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Linie wptywowe sit w belkach ciggtych

Narysowagé linie wptywu: Rg, Rc, Rp, Re, Mg, T

o
Ml 3.2
P o e SR
El,>  2El, = El, || a 1,5El, 2
16 4 | 6.4 | 9.6

1 1 1
Stopien statycznej niewyznaczalnosci uktadu: SSN=2

Uktad podstawowy:

1.6 4 | 6.4 9.6
1 1 |
LwR, = LwR,"” + R, ™. LwX, + R, . LwX,
LwR, =LwR.* + R, Lwx, + R . LwX,
LwR, = LwR,* + R, . LwX, + R, . LwX,
LwR, =LwR,’ + R, . LwX, + R, . LwX,
LwM, =LwM,’ + M, LwX, + M, LwX,
IwT, = LwT,” + T, Lwx, +T,"™ . Lwx,
Wyznaczenie LwX;, LwX;.
Uktad réwnan kanonicznych:
{511'X1(x)+512'X2(x)+51P(x):0 LwX, =X, (x)
521'X1(x)+522'Xz(x)+5zp(x):0 LWX2:X2(X)
Wspotczynniki d, ,0,, uktadu réwnan kanonicznych:
S, :ZJ'M M, kg - Przemieszczenie pkiu przytozenia sity X;, po kierunku tej sity, wywotane
EI dziataniem sity X,=1,0; J, =0,

- w tym przypadku wspofczynnik np. J,, jest to wzajemny kat obrotu

przekrojow z prawej i lewej strony przegubu w pkcie C, wywotany
dziataniem sity X,=1,0.

3, _Z.[M My P s - Przemieszczenie pktu przytozenia sity X;, po kierunku tej sity, wywotane
. EI dziataniem obcigzenia zewnetrznego;
- w tym przypadku obcigzeniem zewnetrznym jest ,ruchoma” sita P=1,0
- wykorzystujgc twierdzenie o wzajemnosci przemieszczen (tw.
Maxwella): 8, =9,,,

0, jest to przemieszczenie pktu przytozenia sity P=1,0 wywotane

dziataniem sity X;=1, a wiec linia ugiecia belki (w uktadzie
podstawowym) wywotana dziataniem sity X;=1,0.
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Stan Xli

S —

A B D E
B> 2El, R El, s T.5E], A
1.6 4 6.4 9.6
— X1y,
WJ\U{W
Stan Xgi
X X4 Xo X3
> -
A B c "\ /D B E
El,~ 2El, 2 El, /{2\ 1,5E], )
1.6 4 6.4 9.6

Wyznaczenie wspotczynnikéw J, :

] Lo L EVEEN] L ACYS
2EI, | 2 3 El, |2 3 El

0 0
El, -6, =28

512:1{1.1.6,4.1.1}: ! (6’4J
El, |2 3 EI,\ 6

El, -5, =1,0667

522:1{1.1.6,4.2.1}4_1[1.1.9,6.2.1}:1(4,2667)
El, |2 3 LSEI, | 2 3 EI

0
El, -5, =4,2667

Linie wptywowe sit w belkach ciggtych
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Wyznaczenie wspotczynnikdw 6, jako linii ugiecia belki wywotanej sitg X;=1,0

warunki brzegowe:

=N 1) x1=0 y=0
M(XI)_Z 2) i = 4 y=0
d’y X
2EI —= =-"1
" dx? 4 z1) O:—L-O3+lc.0+ll)
d 1 x 48 2 2
2E1, S =—— 2L C=——xl+C D=0
dx 4 | . .
1 x z2) 0=——4+=-C-4+—-0
2Elyy=—=-"1+C-x,+D=——x +C-x,+ D 48 2 2
2
c==
3
3, 1 1
El,y=——Xx +EC x,+—=D

M(x,)=0 warunki brzegowe:
d’y 1) D5 =0
El,— 5 =0 2)  X=16 y=0
dy z1) 2EI po lp,2.2
El,~~=C 0Ps = 2 373
dx |
El,y=C-x,+D E]0¢£:§

El,p;,=C = C:;

z2) 0=%-1,6+D — p=_10

1 (1 L6
Op, = _(_xo - j
EI,\3 3

x;e<D;E> (0<x,;,<96)

M(x)=0 warunki brzegowe:
(x‘)z 1) x3=0 y=0
£, 4 Y ~0 2)  X=96 y=0
dx z1) D=0
e, Y - c z2) C=0
dx
El,y=C-x,+D 6p =0
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Op2
x,€<A;C> (-1,65x,<4) 6,,=0

x,e<C;D> (0<x,<64)
warunki brzegowe:

_% 1) X2=0
Mlo)=c% 2)  xp=64
1
d2 Z 1 0:_03 _
Efodzy=—§1 ) 38,4
X , i D:0
dy 1 x5 1, |
—=———4+(C==—Xx +C _ . 3 )
‘dx 264 12,82 z2) 0= 384 6,4° +C-6,4+0
3 16
I,y=———2+C-x,+D=———x,+C-x,+D =
S NTT A 384 2 2 C=1s
5= L s 10,
EI,\ 38477 15

0*°+C-0+D

X warunki brzegowe:
4 . } %) x3=96
LSEL S = 1-5 =142
dx 9,6 9,6 1 5 )
p | i z1) Ozmo -——-0°"+=C-0+=D
y 'x3 2 s
0 iy 3 9.6 X3 , X3 D=0
z2)
1, 1 x
LSEl,y=——xi4+——>+C-x,+D=
O N T Y A 0=— 96 -Log+2c.0642.0
| | 84,6 3 3 3
= x;—x;+C-x,+D C=32
57,6 2
EIOy=Lx§—1x32+gC-x3+gD 5 :L 1 2
86,4 3 3 3 P2 EI,\ 86,4
2,8 1,0667
=X (x)+- X, (x)+98,,(x)=0/-EI
I, 1 (%) FI, L (X)+0,, (%) 0
1,0667 X, (x)+4’2667 X, (x)+0,,(x)=0/-EI,
0 0

2,8-X,(X)+1,0667- X, (x)=—6,, (x)-EI,
{1,0667-)(1 (X)+4,2667-X, (x)=—5,, (x)-EI,
28  1,0667
1,0667 4,2667

=10,8089
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~5,(x) 10667
—5,,(x) 42667
28 =8, (%)
1,0667 =8, (x)

X(x)zmz !
! W 10,8089
W, 1

X, (x)="2=
(%) W 10.8089

X, (x)=—0,3947-8,, (x)-EI, +0,0987-8,, (x)-EI,,
X, (x)=-0,2590-6,, (x)-EI,+0,0987-8,, (x)-El,

Wyznaczenie linii wptywu w ukfadzie podstawowym oraz wartosci reakcji i sit przekrojowych

w stanach jednostkowych:

Linie wptywowe sit w belkach ciggtych

=—4,2667-8,, (x)-EI, +1,0667-8,, (x)-EI,

=-2.8-8,, (x)-EI,+1,0667-8,, (x)-EI,

{(~4,2667-8,,(x)-EI,+1,0667-6,, (x)-EI, )

(~2,8:8,, (x)-EI, +1,0667-8,, (x)-EI, )

LwRg’: A B 2E1, C El, D 1,561, E
e i i 2
X
1 -
1.6 4 | 6.4 | 9.6
A | | A
Stan X;=1 1
A B 2El ? ) 1
El, < A RB(X' ) 2
(16 Rs 4 Rc
Stan Xo=1 R =0
LwRc": A_ B JEI, C El, D 1,5E1 E
El, o 4
X 1._X
4 1 6,4
16 4 | 6.4 | 9.6
1 | | A
Stan X;=1
L 1 1 1
A - B 2E| éc ci__a Ely E Ry :Z R, :6’_4
” 1
‘ 1,6T B 4 Rc Re¢ 6.4 /F?D RcBC :_RB:_Z
A T A A 1 1
RCCD =-R, :_a
(x,=1) BC CD 1 1 13
RV =R " +R P = =2
¢ ¢ ¢ 4 64 32
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Stan Xo=1
1
c; Ely 40 RC(XZ:I) _
6,4
Re 64 Ro
LwRp%: A B JE1, c El, D = E
El L = =
X 1 X
6,4 1 96
16 4 | 6.4 | 9.6 |
A | A A 1
Stan Xo=1
1
El, D
“i % R =L
6,4
/FQC 6.4 /%D
Stan Xo=1
1 1
C Ely ;7 D 1561, E
i i 2
TRC 6.4 RDT Ry 9.6 ﬁ?o
1 1
R.=— R.=—
‘64 "7 96
1 1
RCD__ - RDE—_R ___1
? 64 P Y
(X,=1) cp DE 1 1
RWN=R PyR e =
P ? b 64 96 384
0.
LWRe™ . & 2El, C El, D 15E1 E
" - T o o1
X
9,6
16| 4 6.4 | 9.6 |
| A | | A
Stan Xi=1 R, =0
Stan Xo=1
1
\ D 1561, E RB(X -1) _L
- N 9,6
/‘TQD 06 /FQD
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LwM,:
oL
A B 2El, C El, D 1.5E1, E
Bl £ é\ . -
Xo' Xt = 3,2°3,2 _
464716
16| 4 | 32 32 | 9.6 |
o
Stan X;=1
L
A B 2El, C ‘ El, D 15El, E
EIDW & M (X1=1):l
1 2 ’ 2
16| 4 | 32 32 | 9.6
1 | 1 | |
L
Stan X-=1
A B 2El, C El, D 1,5E1 E
El, 27 Ay M (Xzzl):l
2 1 ’ 2
16| 4 | 32 \ 32 | 9.6 |
f 71 ‘ A A
o
LwT,2
oL
0= Xi
LWR = - 6.4 |
A B 2El, C El, D 1,5E1 E
El, N 2 £
LwR? = 1- X
e 64
16 4 | 32 3.2 9.6 |
oL
(x,=1) 1
Stan X=1 T, "7 =——
6,4
Stan Xo=1 T ) = L
6,4
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X | Xiok | EloSp1(X) | ElpSpa(x) | LWX; | LwX, | LwM.? | LwT,’ |[LwRg’ |LWR:’ |LWRp’ |LWRE®| LwM, | LwT, | LwRs | LwRc | LwRp | LwRe
0.0 |0.0| -0.533 | 0.000 | 0.211 | -0.053 | 0.000 | 0.000 | 1.400 |-0.400 | 0.000 | 0.000 | 0.079 | -0.041 | 1.453 | -0.494 | 0.047 | -0.005
0.8 |0.8| -0.267 | 0.000 | 0.105 | -0.026 | 0.000 | 0.000 | 1.200 |-0.200 | 0.000 | 0.000 | 0.039 | -0.021 | 1.226 | -0.247 | 0.023 | -0.003
1.6 [0.0| 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 1.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 1.000 | 0.000 | 0.000 | 0.000
2.4 (08| 0.256 | 0.000 |-0.101| 0.025 | 0.000 | 0.000 | 0.800 | 0.200 | 0.000 | 0.000 | -0.038 | 0.020 | 0.775 | 0.245 | -0.022 | 0.003
32 |1.6| 0448 | 0.000 |-0.177 | 0.044 | 0.000 | 0.000 | 0.600 | 0.400 | 0.000 | 0.000 | -0.066 | 0.035 | 0.556 | 0.479 | -0.039 | 0.005
4.0 [2.4| 0512 | 0.000 |-0.202| 0.051 | 0.000 | 0.000 | 0.400 | 0.600 | 0.000 | 0.000 | -0.076 | 0.039 | 0.349 | 0.690 | -0.045 | 0.005
48 (32| 0.384 | 0.000 |-0.152| 0.038 | 0.000 | 0.000 | 0.200 | 0.800 | 0.000 | 0.000 | -0.057 | 0.030 | 0.162 | 0.868 | -0.034 | 0.004
5.6 |0.0| 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 1.000 | 0.000 [ 0.000 | 0.000 | 0.000 | 0.000 | 1.000 | 0.000 | 0.000
6.4 |0.8] 1.400 | 0.840 |-0.470 | -0.079 | 0.400 |-0.125| 0.000 | 0.875 | 0.125 [ 0.000 | 0.125 | -0.064 | -0.117 | 1.053 | 0.072 | -0.008
72 [1.6| 2240 | 1.600 |-0.726 | -0.193 | 0.800 |-0.250 | 0.000 | 0.750 | 0.250 | 0.000 | 0.340 | -0.167 | -0.182 | 1.015 | 0.187 | -0.020
8.0 [2.4| 2,600 | 2.200 |-0.809 | -0.313 | 1.200 |-0.375| 0.000 | 0.625 | 0.375 | 0.000 | 0.639 | -0.298 | -0.202 | 0.905 | 0.330 | -0.033
8.8 |3.2| 2560 | 2.560 |-0.758 | -0.411 | 1.600 [-0.500| 0.000 | 0.500 | 0.500 | 0.000 | 1.016 | -0.446 | -0.189 | 0.744 | 0.488 | -0.043
9.6 |40| 2200 | 2.600 |-0.612 | -0.456 | 1.200 | 0.375 | 0.000 | 0.375 | 0.625 | 0.000 | 0.666 | 0.399 | -0.153 | 0.552 | 0.648 | -0.048
10.4 (4.8 1.600 | 2.240 |-0.411 | -0.422 | 0.800 | 0.250 | 0.000 | 0.250 | 0.750 | 0.000 | 0.384 | 0.248 | -0.103 | 0.351 0.796 | -0.044
11.2|5.6| 0.840 | 1.400 |-0.193 | -0.280 | 0.400 | 0.125 | 0.000 | 0.125 | 0.875 [ 0.000 | 0.163 | 0.112 | -0.048 | 0.160 | 0.918 | -0.029
12.0/0.0| 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 1.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 1.000 | 0.000
12.8/0.8| 0.000 | 1.499 | 0.148 | -0.388 | 0.000 | 0.000 | 0.000 | 0.000 | 0.917 | 0.083 | -0.120 | -0.084 | 0.037 | -0.121 | 1.041 0.043
13.6/1.6| 0.000 | 2.607 | 0.257 | -0.675 | 0.000 | 0.000 | 0.000 | 0.000 | 0.833 | 0.167 | -0.209 | -0.146 | 0.064 | -0.210 | 1.049 | 0.096
14.4|2.4| 0.000 | 3.360 | 0.332 | -0.870 | 0.000 | 0.000 | 0.000 | 0.000 | 0.750 | 0.250 | -0.269 | -0.188 | 0.083 | -0.271 | 1.028 | 0.159
15.2(3.2| 0.000 | 3.793 | 0.374 | -0.982 | 0.000 | 0.000 | 0.000 | 0.000 | 0.667 | 0.333 | -0.304 | -0.212 | 0.094 | -0.306 | 0.981 0.231
16.0|4.0| 0.000 | 3.941 | 0.389 | -1.021 | 0.000 | 0.000 | 0.000 | 0.000 | 0.583 | 0.417 | -0.316 | -0.220 | 0.097 | -0.317 | 0.910 | 0.310
16.8|4.8| 0.000 | 3.840 | 0.379 | -0.995 | 0.000 | 0.000 | 0.000 | 0.000 | 0.500 | 0.500 | -0.308 | -0.215 | 0.095 | -0.309 | 0.818 | 0.396
17.6|5.6| 0.000 | 3.526 | 0.348 | -0.913 | 0.000 | 0.000 | 0.000 | 0.000 | 0.417 | 0.583 | -0.283 | -0.197 | 0.087 | -0.284 | 0.709 | 0.488
18.4|6.4| 0.000 | 3.034 | 0.299 | -0.786 | 0.000 | 0.000 | 0.000 | 0.000 | 0.333 | 0.667 | -0.243 | -0.170 | 0.075 | -0.244 | 0.585 | 0.585
19.2|7.2| 0.000 | 2.400 | 0.237 | -0.622 | 0.000 | 0.000 | 0.000 | 0.000 | 0.250 | 0.750 | -0.192 | -0.134 | 0.059 | -0.193 | 0.449 | 0.685
20.0/8.0| 0.000 | 1.659 | 0.164 | -0.430 | 0.000 | 0.000 | 0.000 | 0.000 | 0.167 | 0.833 | -0.133 | -0.093 | 0.041 | -0.134 | 0.304 | 0.789
20.8(8.8| 0.000 | 0.847 | 0.084 | -0.220 | 0.000 | 0.000 | 0.000 | 0.000 | 0.083 | 0.917 | -0.068 | -0.047 | 0.021 | -0.068 | 0.154 | 0.894
21.6]/9.6| 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 1.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 1.000
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Lwd1P
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Lwd2P

-1.00 &

0.8

1.6

2.4

F3.2

4.0

4.8

- 5.6
r 6.4
Fr7.2

- 8.0

L 104
L 112
L 128
L 136

- 8.8
r 9.6

r14.4
r15.2
r16.0
r16.8
r17.6
r18.4
r19.2
r20.0
r20.8
- 21.6

0.00

>» 12.0

1.00

N
A

2.00

3.00

4.00

5.00

LwX1

-1.00
-0.75 -

-0.50

-0.25

BY

r 8.0

- 10.4

7(
12

- 12.8

- 136

r 8.8
r 9.6

r14.4
r15.2
r16.0
r 16.8
Fr17.6
r18.4
r19.2
r 20.0
r 20.8
- 21.6

0.00

0.25 A

0.50 -

-1.25

LwX2

-1.00

-0.75

-0.50 -

-0.25 4,

0.8

1.6

r24

r3.2

r 4.0

r 4.8

L 14.4
L 15.2
L 16.0
L 16.8
176
L 18.4

0.00 ——

0.25
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-0.50

0258 o o
o —

0.00

0.25 -
0.50

0.75

1.00 v

1.25-

0.70 - LwTg,

0.50 /
0.30

0.10 -

01092 <«© =
o —~

-0.30 |

-0.50

LwRg
1.80
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1.20

0.90 -
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0.30

0.00

0.0
3.2 1
4.0 1
13.6
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20.0 |
20.8 -
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-0.30

1.25 -

1.00

0.75
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0.25
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3.2 1
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7.2 A
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8.8 A
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11.2 1
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LWRD
1.200

1.000 -

0.800 4

0.600

0.400 -

0.200 4

0.000

20.0 -
20.8 -
21.6

-0.200 9

LwRe
1.200

1.000

0.800

0.600

0.400 -
0.200 -

0.000

-0.200 %

12.0
12.8 -
13.6 1
14.4 4
15.2 4
16.0
16.8 4
17.6 4
18.4
19.2 +
20.0
20.8
21.6
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