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PROCEDIMENTO E RISULTATI 982951 ES>4.xxxx.008 PROCEDIMENTO E RISULTATI 982951 ES>4.xxxx.008
Quadro contributi PLV per iperstatica X=Hg
- M, (X) M, (%) 6 MM, M,0 MM, M (M/EI+8)dx | [XM M, /EJdx
ABb -b+1/2x -2Fb+5/4Fx 0 2Fb*-9/4Fbx+5/8Fx° | 0 b-bx+1/4x° , ,
) ) ) ) (13/12+0)Fb™/EJ| 7/12Xb"/EJ
BADb 1/2b+1/2x 3/4Fb+5/4Fx 0 3/8Fb"+Fbx+5/8Fx 0 |1/4b"+1/2bx+1/4x
BCb |-1/2b+1/2x| -1/4Fb+1/4Fx 0 1/8Fb*1/4Fbx+1/8FX’ | O | 1/4b°-1/2bx+1/4x° , ,
, , (1/24+0)Fb*/EJ | 1/12Xb°/EJ
CBb 1/2x 1/4Fx 0 1/8Fx 0 1/4x
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
DE b 0 Fx 0 0 0 0
0+0 0
EDb 0 -Fb+Fx 0 0 0 0
EF b 0 Fb-Fx 0 0 0 0
0+0 0
FE b 0 -Fx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb 0 -2Fx-1/2gx° 0 0 0 0
) 0+0 0
HG b 0 5/2Fb-3Fx+1/2gx 0 0 0 0
Gl V2b 0 0 0 0 0 0 0 0
IBb 0 Fx-1/2q¢°  |-Fb/EJ 0 0 0
) 0+0 0
Bl b 0 -1/2Fb+1/2gx Fb/EJ 0 0 0
IE V2b 0 0 0 0 0 0 0 0
HADb X 5/2Fb+Fx-1/2qx*| 0 5/2Fbx-FEx*+1/2gx° 0 X2 , ,
, , , . , , (25/24+0)FbYEJ| 1/3XbY/EJ
AH b b-x 2Fb+1/2gx 0 2Fb"-2Fbx+1/2Fx"-1/2gx”| 0 b"-2bx+x
H cedimento nodo -H,,u,, -Fb/EJ
totali 7/6Fb%/EJ Xb*/EJ
iperstatica X=Hg -7/6F
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24



PROCEDIMENTO E RISULTATI 982951 ES>4.xxxx.008

%= (1 - xb +1/4 0% ) b? VEJ dx = [ x-1/2 x8b +1/12 x1b* | b7 1/ES
=(b-12b+1/12b ) b* 1/EJ = 7/12 bYEJ

L= (174 +1/2 xib +1/4 x2Ib* ) b* VED dx = [1/4 x +1/4 xb +1/12 x1b* | b7 1/E]
=(1/4b+1/4b+1/12b ) b® 1/EJ = 7/12 b/EJ

L% = [2(1/a 112 xtb +1/4 x2b* ) b* VEI dx = [1/4 x -1/4 X¥1b +1/12 5167 ] b2 1/E
=(14b-1/4b+1/12b ) b* 1/EJ = 1/12 bEJ

L% = [2(wa X6 ) b2 183 dx = [1/12 X762 ] b 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

L% = [°(50? ) o7 1/E3 dx = [ 113 x0* | b7 1/ES
=(13b) b* VEI = 13 bY/EJ

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

1 = ['(2 -9/ xtb +5/8 xX*Ib? ) Fb® 1EJ dx = [2 x -0/8 X%/ +5/24 x*/b? || Fb? 1/E3
=(2b-9/8 b +5/24 b ) Fb® 1/EJ = 13/12 Fb*/EJ

19 = ['(3/8 + xib +5/8 X%/b? ) Fb? 1EJ dx = [3/8 x +1/2 b +5124 X°/b? | Fb? 1/E3
=(3/8b+1/2 b +5/24 b ) Fb® 1/EJ = 13/12 Fb/EJ

1 = ["(1/8 -1/4 xib +1/8 X2/ ) Fb? 1/E dx = [1/8 x -1/8 x2/b +1/24 xib* | Fb? 1/E
=(1/8b-1/8b+1/24b ) Fb* 1/EJ = 1/24 Fb’/EJ

1% = [*(1/8 X%/ ) Fb? 1/EJ dx = [1/24 b2 ]| Fb? 1/E
=(1/24b) Fb® 1/EJ = 1/24 FbEJ

1% = [2(5/2 x/b - xC1b? +1/2 X°16° ) Fbo? 1/E3 dx = [5/4 x2/b -1/3 x°/b? +1/8 x'b° | Fb? 1/E3
=(5/4b-1/3b +1/8 b ) Fb* 1/EJ = 25/24 Fb*/EJ

L = [(2 -2 xib +1/2 X¥1b% -1/2 xb° ) Fb? 1/EJ dx = [2 x - X¥1b +1/6 xIb? -1/8 X' ] Fio? 1/E3
=(2b-b+1/6b-1/8 b ) Fb’ 1/EJ = 25/24 Fb%EJ

ES>4.xxxx.008

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24

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

20.01.24
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PROCEDIMENTO E RISULTATI 982314 ES>4.xxxx.015 PROCEDIMENTO E RISULTATI 982314 ES>4.xxxx.015
Quadro contributi PLV per iperstatica X=H
- M, (X) M, (X) ] MM, M,0 MM, M, (M/EI+8)dx | [XM M, /EJdx
ABb -b+1/2x -2Fb+5/4Fx 0 2Fb?-9/4Fbx+5/8FX” 0 b-bx+1/4x° , ,
) ) ) ) (13/12+0)Fb™/EJ| 7/12Xb"/EJ
BADb 1/2b+1/2x 3/4Fb+5/4Fx 0 3/8Fb"+Fbx+5/8Fx 0 |1/4b"+1/2bx+1/4x
BCb |-1/2b+1/2x|  -1/4Fb+1/4Fx 0 1/8Fb*1/4Fbx+1/8FX> | 0 |1/4b*1/2bx+1/4%° , ,
, , (1/24+0)Fb*/EJ | 1/12Xb°/EJ
CBb 1/2x 1/4Fx 0 1/8Fx 0 1/4x
CDb 0 1/4Fx 0 0 0 0
0+0 0
DChb 0 -1/4Fb+1/4Fx 0 0 0 0
DE b 0 1/4Fb+5/4Fx 0 0 0 0
0+0 0
EDb 0 -3/2Fb+5/4Fx 0 0 0 0
EFb 0 3/2Fb-2Fx+1/2gx° | 0 0 0 0
) 0+0 0
FEb 0 -Fx-1/2gx 0 0 0 0
FGb 0 0 -Fb/EJ 0 0 0
0+0 0
GFb 0 0 Fb/EJ 0 0 0
GHb 0 -9/4Fx 0 0 0 0
0+0 0
HG b 0 9/4Fb-9/4Fx 0 0 0 0
Gl V2b 0 0 0 0 0 0 0 0
IBb 0 Fx-1/2gx° 0 0 0 0
) 0+0 0
Blb 0 -1/2Fb+1/2gx 0 0 0 0
IE V2b 0 0 0 0 0 0 0 0
HADb X -9/4Fb+3/4Fx-1/2gx°| 0 9/4Fbx-3/4Fx°+1/2qx° | 0 X2 , ,
, , , . , , (1+0)Fb*/EJ 1/3Xb*/EJ
AH b b-x 2Fb-1/4Fx+1/2gx 0 2Fb"-9/4Fbx+3/4Fx"-1/2gx™| O b"-2bx+x
H cedimento nodo -H,,u,, -Fb/EJ
totali 9/8Fb*/EJ Xb*/EJ
iperstatica X=H. -9/8F
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24



PROCEDIMENTO E RISULTATI 982314 ES>4.xxxx.015

%= (1 - xb +1/4 0% ) b? VEJ dx = [ x-1/2 x8b +1/12 x1b* | b7 1/ES
=(b-12b+1/12b ) b* 1/EJ = 7/12 bYEJ

L= (174 +1/2 xib +1/4 x2Ib* ) b* VED dx = [1/4 x +1/4 xb +1/12 x1b* | b7 1/E]
=(1/4b+1/4b+1/12b ) b® 1/EJ = 7/12 b/EJ

L% = [2(1/a 112 xtb +1/4 x2b* ) b* VEI dx = [1/4 x -1/4 X¥1b +1/12 5167 ] b2 1/E
=(14b-1/4b+1/12b ) b* 1/EJ = 1/12 bEJ

L% = [2(wa X6 ) b2 183 dx = [1/12 X762 ] b 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

L% = [°(50? ) o7 1/E3 dx = [ 113 x0* | b7 1/ES
=(13b) b* VEI = 13 bY/EJ

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

1 = ['(2 -9/ xtb +5/8 xX*Ib? ) Fb® 1EJ dx = [2 x -0/8 X%/ +5/24 x*/b? || Fb? 1/E3
=(2b-9/8 b +5/24 b ) Fb® 1/EJ = 13/12 Fb*/EJ

19 = ['(3/8 + xib +5/8 X%/b? ) Fb? 1EJ dx = [3/8 x +1/2 b +5124 X°/b? | Fb? 1/E3
=(3/8b+1/2 b +5/24 b ) Fb® 1/EJ = 13/12 Fb/EJ

1 = ["(1/8 -1/4 xib +1/8 X2/ ) Fb? 1/E dx = [1/8 x -1/8 x2/b +1/24 xib* | Fb? 1/E
=(1/8b-1/8b+1/24b ) Fb* 1/EJ = 1/24 Fb’/EJ

1% = [*(1/8 X%/ ) Fb? 1/EJ dx = [1/24 b2 ]| Fb? 1/E
=(1/24b) Fb® 1/EJ = 1/24 FbEJ

1% = [ (974 x/b -3/4 x2b® +1/2 x°Ib* ) Fb? 1/EI dx = [9/8 X¥/b -1/4 xIb? +1/8 X' ]| Fb? 1/EJ
=(9/8b-1/4b+1/8 b ) Fb’ 1/EJ = Fb’/EJ

L = [7(2 -914 xib +3/4 X¥1% -1/2 xb° ) Fb? 1/EJ dx = [2 x -9/8 x8/b +1/4 X2 -1/8 x'1b° | Fb? 1/E
=(2b-9/8b+1/4b-1/8b ) Fb’ 1/EJ = FbYEJ

ES>4.xxxx.015

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24

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

20.01.24
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PROCEDIMENTO E RISULTATI 985260 ES>4.xxxx.035 PROCEDIMENTO E RISULTATI 985260 ES>4.xxxx.035
Quadro contributi PLV per iperstatica X=H,,
- M, (X) M, (%) ) M,M, M, 0 MM, JM (M /EJ+B)dx |[XM M, /EJdx
AB b b-1/2x -13/2Fb+4Fx 0 -13/2Fb*+29/4Fbx-2Fx 0 b?-bx+1/4x" , ,
) ) ) ) (-85/24+0)Fb™/EJ| 7/12Xb"/EJ
BADb -1/2b-1/2x 5/2Fb+4Fx 0 -5/4Fb°-13/4Fbx-2Fx 0 [1/4b"+1/2bx+1/4x
BCb |1/2b-1/2x -2Fb+2Fx 0 -Fb*+2Fbx-Fx° 0 | 1/4b°-1/2bx+1/4x° , ,
, , (-1/3+0)Fb*/EJ | 1/12Xb%/EJ
CBb -1/2x 2Fx 0 -Fx 0 1/4x
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
DE b 0 Fx 0 0 0 0
0+0 0
EDb 0 -Fb+Fx 0 0 0 0
EF b 0 Fb-Fx 0 0 0 0
0+0 0
FE b 0 -Fx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb 0 -3Fx 0 0 0 0
0+0 0
HG b 0 3Fb-3Fx 0 0 0 0
Gl V2b 0 0 0 0 0 0 0 0
IBb 0 Fx-1/20x° 0 0 0 0
) 0+0 0
Blb 0 -1/2Fb+1/2gx 0 0 0 0
IE V2b 0 -\/2/2Fx+1/2qx2 -Fb/EJ 0 0 0 0 0
HADb X -3Fb-3Fx-1/2gx° 0 -3Fbx-3Fx*-1/2gx°> 0 X2 . ,
) , , s , , (-21/8+0)Fb*/EJ | 1/3Xb’/EJ
AH b -b+x 13/2Fb-4Fx+1/2gx 0 -13/2Fb"+21/2Fbx-9/2Fx"+1/2gx”| O b"-2bx+x
H cedimento nodo -H,,u,, Fb*/EJ
totali -11/2FbYEJ Xb*/EJ
iperstatica X=H,, 11/2F
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24



PROCEDIMENTO E RISULTATI 985260 ES>4.xxxx.035 ES>4.xxxx.035

%= (1 - xb +1/4 0% ) b? VEJ dx = [ x-1/2 x8b +1/12 x1b* | b7 1/ES
=(b-12b+1/12b ) b* 1/EJ = 7/12 bYEJ

L= (174 +1/2 xib +1/4 x2Ib* ) b* VED dx = [1/4 x +1/4 xb +1/12 x1b* | b7 1/E]
=(1/4b+1/4b+1/12b ) b® 1/EJ = 7/12 b/EJ

L% = [2(1/a 112 xtb +1/4 x2b* ) b* VEI dx = [1/4 x -1/4 X¥1b +1/12 5167 ] b2 1/E
=(14b-1/4b+1/12b ) b* 1/EJ = 1/12 bEJ

L% = [2(wa X6 ) b2 183 dx = [1/12 X762 ] b 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

L% = [°(50? ) o7 1/E3 dx = [ 113 x0* | b7 1/ES
=(13b) b* VEI = 13 bY/EJ

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

1 = [(-13/2 +2914 xib -2 xIb? ) Fb? 1/E3 dx = [-13/2 x +29/8 X%Ib 213 xib* | Fb? 1/EJ
= (-13/2b +29/8 b -2/3 b ) Fb® 1/EJ = -85/24 Fb’/EJ

10 = [ (574 -13/4 b -2 xC1b? ) Fb* 1/EJ dx = [-5/4 x -13/8 x%/b -2/3 x1b* | Fb? 1/E
=(-5/4b-13/8 b -2/3 b ) Fb® 1/E] =-85/24 Fb’/EJ

18 = [(-1 +2 /b - x2Ib* ) Fb2 1/ED dx = [- x+ x2b -1/3 xib? | Fb? 1/E
=(-b+b-1/3b) Fb® 1/EJ =-1/3 FbYEJ

1% = [2(- xib? ) Fb? VEJ dx = [-1/3 0% | Fb? 1/E
=(-1/3b) Fb® 1EJ =-1/3 Fb%EJ

1% = [2(-3 x/b -3 X212 -1/2 xIb® ) Fb? 1/E3 dx = [-3/2 X¥/b - X2 -1/8 x'1b° ]| Fb? 1/
=(-3/2b-b-1/8b) Fb® 1/EJ = -21/8 Fb’/EJ

1, = [7(-13/2 +21/2 x1b 072 X¥1? +1/2 X°Ib® ) Fb? UED dx
= [-1872 x +21/4 %1 -372 1% +1/8 x'1b* ] Fb? 1/E
= (-13/2b +21/4 b -3/12 b +1/8 b ) Fb® 1/E] = -21/8 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24



REAZIONI 981822
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PROCEDIMENTO E RISULTATI 981822 ES>4.xxxx.051 PROCEDIMENTO E RISULTATI 981822 ES>4.xxxx.051
Quadro contributi PLV per iperstatica X=V,,,
- M M, (%) 6 MM, M, 0 MM,  [[M M /EI+6)dx | [XM,M /EJdx
ABb |-2b+x 3/2Fb 0 -3Fb°+3/2Fbx 0 4b’-4bx+x? , ,
, , , | (-9/4+0)Fb/ET | 7/3Xb/E
BA b b+x -3/2Fb 0 -3/2Fb”-3/2Fbx 0 b“+2bx+x
BCb |-b+x 2Fb-2Fx 0 -2Fb*+4Fbx-2Fx 0 b%-2bx+x? , ,
, , (-2/3+0)Fb°/EJ | 1/3XB°/EJ
CBb X -2Fx 0 -2Fx 0 X
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
DE b 0 Fx 0 0 0 0
0+0 0
ED b 0 -Fb+Fx 0 0 0 0
EF b 0 Fb-Fx 0 0 0 0
0+0 0
FEb 0 -Fx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GF b 0 0 0 0 0 0
GHb 0 -3Fx 0 0 0 0
0+0 0
HG b 0 3Fb-3Fx 0 0 0 0
Glv2b | © V2/2Fx-1/2gx° 0 0 0 0 0 0
IBb 0 Fx-1/2qx° 0 0 0 0
) 0+0 0
Bl b 0 -1/2Fb+1/2gx 0 0 0 0
IE v2b 0 0 0 0 0 0 0 0
HADb -2x | -3Fb+5Fx-1/2gx° |-Fb/EJ|  6Fbx-10Fx’+qx’ 2Fxb/EJ ax’ , ,
. ) » s ) , ,| C1/12+1)Fb7/E | 4/3Xb7/EJ
AH b 2b-2x|-3/2Fb+4Fx+1/2qx” | Fb/EJ [-3Fb +11Fbx-7Fx"-gx” | 2Fb"/EJ-2FXb/EJ | 4b"-8bx+4X
H cedimento nodo -H,,u,, -2Fb*/EJ
totali -4Fb*/EJ 4Xb*IEJ
iperstatica X=V/,, F
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24



PROCEDIMENTO E RISULTATI 981822 ES>4.xxxx.051 PROCEDIMENTO E RISULTATI 981822 ES>4.xxxx.051

%= (4 -4 xtb+x2b? ) b? VED dx = [4 x -2 x¢b +1/3 xb* | b? 1/E
=(4b-2b+1/3b) b* 1/EJ = 7/3 bYEJ

L= (1 42 b +xb% ) b VEI dx = [ x + X¥b +1/3 x1b* | b? 1/E
=(b+b+1/3b)b> VEJ =7/3 bYEJ

L% = [2(1 -2 x/b + x2b? ) b* VEI dx = [ x - X% +1/3 X102 ]| b 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ

L% = [2(<b? ) b? 1EI dx = [1/3 X702 ] b 1/ES
=(1/3b) b* 1/EJ = 1/3 bYEJ

L% = [7(a X% ) b2 V3 dx = [4/3 10? ] b7 1/E3
=(4/3b) b® 1/EJ = 4/3 bYE

L% = ["(4 -8 xtb +4 X107 ) b7 1EI dx = [4 x -4 X2Ib +4/3 X°1b? ] b? 1/E3
=(4b-4b+4/3b) b* 1/EJ = 4/3 bYEJ

1 = ['(-3 +8/2 xib ) Fb? 1/EJ dx = [-3 x +3/4 x%/b ] Fb? 1/E3
=(-3b+3/4b) Fb® 1/EJ = -9/4 Fb’/EJ

1 = ['(-a12 -3/2 xib ) Fb? 1EI dx = [-3/2 x -3/4 x2Ib || Fb? 1/E3
=(-312b-3/4b ) Fb® 1/EJ =-9/4 Fb’/EJ

1 = [(-2 +4 xtb 2 X¥1? ) Fb? UE dx = [-2 x +2 xb -2/3 xIb? ] Fb? 1/E
=(-2b+2b-2/3b) Fb® L/EJ =-2/3 Fb’/EJ

1% = [2(-2 1% ) Fo? 1/E3 dx = [-2/3 xb* ] Fb? 1/E
=(-2/3b) Fb® 1/EJ =-2/3 Fb%EJ

1%, = [2(6 /b 10 x2b® + xb* ) Fo? 1/ET dx + [ (2x/b ) @ dx
= [3¢b 1013 x°Ib? +1/4 x'16° ], Fo? 1ES + [ xb ] 0
=(3b-10/3b+1/4b ) Fo> 1/EJ + (b ) 6 =11/12 Fb¥EJ

1 = [(-3 +11 xtb -7 xb% - xb° ) Fo? 1/EI dx + [ (-2 +2xb ) © dx
= [-3 x +11/2 b -713 xi0* -1/ X1 | Fb? 1ED + [-2x+ X0 ] 6
=(-3b+11/2b-7/3b-1/4b ) Fo* 1/EJ + (-2b+b ) 8 =11/12 FbYEJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24
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PROCEDIMENTO E RISULTATI 982777 ES>4.xxxx.066 PROCEDIMENTO E RISULTATI 982777 ES>4.xxxx.066
Quadro contributi PLV per iperstatica X=H,,
- M, (X) M, (%) ] MM, M,0 MM, JM (M /EI+8)dx | [XM, M, /EJdx
AB b b-1/2x -5Fb+11/4Fx 0 -5Fb*+21/4Fbx-11/8Fx> 0 bZ-bx+1/4x° , ,
, i , ,| CL7/6+0)Fb*/EJ | 7/12Xb°/E]
BA b -1/2b-1/2x 9/4Fb+11/4Fx 0 -9/8Fb°-5/2Fbx-11/8Fx 0 |1/4b"+1/2bx+1/4x
BCb |1/2b-1/2x |  -7/AFb+7/4Fx 0 -7/8Fb°+7/4Fbx-7/8Fx 0 | 1/4b°-1/2bx+1/4%° , ,
, i (-7/24+0)Fb°/EJ | 1/12Xb°/EJ
CBb -1/2x 714Fx 0 -7I8Fx 0 1/4x
CDb 0 1/4Fx -Fb/EJ 0 0 0
0+0 0
DC b 0 -1/AFb+1/4Fx | Fb/EJ 0 0 0
DEb 0 1/4Fb+5/4Fx 0 0 0 0
0+0 0
EDb 0 -3/2Fb+5/4Fx 0 0 0 0
EFb 0 3/2Fb-3/2Fx 0 0 0 0
0+0 0
FEb 0 -3/2Fx 0 0 0 0
FGb 0 -1/2Fx+1/2gx° 0 0 0 0
" 0+0 0
GFb 0 1/2Fx-1/2gx 0 0 0 0
GHb 0 -9/4Fx 0 0 0 0
0+0 0
HG b 0 9/4Fb-9/4Fx 0 0 0 0
Gl V2b 0 0 0 0 0 0 0 0
IBb 0 Fx-1/2qx° 0 0 0 0
i 0+0 0
Blb 0 -1/2Fb+1/2gx 0 0 0 0
IE v2b 0 0 0 0 0 0 0 0
HADb X -9/4Fb-9/4Fx-1/2gx°| 0 -9/4Fbx-9/4Fx*-1/2gx° 0 X2 , ,
, " " . , " (-2+0)Fb’/EJ 1/3Xb°EJ
AH b -b+x | 5Fb-13/4Fx+1/20x 0 |-5Fb*+33/4Fbx-15/4Fx°+1/20x°| 0O b-2bx+x
H cedimento nodo -H,,u,, Fb*/EJ
totali -33/8Fb%/EJ Xb*/EJ
iperstatica X=H,, 33/8F
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24



PROCEDIMENTO E RISULTATI 982777 ES>4.xxxx.066

%= (1 - xb +1/4 0% ) b? VEJ dx = [ x-1/2 x8b +1/12 x1b* | b7 1/ES
=(b-12b+1/12b ) b* 1/EJ = 7/12 bYEJ

L= (174 +1/2 xib +1/4 x2Ib* ) b* VED dx = [1/4 x +1/4 xb +1/12 x1b* | b7 1/E]
=(1/4b+1/4b+1/12b ) b® 1/EJ = 7/12 b/EJ

L% = [2(1/a 112 xtb +1/4 x2b* ) b* VEI dx = [1/4 x -1/4 X¥1b +1/12 5167 ] b2 1/E
=(14b-1/4b+1/12b ) b* 1/EJ = 1/12 bEJ

L% = [2(wa X6 ) b2 183 dx = [1/12 X762 ] b 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

L% = [°(50? ) o7 1/E3 dx = [ 113 x0* | b7 1/ES
=(13b) b* VEI = 13 bY/EJ

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

1 = ['(-5 +21/4 x/b -11/8 xIb® ) Fb? 1/EJ dx = [-6 x +21/8 xb -11/24 xIb* | Fb* 1/E
=(-5b+21/8b-11/24 b ) Fb> 1/EJ =-17/6 Fh*/EJ

1 = ['(-o18 -5/2 xtb -11/8 xIb? ) Fb® EJ dx = [-9/8 x -5/4 x%/b -11/24 x/b? || Fb? 1/E3
=(-9/18 b -5/4 b-11/24 b ) Fb® 1/EJ =-17/6 Fb’/EJ

L = [*(-7/8 +7/4 xJb 718 X2I6 ) Fb? 1E dx = [-7/8 x +7/8 X¥1b -7/24 x1b* | Fb? 1/E3
= (-7/8b +7/8 b -7/24 b ) Fb® 1/E] = -7/24 Fb’/EJ

1% = [2(-7/8 X216 ) Fbo? 1/E3 dx = [-7/24 1% | Fb? 1/E
= (-7/24b) Fb* 1/EJ = -7/24 Fb/EJ

1% = [7(-0/4 x/b 014 x2Ib® 172 X*b° ) Fb? 1/EJ dx = [-9/8 xb -3/4 X¥/b? -1/8 x'1b° | Fb? 1/EJ
=(-9/8b-3/4b-1/8b ) Fb> 1/EJ =-2 Fb’/EJ

1 = [7(-5 +33/4 x/b -15/4 X¥Ib? +1/2 /6™ ) Fb? 1/EJ dx
= [-5x +33/8 xIb -5/4 xIb* +1/8 X'Ib* ] Fb* 1/E
=(-5b+33/8b-5/4 b +1/8b ) Fb® 1/EJ =-2 Fb*/EJ

ES>4.xxxx.066

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 981482 ES>4.xxxx.067 PROCEDIMENTO E RISULTATI 981482 ESZ4.xxxx.067
Quadro contributi PLV per iperstatica X=H,,
- M, (X) M, (%) 8 MM, M,0 MM, M (M/EI+B)dX | [XM M /EJdx
AB b b-1/2x -6Fb+13/4Fx |-FD/EJ| -6Fb’+25/4Fbx-13/8Fx° | -FhYEJ+1/2Fxb/EJ bZ-bx+1/4x° . .
, , i , ,|(-41/12-3/14)Fb/EJ | 7/12Xb/E]
BAb |-1/2b-1/2x| 11/4Fb+13/4Fx |Fb/EJ| -11/8Fb°-3Fbx-13/8FX° |-1/2Fb°/EJ-1/2FXb/EJ| 1/4b°+1/2bx+1/4X
BCb |1/2b-1/2x | -9/4AFb+Q/4Fx 0 -9/8Fb°+9/4Fbx-9/8Fx” 0 1/4b%-1/2bx+1/4%> , .
, i (-3/8+0)Fb*/EJ | 1/12Xb*/EJ
CBb -1/2x 9/4Fx 0 -9/8Fx 0 1/4x
CDb 0 0 0 0 0 0
0+0 0
DC b 0 0 0 0 0 0
DEb 0 Fx 0 0 0 0
0+0 0
EDb 0 -Fb+Fx 0 0 0 0
EF b 0 Fb-Fx 0 0 0 0
0+0 0
FEb 0 -Fx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb 0 -2Fx-1/2gx° 0 0 0 0
, 0+0 0
HG b 0 5/2Fb-3Fx+1/2gx°| 0 0 0 0
Gl V2b 0 0 0 0 0 0 0 0
IBb 0 Fx-1/20x%° 0 0 0 0
, 0+0 0
Blb 0 -1/2Fb+1/2gx 0 0 0 0
IE v2b 0 0 0 0 0 0 0 0
HADb X -5/2Fb-3Fx-1/2gqx°| 0 -5/2Fbx-3Fx*-1/2gx°> 0 X2 , ,
) ) . s ) ) (-19/8+0)Fb’/EJ 1/3Xb"/EJ
AH b -b+x 6Fb-4Fx+1/2gx 0 |-6Fb°+10Fbx-9/2Fx*+1/2qx 0 b-2bx+x
H cedimento nodo -H,,u,, Fb*/EJ
totali -71/12FbEJ Xb¥/EJ
iperstatica X=H,, 71/12F
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24



PROCEDIMENTO E RISULTATI 981482 ES>4.xxxx.067 PROCEDIMENTO E RISULTATI 981482 ES>4.xxxx.067

%= (1 - xb +1/4 0% ) b? VEJ dx = [ x-1/2 x8b +1/12 x1b* | b7 1/ES
=(b-12b+1/12b ) b* 1/EJ = 7/12 bYEJ

L= (174 +1/2 xib +1/4 x2Ib* ) b* VED dx = [1/4 x +1/4 xb +1/12 x1b* | b7 1/E]
=(1/4b+1/4b+1/12b ) b® 1/EJ = 7/12 b/EJ

L% = [2(1/a 112 xtb +1/4 x2b* ) b* VEI dx = [1/4 x -1/4 X¥1b +1/12 5167 ] b2 1/E
=(14b-1/4b+1/12b ) b* 1/EJ = 1/12 bEJ

L% = [2(wa X6 ) b2 183 dx = [1/12 X762 ] b 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

L% = [°(50? ) o7 1/E3 dx = [ 113 x0* | b7 1/ES
=(13b) b* VEI = 13 bY/EJ

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

1 = [*(-6 +25/4 x/b -13/8 xIb? ) Fb? 1/EI dx + [ (-1 +1/2x1b ) © dx
= [-6 x +25/8 X%Ib -13/24 x¥ib* | Fb? WED + [-x +1/4x%b ] @
=(-6b+25/8b-13/24b ) Fb’ 1/EJ +(-b+1/4b) 6 =-25/6 Fb’/EJ

1 = ['(-11/8 -3 b -13/8 X2/ ) Fb? UEI dx + [ (1/2 +1/2x1b ) © dx
= [-10/8 x 872 X1 13124 1% || Fb? WED + [1/2x +1/4 b ]
=(-11/8b-3/2b-13/24 b ) Fb* 1/EJ + (1/2b+1/4b ) © =-25/6 Fb*/EJ

1% = [[(-0/8 +9/4 x/b -0/8 x2/b* ) Fb® 1/EJ dx = [-9/8 x +9/8 x/b -3/8 x*/b* || Fb* 1/EJ
=(-9/8b +9/8 b -3/8 b ) Fb* 1/EJ = -3/8 Fb*/EJ

1% = [ (-0/8 X212 ) Fb? 1/E3 dx = [-3/8 xib? ] Fb? 1/E3
=(-3/8b) Fb® 1/EJ =-3/8 Fb*/EJ

1 = [7(-512 xtb -3 x2b? -1/2 x1b™ ) Fb? 1D dx = [-6/4 X2/b - xIb? -1/8 x'/b° ]| Fb? 1/E3
=(-5/4b-b-1/8b) Fb* 1/EJ =-19/8 Fb/EJ

1 = [7(-6 +10 xtb -9/2 x2b +1/2 xb° ) Fb? 1/E3 dx = [-6 x +5 x1b -3/2 X*Ib? +1/8 x'Ib® ] Fb? 1/E3
=(-6b+5b-3/2b +1/8b ) Fb® 1/EJ =-19/8 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24
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PROCEDIMENTO E RISULTATI 983213 ES>4.xxxx.111 PROCEDIMENTO E RISULTATI 983213 ES>4.xxxx.111

Quadro contributi PLV per iperstatica X=V

IRV M, (%) 6 MM, M,0 MM, | [M(M/EI+B)dX | [XM M /EIdx
AB b 2b-x -3Fb+2Fx  |-Fb/EJ| -6Fb™+7Fbx-2FX> |-2Fb/EJ+Fxb/EJ| 4b*-4bx+x* , .
, , , , , |(-19/6-3/12)Fb’/EJ|  7/3Xb7/E
BADb -b-x Fb+2Fx Fb/EJ -Fb"-3Fbx-2Fx -Fb“/EJ-FXb/EJ | b"+2bx+X
BChb b-x -Fb+Fx 0 -Fb*+2Fbx-Fx° 0 b2-2bx+x> , ,
, , (-1/3+0)Fb*/EJ | 1/3Xb*/EJ
CBb -X Fx 0 -Fx 0 X
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
DE b 0 Fx 0 0 0 0
0+0 0
ED b 0 -Fb+Fx 0 0 0 0
EFb 0 Fb-Fx 0 0 0 0
0+0 0
FEb 0 -Fx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb 0 -2Fx-1/29%° 0 0 0 0
, 0+0 0
HG b 0 |5/2Fb-3Fx+1/2gx°| © 0 0 0
Glv2b | © V2/2Fx-1/2gx° 0 0 0 0 0 0
IBb 0 0 0 0 0 0
0+0 0
Blb 0 0 0 0 0 0
IE V2b 0 0 0 0 0 0 0 0
HADb 2x -5/2Fb-1/2gx° 0 -5Fbx-gx° 0 a5 , ,
, , . . , | (-11/4+0)Fb’/ET | 4/3Xb/E
AHb [-2b+2x| 3Fb-Fx+1/2gx 0 |-6Fb"+8Fbx-3FXx"+gx 0 4h"-8bx+4x
H cedimento nodo -H,,u,, 2Fb’/EJ
totali -23/4Fb%/EJ AXb*/EJ
iperstatica X=V 23/16F

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24



PROCEDIMENTO E RISULTATI 983213 ES>4.xxxx.111 PROCEDIMENTO E RISULTATI 983213 ES>4.xxxx.111

b
%= (4 -4 xtb+x2b? ) b? VED dx = [4 x -2 x¢b +1/3 xb* | b? 1/E
=(4b-2b+1/3b) b* 1/EJ = 7/3 bYEJ
b
L= (1 42 b +xb% ) b VEI dx = [ x + X¥b +1/3 x1b* | b? 1/E
=(b+b+1/3b)b> VEJ =7/3 bYEJ
L><><_J"7(12 2,2\ ,2 _ 2 3,271°,2
=] (1-2xb+x'0°) b? VEI dx = [ x - 5%/ +1/3 x1b” ] b 1/EI
=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ
b
L% = [2(<b? ) b? 1EI dx = [1/3 X702 ] b 1/ES
=(1/3b) b* 1/EJ = 1/3 bYEJ
b
L% = [7(a X% ) b2 V3 dx = [4/3 10? ] b7 1/E3
=(4/3b) b® 1/EJ = 4/3 bYE
XX _Jb 2,2\ ,2 _ 2 3,27°,2
Lt = (4 -8 x/b +4x°b* ) b* LEI dx = [4 x -4 X'Ib +4/3 1" | | b* 1/E
=(4b-4b+4/3b) b* 1/EJ = 4/3 bYEJ
L = [(-6 +7 xib -2 x1b? ) Fb? UEI dx + [ (-2 +xb ) © dx
2 3,270 2 2, 1°
=[-6x+72x%b -213x°10* ] Fb? LED + [-2x+1/25%0 ] @
=(-6b+7/2b-2/3b) Fb? 1/EJ + (-2b +1/2b ) © =-14/3 Fb’/EJ
1= [ (-1-3 b -2 b2 ) Fo? 1/EI dx + J(1+x/b) 6 dx
b b
= [-x-3125m -2135°07 | Fb? VEI + [ x+12x°b ] 6
=(-b-32b-2/3b) Fb’ /EJ + (b +1/2b) 6 =-14/3 Fb’/EJ
b
120 = [2(-1 +2 xb - x2b? ) Fb? 1/E dx = [ x + x2Ib -1/3 /0% || Fb? 1/E
=(-b+b-1/3b) Fb® 1/EJ =-1/3 FbYEJ
b
1% = [2(- xb* ) Fb® 1E dx = [-1/3 1% ]| Fb? 1/E
=(-1/3b) Fo® 1/EJ =-1/3 Fb*/EJ
Xo _Jh 3,3 2 _ 2 4,37° -, 2
Lo = (-5 xb - x°10° ) Fb® VEJ dx = [-5/2 X/ -1/4 x'1b° | | Fb? 1/E
=(-5/2b-1/4 b ) Fb® 1/EJ =-11/4 Fb¥/EJ
b
L = [7(-6 +8 x/b -3 xX%/b? + xb° ) Fb? 1/EJ dx = [-6 x +4 X¥Ib - xIb? +1/4 x1b° | Fb 1/E
=(-6b+4b-b+1/4b) Fb’ 1/EJ =-11/4 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24
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PROCEDIMENTO E RISULTATI 983331 ES>4.xxxx.136 PROCEDIMENTO E RISULTATI 983331 ES>4.xxxx.136

Quadro contributi PLV per iperstatica X=V,

- M M, (%) 6 MM, MB| MM, [JM(M/EI+B)dx | [XM M, /Eddx
ABb [-2b+x -3/2Fb+Fx 0 3Fb*-7/2Fbx+FxX’ 0 | 4b*4bx+x* , .
, , , , |(19712+0)Fb/EI | 7/3Xb°/E
BADb b+x 1/2Fb+Fx 0 1/2Fb"+3/2Fbx+Fx 0 | b™+2bx+x
BCb |-b+x 0 0 0 0 | b%2bx+x° ,
, 0+0 1/3Xb*/EJ
CBb X 0 0 0 0 X
CDb 0 1/4Fx 0 0 0 0
0+0 0
DCb 0 -1/4Fb+1/4Fx 0 0 0 0
DE b 0 1/4Fb+5/4Fx  |-Fb/EJ 0 0 0
0+0 0
ED b 0 -3/2Fb+5/4Fx | Fb/EJ 0 0 0
EFb 0 | 3/2Fb-2Fx+1/2gx° | O 0 0 0
, 0+0 0
FEb 0 -Fx-1/2gx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb 0 -9/4Fx 0 0 0 0
0+0 0
HG b 0 9/4Fb-9/4Fx 0 0 0 0
Glv2b | © 0 0 0 0 0 0 0
IBb 0 Fx-1/2qx° 0 0 0 0
, 0+0 0
Blb 0 -1/2Fb+1/2gx 0 0 0 0
IEvV2b | © 0 0 0 0 0 0 0
HADb -2X |-9/4Fb+5/4Fx-1/2qx°| 0 9/2Fbx-5/2Fx’+gx’ | 0 e , ,
, , s s , ,| (B/3+Q)FbY/E] | 4/3Xb’/E
AHb |2b-2x|3/2Fb+1/4Fx+1/2gx°| O |3Fb*5/2Fbx+1/2Fx*-qx>| O |4b>8bx+4x
H cedimento nodo -H,,u,, -2Fb*/EJ
totali 5/4Fb%/EJ AXbYE]
iperstatica X=V, -5/16F

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24



PROCEDIMENTO E RISULTATI 983331 ES>4.xxxx.136 ES>4.xxxx.136

%= (4 -4 xtb+x2b? ) b? VED dx = [4 x -2 x¢b +1/3 xb* | b? 1/E
=(4b-2b+1/3b) b* 1/EJ = 7/3 bYEJ

L= (1 42 b +xb% ) b VEI dx = [ x + X¥b +1/3 x1b* | b? 1/E
=(b+b+1/3b)b> VEJ =7/3 bYEJ

L% = [2(1 -2 x/b + x2b? ) b* VEI dx = [ x - X% +1/3 X102 ]| b 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ

L% = [2(<b? ) b? 1EI dx = [1/3 X702 ] b 1/ES
=(1/3b) b* 1/EJ = 1/3 bYEJ

L% = [7(a X% ) b2 V3 dx = [4/3 10? ] b7 1/E3
=(4/3b) b® 1/EJ = 4/3 bYE

L% = ["(4 -8 xtb +4 X107 ) b7 1EI dx = [4 x -4 X2Ib +4/3 X°1b? ] b? 1/E3
=(4b-4b+4/3b) b* 1/EJ = 4/3 bYEJ

L = ['(3 72 xtb + x2Ib* ) Fb? 1/E3 dx = [3 x 714 x2Ib +1/3 X*/b? || Fb? 1/E3
=(3b-7/4b+1/3 b ) Fb* 1/EJ = 19/12 Fb¥/EJ

1 = ['(1/2 +872 x/b + X216 ) Fb? UED dx = [1/2 x +314 x¢1b +1/3 xb* | Fb? 1/E
=(1/2b+3/4 b +1/3b ) Fb® 1/EJ = 19/12 Fb/EJ

1 = [*(912 xtb 52 x2b* + 1™ ) Fb? VEJ dx = [9/4 X¥/b -5/6 x°/b° +1/4 x'/6° ]| Fb? 1/E3
=(9/4b-5/6 b+1/4b ) Fb® 1/EJ =5/3 Fb/EJ

1%, = [2(3 -5/2 xtb +1/2 X216 - Xb° ) Fb 1/ED dx = [3 x -5/4 xCb +1/6 x°Ib? -1/4 x'1b° | Fb? 1/E3

=(3b-5/4b+1/6 b-1/4b ) Fb’ 1/EJ =5/3 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24



REAZIONI 980904

ES>4.xxxx.153

AZIONI INTERNE 980904

ES>4.xxxx.153
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PROCEDIMENTO E RISULTATI 980904

ES>4.xxxx.153

Quadro contributi PLV per iperstatica X=H,,

PROCEDIMENTO E RISULTATI 980904

ES>4.xxxx.153

- M, (X) M, (%) ] MM, M, 0 MM, M (M/EI+B)dx | [XM M /EJdx
AB b b-1/2x “7I2Fb+7/4Fx  |-Fb/EJ| -7/2Fb’+7/2Fbx-7/8Fx° | -FbYEJ+1/2Fxb/EJ bZ-bx+1/4x° , ,
, , , , | (-49/24-314)Fb’/EJ | 7/12Xb7/EJ
BAb |-1/2b-1/2x|  7/AFb+7/4Fx | Fb/EJ| -7/8Fb*-7/4Fbx-7/8FX° |-1/2Fb’/EJ-1/2FXb/EJ | 1/4b*+1/2bx+1/4x
BCb |1/2b-1/2x|  -7/4Fb+7/4Fx 0 -7/8Fb°+7/4Fbx-7/8Fx 0 1/4b°-1/2bx+1/4x , ,
, , (-7/24+0)Fb*/EJ | 1/12Xb%EJ
CBb -1/2x 7/4Fx 0 -7I8FX 0 1/4x
CDb 0 -1/2Fx+1/2gx° 0 0 0 0
, 0+0 0
DCb 0 1/2Fx-1/2qx 0 0 0 0
DE b 0 3/2Fx 0 0 0 0
0+0 0
EDb 0 -3/2Fb+3/2Fx 0 0 0 0
EFb 0 3/2Fb-2Fx+1/2gx° | 0 0 0 0
, 0+0 0
FEb 0 -Fx-1/2gx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb 0 -3/2Fx 0 0 0 0
0+0 0
HG b 0 3/2Fb-3/2Fx 0 0 0 0
Glv2b 0 0 0 0 0 0 0 0
IBb 0 0 0 0 0 0
0+0 0
Blb 0 0 0 0 0 0
IE V2b 0 0 0 0 0 0 0 0
HADb X -3/2Fb-3/2Fx-1/2gx°| 0 -3/2Fbx-3/2Fx*-1/2gx° 0 X2 , ,
, , , , , , (-11/8+0)Fb*EJ | 1/3Xb%EJ
AHb -b+x | 7/2Fb-5/2Fx+1/2gx°| 0O |-7/2Fb’+6Fbx-3FxX°+1/2qx 0 b2-2bx+x
H cedimento nodo -H,,u,, Fb*/EJ
totali -83/24Fb*/EJ Xb*/EJ
iperstatica X=H,, 83/24F

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

20.01.24

Sviluppi di calcolo iperstatica

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

20.01.24



PROCEDIMENTO E RISULTATI 980904 ES>4.xxxx.153 PROCEDIMENTO E RISULTATI 980904 ES>4.xxxx.153

%= (1 - xb +1/4 0% ) b? VEJ dx = [ x-1/2 x8b +1/12 x1b* | b7 1/ES
=(b-12b+1/12b ) b* 1/EJ = 7/12 bYEJ

L= (174 +1/2 xib +1/4 x2Ib* ) b* VED dx = [1/4 x +1/4 xb +1/12 x1b* | b7 1/E]
=(1/4b+1/4b+1/12b ) b® 1/EJ = 7/12 b/EJ

L% = [2(1/a 112 xtb +1/4 x2b* ) b* VEI dx = [1/4 x -1/4 X¥1b +1/12 5167 ] b2 1/E
=(14b-1/4b+1/12b ) b* 1/EJ = 1/12 bEJ

L% = [2(wa X6 ) b2 183 dx = [1/12 X762 ] b 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

L% = [°(50? ) o7 1/E3 dx = [ 113 x0* | b7 1/ES
=(13b) b* VEI = 13 bY/EJ

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

L = ['(-712 +712 b 718 X162 ) Fo? VEI dx + [ (-1 +1/2 /b ) @ dx
= [-712 x +714 510 71245167 || Fo? 1D + [-x+1/4 b ] 0
=(-72b+7/4b-7124b) Fb* UEJ +(-b+1/4b) 8 =-67/24 FbY/EJ

1 = [ (718 =714 x1b 718 x2ib* ) Fo? 1/ES dx + [ (1/2 +1/2 x/b ) © dx
= [-718 x 718 xib -7124 X162 || Fo? 1/E3 + [1/2x +1/4 x| 0
=(-7/8b-7/8b-7/24b ) Fb> /EJ + (1/2b+1/4b ) © =-67/24 Fb/EJ

12 = [2(-7/8 +714 x/b 718 X21b* ) Fb* 1/ED dx = [-7/8 x +7/8 x2Ib -7/24 x1b* || Fb? 1/EJ
=(-7/8 b +7/8 b -7/24 b ) Fb* 1/EJ = -7/24 Fb*/EJ

1% = [2(-7/8 X216 ) Fbo? 1/E3 dx = [-7/24 1% | Fb? 1/E9
=(-7/24b) Fb> 1/EJ =-7/24 Fb%EJ

1 = [*(-3/2 xtb -3/2 x2b* -1/2 x1b™ ) Fb? 1/ED dx = [-3/4 X¥1b 172 x°Ib2 -1/8 x1b° | Fb? 1/E
=(-3/4b-1/2b-1/8b ) Fb* 1/EJ =-11/8 Fb/EJ

L = [(-712 +6 x1b -3 X¥1b? +1/2 X°1b° ) Fb? UED dx = [-7/2 x +3 xCb - xIb° +1/8 x'/b° ]| Fb? 1/E3
=(-72b+3b-b+1/8b ) Fb® 1/EJ =-11/8 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24
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PROCEDIMENTO E RISULTATI 986207 ES>4.xxxx.166 PROCEDIMENTO E RISULTATI 986207 ES>4.xxxx.166

Quadro contributi PLV per iperstatica X=V,

- M M, (%) 6 MM, M,0 MM,  [[M M/EJ+6)dx | [XM,M /EJdx
ABb [-2b+x -Fb+Fx -Fb/EJ 2Fb*-3Fbx+Fx° 2Fb’/EJ-FXb/EJ | 4b*-4bx+x° , ,
, , , , | (5/6+3/2)Fb*/EY | 7/3Xb/ED
BADb b+x Fx Fb/EJ Fbx+Fx Fb*/EJ+Fxb/EJ | b +2bx+x
BCb |-b+x 0 0 0 0 bZ-2bx+x* ,
, 0+0 1/3Xb%EJ
CBb X 0 0 0 0 X
CDb 0 1/4Fx 0 0 0 0
0+0 0
DCb 0 -1/4Fb+1/4Fx 0 0 0 0
DEb 0 1/4Fb+5/4Fx 0 0 0 0
0+0 0
EDb 0 -3/2Fb+5/4Fx 0 0 0 0
EFb 0 | 3/2Fb-2Fx+1/2gx° | O 0 0 0
, 0+0 0
FEb 0 -Fx-1/2gx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb 0 -9/4Fx 0 0 0 0
0+0 0
HG b 0 9/4Fb-9/4Fx 0 0 0 0
Glv2b | © 0 0 0 0 0 0 0
IBb 0 0 0 0 0 0
0+0 0
Blb 0 0 0 0 0 0
IEvV2b | © ~V2/2Fx+1/2qx° 0 0 0 0 0 0
HADb -2X |-9/4Fb+7/4Fx-1/2qx°| 0 9/2Fbx-7/2Fx*+qx’ 0 ax’ , ,
, , ) s , ,| (413+Q)FbYEJ | 4/3Xb’/EJ
AHb |2b-2x| Fb+3/4Fx+1/2qx 0 |2Fb*1/2Fbx-1/2Fx*-gx 0 4b*-8bx+4x
H cedimento nodo -H,,u,, -2Fb*/EJ
totali 5/3Fb*/EJ AXbYE]
iperstatica X=V,, -5/12F

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24



PROCEDIMENTO E RISULTATI 986207 ES>4.xxxx.166 ES>4.xxxx.166

%= (4 -4 xtb+x2b? ) b? VED dx = [4 x -2 x¢b +1/3 xb* | b? 1/E
=(4b-2b+1/3b) b* 1/EJ = 7/3 bYEJ

L= (1 42 b +xb% ) b VEI dx = [ x + X¥b +1/3 x1b* | b? 1/E
=(b+b+1/3b)b> VEJ =7/3 bYEJ

L% = [2(1 -2 x/b + x2b? ) b* VEI dx = [ x - X% +1/3 X102 ]| b 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ

L% = [2(<b? ) b? 1EI dx = [1/3 X702 ] b 1/ES
=(1/3b) b* 1/EJ = 1/3 bYEJ

L% = [7(a X% ) b2 V3 dx = [4/3 10? ] b7 1/E3
=(4/3b) b® 1/EJ = 4/3 bYE

L% = ["(4 -8 xtb +4 X107 ) b7 1EI dx = [4 x -4 X2Ib +4/3 X°1b? ] b? 1/E3
=(4b-4b+4/3b) b* 1/EJ = 4/3 bYEJ

L= ["(2-3xb +xb? ) Fo? UEI dx + [[(2-x1b ) © dx
=[2x-32 1o +1/3 X2 ]| Fo? 1ES + [2x-1/2 X% ], 0
=(2b-312b+1/3b ) Fo> 1/EJ + (2b-1/2b ) 6 =7/3 FbY/EJ

L= [ (xb + %) Fo? UEI dx + [(-1-x/b) 6 dx
= [1/2 b +1/3 62 ]} Fo? 1ED + [-x-1/2xb ] @
=(12b+1/3b) Fb* 1/EJ +(-b-1/2b) 6 =7/3 FbYEJ

19, = 2972 xtb 712 x21b* + X¥16° ) Fbo? 1/ED dx = [9/4 x2/b -7/6 x°/b? +1/4 x'b° | Fb? 1/E
=(9/4b-7/6 b+1/4b ) Fb® 1/EJ = 4/3 Fb/EJ

L = [2(2 172 xtb -1/2 x2ib? - x1b™ ) Fb? UEI dx = [2 x -1/4 X¥1b 116 x1b? -1/ x'1b° | Fb 1/E
=(2b-1/4b-1/6 b-1/4 b ) Fb* 1/EJ = 4/3 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24



REAZIONI 987434

ES>4.xxxx.186

AZIONI INTERNE 987434

ES>4.xxxx.186
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24
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PROCEDIMENTO E RISULTATI 987434

ES>4.xxxx.186

Quadro contributi PLV per iperstatica X=H

PROCEDIMENTO E RISULTATI 987434

ES>4.xxxx.186

- M, (X) M, (X) ] MM, M,0 MM, M, (M/EI+8)dx | [XM M, /EJdx
AB b -b+1/2x -2Fb+3/2Fx 0 2Fb°-5/2Fbx+3/4Fx° 0 b%-bx+1/4x° . .
, , , ,| (+OFBYEI | 7/12Xb°/E
BADb 1/2b+1/2x 1/2Fb+3/2Fx 0 1/4Fb"+Fbx+3/4Fx 0 |1/4b"+1/2bx+1/4x
BCb |-1/2b+1/2x|  -1/2Fb+1/2Fx 0 1/4Fb*1/2Fbx+1/4FX> | 0 |1/4b*1/2bx+1/4%° , .
, , (1/12+0)Fb*/EJ | 1/12Xb*EJ
CBb 1/2x 1/2Fx 0 1/4Fx 0 1/4x
CDb 0 1/4Fx 0 0 0 0
0+0 0
DC b 0 -1/4Fb+1/4Fx 0 0 0 0
DEb 0 1/AFb+5/4Fx 0 0 0 0
0+0 0
EDb 0 -3/2Fb+5/4Fx 0 0 0 0
EFb 0 3/2Fb-2Fx+1/2qx° |-Fb/EJ 0 0 0
, 0+0 0
FEb 0 -Fx-1/2gx Fb/EJ 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GH b 0 -9/4Fx 0 0 0 0
0+0 0
HG b 0 9/4Fb-9/4Fx 0 0 0 0
Glv2b 0 V2/2Fx-1/2gx° 0 0 0 0 0 0
IBb 0 0 0 0 0 0
0+0 0
Blb 0 0 0 0 0 0
IE v2b 0 0 0 0 0 0 0 0
HADb X -9/4Fb+3/4Fx-1/2gx°| 0 9/4Fbx-3/4Fx°+1/2qx° | 0 X2 , ,
, , , . , , (1+0)Fb%/EJ 1/3Xb*/EJ
AH b b-x 2Fb-1/4Fx+1/2gx 0 |2Fb®-9/4Fbx+3/4Fx*-1/2gx°| 0 b2-2bx+X
H cedimento nodo -H,,u,, -FbY/EJ
totali 13/12Fb*/EJ Xb*/EJ
iperstatica X=H -13/12F
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24

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

20.01.24



PROCEDIMENTO E RISULTATI 987434 ES>4.xxxx.186

%= (1 - xb +1/4 0% ) b? VEJ dx = [ x-1/2 x8b +1/12 x1b* | b7 1/ES
=(b-12b+1/12b ) b* 1/EJ = 7/12 bYEJ

L= (174 +1/2 xib +1/4 x2Ib* ) b* VED dx = [1/4 x +1/4 xb +1/12 x1b* | b7 1/E]
=(1/4b+1/4b+1/12b ) b® 1/EJ = 7/12 b/EJ

L% = [2(1/a 112 xtb +1/4 x2b* ) b* VEI dx = [1/4 x -1/4 X¥1b +1/12 5167 ] b2 1/E
=(14b-1/4b+1/12b ) b* 1/EJ = 1/12 bEJ

L% = [2(wa X6 ) b2 183 dx = [1/12 X762 ] b 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

L% = [°(50? ) o7 1/E3 dx = [ 113 x0* | b7 1/ES
=(13b) b* VEI = 13 bY/EJ

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

1 = ['(2 -5/2 xtb +3/4 X*Ib? ) Fb? VEJ dx = [2 x -5/4 X1 +1/4 xIb? ] Fb? 1/E
=(2b-5/4b+1/4b ) Fb’ 1/E] = FbY/EJ

1 = ['(1/4 + xib +3/4 P16 ) Fb® UED dx = [1/4 x +1/2 x8b +1/4 xb* | Fb2 1/E
=(U4b+12b+1/4b ) Fb® 1/EJ = Fb%EJ

18 = ["(14 -172 xib +1/4 X216 ) Fo? 1/E3 dx = [1/4 x -1/4 x2Ib +1/12 xib* | Fb? 1/E
=(14b-1/4b+1/12b ) Fb* 1/EJ = 1/12 FbY/EJ

1% = [2(1/a X6 ) Fo? 13 dx = [1/12 6% ]| Fb? 1/E
=(1/12b) Fb® 1/EJ = 1/12 FbEJ

1% = [ (974 x/b -3/4 x2b® +1/2 x°Ib* ) Fb? 1/EI dx = [9/8 X¥Ib -1/4 xIb? +1/8 X' ]| Fb? 1/EJ
=(9/8b-1/4b+1/8 b ) Fb’ 1/EJ = Fb’/EJ

L = [7(2 -914 xib +3/4 X¥1% -1/2 xb° ) Fb? 1/EJ dx = [2 x -9/8 x8/b +1/4 X2 -1/8 x'1b° | Fb? 1/E
=(2b-9/8b+1/4b-1/8b ) Fb’ 1/EJ = FbYEJ

ES>4.xxxx.186

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24

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

20.01.24



REAZIONI 957662 ES>4.xxxx.193 AZIONI INTERNE 957662 ES>4.xxxx.193
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24
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PROCEDIMENTO E RISULTATI 957662

ES>4.xxxx.193

Quadro contributi PLV per iperstatica X=H

PROCEDIMENTO E RISULTATI 957662

ES>4.xxxx.193

- M, (X) M, (X) ] MM, M,0 MM, M (M/EI+B)dX | [XM, M, /EJdx
AB b -b+1/2x -3/2Fb+3/4Fx 0 | 3/2Fb*-3/2Fbx+3/8Fx° 0 b%-bx+1/4x° , ,
, , , ,| (7/8+0)FbY/ED | 7/12Xb%/E]
BA b 1/2b+1/2x 3/4Fb+3/4Fx 0 3/8Fb"+3/4Fbx+3/8Fx 0 1/4b"+1/2bx+1/4x
BCb |-1/2b+1/2x|  -3/4Fb+3/4Fx  |-Fb/EJ| 3/8Fb’-3/4Fbx+3/8Fx° | 1/2Fb*/EJ-1/2Fxb/EJ | 1/4b°-1/2bx+1/4x . ,
, , (1/8+1/4)Fb¥EJ | 1/12Xb*/EJ
CBb 1/2x 3/4Fx Fb/EJ 3/8Fx 1/2FXb/EJ 1/4x
CDb 0 1/2Fx 0 0 0 0
0+0 0
DCb 0 -1/2Fb+1/2Fx 0 0 0 0
DEb 0 1/2Fb+3/2Fx 0 0 0 0
0+0 0
EDb 0 -2Fb+3/2Fx 0 0 0 0
EFb 0 2Fb-5/2Fx+1/2qx° | 0 0 0 0
, 0+0 0
FE b 0 -3/2Fx-1/2qx 0 0 0 0
FGb 0 -1/2Fx+1/2gx° 0 0 0 0
, 0+0 0
GF b 0 1/2Fx-1/2gx 0 0 0 0
GH b 0 -3/2Fx 0 0 0 0
0+0 0
HG b 0 3/2Fb-3/2Fx 0 0 0 0
Gl V2b 0 0 0 0 0 0 0 0
IBb 0 0 0 0 0 0
0+0 0
Bl b 0 0 0 0 0 0
IE v2b 0 0 0 0 0 0 0 0
HADb X -312Fb+1/2Fx-1/2gx°| 0 | 3/2Fbx-1/2Fx*+1/2gx> 0 X2 , ,
, , , , , , (17/24+0)FbYEJ|  1/3XbYEJ
AH b b-x 3/2Fb-1/2Fx+1/2gx° | 0  |3/2Fb*-2Fbx+Ex*-1/2gx 0 b2-2bx+x
H cedimento nodo -H,,u,, -Fb/EJ
totali 23/24Fb*/EJ Xb¥EJ
iperstatica X=H -23/24F

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

20.01.24

Sviluppi di calcolo iperstatica

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

20.01.24



PROCEDIMENTO E RISULTATI 957662 ES>4.xxxx.193 ES>4.xxxx.193

%= (1 - xb +1/4 0% ) b? VEJ dx = [ x-1/2 x8b +1/12 x1b* | b7 1/ES
=(b-12b+1/12b ) b* 1/EJ = 7/12 bYEJ

L= (174 +1/2 xib +1/4 x2Ib* ) b* VED dx = [1/4 x +1/4 xb +1/12 x1b* | b7 1/E]
=(1/4b+1/4b+1/12b ) b® 1/EJ = 7/12 b/EJ

L% = [2(1/a 112 xtb +1/4 x2b* ) b* VEI dx = [1/4 x -1/4 X¥1b +1/12 5167 ] b2 1/E
=(14b-1/4b+1/12b ) b* 1/EJ = 1/12 bEJ

L% = [2(wa X6 ) b2 183 dx = [1/12 X762 ] b 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

L% = [°(50? ) o7 1/E3 dx = [ 113 x0* | b7 1/ES
=(13b) b* VEI = 13 bY/EJ

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

1 = [(3/2 -3/2 x/b +3/8 X2/b ) Fb? 1/EJ dx = [3/2 x -3/4 x1b +1/8 x/b? | Fb? 1/E9
=(3/2b-3/4 b +1/8 b ) Fb* 1/EJ = 7/8 Fb’/EJ

1 = ['(3/8 +3/4 x/b +3/8 x2b* ) Fb? 1/EJ dx = [3/8 x +3/8 X2/ +1/8 x°Ib? | Fb? 1/EJ
=(3/8b+3/8 b +1/8b ) Fb® 1/EJ = 7/8 Fb*/EJ

1% = [*(3/8 -3/4 xib +3/8 X2/ ) Fb? UEI dx + [(1/2 /2 x/b ) © dx
= [318 x -3/8 xib +1/8 xb2 ]| Fb? 1/E3 + [1/2x-1/4 b ]} ©
=(3/8b-3/8b+1/8b ) Fb? 1/EJ + (1/2b-1/4b) 8 =3/8 Fb*/EJ

1% = (318 %102 ) Fo? BT dx + [ (-1/2 b ) 8 dx = [1/8xb* ] Fb? 1ED + [-1/4xb ] 6
=(u8b)Fp’1/EJ +(-1/4b) 6 =3/8 Fb%EJ

1 = [2(372 xtb 112 x2Ib? +1/2 x°Ib™ ) Fb? 1/E dx = [3/4 X¥Ib -1/6 xIb? +1/8 x'1b° ]| Fb? 1/EJ
=(3/4b-1/6 b+1/8 b ) Fb® 1/EJ = 17/24 Fb*/EJ

1 = [(3/2 -2 xib + x1b? 172 X1 ) Fb? VEJ dx = [3/2 x - b +1/3 x1b* -1/8 x'1b* ] Fb? 1/E]
=(3/2b-b+1/3b-1/8b ) Fb* 1/EJ = 17/24 Fb%/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.01.24



