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PROCEDIMENTO E RISULTATI 236761

ES>02.xxxx.007

PROCEDIMENTO E RISULTATI 236761 ES>02.xxxx.007

Quadro contributi PLV per iperstatica X=W¢

I VNES) M,(x) MM, MM,  [[MM/Eddx | [XM,M /EJdx
AB b 0 -Fx-1/29%° 0 0
) 0 0
BA b 0 |3/2Fb-2Fx+1/2gx 0 0
BCb xlb | -3/2Fb+3/2Fx |3/2Fx-312Fx’Ib| X’/ ,
) _— 1/4Fb°/EJ 1/3Xb/EJ
CBb 1-x/b 3/2Fx 3/2Fx-3/2Fx"/b | 1-2x/b+x"/b
CDb -1 Fb-Fx -Fb+Fx 1 )
-1/2Fb"/EJ Xb/EJ
DCb 1 -Fx -Fx 1
DEb |-1+x/b -3/2Fx 312Fx-3/2Fx’Ib | 1-2x/b+X /b’ ,
) - 1/4Fb"/EJ 1/3Xb/EJ
EDb x/b 3/2Fb-3/2Fx  |3/2Fx-3/2Fx‘/b x/b
EF V5b 0 2V5/5Fx 0 0 0 0
FGb 0 -Fx 0 0
0 0
GF b 0 Fb-Fx 0 0
GA 2b 0 0 0 0
0 0
AG 2b 0 0 0 0
FB 2b 0 2Fb-Fx 0 0
0 0
BF 2b 0 -Fx 0 0
BE b 0 Fx-1/2qx° 0 0
) 0 0
EBb 0 -1/2Fb+1/2gx 0 0
BE elongazione asta Njg€qclpe Fb’/EJ
totali Fb’/EJ 5/3Xb/EJ
iperstatica X=Wp¢ -3/5Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

%= [0 ) v dx = [13 02 ]] VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

L% =[0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vE]
=(b) 1/EJ = b/EJ

L% =[(1-2xb +x0? ) UEI dx= [ x-xb +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= [0 ) S dx = [13 2], VED
=(1/3b) 1/EJ = 1/3 b/EJ

12 = [*(3/2 x/b -3/2 x2Ib* ) Fb 1/EJ dx = [3/4 xb -1/2 X2 || Fb 1/E3
=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb’/EJ

1% = ["(3/2 xtb -3/2 x2b* ) Fb 1/E3 dx = [3/4 x8b -1/2 x1b? ] Fb 1/E
=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb%/E

1 =[2(-1 + b ) Fb 1/EI dx = [- x +1/2 b | Fb 1/E
=(-b+1/2b) Fb 1/EJ =-1/2 Fb’/EJ

1% = [2(- xib ) Fb 1/E3 dx = [-1/2 b | Fb 1/E
=(-1/2b) Fb 1/EJ =-1/2 Fb’/EJ

12 = [*(3/2 x/b -3/2 x2Ib* ) Fb 1/EJ dx = [3/4 xb -1/2 X¥/b? ]| Fb 1/E3
=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb’/EJ

1 = [*(3/2 xtb -3/2 x2b* ) Fb 1/E3 dx = [3/4 xb -1/2 x1b? ] Fb 1/E
=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb*/EJ

12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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PROCEDIMENTO E RISULTATI 995596

ES>02.xxxx.015

PROCEDIMENTO E RISULTATI 995596 ES>02.xxxx.015

Quadro contributi PLV per iperstatica X=W¢

I VNES) M, (X) MM, MM, [[MM/Eddx | [XM,M /Eddx
ABb 0 -3/2Fx 0 0
0 0
BAD 0 | 3/2Fb-3/2Fx 0 0
BChb b | -3/2Fb+3/2Fx [312Fx-3/2Fx%b|  X°Ib° ,
, , ,| VAFDYE] | 1/3Xb/EJ
CBb | 1xb 312Fx | 3/2Fx-3/2Fx’Ib | 1-2x/b+x/b
CDb -1 Fb-Fx -Fb+Fx 1 ,
-1/2Fb%/EJ Xb/EJ
DCb 1 -Fx -Fx 1
DEb |[-1+x/b|  -3/2Fx  |3/2Fx-3/2FX’/b| 1-2x/b+x’/b ,
, ), 1AFLY/EI |  1/3Xb/EJ
EDb xlb | 3/2Fb-3/2Fx |3/2Fx-312Fx’/b|  X’Ib
EFV5b | © 2V5/5Fx 0 0 0 0
FGb 0 Fx 0 0
0 0
GFb 0 -Fb+Fx 0 0
GA2b 0 2Fb-1/29x° 0 0
0 0
AG 2b 0 | -2Fx+1/2gx° 0 0
FB 2b 0 2Fb-Fx 0 0
0 0
BF 2b 0 -Fx 0 0
BE b 0 Fx-1/20%° 0 0
, 0 0
EBb 0 |-1/2Fb+1/2gx 0 0
CD elongazione asta N,cp€cplcp -Fb’/EJ
totali -Fb%EJ 5/3Xb/EJ
iperstatica X=Wp¢ 3/5Fb

Sviluppi di calcolo iperstatica

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

%= [0 ) v dx = [13 02 ]] VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

L% =[0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vE]
=(b) 1/EJ = b/EJ

L% =[(1-2xb +x0? ) UEI dx= [ x-xb +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= [0 ) S dx = [13 2], VED
=(1/3b) 1/EJ = 1/3 b/EJ

12 = [*(3/2 x/b -3/2 x2Ib* ) Fb 1/EJ dx = [3/4 xb -1/2 X2 || Fb 1/E3
=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb’/EJ

1% = ["(3/2 xtb -3/2 x2b* ) Fb 1/E3 dx = [3/4 x8b -1/2 x1b? ] Fb 1/E
=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb%/E

L8 =L(-1+xb ) Fo UEIdx+1 (-1) 1 FbYEI=[-x+1/2x%b ] Fb 1/EJ +1 (1) 1 FbYEJ
=(-b+1/2b)Fb 1/EJ +1 (-1) 1 Fb%/EJ=-3/2 Fb’/EJ

L =[0(-xib) Fb /EI dx +1 (-1) 1 FbYEI=[-1/2x%b ]  Fb 1/EJ +1 (-1) 1 Fb¥EJ
=(-12b) Fb /EJ +1 (-1) 1 Fb’/EJ=-3/2 Fb’/EJ

1% = [*(3/2 x/b -3/2 x2Ib* ) Fb 1/EJ dx = [3/4 xb -1/2 X*/b? ]| Fb 1/E3
=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb’/EJ

1 = [*(3/2 xtb -3/2 x2b* ) Fb 1/E3 dx = [3/4 xb -1/2 x1b? ] Fb 1/E
=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb*/EJ

12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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PROCEDIMENTO E RISULTATI 238395

ES>02.xxxx.027

Quadro contributi PLV per iperstatica X=W¢

PROCEDIMENTO E RISULTATI 238395 ES>02.xxxx.027

I VNES) M, (X) MM, MM, [[MM/Eddx |[XM,M /EJdx
AB b 0 -3/2Fx 0 0
0 0
BAb 0 3/2Fb-3/2Fx 0 0
BChb /b | -3/2Fb+3/2Fx 3/2Fx-3/2FX%Ib XIb° ,
, , ,| VAFDEJ | 1/3Xb/EJ
CBb 1-x/b 3/2Fx 3/2Fx-312Fx°lb | 1-2x/b+x’[b
CDb -1 Fb-Fx -Fb+Fx 1 ,
-1/2Fb°/EJ Xb/EJ
DC b 1 -Fx -Fx 1
DEb |-1+x/b| -3/2Fx+1/2gx° |3/2Fx-2Fx’Ib+1/2qx°/b | 1-2x/b+x’/b” ,
, , , - 5/24Fb’/EJ |  1/3XbIEJ
EDDb x/b | Fb-1/2Fx-1/2qx”| Fx-1/2Fx"/b-1/2gx°/b xIb
EFVSb | 0 2V5/5Fx 0 0 0 0
FGb 0 Fx 0 0
0 0
GFb 0 -Fb+Fx 0 0
GA2b 0 2Fb-1/2qx* 0 0
0 0
AG 2b 0 -2Fx+1/2gx° 0 0
FB 2b 0 2Fb-Fx 0 0
0 0
BF 2b 0 -Fx 0 0
BE b 0 0 0 0
0 0
EB b 0 0 0 0
CD elongazione asta N,.p€cplcp -Fb%/EJ
totali -25/24Fb*/EJ|  5/3Xb/EJ
iperstatica X=Wp¢ 5/8Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25

b
%= [0 ) v dx = [13 02 ]] VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
L% =[(1-2xb +xb* ) UEI dx= [ x-xb +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
L% =[0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ
L% =[0(1) vEIdx =[] VEI
oc = J, X=1X o
=(b) 1/EJ = b/EJ
b
L% =[(1-2xb +x0? ) UEI dx= [ x-xb +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
%= [0 ) S dx = [13 2], VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
12 = [*(3/2 x/b -3/2 x2Ib* ) Fb 1/EJ dx = [3/4 xb -1/2 X2 || Fb 1/E3
=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb’/EJ
b
L =ﬁ(3/2 x/b -3/2 x’/b? ) Fb 1/EJ dx = [3/4 X/ -1/2 x*/b” | | Fb 1/E
=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb%/E
b
L8 =L(-1+xb ) Fo UEIdx+1 (-1) 1 FbYEI=[-x+1/2x%b ] Fb 1/EJ +1 (1) 1 FbYEJ
=(-b+1/2b)Fb 1/EJ +1 (-1) 1 Fb%/EJ=-3/2 Fb’/EJ
b
L =[0(-xib) Fb /EI dx +1 (-1) 1 FbYEI=[-1/2x%b ]  Fb 1/EJ +1 (-1) 1 Fb¥EJ
=(-12b) Fb /EJ +1 (-1) 1 Fb’/EJ=-3/2 Fb’/EJ
b
1% = [*(3/2 xib -2 16 +1/2 X1 ) Fb 1/EJ dx = [3/4 ¥/ -2/3 X% +1/8 x'1b° ] Fb 1/E
o o
=(3/4b-2/3b+1/8b ) Fb 1/EJ =5/24 Fb’/EJ
b
L% = [*( b -1/2 b7 -1/2 X*Ib* ) Fb L/EI dx = [1/2 x1b -1/6 x*Ib? -1/8 x'1b° | Fb 1/EJ
o o
=(1/2b-1/6 b-1/8 b ) Fb 1/EJ =5/24 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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PROCEDIMENTO E RISULTATI 309819 ES>02.xxxx.036 PROCEDIMENTO E RISULTATI 309819 ES>02.xxxx.036

b
Quadro contributi PLV per iperstatica X=W,, Law =_[§( X’Ib*) UEI dx = [1/3xb7 ] 1EI
- M M, (X) MM, MM, | JMM/EIdx |[XM M, /Eddx =(1/3b) 1/EJ = 1/3 b/EJ
b
ABb | 0 5/2Fx 0 0 L% =[(1-2xb +xb* ) UEI dx= [ x-xb +1/3 %] 1/E3
0 0
BAD 0 | -5/2Fb+5/2Fx 0 0 =(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
BCb | -xb 5/2Fb+Fx -5/2Fx-FX’Ib XIo® , L% =[0(1) vEIdx=[x]] VEI
, L, |-1912FD* S| 1/3XbIED
CBb |1xb| -7/2Fb+Fx  |-7/2Fb+9/2Fx-FxX’/b|1-2x/b+X’/b =(b) VEJ = b/EJ
XX b
CDb -1 9/2Fb-9/2Fx -9/2Fb+9/2Fx 1 , L% =0(1) vEIax=[x]. vE]
-9/4Fb*/EJ Xb/EJ
DCh 1 -9/2Fx -9/2Fx 1 =(b) 1/EJ = b/EJ
b
DEb |-1+x/b -Fx Fx-Fx’/b 1-2x/b+xC/b? , L% =[(1-2xb +x0? ) UEI dx= [ x-xb +1/3 %] 1/E3
, - 1/6Fb%EJ | 1/3Xb/EJ
EDb | xb Fb-Fx Fx-Fx’/b xlb =(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
EFV5b | 0 |11V5/10Fx+1/2gX° 0 0 0 0 %= [0 ) S dx = [13 2], VED
FG b 0 -Fx 0 0 =(1/3b) 1/EJ = 1/3 b/EJ
0 0 Xo 2,2 2 3,.27°
GFb 0 Fb-Fx 0 0 1% = [°(-5/2 /b - X6 ) Fb 1/EJ dx = [-5/4 /b -1/3 5% | Fb 1/E]
o] o
GA2b | © 0 0 0 =(-5/4b-1/3b) Fb 1/EJ =-19/12 Fb’/EJ
0 0 b
AG2b | © 0 0 0 L9 = [*(-712 +972 xib - x1b® ) Fb 1/E dx = [-7/2 x +9/4 x2Ib -1/3 x%b* ] Fb L/EJ
o [e]
FB2b | 0 | 8Fb-3Fx-1/2qx° 0 0 =(-7/2b+9/4 b -1/3b ) Fb 1/EJ =-19/12 Fb’/EJ
0 0 b
BF2b | 0 -5Fx+1/2q%° 0 0 1% = [ (-9/2 +9/2 xtb ) Fb VEJ dx = [-9/2 x +9/4 x¢b | Fb 1/E3
BE b 0 0 0 0 =(-92b +9/4b ) Fb 1/EJ =-9/4 Fb’/EJ
0 0 Xo 2, 1°
EBb 0 0 0 0 1% = ['(-or2 xib ) Fb 1/E3 dx = [-0/4 x%b ]| Fb 1/E9
BE elongazione asta N, g€qeloc Fb?/EJ =(-9/4b) Fb 1/EJ =-9/4 Fb’/EJ
b
totali -8/3Fb’/EJ | 5/3Xb/EJ L% = [°(xib - X407 ) Fb VEI dx = [1/2 b -1/3 X% ]| Fb 1/E
o o
iperstatica X=W,, 8/5Fb =(1/2b-1/3b) Fb 1/EJ = 1/6 Fb’/EJ

b
1 = ["( b - xb? ) Fb 1/E3 dx = [1/2 xb -1/3 xb? ] Fb 1/E
=(1/2b-1/3b ) Fb 1/EJ = 1/6 FbYEJ

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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PROCEDIMENTO E RISULTATI 236422 ES>02.xxxx.044

Quadro contributi PLV per iperstatica X=Wp

S M| M) MM, MM, [[M M /Eddx | [XM,M /Eddx
AB b 0 -3/2Fx 0 0
0 0
BAb 0 | 3/2Fb-3/2Fx 0 0
BChb xlb | -3/2Fb+Fx -3/2Fx+Fx’/b x2Ib® ,
, , ,|-5/12Fb’/EJ | 1/3XbIEJ
CBb |-1+x/b| 1/2Fb+Fx |-1/2Fb-1/2Fx+Fx’/b|1-2x/b+x%/b
CDb 1 |1/2Fb-1/29%°| 1/2Fb-1/2Fx%/b 1 ,
, , 1/3Fb?/EJ Xb/EJ
DCb -1 -Fx+1/2gx Fx-1/2Fx"/b 1
DEb | 1-x/b -Fx -Fx+Ex%lb 1-2x/b+x°Ib° ,
, ), -1/6Fb%EJ | 1/3Xb/EJ
ED b -x/b Fb-Fx -Fx+Fx“/b x/b
EFV5b | © 2v5/5Fx 0 0 0 0
FGb 0 Fx 0 0
0 0
GFb 0 -Fb+Fx 0 0
GA2b 0 | 2Fb-1/2gxX° 0 0
0 0
AG 2b 0 |-2Fx+1/29%° 0 0
FB 2b 0 2Fb-Fx 0 0
0 0
BF 2b 0 -Fx 0 0
BEb 0 0 0 0
0 0
EBb 0 0 0 0
BE elongazione asta N, g-€pclpe -Fb’/EJ
totali -5/4Fb*EJ | 5/3Xb/EJ
iperstatica X=Wp. 3/4Fb

Sviluppi di calcolo iperstatica

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

%= [0 ) v dx = [13 02 ]] VED
=(13b) 1EJ = 13 b/EJ

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

L% =[0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vE]
=(b) 1/EJ = b/EJ

L% =[(1-2xb +x0? ) UEI dx= [ x-xb +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= [0 ) S dx = [13 2], VED
=(uy3b) LEJ =13 b/EJ

1% = [°(-3/2 x/b + x21b* ) Fb 1/EJ dx = [-3/4 x2b +1/3 xib* ] Fb 1/E]
=(-3/4b+1/3b) Fb 1/EJ =-5/12 Fb’/EJ

1% = [(-1/2 -1/2 xib + x1b* ) Fb 1/EJ dx = [-1/2 x -1/4 x8b +1/3 xb* | Fb 1/E3
=(-12b-1/4b+1/3b ) Fb 1/EJ =-5/12 Fb*/EJ

1% = (12 -1/2 1b? ) Fb 1/EJ dx = [1/2 x -1/6 X*/b? ] Fb 1/E3
=(1/2b-1/6b) Fb /EJ = 1/3 Fb*/EJ

1% = [2( xib -1/2 X% ) Fb 1/E3 dx = [1/2 X¥1b -1/6 x°Ib? ] Fbo 1/E3
=(1/2b-1/6 b)) Fb 1/EJ = 1/3 Fb’/EJ

12 = [2(- xtb + x1b? ) Fb VEI dx = [-1/2 X% +1/3 X2 ] Fb 1/E3
=(-1/2b+1/3b) Fb 1/EJ =-1/6 Fb*/EJ

L2 = [7(- x/b + 216> ) Fb VED dx = [-1/2 x%1b +1/3 /b2 ] Fb 1/E3
=(-1/2b +1/3b ) Fb 1/EJ =-1/6 FbY/EJ

12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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PROCEDIMENTO E RISULTATI 238387

ES>02.xxxx.052

Quadro contributi PLV per iperstatica X=Hgg

- M M, (X) MM, MM,  [[MM/Eddx |[XM, M /EJdx
AB b 0 -3/2Fx 0 0
0 0
BAb 0 | 3/2Fb-3/2Fx 0 0
BChb -X -3/2Fb 3/2Fbx X , ,
, , ,| 3/AFb’EJ | 1/3XbYEJ
CBb b-x 3/2Fb 3/2Fb*-3/2Fbx | b*-2bx+x
CDb b | -12Fb-1/2qx° | 1/2Fb*+1/2FX° b , ,
|, , , 2/3Fb*/EJ Xb*/EJ
DCb b Fb-Fx+1/2gx~ |Fb"™-Fbx+1/2Fx b
DEb [-bx -Fb FbFbx  |b*-2bx+x’ , ,
, 1/2Fb*EJ | 1/3XbYEJ
EDb X Fb Fbx X
EFV5b | © 2V5/5Fx 0 0 0 0
FGb 0 | -3/2Fx+1/2gx° 0 0
0 0
GFb 0 |Fb-1/2Fx-1/2gx° 0 0
GA2b | © 0 0 0
0 0
AG2b | © 0 0 0
FB 2b 0 2Fb-Fx 0 0
0 0
BF 2b 0 -Fx 0 0
BEb 0 0 0 0
0 0
EBb 0 0 0 0
BE elongazione asta N, g€pclpe Fb*/EJ
totali 35/12Fb*/EJ| 5/3XbYEJ
iperstatica X=Hg¢ -714F

Sviluppi di calcolo iperstatica

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

12.12.25

PROCEDIMENTO E RISULTATI 238387

ES>02.xxxx.052

%= [°(5¥0? ) b7 1/E3 dx = [1/3 xib* ] b7 1/ES
=(1/3b) b* 1/EJ = 1/3 bYEJ

L% = (1 -2 xtb + xb* ) b* VE dx = [ x - X +1/3 x°/b? ] b7 1/E3
=(b-b+1/3b) b>1/EJ = 1/3 bYEJ

L% =[0(1) b? VB3 dx = [ x ] b? VE
=(b) b’ 1/EI = bYEI

L% =[0(1) b? VI dx = [ x ] b® VE
=(b)b*1UEJ = bYEJ

L% =[(1 -2 xtb +xb? ) b? VE dx = [ x - X% +1/3 1% ] b? 1/E3
=(b-b+1/3b) b*1/EJ = 1/3 bYEJ

L% = [°(50? ) b /B3 dx = [1/3 xib* ] b7 1/ES
=(1/3b) b* 1/EJ = 1/3 bYEJ

1% = [*(3/2 x/b ) Fb? UEI dx = [3/4 X¥1b ]| Fb? 1/E
=(3/4b) Fb® 1/EJ = 3/4 Fb¥/EJ

1% = ["(3/2 -3/2 xib ) Fb? 1/E3 dx = [3/2 x -3/4 xb | Fb? 1/E
=(3/2b-3/4b) Fb® 1/EJ =3/4 Fb¥/EJ

1 = [2(1/2 +1/2 x2b* ) Fb? 1/ED dx = [1/2 x +1/6 X2 ]| Fb? 1/E3
=(1/2b+1/6b) Fb* 1/EJ = 2/3 FbY/EJ

1% = [2(1 - wb +1/2 x1b? ) Fb? 1/E3 dx = [ x -1/2 b +1/6 /0% | Fb? 1/E
=(b-12b+1/6b) Fb® 1/EJ = 2/3 Fb/EJ

12 = ["(1-xb ) Fb? 1/EI dx = [ x -1/2 b ], Fb? 1/E3
=(b-1/2b) Fb® 1/EJ = 1/2 Fb’/EJ

1 = ["( b ) Fb? 163 dx = [1/2 b ] Fb? /E
=(1/2b) Fb® LEJ =1/2 FbYEJ

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

12.12.25
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PROCEDIMENTO E RISULTATI 238485 ES>02.xxxx.053 PROCEDIMENTO E RISULTATI 238485 ES>02.xxxx.053

b
Quadro contributi PLV per iperstatica X=W,, Law =_[§( X’Ib*) UEI dx = [1/3xb7 ] 1EI
- M M, () MM, MM, [[M M /Eddx | [XM,M /EJdx =(1/3b) 1/EJ = 1/3 b/EJ
b
AB b 0 -3/2Fx 0 0 L% =[(1-2xb +xb* ) UEI dx= [ x-xb +1/3 %] 1/E3
0 0
BAD 0 | 3/2Fb-3/2Fx 0 0 =(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
BCb | b | -3/2Fb+Fx 3/2Fx-Fx’Ib XIo® , L% =[0(1) vEIdx=[x]] VEI
, L | 5/12FbET | 1/3Xb/E
CBb | 1-xb| 12Fb+Fx  |1/2Fb+1/2Fx-FxX’/b|1-2x/b+x’/b =(b) LEJ = b/EJ
b
CDb 1| 12Fb-12gX° | -1/2Fb+1/2FxCTb 1 , L% =0(1) vEIax=[x]. vE]
, , -1/3FbYEJ | Xb/EJ
DCh 1 -Fx+1/2gx -Fx+1/2Fx°Ib 1 =(b) VEJ = bEJ
b
DEb |-1+x/b -Fx Fx-Fx’/b 1-2x/b+xCIb? , L% =[(1-2xb +x0? ) UEI dx= [ x-xb +1/3 %] 1/E3
, L, | UeFbUEd | 13Xb/ED
EDb | xb Fb-Fx Fx-FxX’/b I =(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
EFV5b | 0 2V5/5Fx 0 0 0 0 %= [0 ) S dx = [13 2], VED
FG b 0 | -3/2Fx+1/2gX° 0 0 =(uy3b) LEJ =13 b/EJ
0 0 b
GF b 0 |Fb-1/2Fx-1/29%° 0 0 1% = [°(3/2 xb - x4b* ) Fb 1/EI dx = [3/4 ¥/ -1/3 1% || Fb 1/E)
o] o
GA2b | © 0 0 0 =(3/4b-1/3b) Fb 1/EJ =5/12 Fb’/EJ
0 0 b
AG2b | © 0 0 0 1% = [°(1/2 +1/2 xtb - xI6° ) Fb 1/EJ dx = [1/2 x +1/4 51 -1/3 x| Fb 1/E3
o o
FB2b | O 2Fb-Fx 0 0 =(1/2b+1/4b-1/3b ) Fb 1/EJ =5/12 Fb’/EJ
0 0
BF2b | 0 -Fx 0 0 1 = [2(-1/2 +1/2 X%b% ) Fb UEI dx + 1 (-1) 1 FbP/EJ
b
BEb 0 0 0 0 = [-172 x +1/6 X’Ib? ]0 Fb1/EJ +1 (-1) 1 FbYEJ
0 0
EBb 0 0 0 0 =(-12b+1/6b) FO 1/EJ +1 (-1) 1 Fb*/EJ =-4/3 Fb’/EJ
cD elongazione asta N, ecplep -Fb’/EJ LX =JZ(- x/b +1/2 X’Ib> ) Fo /EJ dx + 1 (-1) 1 Fb*/EJ
b
totali -3/4Fb°/EJ | 5/3Xb/EJ =[-1725%b +1/6 x°° ] Fo LEJ +1 (-1) 1 Fb/EJ
iperstatica X=W, 9/20Fb =(-1/2b+1/6b ) Fo 1/EJ +1 (-1) 1 Fb’/EJ =-4/3 Fb’/EJ

b
1 = ["( b - xb? ) Fb 1/E3 dx = [1/2 xb -1/3 xb? ] Fb 1/E
=(1/2b-1/3b ) Fb 1/EJ = 1/6 FbYEJ
Xo _ Y - 2, 3,21P
Sviluppi i calcolo iperstatica 1 = ["( b - x2ib* ) Fb /3 dx = [1/2 xb -1/3 xb? ] Fb 1/E
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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PROCEDIMENTO E RISULTATI 237351

ES>02.xxxx.055

Quadro contributi PLV per iperstatica X=W,

PROCEDIMENTO E RISULTATI 237351

ES>02.xxxx.055

I VNES) M, (X) MM, MM,  [[MM/Eddx | [XM,M /EJdx
ABb 0 -2Fx 0 0
0 0
BAb 0 2Fb-2Fx 0 0
BCh -x/b -2Fb+Fx 2Fx-FxC/b X’Io? ,
, , ,| 2/3FDYEJ | 1/3Xb/EJ
CBb 1-x/b Fb+Fx Fb-Fx“/b 1-2x/b+x"/b
CDb -1 -1/2gx° 1/2Fx’Ib 1 ,
, , 1/6Fb°/EJ Xb/EJ
DCb 1 | 1/2Fb-Fx+1/2gx 1/2Fb-Fx+1/2Fx’[b 1
DEb [-1+x/b|-1/2Fb-Fx+1/2qx° | 1/2Fb+1/2Fx-3/2Fx fo+1/2ax°/b | 1-2x/o+X’/b’ ,
, , . 3/8FbY/EJ | 1/3Xb/EJ
EDDb x/b Fb-1/2gx Fx-1/2gx°/b x“/b
EFVSb | 0 2vV5/5Fx 0 0 0 0
FGb 0 -Fx 0 0
0 0
GFb 0 Fb-Fx 0 0
GA 2b 0 0 0 0
0 0
AG 2b 0 0 0 0
FB 2b 0 2Fb-Fx 0 0
0 0
BF 2b 0 -Fx 0 0
BE b 0 0 0 0
0 0
EB b 0 0 0 0
CD elongazione asta N,.p€cplcp -Fb’/EJ
totali 5/24Fb’/EJ | 5/3Xb/EJ
iperstatica X=W_ -1/8Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25

Sviluppi di calcolo iperstatica

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

12.12.25



PROCEDIMENTO E RISULTATI 237351 ES>02.xxxx.055 PROCEDIMENTO E RISULTATI 237351 ES>02.xxxx.055

b
%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
L% =[2(1-2xb +xb? ) VEIdx= [ x- b +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ
b
L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ
b
%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
1% = [2(2 xib - xib? ) Fb UEI dx = [ x1b -1/3 5167 ] Fb 1/E3
=(b-1/3b) Fb 1/EJ = 2/3 Fb*/EJ
b
L = [(1- X6 ) Fb UEI dx = [ x-1/3 x°b? ] Fb 1/E
=(b-1/3b) Fb 1/EJ = 2/3 Fb*/EJ
b
L = [2(12x0® ) Fb UEI dx + 1 (-1) 1 FbYEJ = [16 X7 ] Fb UEJ +1 (-1) 1 FbYE
=(U6b)Fb1/EJ +1 (-1) 1 Fb/E] =-5/6 Fb’/EJ
1% = [(1/2 - xib +1/2 16> ) Fo UEI dx + 1 (-1) 1 FbP/EJ
b
=[12x-1/25°b +1/6 x’I0° ] _FD L/EJ +1 (-1) 1 FbY/EJ
=(1/2b-1/2b+1/6 b ) Fo 1/EJ +1 (-1) 1 Fb%/EJ =-5/6 Fb*/EJ
L% = [2(1/2 +1/2 xib -312 X216 +1/2 xIb™ ) Fb 1/EJ dx
b
= [12 x +1/4x1b -1/2 x°1b* +1/8 16 | | Fb 1/EJ
=(1/2b+1/4b-1/2b+1/8b ) Fb 1/E] = 3/8 FbY/EJ
b
1 = ["( b 172 X¥16® ) Fb 1/ED dx = [1/2 X -1/8 x1b° ] Fb 1/E3
=(1/2b-1/8b) Fb 1/EJ =3/8 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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PROCEDIMENTO E RISULTATI 238298

ES>02.xxxx.069

Quadro contributi PLV per iperstatica X=W¢

PROCEDIMENTO E RISULTATI 238298 ES>02.xxxx.069

I VNES) M,(x) MM, MM, MM /Eddx | [XM,M /EJdx
AB b 0 -Fx-1/29%° 0 0
) 0 0
BA b 0 |3/2Fb-2Fx+1/2gx 0 0
BCb x/b | -3/2Fb+3/2Fx 3/2Fx-3/2Fx’Ib X1 ,
) - 1/4Fb"/EJ 1/3Xb/EJ
CBb 1-x/b 3/2Fx 3/2Fx-312Fx°/b 1-2x/b+x"/b
CDb -1 Fb-Fx -Fb+Fx 1 )
-1/2Fb"/EJ Xb/EJ
DCb 1 -Fx -Fx 1
DEb |-1+xib| -3/2Fx+1/2qX° |3/2Fx-2Fx’/b+1/2gx’Ib| 1-2x/b+x /b ,
) ) s - 5/24Fb"/EJ 1/3Xb/EJ
EDDb x/b | Fb-1/2Fx-1/2gx"~ | Fx-1/2Fx°/b-1/2gx"/b x“/b
EF V5b 0 2V5/5Fx 0 0 0 0
FGb 0 -Fx 0 0
0 0
GF b 0 Fb-Fx 0 0
GA 2b 0 0 0 0
0 0
AG 2b 0 0 0 0
FB 2b 0 2Fb-Fx 0 0
0 0
BF 2b 0 -Fx 0 0
BE b 0 0 0 0
0 0
EBb 0 0 0 0
CD elongazione asta N,.p€cplcp -Fb’/EJ
totali -25/24Fb*/EJ|  5/3Xb/EJ
iperstatica X=Wp¢ 5/8Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25

b
%= [0 ) v dx = [13 02 ]] VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
L% =[(1-2xb +xb* ) UEI dx= [ x-xb +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
L% =[0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ
L% =[0(1) vEIdx =[] VEI
oc = J, X=1X o
=(b) 1/EJ = b/EJ
b
L% =[(1-2xb +x0? ) UEI dx= [ x-xb +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
%= [0 ) S dx = [13 2], VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
12 = [*(3/2 x/b -3/2 x2Ib* ) Fb 1/EJ dx = [3/4 xb -1/2 X2 || Fb 1/E3
=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb’/EJ
b
L =ﬁ(3/2 x/b -3/2 x’/b? ) Fb 1/EJ dx = [3/4 X/ -1/2 x*/b” | | Fb 1/E
=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb%/E
b
L8 =L(-1+xb ) Fo UEIdx+1 (-1) 1 FbYEI=[-x+1/2x%b ] Fb 1/EJ +1 (1) 1 FbYEJ
=(-b+1/2b)Fb 1/EJ +1 (-1) 1 Fb%/EJ=-3/2 Fb’/EJ
b
L =[0(-xib) Fb /EI dx +1 (-1) 1 FbYEI=[-1/2x%b ]  Fb 1/EJ +1 (-1) 1 Fb¥EJ
=(-12b) Fb /EJ +1 (-1) 1 Fb’/EJ=-3/2 Fb’/EJ
b
1% = [*(3/2 xib -2 16 +1/2 X1 ) Fb 1/EJ dx = [3/4 ¥/ -2/3 X% +1/8 x'1b° ] Fb 1/E
o o
=(3/4b-2/3b+1/8b ) Fb 1/EJ =5/24 Fb’/EJ
b
L% = [*( b -1/2 b7 -1/2 X*Ib* ) Fb L/EI dx = [1/2 x1b -1/6 x*Ib? -1/8 x'1b° | Fb 1/EJ
o o
=(1/2b-1/6 b-1/8 b ) Fb 1/EJ =5/24 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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PROCEDIMENTO E RISULTATI 955615

ES>02.xxxx.096

Quadro contributi PLV per iperstatica X=W¢

I VNES) M, (X) MM, MM, [[MM/Eddx |[XM,M /EJdx
AB b 0 -3/2Fx 0 0
0 0
BAb 0 3/2Fb-3/2Fx 0 0
BChb /b | -3/2Fb+3/2Fx 3/2Fx-3/2FX%Ib XIb° ,
, , ,| VAFDEJ | 1/3Xb/EJ
CBb 1-x/b 3/2Fx 3/2Fx-312Fx°lb | 1-2x/b+x’[b
CDb -1 Fb-Fx -Fb+Fx 1 ,
-1/2Fb°/EJ Xb/EJ
DC b 1 -Fx -Fx 1
DEb |-1+x/b| -3/2Fx+1/2gx° |3/2Fx-2Fx’Ib+1/2qx°/b | 1-2x/b+x’/b” ,
, , , - 5/24Fb’/EJ |  1/3XbIEJ
EDDb x/b | Fb-1/2Fx-1/2qx”| Fx-1/2Fx"/b-1/2gx°/b xIb
EFVSb | 0 2V5/5Fx 0 0 0 0
FGb 0 | -3/2Fx+1/2gx° 0 0
0 0
GFb 0 |Fb-1/2Fx-1/2gx° 0 0
GA 2b 0 0 0 0
0 0
AG 2b 0 0 0 0
FB 2b 0 2Fb-Fx 0 0
0 0
BF 2b 0 -Fx 0 0
BE b 0 0 0 0
0 0
EB b 0 0 0 0
BE elongazione asta N, g-€pclpe Fb’/EJ
totali 23/24Fb°/EJ|  5/3Xb/EJ
iperstatica X=Wp¢ -23/40Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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%= [0 ) v dx = [13 02 ]] VED
=(13b) 1EJ = 13 b/EJ

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

L% =[0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vE]
=(b) 1/EJ = b/EJ

L% =[(1-2xb +x0? ) UEI dx= [ x-xb +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= [0 ) S dx = [13 2], VED
=(1/3b) 1/EJ = 1/3 b/EJ

12 = [*(3/2 x/b -3/2 x2Ib* ) Fb 1/EJ dx = [3/4 xb -1/2 X2 || Fb 1/E3
=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb’/EJ

1% = ["(3/2 xtb -3/2 x2b* ) Fb 1/E3 dx = [3/4 x8b -1/2 x1b? ] Fb 1/E
=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb%/E

1 =[2(-1 + b ) Fb 1/EI dx = [- x +1/2 b | Fb 1/E
=(-b+1/2b) Fb UEJ =-1/2 Fb’/EJ

1% = [2(- xib ) Fb 1/E3 dx = [-1/2 b | Fb 1/E
=(-1/2b) Fb 1/EJ =-1/2 Fb’/EJ

1% = [*(3/2 xtb -2 X212 +1/2 xb° ) Fb 1/EJ dx = [3/4 xb -2/3 x¥/b? +1/8 x'1b° | Fb 1/E3
=(3/4b-2/3b+1/8b ) Fb 1/EJ = 5/24 Fb’/EJ

1 = ['( b 172 X% -1/2 X°b° ) Fb 1E dx = [1/2 x8Ib -1/6 x1b? -1/8 x'1b° ] Fb 1/E
=(1/2b-1/6 b-1/8 b ) Fb 1/EJ =5/24 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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PROCEDIMENTO E RISULTATI 982088 ES>02.xxxx.100 PROCEDIMENTO E RISULTATI 982088 ES>02.xxxx.100

b
Quadro contributi PLV per iperstatica X=Hg, Law =_[§( x’Ib>) b* UEI dx = [1/3x°b* | | b* 1/E
M M, () MM, MM,  |[M M /Eddx | [XM,M /Eddx =(1/3b) b* VEI = 13 bYEJ
b
AB b 0 -3/2Fx 0 0 L% = (1 -2 xtb + xb* ) b* VE dx = [ x - X +1/3 x°/b? ] b7 1/E3
0 0
BAD 0 | 3/2Fb-3/2Fx 0 0 =(b-b+1/3b) b>1/EJ = 1/3 bYEJ
b
BCb X -3/2Fb+Fx 3/2Fbx-Fx* 'S , , L% =[0(1) b? VB3 dx = [ x ] b? VE
, , , | 5/12Fb%ET | 1/3Xb7E , .
CBb | bx 1/2Fb+Fx 1/2Fb+1/2Fbx-Fx b?-2bx+x =(b) b’ 1/EI = bYEI
b
cDb | -b 1/2Fb-Fx -1/2Fb*+Fbx b’ , L% =[0(1) b? VI dx = [ x ] b® VE
0 Xb/EJ
DCh b 1/2Fb-Fx 1/2Fb’-Fbx b? =(b)b*1UEJ = bYEJ
b
DEb | -b#x |-1/2Fb-Fx+1/2qx°| 1/2Fb*+1/2Fbx-3/2Fx*+1/2q | b-2bx+x° , , L% =[(1 -2 xtb +xb? ) b? VE dx = [ x - X% +1/3 1% ] b? 1/E3
, , .| 38FbYEI | 13XbYE] . .
EDb X Fb-1/2x Fbx-1/2qx X =(b-b+1/3b) b*1/EJ = 1/3 bYEJ
b
EFVSb | 0 2V5/5Fx 0 0 0 0 L% = [°(50? ) b /B3 dx = [1/3 xib* ] b7 1/ES
FG b 0 Fx 0 0 =(1/3b) b* 1/EJ = 1/3 bYEJ
0 0 Xo 2,2 2 2 3,27° .2
GF b 0 -Fb+Fx 0 0 1% = [°(3/2 xb - XIb% ) Fb? /EJ dx = [3/4 5/ -1/3 X% | Fb? 1/EI
o o
GA2b | O | 2Fb-1/2q¢ 0 0 =(3/4b-1/3b ) Fb* L/EJ =5/12 Fb’/EJ
0 0 b
AG2b | 0 | -2Fx+1/2g%° 0 0 L9 = [*(1/2 +1/2 xtb - xI6° ) Fb? 1EI dx = [1/2 x +1/4 x0b 113 x%b° | Fb 1/E
o o
FB2b | 0 2Fb-Fx 0 0 =(1/2b+1/4b-1/3b ) Fb® 1/EJ =5/12 Fb/EJ
0 0
BF2b | 0 -Fx 0 0 L =['(-1/2 + xib ) Fb? VEI dx + 1 (-1) 1 FbY/E
b
BE b 0 0 0 0 =[-12x+125%p ] Fo> VEI +1 (-1) 1 FOY/EI
0 0
EBb 0 0 0 0 =(-12b+1/2b) Fb’ 1/EJ +1 (-1) 1 Fb’/EJ=- FbY/EJ
b
cD elongazione asta N, cecplep -Fb%/EJ LX =JZ(1/2 -x/b ) Fb? VEJdx+1 (-1) 1 FbYEJ =[12x-1/2x’b ] Fb’1EJ +1 (-1) 1 FbY/E
totali -5/24Fb*/EJ | 5/3Xb%/EJ =(12b-12b) Fb’ /EJ +1 (-1) 1 Fb*/EJ =- Fb%/EJ
iperstatica X=Hg. 1/8F 1% = [*(1/2 +1/2 xib -3/2 516 +1/2 xIb° ) Fb? 1/EJ dx

o
b
= [w2 x +14 x1b 12 X°0* +18 x'1b* ] | Fb® 1/E
=(1/2b+1/4b-1/2b +1/8 b ) Fb* 1/EJ = 3/8 Fb’/EJ
Xo _ 3 3,3 2 - 2 4,370 -, 2
Sviluppi i calcolo iperstatica 1 = ["( b -1/2 X1 ) Fb? VE dx = [1/2 x%1b -1/8 x1b° | Fb? 1/
=(1/2b-1/8b) Fb* 1/EJ = 3/8 Fb%/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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PROCEDIMENTO E RISULTATI 239191

ES>02.xxxx.120

Quadro contributi PLV per iperstatica X=Wp

PROCEDIMENTO E RISULTATI 239191 ES>02.xxxx.120

I VNES) M, (X) MM, MM, [[MM/Eddx | [XM,M /EJdx
AB b 0 -3/2Fx 0 0
0 0
BA b 0 3/2Fb-3/2Fx 0 0
BCb x/ib  |-3/2Fb+2Fx-1/2gx° |-3/2Fx+2Fx%b-1/29x° b | X/b® ,
) ) 5 - -5/24Fb°/EJ 1/3Xb/EJ
CBb -1+x/b Fx+1/2gx -Fx+1/2Fx"/b+1/2qx°/b | 1-2x/b+x"/b
CDb 1 Fb-Fx Fb-Fx 1 )
1/2Fb"/EJ Xb/EJ
DCb -1 -Fx Fx 1
DEb | 1-xb -Fx -Fx+Fx’lb 1-2x/b+x°[b’ ,
) - -1/6Fb"/EJ 1/3Xb/EJ
EDDb -X/b Fb-Fx -Fx+Fx°/b x“/b
EF V5b 0 2V5/5Fx 0 0 0 0
FGb 0 -3/2Fx+1/2gx° 0 0
0 0
GFb 0 | Fb-1/2Fx-1/29%° 0 0
GA 2b 0 0 0 0
0 0
AG 2b 0 0 0 0
FB 2b 0 2Fb-Fx 0 0
0 0
BF 2b 0 -Fx 0 0
BE b 0 0 0 0
0 0
EBb 0 0 0 0
CD elongazione asta N,.p€cplcp Fb’/EJ
totali 9/8Fb’/EJ | 5/3XbIEJ
iperstatica X=Wp. -27/40Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25

b
%= [0 ) v dx = [13 02 ]] VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
L% =[(1-2xb +xb* ) UEI dx= [ x-xb +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
L% =[0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ
L% =[0(1) vEIdx =[] VEI
oc =), x=]x],
=(b) 1/EJ = b/EJ
b
L% =[(1-2xb +x0? ) UEI dx= [ x-xb +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
%= [0 ) S dx = [13 2], VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
L% = [*(-3/2 /b +2 2% -1/2 16 ) Fb UEJ dx = [-3/4 xb +2/3 /% -1/8 '/ | Fb 1/E)
o] o
=(-3/4b+2/3b-1/8b) Fb 1/EJ =-5/24 Fb’/EJ
b
L9 = [°(- xib +1/2 510> +1/2 3 ) Fb 1/EJ dx = [-1/2 x0b +1/6 x*/b? +1/8 x'1b* | Fb 1/EJ
o o
=(-12b +1/6 b +1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ
b
=L (1-xb) FoUEIdx-1 (1) 1 FbYEI=[x-1/2xb ]  FO UEI -1 (1) 1 FbYEJ
=(b-12b)Fb 1/EJ -1 (-1) 1 Fb’/EJ=3/2 Fb’/EJ
b
1 =[0(xb) Fb UEIdx-1 (-1) 1 FbYEI=[1/2x%b ] Fb UEJ -1 (-1) 1 FbYE]
=(1/2b) FO1/EJ -1 (-1) 1 Fb/EJ=3/2 Fb’/EJ
b
1% = [2(- xtb + x1b? ) Fb VEI dx = [-1/2 X%/ +1/3 X2 ] Fb 1/E3
=(-1/2b+1/3b) Fb 1/EJ =-1/6 Fb*/EJ
b
L2 = [7(- x/b + 216> ) Fb VED dx = [-1/2 x%1b +1/3 /b2 ] Fb 1/E3
=(-1/2b+1/3b ) Fb /EJ =-1/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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PROCEDIMENTO E RISULTATI 239279

ES>02.xxxx.130

PROCEDIMENTO E RISULTATI 239279 ES>02.xxxx.130

Quadro contributi PLV per iperstatica X=Wp

I VNES) M, (X) MM, MM, MM /Eddx | [XM,M /EJdx
AB b 0 -1/2gx° 0 0
) 0 0
BA b 0 | 1/2Fb-Fx+1/2gx 0 0
BCh xlb | -12Fb+1/2Fx |-12Fx+1/2Fxb|  xPIb® ,
) - -1/12Fb°/EJ 1/3Xb/EJ
CBb -1+x/b 1/2Fx -1/2Fx+1/2Fx /b | 1-2x/b+Xx"/b
CDb 1 Fb-Fx Fb-Fx 1 )
1/2Fb°/EJ Xb/EJ
DChb -1 -Fx Fx 1
DEb | 1-x/b -1/2Fx -1/2Fx+1/2FX°b | 1-2x/b+x°Ib° ,
) - -1/12Fb°/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-1/2Fx  |-1/2Fx+1/2Fx°/b x“/b
EF Vv5b 0 2V5/5Fx 0 0 0 0
FGb 0 -2Fx 0 0
0 0
GFb 0 2Fb-2Fx 0 0
GA 2b 0 -Fb 0 0
0 0
AG 2b 0 Fb 0 0
FB 2b 0 2Fb-Fx 0 0
0 0
BF 2b 0 -Fx 0 0
BE b 0 Fx-1/20x%° 0 0
) 0 0
EBb 0 -1/2Fb+1/2gx 0 0
CD elongazione asta N,cp€cplcp Fb’/EJ
totali 4/3FbYEJ | 5/3Xb/EJ
iperstatica X=Wp. -4/5Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

%= [0 ) v dx = [13 02 ]] VED

=(1/3b) 1/EJ = 1/3 b/EJ
b
L% =[(1-2xb +xb* ) UEI dx= [ x-xb +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
L% =[0(1) vEIdx=[x]] VEI
=(b) LEJ = b/EJ
L% =[0(1) vEIdx =[] VEI
DC o [¢]
=(b) 1/EJ = b/EJ
b
L% =[(1-2xb +x0? ) UEI dx= [ x-xb +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
%= [0 ) S dx = [13 2], VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
1% = [2(-1/2 x/b +1/2 X¥16* ) Fb 1/E3 dx = [-1/4 x%1b +1/6 xb* | Fb 1/E
=(-1/4b+1/6 b)) Fb 1/EJ =-1/12 Fb’/EJ
b
L =IZ(-1/2 x/b +1/2 X'Ib* ) Fb 1/E dx = [-1/4 /b +1/6 x*Ib® ] | Fb 1/EJ
=(-1/4b+1/6 b)) Fb 1/EJ =-1/12 Fb’/EJ
b
LY =j2(1 -x/b) Fb UEJdx-1 (-1) 1 FO/EI=[x-1/2xb] Fb LEJ -1 (-1) 1 Fb’/EJ
=(b-12b)Fb 1/EJ -1 (-1) 1 Fb’/EJ=3/2 Fb’/EJ
b
1 =[0(xb) Fb EIdx-1 (-1) 1 FbYEI=[1/2x%b ] Fb UEJ -1 (-1) 1 FbYE]
=(1/2b) FO1/EJ -1 (-1) 1 Fb/EJ=3/2 Fb’/EJ
b
1% = [2(-1/2 xtb +1/2 X¥1b? ) Fb 1/E3 dx = [-1/4 x%1b +1/6 xb* | Fb 1/E3
=(-1/4b+1/6 b)) Fb 1/EJ =-1/12 Fb’/EJ
b
1 = ["(-1/2 xtb +1/2 X¥1b? ) Fb 1/EJ dx = [-1/4 X%/ +1/6 x°/b? ] Fb 1/E
=(-1/4b+1/6b) Fb 1/EJ =-1/12 Fb’/EJ
12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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PROCEDIMENTO E RISULTATI 241207

ES>02.xxxx.139

Quadro contributi PLV per iperstatica X=Hgg

- M M, (X) MM, MM,  |[MM/Eddx | [XM,M /EJdx
AB b 0 3/2Fx 0 0
0 0
BAD 0 | -3/2Fb+3/2Fx 0 0
BChb -X 3/2Fb -3/2Fbx X . .
, , ,| -3/4FD’EJ | 1/3Xb/EJ
CBb b-x -3/2Fb -3/2Fb+3/2Fbx | b*-2bx+x
CDb -b | 5/2Fb-5/2Fx |-5/2Fb’+5/2Fbx| b’ . ,
, -5/4Fb*/EJ Xb¥/EJ
DCb b -5/2Fx -5/2Fbx b
DEb |-b+x 0 0 b%-2bx+x° s
, 0 1/3Xb%/EJ
ED b X 0 0 X
EFV5b | 0 |7V5/10Fx+1/2qx° 0 0 0 0
FGb 0 0 0 0
0 0
GFb 0 0 0 0
GA2b | © Fb-1/2qx° 0 0
0 0
AG2b | 0 | Fb-2Fx+1/2gx° 0 0
FB 2b 0 6Fb-3Fx 0 0
0 0
BF 2b 0 -3Fx 0 0
BEb 0 0 0 0
0 0
EBb 0 0 0 0
BE elongazione asta N, g€pclpe Fb%/EJ
totali -FbYEJ 5/3Xb*/EJ
iperstatica X=Hg¢ 3/5F

Sviluppi di calcolo iperstatica

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

12.12.25

PROCEDIMENTO E RISULTATI 241207

ES>02.xxxx.139

%= [°(5¥0? ) b7 1/E3 dx = [1/3 xib* ] b7 1/ES
=(v3b) b* LEI = 1/3 BY/EI

L% = (1 -2 xtb + xb* ) b* VE dx = [ x - X +1/3 x°/b? ] b7 1/E3

=(b-b+1/3b) b*1/E] = 1/3 bYEI
2% =L(1) 0> eI dx = [ x ]} b 1/E
=(b)b*1EJ = bYEJ
% =L(1) 0> vEI dx = [ x ]} b 1/E
=(b) b 1/EI = bYEJ

b
L% =[(1 -2 xtb +xb? ) b? VE dx = [ x - X% +1/3 1% ] b? 1/E3

=(b-b+1/3b) b*1/EJ = 1/3 bYEJ

L% = [°(50? ) b /B3 dx = [1/3 xib* ] b7 1/ES
=(1/3b) b* 1/EJ = 1/3 bYEJ

1% = [2(-3/2 x/b ) Fb® UEI dx = [-3/4 X¥1b ] Fb? 1/E9
=(-3/4b) Fo® 1/EJ = -3/4 Fb’/EJ

b
L =IZ(-3/2 +3/2 x/b ) Fb* 1/EJ dx = [-3/2 x +3/4 XIb ]| Fb® 1/EJ

=(-312b +3/4b ) Fb® 1/EJ =-3/4 Fb’/EJ

b
1% = [(-5/2 +5/2 xib ) Fb? 1E dx = [-5/2 x +5/4 X%1b | Fb® 1/E

=(-5/2b +5/4b ) Fb® 1/EJ = -5/4 Fb’/EJ
1% = ['(-5/2 xib ) Fbo? 1/E3 dx = [-5/4 x2b | Fb® 1/E
=(-5/4b ) Fb> 1/EJ =-5/4 Fb%/EJ

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

12.12.25
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PROCEDIMENTO E RISULTATI 238079

ES>02.xxxx.157

Quadro contributi PLV per iperstatica X=W,

I VNES) M, (X) MM, MM, [[MM/Eddx | [XM,M /Eddx
AB b 0 2Fx-1/2qx° 0 0
0 0
BAD 0 |-3/2Fb+Fx+1/2gx° 0 0
BChb x/b 3/2Fb-5/2Fx -3/2Fx+5/2Fx%/b X1’ ,
, , | V12FbY/EJ | 1/3Xb/EJ
CBb | 1xb Fb-5/2Fx Fb-7/2Fx+5/2Fx’/b | 1-2x/b+x°/b
CDb -1 -5/2Fx 5/2Fx 1 ,
5/4Fb°/EJ Xb/EJ
DCb 1 5/2Fb-5/2Fx 5/2Fb-5/2Fx 1
DEb |-1+x/b| -5/2Fb+5/2Fx |5/2Fb-5Fx+5/2Fx’/b| 1-2x/b+x’/b ,
, ), 5/6Fb°/EJ | 1/3Xb/EJ
EDb x/b 5/2Fx 5/2Fx’/b /o
EFV5b | 0 | 7v5/10Fx+1/2gx° 0 0 0 0
FGb 0 -2Fx 0 0
0 0
GFb 0 2Fb-2Fx 0 0
GA2b 0 -Fb 0 0
0 0
AG 2b 0 Fb 0 0
FB 2b 0 6Fb-3Fx 0 0
0 0
BF 2b 0 -3Fx 0 0
BEb 0 0 0 0
0 0
EBb 0 0 0 0
BE elongazione asta N, g-€pclpe Fb’/EJ
totali 19/6Fb*/EJ | 5/3Xb/EJ
iperstatica X=W_ -19/10Fb

Sviluppi di calcolo iperstatica

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

12.12.25

PROCEDIMENTO E RISULTATI 238079 ES>02.xxxx.157

%= [0 ) v dx = [13 02 ]] VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

L% =[0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vE]
=(b) 1/EJ = b/EJ

L% =[(1-2xb +x0? ) UEI dx= [ x-xb +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= [0 ) S dx = [13 2], VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [2(-3/2 x/b +5/2 X%1b* ) Fb 1/E3 dx = [-3/4 X%/ +5/6 x1b* | Fb 1/E
=(-3/4b+5/6 b)) Fb 1/EJ = 1/12 Fb’/EJ

1% = [(1 <712 xib +5/2 X216 ) Fb VE dx = [ x -7/4 xCb +5/6 xb* || Fb 1/E
=(b-7/4b+5/6 b ) Fb 1/EJ = 1/12 Fb’/EJ

1% = ['(5/2 b ) Fb 1/E3 dx = [514 xb ] Fb 1/E3
=(5/4b) Fb 1/EJ =5/4 Fb’/EJ

1% = [*(5/2 -5/2 xib ) Fb 1/E3 dx = [5/2 x -5/4 x/b | Fb 1/EJ
=(5/2b-5/4b ) Fb 1/EJ =5/4 Fb’/EJ

12 = ['(5/2 -5 x/b +5/2 X21b* ) Fb 1/E3 dx = [5/2 x -5/2 x2Ib +5/6 xib* | Fb 1/E3
=(5/2b-5/2b +5/6 b ) Fb 1/EJ =5/6 Fb’/EJ

1 = [*(5/2 x2b* ) Fb 1/E3 dx = [5/6 x°1b? ] Fb 1/E3
=(5/6b) Fb 1/EJ =5/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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