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REAZIONI Es.N.001 RISULTATI NUMERICI Es.N.001

DEFORMATA (coordinate locali)
AB y(x)EJ =
BC y(x)EJ =
CD y(x)EJ =
ED y(x)EJ =

SPOSTAMENTI NODALI
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REAZIONI

Es.N.001 DEFORMATA E AZIONI INTERNE

Es.N.001
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PROCEDIMENTO E RISULTATI

Es.N.001

REAZIONI IPERSTATICHE
X=Wg. Y =Wy

DETERMINAZIONE DELLA DEFORMATA ELASTICA
Costanti di integrazione: ¢ 5 K,z 95c Kgc dcp Kep ep Kep

Relazioni di congruenza
Y'as(0) - ¥'5c(0) = 0
y’Bc(b) - y’co(o) =0
y'CD(b) - y’ED(b) =0
Yeo(0) -0b =0

Yas(0) =0

Yec(0) - 1/2Vgb* EI = 0
yCD(O) - yBc(b) =0
Yeo(P) =0

Yep(0) =0

Yeo(b) - Yag(b) =0

Mg = -Xx/b

EJy" = 2EJ0 -Xx/b

EJy’ = 2EJ6X -1/2XX%/b +EJ¢ g

Edy = EJOX? -1/6Xx°/b +EJd,pX +EJIK g

Mge = L/4Fx +1/2qx° +1/2Xx/b -X -1/2Yx/b

EJy" = 1/4Fx +1/2qx° +1/2Xx/b -X -1/2Yx/b

EJy’ = 1/8FX° +1/6Gx° +1/4Xx’Ib -Xx -1/4Yx’Ib +EJbg.

Edy = 1/24Fx® +1/24qx" +1/12Xx°Ib -1/2Xx° -1/12Yx /b +EJgeX +EIKge

Mcp = 5/4FX -5/4Fb +1/2Xx/b -1/2X -1/2Yx/b -1/2Y

EJy" = 5/4Fx -5/4Fb +1/2Xx/b -1/2X -1/2Yx/b -1/2Y

EJy’ = 5/8FX -5/4Fbx +1/4Xx’Ib -1/2Xx -1/4Yx’[b -1/2Yx +EJ¢¢p

EJy = 5/24Fx’ -5/8Fbx’ +1/12Xx°/b -1/4Xx% -1/12Yx’[b -1/4Yx* +EJp X +EIKp

Mgp = Xx/b -X +Y

EJy" = Xx/b -X +Y

EJy’ = 1/2Xx%/b XX +YX +EJO¢p

Edy = 1/6Xx’Ib -1/2Xx% +1/2Yx% +EJpx +EIK,

@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05

PROCEDIMENTO E RISULTATI

Es.N.001

Condizioni al contorno

[ O agh Kas dech Kec deob
Y'aa 1 0 -1 0 0
Y 0 0 1 0 -1
Y'oc 0 0 0 0 1
Y'eo 0 0 0 0 0
Yag 0 1 0 0 0
Yec 0 0 0 1 0
Yeo 0 0 -1 -1 0
Yoc 0 0 0 0 1
Yeo 0 0 0 0 0
Yoe L -1 -1 0 0 0
Condizioni al contorno

aTb 5 ]

-2 0 |

0 0

0 0

0 1

0 0

0 0

0 0

0 0

0 0

1 0 |

X
o

OO FrRP P OOOOOoOOo

D

q>EDb
0
0
-1

P O O OO O P

K

m

P POOOOOOOOo

o XbYEJ YbE]]

-1/2
-3/4
1/4
0
0
1/4
5/12
-1/6
0
-1/6

0
-1/4
-7/4

0

0
-1/4
1/12
-1/3

0

12 |

[Wb*/EJ

0
-7124
5/8
0
0
-1/8
1/12
5/12

Soluzione
[FbYEJ]
[-19/42]
79/84
25/56

1

0
-31/56
1/168
17/14

| -1/2 |

DEFORMATA (coordinate locali)
AB y(X)EJ = -19/42xFb” +x°Fb -17/84x°F

BA y(X)EJ = 29/84Fb® -79/84xFb” +11/28x°Fb +17/84x’F
BC y(X)EJ = -31/56Fh°® +79/84xFb* -17/28x°Fb +31/168x°F +1/24x"q
CB y(X)EJ = 1/168Fb® -25/56xFb’ +11/56x°Fb -59/168x°F +1/24x"q

CD y(X)EJ = 1/168Fb® +25/56xFb’ -45/56x Fb +59/168x°F

DC y(X)EJ = 3/28xFh” +1/4x°Fb -59/168x’F
ED y(X)EJ = xFb” -6/7x°Fb +17/84x°F

DE y(X)EJ = 29/84Fb°® +3/28xFb” -1/4x’Fb -17/84x°F

SPOSTAMENTI NODALI

u,=0 U, = -29/84(Fh*/EJ)
Vaag = -31/56(FbYEJ) v, = -31/56(Fh%/EJ)
Dans = -19/42(Fb?/EJ) ¢4 = 79/84(Fb’/EJ)

@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05

Ug = -29/84(Fb*/EJ)
Ve = 1/168(Fb°/EJ)
. = 25/56(Fb?/EJ)

U, = -29/84(Fb*/EJ)
Vp=0

bp =

-3/28(Fb*/EJ)



PROCEDIMENTO E RISULTATI Es.N.001 Es.N.001

u:=0
Ve =0
g = (Fb’/EJ)
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REAZIONI

Es.N.002

@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05

RISULTATI NUMERICI

Es.N.002

DEFORMATA (coordinate locali)
AB y(x)EJ =
CAy(X)EJ =
DE y(x)EJ =
BE y(x)EJ =

SPOSTAMENTI NODALI

u, = Ug = Ug =
Va= Vg = Veea =
N bg = boca=
UE =

Ve

O =
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REAZIONI

Es.N.002

@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05
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DEFORMATA E AZIONI INTERNE
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PROCEDIMENTO E RISULTATI

Es.N.002

PROCEDIMENTO E RISULTATI

Es.N.002

REAZIONI IPERSTATICHE
X=W,; Y=W

DETERMINAZIONE DELLA DEFORMATA ELASTICA
Costanti di integrazione: ¢ 5 K,z dca Kea Do Koe Pee Kee

Relazioni di congruenza
Y'a8(0) - Y'calb) =0
Y'ap(b) - Y'ge(0) =0
Y'pe(0) -8/b=0

y7DE(b) - y‘BE(b) =0
¥a5(0) - 1/2V,b%EJ = 0
Yea(0) =0

Ype(0) =0

yDE(b) - yCA(b) =0
Ye(0) - Yap(0) =0
Yee(@) =0

Mg = L/4FX +1/2qx° +1/2Xx/b -X -1/2Yx/b

EJy" = 1/4Fx +1/2qx° +1/2Xx/b -X -1/2Yx/b

EJy' = 1/8Fx° +1/6qx> +1/4Xx%Ib -XX -1/4Yx%Ib +EJ¢ g

Edy = 1/24Fx® +1/24qx" +1/12Xx/b -1/2Xx° -1/12Yx’ b +EJ jeX +EJIK g

Mca = -Xx/b

EJy" = 2EJ8 -Xx/b

EJy’ = 2EJ6x -1/2Xx°/b +EJd,

Edy = EJ6X° -1/6Xx’/b +EJp X +EIK g,

Moe = Xx/b -X +Y

EJy" = Xx/b -X +Y

EJy’ = 1/2X¢%/b -XX +Yx +EJ¢ ¢

Edy = 1/6Xx’Ib -1/2Xx° +1/2Yx% +EJpeX +EIK e

Mge = 5/4Fx -5/4Fb +1/2Xx/b -1/2X -1/2Yx/b -1/2Y
EJy" = 5/4Fx -5/4Fb +1/2Xx/b -1/2X -1/2Yx/b -1/2Y
EJy' = 5/8FX -5/4Fbx +1/4Xx’Ib -1/2Xx -1/4Yx*Ib -1/2YX +EJ¢ge

EJy = 5/24Fx’ -5/8Fbx’ +1/12Xx°/b -1/4Xx% -1/12Yx[b -1/4YX* +EJgex +EIK e

@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05

Condizioni al contorno

[ dab  Kig  Ocab Koy Opeb  Koe  Opeb Koo Xb/EJ YBYEJ]  [WbY/EJ

Vs | 1 0 -1 0 0 0 0 0 1/2 0 0

Vea | 1 0 0 0 0 0 -1 0 34  -14 7124

Yee | O 0 0 0 1 0 0 0 0 0 0

Yeo | O 0 0 0 1 0 -1 0 U4 74 -5/8

Yas | O 1 0 0 0 0 0 0 4 14 || -u8

Yea | O 0 0 1 0 0 0 0 0 0o | 0

Yoe | O 0 0 0 0 1 0 0 0 0 0

Yeo | O 0 -1 -1 1 1 0 0 16 12 0

Yee | -1 -1 0 0 0 0 0 1 512 1/12 1/12

Yes L O 0 0 0 0 0 1 1 -1/6 -13 ] | 512

Condizioni al contorno Soluzione

aTb 5 ] [FbYEJ]

2 0 | [ bbb | [79/84]
0 0 deab -19/42
0 1 Bpeb 1
0 0 Bgeb 25/56
0 0 K | _ |-31/56
0 0 Kea || O
0 0 Kpe 0
1 0 Xb*IEJ 17/14
0 0 Kee 1/168
0 0o | YbYEI | | -1/2 |

DEFORMATA (coordinate locali)

AB y(X)EJ = -31/56Fb°® +79/84xFb” -17/28x°Fb +31/168x°F +1/24x"q

BA y(X)EJ = 1/168Fb’ -25/56xFb” +11/56x°Fb -59/168x°F +1/24x"q

CA y(X)EJ = -19/42xFb’” +x°Fb -17/84x°F

AC y(X)EJ = 29/84Fb° -79/84xFb’ +11/28x°Fb +17/84x°F

DE y(X)EJ = xFb” -6/7x’Fb +17/84x°F

ED y(X)EJ = 29/84Fb’ +3/28xFb’ -1/4x*Fb -17/84x°F

BE y(X)EJ = 1/168Fb° +25/56xFb” -45/56x°Fb +59/168x°F

EB y(X)EJ = 3/28xFb’ +1/4x°Fb -59/168x°F

SPOSTAMENTI NODALI

u, = 29/84(Fb*/EJ) Uy = 29/84(Fb*/EJ) us=0 u,=0

v, = -31/56(Fh*/EJ) v, = 1/168(Fb*/EJ) Veen = -31/56(FbYEJ) v, =0

b, = 79/84(Fb’/EJ)

g = 25/56(Fb*/EJ)

Oeen = -19/42(Fb*/EJ)

@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05

op = (Fb°/EJ)



PROCEDIMENTO E RISULTATI Es.N.002 Es.N.002

ug = 29/84(Fb*/EJ)
ve=0
g = -3/28(Fb’/EJ)
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REAZIONI Es.N.003 RISULTATI NUMERICI Es.N.003

D E DEFORMATA (coordinate locali)
AB y(x)EJ =
CBy(x)EJ =
DC y(x)EJ =
ED y(x)EJ =

SPOSTAMENTI NODALI

2q
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REAZIONI Es.N.003 DEFORMATA E AZIONI INTERNE Es.N.003

D\ E
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PROCEDIMENTO E RISULTATI

Es.N.003

REAZIONI IPERSTATICHE
X=Wg, Y=Wy

DETERMINAZIONE DELLA DEFORMATA ELASTICA
Costanti di integrazione: ¢ 5 K,z dcg Keg Poc Koc Pep Keo

Relazioni di congruenza
Y'ag(0) +8/b =0

Y as(b) - Yce(b) = 0
y'CB(O) - y’Dc(b) =0
y7DC(0) - y,ED(b) =0
Yas(0) =0

Yes(0) =0

Yoc(0) + 12V b%/EJ = 0
yDc(b) - ycs(o) =0
Yen(0) =0

Yeo(D) - Yag(b) =0

Mg = X +Yx/b -Y
EJy" = X +Yx/b -Y

EJy' = XX +1/2Yx%/b -Yx +EJ¢ g

Edy = 1/2Xx% +1/6Yx’/b -1/2Yx? +EJ¢ ;gx +EIK g

Mcg = 1/2Fx -1/2Fb -1/2Xx/b -1/2X +1/2Yx/b -1/2Y

EJy" = 1/2Fx -1/2Fb -1/2Xx/b -1/2X +1/2Yx/b -1/2Y

EJy’ = 1/4FX* -1/2Fbx -1/4Xx%Ib -1/2Xx +1/4Yx*Ib -1/2Yx +EJd ¢,

Edy = 1/12Fx® -1/4Fbx® -1/12Xx°/b -1/4Xx% +1/12Yx°b -1/4Yx? +EJdpX +EIK g

Mo = 5/2Fx -qx° -1/2Xx/b +1/2Yx/b -Y

EJy" = 5/2Fx -qx2 -1/2Xx/b +1/2Yx/b -Y

EJy’ = 5/4Fx -1/3gx° -1/4Xx%Ib +1/4Yx%/b -YX +EJdpe

EJy = 5/12Fx° -1/12qx" -1/12Xx°/b +1/12Yx’Ib -1/2YX* +EJ¢px +EIKpe

Mgp = -Yx/b

EJy" = 2EJ0 -Yx/b

EJy' = 2EJ6x -1/2Yx%/b +Edbg,

EJy = EJ6X° -1/6Yx/b +EJ¢x +EIK,

@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05

PROCEDIMENTO E RISULTATI

Es.N.003

Condizioni al contorno

[ dab  Kig  Ocsb  Keg  Opcb Koo  Oepb  Kgy  Xb7EJ YBYEJ]  [WbY/EJ
Vs | 1 0 0 0 0 0 0 0 0
Vea | 1 0 -1 0 0 0 0 0 7/4 -1/4
Yes | O 0 1 0 -1 0 0 0 1/4 11/12
Yoc| O 0 0 0 1 0 -1 0 0
Y | O 1 0 0 0 0 0 0 _ 0
Yee | O 0 1 1 0 0 0 0 -1/3 | e
Yoo | O 0 0 0 0 1 0 0 -4 -5/4
Yo | O 0 0 -1 1 1 0 0 -112 -512 -1/3
Yeo | O 0 0 0 0 0 0 1 0
Yoe | -1 -1 0 0 0 0 1 1 -2 0
Condizioni al contorno Soluzione
aTb 5 ] [FbYEJ]
0 S [ bbb | [ 1]
0 0 dcgb 27128
0 0 dpcb 17/42
2 0 deob -32/21
0 0 Kig | _| O
0 0 Kee | |-37/84
0 0 Koc -29/28
0 0 Xb’/EJ 1
0 0 Kep 0
-1 0o | YbYEI| | 17 |

DEFORMATA (coordinate locali)

AB y(X)EJ = -xFb® +3/7x°Fb +1/42x°F

BA Y(X)EJ = -23/42Fb® +1/14xFb” +1/2x°Fb -1/42x°F

CB y(X)EJ = -37/84Fb® +27/28xFb” -15/28x°Fb +1/84x°F

BC y(X)EJ = 1/14xFb’ -1/2x°Fb -1/84x°F

DC y(X)EJ = -29/28Fb® +17/42xFb” -1/14x°Fb +29/84x’F -1/12x"q
CD y(X)EJ = -37/84Fb® -27/28xFb’° +13/28x’Fb -1/84x°F -1/12x"q
ED y(X)EJ = -32/21xFb” +x’Fb -1/42x°F

DE y(X)EJ = -23/42Fb° -17/42xFb’ +13/14x°Fb +1/42x°F

SPOSTAMENT! NODALI
Ug = 23/42(Fb%EJ)

V. = 37/84(Fb°/EJ)
b = 27/28(Fb*/EJ)

u,=0 Uy = 23/42(Fb*/EJ)
v,=0 vg=0
o, = -(Fb?/EJ) g = -1/14(Fb?/EJ)

@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05

U, = 23/42(Fb*/EJ)
v, = 29/28(Fb*/EJ)
bp = 17/42(Fb?/EJ)



PROCEDIMENTO E RISULTATI Es.N.003 Es.N.003

u:=0
Veep = 29/28(Fb°/EJ)
deep = -32/21(Fb?/EJ)

@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05 @ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05
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@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05 @ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05



GO'ZT SUOISIaA ‘OuUe[I|\ Ip 021UIBN|0d ‘ISSOY IUB[ARZ O}opY ©®

G0'ZT SUOISIaA ‘OuUe|I|\l Ip 021UDBM|0d ‘ISSOY IUB[SARZ O}opY ©
"D opou [e elsodwi A\ BINjoSSE auoizeloy

qEp
" 0IZIUI UOD BAISSP B BSS9AUO0I 3S eANIsod 3 BISe g einjeain)
" A U1 3UIBlI0 U0 ZA ISk 8|ed0| ojuawuall ?Ag - #x - ?Ap
"|pou | M) Ip SUOIZe)0J 3 OjuaWe)Sods a1ejode)d
-] | "31Se 9||ap BoNSE[3 BaUl| B| aiawldsT
W W "9)Se 9||auU auIalUI IUoIZe 3||ap Iwwelbelp | arelndel |
| , *31SE 9||9p 8 .INNNJIS B||SP LIBJOJUIA UOIZRa) 818|00[eD)
W W "ouBasIp ul 82e01JJ3 0SISA OUURY S1ep IUOIZeW.osp 3 IydueD
W W ‘01160 01s8nb ns auoizn|os e| arepodiy
W W "e2NSk|o BleWIoep Bl aieldel |
| , "37 8 A1d U0D 918A|0SIY
W W "eanewsau Isijeue,| a1abjoAs
| ,
(|EA)
—_—
| ,
| ,
| ,
| ,
| ,
| ,
| ,
| ,
| ,
| ,
| ,
| | r3="r3 r3="%r3 r3/49z = a/10z = 62 = *%
| , r3="r3 a0z =M g/4z =bz ="b
r3="r3 03/4,0- = aR-="¢ 942 = MZ ="M
. d HN'X , | q | \\</ A_v
- .
g
““““““““““““““ w 4
| ,
| ,
| ,
| ,
| ,
| ,
| ,
| , g
| ,
| ,
| ,
| ,
| , p
| , 7 1
a N
b'ANA
700°'N's3 INNVHOVIA O01d0ddNsS 700'N's3 , oidwas3 eonelsiad| 9099 JPSPD



REAZIONI Es.N.004
D E
E
A
A
c B B

@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05

RISULTATI NUMERICI

Es.N.004

DEFORMATA (coordinate locali)
AB y(x)EJ =
CBy(x)EJ =
DE y(x)EJ =
EA y(x)EJ =

SPOSTAMENTI NODALI

Uy = Ug = Uc = Up =
Va= Vg = Ve = Vope =
NS bg = bc = bope =
UE =

Ve

b=

@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05



REAZIONI Es.N.004 DEFORMATA E AZIONI INTERNE Es.N.004

1/7Fb
17F 1/7F

A
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i E
B A
§ 3 Fb%EJ
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| % ‘
\
\
\
\
\
\
\
\
\

17F
13/14Fb
I\ 1/14F

A —[]—=  jo1sF

Tl ———25F

c N /\B

T 11aF 1/14F .
6/7Fb Fb
U7F 17F CHY  — 12

@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05 @ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05
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PROCEDIMENTO E RISULTATI

Es.N.004

REAZIONI IPERSTATICHE
X=Wg. Y=W,,

DETERMINAZIONE DELLA DEFORMATA ELASTICA
Costanti di integrazione: ¢ 5 K,z dcg Keg Poe Koe Pen Kea

Relazioni di congruenza
Y'as(0) - Y'ea(0) = 0
y’AB(b) - y’cg(b) =0
Y'es(0)+d/b=0

y7DE(b) - y‘EA(O) =0
Yas(b) =0

Yea(0) =0

Ype(0) =0

yDE(b) - ycs(b) =0
yeA(0) + 1/2V b /EI = 0
Yea(b) - ¥4(0) =0

Mg = 1/2FX -1/2Fb -1/2Xx/b -1/2X +1/2Yx/b -1/2Y
EJy" = 1/2Fx -1/2Fb -1/2Xx/b -1/2X +1/2Yx/b -1/2Y

EJy' = 1/4FX -1/2Fbx -1/4Xx%Ib -1/12Xx +1/4Yx%/b -1/2Yx +EJ¢ 5q

Edy = 1/12Fx® -1/4Fbx’ -1/12Xx°/b -1/4Xx% +1/12YxC /b -1/4YX* +EJ¢ xoX +EIK g

Mg = X +Yx/b -Y

EJy" = X +Yx/b -Y

EJy’ = Xx +1/2YX’/b -Yx +EJd g

Edy = 1/2Xx° +1/6YX°/b -1/2Yx% +EJ X +EIK g

Mpe = -Yx/b

EJy" = 2EJ8 -Yx/b

EJy’ = 2EJ6x -1/2Yx°/b +EJbpe

Edy = EJ6X° -1/6Yx’/b +EJpex +EIK e

Mc, = 5/2Fx -gx° -1/2Xx/b +1/2Yx/b -Y

EJy" = 5/2Fx -gx° -1/2Xx/b +1/2Yx/b -Y

EJy’ = 5/4Fx -1/3gx° -1/4Xx°Ib +1/4Yx%/b -YX +EJO,

Edy = 5/12Fx* -1/12gx" -1/12Xx°/b +1/12Yx%/b -1/2YX° +EJd X +EIK,

@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05

PROCEDIMENTO E RISULTATI

Es.N.004

Condizioni al contorno

[ Oasb  Kpg  Oced  Keg  Opeb  Kpe  deb K

Cl E
Ve | 1 0 0 0 0 0 -1 0
Yea | 1 0 -1 0 0 0 0 0
Yes| O 0 1 0 0 0 0 0
Yeo | O 0 0 0 1 0 -1 0
Yen | 1 1 0 0 0 0 0 0
Yo | O 0 0 1 0 0 0 0
Yoz | O 0 0 0 0 1 0 0
Yeo | O 0 -1 -1 1 1 0 0
Yea | O 0 0 0 0 0 1
Yee L O -1 0 0 0 0 1 1

aTb 5 ]
0 0 |
0 0
0 -1
2 0
0 0
0 0
0 0
-1 0
0 0
0 0 |

A XbYEJ YBU/EJ]

1/4
=714

[Wb*/EJ
3/4 [ 11/12
1/4 1/4
0 0
-1/2 0
-6 | | 16
0 - 0
0 0
1/6 0
1/4 -5/4
512 | -3
Soluzione
[FbYEJ]
[ bbb | [27/28]
g -1
deab 17/42
doeb -32/21
K | _ |-37/84
Keg 0
Koe 0
Xb*/EJ 1
Kea -29/28
LYbYEI | | u7 |

DEFORMATA (coordinate locali)

AB y(X)EJ = -37/84Fb® +27/28xFb” -15/28x’Fb +1/84x’F

BA y(X)EJ = 1/14xFb’ -1/2x°Fb -1/84x°F

CB y(X)EJ = -xFb’ +3/7x°Fb +1/42x°F

BC y(X)EJ = -23/42Fb° +1/14xFb* +1/2x°Fb -1/42x°F

DE y(X)EJ = -32/21xFb” +x°Fb -1/42x°F

ED y(X)EJ = -23/42Fb® -17/42xFb* +13/14x°Fb +1/42x°F

EA y(X)EJ = -29/28Fb® +17/42xFb’ -1/14x°Fb +29/84x°F -1/12x"q
AE y(X)EJ = -37/84Fb°® -27/28xFb” +13/28x°Fb -1/84x’F -1/12x"q

SPOSTAMENTI! NODALI
u, = -23/42(Fh*/EJ) ug = -23/42(Fh*/EJ) Uz =0

v, = 37/84(Fb*/EJ) V=0 Ve=0
b, = 27/28(Fb’/EJ) g = -1/14(Fb?/EJ)

@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05

¢ = -(Fb?/EJ)

u,=0
Voo = 29/28(Fb%/EJ)
Oppe = -32/21(Fb’/EJ)



PROCEDIMENTO E RISULTATI Es.N.004 Es.N.004

u. = -23/42(Fh*/EJ)
Ve = 29/28(Fb’/EJ)
g = 17/42(Fb*/EJ)

@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05 @ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05
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REAZIONI Es.N.005 RISULTATI NUMERICI Es.N.005

DEFORMATA (coordinate locali)
AB y(x)EJ =
BC y(x)EJ =
CD y(x)EJ =
ED y(x)EJ =

SPOSTAMENTI NODALI

2q

@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05 @ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05



REAZIONI Es.N.005 DEFORMATA E AZIONI INTERNE Es.N.005
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PROCEDIMENTO E RISULTATI

Es.N.005

REAZIONI IPERSTATICHE
X=Wg. Y =Wy

DETERMINAZIONE DELLA DEFORMATA ELASTICA
Costanti di integrazione: ¢ 5 K,z 95c Kgc dcp Kep ep Kep

Relazioni di congruenza
Y'as(0) - ¥'5c(0) = 0
y’Bc(b) - y’co(o) =0
y'CD(b) - y’ED(b) =0
Yeo(0) -0b =0

Yas(0) =0

Yec(0) - 1/2Vgb* EI = 0
yCD(O) - yBc(b) =0
Yeo(P) =0

Yep(0) =0

Yeo(b) - Yag(b) =0

Mg = -Xx/b

EJy" = -Xx/b

EJy' = -1/2XxC /b +EJd g

Edy = -1/6Xx°/b +EJ ,pX +EIK g

Mgc = -1/2Fx +1/2Xx/b -X -1/2Yx/b

EJy" = -1/2Fx +1/2Xx/b -X -1/2Yx/b

EJy’ = -1/4FX® +1/4XX°1b -Xx -1/4YX*Ib +EJdp

EJy = -1/12Fx® +1/12Xx°/b -1/2XX* -1/12Yx’ /b +Ed¢gex +EIK g

Mcp = -1/2Fx +3/2Fb -gx* +1/2Xx/b -1/2X -1/2Yx/b -1/2Y

EJy" = -1/2Fx +3/2Fb -qx° +1/2Xx/b -1/2X -1/2Yx/b -1/2Y

EJy’ = -1/4Fx® +3/2Fbx -1/3qx° +1/4Xx°/b -1/2Xx -1/4Yx /b -1/2YX +EJbp

Edy = -1/12Fx® +3/4Fbx’ -1/12qx" +1/12Xx°/b -1/4Xx -1/12Yx/b -1/4YX* +EJ X +EIKp

Mgp = Xx/b -X +Y
EJy" = EJB +Xx/b -X +Y

EJy’ = EJBX +1/2XX°/b -Xx +Yx +Eddgp

EJy = 1/2EJ6x° +1/6Xx°Mb -1/2Xx° +1/2Yx° +EJdgoX +EIKgp

@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05

PROCEDIMENTO E RISULTATI

Es.N.005

Condizioni al contorno

[ O agh Kas dech Kec deob Keo deob Kep
Yeu | 1 0 -1 0 0 0 0 0 -2
Yes| O 0 1 0 -1 0 0 0 -34
Yoo | O 0 0 0 1 0 -1 0 U4
Yeo | O 0 0 0 0 0 1 0 0
Yas | O 1 0 0 0 0 0 0 0
Yec | O 0 0 1 0 0 0 0 U4
Yo | O 0 -1 -1 0 1 0 0 512
Yoc | O 0 0 0 1 1 0 0o -1/6
Yeo | O 0 0 0 0 0 0 1 0
Yoe | -1 -1 0 0 0 0 1 1 -1

Condizioni al contorno

aTb 5 ]
0 0 |
0 0
1 0
0 1
0 0
0 0
0 0
0 0
0 0
-1/2 0 |

XbYEJ Y

b¥EJ]  [WbYEJ
o] [ o
-1/4 1/4
714 -11/12
0 0
0 | _ 0
A4 | T 14
1/12 -1/12
-1/3 -7/12
0 0
1/2 | 0
Soluzione
[ FO¥EJ ]
[ bbb | [151/156]
dacb 137/312
depb -133/312
bepb 1
Kns | _ 0
Kac -5/26
Kep -17/78
Xb*/EJ 55/52
Kep 0
YbYEJ | | -37/52 |

DEFORMATA (coordinate locali)

AB y(x)EJ = 151/156xFb’ -55/312x°F

BA y(X)EJ = 19/24Fb® -137/312xFb’ -55/104x°Fb +55/312x°F

BC y(X)EJ = -5/26Fb* +137/312xFb” -55/104x°Fb +5/78x’F

CB y(X)EJ = -17/78Fb°® +133/312xFb* -35/104x°Fb -5/78x°F

CD y(x)EJ = -17/78Fb’ -133/312xFb’ +69/104x°Fb +5/78x°F -1/12x"q
DC y(X)EJ = -79/104xFb* +37/104x°Fb +7/26x°F -1/12x"q

ED y(X)EJ = xFb® -5/13x°Fb +55/312x°F

DE y(X)EJ = 19/24Fb® -79/104xFb” +15/104x’Fb -55/312x°F

SPOSTAMENTI! NODALI
Ug = -19/24(Fb*/EJ)

Ve = -17/78(Fb’/EJ)
b = -133/312(Fb’/EJ)

U, = -19/24(Fb*/EJ)
Vs = -5/26(Fb*/EJ)
g = 137/312(Fb’/EJ)

u,=0
Vaug = -5/26(Fb*/EJ)
®pne = 151/156(Fb’/EJ)

@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05

U, = -19/24(Fb*/EJ)

Vp=0

b, = 79/104(Fb°/EJ)



PROCEDIMENTO E RISULTATI Es.N.005 Es.N.005

u:=0
Ve =0
g = (Fb’/EJ)

@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05 @ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05
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REAZIONI

Es.N.006

@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05

2q

RISULTATI NUMERICI

Es.N.006

DEFORMATA (coordinate locali)
AB y(x)EJ =
CAy(X)EJ =
DE y(x)EJ =
BE y(x)EJ =

SPOSTAMENTI NODALI

u, = Ug = Ug =
Va= Vg = Veea =
N bg = boca=
UE =

Ve

O =

@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05



REAZIONI Es.N.006 DEFORMATA E AZIONI INTERNE Es.N.006
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PROCEDIMENTO E RISULTATI

Es.N.006

REAZIONI IPERSTATICHE
X=W,; Y=W

DETERMINAZIONE DELLA DEFORMATA ELASTICA
Costanti di integrazione: ¢ 5 K,z dca Kea Do Koe Pee Kee

Relazioni di congruenza
Y'a8(0) - Y'calb) =0
Y'ap(b) - Y'ge(0) =0
Y'pe(0) -8/b=0

y7DE(b) - y‘BE(b) =0
¥a5(0) - 1/2V,b%EJ = 0
Yea(0) =0

Ype(0) =0

yDE(b) - yCA(b) =0
Ye(0) - Yap(0) =0
Yee(@) =0

M, = -1/2Fx +1/2Xx/b -X -1/2Yx/b
EJy" = -1/2Fx +1/2Xx/b -X -1/2Yx/b

EJy' = -LAFXE +1/4XxCIb -Xx -1/4YxC /b +EJ¢

Edy = -1/12Fx% +1/12Xx/b -1/2Xx° -1/12Yx% b +EJ 1oX +EIK g

Mca = -Xx/b

EJy" = -Xx/b

EJy’ = -1/2Xx°/b +EJb,

EJy = -1/6Xx’Ib +Edd X +EIK,

Moe = Xx/b -X +Y
EJy" = EJB +Xx/b -X +Y

EJy’ = EJOX +1/2Xx%/b -XX +Yx +EJ¢ e

Edy = 1/2EJ36x° +1/6Xx°/b -1/2Xx% +1/2YX° +EJppeX +EIK e

Mge = -1/2Fx +3/2Fb -qx° +1/2Xx/b -1/2X -1/2Yx/b -1/2Y

EJy" = -1/2Fx +3/2Fb -qx° +1/2Xx/b -1/2X -1/2Yx/b -1/2Y

EJy’ = -1/4Fx® +3/2Fbx -1/3qx° +1/4Xx°/b -1/2XX -1/4Yx’[b -1/2YX +EJdge

Edy = -1/12Fx® +3/4Fbx? -1/12qx" +1/12Xx°/b -1/4Xx% -1/12Yx%b -1/AYX* +EJdgeX +EIK e

@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05

PROCEDIMENTO E RISULTATI Es.N.006

Condizioni al contorno

[ dab  Kig  Ocab Koy Opeb  Koe  Opeb Koo Xb/EJ YBYEJ]  [WbY/EJ
Y| 1 0 -1 0 0 0 0 0 1/2 0 0
Ve | 1 0 0 0 0 0 -1 0 34 -1/4 1/4
Yoe| O 0 0 0 1 0 0 0 0 0 0
Yeo | O 0 0 0 1 0 -1 0 14 714 11/12
Y | O 1 0 0 0 0 0 0 U4 -4 || U4
Yea | O 0 0 1 0 0 0 0 0 0o | 0
Yor | O 0 0 0 0 1 0 0 0 0 0
Yeo | O 0 -1 -1 1 1 0 0 -6 112 0
Yee | -1 -1 0 0 0 0 1 512 1412 -1/12
Yes L O 0 0 0 0 0 1 1 -6 <13 | | 712
Condizioni al contorno Soluzione
aTb 5 ] [ FO¥EJ ]
0 0 | [ bbb | [137/312]
0 0 deab 151/156
0 1 dpeb 1
-1 0 Opeb -133/312
0 0 Ky | _ | -5/26
0 0 Kea | 0
0 0 Koe 0
-1/2 0 Xb*/EJ 55/52
0 0 Kge -17/78
0 0o | YbYEJ | | -37/52 |

DEFORMATA (coordinate locali)

AB y(X)EJ = -5/26Fb® +137/312xFb’ -55/104x°Fb +5/78x°F

BA y(X)EJ = -17/78Fb° +133/312xFb’ -35/104x°Fb -5/78x’F

CA y(X)EJ = 151/156xFb’ -55/312x°F

AC y(X)EJ = 19/24Fb° -137/312XFb’ -55/104x°Fb +55/312x°F

DE y(x)EJ = xFb” -5/13x°Fb +55/312x’F

ED y(x)EJ = 19/24Fb® -79/104xFb” +15/104x°Fb -55/312x°F

BE y(x)EJ = -17/78Fb® -133/312xFb’ +69/104x°Fb +5/78x°F -1/12x"q
EB y(X)EJ = -79/104xFb* +37/104x°Fb +7/26x°F -1/12x"q

SPOSTAMENTI! NODALI
Uy = 19/24(Fb*/EJ)

v, = -17/78(Fb%/EJ)
g = -133/312(Fb?/EJ)

u, = 19/24(Fb*/EJ)
v, = -5/26(Fb%/EJ)
o, = 137/312(Fb°/EJ)

us=0 u,=0
Veen = -5/26(Fb°/EJ) Vp=0
Oeea = 151/156(F°/ET) ¢, = (Fb?/EJ)

@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05



PROCEDIMENTO E RISULTATI Es.N.006 Es.N.006

ug = 19/24(Fb*/EJ)
ve=0
g = 79/104(Fb’/EJ)

@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05 @ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05



Es.N.006 Es.N.006
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REAZIONI Es.N.007 RISULTATI NUMERICI Es.N.007

D E DEFORMATA (coordinate locali)

5 AB y(x)EJ =
CBy(x)EJ =
DC y(x)EJ =
ED y(x)EJ =
SPOSTAMENTI NODALI
Uy = Ug = Ue =
V= Vg = A
NS bg = b=
up = Ug =
Vp = Veep =
¢ = beep =

c

c

3q
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REAZIONI

AN©

[ o0

237/364F
225/182Fb
225/182F

225/182F
687/364Fb
237/364F

«l

237/364F

405/364Fb
225/182F

%

B
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225/182F
51/26Fb
» I\ 855/364F

YA

225/182Fb
225/182F

B\

j‘

855/2’»64F
51/26Fb
225/182F

Es.N.007 DEFORMATA E AZIONI INTERNE
E N
225/182F B D
c
A\ 7
E
13 FbYEJ
TR
\
\
\
\
\
\
\
\
|
U —3F
E wmmmmmmm@
=]
=
=
=
=
=
=l
=
=l —3F
********* |
\ \
\ \
\ \
\ \
\ \
| |
__[\A \ |
855/364F \ |
291/91Fb
225/182Fr C 3 — aFb
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PROCEDIMENTO E RISULTATI

Es.N.007

REAZIONI IPERSTATICHE
X=Wg, Y=Wy

DETERMINAZIONE DELLA DEFORMATA ELASTICA
Costanti di integrazione: ¢ 5 K,z dcg Keg Poc Koc Pep Keo

Relazioni di congruenza
y'a(0) - 25/b =0

Y as(b) - Yce(b) = 0
y'CB(O) - y’Dc(b) =0
y7DC(0) - y,ED(b) =0
Yas(0) =0

Yes(0) =0

Yoc(0) + 12V b%/EJ = 0
yDc(b) - ycs(o) =0
Yen(0) =0

Yeo(D) - Yag(b) =0

Mg = X +Yx/b -Y
EJy" = EJO +X +Yx/b -Y

EJy’ = EJOX +XX +1/2Y5/b -YX +EJ¢ g

Edy = 1/2EJ6x° +1/2Xx° +1/6YX/b -1/2YX" +EJ 1pX +EIK g

Mg = -9/4Fx +3/4Fb +3/2qx° -1/2Xx/b -1/2X +1/2YxIb -1/2Y

EJy" = -9/4Fx +3/4Fb +3/2qx° -1/2Xx/b -1/2X +1/2Yx/b -1/2Y

EJy' = -9/8Fx” +3/4Fbx +1/2qx° -1/4Xx°/b -1/2Xx +1/4Yx’/b -1/2Yx +EJdcg

Edy = -3/8Fx° +3/8Fbx’ +1/8qx" -1/12Xx°/b -1/4Xx* +1/12YX’/b -1/4Yx* +EJdeX +EIK g

Mo = -9/4FX -1/2Xx/b +1/2Yx/b -Y

EJy" = -9/4Fx -1/2Xx/b +1/2Yx/b -Y

EJy’ = -9/8Fx’ -1/4XX°[b +1/4YxX*/b -YX +EJd e

Edy = -3/8Fx° -1/12Xx°/b +1/12Yx’/b -1/2Yx’ +Ed¢pX +EIKpe

Mgp = -Yx/b

EJy" = -Yx/b

EJy' = -1/2YX/b +EJbgp

EJy = -1/6Yx’/b +EJd X +EIKgp

@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05

PROCEDIMENTO E RISULTATI

Es.N.007

Condizioni al contorno

[ dab  Kig  Ocsb  Keg  Opcb Koo  Oepb  Kgy  Xb7EJ YBYEJ]  [WbY/EJ

Vs | 1 0 0 0 0 0 0 0 0 0 0

Yea | 1 0 -1 0 0 0 0 0 714 -1/4 1/8

Yes | O 0 1 0 -1 0 0 0 14 3/4 -9/8

Yoc| O 0 0 0 1 0 -1 0 0 1/2 0

Yas 0 1 0 0 0 0 0 0 0 0 | _ 0

Yec | O 0 1 1 0 0 0 0 -3 <16 | | -18

Yoo | O 0 0 0 0 1 0 0 14 14 9/8

Yo | O 0 0 -1 1 1 0 0 -112 -5/12 3/8

Yeo | O 0 0 0 0 0 0 1 0 0 0

Yor | -1 -1 0 0 0 0 1 1 12 16 | | 0

Condizioni al contorno Soluzione
aTb 5 ] [ FO¥EJ ]
0 2 ] bbb | [ 2 ]
-1 0 degb -631/728
0 0 Bpcb 253/364
0 0 depb 239/182
0 0 Kag | _ 0
0 0 Keg | | 107/364
0 0 Kpc 237/728
0 0 Xb*/EJ -51/26
0 0 Kep 0
112 0o | YbYEJ | | 225/182 |

DEFORMATA (coordinate locali)

AB y(X)EJ = 2xFb® -100/91x°Fb +75/364x°F

BA y(X)EJ = 31/28Fb°® -153/364xFb” -25/52x°Fb -75/364x°F

CB y(X)EJ = 107/364Fb® -631/728xFb” +405/728x°Fb -79/728xF +1/8x"q
BC y(X)EJ = -153/364xFb> +51/52x°Fb -285/728x’F +1/8x"q

DC y(X)EJ = 237/728Fb® +253/364xFb” -225/364x°Fb -79/728x°F

CD y(x)EJ = 107/364Fb® +631/728xFb” -687/728x°Fb +79/728x’F

ED y(X)EJ = 239/182xFb’ -75/364x°F

DE y(X)EJ = 31/28Fb°® -253/364xFb* -225/364x°Fb +75/364x°F

SPOSTAMENTI! NODALI
ug = -31/28(Fb*/EJ)

vg=0
g = 153/364(Fb°/EJ)

u,=0
v,=0
o, = 2(Fb°/EJ)

@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05

U, = -31/28(Fb*/EJ)
V¢ = -107/364(Fb’/EJ)
b = -631/728(Fb°/EJ)



PROCEDIMENTO E RISULTATI Es.N.007 Es.N.007

u, = -31/28(Fb*/EJ) u-=0
v, = -237/728(Fb’/EJ) Veep = -237/728(Fb°/EJ)
bp = 253/364(Fb’/EJ) Oeep = 239/182(Fb°/EJ)

@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05 @ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05
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REAZIONI Es.N.008 RISULTATI NUMERICI Es.N.008

D E DEFORMATA (coordinate locali)
AB y(x)EJ =
CBy(x)EJ =
DE y(x)EJ =
EA y(x)EJ =

SPOSTAMENTI NODALI

Uy = Ug = Ue =
VA = VB = VC
dp= b = O =
UD = UE =

Vope = Ve =

bppe = be =

3q
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REAZIONI Es.N.008 DEFORMATA E AZIONI INTERNE Es.N.008

225/182Fb
225/182F

[ E \ b %
225/182Fb E %
225/182F 225/182F < 237/364F

3 Fb%EJ

. B
225102F AR
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%H ——3F

«—
237/364F

405/364Fb
225/182F

O A A T
g (S —
|
|
|
|
|
|
|
|
|
|
|
|

225/182F
51/26Fb
¥\ 855/364F
o &8 I
< > B
855/364F 855/364F

291/91Fb 51/26Fb
225/182F 225/182F C 3 4Fb
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PROCEDIMENTO E RISULTATI

Es.N.008

REAZIONI IPERSTATICHE
X=Wg. Y=W,,

DETERMINAZIONE DELLA DEFORMATA ELASTICA
Costanti di integrazione: ¢ 5 K,z dcg Keg Poe Koe Pen Kea

Relazioni di congruenza
Y'as(0) - Y'ea(0) = 0
y’AB(b) - y’cg(b) =0
Y'cs(0) - 28/b =0
y7DE(b) - y‘EA(O) =0
Yas(b) =0

Yea(0) =0

Ype(0) =0

yDE(b) - ycs(b) =0
yeA(0) + 1/2V b /EI = 0
Yea(b) - ¥4(0) =0

M, = -9/4FX +3/4Fb +3/2gx° -1/2Xx/b -1/2X +1/2Yx/b -1/2Y

EJy" = -Q/4Fx +3/4Fb +3/20x” -1/2Xx/b -1/2X +1/2Yx/b -1/2Y

EJy’ = -9/8Fx? +3/4Fbx +1/2qx> -1/4Xx%/b -1/12Xx +1/4Yx%Ib -1/2Yx +EJd g

Edy = -3/8Fx° +3/8Fbx’ +1/8qx" -1/12Xx/b -1/4Xx’ +1/12Yx’Ib -1/4YX? +EJd e +EJIK g

Mg = X +Yx/b -Y

EJy" = EJB +X +Yx/b -Y

EJy’ = EJOX +Xx +1/2YX°/b -Yx +Ed g

Edy = 1/2E36x° +1/2Xx* +1/6YX[b -1/2YX* +EJpceX +EIK g

Mo = -Yx/b

EJy" =-Yx/b

EJy’ = -1/2Yx/b +EJd e

EJy = -1/6Yx’/b +EdpeX +EIK e

Mg, = -9/4FxX -1/2Xx/b +1/2Yx/b -Y

EJy" = -9/4Fx -1/2Xx/b +1/2Yx/b -Y

EJy' = -9/8Fx’ -1/4Xx°Ib +1/4YX/b -YX +EJdg,

Edy = -3/8Fx° -1/12X°Ib +1/12Yx’Ib -1/2Yx? +EJo X +EIKg,

@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05

PROCEDIMENTO E RISULTATI Es.N.008

Condizioni al contorno

[ dab  Kig  Ocsb  Keg  Opeb  Koe  Omb Kgy  Xb/EJ YBYEJ]  [WbY/EJ

Y| 1 0 0 0 0 0 -1 0 14 34 -9/8

Ve | 1 0 -1 0 0 0 0 0 714 144 -1/8

Yes| O 0 1 0 0 0 0 0 0 0 0

Yeo | O 0 0 0 1 0 -1 0 0 -1/2 0

Yea | 1 1 0 0 0 0 0 0 -3 16 | | -1/8

Yea | O 0 0 1 0 0 0 0 0 0o | 0

Yor | O 0 0 0 0 1 0 0 0 0 0

Yeo | O 0 -1 -1 1 1 0 0 -1/2 1/6 0

Yea | O 0 0 0 0 0 1 -1/4  1/4 9/8

Ye L O -1 0 0 0 0 1 1 -112 512 | 38

Condizioni al contorno Soluzione

aTb 5 ] [ FO¥EJ ]

0 0 | [ bbb | [-631/728]
1 0 degb 2
0 2 beab 253/364
0 0 dpeb 239/182
0 0 Kis | _ | 107/364
0 0 Keg | 0
0 0 Koe 0
1/2 0 Xb*/EJ -51/26
0 0 Kea 237/728
0 0o | YbYEJ | | 225/182 |

DEFORMATA (coordinate locali)

AB y(X)EJ = 107/364Fb’ -631/728xFb’ +405/728x°Fb -79/728x°F +1/8x"q
BA y(X)EJ = -153/364xFb° +51/52x°Fb -285/728x°F +1/8x"q

CB y(X)EJ = 2xFb’ -100/91x°Fb +75/364x°F

BC y(X)EJ = 31/28Fb® -153/364xFb> -25/52X’Fb -75/364X°F

DE y(x)EJ = 239/182xFb’ -75/364x°F

ED y(X)EJ = 31/28Fb’ -253/364xFh’ -225/364x°Fb +75/364X°F

EA y(X)EJ = 237/728Fb°® +253/364xFb” -225/364x°Fb -79/728x°F

AE y(X)EJ = 107/364Fb°® +631/728xFb” -687/728x°Fb +79/728x’F

SPOSTAMENTI! NODALI
u, = 31/28(Fb*/EJ) ug = 31/28(Fb*/EJ) us=0

v, = -107/364(Fh*/EJ) V=0 Ve=0
o, = -631/728(Fb’/EJ) g = 153/364(Fb°/EJ) b = 2(Fb?/EJ)

@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05



PROCEDIMENTO E RISULTATI Es.N.008 Es.N.008

u,=0 u. = 31/28(Fb*/EJ)
Vppe = —237/728(Fb3/EJ) Ve = —237/728(Fb3/EJ)
dope = 239/182(Fb*/EJ) ¢, = 253/364(Fb%/EJ)

@ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05 @ Adolfo Zavelani Rossi, Politecnico di Milano, versione 12.05
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REAZIONI Es.N.009 RISULTATI NUMERICI Es.N.009

D E DEFORMATA (coordinate locali)

5 AB y(x)EJ =
BC y(x)EJ =
CD y(x)EJ =
ED y(x)EJ =
SPOSTAMENTI NODALI
Uy = Ug = Ue =
Vaag = Vg = Ve
Gane = bg = b=
up = Ug =
Vp = Ve =
bp = be =

c

c
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REAZIONI

Es.N.009 DEFORMATA E AZIONI INTERNE

Es.N.009

YA

161/52F
\ 55/26Fb
161/52F 41/26F

55/26Fb
41/26F

v

[No

h
41/26F
51/52Fb
161/52F
«—

A,

161/52F
53/52Fb
41/26F

g

41/26F
41/26Fb
» I\ 109/52F B A

No o

LF \
161/52F
48/13Fb D
41/26F B

4 Fo%EJ

%H ——4F

IR
(AT AT

Tl ———4F

g
1

B
41/26Fb
41/26F
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PROCEDIMENTO E RISULTATI

Es.N.009

PROCEDIMENTO E RISULTATI

Es.N.009

REAZIONI IPERSTATICHE
X=Wg. Y =Wy

DETERMINAZIONE DELLA DEFORMATA ELASTICA
Costanti di integrazione: ¢ 5 K,z 95c Kgc dcp Kep ep Kep

Relazioni di congruenza
Y'as(0) - ¥'5c(0) = 0
y’Bc(b) - y’co(o) =0
y'CD(b) - y’ED(b) =0
Y'ep(0) -28/b =0
Yas(0) =0

Yec(0) - 1/2Vgb*EI = 0
yCD(O) - yBc(b) =0
Yeo(P) =0

Yep(0) =0

Yep(P) - Yas(b) =0

Mg = -Xx/b

EJy" = -Xx/b

EJy' = -1/2Xx /b +EJd g

Edy = -1/6Xx°/b +EJ ,pX +EIK g

Mge = L/4Fx +1/2qx° +1/2Xx/b -X -1/2Yx/b

EJy" = 1/4Fx +1/2qx° +1/2Xx/b -X -1/2Yx/b

EJy’ = 1/8FX° +1/6Gx° +1/4Xx%Ib -Xx -1/4Yx’Ib +EJbg.

Edy = 1/24Fx® +1/24gx" +1/12Xx°/b -1/2Xx° -1/12Yx[b +EJgeX +EIK e

Mcp = 5/4FX -5/4Fb +1/2Xx/b -1/2X -1/2Yx/b -1/2Y

EJy" = 5/4Fx -5/4Fb +1/2Xx/b -1/2X -1/2Yx/b -1/2Y

EJy’ = 5/8FX -5/4Fbx +1/4Xx’Ib -1/2Xx -1/4Yx*[b -1/2Yx +EJd¢p

EJy = 5/24Fx’ -5/8Fbx’ +1/12Xx°/b -1/4Xx% -1/12Yx’Ib -1/4Yx* +EJp X +EIKp

Mgp = Xx/b -X +Y
EJy" = 2EJ0 +Xx/b -X +Y

EJy’ = 2EJ6x +1/2Xx°/b -XX +YX +EJbgp

Edy = EJ6X? +1/6Xx°/b -1/2Xx% +1/2Yx° +EJ X +EIKgp
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Condizioni al contorno

[ O agh Kas dech Kec deob Keo deob Kep Xb’/EJ Y
Yeu | 1 0 -1 0 0 0 0 0 -2
Yes| O 0 1 0 -1 0 0 0 -34
Yoo | O 0 0 0 1 0 -1 0 U4
Yeo | O 0 0 0 0 0 1 0 0
Yas | O 1 0 0 0 0 0 0 0
Yec | O 0 0 1 0 0 0 0 U4
Yo | O 0 -1 -1 0 1 0 0 512
Yoc | O 0 0 0 1 1 0 0o -1/6
Yeo | O 0 0 0 0 0 0 1 0
Yoe | -1 -1 0 0 0 0 1 1 -1

Condizioni al contorno

aTb 5 ]
0 0 |
0 0
2 0
0 2
0 0
0 0
0 0
0 0
0 0
-1 0 |

b¥EJ]  [WbYEJ

0
-1/4
-7/4

0

0
-1/4
1/12
-1/3

12 |

0
-7124
5/8
0
0
-1/8
1/12
5/12

Soluzione
[ FO¥EJ ]
[ 131/78 |
139/156
55/104
2
0
-109/104
-173/312
41/26
0
| -55/26 |

DEFORMATA (coordinate locali)

AB y(x)EJ = 131/78xFb” -41/156x°F

BA y(X)EJ = 17/12Fb® -139/156xFb” -41/52x°Fb +41/156X°F

BC y(X)EJ = -109/104Fb® +139/156xFh” -41/52x°Fb +109/312x°F +1/24x"q
CB y(X)EJ = -173/312Fb’ -55/104xFb® +53/104x°Fb -161/312x°F +1/24x"q
CD y(X)EJ = -173/312Fb® +55/104xFb* -51/104x°Fb +161/312x°F

DC y(X)EJ = -57/52xFb’ +55/52x°Fb -161/312x°F

ED y(X)EJ = 2xFb’ -11/13x’Fb +41/156x°F

DE y(X)EJ = 17/12Fb® -57/52xFb’ -3/52x°Fb -41/156X°F

SPOSTAMENT! NODALI
ug = -17/12(Fb*/EJ)

vy = -109/104(Fb*/EJ)
g = 139/156(Fb°/EJ)

u,=0
Vaus = -109/104(Fb%/EJ)
O pne = 131/78(FH?/EJ)
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Ug = -17/12(Fb*/EJ)
Ve = -173/312(Fb’/EJ)
. = 55/104(Fb°/EJ)



PROCEDIMENTO E RISULTATI Es.N.009 Es.N.009

u, = -17/12(Fb*/EJ) u-=0
Vp=0 ve=0
p = 57/52(Fb’/EJ) e = 2(Fb°/EJ)
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REAZIONI Es.N.010 RISULTATI NUMERICI Es.N.010

D E DEFORMATA (coordinate locali)
AB y(x)EJ =
CAy(X)EJ =
DE y(x)EJ =
BE y(x)EJ =

SPOSTAMENTI NODALI

u, = Ug = Ug =
Va= Vg = Veea =
N bg = boca =
Up = Ug =
Vp = Ve =
¢y = b =
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REAZIONI Es.N.010 DEFORMATA E AZIONI INTERNE Es.N.010

D % [ E
161/52F 161/52F

48/13Fb 55/26Fb E
41/26F 41/26F N

161/52F
55/26Fb
41/26F

4 Fo%EJ

QA

41/26F
51/52Fb

[\ 161/52F

e\ 1617

A,

161/52F
53/52Fb
41/26F

|
g L

41/26F
atzero ezl e
x|\ 109/52F i
c [ A

A
41/26Fb
41/26F 41/2;j C3 4Fb
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PROCEDIMENTO E RISULTATI

Es.N.010

PROCEDIMENTO E RISULTATI

Es.N.010

REAZIONI IPERSTATICHE
X=W,; Y=W

DETERMINAZIONE DELLA DEFORMATA ELASTICA
Costanti di integrazione: ¢ 5 K,z dca Kea Do Koe Pee Kee

Relazioni di congruenza
Y'a8(0) - Y'calb) =0
Y'ap(b) - Y'ge(0) =0
Y'oe(0) - 28/b =0
y7DE(b) - y‘BE(b) =0
Yps(0) - 1/2V,b%EI = 0
Yea(0) =0

Yoe(0) =0

yDE(b) - yCA(b) =0
Yae(0) - Yap(0) =0
Yee(b) =0

Mg = L/4FX +1/2qx° +1/2Xx/b -X -1/2Yx/b

EJy" = 1/4Fx +1/2qx° +1/2Xx/b -X -1/2Yx/b

EJy' = 1/8Fx° +1/6qx> +1/4Xx%Ib -XX -1/4Yx%Ib +EJ¢ g

Edy = 1/24Fx® +1/24qx" +1/12Xx/b -1/2Xx° -1/12Yx’ b +EJ jeX +EJIK g

Mca = -Xx/b

EJy" = -Xx/b

EJy’ = -1/2Xx°/b +EJb,

EJy = -1/6Xx’Ib +EJ$ X +EIK ¢,

Moe = Xx/b -X +Y
EJy" = 2EJO +Xx/b -X +Y

EJy’ = 2EJ6X +1/2Xx°/b -XX +YX +EJbpe

Edy = EJ6X° +1/6Xx°/b -1/2Xx° +1/2YX* +EJpeX +EIKpe

Mg = 5/4Fx -5/4Fb +1/2Xx/b -1/2X -1/2Yx/b -1/2Y
EJy" = 5/4Fx -5/4Fb +1/2Xx/b -1/2X -1/2Yx/b -1/2Y

EJy' = 5/8FX -5/4Fbx +1/4Xx’Ib -1/2Xx -1/4Yx*Ib -1/2YX +EJ¢ge

EJy = 5/24Fx® -5/8Fbx’ +1/12Xx’/b -1/4Xx% -1/12Yx[b -1/4YX* +EJgeX +EIK e
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Condizioni al contorno

[ dab  Kig  Ocab Koy Opeb  Koe  Opeb Koo Xb/EJ YBYEJ]  [WbY/EJ

Y| 1 0 -1 0 0 0 0 0 1/2 0 0

Ve | 1 0 0 0 0 0 -1 0 34 -1/4 7124

Yoe| O 0 0 0 1 0 0 0 0 0 0

Yeo | O 0 0 0 1 0 -1 0 14 714 -5/8

Y | O 1 0 0 0 0 0 0 U4 U4 || -U8

Yea | O 0 0 1 0 0 0 0 0 0o | 0

Yor | O 0 0 0 0 1 0 0 0 0 0

Yeo | O 0 -1 -1 1 1 0 0 -6 112 0

Yee | -1 -1 0 0 0 0 1 512 1412 1/12

Yes L O 0 0 0 0 0 1 1 -1/6  -13 | | 512

Condizioni al contorno Soluzione

aTb 5 ] [ FO¥EJ ]

0 0 | [ bbb | [139/156]
0 0 deab 131/78
0 2 dpeb 2
-2 0 Opeb 55/104
0 0 Kie | _ |-109/104
0 0 Kea | 0
0 0 Koe 0
-1 0 Xb*/EJ 41/26
0 0 Kge -173/312
0 0o | YbYEJ| | -55/26 |

DEFORMATA (coordinate locali)

AB y(x)EJ = -109/104Fb® +139/156xFb’ -41/52x°Fb +109/312x°F +1/24x"q
BA y(X)EJ = -173/312Fb® -55/104xFh* +53/104x°Fb -161/312x°F +1/24x"q
CA y(X)EJ = 131/78xFb’ -41/156X°F

AC y(X)EJ = 17/12Fb® -139/156xFb* -41/52x°Fb +41/156X°F

DE y(x)EJ = 2xFb” -11/13x°Fb +41/156X°F

ED y(X)EJ = 17/12Fb’ -57/52xFb” -3/52x°Fb -41/156x°F

BE y(X)EJ = -173/312Fb® +55/104xFb” -51/104x’Fb +161/312x°F

EB y(X)EJ = -57/52xFb’ +55/52x°Fb -161/312x°F

SPOSTAMENTI NODALI
Ug = 17/12(Fb*/EJ) Ug =

vy = -173/312(Fb*/EJ)
g = 55/104(Fb?/EJ)

u, = 17/12(Fb*/EJ)
v, = -109/104(Fh*/EJ)
6, = 139/156(Fb°/EJ)
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0

Veen = -109/104(Fb’/EJ)
deca = 131/78(Fb°/EJ)



PROCEDIMENTO E RISULTATI Es.N.010 Es.N.010

u,=0 ug = 17/12(Fb*/EJ)
Vp=0 ve=0
b = 2(Fb?/EJ) g = 57/52(Fh’/EJ)
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