Principio Lavori Virtuali PLV.001
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V,=-F EJ,z =EJ EJgy = EJ
Wg=-W=-Fb EJsc = EJ EJ, =EJ
Pep = -0 = -F/b EJ., =EJ EJ.=EJ
6,5 =-6=-aT/b = -bF/EJ EJp = EJ EJs=EJ
v, = -3=-b’FIEJ Edg = EJ
kep = 4EJ/b EJ.;=EJ
ANALISI STRUTTURE IPERSTATICHE
PRINCIPIO DEI LAVORI VIRTUALI
Riportare sul fronte:
1) Declassamento Scelto
2) Reazioni calcolate
3) Diagrammi finali delle azioni interne
Sul retro:
4) Analisi cinematica
5) Diagrammi delle strutture MO e M*
6) Equazione del PLV
7) Reazione vincolare calcolata
Carichi e deformazioni date hanno verso efficace in disegno.
Calcolare reazioni vincolari della struttura e delle aste.
Tracciare i diagrammi quotati delle azioni interne nelle aste.
Carichi di aste curve misurati in proiezione sugli assi x,y.
Jyz - Xy - 6y, riferimento locale asta YZ con origine in Y.
Curvatura 6 asta AB positiva se convessa a destra con inizio A.
Spostamento verticale assoluto v imposto al nodo A.
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PROCEDIMENTO E RISULTATI Nome: PLV.001 PROCEDIMENTO E RISULTATI Nome: PLV.001
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PLV.001

PROCEDIMENTO E RISULTATI Nome: PLV.001 PROCEDIMENTO E RISULTATI Nome:
Quadro contributi PLV per iperstatica X=V
- M, (X) M, (X) G MM, M,0 MM, M (M/EI+B)dX | [XM M /EJdx
AB b -1/4x 5/8Fx -Fb/EJ -5/32Fx 1/4FXb/EJ 1/16x° . ,
, , , , ,|(-5/96+1/8)Fb/EJ| 1/48Xb7/E
BAD 1/4b-1/4x | -5/8Fb+5/8Fx | Fb/EJ |-5/32Fb’+5/16Fbx-5/32Fx’ | 1/4Fb*/EJ-1/4FXb/EJ | 1/16b°-1/80x+1/16X
BC2b |-1/4b-1/4x | 5/8Fb-3/8Fx | 0 |-5/32Fb*-1/16Fbx+3/32Fx 0 1/16b°+1/8bx+1/16x> , ,
, , , ,| (:3/16+0)Fb/EJ | 13/24Xb°/E
CB2b | 3/4b-1/4x | 1/8Fb-3/8Fx | 0 | 3/32Fb°-5/16Fbx+3/32Fx 0 9/16b>-3/8bx+1/16x
CDb  |-3/4b+3/4x| -1/8Fb-3/8Fx | 0 | 3/32Fb®+3/16Fbx-9/32Fx* 0 9/16b%-9/8bx+9/16x° , ,
, , (3/32+0)Fb*/EJ | 3/16XbYEJ
DCb 3/4x 1/2Fb-3/8Fx | 0 3/8Fbx-9/32Fx 0 9/16x
EDb 0 Fx-1/2x%° 0 0 0 0
, 0+0 0
DE b 0 -1/2Fb+1/2gx*| 0 0 0 0
EF b 0 0 0 0 0 0
0+0 0
FE b 0 0 0 0 0 0
FG b 0 2Fb-2Fx 0 0 0 0
0+0 0
GFb 0 -2Fx 0 0 0 0
GH Vv5b 0 2V5/5Fx 0 0 0 0 0 0
Hi b 0 Fx 0 0 0 0
0+0 0
IHb 0 -Fb+Fx 0 0 0 0
IFb 0 Fb 0 0 0 0
0+0 0
Flb 0 -Fb 0 0 0 0
HB b 0 2Fb-2Fx 0 0 0 0
0+0 0
BHb 0 -2Fx 0 0 0 0
cD molla asta -W, (Wt XW, cp)/Kep 3/128FbYEJ | 9/64XbEJ
A cedimento nodo -V, ,u, -1/4Fb*EJ
totali -95/384Fb%/EJ | 57/64Xb%EJ
iperstatica X=V 5/18F
Sviluppi di calcolo iperstatica
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PROCEDIMENTO E RISULTATI Nome: PLV.001 PROCEDIMENTO E RISULTATI Nome: PLV.001

L% = (116 x0? ) b? VED dx = [1/48 x1b* | b? 1/E
=(1/48b ) b® 1/EJ = 1/48 b/EJ

L= ['(1/16 -1/8 x1b +1/16 x1b” ) b” VEJ dx = [1/16 x -1/16 X%/b +1/48 x°/b* ] b? 1/EJ
=(1/16 b -1/16 b +1/48 b ) b* 1/EJ = 1/48 b*/EJ

L% = [2°(1/16 +1/8 xib +1/16 /b7 ) b2 1/EJ dx = [1/16 x +1/16 X%/b +1/48 x1b” ] b2 1/E
=(1/8b+1/4 b +1/6 b ) b® 1/EJ = 13/24 b%/EJ

L% = [2°(9/16 -3/8 x/b +1/16 x2b® ) b” VEJ dx = [9/16 x -3/16 X%/b +1/48 xib* ] b? 1/E3
=(9/8b-3/4b+1/6 b ) b® 1/E] = 13/24 b’/EJ

L% = [(9716 -9/8 x/b +9/16 X2/ ) b 1/EJ dx + 3/4 3/4 1/4 bY/EJ
= [9116 x -0/16 x%/b +3/16 x1b* | b* VEJ +3/4 314 1/4 bYE
=(9/16 b-9/16 b +3/16 b ) b® 1/EJ +3/4 3/4 1/4 b*/EJ = 21/64 b*/EJ

L% = [2(0/16 x1b? ) b7 1/E3 dx + 3/4 3/4 14 bYEI = [3/16 xb* | b7 1/EJ +3/4 3/4 1/4 bY/EJ
=(3/16 b ) b* 1/EJ +3/4 3/4 1/4 b*/EJ = 21/64 b’/EJ

1 = [(-5/32 x%b* ) Fb? UEI dx + [ (1/4 x/b ) 8 dx = [-5/96 X% ], Fb? 1/E3 + [1/8 X% ], 0
=(-5/96b ) Fb* 1/EJ +(1/8b) 6 =7/96 Fb%/EJ

1 = ['(-5/32 +5/16 b -5/32 X2/ ) Fb? UEI dx + [.(-1/4 +1/4 x1b ) © dx
= [-5/32 x +5/32 1 -5/96 xb* | Fb? 1/ES + [-1/4 x +1/8 X% | 6
=(-5/32 b +5/32 b -5/96 b ) Fb’ 1/EJ + (-1/4b+1/81b ) 0 =7/96 Fb’/EJ

1% = [2°(-5/32 -1/16 x/b +3/32 x/b” ) Fb? 1/EJ dx = [-5/32 x -1/32 x%/b +1/32 x°Ib? |- Fb? 1/E
=(-5/16 b-1/8 b +1/4 b ) Fb* 1/EJ = -3/16 Fb*/EJ

1% = [ (3132 -5/16 xtb +3/32 xIb? ) Fb? 1/EJ dx = [3/32 x -5/32 X2Jb +1/32 x*Ib? | Fb? 1/E3
=(3/16 b-5/8 b +1/4 b ) Fb® 1/EJ =-3/16 Fb’/EJ

1% = [(3/32 +3/16 x/b -9/32 xIb® ) Fb? 1/EJ dx + 3/4 1/8 1/4 FbYEJ
= [3132 x +3132 X1 -3/32 x1b* | Fb? 1/ED +3/4 1/8 1/4 FbY/E]
=(3/32b+3/32 b -3/32 b ) Fb? 1/EJ +3/4 1/8 1/4 Fb*/EJ = 15/128 Fb%/EJ

1% = [°(3/8 x/b -9132 X*/b? ) Fb? 1/EJ dx + 3/4 1/8 1/4 FbYE]
= [3/16 x2b -3/32 xb* | Fb? VEJ +3/4 1/8 1/4 FbYE]
=(3/16 b-3/32b ) Fb® 1/EJ +3/4 1/8 1/4 Fb%EJ = 15/128 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 19.11.24 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 19.11.24



Principio Lavori Virtuali PLV.002
yv.\V.q
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H,=-F U = -3 = -b°F/EJ EJep = EJ
Oep = -9 =-F/b kep = 4EJ/b EJoe = EJ
Upe = -q = -F/b k, = 4EJ/b° EJgs = EJ
€ = -0T = -b’F/EJ EJ,s = EJ Edg = EJ
6pe = -6 = -aT/b = -bF/EJ EJg. = EJ EJ., = EJ
ANALISI STRUTTURE IPERSTATICHE
PRINCIPIO DEI LAVORI VIRTUALI
Riportare sul fronte:
1) Declassamento Scelto
2) Reazioni calcolate
3) Diagrammi finali delle azioni interne
Sul retro:
4) Analisi cinematica
5) Diagrammi delle strutture MO e M*
6) Equazione del PLV
7) Reazione vincolare calcolata
Carichi e deformazioni date hanno verso efficace in disegno.
Calcolare reazioni vincolari della struttura e delle aste.
Tracciare i diagrammi quotati delle azioni interne nelle aste.
Jyz - Xy - 6y, riferimento locale asta YZ con origine in Y.
Elongazione termica specifica € assegnata su asta EB.
Curvatura 6 asta DE positiva se convessa a destra con inizio D.
Spostamento orizzontale assoluto u imposto al nodo F.
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REAZIONI Nome: PLV.002
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PLV.002

PROCEDIMENTO E RISULTATI Nome:

PLV.002

PROCEDIMENTO E RISULTATI Nome:

Sviluppi di calcolo iperstatica

q49/.2/18T- S8p=X eonersiadi
CI/AXTT/ET | (/94 T/I8T I[e10}
CI/axy/T C3/,048V/TT ONFTMX+TM)TT- erse ellow | @D
0 0 0 0 0 0 | 94v
0 0+0
0 0 0 0 0 0 | avd
0 0 0 0 X42T/L- 0 | 934
0 0+0
0 0 0 0 X42T/L-042T/L 0 | 943
LXHA/XZT| 0 | 9/ X4ZT/T-X4ZT/S-042/T 0 X4ZT/T+042/T ax-T | q3g
c3/axe/m  |03/,04(0+2L/6T)
a1 X 0 IRETANDETA] 0 X42T/T+942T/.- | A | 9@3
0 0 0 £3/94 |a/xbo/T+ Xbg/T-x4e/1| 0 | a3
0 0+0
0 0 0 03/04-|  a/xbo/T+x49/1- 0 | 93a
JA1.X 0 a/ X4ZT/TT 0 X4ZT/TT ax | 4od
C3/aXET  |03/,94(0+9€/TT)
LLX+AXZT| O |G/ XHCT/TT+X49/TT-a42T/TT| 0 X4ZT/TT+A42T/TT-  |A/X+T-| 4.aD
T 0 X42T/TT-042T/TT 0 X4ZT/TT-042T/TT T | 9ad
r3/ax  |03,040+ve/TT)
T 0 X42T/TT 0 X4ZT/TT- T- | aog
0 0 0 0 Xbe/t+adert- 0 | avs
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Schema di calcolo iperstatico

3 M, flessione da carichi assegnati
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3 M, flessione da iperstatica X
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PROCEDIMENTO E RISULTATI Nome: PLV.002 PROCEDIMENTO E RISULTATI Nome: PLV.002

X=[(1) vesax=[x] e
=(b) 1/EJ = b/EJ
%=[(1) vesax=[x] e
=(b) 1/EJ = b/EJ
L% =[0(12xb+xb?) VEJdx+1 1 14 bEI=[ x-xb +1/3x°b% ], VEJ +1 1 1/4 bJEJ
=(b-b+1/3b) 1/EJ +1 1 1/4 b/EJ = 7/12 bIEJ
L% =[0(xb?) VEIdx+1 1 U4 b/EI=[1/3x°b?]] VEI +1 1 1/4 bIEJ
=(1/3b) 1/EJ +1 1 1/4 bIEJ = 7/12 bIEJ
X =L(xmw?) I dx=[13x?]] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ
L= (12 xb +xb* ) VEI dx = [ x - xb +1/3 xb? ], V/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
1% = [*(11/12 x/b ) Fb 1/EJ dx = [11/24 b | Fb 1/E
=(12/24b) Fb 1/EJ = 11/24 Fb’/EJ
1 = [*(11/12 -11/12 x/b ) Fb 1/EJ dx = [11/12 x -11/24 x8b | Fb 1/E3
=(11/12 b -11/24 b ) Fb 1/EJ = 11/24 Fb’/EJ
Lep = JZ(11/12 -11/6 x/b +11/12 X’/b® ) Fb 1/EJ dx + 1 11/12 1/4 Fb*/EJ
= [12/12 x-11/12 X¥Jb +11/36 x*ib* | Fb 1/EJ + 1 11/12 1/4 FbY/EJ
=(11/12b-11/12 b +11/36 b ) Fb 1/EJ + 1 11/12 1/4 Fb’/EJ = 77/144 Fb*/E]
1% = [ (11712 /6% ) Fb 1/EJ dx + 1 11/12 1/4 FbY/E]
= [11/36 0 ]_ Fb 1/E3 +1 11/12 1/4 FbY/ED
=(11/36 b ) Fb 1/EJ +1 11/12 1/4 Fb’/EJ = 77/144 Fb’/EJ
1% = ['(7112 xib -1/12 X% ) Fb 1/EJ dx = [7/24 x2Ib -1/36 X°/b? ] Fb 1/E
=(7/24b-1/36 b ) Fb 1/EJ = 19/72 Fb*/EJ
1 = ['(1/2 -5112 b -1/12 X162 ) Fb UE dx = [1/2 x -5/24 xCb -1/36 xb* | Fb 1/E
=(1/2b-5/24b-1/36 b ) Fb 1/EJ = 19/72 Fb’/EJ
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Principio Lavori Virtuali

PLV.003

VD =-F y,V,V,q
W, =-W=-Fb
O =-q=-F/b q

Pug = -2q = -2F/b ! e UMMM

€gn = -aT = -b°F/EJ

k, = 4EJ/b°

EJys = EJ

Edgc =EJ

EJep = EJ b
EJpe = EJ

EJe = EJ

Edee = EJ

Edga=EJ %

Edg, = EJ G
EJg = EJ

2q

L

¢,W/ b
ANALISI STRUTTURE IPERSTATICHE

PRINCIPIO DEI LAVORI VIRTUALI

Riportare sul fronte:

1) Declassamento Scelto

2) Reazioni calcolate

3) Diagrammi finali delle azioni interne

Sul retro:

4) Analisi cinematica

5) Diagrammi delle strutture MO e M*

6) Equazione del PLV

7) Reazione vincolare calcolata

Carichi e deformazioni date hanno verso efficace in disegno.
Calcolare reazioni vincolari della struttura e delle aste.
Tracciare i diagrammi quotati delle azioni interne nelle aste.
Jyz - Xy - By, riferimento locale asta YZ con origine in Y.
Elongazione termica specifica € assegnata su asta GH.
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REAZIONI Nome: PLV.003 AZIONI INTERNE Nome: PLV.003
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PROCEDIMENTO E RISULTATI Nome: PLV.003 PROCEDIMENTO E RISULTATI Nome: PLV.003

q
F WMIILE Quadro contributi PLV per iperstatica X=Wp,,
- M M, (X) MM, MM, [[MM/Eddx |[XM,M /EJdx
AB b -1 0 0 1
0 Xb/EJ
BADb 1 0 0 1
Z BCh 0 0 0 0
0 0
G CBb 0 0 0 0
CDb 0 0 0 0
0 0
DCb 0 0 0 0
7 DE Vv2b 0 -3V2/8Fx 0 0 0 0
A EF b 0 |1/4Fb-3/4Fx+1/29% 0 0
0 0
FEb 0 1/4Fx-1/2gx° 0 0
FGb 0 0 0 0
0 0
GF b 0 0 0 0
GAb x/b 0 0 xIb
Schema di calcolo iperstatico C 3 M, flessione da carichi assegnati AG b Lxb 0 0 Lolbidb? 0 1/3Xb/EJ
GHb 0 0 0 0
0 0
777777777777 HG b 0 0 0 0
0 0
| ° HBb | xib Fx-gx° Fx’/b-x/b K/b? ,
‘ ) ) 5 - 1/12Fb°/EJ 1/3Xb/EJ
[ \ BH b -1+x/b -Fx+gx Fx-2Fx“/b+qx’/b | 1-2x/b+x"/b
\
. 2
} GH elongazione asta N,g.E54lan Fb/EJ
\
\ totali 13/12Fb*/EJ| 5/3Xb/EJ
| \
1= 0 \ iperstatica X=Wyy, -13/20Fb
‘ o o
\
\
\
|
} Sviluppi di calcolo iperstatica
ERREREAL jissazzn o
< ! / 0 0
1 1

C 3 M, flessione da iperstatica X=1
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PROCEDIMENTO E RISULTATI Nome: PLV.003 PLV.003

LX=(1) vesdax=[x]. vEI
=(b) 1/EJ = b/EJ

X=0(1) vesdx=[x]. vEI
=(b) 1/EJ = b/EJ

L% = [(xw?) eI dx = [113 %07 )] 1/E
=(1/3b) 1EI =1/3 b/EJ

L% =[0(12xb +xb?) VEIdx = [ x - xb +1/3 6% ]| 1/E
=(b-b+1/3b) 1/E] = 1/3 b/EJ

L% =[50 ) v dx = [13 %02 ]] VED
=(1/3b) 1/EJ = 1/3 b/EJ

L= [2(1-2xb +xb? ) UEI dx= [ x-xb +1/3xb° ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

1 = [2(xb? - xib* ) Fb 1/ED dx = [1/3 x1b? -1/4 x1b° | Fb 1/E
=(1/3b-1/4b) Fb 1/EJ = 1/12 Fb’/EJ

1= ['( b -2 5107 + Xb° ) Fb UE dx = [1/2 x21b -213 x1b® +1/4 x1b° | Fb 1/E3
=(1/2b-2/3b+1/4b ) Fb 1/EJ = 1/12 Fb’/EJ
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