

—2,196802
EI

25+1,302197 (=2 0,768559 — 1+ 2,5 )| =
Przyjeto:

my; = my = 200kg

m, = 1,65 my = 330kg

ms = 2,6 my = 520kg

mow?
EI

1=
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2
ctga = 3

Aq (1 —4,021836 * 2,651 — 2,681224 * 1 * %) — A,2,890401 = 1,654 — A50,614839 * 2,64 = 0

A, (2,890401 % 2,651 + 1,926934 * g,l) + A, (1 —3,730748 % 1,651) — A3(—2,196802 *

2,61) =0

A, (0,614389 x 2,651 + 0,409893 * g,l) — A,(—2,196802  1,651) + A5(1 — 14,02889 *

2,61) =0

Ay (1 — 12,4453491) — A,4,7691621 — A31,5985821 = 0
—A,8,9441851 + A, (1 — 6,15573421) + A35,711684 = 0
—A,1,9025851 + 4,3,6247231 + A3(1 — 36,4751112) = 0

1—-12,4453494 —4,7691621 —1,5985821
—8,9441851 1-—6,1557344 5,711684 =0
—1,9025851 3,6247237 1-36,4751112

1-55,076195 1 + 688,6858794% — 858,44138213 = 0

A3 = 0,714771
A, = 0,060577
A, = 0,026904

EI = 205 * 10° %3060 = 1078 = 6273kNm? = 6273000 Nm?

rad

Ellg

g
w
I

5
Il

rad

= 43,58881 -

rad

S
I

1l Postac drgan wtasnych
A3 =0,714771
Al =1,0

{ 1(1 — 12,4453492) — A,4,7691621 — A31,5985821 = 0
—1%8,9441851 + A,(1 — 6,1557341) + A;5,711684 = 0

{Az = —6,254772
As; = 13,721193
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Il Postac drgan wtasnych
A, =0,060577

All'=1,0

{ 1(1 —12,44534921) — A,4,7691621 — A31,5985824 = 0
—1%8,9441851 + A,(1 — 6,1557344) + A35,711684 = 0

{Az = 0,83311
As = 0,055952

| Postac drgan wtasnych
A1 = 0,026904

Al =10

{ 1(1 — 12,4453492) — A,4,7691621 — A31,5985821 = 0
—1 % 8,9441851 + A,(1 — 6,1557344) + A35,711684 = 0

{Az = 0,940904
Az = 12,658997

| Postac drgan wiasnych

m1 _s=1m2

Alctga=0,667 A2=0,941

Il Postac drgan wtasnych

Il Postac drgan wiasnych

m3

A2=6,255

m1 .A1’1 .Ai"i

A1ctga=0,667

m2

A3=13,721

A A1=1

M3 as-00s6

A1=1

m m2 A=t A1F1

A1olga=0/867 o~
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Drgania wymuszone
P(t) = P, cos(pt)
Py = 18,0 kN = 18000N

p= 20,5 Hz=128,805299 rad/s

q1 = Ajcos(pt)
g2 = Azcos(pt)
q3 = Azcos(pt)
41 = —A;p?cos(pt)
G, = —Azp*cos(pt)

43 = —Azp*cos(pt)

By = —qimy
B, = —¢im,
B; = —g¢;m,
B; = —q3mg
By = —qymy = —my ctga gy

q1 = 811B1 + 812B; + 613B3 + 611B] + 814Bs — 613P(t)
Gz = 621B1 + 82285 + 833B3 + 621 B1 + 83484 — 8,3P (1)
q3 = 03181 + 8338, + 83383 + 031 B + 83484 — 833P(t)

A; cos(pt) =

811 (myA;p? cos(pt) + myA;p? cos(pt)) + 61, (m,A;p? cos(pt)) + 613(mzAzp? cos(pt)) +

814(my ctga Ajp* — 8,3P, cos(pt)

A, cos(pt) =

8,1 (myA;1p? cos(pt) + myA;p? cos(pt)) + 82, (mAzp? cos(pt)) + 823(m3zAsp? cos(pt)) +

824(my ctga A1p? cos(pt)) — 823F, cos(pt)
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A5 cos(pt) =
831(myA1p? cos(pt) + myA;p? cos(pt)) + 83,(maAp? cos(pt)) + 833(m3Azp? cos(pt)) +
834(my ctga A;p? cos(pt)) — 833 P, cos(pt)

A1(1 - 511A1p2(m1 + mz)) - A2512p2m2 - A3513p2m3 - A1514p2m1 ctga = —8;3F,
—A1(821p* (g + my) + 8p4p?my ctga) + Ay (1 — 832p°My) — A38,3p%m3 = =635,
—A1(831p* (Mg + my) + 834p>my ctga) — A83p° My + A3 (1 — 833p°m3) = —833F,
m,= 200 kg
m,= 330 kg
ms= 520 kg
Py = 18000N
p= 128,805299 rad/s
A4 =0,004404m
A, = —0,009652m
Az = —0,003401m
Sity bezwtadnosci:
|B1| = —¢ymy = m;A;p? cos(pt)
|B2| = —gzm, = myA;p® cos(pt)
|B3| = —g3mz = m3A3p® cos(pt)
|Bsl = —Gamy = —m, ctga g, = myA;p® cos(pt) ctga
|By'| = —gim, = myA;p? cos(pt)

Maksymalne wartosci (amplitudy) sit bezwtadnosci otrzymamy dla cos(pt) = 1 lub cos(pt) = -1.
Dla cos(pt) = 1,0:

|By| = —206,672 kN

|B,| = 87,189 kN

59,683 18
B3| = 59,683 kN
1l 87,189
|B,| = —137,781 kN 341,009
|B,'| = —341,009 kN 206,672

137,781
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Stan P

322,18
322,18 104,2075
104,2075
505,998
"1"50,592
v 1296,998

1

1296,998

1 2 1 1 2 1 1
Sip —[5*322,18*\/1 # (=255 -247) +241296998 « VI3 * (247 +55) + 3

T El

104,2075 * 2,5 * (—g %5 — g * 2,5) n % ¥322,18 % 2,5 * (—é* 5_ g * 2,5) +104,2075 * 2,5 *

9079,406546

0,5 * 2,5] e

X, = —52,583 kN

Moment
dynamiczny [kNm] 585,095

52,583

505,998 "11991
928,917

Obwiednia momentéw
dynamicznych

cos(pt)=1 /
— cos(pt)=-1

585,095
> 235,665

~1104,2075
104,2075

928,917
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Obcigzenie statyczne ciezarami mas

34,25
Stan P

o 3=52kN 34.25

P1=2kN 55,25
@ &
P2=3,3kN

13

105
55,25

Sip =2 [2+5525+ VI3 % (-257-245)+ 243425+ VI3« (-245-247) - 143425+

Bl 2

2,5*(§*5+§*2,5)+%*13*2,5*(—%*2,5—&*5)+%*13*2,5*§*2,5] — [1240343364

EI

X, = 7,183397 kN

Moment
5,2 statyczny [kKNm]
2 33 | 1,666984
7,183397 4,966223
,,,,, 4,958492
3,316603
4,966223

Sprawdzenie maksymalnych naprezen normalnych.
W =278 cm’

Mpax = 5%928,917 +1,2*4,966223 = 4646,809468 kNm
O-dop = 215 MPa

o= Mo ax
w

0 =16715,142 MPa

0 > Oqop

Warunek nie zostat spetniony, naprezenia przekroczono 78 — krotnie.
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