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≔kNm ⋅kN m
Zadanie 1: Rama 2D

≔E 210 GPa

≔αt ⋅1.2 10-5 ―
1
K ≔P 6 kN

Przekrój: IPN 120 ≔M 10 kNm

≔J 328 cm 4

≔q 2 ――
kN
m≔EJ =⋅E J 688.8 ⋅kN m2

≔h 120 mm

Długość pręta ukośnego:

≔L =‾‾‾‾‾‾‾‾‾‾‾‾‾+((2 m))2 ((4 m))2 4.472 m

≔sinα =――
2 m
L

0.447 ≔cosα =――
4 m
L

0.894

UPMS Stan p

Reakcje:

＝＝ΣMA ---⋅P 6 M ⋅⋅q L 5 ⋅VG 7 0 ≔VG =――――――――
+-⋅P 6 m M ⋅⋅q L 5 m

7 m
10.103 kN

＝＝ΣX +HG 6 0 ≔HG -6 kN

＝＝ΣY -+VA VG ⋅q L 0 ≔VA =+-VG ⋅q L -1.159 kN

Pręt AB y∈(0;2)m

≔NAB =-VA 1.159 kN

≔TAB 0 kN

≔MAB ((y)) 0 kNm

=MAB ((0 m)) 0 kNm =MAB ((2 m)) 0 kNm

Pręt CD x∈(0;3)m
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Pręt CD x∈(0;3)m

≔NCD 0 kN

≔TCD 0 kN

≔MCD ((x)) 0 kNm

=MCD ((0 m)) 0 kNm =MCD ((3 m)) 0 kNm
Pręt BC y∈(0;4)m

≔NBC 0 kN

≔TBC =P 6 kN

≔MBC ((y)) ⋅-P y

=MBC ((0 m)) 0 kNm =MBC ((4 m)) -24 kNm

Pręt BF x∈(0;7)m

≔NBF =-P -6 kN

≔TBF =VA -1.159 kN

≔MBF ((x)) +-⋅P 4 m M ⋅VA x

=MBF ((0 m)) 14 kNm =MBF ((7 m)) 5.889 kNm

Pręt DE x∈(0;4)m ≔y ((x)) 0.5 x ≔l ((x))
‾‾‾‾‾‾‾‾‾

+y ((x))
2

x2

≔NDE ((x)) ⋅⋅-q l ((x)) sinα

≔TDE ((x)) ⋅⋅-q l ((x)) cosα

≔MDE ((x)) ⋅⋅-q l ((x)) ―
x
2

=NDE ((0 m)) 0 kN =NDE ((4 m)) -4 kN

=TDE ((0 m)) 0 kN =TDE ((4 m)) -8 kN

=MDE ((0 m)) 0 kNm =MDE ((4 m)) -17.889 kNm

Pręt EF y∈(0;2)m

≔NEF =⋅-q L -8.944 kN

≔TEF 0 kN

≔MEF ((y)) ⋅⋅-q L 2 m

=MEF ((0 m)) -17.889 kNm =MEF ((7 m)) -17.889 kNm

Pręt FG y∈(0;2)m
≔NFG =-VG -10.103 kN

≔TFG =-HG 6 kN

≔MFG ((y)) ⋅HG y

=MFG ((0 m)) 0 kNm =MFG ((2 m)) -12 kNm
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Np [kN] Tp [kN] Mp [kNm]

Stan x1=1

Reakcje:

＝＝ΣMA --⋅1 6 ⋅1 6 ⋅VG 7 0

≔VG =―――――
-⋅1 6 m ⋅1 6 m

7 m
0

＝＝ΣX -+HG 1 1 0

≔HG =+-1 1 0

＝＝ΣY +VA VG 0

≔VA =-VG 0

Pręt AB y∈(0;2)m

≔NAB =-VA 0

≔TAB 0

≔MAB ((y)) 0 m

=MAB ((0 m)) 0 m =MAB ((2 m)) 0 m

Pręt CD x∈(0;3)m

≔NCD 1

≔TCD 0

≔MCD ((x)) 0 m

=MCD ((0 m)) 0 m =MCD ((3 m)) 0 m
Pręt BC y∈(0;4)m

≔NBC 0

≔TBC 1

≔MBC ((y)) ⋅-1 y

=MBC ((0 m)) 0 m =MBC ((4 m)) -4 m

Pręt BF x∈(0;7)m
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Pręt BF x∈(0;7)m

≔NBF -1

≔TBF =VA 0

≔MBF ((x)) +⋅VA x ⋅1 4 m

=MBF ((0 m)) 4 m =MBF ((7 m)) 4 m

Pręt DE x∈(0;4)m ≔y ((x)) 0.5 x ≔l ((x))
‾‾‾‾‾‾‾‾‾

+y ((x))
2

x2

≔NDE =⋅1 cosα 0.894

≔TDE =⋅-1 sinα -0.447

≔MDE ((x)) ⋅-1 y ((x))

=MDE ((0 m)) 0 m =MDE ((4 m)) -2 m

Pręt EF y∈(0;2)m

≔NEF 0

≔TEF -1

≔MEF ((y)) ⋅-1 (( +2 m y))

=MEF ((0 m)) -2 m =MEF ((7 m)) -9 m

Pręt FG y∈(0;2)m
≔NFG =-VG 0

≔TFG =-HG 0

≔MFG ((y)) ⋅HG y

=MFG ((0 m)) 0 m =MFG ((2 m)) 0 m

N1 [-] T1 [-] M1 [m]

Stan x2=1
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Stan x2=1

Reakcje:

＝＝ΣMA --⋅1 3 ⋅1 3 ⋅VG 7 0

≔VG =―――――
-⋅1 3 m ⋅1 3 m

7 m
0

＝＝ΣX HG 0

≔HG 0

＝＝ΣY -++VA VG 1 1 0

≔VA =+--VG 1 1 0

Pręt AB y∈(0;2)m

≔NAB =-VA 0

≔TAB 0

≔MAB ((y)) 0 m

=MAB ((0 m)) 0 m =MAB ((2 m)) 0 m

Pręt CD x∈(0;3)m

≔NCD 0

≔TCD 1

≔MCD ((x)) ⋅-1 x

=MCD ((0 m)) 0 m =MCD ((3 m)) -3 m
Pręt BC y∈(0;4)m

≔NBC -1

≔TBC 0

≔MBC ((y)) ⋅-1 3 m

=MBC ((0 m)) -3 m =MBC ((4 m)) -3 m

Pręt BF x∈(0;7)m

≔NBF 0

≔TBF =-VA 1 -1

≔MBF ((x)) -⋅VA x ⋅1 (( -x 3 m))

=MBF ((0 m)) 3 m =MBF ((7 m)) -4 m

Pręt DE x∈(0;4)m ≔y ((x)) 0.5 x ≔l ((x))
‾‾‾‾‾‾‾‾‾

+y ((x))
2

x2

≔NDE =⋅1 sinα 0.447

≔TDE =⋅1 cosα 0.894

≔MDE ((x)) ⋅1 x

=MDE ((0 m)) 0 m =MDE ((4 m)) 4 m

Pręt EF y∈(0;2)m
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=MDE ((0 m)) 0 m =MDE ((4 m)) 4 m

Pręt EF y∈(0;2)m

≔NEF 1

≔TEF 0

≔MEF ((y)) ⋅1 4 m

=MEF ((0 m)) 4 m =MEF ((7 m)) 4 m

Pręt FG y∈(0;2)m
≔NFG =-VG 0

≔TFG =-HG 0

≔MFG ((y)) ⋅HG y

=MFG ((0 m)) 0 m =MFG ((2 m)) 0 m

N2 [-] T2 [-] M2 [m]

Stan x3=1

Reakcje:

＝＝ΣMA -1 ⋅VG 7 0

≔VG =――
1

7 m
0.143 ―

1
m

＝＝ΣX HG 0

≔HG 0 ―
1
m

＝＝ΣY +VA VG 0

≔VA =-VG -0.143 ―
1
m

Pręt AB y∈(0;2)m

≔NAB =-VA 0.143 ―
1
m

≔TAB 0 ―
1
m

≔MAB ((y)) 0

=MAB ((0 m)) 0 =MAB ((2 m)) 0

Pręt CD x∈(0;3)m
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Pręt CD x∈(0;3)m

≔NCD 0 ―
1
m

≔TCD 0 ―
1
m

≔MCD ((x)) 0

=MCD ((0 m)) 0 =MCD ((3 m)) 0

Pręt BC y∈(0;4)m

≔NBC 0 ―
1
m

≔TBC 0 ―
1
m

≔MBC ((y)) 0

=MBC ((0 m)) 0 =MBC ((4 m)) 0

Pręt BF x∈(0;7)m

≔NBF 0 ―
1
m

≔TBF =VA -0.143 ―
1
m

≔MBF ((x)) ⋅VA x

=MBF ((0 m)) 0 =MBF ((7 m)) -1

Pręt DE x∈(0;4)m ≔y ((x)) 0.5 x ≔l ((x))
‾‾‾‾‾‾‾‾‾

+y ((x))
2

x2

≔NDE 0 ―
1
m

≔TDE 0 ―
1
m

≔MDE ((x)) 0

=MDE ((0 m)) 0 =MDE ((4 m)) 0

Pręt EF y∈(0;2)m

≔NEF 0 ―
1
m

≔TEF 0 ―
1
m

≔MEF ((y)) 0

=MEF ((0 m)) 0 =MEF ((7 m)) 0

Pręt FG y∈(0;2)m
≔NFG =-VG -0.143 ―

1
m

≔TFG =-HG 0 ―
1
m

≔MFG ((y)) -⋅HG y 1

=MFG ((0 m)) -1 =MFG ((2 m)) -1

N3 [1/m] T3 [1/m] M3 [-]
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N3 [1/m] T3 [1/m] M3 [-]

Obliczenie przemieszczeń

＝δ11 ――
1
EJ

≔δ11 ⋅――
m3

EJ

⎛
⎜
⎝

++++⋅⋅⋅⋅―
1
2

4 4 ―
2
3

4 ⋅⋅4 7 4 ⋅⋅⋅⋅―
1
2

2 4.472 ―
2
3

2 ⋅⋅⋅―
1
2

2 2
⎛
⎜
⎝

+⋅―
2
3

2 ⋅―
1
3

4
⎞
⎟
⎠

⋅⋅⋅―
1
2

2 4
⎛
⎜
⎝

+⋅―
1
3

2 ⋅―
2
3

4
⎞
⎟
⎠

⎞
⎟
⎠

=δ11 0.22933 ――
m
kN

＝δ12 ――
1
EJ

≔δ12 =⋅――
m3

EJ

⎛
⎜
⎝

--+⋅⋅⋅―
1
2

4 4 3 ⋅⋅4 7 ――
-3 4
2

⋅⋅⋅⋅―
1
2

2 4.472 ―
2
3

4 ⋅⋅――
+2 4
2

2 4
⎞
⎟
⎠

-0.03764 ――
m
kN

≔δ21 δ12

＝δ13 ――
1
EJ

≔δ13 =⋅――
m2

EJ

⎛
⎜
⎝

⋅⋅⋅-4 7 ―
1
2

1
⎞
⎟
⎠

-0.02033 ――
1
kN

≔δ31 δ13

＝δ22 ――
1
EJ

≔δ22 ⋅――
m3

EJ

⎛
⎜
⎝

+++++⋅⋅⋅⋅―
1
2

3 3 ―
2
3

3 ⋅⋅3 4 3 ⋅⋅⋅―
1
2

3 7
⎛
⎜
⎝

-⋅―
2
3

3 ⋅―
1
3

4
⎞
⎟
⎠

⋅⋅⋅―
1
2

4 7
⎛
⎜
⎝

+⋅-―
1
3

3 ⋅―
2
3

4
⎞
⎟
⎠

⋅⋅⋅⋅―
1
2

4 4.472 ―
2
3

4 ⋅⋅4 2 4
⎞
⎟
⎠

=δ22 0.19045 ――
m
kN

＝δ23 ――
1
EJ

≔δ23 =⋅――
m2

EJ

⎛
⎜
⎝

⋅⋅⋅―
1
2

1 7
⎛
⎜
⎝

-⋅―
2
3

4 ⋅―
1
3

3
⎞
⎟
⎠

⎞
⎟
⎠

0.00847 ――
1
kN

≔δ32 δ23
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＝δ33 ――
1
EJ

≔δ33 =⋅――
m
EJ

⎛
⎜
⎝

+⋅⋅⋅⋅―
1
2

1 7 ―
2
3

1 ⋅⋅1 2 1
⎞
⎟
⎠

0.00629 ――
1

kNm

＝δ1p ――
1
EJ

Pole paraboli: ≔Ap =⋅⋅⋅―
2
3

――――
⋅⋅q cosα L2

8
L ―――

1

⋅kN m2
13.333

≔δ1p =⋅―――
⋅kN m3

EJ

⎛
⎜
⎝

+-++⋅⋅⋅⋅―
1

2
24 4 ―

2

3
4 ⋅⋅4 7 ――――

+14 5.889

2
⋅⋅⋅⋅―

1

2
17.889 4.472 ―

2

3
2 ⋅⋅Ap ―

1

2
2 ⋅⋅――

+2 4

2
2 17.889

⎞
⎟
⎠

0.80398 m

＝δ2p ――
1
EJ

≔δ2p1 ⋅―――
⋅kN m3

EJ

⎛
⎜
⎝

++⋅⋅⋅―
1
2

24 4 3 ⋅⋅⋅―
1
2

14 7
⎛
⎜
⎝

-⋅―
2
3

3 ⋅―
1
3

4
⎞
⎟
⎠

⋅⋅⋅―
1
2

5.889 7
⎛
⎜
⎝

-⋅―
1
3

3 ⋅―
2
3

4
⎞
⎟
⎠

⎞
⎟
⎠

≔δ2p2 ⋅―――
⋅kN m3

EJ

⎛
⎜
⎝

-+⋅⋅⋅⋅-―
1
2

17.889 4.472 ―
2
3

4 ⋅⋅Ap ―
1
2

4 ⋅⋅17.889 2 4
⎞
⎟
⎠

≔δ2p =+δ2p1 δ2p2 -0.1173 m

＝δ3p ――
1
EJ

≔δ3p =⋅―――
⋅kN m2

EJ

⎛
⎜
⎝

+⋅⋅⋅――
-1
2

1 7
⎛
⎜
⎝

+⋅―
2
3

5.889 ⋅―
1
3

14
⎞
⎟
⎠

⋅⋅⋅―
1
2

12 2 1
⎞
⎟
⎠

-0.02624

Temperatura średnia:

≔t01 =――
+0 10
2

K 5 K ≔t02 =―――
-10 20
2

K -5 K

≔δ1t0 =+⋅⋅⋅1 3 m t01 αt ⋅⋅⋅0 2 m t02 αt 0.00018 m

≔δ2t0 =+⋅⋅⋅0 3 m t01 αt ⋅⋅⋅1 2 m t02 αt -0.00012 m

≔δ3t0 =+⋅⋅⋅0 ―
1
m

3 m t01 αt ⋅⋅⋅0 ―
1
m

2 m t02 αt 0

Różnica temperatur:

≔Δt1 =(( -10 0)) K 10 K ≔Δt2 =(( -10 -20)) K 30 K

≔δ1Δt =-⋅⋅0 m 3 m ―――
⋅Δt1 αt

h
⋅⋅――

+2 4
2

m 2 m ―――
⋅Δt2 αt

h
-0.018 m

≔δ2Δt =+⋅⋅⋅――
-1
2

3 m 3 m ―――
⋅Δt1 αt

h
⋅⋅4 m 2 m ―――

⋅Δt2 αt

h
0.0195 m

≔δ3Δt =+⋅⋅0 3 m ―――
⋅Δt1 αt

h
⋅⋅0 2 m ―――

⋅Δt2 αt

h
0

Wymuszenie w podporze:
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Wymuszenie w podporze:

≔R1 0 m ≔R2 0 m ≔R3 1 ≔Δ =1 ° 0.01745

≔δ1Δ =⋅-R1 Δ 0 m ≔δ2Δ =⋅-R2 Δ 0 m ≔δ3Δ =⋅-R3 Δ -0.01745

Podpora sprężysta:

≔Rp -1.159 kN ≔R1 0 ≔R2 0 ≔R3 -0.143 ―
1
m

≔k 500 ――
kN
m

≔δ11k =―――
⋅R1 R1

k
0 ――

m
kN

≔δ12k =―――
⋅R1 R2

k
0 ――

m
kN

≔δ13k =―――
⋅R1 R3

k
0 ――

1
kN

≔δ21k =―――
⋅R2 R1

k
0 ――

m
kN

≔δ22k =―――
⋅R2 R2

k
0 ――

m
kN

≔δ23k =―――
⋅R2 R3

k
0 ――

1
kN

≔δ31k =―――
⋅R3 R1

k
0 ――

1
kN

≔δ32k =―――
⋅R3 R2

k
0 ――

1
kN

≔δ33k =―――
⋅R3 R3

k
0.00004 ――

1
kNm

≔δ1k =―――
⋅R1 Rp

k
0 m ≔δ2k =―――

⋅R2 Rp

k
0 m ≔δ3k =―――

⋅R3 Rp

k
0.00033

Sumaryczne przemieszczenia:

≔δ1P =++++δ1p δ1t0 δ1Δt δ1Δ δ1k 0.78616 m

≔δ2P =++++δ2p δ2t0 δ2Δt δ2Δ δ2k -0.09792 m

≔δ3P =++++δ3p δ3t0 δ3Δt δ3Δ δ3k -0.04336

Rozwiązanie układu równań

＝+++⎛⎝ +δ11 δ11k⎞⎠ x1 ⎛⎝ +δ12 δ12k⎞⎠ x2 ⎛⎝ +δ13 δ13k⎞⎠ x3 δ1P 0

＝+++⎛⎝ +δ21 δ21k⎞⎠ x1 ⎛⎝ +δ22 δ22k⎞⎠ x2 ⎛⎝ +δ23 δ23k⎞⎠ x3 δ2P 0

＝+++⎛⎝ +δ31 δ31k⎞⎠ x1 ⎛⎝ +δ32 δ32k⎞⎠ x2 ⎛⎝ +δ33 δ33k⎞⎠ x3 δ3P 0

≔
x1
x2
x3

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

⋅
+δ11 δ11k +δ12 δ12k +δ13 δ13k
+δ21 δ21k +δ22 δ22k +δ23 δ23k
+δ31 δ31k +δ32 δ32k +δ33 δ33k

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

-1

-
δ1P
δ2P
δ3P

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

=x1 -3.943 kN =x2 -0.007 kN =x3 -5.8 kNm

Wykresy ostateczne

＝Rost +++⋅R1 x1 ⋅R2 x2 ⋅R3 x3 Rp

≔VA =+++0 x1 0 x2
⎛
⎜
⎝

⋅-0.143 ―
1
m

⎞
⎟
⎠
x3 ((-1.159 kN)) -0.33 kN

≔VG =+++0 x1 0 x2
⎛
⎜
⎝

⋅0.143 ―
1
m

⎞
⎟
⎠
x3 ((10.103 kN)) 9.274 kN

≔HG =+++0 x1 0 x2
⎛
⎜
⎝

⋅0 ―
1
m

⎞
⎟
⎠
x3 ((-6 kN)) -6 kN

≔MG =+++0 m x1 0 m x2 ((1)) x3 ((0 kNm)) -5.8 kNm

＝Nost +++⋅N1 x1 ⋅N2 x2 ⋅N3 x3 Np
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＝Nost +++⋅N1 x1 ⋅N2 x2 ⋅N3 x3 Np

≔Nost +++⋅

0 0
1 1
0 0
-1 -1

0.894 0.894
0 0
0 0

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

x1 ⋅

0 0
0 0
-1 -1
0 0

0.447 0.447
1 1
0 0

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

x2

0.143 0.143
0 0
0 0
0 0
0 0
0 0

-0.143 -0.143

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

―
1
m

x3

1.159 1.159
0 0
0 0
-6 -6
0 -4

-8.944 -8.944
-10.103 -10.103

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

kN

＝Tost +++⋅T1 x1 ⋅T2 x2 ⋅T3 x3 Tp

≔Tost +++⋅

0 0
0 0
1 1
0 0

-0.447 -0.447
-1 -1
0 0

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

x1 ⋅

0 0
1 1
0 0
-1 -1

0.894 0.894
0 0
0 0

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

x2

0 0
0 0
0 0

-0.143 -0.143
0 0
0 0
0 0

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

―
1
m

x3

0 0
0 0
6 6

-1.159 -1.159
0 -8
0 0
6 6

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

kN

≔Most +++⋅

0 0
0 0
0 -4
4 4
0 -2
-2 -4
0 0

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

m x1 ⋅

0 0
0 -3
-3 -3
3 -4
0 4
4 4
0 0

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

m x2

0 0
0 0
0 0
0 -1
0 0
0 0
-1 -1

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

x3

0 0
0 0
0 -24
14 5.889
0 -17.889

-17.889 -17.889
-12 0

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

kNm

＝Most +++⋅M1 x1 ⋅M2 x2 ⋅M3 x3 Mp

Wyniki:

=Tost

0 0
-0.007 -0.007
2.057 2.057

-0.322 -0.322
1.756 -6.244
3.943 3.943
6 6

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

kN=Nost

0.33 0.33
-3.943 -3.943
0.007 0.007

-2.057 -2.057
-3.529 -7.529
-8.951 -8.951
-9.274 -9.274

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

kN =Most

0 0
0 0.022
0.022 -8.205

-1.795 -4.055
0 -10.031

-10.031 -2.145
-6.2 5.8

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

kNm

Obliczenie ekstremum paraboli

＝＝ΣY --1.756 0 ⋅⋅q cosα x 0

≔x =――――――
-1.756 kN 0 kN

⋅q cosα
0.982 m

＝＝ΣMD +-0 Mmax ⋅⋅q x ―――
⋅x cosα
2

0

≔Mmax =⋅⋅q x ―――
⋅x cosα
2

0.862 kNm

Wykresy ostateczne
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Wykresy ostateczne

N [kN]

T [kN] M [kNm]

Sprawdzenie kinematyczne
stan p*

UPMS*

Reakcje:

＝＝ΣMG +--⋅P 6 M ⋅⋅q L 2 MG 0 ≔MG =++⋅-P 6 m M ⋅⋅q L 2 m -8.111 kNm

＝＝ΣX +HG 6 0 ≔HG -6 kN

＝＝ΣY -VG ⋅q L 0 ≔VG =⋅q L 8.944 kN

Siły w ściągu:
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Siły w ściągu:

Ściąg: ＝＝ΣMB ⋅-VF 7 0 ≔VF 0 kN

Ściąg: ＝＝ΣY +VB VF 0 ≔VB =-VF 0 kN

Rama: ＝＝ΣMD
L ---M ⋅HB 4 ⋅VB 3 0

≔HB =―――――
--M ⋅VB 3 m

4 m
-2.5 kN

Ściąg: ＝＝ΣX +-HB HF 0 ≔HF =HB -2.5 kN

Pręt AB y∈(0;2)m

≔NAB 0 kN

≔TAB 0 kN

≔MAB ((y)) 0 kNm

=MAB ((0 m)) 0 kNm =MAB ((2 m)) 0 kNm

Pręt BC y∈(0;4)m

≔NBC =VB 0 kN

≔TBC =-HB 2.5 kN

≔MBC ((y)) --M ⋅HB y

=MBC ((0 m)) -10 kNm =MBC ((4 m)) 0 kNm

Pręt CD x∈(0;3)m

≔NCD =--HB P -3.5 kN

≔TCD =-VB 0 kN

≔MCD ((x)) ---M ⋅HB 4 m ⋅VB x

=MCD ((0 m)) 0 kNm =MCD ((3 m)) 0 kNm

≔l ((x))
‾‾‾‾‾‾‾‾‾

+y ((x))
2

x2
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Pręt DE x∈(0;4)m ≔y ((x)) 0.5 x ≔l ((x))
‾‾‾‾‾‾‾‾‾

+y ((x))
2

x2

≔NDE ((x)) ---⋅-HB cosα ⋅VB sinα ⋅P cosα ⋅⋅q l ((x)) sinα

≔TDE ((x)) -+-⋅HB sinα ⋅VB cosα ⋅P sinα ⋅⋅q l ((x)) cosα

≔MDE ((x)) -+---M ⋅HB (( -4 m y ((x)))) ⋅VB (( +3 m x)) ⋅P y ((x)) ⋅⋅q l ((x)) ―
x
2

=NDE ((0 m)) -3.13 kN =NDE ((4 m)) -7.13 kN

=TDE ((0 m)) 1.565 kN =TDE ((4 m)) -6.435 kN

=MDE ((0 m)) 0 kNm =MDE ((4 m)) -10.889 kNm

Pręt EF y∈(0;2)m

≔NEF =-VF VG -8.944 kN

≔TEF =-HF HG 3.5 kN

≔MEF ((y)) -+⋅-HF y ⋅HG (( +2 m y)) MG

=MEF ((0 m)) -3.889 kNm =MEF ((2 m)) -10.889 kNm

Pręt FG y∈(0;2)m

≔NFG =-VG -8.944 kN

≔TFG =-HG 6 kN

≔MFG ((y)) -⋅HG y MG

=MFG ((0 m)) 8.111 kNm =MFG ((2 m)) -3.889 kNm

Np* [kN] Tp* [kN] Mp* [kNm]

Stan x1*=1

Reakcje:

＝＝ΣMG +⋅1 7 MG 0 ≔MG =⋅-1 7 m -7 m

＝＝ΣX HG 0 ≔HG 0

＝＝ΣY +VG 1 0 ≔VG -1

Siły w ściągu:
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Siły w ściągu:

Ściąg: ＝＝ΣMB ⋅-VF 7 0 ≔VF 0

Ściąg: ＝＝ΣY +VB VF 0 ≔VB =-VF 0

Rama: ＝＝ΣMD
L --⋅1 3 ⋅HB 4 ⋅VB 3 0

≔HB =――――――
-⋅1 3 m ⋅VB 3 m

4 m
0.75

Ściąg: ＝＝ΣX +-HB HF 0 ≔HF =HB 0.75

Pręt AB y∈(0;2)m
≔NAB -1

≔TAB 0

≔MAB ((y)) 0 m

=MAB ((0 m)) 0 m =MAB ((2 m)) 0 m
Pręt BC y∈(0;4)m

≔NBC =+-1 VB -1

≔TBC =-HB -0.75

≔MBC ((y)) ⋅-HB y

=MBC ((0 m)) 0 m =MBC ((4 m)) -3 m

Pręt CD x∈(0;3)m

≔NCD =-HB -0.75

≔TCD =-1 VB 1

≔MCD ((x)) --⋅1 x ⋅HB 4 m ⋅VB x

=MCD ((0 m)) -3 m =MCD ((3 m)) 0 m

Pręt DE x∈(0;4)m ≔y ((x)) 0.5 x ≔l ((x))
‾‾‾‾‾‾‾‾‾

+y ((x))
2

x2

≔NDE =--⋅1 sinα ⋅HB cosα ⋅VB sinα -0.224

≔TDE =-+⋅1 cosα ⋅HB sinα ⋅VB cosα 1.23

≔MDE ((x)) --⋅1 (( +3 m x)) ⋅HB (( -4 m y ((x)))) ⋅VB (( +3 m x))

=MDE ((0 m)) 0 m =MDE ((4 m)) 5.5 m

Pręt EF y∈(0;2)m
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Pręt EF y∈(0;2)m

≔NEF =-VF VG 1

≔TEF =-HF HG 0.75

≔MEF ((y)) -+⋅-HF y ⋅HG (( +2 m y)) MG

=MEF ((0 m)) 7 m =MEF ((2 m)) 5.5 m

Pręt FG y∈(0;2)m

≔NFG =-VG 1

≔TFG =-HG 0

≔MFG ((y)) -⋅HG y MG

=MFG ((0 m)) 7 m =MFG ((2 m)) 7 m

N1* [-] T1* [-] M1* [m]

Obliczenie przemieszczeń

＝δ1ost ――
1
EJ

≔δ1ost1 ⋅―――
⋅kN m3

EJ

⎛
⎜
⎝

--⋅⋅⋅―
1
2

3 4
⎛
⎜
⎝

-⋅―
1
3

8.205 ⋅―
2
3

0.022
⎞
⎟
⎠

⋅⋅⋅⋅―
1
2

0.022 3 ―
2
3

3 ⋅⋅⋅⋅―
1
2

10.031 4.472 ―
2
3

5.5
⎞
⎟
⎠

≔δ1ost2 ⋅―――
⋅kN m3

EJ

⎛
⎜
⎝

+--⋅⋅Ap ―
1
2

5.5 ⋅⋅⋅―
1
2

10.031 2
⎛
⎜
⎝

+⋅―
2
3

5.5 ⋅―
1
3

7
⎞
⎟
⎠

⋅⋅⋅―
1
2

2.154 2
⎛
⎜
⎝

+⋅―
1
3

5.5 ⋅―
2
3

7
⎞
⎟
⎠

⋅⋅7 2 ―――
-5.8 6.2
2

⎞
⎟
⎠

≔δ1ost =+δ1ost1 δ1ost2 -0.15433 m

≔δ1t0 =+⋅⋅⋅-0.75 3 m t01 αt ⋅⋅⋅1 2 m t02 αt -0.00026 m

≔δ1Δt =+⋅⋅⋅-―
1
2

3 m 3 m ―――
⋅Δt1 αt

h
⋅⋅―――

+5.5 7
2

m 2 m ―――
⋅Δt2 αt

h
0.033 m

≔δ1Δ =⋅-((-7 m)) Δ 0.12217 m

＝δ1k ―――
⋅R1 Rost

k
≔δ1k =――――

⋅1 -0.33 kN
k

-0.00066 m

≔δ1 =++++δ1ost δ1t0 δ1Δt δ1Δ δ1k -0.00008 m

Sprawdzenie względne:
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Sprawdzenie względne:

＝δ1p ――
1
EJ

≔δ1p1 ⋅―――
⋅kN m3

EJ

⎛
⎜
⎝

+-⋅⋅⋅―
1
2

10 4 ――
1
⋅3 3

⋅⋅⋅⋅―
1
2

10.889 4.472 ―
2
3

5.5 ⋅⋅Ap ―
1
2

5.5
⎞
⎟
⎠

≔δ1p2 ⋅―――
⋅kN m3

EJ

⎛
⎜
⎝

+-⋅⋅⋅-―
1
2

10.889 2
⎛
⎜
⎝

+⋅―
2
3

5.5 ⋅―
1
3

7
⎞
⎟
⎠

⋅⋅⋅―
1
2

3.889 2
⎛
⎜
⎝

+⋅―
1
3

5.5 ⋅―
2
3

7
⎞
⎟
⎠

⋅⋅7 2 ―――――
-8.111 3.889
2

⎞
⎟
⎠

≔δ1p =+δ1p1 δ1p2 -0.1618 m

=――
δ1
δ1p

%0.047 <5% Warunek spełniony

Zadanie 2: Rama 3D
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Zadanie 2: Rama 3D
≔E 210 GPa ≔v 0.3

≔G =―――
E

⋅2 (( +1 v))
80.769 GPa

Przekrój: IPE 180
≔P1 12 kN

≔J2 1320 cm 4

≔P2 15 kN
≔EJ2 =⋅E J2 2772 ⋅kN m2

≔P3 7 kN
≔J3 101 cm 4

≔M 8 kNm
≔EJ3 =⋅E J3 212.1 ⋅kN m2

≔J0 4.79 cm 4 ≔q 3 ――
kN
m

≔GJ0 =⋅G J0 3.869 ⋅kN m2

Układ współrzędnych 
globalnych:

Układ współrzędnych 
lokalnych:

UPMS i przyjęcie układów lokalnych Stan p

Reakcje:

＝＝ΣX +RXA P1 0 ≔RXA =-P1 -12 kN

＝＝ΣY +RYA P2 0 ≔RYA =-P2 -15 kN

＝＝ΣZ --RZA P3 ⋅q 5 0 ≔RZA =+P3 ⋅q 5 m 22 kN

＝＝ΣMAX ---+MXA M ⋅⋅q 5 2.5 ⋅P2 4 ⋅P3 5 0

≔MXA =+++-M ⋅⋅q 5 m 2.5 m ⋅P2 4 m ⋅P3 5 m 124.5 kNm

＝＝ΣMAY -+MYA ⋅P1 4 ⋅P3 6 0 ≔MYA =+⋅-P1 4 m ⋅P3 6 m -6 kNm

＝＝ΣMAZ -MZA ⋅P2 6 0 ≔MZA =⋅P2 6 m 90 kNm

Pręt ED z∈(0;4)m
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Pręt ED z∈(0;4)m

≔N =P3 7 kN

≔T2 0 kN ≔T3 0 kN

≔m0 0 kNm

≔M2 0 kNm ≔M3 0 kNm

Pręt DC x∈(0;6)m

≔N 0 kN

≔T2 =-P2 -15 kN ≔T3 =P3 7 kN

≔m0 0 kNm

≔M2 ((x)) ⋅P3 x ≔M3 ((x)) ⋅P2 x

=M2 ((0 m)) 0 kNm =M3 ((0 m)) 0 kNm

=M2 ((6 m)) 42 kNm =M3 ((6 m)) 90 kNm

Pręt CB y∈(0;5)m

≔N =P2 15 kN

≔T2 0 kN ≔T3 ((y)) +P3 ⋅q y

≔m0 =⋅-P3 6 m -42 kNm

≔M2 ((y)) +-⋅P3 y M ⋅⋅q y ―
y
2

≔M3 =⋅P2 6 m 90 kNm

=M2 ((0 m)) -8 kNm =T3 ((0 m)) 7 kN

=M2 ((5 m)) 64.5 kNm =T3 ((5 m)) 22 kN

Pręt BA z∈(0;4)m

≔N =--P3 ⋅q 5 m -22 kN

≔T2 =-P1 -12 kN ≔T3 =P2 15 kN

≔m0 =⋅-P2 6 m -90 kNm

≔M2 ((z)) +++-M ⋅⋅q 5 m 2.5 m ⋅P2 z ⋅P3 5 m

≔M3 ((z)) -⋅P1 z ⋅P3 6 m

=M2 ((0 m)) 64.5 kNm =M3 ((0 m)) -42 kNm

=M2 ((4 m)) 124.5 kNm =M3 ((4 m)) 6 kNm

Stan x1=1
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Stan x1=1

Reakcje:

＝＝ΣX RXA 0 ≔RXA 0

＝＝ΣY -RYA 1 0 ≔RYA 1

＝＝ΣZ RZA 0 ≔RZA 0

＝＝ΣMAX MXA 0 ≔MXA 0 m

＝＝ΣMAY MYA 0 ≔MYA 0 m

＝＝ΣMAZ +MZA ⋅1 6 0 ≔MZA =⋅-1 6 m -6 m

Pręt ED z∈(0;4)m

≔N 0

≔T2 1 ≔T3 0

≔m0 0 m

≔M2 0 m ≔M3 ((z)) ⋅-1 z =M3 ((0 m)) 0 m =M3 ((4 m)) -4 m

Pręt DC x∈(0;6)m

≔N 0

≔T2 1 ≔T3 0

≔m0 =⋅1 4 m 4 m

≔M2 0 m ≔M3 ((x)) ⋅-1 x

=M3 ((0 m)) 0 m

=M3 ((6 m)) -6 m

Pręt CB y∈(0;5)m

≔N -1

≔T2 0 ≔T3 0

≔m0 0 m

≔M2 =⋅1 4 m 4 m ≔M3 =⋅-1 6 m -6 m

Pręt BA z∈(0;4)m

≔N 0

≔T2 0 ≔T3 -1

≔m0 =⋅1 6 m 6 m

≔M2 ((z)) ⋅1 (( -4 m z))

≔M3 0

=M2 ((0 m)) 4 m

=M2 ((4 m)) 0 m

Stan x2=1
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Stan x2=1

Reakcje:

＝＝ΣX +RXA 1 0 ≔RXA -1

＝＝ΣY RYA 0 ≔RYA 0

＝＝ΣZ RZA 0 ≔RZA 0

＝＝ΣMAX MXA 0 ≔MXA 0 m

＝＝ΣMAY +MYA ⋅1 4 0 ≔MYA =⋅-1 4 m -4 m

＝＝ΣMAZ -MZA ⋅1 5 0 ≔MZA =⋅1 5 m 5 m

Pręt ED z∈(0;4)m

≔N 0

≔T2 0 ≔T3 0

≔m0 0 m

≔M2 0 m ≔M3 0 m

Pręt DC x∈(0;6)m

≔N -1

≔T2 0 ≔T3 0

≔m0 0 m

≔M2 0 m ≔M3 0 m

Pręt CB y∈(0;5)m

≔N 0

≔T2 -1 ≔T3 0

≔m0 0 m

≔M2 0 m ≔M3 ((y)) ⋅1 y

=M3 ((0 m)) 0 m

=M3 ((5 m)) 5 m

Pręt BA z∈(0;4)m

≔N 0

≔T2 -1 ≔T3 0

≔m0 =⋅-1 5 m -5 m

≔M2 0 m ≔M3 ((z)) ⋅1 z

=M3 ((0 m)) 0 m

=M3 ((4 m)) 4 m

Stan x3=1
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Stan x3=1

Reakcje:

＝＝ΣX RXA 0 ≔RXA 0

＝＝ΣY RYA 0 ≔RYA 0

＝＝ΣZ +RZA 1 0 ≔RZA -1

＝＝ΣMAX +MXA ⋅1 5 0 ≔MXA ⋅-1 5 m

＝＝ΣMAY MYA 0 ≔MYA 0 m

＝＝ΣMAZ MZA 0 ≔MZA 0 m

Pręt ED z∈(0;4)m

≔N 0

≔T2 0 ≔T3 0

≔m0 0 m

≔M2 0 m ≔M3 0 m

Pręt DC x∈(0;6)m

≔N 0

≔T2 0 ≔T3 0

≔m0 0 m

≔M2 0 m ≔M3 0 m

Pręt CB y∈(0;5)m

≔N 0

≔T2 0 ≔T3 -1

≔m0 0 m

≔M2 ((y)) ⋅-1 y ≔M3 0

=M2 ((0 m)) 0 m

=M2 ((5 m)) -5 m

Pręt BA z∈(0;4)m

≔N 1

≔T2 0 ≔T3 0

≔m0 0 m

≔M2 =⋅-1 5 m -5 m ≔M3 0 m

Wykresy
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Wykresy

Stan p

Stan 1

Stan 2
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Stan 2

Stan 3

Przemieszczenia
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Przemieszczenia

δ11

≔δ11 ++――
m3

EJ2

⎛
⎜
⎝

+⋅⋅4 5 4 ⋅⋅⋅⋅―
1
2

4 4 ―
2
3

4
⎞
⎟
⎠

――
m3

EJ3

⎛
⎜
⎝

++⋅⋅⋅⋅―
1
2

4 4 ―
2
3

4 ⋅⋅⋅⋅―
1
2

6 6 ―
2
3

6 ⋅⋅6 5 6
⎞
⎟
⎠

――
m3

GJ0
(( +⋅⋅4 6 4 ⋅⋅6 4 6))

=δ11 63.359 ――
m
kN

δ12

≔δ12 =++⋅――
m3

EJ2
0 ――

m3

EJ3

⎛
⎜
⎝

⋅⋅⋅-6 5 ―
1
2

5
⎞
⎟
⎠

――
m3

GJ0
(( ⋅⋅6 4 -5)) -31.371 ――

m
kN

≔δ21 δ12

δ13

≔δ13 ++――
m3

EJ2

⎛
⎜
⎝

-⋅⋅⋅-4 5 ―
1
2

5 ⋅⋅⋅―
1
2

4 4 5
⎞
⎟
⎠

⋅――
m3

EJ3
0 ⋅――

m3

GJ0
0 ≔δ31 δ13

δ22

≔δ22 =++⋅――
m3

EJ2
0 ――

m3

EJ3

⎛
⎜
⎝

+⋅⋅⋅⋅―
1
2

5 5 ―
2
3

5 ⋅⋅⋅⋅―
1
2

4 4 ―
2
3

4
⎞
⎟
⎠

――
m3

GJ0
(( ⋅⋅-5 4 -5)) 26.145 ――

m
kN

≔δ23 ++⋅――
m3

EJ2
0 ⋅――

m3

EJ3
0 ⋅――

m3

GJ0
0 ≔δ32 δ23

δ33

≔δ33 =――
m3

EJ2

⎛
⎜
⎝

+⋅⋅⋅⋅―
1
2

5 5 ―
2
3

5 ⋅⋅5 4 5
⎞
⎟
⎠

0.051 ――
m
kN

δ1p

Pole paraboli: ≔Ap =⋅⋅⋅―
2
3

――――
⋅q ((5 m))2

8
5 m ―――

1

⋅kN m2
31.25

≔δ1p2 =+-⋅⋅4 5 ―――
-64.5 8

2
⋅Ap 4 ⋅⋅⋅―

1
2

4 4
⎛
⎜
⎝

+⋅―
2
3

64.5 ⋅―
1
3

124.5
⎞
⎟
⎠

1116

≔δ1p3 =-⋅⋅⋅⋅-―
1
2

90 6 ―
2
3

6 ⋅⋅90 5 6 -3780

≔δ1p0 =⋅⋅-90 4 6 -2160

≔δ1p =++⋅―――
⋅kN m3

EJ2
δ1p2 ⋅―――

⋅kN m3

EJ3
δ1p3 ⋅―――

⋅kN m3

GJ0
δ1p0 -575.725 mNon-Commercial Use Only



≔δ1p =++⋅―――
⋅kN m3

EJ2
δ1p2 ⋅―――

⋅kN m3

EJ3
δ1p3 ⋅―――

⋅kN m3

GJ0
δ1p0 -575.725 m

δ2p

≔δ2p2 0

≔δ2p3 =+⋅⋅⋅90 5 ―
1
2

5 ⋅⋅⋅―
1
2

4 4
⎛
⎜
⎝

-⋅―
2
3

6 ⋅―
1
3

42
⎞
⎟
⎠

1045

≔δ2p0 =⋅⋅-90 4 -5 1800

≔δ2p =++⋅―――
⋅kN m3

EJ2
δ2p2 ⋅―――

⋅kN m3

EJ3
δ2p3 ⋅―――

⋅kN m3

GJ0
δ2p0 470.182 m

δ3p

≔δ3p2 =-+⋅⋅⋅―
1
2

5 5
⎛
⎜
⎝

-⋅―
1
3

8 ⋅―
2
3

64.5
⎞
⎟
⎠

⋅⋅Ap ―
1
2

5 ⋅⋅5 4 ――――
+64.5 124.5
2

-2316.042

≔δ3p3 0

≔δ3p0 0

≔δ3p =++⋅―――
⋅kN m3

EJ2
δ3p2 ⋅―――

⋅kN m3

EJ3
δ3p3 ⋅―――

⋅kN m3

GJ0
δ3p0 -0.836 m

Rozwiązanie układu równań

＝+++δ11 x1 δ12 x2 δ13 x3 δ1p 0

＝+++δ21 x1 δ22 x2 δ23 x3 δ2p 0

＝+++δ31 x1 δ32 x2 δ33 x3 δ3p 0

≔
x1
x2
x3

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

⋅
δ11 δ12 δ13
δ21 δ22 δ23
δ31 δ32 δ33

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

-1

-
δ1p
δ2p
δ3p

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

=x1 0.47 kN =x2 -17.419 kN =x3 16.647 kN

Reakcje ostateczne 

＝Rost +++⋅R1 x1 ⋅R2 x2 ⋅R3 x3 Rp

≔RXA =+++0 x1 -1 x2 0 x3 -12 kN 5.419 kN

≔RYA =+++1 x1 0 x2 0 x3 -15 kN -14.53 kN

≔RZA =+++0 x1 0 x2 -1 x3 22 kN 5.353 kN

≔MXA =+++0 m x1 0 m x2 -5 m x3 124.5 kNm 41.263 kNm ≔RYE =x1 0.47 kN

≔MYA =+++0 m x1 -4 m x2 0 m x3 -6 kNm 63.678 kNm ≔RXD =x2 -17.419 kN

≔MZA =+++-6 m x1 5 m x2 0 m x3 90 kNm 0.08 kNm ≔RZC =x3 16.647 kN

Reakcje ostateczne
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≔MZA =+++-6 m x1 5 m x2 0 m x3 90 kNm 0.08 kNm ≔RZC =x3 16.647 kN

Reakcje ostateczne

Sprawdzenie statyczne

≔ΣX =++RXA RXD P1 0 kN

≔ΣY =+-RYA RYE P2 0 kN

≔ΣZ =--+RZA RZC P3 ⋅q 5 m 0 kN

≔ΣMAX =---++MXA ⋅RZC 5 m M ⋅⋅q 5 m 2.5 m ⋅P2 4 m ⋅P3 5 m 0 kNm

≔ΣMAY =-++MYA ⋅RXD 4 m ⋅P1 4 m ⋅P3 6 m 0 kNm

≔ΣMAZ =-+-MZA ⋅RXD 5 m ⋅RYE 6 m ⋅P2 6 m 0 kNm

Wykresy ostateczne

＝Nost +++⋅N1 x1 ⋅N2 x2 ⋅N3 x3 Np

≔Nost =+++

0
0
-1
0

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

x1

0
-1
0
0

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

x2

0
0
0
1

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

x3

7
0
15
-22

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

kN

7
17.419
14.53
-5.353

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

kN

＝Tost +++⋅T1 x1 ⋅T2 x2 ⋅T3 x3 Tp

≔T2ost =+++

1
1
0
0

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

x1

0
0
-1
-1

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

x2 ⋅

0
0
0
0

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

x3

0
-15
0

-12

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

kN

0.47
-14.53
17.419
5.419

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

kN

≔T3ost =+++

0 0
0 0
0 0
-1 -1

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

x1

0 0
0 0
0 0
0 0

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

x2

0 0
0 0
-1 -1
0 0

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

x3

0 0
7 7
7 25
15 15

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

kN

0 0
7 7

-9.647 8.353
14.53 14.53

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

kN

＝Most +++⋅M1 x1 ⋅M2 x2 ⋅M3 x3 Mp

≔most =+++⋅

0
4
0
6

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

m x1 ⋅

0
0
0
-5

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

m x2 ⋅

0
0
0
0

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

m x3

0
0

-42
-90

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

kNm

0
1.882

-42
-0.08

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

kNm
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≔M2ost =+++⋅

0 0
0 0
4 4
4 0

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

m x1 ⋅

0 0
0 0
0 0
0 0

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

m x2 ⋅

0 0
0 0
0 -5
-5 -5

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

m x3

0 0
0 42
-8 64.5
64.5 124.5

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

kNm

0 0
0 42

-6.118 -16.855
-16.855 41.263

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

kNm

≔M3ost =+++⋅

0 -4
0 -6
-6 -6
0 0

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

m x1 ⋅

0 0
0 0
0 5
0 4

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

m x2 ⋅

0 0
0 0
0 0
0 0

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

m x3

0 0
0 90
90 90
-42 6

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

kNm

0 -1.882
0 87.177

87.177 0.08
-42 -63.678

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

kNm

Obliczenie ekstremum paraboli

＝＝ΣZ -8.535 ⋅q y 0 ≔y =――――
8.535 kN

q
2.845 m

＝＝ΣMXB ---16.855 ⋅⋅q y ―
y
2

Mmax 0

≔Mmax =--16.855 kNm ⋅⋅q y ―
y
2

-28.996 kNm

Wykresy ostateczne
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