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CWICZENIE PROJEKTOWE NR 3
Z MECHANIKI BUDOWLI

Dane ustroje statycznie niewyznaczalne rozwigzaé metoda sit
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kNm:=kN-.-m

E:=210 GPa
1
= . =5 R
a;:=1.2-10 < 6 kN
Przekrdj: IPN 120 M:=10 kNm
o 4
E J:=328 cm q::Qg
i EJ:=E-J=688.8 kN -m? m
1-20°C .
. :=120 mm
F
4 Dtugosc¢ preta ukos$nego:
' L:=\/(2m)?>+(4m)® =4.472 m
L a s 7%; V(2 m)” +(4 m)
Vv % IVIG VG sina::2—m:0.447 cosa::4—m:0.894
A/IV Sm IV 4m /|V L L
UPMS Stan p
X2
X1 X P _.C 0C D,
ﬁ 10°6 g
X =
2 & J
\ a
E
=
N Mg 10°C |-20°C
) C .
&
H
& EAG
JAN X31 A Vi % TV
5, 3m : 4m P
Reakcje:
SMy=P-6-M—q-L-5-Vg-T=0 V=0 m_]:Hq'L'E’ ™ —10.103 kN
m
XY=V, +Vg—q-L=0 V,i=—Vg+q-L=—1.159 kN
Pret AB ye(0;2)m
M?EIT N,p:=—V,=1.159 kN
A M ,5(y) =0 kNm
VT Mup(0 m)=0 kNm  M,,(2 m)=0 kNm



Pret CD x€(0;3)m

T N,p:=0 kN
N—I CD
V]| S—
"

Mcp(0 m)=0kNm  Mqp(3 m)=0 kNm

Pret BC ye(0;4)m
B p_3m Npe:=0 kN
l }I Tyo=P=6 kN
T<IN Mpe(y):=—P-y
M. Mpo(0m)=0kNm  Mp,(4 m)=—24 kNm
Pret BF x€(0;7)m
B

>,7# NBF::—P:—6 kN
' Tpr=V,=-1.159 kN

4m

MBF(HZ) ::P'4 m—M+VA'$
Mpgp(0 m)=14 kNm Mp,(7 m)=5.889 kNm

x€(0;4)m y(z)=0.5 =z I(z)=Vy(z) +2*

Npg(0 m)=0 kN Npg(4 m)=—4 kN

Tpe(0 m)=0 kN Tpp(4 m)=—8 kN
Mpp(0m)=0kNm  Mpg(4 m)=-17.889 kNm

Pret EF ye(0;2)m

Nppi=—q-L=-8.944 kN

Tgp=0 kN

Mpgp(y):=—gq-L-2m

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

Pret FG ye(0;2)m

{ HGT Tpg=—Hg=6 kN
- Mpg(y):=Hg-y

Ve My (0 m)=0 kNm M (2 m)=—12 kNm



Np [kN] Tp [kN] Mp [KNm]

—e— .
-17.889
6
-4
-8.944 b
24 I
1.159 6 -1.159 JG 14 5.889
-10.103
A Ja AN A AN FAN
Stan x1=1
1 1 Reakcje:
x 49
£ YMy=1:6—1:6-V7=0
o
T VGzzl-Gm—l-Gm:0
= 7 m
o
| YX=H,+1-1=0
£ Hi:=—14+1=0
(o] HG
h é %L\ 2Y=VA+VG=O
Val  3m 4m TVG Vyi==Ve=0
E - v A= Gc=
Pret AB ye(0;2)m
MJ?NT Nyp=—V4=0
>~I : Typ:=0
A
M,p(y):=0 m
VA% M,p(0 m)=0m M,p(2m)=0m
Pret CD x€(0;3)m
T NCD'—]_
Nt 1
M > _
X TCD‘ 0
4
Mep(z):=0m
Pret BC ye(0;4)m
% Npei=0
[ Tpo=1
! >
MBC(y) =—1-y

N68g L



4m

L 2m
y g

Pret EF

T

Npp=—1

Tpp=V,4=0

Mpp(z):=V, -z+1-4m

Mpp(0 m)=4 m Mpp(7m)=4 m
xe@Hm  y(@)=05z  I(z)=\y(e) +a?

Npgi=1-cosa=0.894
Tppi=—1+stna=-0.447

MDE(:B) i=—1 y(x)

ye(0;2)m

Ngp:=0

Tpp=—1

MEF(y)::—1°(2 m+y)

Npgi==Ve=0

Tpe=—Hg=0

MFG(y) =Hgy

Mpe(0 m)=0m Mp;(2 m)=0m
T1[-] M1 [m]

[

[>
>
>
>
>



Stan x2=1

1 Reakcje:
£ & SMy=1.3-1-3-Vg-7=0
o™
N VG::1-3m—1-3m:
= 7 m
o]
| YX=Hg=0
e HG:ZO
o™ HG
h A A XY=V, +Vg+1-1=0
VAT TVG
p 3m ¥ 4m " VA::—VG—1+1:O
Pret AB ye(0;2)m
M{N Nyup=—V,4=0
}\I EA TAB::O
MAB( )::0 m
VA? M,p(0 m)=0m Myp(2 m)=0m
Pret CD x€(0;3)m
NT N¢p=0
M S 1 Tepi=1
v X v Meop(z):=—1-z

Pret DE x€(0;4)m y(z)=05 =z

Mpp(z)=1-z

Mpp(0 m)=0m

Mep(3 m)=—3 m

Npg:=1-stna=0.447
Tpg=1+cosa=0.894

0



y€(0;2)m

Ngp=1
Tgp:=0
MEF(y) =14 m

Mpp(0 m)=4m Mgp(7 m)=4 m

MFG(2 m):O m

y

T2 [-] M2 [m]
1 3
0447 10894
L1 3
}
-1 3
A A A P a
Stan x3=1
T Reakcje:
£
2 XM =1-V5-7=0
Lﬁ 1
£ Vg - ozl
o 7 m m
T SX=H,=0
3 1
N HG HG =0 —
< A %L\ m
Val  am 4m i T,VG LY =V,+Ve=0 .
VA:: _VG:_0'143 _—
m
Pret AB ye(0;2)m
M{N Napi=—V,=0.143 =
! Typ=0 — ”
> | =00
A
MAB(y) =0
VA? M,p(0 m)=0 M,p(2 m)=0




Pret CD x€(0;3)m

0

Pret FG ye(0;2)m 1
M tmN Npg:= —VG:—O.1143 o
, Tpei=—Hg=0 —
%I HG : m
My (y)=Hg-y—1

18 (VA My (0 m)=—1 Mye(2 m)=-1



M3 [-]

N3 [1/m] T3 [1/m]
—e—\\ & —
D \\
-1
0.143 —0.143{ -0.143 1
A A A A A A
Obliczenie przemieszczen
dp=—| [la /| + T 447’2 e
EJ
4 4
3
511::m .(l.4.4.3.4+4.7.4+l.2.4,472.3.2+l.2 2. 2.2+i.4 +i.2.4. l.2+3.4)
EJ \2 2 3 2 3 3 2 3 3

5,,=0.22933 =
kN

1
0y9g=——
2= 57 A

2R

4
+ "4.472

7

14 “\—\|4

i

il

3
=2, (i 4.4.344.7.378 Lo qare 24 2T 5y
3 2
T Ta
5 -1 7
PTEI |
1
1|3 37 A 4 5
2= + + + 4412 +
EJ SIL«\ A4 =
3- 3 2 4 4 4 _]

Do i=— o
27 gy |2

8y =0.19045 =
kN

=y
=N

m? 1
Ooq =
BT o7 (

2

2
3

1.7.(_.4_1.3

3

=0.00847 1
kN

3
m i.3.3.3.3+3.4.3+5.3.7.(%.3_i.4)+%.4.7.

030:=093

m
=-0.03764 — 091:=0
) KN 21°=012

LsiZ )it aiaam. 24000
3 2 3



1
O0qe = ——

1
b= (L7 2410, 1 =0.00629 ———
EJ \2 3 kNm

17.889 2

A A 49889 -&—ﬁ
O1p= EJ

+ 4472 ,+ | |2

24 4 17889 4
. 2 .cosas L2 1
Pole paraboli: A, =—.1 .L- =13.333
3 8 kN .m?
kN.m® (1 2 14+5.889 1 2 1 2+4
81pi= ‘2442444, 7-+—+—-17.889-4.472-—-2—A 2942t 9.17.889|=0.80398 m
2 2 3 2 2
17 889
]889+ 17z, +
4
24 3 3 17.889 4

3
52p1::M. Loosazstiqgar 231y
EJ 2 2 3 3

+1.5.889.7.[Lo3-2 .4
2 3 3

.m? 1 2 1
5= X (1 17 880.4.472. 20444, L oa17.880.2.4
EJ 2 3 2

5217 = 52131 +62p2 = _0.1173 m

121
5. =L 14—%'gg9
B | 1 T2
|

kN.m?> (-1 2 1 1
Sypimm | T 17| 25889+ =+ 14|+ =+ 12+ 2-1|=—0.02624
EJ 2 3 3 2
Temperatura $rednia:
0+10 10—20

2
51t0::1.3 m-t01°at+0°2 m'tOQ'at:0.00018 m
1

1
53t0::0_.3 m't01°at+0—'2 m°t02°at:0
m m

Rdznica temperatur:

At,:=(10-0) K=10 K Aty:=(10—-20) K=30 K
At 244 Aty
Sia=0me3me 2t oM. T2 o 0018 m
h 2
_1 Atl‘at AtQ'OLt
Oopp'=—+3m-3 m +4m-2m- =0.0195 m
53At—0'3m +0 211’1 =



Wymuszenie w podporze:

R,:=0m R,:=0m R;:=1 A:=1°=0.01745
Oip=—R;*A=0m Jyp:=—Ry-A=0m 037:=—R3+A=-0.01745
Podpora sprezysta:

R,:=—1.159 kN R,:=0 R,:=0 R;:=—-0.143 1 k:=500 KN
m m
Rl.Rl m Rl'R2 m Rl'R3 ]_
6 = :0 5 = :0 5 = :0
L1k k kN 12k k kN 13k k kN
Ry-R, m R,-R, m Ry-R; 1
R3'R1 ]_ R3'R2 1 R3'R3 1
oy i= =0 S oy 1= =0 Sany = =0.00004 ———
Bik k kN 32k k kN a3k k kNm
R,-R R, R R,-R
= 1k P=0m Bopei= 21: P =0 m Sy i= 3k P =0.00033

Sumaryczne przemieszczenia:
01p:=01,+0150+014;+0,4+01,=0.78616 m
O9p =0y, + 099+ 02+ 024+ 05, =—0.09792 m
03p:=03,+ 0310+ 0341+ 034+ 03, = —0.04336

Rozwiazanie uktadu rownan
<511+511k> $1+<512+512k> 932+<513+513k) x3+0,p=0
<521+521k> $1+<522+522k> $2+<523+523k> Z3+0yp=0
<531+531k> $1+<532+532k> 5‘32+<533+533k> T3+03p=0

Zy 011+ 011k 012+ 010k 013+ 013, B d1p

Ty [:=| 091+ 091y Oop+ 029k Og3+0s3; | =—|d2p

Z3 031+ 031% O30+ 0305 033+ 033y, d3p
x,=-3.943 kN z,=-—0.007 kN T3=-—5.8 kNm
Wykresy ostateczne

Rost=R1-.’E1 +R2'$2+R3'$3+Rp

1
V=0 2,40 @y+|—0.143 . —
m

1
Vei=0 2,40 o+ 0.143-—) x3+(10.103 kN)=9.274 kN

x5+ (—1.159 kN)=—-0.33 kN

m

0.

HG:ZO wl-l-(] .’132+

! ) x5+ (—6 kN)=—6 kN
m

Mg:=0m z;+0 m z,+(1) z;+(0 kNm)=-5.8 kNm



0 0 0 0 [ 0.143 0.143 | 1.159  1.159
1 1 0 0 0 0 0 0
0 0 -1 -1 0 0 1 0 0
NOSt = —1 —1 ‘:171"‘ 0 0 °:B2+ 0 0 — SU3+ _6 —6
0.894 0.894 0.447 0.447 0 0 m 0 —4
0 0 1 1 0 0 —8.944 —8.944
0 0 0 0 | —0.143 —0.143 | | -10.103 —10.103 |
Tost=T1'£L'1+T2-$2+T3-£3+Tp
[0 0 | [0 0 0 0 0 0
0 0 1 1 0 0 0 0
1 1 0 0 0 0 1 6 6
T,,=| O 0 T 4+| =1 =1 |+xy+|—0.143 —0.143 | — x5+ | —1.159 —1.159
—0.447 —0.447 0.894 0.894 0 0 m 0 -8
-1 -1 0 0 0 0 0 0
0 0 0 0 0 0 6 6
M08t=M1-:L'1+M2-.’I;2+M3-$3+Mp
[0 0] [0 0 [0 0] 0 0
0 0 0 -3 0 0 0 0
0 —4 -3 -3 0 0 0 —24
My,=| 4 4 |mex;+|3 —4|mex,+| 0 —1|z3+ 14 5.889 | kNm
0 —2 0 4 0 0 0 —17.889
-2 —4 4 4 0 0 —17.889 —17.889
[0 0 | [ 0 0| -1 -1 —12 0
Wyniki:
[ 0.33  0.33 ] 0 0 0 0
—3.943 —3.943 —0.007 —0.007 0 0.022
0.007 0.007 2.057 2.057 0.022 —8.205
N, =|—-2.057 —2.057 | kN T,.=|-0.322 —0.322 | kN M,,=| —1.795 —4.055
—3.529 —7.529 1.756 —6.244 0 —10.031
—8.951 —8.951 3.943 3.943 —10.031 —2.145
| —9.274 —9.274 | 6 6 | —6.2 5.8
Obliczenie ekstremum paraboli
XY =1.756—-0—q-cosa-x=0
. 1.756 kN —0 kN —0.982 m
q - cosx
EMD=0—Mmaw+q-x-$=o
M, =gz 2% —0.862 KNm

kN

kN

kNm



Wykresy ostateczne

_P_.C_0C D‘J; N [kN]
= -3.529
(aV]
! -3.943
= 0.007
N M \/
! -8.951| 7529
5 H1°
. : -2.057
4 AA GKEW';(; 0.33{ 9274
5 -5.8kNm® 1
—O.SSKNX am_ A X9.274KN AN Z
T [KN] M [kNm]
1.756
0.022
-0.007 0.022 -10.031
0.862
2.057 -10.031
3.943 4055
-6.244 ' Pl £2 154
s 6.2
055 8.205
6
5.8
é 7 FAN 7
Sprawdzenie kinematyczne
X
UPMS* stan p
Xo Xo X3 |X3 E
e~ Y 2 M B 10°C;-20°C
T C\ _________________________ _OuF
£ | Lo
N | !
P Mst T,
Reakcje: . om 4m 5

SXMg=P-6-M—q-L-2+M;=0

YX=Hg+6=0
SY=Vgi—q-L=0

HG = —6 kN

Vgi=q-L=8.944 kN

Mg=—P+6 m+M+q-L-2 m=—8.111 kNm



Sity w éciggu:

P Hg B F Hr
= T{/B VFT
=l /1'/ 7m /1'/
£ : Sciag: SMp=-Vp7=0  Vpi=0KkN
S M 10°C|-20°C e )
! CF' HFTF Sciag: XY =Vz+Vp=0 Vpi=—Vp=0 kN
X B
E Vg F\|’F 7 °  Rama: SMp'=—-M-Hg-4-Vz-3=0
1l G
1 A <06 M-Vg-3m
Mgt T Hg:= =—2.5 kN
. 3m . 4m Ve 4m
Sciag: YX=-Hp+Hp=0 Hp:=Hp=-2.5 kN
Pret AB ye(0;2)m
M*’“LNT N, 5:=0 kN
> | T,5:=0 kN
[ Ta »

M ,5(y)=0 kNm
MAB(O m):O kNm MAB(2 m):O kNm

Pret BC ye(0;4)m

T Tpei=—Hp=2.5 kN
e l

M s Mic(y)=—M ~Hp-y

‘ C: Hg Mpe(0 m)=-10 kNm My, (4 m)=0 kNm
c% Ve

LA

Pret CD x€(0;3)m

P_.C (N, Nepi=—Hp—P=-3.5 kN

T M

E Mep(z)=—M—Hyed m—Vyex

i :B

| C: Hg
S Vg

| A




4m

2m_,
5
G

Y (w) =05z

5

s 5

£(0 m)=-3.13 kN
Tpe(0 m)=1.565 kN

Mpg(0 m)=0 kNm

Nppi=Vp—Vg=—8.944 kN

5‘ ;A
e sm_ . x
Pret EF ye(0;2)m
M3
&

MEF(y) i=—Hp-y+Heg- (2 m+y) —Mg

Mpp(0 m)=-—3.889 kNm

ye(0;2)m

NFG = _VG =-—-8.944 kN

Troi=—Hg=6 kKN

Mg (y) =Hg-y—Mg

My (0 m)=8.111 kNm

T~

643 W3.5
-10

Tp* [kN]
1.565
25
7
Reakcje:

YXMg=17+M;=0
YX=Hg;=0
XY=Vs+1=0

Npp(4 m)=-7.13 kN

Tpe(4 m)=—6.435 kN

5 (2):=—Hp-cosa—Vyg-sina—P-cosa—q-1(x)-sina

Tpp(z)=Hpg-sina—Vg-cosa+P-sina—q-1l(z)-cosa
(

Mpg(4 m)=-10.889 kNm

Mpgp(2 m)=-10.889 kNm

My (2 m)=-3.889 kNm

Mp* [KNm]

. x)::—M—HB-(élm—y(x))—VB-(3m+a:)+P-y(a:)—q-l(:z:)-§

-10.889
-10.889

8.111

Mg=—1-7m=—-7Tm

HG ::O
VG i=—1

-3.889

T



Sity w $ciggu:

N Hz B F He
c Ve !
o X 7m X
T Sciag:  EMy=-Vip-7=0 V=0
c% Sciag: XY =Vg+Vp=0 Vpi==Vrp=0
T Rama: XMp*=1-3—Hg4-Vy-3=0
=
1.3m—-Vg-3m
(] HB:: B =0.75
3L T 4 m
Sciag:  ¥X=-Hpz+Hp=0  Hp:=Hz=0.75
Pret AB
M
{ | -
A M,g(y)=0m
1 MAB(O m):Om MAB(Q m):Om
Pret BC ye(0;4)m
s TBC:: _HB:_0'75
x MBc(y)::—HB'y
c% MBC(O m):Om MBC(4 m):—Sm
! A
1
Pret CD x€(0;3)m
s C,H;_ - I'L\IR?] Nepi=—Hgp=-0.75
| T
| TCD3:1—V321
E |
+ | Mep(z):=1-z—Hg-4 m-Vg-x

y(z)=05z I(x):= \/y(x)2 + 2

Npg:=1-stna—Hpg-cosa—V g+ sina=—0.224
Tpgi=1-cosa+Hpg+sina—Vg-cosa=1.23
Mpp(z)=1+-(3 m+z)—Hp-(4 m—-y(z))-Vgz-(3 m+z)

Mpp(0 m)=0m Mpp(4 m)=5.5m




y€(0;2)m
Npp=Vr=Vg=1
TEF::HF—HG:0-75

MEF(y) i=—Hp-y+Heg- (2 m—i—y) — Mg

ye(0;2)m
Npg:=—Vg=1
Tpg:=—Hg=0
MFG(y) =Hg-y—Mg
MFG(O m):7m MFG(2 m):?m
N1* [-] T1* [-] M1* [m]
1 3 -3
1.23 )
0224
-0.75
1 — -0.75
0.75 1 0.75 ol
7/ 5
=i 1
- Z T 7 7
Obliczenie przemieszczen
0.022 3 10031 55 62
0022 — . _.--/N0.031
5 = L1 4\t 3+ 1a7m2 2/ | T Vo
lost_EJ ] ‘\-\_—\_\|5_5
8.205 2.154 58 7
kN.m® (1 1 2 1 2 1 2
o= [2.3.4.[2.8.205-2.0.022| - =+0.022-3- 2.3 ——.10.031-4.472+ 2. 5.5
EJ 2 3 3 2 3 2 3
3
O 1osta = kN-m .(Ap-i-5.5—i-10.031-2-(3-5.5+l-7)—i-2.154-2-(i-5.5+3-7 +7-2-M)
EJ 2 2 3 3 2 3 3

0105t 7= 010st1 T 010512 =—0.15433 m

1 Aty 5547 Atyeax
Opi=——+3 m-3 m- Lty + m-2m-——>"=0.033 m
2 h 2
S1a:=—(-7m)-A=0.12217 m
RiR 1.-0.33 kN
51;5% 8yji=——————=—0.00066 m

01 =015t + 0110+ 0141 +014+01;,=—0.00008 m



Sprawdzenie wzgledne:

3 10.889 55 3.889
1 . --710.889
5,=— | /la\|t 24z, t|/2/ |t Va2
L ¥ | I
10 3889 7 8111 7
kN.m® (1 1
= [2.10-4.
EJ 2 33
kN .m?* 1 2 1
Sippi= [ —2.10.889-2+| =554+ —-7
EJ 2 3 3

51]7 ::51])1 +51p2:—0.1618 m

9
—=0.047%
1p

<5%

Warunek spetniony

1 2 1
——+10.889:4.472.—+5.5+A,-—+5.5
2 3 2

—l-3.889-2- l-5.5+3-7
2 3 3

+7.2.

8.111-3.889



R E:=210 GPa v:=0.3
_________________ DL %% G=— 280769 GPa
A0 P> i 2-(1+v)
: . q Przekroj: IPE 180 P1:=12 kKN
R : L E — 4
Bl | lj:l | i/)c 4 & J=1320cm P2:=15 kN
: ) =EeJ, = .m?
£ : M TRy EJ,:=E+J,=2772 kN-m P37 kN
| ] E.. L J,=101 cm*
A . ! . =
Rii i PR Er—E.J,=212.1 kKN.m? M:=8 kNm
0 Mxa . _ . _ ., kN
MY—A:;RLA __________________ J'/,’ 6\ J0_479 cm Q—3 ?
% GJy:=G+Jy=3.869 kN -m”
ﬁiMn om ¥
7 3
Uktad wspoitrzednych Uktad wspotrzednych
globalnych: X lokalnych:
UPMS i przyjecie uktadéw lokalnych Stan p

Reakcje:

YX=Ry,+P1=0 Ry,:=—P1=—-12 kN

XY =Ry, +P2=0 Ry, :=—P2=-15 kN
YZ=Ry,,—P3—q+5=0 R,,:=P3+q+-5 m=22 kN

SM =My, +M—q-5-2.5—P2.4—P3.5=0

My :=—M+q+5 m+2.5 m+P2+-4 m+P3-5 m=124.5 kNm
XM y=My,+P1-4—P3.6=0  My,:=—P1-4 m+P3.6 m=—6 kNm
SM,;=M,,—P2-6=0 M,,:=P2+6 m=90 kNm



Pret ED ze(0;4)m
m M —pa_
I'gl 1 /M3 N:=P3=7kN

Aot I
“‘\I-2 M2 Ty:=0 kN T5:=0 kN
N my:=0 kNm
E M,:=0 kNm M,:=0 kNm
P3
Pret DC x€(0;6)m
1+ D _ N=0kN
P2 T,:=—P2=-15 kN T;:=P3=T7 kN
MzT2,
N/TTS | E mU::O kNm
m¢ | Y My(2)=P3-x M,(z):=P2x
E | M(0m)=0kNm M;(0 m)=0 kNm
P3 M, (6 m)=42 kNm M;(6 m)=90 kNm
Pret CB ye(0;5)m
D .. N:=P2=15kN
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Stan x1=1

. Reakcje:
EX=RXA=O RXA:ZO
Ef!/ g SY =Ry, —1=0 Ry, =1
i EZ=RZA=O RZA::O
e sl L
A L 1 XM x=Mx,=0 My,=0 m
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RZA EMAZ=MZA+1.6=O MZA::_]'.G m=—6m
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Pret ED ze(0;4)m
mO? /N3 N:=0
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Pret DC x€(0;6)m
+ D N:ZO
T,:=1 T5:=0
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N/TT c my:=1-4m=4m
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E M;(0 m)=0m
1T M3(6 m):—6 m
N:=-1
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M,:=0
M;T, L1 Y
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Stan x2=1

Reakcje:
: YX=Ry,+1=0 Ry, i=—1
B 2Y=Ry,=0 Ry ,:=0
| - $Z=Ry,=0 Ry,:=0
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Stan x3=1

Reakcje:
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B = XY =Ry,=0 Ry,:=0
2Z=RZA+1=O RZA::—l
A SMyx=Mx,+1:5=0 My, i=—1+5m
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MYQBREi ,’,/7 7777777777777777 J:/” ‘b((\ XMy =My, =0 My ,:=0m
Rza YXMy,=My,=0 My, =0 m
Mz, om g
Pret ED ze(0;4)m
m0$ /N3 N:=0
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N my:=0 m
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N:=0
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2
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Wykresy
Stanp

Np [kN]

15

-22

mgp [kNm]
-42

Stan 1
N1[-]

mg1 [m]

Tap [kN]

Mp [kKNm]
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42
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/
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Stan 2
M2 []

m,2 [m]

Stan 3

N3[-]

my3 [m]

T,2[]

M,2 [m]
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T2 [
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Przemieszczenia

4 4 4 4 5 / 6 B
011 = =5 +w4w I;— V4 —1'/46 —l— +(;—J 4lg +D4D
s % o'
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1 2 21 2 1 2 3
Sm (4.5 —edede a2 (404542 646-2.646-56|+ (4-6-4+6-4-6)
EJ, 2 3 EJ; \2 3 2 3 0
5y, =63.359 =
kN
6 -5
5 1 67?—/’ o p
12 7B |5 GJ,
3 3 1 3
B1gi = Qb [ —6e5e— 5|+ (6+4-—5)=—31.371 —— 8y =01y
EJ, EJ, 2 0 kN
4 5
5. =1 . I
13 _E-Jz 5 4
5[
3 1 3 3
Srpim (4.5 25— 4405+ 2 0+ 2 L0 5sy =615
EJ, EJ, GJ,
5
B,y B 5 + \4
2 TBhls o ) G.Jo
m® m® (1 2 1 2 m? m
oo i= -0+ —e5e5e 54+ —edede 4|+ (—=5+4--5)=26.145 —
EJ, EJ, \2 3 2 3 Ty kN
3 3 3
m m m
093:= ‘0+ ‘0+ °0 0a0:=0
23 EJ 32 23

O35 —1_
w =4 DD
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I (—-5 BT 5454 5) 0.051%

EJ,
90 6

645 2 6304 QQ: 1
by =, =t/ s = /j Tanl ||t

> 4J:L 90 !

1245
. 2 q-(5m)? 1
Pole paraboli: A== &-5 m-———=31.25
3 8 kN -m?

4.5— 1 2 1
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1 2
51p3::—5-90-6-§-6—90-5-6:—3780
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_kN-m3 kKN .m? KN .m?

O01pi=———20y gt ———— 0y, s+ ——+0,,,=—075.725 m
1p EJ2 1p2 EJ3 1p3 GJO 1p0
1 a0 _:2 p 90 5
gy 4 ] .
‘w g 522 6 fa | O D4D
‘52p2’:0

1 1 2 1
(52p3::90,5._.5+_.4.4. —e6——+42|=1045
2 2 3 3

82p0:=—90+4 - —5=1800

kN -m?* kN .m? kN .m?
S tm Mt o at——— $, 0 =470.182 m
2p EJ2 2p2 EJ3 2p3 GJO 2p0

1 2

1 s 2 645 64.5+124.5
3 3

=1
w
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[ V)
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-
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ot
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53p3 =0

63p0:: 0

_kN.m’ kN.m?* kN.m”®

6 H -5 +7.6 +
3 3p2 EJ3 3p3 GJO

+03,0=—0.836 m
P EJ, 3p0

Rozwigzanie uktadu rownan
011 T+ 019 Ty+0d13 T3+61,=0
(521 l‘1+522 :E2+523 $3+52p=0
(531 $1+632 w2+533 $3+53p=0
-1
Iy 011 012 O3 51p
Ty |:=| 021 039 Oo3| +— 52p
L3

631 632 633 63p

x;=0.47 kN Ty=—17.419 kN 3=16.647 kN
Reakcje ostateczne

Ryy=R*z1+ Ry zy+ Ry 23+ R,

Ry,=0x+—-1 z,+0 x3+—12 kN=5.419 kN

Ry, :=12,+0 z,+0 z3+—15 kN=-14.53 kN

R;,:=0 2,40 29+ —1 z3+22 kN =5.353 kN

Mx,==0m z;+0 m z,+—-5 m x3+124.5 kNm =41.263 kNm
My,=0m z;+—4 m z,+0 m z3+—-6 kNm=63.678 kNm
My i=—6 m z;+5 m £,+0 m x5+ 90 kNm =0.08 kNm

PA L5 5. 0451245 a6 040
p 2 2

RYE:: CE1:0.47 kN
RXD:: $2:—17.419 kN
Ry i=x,=16.647 kN



Reakcje ostateczne

v-17.419kN
PR D2
4 P2
.9
ool sle o o + E
B 24 ‘C
P1 : Mg .
_____ 16.647kN E . |
A /,* T3 0ATKN
#41263kNm '
-14.53kN A/5.419kN .
63678kNMm—= — "k~ - - - - - ___ i ‘b@
5.353kN
0.08kNm* 5m )
Sprawdzenie statyczne
EY::RYA_RYE+P2:0 kN

EZ!:RZA+RZC—P3_q'5 mZO kN

IMyx=Mxs+Ryr5m+M—-—q-5m:2.5 m—P2:-4 m—P3:5 m=0 kNm

SMy =My, +Ryp+4 m+P1-4 m—P3-6 m=0 kNm

Wykresy ostateczne

Nost=N1°$1+N2-$2+N3-333+Np
0 0 0 7
0 -1 0 0
Nost: 1 $1+ 0 $2+ 0 SU3+ 15 kN
0 0 1 —22
Tost=T1-:B1+T2-£1:2+T3~CE3+TP
1 [0 0 0
1 0 0 —15
0 -1 0 —12]
[0 0 00 0 0
0 O 00 0 O
Taot=| g o | 1] o] P2 o1 —1 |7
-1 -1 00 0 O
Most—M1-$1+M2-CIZ2+M3 .’L’3+Mp
0 0 0
4 0 0
Myt = 0 m-x, + 0 m-x,+ 0 me-xs+
6 -5 0

7
17.419
14.53
—5.353
0.47
—14.53
17.419
5.419
0 0 0 0
7T KN = 7 7
7 25 —9.647 8.353
15 15 14.53 14.53
0 0
0 KNm — 1.882 KNm
—42
—0.08
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[0 0 00 0 0] 0 0 0 0
00 00 0 0 0 42 0 42
M . o 3 kN = kN
200 =y g | T g | ™ T g 5| ™ BT _g a5 | T _6.118 —16.855|
(40 00 -5 —5 | 64.5 124.5 —16.855 41.263
[0 —4 00 0 0] [0 o0 0 —1.882
0 —6 00 00 0 90 0 87.177
M . . 3 kN = kN
s0t™=| _g _g| ™ T o 5™ T g o ™ BT 90 90| ™T| 87177 0.08 m
[0 0 04 0 0] [ —42 6 —42 —63.678
Obliczenie ekstremum paraboli
q 57=8535—qoy=0  yi= 0O KN o s m
8.535 0 q
1 | Mmax
-16.855+ B EMXB=—16.855—q-y%—Mmm=0
N
M, =—16.855 kNm —q-y+~ =—28.996 kNm
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myost [kNm] 1882 M,ost [kNm] Msost [kNm]
42
-16.855 S 0.08 TATT
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-16.855 o o5 -
008 2 =
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