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METODA PRZEMIESZCZEN — OBCIAZENIE ZEWNETRZNE

SCHEMAT KONSTRUKCJI
B 10 kN 16 KN/m
0 20 kN PS kNm
5kN TR AT
I |
. 2 2
© 1 l1
V444 7
2 6 | 3 |

Sprowadzenie uktadu wyjsciowego do rownowaznego uktadu zastepczego:

16 KN/m
15 kNm

20 kN

3 kNm
SKN__ JOKNy y vy oy oy ﬁ KERR Wr\\

VA

STOPIEN GEOMETRYCZNEJ NIEWYZNACZALNOSCI UKLADU:

SGN=YA+Y ¢
SA=1

20=2

SGN=1+2=3
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UKLAD PODSTAWOWY

42y +0o Zy+05-Z5+0p =0
For Zy+ Ty 2y +lp - Zg +1p =0
M52y +lgp 2y +la 25+l =0

Niewiadome: ¢5,03,A3

P2 =24
P3 =2p
A3 =Z3

WSPOLCZYNNIK POROWNAWCZY SZTYWNOSCI
I1- 1220 (W, =278.18 cm®, I, = 3060 cm?)

Ip- 1260 (W, = 441.54 cm? |, = 5740 cm?)

El, =205 -108 - 3060 - 1078 = 6273 kN/m

El, =205 -10° - 5740 -107 =11767 kN/m

Przyjeto wspotczynnik poréwnawczy sztywnos$ci Ely =El, =» El;=0.5331El,
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LANCUCH KINEMATYCZNY:

— 023 6'\{‘02=A = \POZ Z%

— 0234 6"1’02—6'?34:0 = 1P02=11134 f— lP34=%

A

\L 0234 6 . lPz3 — 3 . \P34 = 0 = \P34 = —2‘P23 = lPz3 = —E

\L021 2"}’12:0 = lP~|2 =0

Stan Z4 =1 ((pz = 1)

¢2Kx
L 1 2
w7 " q g
© l1
0
o V444
I 2 T 6
Mz =0
M =@(¢2 )= (1 0) = 1.5000 E,

2E| 2E|
Mag :TO(Z(pz +03 —3‘P23):T°(2-1+0—3-0):0.6667 Elg

Mg =@(q>2+2q>3 —311'23):%(”2-0—3-0):0.3333 Elg

3.0.5331-El
Mag = =0 (pr —Way)=——-__—0(0-0)=00EI
3= (03 ~¥34) 6.7082 0-0) 0
Myz =0
M02=0
3EI 3.0.5331-El
Moo = 2 (¢ — Wgp )= ————0(1-0)=0.2666 El,

6
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0.6667Elo
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7 J g\ E
1.5000 Elo 0.3333Elo
[ e
0.2666 Elo
1
M()
0
72007 7

r21

_3\

1

TN
1,5000Elo < —|2— > 0.6667Elo 0,3333 Elo <
\_/

0.2666 El
0 r,, = 0.3333 El,
f,, =1.5000 +0.2666 + 0.6667
r, = 2.4332 El,
0.6667Elo w_l
1 \ 2 / =
07 »/ = \
1.5000 Elo /
0.2666 Elo
1 s
T
/ lPoz=é (1)
/ M
/
/
/
0
77
R.P.W.
10

10 (0.6667 +0.3333)El, - =

1011 +0.2666El - 5
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Stan Zo =1 ((P3 = 1)
- 1 2
T l2 s l2
© l1
0
o o
2 6
My2 =0
3El 3El
Mo+ =TO(<P2 —‘P12)=TO(O—O)= 00
Mg :@(&pz +Q3 —31}'23):%(20“—3-0):0.3333 El,
Mo =@(¢p2 +2¢5 —3‘P23)=%(0+2'1—3-0)=0.6667 Elg
3Ely 3-0.5331-Ely
Mgy =—— -¥y)=—————(1-0)=0.2384 EI
34 I (<P3 34) 6.7082 ( ) 0
3El 3-0.5331-El
M2o ZTO((Pz —‘1’02)=TO(0—0)= 00
Mz
VR
> 0.3333Elo
0.3333 Elo |
1 2
T i r, = 03333 El,
22
R
0,6667 El
’ 3\
0,2384 EIOJ
0
7 r,, = 0.6667 +0.2384
r,, = 0.9051El,
R.P.W

=0 =>

10-155 — (0.6667 +0.3333)El, '%+0.2384EI0 -%
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Stan Zg3 =1 (AS = 1)

0.3333 Elo

777 \ / 0.6667 Elo'/
/
/
’
\s/lP(JZ:é @)
/ M
/
/
/
/
0
777
- 1 2
. A I
707 :
© I+
0
T A
-2 | 6
Mz =0
3EI 3EI
Mz ZTO((PQ—‘PQ):TO(O_O):O
Mas =@(2<p2 +Q3 —3\?23)=%(2-0+0—3'%j =0.0833 Elg
Mg =@(¢p2+2q)3—3‘P23)=%(0+2'0—3'%]=O.0833 Elg
3Elq 3-0.5331-Elg (. 1
Mag = 2 (pg —Wg4)=———-—0|0-—|=-0.0397 El
34 i (03 —¥34) 6.7082 [ 6] 0
Myg =0
M02 ZO
El -0.5331-El
Mag :C”Toﬁp2 - 02):%[0—%} =-0.0444 El,
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0.0833 Elo
1 2 /

pz iSHAY /
] 0.0833 Elo

0.0444 EIo

3
/\

23

7T

_|2— > 0,0833 Elo 3
0.0833Elo
0,0397 Elo*/

0.0444 Elo
1 =-0.0444 +0.0833 s = 0.0833 - 0.0397
s =0.0389 El, I, = 0.0436 El,

_ 1,
0.0833 Elo @ _ 1 =
23 12 — =
1 2/ [ = § o
VA S \ / »/ \
> 0.0833 Elo
0.0444 Elo / v T
/ B 0.0397Elo u=6
~g 1 \
=6 )
/ M \
/ \
/ \
/ \
/ \
0

W/ﬁ 7

R.P.W.
10133 - 0.0444El, - ?—(o .0833 +0.0833)El, - —-o 0397El, - ?Ozo > 133 =0.0279El,
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Stan ,,P”
16 KN/m
15 kNm
20 kN
o5kN 1 JOKNy Ay v v v v vy v vy
=S 3
T o ZfFo l2
© I
0
- 700
2 | 6
M2 =0
My = S Pl=—>.20.2=7.50kNm
16 16
2 2
23 :_i:‘le 6 =-48.00 KNm
12 12
2 2
M32=i=16'6 = 48.00 kNm
12 12
Mzq =0
Myg =0
Moz =0
Mz =0
rp
15,00 kNm
2

7,50 kNm 48,00 KNm

fp = 7,50 -15,00 — 48,00
fp =-55.50 kNm

7.50 kNm 48,00 kNm

I2p

< 3\ 3,00 kNm

48,00 kNm

f,» =48.00-3,00
fop = 45.00 KNm

Vit
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16 KN/m -
15 KNm 1,0

w 1
20 kN Wo=15 3 kNm

= AN
SKN 1 JOKN -~y b vy v o'y vy g § fo
-2 =
Witz n \«/ S »/ - \
7,50 kNm [ 48,00 kNm 48,00 kNm \
w1
/ Y=g
I \
Fo=+6 \
/ \
/ \
/ \
/ \
0 4
77 Z
1023 3. Wu=Ar = Aa =3-1’O = Aa= 10
12 4
R.P.W.
10-r, +(48,0-480)- 12 -6-16-Aa-5,0-10+10-10=0 = 1, =19.00kN
ROzZWIAZANIE UKLADU ROWNAN KANONICZNYCH
My Zy 4l Zy 40523+ =0
Mg 2y +Tpp Zy +lpg - Zg+1p =0
M31 2y + g Zy +Ty5 2540 =0
2.4332El, -z, +0.3333El, - z, +0.0389El, - z, = 55.50
0.3333El, -z, +0.9051El, - z, + 0.0436El, - z, = -45.00
0.0389El, - z, +0.0436El, -z, +0.0279El, - z, =-19.00
,. _37.9757 _ 37.9757
"= TEl, P2 =g
,. 306778 _-30.6778
2= 7E, P =g,
-685.6412 -685.6412
23 = = A3 =
Elo Elg
WYZNACZENIE WARTOSCI MOMENTOW ZGINAJACYCH — METODA SUPERPOZYCJI:
ME) =My -Z4 + My -Z5 +Mg - Z5 +Mp
Myp =0
Mgy = 1.50Ely - 212727 , o 306778 o 0856412 , 7 56 _ 64.4635 kNm
Elg Elp Elg
Moz =0.6667El, -—37;757 +0.3333Elg '—'305778 +0.0833El, '—'685E'I641 2 . 48.00 = -90.0456 kNm
0 0 0
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M32 = 03333E|0 . | + 06667E|0 .
0

37.9757 +0.2384El - -30.6778

Mas =0 Elo 0

Mys =0

Mgs =0

37.9757 -30.6778
+0-

Mg = 0.2666El -
20 =T Elo

WYZNACZENIE WARTOSCI Sl TNACYCH:

20 kN
T|2I { 21

-2

M:=64.4635 kKNm

SM; =0
201+ Tpy -2+ 64.4635 = 0
Toy =-42.2317 kN

SMp =0
Typ-2-20-1+64.4635 =0
Ty =-22.2317 kN

M2=40.5821 kNm
T Ta

TZO

TOZ

2My=0
Ty -6 +40.5821=0
Tpo = -6.764 kN

37.9757 -30.6778
lo
-0.0397El, -

+ 0.0833Ely -

-685.6412

-0.0444E], - 8856412

-685.6412
lo
+0=19.9301 kNm

+48.00 =-16.9301kNm

0

I +0=140.5821KkNm
0

16 KN/m

M==90.0456 kNm Mz=16.9301 KNm

Theyvvvh v v v vy vy

[
2M; =0
16-6-3+ T35 -6-90.0456 -16.9301=0
Tap = -30.1707 kN
Mg = 0
Toz -6—-16-6-3-90.0456 -16.9301=0
Tps = 65.8293 kN

M:=19.930 KNm

5>

7.
2> M3=0
T43 -6.7082 +19.9301=0
Tz =-2.9710kN
Taq = T4z =-2.9710 kN
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WYZNACZENIE WARTOSCI Sit. NORMALNYCH:

sinoe=0.8944; cosa=0.4472
Naa lT32=3o,1 717 T21=42.2317 T23=65.8293

- 3 Not li, l N
}34 =2.9710 _|2_
" 1 T=6.7637
\N34
lNzo

TY=0
-Ng4 - sino - 30.1707 +2.9710 - coso = 0 2Y=0
N3y = —32.2464 kN —Nyg —42.2317 - 65.8293 =0
$X=0 Noq =-108.0610 kN
“Nap +2.9710 - sinct + Nay - COS 0t =0 2X=0
Ny =5.00 kN
N02=108.0610
T.=22.2317 T.:=6.7637
5 kN I N.:=5,00
Ho O
I R W
RD
Ry =-22.2317 kN
Ry =108.0610 kN
Ho = 6.7637 kN
\l\‘l43=32.2464
Tas = 297101 2Y=0

R4 -2.9710 -cosa - 32.2464 - sina. =0
R4 =30.1707 kN

—H4 —2.9710 - sina. + 32.2464 - cosa. =0
Hy =11.7637 kN

WYZNACZENIE M4,
16 kN/m

T23=65.8293 kN

uuuu*u>MMAx

M23=90.0456 KNm

>Y=0

65.8293 -16-x=0 = x=45.3761m

2
Mnmax =—90.0456 + 65.8293 - x - 16 - X?

Mmax = 45.3761kNm
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32.2464

[kN]

90.0456
R.=22.2317 45.3761
n
Mp [kNm]
H.=6.7637
7
R.=108.0610
10,00
65.8293
+
10,00 @
[ T6.7637
2225 7= —
42.2317 42]2317
R.=22.2317 —
o
H=6.7637 1 o7epr
%/&
R.=108.0610
500 prr %%
e e WL BN I
- 11.7687 s
R=22.2317
- N .
P
H.=6.7637
Z 108.0610
R.=108.0610

H.=11.7637
7
R.=30.1707

R.=30.1707

R.=30.1707
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KONTROLA STATYCZNA
_ 10kN 16 kN/m
0 20 kN PSkNm
1 5KN 1 TN
T l2 2 I2 3
R.=22.2317
© l4
H.=6.76368 kN 0 H.=11.7637 kN
o %7// Z
R.=108.0610 kN R.=30.1707 kN
m
L2 : Lo
>X=0 -5+10+6.7637-11.7637=0 = 0=0
ZX=0 -22.2317 -20+108.0610-16-6+30.1707=0 = 0=0
ZMO:O -5.6-22.2317-2-20-1+10-7,5+16-6-3+3-30.1707-9=0 = 0=0

KONTROLA KINEMATYCZNA

- M? - M
H0-1,0:ZJ.%ds

6.00

T
e T TTTTTTTIT T T eeel<ERS
6.00 L 00

—_
o

—

_ 2
Ho-10=—|-1.6.90.0456 . 6+ 61693016+ 2.6. 105" g4

s |1 6.405821.2.6+1.6.7082-19.9301- 2. 6
0.5331Ely | 2 3 2 3
Hy - 10 = 1 1:920613  -219.595 _ ;4350 - 0.0350 = 1.38778E - 17 = 0,0
Ely 0.5331El,
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ROWNANIE ROZNICZKOWE LINII UGIECIA
Roéwnanie rézniczkowe linii ugiecia dla preta 2-3, q(x) = 16 kN/m

- 16 kN/m
z,=""g" Zp= - 30.%7078
HH’HHHHZ R
X
\
d4y d4y
Ely—2=q(x) = Elj—>=16
de4 de4
3 3
Elod—§=—T(x) Elod—§=16x+c
dx X
2 2
Elod—};:—M(x) Elod—g 16,2 cx+D
dx dx
dy dy 16 3 1 2
Eln —= = op(x Eln - =——x>+—-Cx“+Dx+E
O - MX) = By =53X 13
Elgy = W(x) = Elgy = 16 4, 1 o3 ok 4Ex+F
0 0¥ "534 2.3 2
Warunki brzegowe:
37.9757
1. x=0 @p=24 z=———
Elo
2. x=0 yZZO
3. x=0 052, 22:-30.6778
Elg
4. x=0 y3=l1"23'6
Z4 -57.1368
W, =3 W, = 2900
28779 T BT TR
y _ 571368 o _ y _ -342.8206
g = 201958 g = o0e:020
Elg Elg
16 3 1.
37.9757:5-0 +EC'O +D-0+E — E=37.9757
10 04, 1 c03+1D.02+E.0+F = F=0
2.3.4 2.3 2
-306778_%63 1 62.01+6.D+37.9757 = 18C+6D = -644.6534
—342.8206:%-64 =3 .63. C+ .6°D+37.9757-6+0 = 36C+18D =-749.0333

18C + 6D =-644.6534 = (€ =-65.8293
36C +18D =-749.0333 = D=90.04559

M(0) = (16

2 Znakowanie wg zasady metody przemieszczen
- rozciggane widkna gorne Mpg =-90.0456 kNm - rozciggane widkna gorne
M(6) = (16 Mg, =-16.9301kNm - rozciggane widkna dolne
2

- rozciggane wiokna dolne

.02 +-65.8293 - 0 + 90. 04559j =-90.0456 kN

62 - 65.8293 - 6 + 90. O4559j =16.9301kNm
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T(0)=—(16-0-65.8293) = 65.8293 kN To3 = 65.8293 kN
T(6)=—(16-6 - 65.8293) = -30.17072 kN T =-30.1707 kN

SPRAWDZENIE NAPREZEN NORMALNYCH WYWOLANYCH MOMENTEM ZGINAJACYM

Gmax < Odop

Mmax
Omax = W < Ggop = 205MPa
Prety grupy 1 1220 (W, =278.18 cm3, I, = 3060 cm*)
Mpax = 40.5821kNm

4058.21

Cray = ——"" =14.5884 kN/cm?
max = o78.18

Gmax = 14.5884 kN/cm? < 6o, = 205kN/cm?
Prety grupy 2 1260 (W, =441.54 cm®, I, = 5740 cm*)
Mmax = 90.0456 kNm

9004.56

Cray = ——t22 _ 20,3935 kN/cm?
max = 44154

Gmax = 20.3935kN/cm? < 644 = 20,5kN/cm?
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