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PROCEDIMENTO E RISULTATI 236761

ES>01.xxxx.007
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C 3 M, flessione da iperstatica X=1
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25



PROCEDIMENTO E RISULTATI 236761

ES>01.xxxx.007

Quadro contributi PLV per iperstatica X=V

PROCEDIMENTO E RISULTATI 236761

ES>01.xxxx.007

S M M, (%) 6 MM, M,0 MM, | MM /EJ+E)dx |[XM M, /Eddx
AB b 2x -6Fx+1/2gx°  |-Fb/EJ -12Fx°+gx° -2Fxb/EJ ax’ , ,
, , - , , ,| (-15/4-1)Fb’EJ | 4/3Xb°/EJ
BAb |-2b+2x|11/2Fb-5Fx-1/2gx" | Fb/EJ |-11Fb"+21Fbx-9Fx"-gx” | -2Fb“/EJ+2Fxb/EJ | 4b"-8bx+4x
BCb | 2b-x -11/2Fb+2Fx 0 | -11Fb*+19/2Fbx-2Fx° 0 4p*-4bx+x , ,
, , , , |(-83/12+0)Fb”/EJ|  7/3Xb’/EJ
CBb -b-x 712Fb+2Fx 0 -7/2Fb"-11/2Fbx-2Fx 0 b“+2bx+x
CDb b-x -7/2Fb+7/2Fx 0 | -7/2Fb*+7Fbx-7/2Fx 0 b2-2bx+x* , ,
. , (-7/6+0)Fb°/EJ 1/3Xb°/EJ
DCb -X 7I12Fx 0 -712FX 0 X
DEb 0 0 0 0 0 0
0+0 0
EDb 0 0 0 0 0 0
EF b 0 9/4Fb-9/4Fx 0 0 0 0
0+0 0
FE b 0 -9/4Fx 0 0 0 0
FCb 0 0 0 0 0 0
0+0 0
CFb 0 0 0 0 0 0
CGb 0 -Fx+1/2gx° 0 0 0 0
) 0+0 0
GChb 0 1/2Fb-1/2gx 0 0 0 0
GH 2b 0 1/2Fb-1/4Fx 0 0 0 0
0+0 0
HG 2b 0 -1/4Fx 0 0 0 0
HI 2b 0 0 0 0 0 0
0+0 0
IH 2b 0 0 0 0 0 0
IEb 0 Fb+5/4Fx 0 0 0 0
0+0 0
Elb 0 -9/4Fb+5/4Fx 0 0 0 0
D cedimento nodo -H,,u, 2Fb’/EJ
totali -65/6Fb*/EJ AXbYE]
iperstatica X=V, 65/24F
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



PROCEDIMENTO E RISULTATI 236761 ESZ01.xxxx.007 PROCEDIMENTO E RISULTATI 236761 ES>01.xxxx.007

%= (a2 b 1E3 dx = [413 x0? ] b7 1/ES
=(4/3b) b* 1/EJ = 4/3 bYE

L= (4 -8 x/b +4 1% ) b” UEI dx = [4 x -4 X% +413 x1b? | b7 1/E]
=(4b-4b+4/3b) b* 1/EJ = 4/3 bYEJ

L% = [2(4 -4 x1b + x2b* ) b* VEI dx = [4 x -2 51 +1/3 X702 ] b 1/E
=(4b-2b+1/3b) b* 1/EJ =7/3 bY/EJ

L% = [2(1 +2 xib + x%b? ) b2 1/EJ dx = [ x + X% +1/3 X*/b? || b® 1/ES
=(b+b+1/3b)b*1EJ = 7/3 bYEJ

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

L% = [2( ) b2 13 dx = [1/3 b7 ] b? 1/E3
=(1/3b) b* 1/EJ = 1/3 bYEJ

1 = [*(-12 10 + b ) Fb? 1 dx + [ (-2x1b) © dx
= [-4x0? +vaxo® ] Fb? vEd +[-xb ] 6
=(-4b+1/4b) Fo’ 1/E) +(-b) ® =-19/4 Fb’/EJ

1 = [ (-11 +21 xib -9 x0? - x3b° ) b2 VEI dx + [ (22 x/b ) 6 dx
= [-12 x +21/2 5% -3 1% -1/4 x16° ]| P 1D + [2x- x| @
=(-11b+21/2b-3b-1/4b ) Fb* 1/EJ +(2b-b )8 =-19/4 FbYEJ

122 = [2(-11 +19/2 xb -2 x1b? ) Fbo? 1/E3 dx = [-11 x +19/4 x¢b -2/3 x°b* | Fb? 1/E
=(-11b+19/4b-2/3b ) Fb* 1/EJ = -83/12 Fb/EJ

L% = [2(-7/2 -11/2 b -2 X¥1b? ) Fbo? 1/ED dx = [-7/2 x -11/4 X¥Ib 213 x1b? | Fb? 1/E3
=(-712b-11/4 b -2/3 b ) Fb> 1/EJ =-83/12 Fb’/EJ

1% = [2(-772 +7 xtb 712 X216 ) Fo? 1EI dx = [-7/2 x +7/2 21 716 X/ || Fb? 1/E3
=(-7/2b+7/2b -7/6 b ) Fb® 1/EJ =-7/6 Fb’/EJ

L = [2(-772 xi0* ) Fb 1/E3 dx = [-7/6 x°1b? ] Fb? 1/E3
=(-7/6 b ) Fb> 1/EJ =-7/6 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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AZIONI INTERNE 995596 ES>01.xxxx.015 PROCEDIMENTO E RISULTATI 995596 ES>01.xxxx.015
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C 3 Fb C 3 M, flessione da iperstatica X=1

@ 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



PROCEDIMENTO E RISULTATI 995596

ES>01.xxxx.015

Quadro contributi PLV per iperstatica X=H,

PROCEDIMENTO E RISULTATI 995596

ES>01.xxxx.015

- M, (X) M,(X) ) M,M, M,0 MM, M (M/EI+6)dx |[XM M, /EJdx
AB b -X 1/2qx2 0 -1/2qx3 0 X s 5
, , , , , , (-1/8+0)Fb*/EJ | 1/3Xb*EJ
BA b b-x -1/2Fb+Fx-1/2gx 0 |-1/2Fb"+3/2Fbx-3/2Fx"+1/2gx 0 b"-2bx+x
BChb -b+1/2x 1/2Fb-Fx 0 -1/2Fb*+5/4Fbx-1/2Fx? 0 bZ-bx+1/4x° , ,
, , , | (-1/24+0)Fb/EJ | 7/12Xb°/E
CBb 1/2b+1/2x 1/2Fb-Fx 0 1/4Fb”-1/4Fbx-1/2Fx 0 1/4b"+1/2bx+1/4x
CDb [-1/2b+1/2x| -1/2Fb+1/2Fx |-Fb/EJ 1/4Fb*-1/2Fbx+1/4Fx" 1/2Fb*/EJ-1/2FXb/EJ | 1/4b°-1/2bx+1/4%° , ,
) ) (1/12+1/4)Fb°/EJ| 1/12Xb°/EJ
DCb 1/2x 1/2Fx Fb/EJ 1/4FxX 1/2Fxb/EJ 1/4x
DE b 0 0 0 0 0 0
0+0 0
EDb 0 0 0 0 0 0
EFb 0 5/2Fb-3Fx+1/2qx>| 0 0 0 0
) 0+0 0
FEb 0 -2Fx-1/2gx 0 0 0 0
FCb 0 0 0 0 0 0
0+0 0
CFb 0 0 0 0 0 0
CGb 0 0 0 0 0 0
0+0 0
GChb 0 0 0 0 0 0
GH 2b 0 Fb-1/2Fx 0 0 0 0
0+0 0
HG 2b 0 -1/2Fx 0 0 0 0
HI 2b 0 0 0 0 0 0
0+0 0
IH 2b 0 0 0 0 0 0
IEb 0 Fb+3/2Fx 0 0 0 0
0+0 0
Elb 0 -5/2Fb+3/2Fx 0 0 0 0
D cedimento nodo -H,,u, -Fb/EJ
totali -5/6Fb*/EJ Xb%/EJ
iperstatica X=H, 5/6F
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



PROCEDIMENTO E RISULTATI 995596 ES>01.xxxx.015 PROCEDIMENTO E RISULTATI 995596 ES>01.xxxx.015

L% =[(5m? ) b? VeI dx = [113 ¥b* | b? /E
=(1/3b) b’ VEI = 13 bY/EJ

L= (1 -2 xtb + X262 ) b2 VES dx = [ x- b +1/3 xb* | b? 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 bYEJ

L% = [2(1 - b +1/4 x2ib? ) b? UEI dx = [ x-1/2 xb +1/12 X702 || b? 1/E
=(b-1/2b+1/12 b ) b* 1/EJ = 7/12 b*/EJ

L% = [2(1/4 +1/2 xib +1/4 516 ) b2 1/EJ dx = [1/4 x +1/4 X2Ib +1/12 3167 ] b2 1/E
=(1U4b+1/4b+1/12b ) b® 1/EJ = 7/12 bE

L% = [2(1/4 -1/2 b +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 x8b +1/12 167 ] b7 1/E3
=(14b-1/4b+1/12b ) b> LEJ = 1/12 bYEJ

L% = [ (14 xib? ) b? UE dx = [1112 x0° | b7 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

1 = ['(-1/2 1) Fo? 1/E3 dx = [-1/8 xb° ] Fb® 1/E
=(-1/8b) Fb® 1/EJ =-1/8 Fb*/EJ

LY = ﬁ(-l/z +312 x/b -3/2 X’Ib® +1/2 X*/b°® ) Fb® 1/EJ dx
= [-172 x +3/4 X1 -112 X312 +1/8 X'16° ]| Fbo? 1/E3
=(-1/2b+3/4b-1/2b +1/8 b ) Fb® 1/EJ =-1/8 Fb’/EJ

18 = [*(-1/2 +5/4 x/b -1/2 X*/6 ) Fb? 1/E3 dx = [-1/2 x +5/8 X%Ib -1/6 X*/b* . Fb? 1/E3
=(-12b +5/8b -1/6 b ) Fb* 1/EJ = -1/24 Fb*/EJ

1% = [2(1/4 174 xtb -1/2 xC1b? ) Fb? 1/E3 dx = [1/4 x -1/8 x%/b -1/6 x°/b? ] Fb? 1/E3
=(1/4b-1/8b-1/6 b ) Fb® 1/EJ =-1/24 Fb’/EJ

10 = [0(v/4 -1/2 xib +1/4 x2ib* ) Fb® VEI dx + [ (1/2-1/2 xIb ) © dx
= [1/a x-114 b +1112 0% ] F0? UED + [172 x-1/4xp ] ©
=(1v4b-14b+1/12b) Fo’ VEJ + (12b-1/4b) 6 =1/3 FbYEJ

1 = [2(uaxin? ) Fb? vET dx + [ (-1/2x1b) @ dx = [1122 0% | Fb? ES + [-1/4 x| 0
=(112b) Fo® 1EJ + (-/4b) 8 =1/3 FbYE

@ 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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AZIONI INTERNE 238395

ES>01.xxxx.027
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

12.12.25

PROCEDIMENTO E RISULTATI 238395

ES>01.xxxx.027
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Schema di calcolo iperstatico
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C 3 M, flessione da iperstatica X=1

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

12.12.25




PROCEDIMENTO E RISULTATI 238395

ES>01.xxxx.027

Quadro contributi PLV per iperstatica X=H,

PROCEDIMENTO E RISULTATI 238395

ES>01.xxxx.027

- M, (X) M, (X) ) MM, M,0 MM, JM (M /EJ+B)dx | [XM, M, /EJdx
AB b -X 1/2qx2 0 -1/2qx3 0 X s 5
, , , , , , (-1/8+0)Fb%EJ | 1/3XbYEJ
BA b b-x -1/2Fb+Fx-1/2gx 0 [-1/2Fb"+3/2Fbx-3/2Fx"+1/2qx 0 b"-2bx+x
BCh -b+1/2x 1/2Fb-3/2Fx  |-Fb/EJ|  -1/2Fb*+7/4Fbx-3/4FX’ Fb%/EJ-1/2Fxb/EJ bZ-bx+1/4x> , ,
, , , , | (UB+3/4)Fb/ET | 7/12Xb%/E]
CBb |1/2b+1/2x Fb-3/2Fx Fb/EJ 1/2Fb*-1/4Fbx-3/4Fx 1/2Fb°/EJ+1/2FXbIEJ | 1/4b°+1/2bx+1/4x
CDb |-1/2b+1/2x| -1/2Fb+1/2Fx 0 1/4Fb*-1/2Fbx+1/4Fx’ 0 1/4b%-1/2bx+1/4x> , ,
, , (1/12+0)Fb*/EJ | 1/12Xb*/EJ
DCb 1/2x 1/2Fx 0 1/4Fx 0 1/4x
DEb 0 0 0 0 0 0
0+0 0
EDb 0 0 0 0 0 0
EFb 0 5/2Fb-5/2Fx 0 0 0 0
0+0 0
FE b 0 -5/2Fx 0 0 0 0
FCb 0 1/2gx> 0 0 0 0
, 0+0 0
CFb 0 -1/2Fb+Fx-1/2gx°| 0 0 0 0
CGb 0 0 0 0 0 0
0+0 0
GCb 0 0 0 0 0 0
GH 2b 0 Fb-1/2Fx 0 0 0 0
0+0 0
HG 2b 0 -1/2Fx 0 0 0 0
HI 2b 0 0 0 0 0 0
0+0 0
IH 2b 0 0 0 0 0 0
IE b 0 Fb+3/2Fx 0 0 0 0
0+0 0
El b 0 -5/2Fb+3/2Fx 0 0 0 0
A cedimento nodo -H,,u, Fb*/EJ
totali 11/6Fb*/EJ Xb¥EJ
iperstatica X=H, -11/6F

@ 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 238395 ES>01.xxxx.027 PROCEDIMENTO E RISULTATI 238395 ES>01.xxxx.027

L% =[(5m? ) b? VeI dx = [113 ¥b* | b? /E
=(1/3b) b’ VEI = 13 bY/EJ

L= (1 -2 xtb + X262 ) b2 VES dx = [ x- b +1/3 xb* | b? 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 bYEJ

L% = [2(1 - b +1/4 x2ib? ) b? UEI dx = [ x-1/2 xb +1/12 X702 || b? 1/E
=(b-1/2b+1/12 b ) b* 1/EJ = 7/12 b*/EJ

L% = [2(1/4 +1/2 xib +1/4 516 ) b2 1/EJ dx = [1/4 x +1/4 X2Ib +1/12 3167 ] b2 1/E
=(1U4b+1/4b+1/12b ) b® 1/EJ = 7/12 bE

L% = [2(1/4 -1/2 b +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 x8b +1/12 167 ] b7 1/E3
=(14b-1/4b+1/12b ) b> LEJ = 1/12 bYEJ

L% = [ (14 xib? ) b? UE dx = [1112 x0° | b7 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

1 = ['(-1/2 1) Fo? 1/E3 dx = [-1/8 xb° ] Fb® 1/E
=(-1/8b) Fb® 1/EJ =-1/8 Fb*/EJ

LY = ﬁ(-l/z +312 x/b -3/2 X’Ib® +1/2 X*/b°® ) Fb® 1/EJ dx
= [-172 x +3/4 X1 -112 X312 +1/8 X'16° ]| Fbo? 1/E3
=(-1/2b+3/4b-1/2b +1/8 b ) Fb® 1/EJ =-1/8 Fb’/EJ

18 = [(-1/2 +7/4 xtb -3/4 X216 ) Fb? 1EI dx + [(1-1/2x/b ) © dx
= [-1/2 x +718 ¥ -1/a xb* ] Fb? VEI + [ x-1/4 X% ] 0
=(-12b+7/8b-1/4b ) Fb’ /EJ +(b-1/4b) 6 =7/8 FbYEJ

1% = [*(1/2 -1/4 xtb 314 xC1b? ) Fb? VEI dx + [ (-1/2-1/2 /b ) 8 dix
= [12 x -8 X¥b -1/4 X2 |, Fo? 13 + [-1/2 x -1/4 b ] ©
=(1/2b-1/8b-1/4b ) Fo? /EJ + (-1/2b-1/4b ) 8 =7/8 Fb*/EJ

1 = [2(1/4 172 xib +1/4 x2b* ) Fbo? 1ED dx = [1/4 x -1/4 xb +1/12 5167 ] Fb? 1/E
=(1/4b-1/4b+1/12b ) Fb* 1/EJ = 1/12 FbY/EJ

1% = [ (4 xib® ) Fb? VS dx = [1/22 x3b° | Fb2 1/E
=(1/12b) Fb® 1/EJ = 1/12 FbEJ

@ 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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AZIONI INTERNE 238530

ES>01.xxxx.033

PROCEDIMENTO E RISULTATI 238530

ES>01.xxxx.033
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

12.12.25
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Schema di calcolo iperstatico
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C 3 M, flessione da iperstatica X=1
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0 5/2 5/2 1
C 3 M, flessione da carichi assegnati
12.12.25

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



PROCEDIMENTO E RISULTATI 238530

ES>01.xxxx.033

Quadro contributi PLV per iperstatica X=Wp

PROCEDIMENTO E RISULTATI 238530

ES>01.xxxx.033

- M, (X) M,(X) 6 MM, M, 0 MM, M (M /EI+8)dx |[XM, M, /EJdx
AB b /b |-1/2Fx+1/2gx’| © 1/2Fx%/b-1/29x°/b 0 x’/b® ,
, , , I (1/24+0)Fb*/EJ |  1/3Xb/EJ
BA b 1-x/b 1/2Fx-1/2gx 0 1/2Fx-Fx/b+1/2gx°/b 0 1-2x/b+x‘/b
BCb | -1+1/2x/b 5/4Fx  |-Fb/EJ|  5/4Fx-5/8Fx%/b Fb/EJ-1/2FX/EJ 1-x/b+1/4x°10° ,
, , ,|(5/12+3/4)Fb/EJ| 7/12XbIE]
CBb |1/2+1/2x/b | 5/4Fb-5/4Fx | Fb/EJ 5/8Fb-5/8Fx°/b | 1/2Fb/EJ+1/2FXx/EJ| 1/4+1/2x/b+1/4xIb
CDb |-1/2+1/2x/b| -3/4Fb+3/4Fx | 0O |3/8Fb-3/4Fx+3/8Fx%/b 0 1/4-1/2x/b+114x%/0° ,
, ), (1/8+0)Fb*/EJ | 1/12Xb/EJ
DChb 1/2x/b 3/4Fx 0 3/8Fx’/b 0 1/4x°1b
DE b 0 12Fx-1/29x° | 0 0 0 0
, 0+0 0
EDDb 0 -1/2Fx+1/2gx 0 0 0 0
EF b 0 5/2Fb-5/2Fx | 0 0 0 0
0+0 0
FE b 0 -5/2Fx 0 0 0 0
FCb 0 1/2Fx 0 0 0 0
0+0 0
CEb 0 -1/2Fb+1/2Fx| © 0 0 0
CGb 0 0 0 0 0 0
0+0 0
GCb 0 0 0 0 0 0
GH 2b 0 Fb-1/2Fx 0 0 0 0
0+0 0
HG 2b 0 -1/2Fx 0 0 0 0
HI 2b 0 0 0 0 0 0
0+0 0
IH 2b 0 0 0 0 0 0
IEDb 0 Fb+3/2Fx 0 0 0 0
0+0 0
Elb 0 -5/2Fb+3/2Fx| O 0 0 0
A cedimento nodo -H,,u, Fb’/EJ
totali 7/3Fb%/EJ Xb/EJ
iperstatica X=Wpg -7/3Fb
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
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PROCEDIMENTO E RISULTATI 238530 ES>01.xxxx.033 PROCEDIMENTO E RISULTATI 238530 ES>01.xxxx.033

L% =L(xm?) eI dx=[13x?]] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

L= (12 xb+xb* ) VEI dx = [ x-xb +1/3 b2 ], 1/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L% = [2(1- xib +1/4 xb% ) 1/ED dx = [ x -1/2 X¥b +1/12 567 ]| 1/ES
=(b-1/2b+1/12b) 1EJ =7/12 b/EJ

L% = [2(1/4 +1/2 xib +1/4 516> ) UEd dx = [1/4 x +1/4 xb +1/12 X || 1/E3
=(U4b+1/4b+1/12b ) 1/EJ =7/12 bIEJ

L% = 214 -1/2 xib +1/4 X2b% ) VE dx = [1/4 x 174 x2b +1/12 xb* | 1/E3
=(14b-U4b+1/12b) 1/EJ = 1/12 b/EJ

L% = [ (4 xin®) 1Ed dx = [112 02 )] V/ES
=(112b) 1/EI =1/12 b/EJ

1 = [*(1/2 ¥10? -112 xib° ) Fb 1/ED dx = [1/6 xIb? -1/8 x1b° | Fb 1/E
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [ (172 x1b - ¥21b? +1/2 x1° ) Fb 1/EI dx = [1/4 x8b -1/3 xIb? +1/8 x'1b° | Fb 1/E9
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

18 = [*(5/4 xtb -5/8 x2b* ) Fb 1/E3 dx + [[(1-1/2x/b ) 6 dx
= [518 xib -5/24 X162 " Fo 1ED + [ x-1/4xb ]} 0
=(s/8b-5/24b)Fb1/EJ +(b-1/4b) 6 =7/6 FbYEJ

1% = [ (5/8 -5/8 x2b* ) Fb 1/EI dx + [[(-1/2-1/2 xIb ) © dx
= [5/8 x -5/24 0% | Fo WED + [-1/2x-1/4 % ] @
=(5/8b-5/24b ) Fo 1/EJ +(-1/2b-1/4b )0 =7/6 Fb’/EJ

1% = [7(3/8 -3/4 xib +3/8 x2/b ) Fb 1/EJ dx = [3/8 x -3/8 x2/b +1/8 x*/b? ] Fb 1/EJ
=(3/8b-3/8b+1/8b ) Fb 1/EJ = 1/8 Fb’/EJ

1% = [(3/8 x1b* ) Fb 1/E3 dx = [1/8 x°1b? ] Fb 1/E
=(1/8b) Fb 1/EJ = 1/8 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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AZIONI INTERNE 309819

ES>01.xxxx.036

PROCEDIMENTO E RISULTATI 309819

ES>01.xxxx.036
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

12.12.25
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Schema di calcolo iperstatico
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C 3 M, flessione da iperstatica X=1
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5/2 5/2 1
C 3 M, flessione da carichi assegnati
12.12.25

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



PROCEDIMENTO E RISULTATI 309819

ES>01.xxxx.036

Quadro contributi PLV per iperstatica X=H,

PROCEDIMENTO E RISULTATI 309819

ES>01.xxxx.036

- M, (X) M, (X) ) MM, M,0 MM, JM(M/EI+B)dX | [XM M /EIdxX
AB b -X 1/2gx° -Fb/EJ -1/2gx° Fxb/EJ X , .
i , , o, , i (-1/8+1/2)Fb°/EJ| 1/3Xb’/EJ
BA b b-x -1/2Fb+Fx-1/2gx” | Fb/EJ |-1/2Fb"+3/2Fbx-3/2Fx"+1/2qx” | Fb"/EJ-FXxb/EJ b"-2bx+x
BCb -b+1/2x 1/2Fb-3/2Fx 0 -1/2Fb*+7/4Fbx-3/4Fx” 0 b?-bx+1/4x° , ,
, , , ,| (WB+O)FB’/EY | 7/12Xb’/EJ
CBb |1/2b+1/2x Fb-3/2Fx 0 1/2Fb*-1/4Fbx-3/4FX 0 1/4b°+1/2bx+1/4xX
CDb |-1/2b+1/2x| -1/2Fb+1/2Fx 0 1/4Fb*-1/2Fbx+1/4Fx° 0 1/4b°-1/2bx+1/4x° , ,
, , (1/12+0)Fb*/EJ | 1/12Xb°/EJ
DC b 1/2x 1/2Fx 0 1/4Fx 0 1/4x
DE b 0 1/2Fx-1/2gx° 0 0 0 0
i 0+0 0
EDDb 0 -1/2Fx+1/2gx 0 0 0 0
EF b 0 5/2Fb-5/2Fx 0 0 0 0
0+0 0
FEb 0 -5/2Fx 0 0 0 0
FCb 0 1/2Fx 0 0 0 0
0+0 0
CFb 0 -1/2Fb+1/2Fx 0 0 0 0
CGb 0 0 0 0 0 0
0+0 0
GCb 0 0 0 0 0 0
GH 2b 0 Fb-1/2Fx 0 0 0 0
0+0 0
HG 2b 0 -1/2Fx 0 0 0 0
HI 2b 0 0 0 0 0 0
0+0 0
IH 2b 0 0 0 0 0 0
IEb 0 Fb+3/2Fx 0 0 0 0
0+0 0
Elb 0 -5/2Fb+3/2Fx 0 0 0 0
D cedimento nodo -H,,u, -Fb/EJ
totali -5/12Fb*/EJ Xb¥EJ
iperstatica X=H, 5/12F
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
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PROCEDIMENTO E RISULTATI 309819 ES>01.xxxx.036 ES>01.xxxx.036

L% =[(5m? ) b? VeI dx = [113 ¥b* | b? /E
=(1/3b) b’ VEI = 13 bY/EJ

L= (1 -2 xtb + X262 ) b2 VES dx = [ x- b +1/3 xb* | b? 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 bYEJ

L% = [2(1 - b +1/4 x2ib? ) b? UEI dx = [ x-1/2 xb +1/12 X702 || b? 1/E
=(b-1/2b+1/12 b ) b* 1/EJ = 7/12 b*/EJ

L% = [2(1/4 +1/2 xib +1/4 516 ) b2 1/EJ dx = [1/4 x +1/4 X2Ib +1/12 3167 ] b2 1/E
=(1U4b+1/4b+1/12b ) b® 1/EJ = 7/12 bE

L% = [2(1/4 -1/2 b +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 x8b +1/12 167 ] b7 1/E3
=(14b-1/4b+1/12b ) b> LEJ = 1/12 bYEJ

L% = [ (14 xib? ) b? UE dx = [1112 x0° | b7 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

L = (-2 ) Fo? eI dx + [[(xb ) 8 dx = [-1/8 x'° | Fb? 1/ED + [1/2xb ] 6
=(-/8b) Fo*1/EJ +(1/2b) 6 =3/8 Fb%EJ

X =ji(-1/2 +312 x/b -3/2 X°Ib® +1/2 X*/b°® ) Fb® 1/EJ dx + jj(-l +x/b) 6 dx
= [-172 x +3/4 X1 112 X316 +1/8 x'6° ]| Fbo? 1/ED + [-x +1/2%b ]| ©
=(-12b+3/4b-12b+1/8b ) Fb* L/EJ +(-b+1/2b) 8 =3/8 Fb*/EJ

18 = [*(-1/2 +7/4 xJb -3/4 X2I6 ) Fb? 1/E dx = [-1/2 x +7/8 X¥Ib -1/4 X*/b? ]| Fb? 1/E3
=(-12b+7/8b-1/4b ) Fb* 1/EJ = 1/8 Fb’/EJ

1% = [*(1/2 174 xtb -3/4 xC1b? ) Fb? 1/E3 dx = [1/2 x -1/8 x2Ib -1/4 /6% ] Fb? 1/E3
=(1/2b-1/8b-1/4 b ) Fb® 1/EJ = 1/8 Fb*/EJ

10 = [2(1/4 -1/2 xib +1/4 x2Ib* ) Fb® VE dx = [1/4 x -1/4 X +1/12 xib? | Fb? 1/E3
=(1/4b-1/4b+1/12b ) Fb? 1/EJ = 1/12 FbY/EJ

1% = [2(1a xib? ) Fb? 1/ED dx = [1/12 x3b* | Fb2 1/E
=(v12b) Fb® LEJ =1/12 FbYEJ

@ 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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AZIONI INTERNE 211619

ES>01.xxxx.042

PROCEDIMENTO E RISULTATI 211619

ES>01.xxxx.042
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PROCEDIMENTO E RISULTATI 211619

ES>01.xxxx.042

Quadro contributi PLV per iperstatica X=H,

PROCEDIMENTO E RISULTATI 211619

ES>01.xxxx.042

- M, (X) M, (%) 6 MM, M,0 MM, M (M/EI+6)dX | [XM M, /EJdx
AB b X 0 0 0 0 X ,
, , 0+0 1/3Xb*/EJ
BA b b-x 0 0 0 0 b®-2bx+x
BCh -b+1/2x -3/4Fx -Fb/EJ 3/4Fbx-3/8Fx FbY/EJ-1/2Fxb/EJ b-bx+1/4x> , ,
, , , , | (UA+314)FD’/ET | 7112Xb/ED
CBb |1/2b+1/2x| 3/4Fb-3/4Fx | Fb/EJ 3/8Fb*-3/8FX 1/2Fb*/EJ+1/2FXb/EJ | 1/4b°+1/2bx+1/4X
CDb |-1/2b+1/2x| -3/4Fb+3/4Fx 0 |3/8Fb°-3/4Fbx+3/8Fx> 0 1/4b%-1/2bx+1/4x , ,
, , (1/8+0)Fb%/EJ | 1/12Xb%EJ
DChb 1/2x 3/4Fx 0 3/8Fx 0 1/4x
DE b 0 0 0 0 0 0
0+0 0
EDb 0 0 0 0 0 0
EF b 0 13/4Fb-13/4Fx 0 0 0 0
0+0 0
FE b 0 -13/4Fx 0 0 0 0
FCb 0 0 0 0 0 0
0+0 0
CEb 0 0 0 0 0 0
CGb 0 -3Fx+1/2gx° 0 0 0 0
, 0+0 0
GCb 0 5/2Fb-2Fx-1/29x°| 0 0 0 0
GH 2b 0 -3/2Fb+3/4Fx 0 0 0 0
0+0 0
HG 2b 0 3/4Fx 0 0 0 0
HI 2b 0 2Fx-1/2gx° 0 0 0 0
, 0+0 0
IH 2b 0 -2Fb+1/2qx 0 0 0 0
IEDb 0 3Fb+1/4Fx 0 0 0 0
0+0 0
Elb 0 -13/4Fb+1/4Fx 0 0 0 0
A cedimento nodo -H,,u, Fb*/EJ
totali 17/8Fb*/EJ Xb¥EJ
iperstatica X=H, -17/8F
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
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PROCEDIMENTO E RISULTATI 211619 ES>01.xxxx.042 ES>01.xxxx.042

L% =[(5m? ) b? VeI dx = [113 ¥b* | b? /E
=(1/3b) b’ VEI = 13 bY/EJ

L= (1 -2 xtb + X262 ) b2 VES dx = [ x- b +1/3 xb* | b? 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 bYEJ

L% = [2(1 - b +1/4 x2ib? ) b? UEI dx = [ x-1/2 xb +1/12 X702 || b? 1/E
=(b-1/2b+1/12 b ) b* 1/EJ = 7/12 b*/EJ

L% = [2(1/4 +1/2 xib +1/4 516 ) b2 1/EJ dx = [1/4 x +1/4 X2Ib +1/12 3167 ] b2 1/E
=(1U4b+1/4b+1/12b ) b® 1/EJ = 7/12 bE

L% = [2(1/4 -1/2 b +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 x8b +1/12 167 ] b7 1/E3
=(14b-1/4b+1/12b ) b> LEJ = 1/12 bYEJ

L% = [ (14 xib? ) b? UE dx = [1112 x0° | b7 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

1% = [ (3/4 x/b -3/8 x2ib* ) Fb* VEI dx + [ (1-1/2xIb ) © dx
= [3/8 %1 -1/8 X% ] Fb? 1ED + [ x-1/4 X0 ] 0
=(3/8b-1/8b) Fb’ 1/EJ +(b-1/4b) 6 = FbYEJ

1% = ["(3/8 -3/8 xib? ) Fb? VE dx + [ (-1/2-1/2 x1b ) © dx
= [3i8 x-1/8 xb* ] Fb? 1ES + [-1/2 x-1/4 x2b ]| ©
=(3/8b-1/8b) Fb’ 1/EJ +(-1/2b-1/4b )6 = Fb’EJ

1% = [\ (3/8 -314 xib +3/8 x/b” ) Fb? UEJ dx = [3/8 x -3/8 X%/ +1/8 xb | Fb* 1/E
=(3/8b-3/8b+1/8b ) Fb® 1/EJ = 1/8 Fb/EJ

1% = ['(a/8 x2b* ) Fb? 1/E3 dx = [1/8 xib* ] Fb? 1/E3
=(1/8b) Fb® 1/EJ = 1/8 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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AZIONI INTERNE 280338

ES>01.xxxx.049

PROCEDIMENTO E RISULTATI 280338

ES>01.xxxx.049
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PROCEDIMENTO E RISULTATI 280338

ES>01.xxxx.049

Quadro contributi PLV per iperstatica X=Wp

PROCEDIMENTO E RISULTATI 280338

ES>01.xxxx.049

- M, (X) M, (%) ) MM, M,0 MM, M (M /EI+8)dx | [XM, M, /EJdx
AB b x/b 0 0 0 0 X*Ib?
- 0+0 1/3Xb/EJ
BAD 1-x/b 0 0 0 0 1-2x/b+x%/b
BCb | -1+1/2x/b -3/4Fx -FO/EJ|  3/4Fx-3/8Fx%/b Fb/EJ-1/2FX/EJ 1-x/b+1/4x%/b° ,
, , | (1/4+3/4)Fb/ET | 7/12Xb/EJ
CBb |1/2+1/2x/b| 3/4Fb-3/4Fx | Fb/EJ 3/8Fb-3/8Fx°/b | 1/2Fb/EJ+1/2FX/E] | 1/4+1/2x/b+1/4x°/b
CDb |-1/2+1/2x/b| -3/4Fb+3/4Fx 0 |3/8Fb-3/4Fx+3/8Fx’/b 0 1/4-1/2x/b+1/4x%/b? ,
, ., (1/8+0)Fb*/EJ | 1/12Xb/EJ
DCb 1/2x/b 3/4Fx 0 3/8FX’Ib 0 1/4x%Ib
DE b 0 0 0 0 0 0
0+0 0
EDb 0 0 0 0 0 0
EFb 0 7/2Fb-4Fx+1/2gx°| 0 0 0 0
, 0+0 0
FEb 0 -3Fx-1/2gx 0 0 0 0
FCb 0 0 0 0 0 0
0+0 0
CFb 0 0 0 0 0 0
CGb 0 -2Fx 0 0 0 0
0+0 0
GCb 0 2Fb-2Fx 0 0 0 0
GH 2b 0 -Fb+1/2Fx 0 0 0 0
0+0 0
HG 2b 0 1/2Fx 0 0 0 0
HI 2b 0 2Fx-1/2gx° 0 0 0 0
, 0+0 0
IH 2b 0 -2Fb+1/2gx 0 0 0 0
IEDb 0 3Fb+1/2Fx 0 0 0 0
0+0 0
Elb 0 -7/2Fb+1/2Fx 0 0 0 0
D cedimento nodo -H,,u, -Fb’/EJ
totali 1/8Fb%/EJ Xb/EJ
iperstatica X=Wpg -1/8Fb
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



PROCEDIMENTO E RISULTATI 280338 ES>01.xxxx.049 ES>01.xxxx.049

L% =L(xm?) eI dx=[13x?]] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

L= (12 xb+xb* ) VEI dx = [ x-xb +1/3 b2 ], 1/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L% = [2(1- xib +1/4 xb% ) 1/ED dx = [ x -1/2 X¥b +1/12 567 ]| 1/ES
=(b-1/2b+1/12b) 1EJ =7/12 b/EJ

L% = [2(1/4 +1/2 xib +1/4 516> ) UEd dx = [1/4 x +1/4 xb +1/12 X || 1/E3
=(U4b+1/4b+1/12b ) 1/EJ =7/12 bIEJ

L% = 214 -1/2 xib +1/4 X2b% ) VE dx = [1/4 x 174 x2b +1/12 xb* | 1/E3
=(14b-U4b+1/12b) 1/EJ = 1/12 b/EJ

L% = [ (4 xin®) 1Ed dx = [112 02 )] V/ES
=(112b) 1/EI =1/12 b/EJ

1% = [*(3/4 x/b -3/8 x2b* ) Fb 1/ET dx + [ (1-1/2x/b) @ dx
=[3/8 X% -1/8 x0* ] Fo WED + [ x-1/a X% ] 0
=(3/8b-1/8b)Fb 1/EJ +(b-1/4b) 6 = FbYEJ

1% = [*(3/8 -3/8 xib* ) Fb EI dx + [ (-1/2-1/2 x/b ) 6 dx
= [ai8 x-18 x0* ] Fb 1/ES + [-1/2x-1/4 b ]} ©
=(3/8b-1/8b) Fb /EJ + (-1/2b-1/4b) 6 = Fb’/EJ

1% = [ (3/8 314 xib +3/8 x/b” ) Fb 1/EJ dx = [3/8 x -3/8 X%/ +1/8 x*/b? || Fb 1/EJ
=(3/8b-3/8b+1/8b ) Fb 1/EJ = 1/8 Fb’/EJ

1% = [(a/8 x2/b* ) Fb 1/E3 dx = [1/8 xb* | Fb 1/E
=(1/8b) Fb 1/EJ = 1/8 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



gcercet

r3="rg
r3="r3
r3 =""r3
r3=°°r3
r3="r3
r3=*r3

€T°€0°/Z'SIaA ‘Oue|I\ Ip 001UDBNI0d ‘ISSOY IUB[SARZ 0J|0pY ©
" Opou e o1sodwi N 0INjoSSe 8[e1u0zzIio ojuawelsods

"D 0IZIUI UOD BNISSP B BSSBAUOD 3S eAlsod D eise g einjeaind
" A U1 3uIBlI0 U0D ZA eise 8|ed0| ojuawall Ag - #x - ?Ap

‘A'X 1sse 1|BNs auoizaloid ul feunsiw aAINd dlse Ip 1ydued

"a]se 8||au aulaiul luoize ajjap elonb (wiwelbelp | areoel |
"91Se 9||ap 8 'INNNIIS B||9P LBJOJUIA IUOIZEa) 31ej0d[e)

"ouBasip Ul 99L21Y}3 0SISA ouURY dYep IUOoIZeWloap 3 IydLed
YH=X :8uo0izn|os ul ayoirelsiadi luoizeay

r3 =773

r3="%r3

r3="%r3

r3=%r3
(3/4,0-=¢-="n
£3/49- = g/10- = g- = g

q

=
=

STAANAN €T°€0°L2'SIaA ‘Oue[i Ip 021Ud3N|0d ‘ISSOY IUB|aARZ OJ|0pY ©
j 4z 4z
a4z
den
9
o
EAN
ad
4z
48/62
adz/L
dv /7| ett
3 a
4216
EN ——>q
3
42T\
gz 1"
4z
42/t
Jer
I
48/ET J8/ET
a4g a48/ET
Frad I 49T/52 491/5¢
/ « »
| v g
N 4z
adz
Er 42/t
oo\ g Jer
I/ H
CSO'XXXX'TOZS3 /8€8€E¢C INOIZV3d

b'ANA

¢SO0 XXXX"T0XSH

VSVYO d3d A'ld



AZIONI INTERNE 238387

ES>01.xxxx.052

PROCEDIMENTO E RISULTATI 238387

ES>01.xxxx.052
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 238387

ES>01.xxxx.052

Quadro contributi PLV per iperstatica X=H,

PROCEDIMENTO E RISULTATI 238387

ES>01.xxxx.052

- M, (X) M,(X) ) MM, M,0 MM, M (M/EI+6)dX | [XM M, /EJdx
AB b X 0 0 0 0 X ,
, , 0+0 1/3Xb*/EJ
BA b b-x 0 0 0 0 b®-2bx+x
BCh -b+1/2x -3/4Fx 0 3/4Fbx-3/8Fx° 0 b-bx+1/4x> , ,
, , , ,| (L/4+0)Fb*/E] | 7/12Xb7/EJ
CBb |1/2b+1/2x| 3/4Fb-3/4Fx 0 3/8Fb>-3/8Fx 0 1/4b°+1/2bx+1/4x
CDb |-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
DCb 1/2x 3/4Fx Fb/EJ 3/8FX 1/2Fxb/EJ 1/4x
DE b 0 0 0 0 0 0
0+0 0
EDb 0 0 0 0 0 0
EFb 0 7/2Fb-4Fx+1/2qx°| 0 0 0 0
, 0+0 0
FEb 0 -3Fx-1/2gx 0 0 0 0
FCb 0 0 0 0 0 0
0+0 0
CFb 0 0 0 0 0 0
CGb 0 -2Fx 0 0 0 0
0+0 0
GCb 0 2Fb-2Fx 0 0 0 0
GH 2b 0 -Fb+1/2Fx 0 0 0 0
0+0 0
HG 2b 0 1/2Fx 0 0 0 0
HI 2b 0 2Fx-1/2gx° 0 0 0 0
, 0+0 0
IH 2b 0 -2Fb+1/2gx 0 0 0 0
IEDb 0 3Fb+1/2Fx 0 0 0 0
0+0 0
Elb 0 -7/12Fb+1/2Fx 0 0 0 0
A cedimento nodo -H,,u, Fb*/EJ
totali 13/8Fb*/EJ Xb¥EJ
iperstatica X=H, -13/8F
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



PROCEDIMENTO E RISULTATI 238387 ES>01.xxxx.052

L% =[(5m? ) b? VeI dx = [113 ¥b* | b? /E
=(1/3b) b’ VEI = 13 bY/EJ

L= (1 -2 xtb + X262 ) b2 VES dx = [ x- b +1/3 xb* | b? 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 bYEJ

L% = [2(1 - b +1/4 x2ib? ) b? UEI dx = [ x-1/2 xb +1/12 X702 || b? 1/E
=(b-1/2b+1/12 b ) b* 1/EJ = 7/12 b*/EJ

L% = [2(1/4 +1/2 xib +1/4 516 ) b2 1/EJ dx = [1/4 x +1/4 X2Ib +1/12 3167 ] b2 1/E
=(1U4b+1/4b+1/12b ) b® 1/EJ = 7/12 bE

L% = [2(1/4 -1/2 b +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 x8b +1/12 167 ] b7 1/E3
=(14b-1/4b+1/12b ) b> LEJ = 1/12 bYEJ

L% = [ (14 xib? ) b? UE dx = [1112 x0° | b7 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

1% = [} (3/4 x/b -3/8 x2b* ) Fb® 1/EJ dx = [3/8 xb -1/8 xb* | Fb? 1/E
=(3/8b-1/8b ) Fb® 1/EJ = 1/4 Fb%EJ

1% = [*(3/8 -3/8 x1b* ) Fb2 1/EJ dx = [3/8 x -1/8 x°Ib? ] Fb? 1/ES
=(3/8b-1/8b ) Fb* 1/EJ = 1/4 Fb%/EJ

1% = [7(3/8 -3/4 xib +3/8 x2b* ) Fb? 1/EI dx + [ (1/2-1/2x/b) 6 dx
= [318 x -3/8 xib +1/8 xb2 ]| Fb? 1/E3 + [1/2x-1/4x%b ] ©
=(3/8b-3/8b+1/8b ) Fb? 1/EJ + (1/2b-1/4b) 8 =3/8 Fb%/EJ

1% = ['(a/8 xb* ) Fb? UEI dx + [(-1/2 x/b ) @ dx = [1/8 0% | Fb? 1/E3 + [-1/4 %0 ] @
=(18b)Fp’1/EJ + (-1/4b) 6 =3/8 Fb%EJ

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

ES>01.xxxx.052

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 238485 ES>01.xxxx.053 PROCEDIMENTO E RISULTATI 238485 ES>01.xxxx.053

Quadro contributi PLV per iperstatica X=V

S M M, (X) ) MM, M,0 MM, [JM M /EI+8)dx | [XM,M /EJdx
AB b 2x -15/2Fx 0 -15Fx° 0 ax’ , .
, , , ,| (-B+O)FbY/EJ | 4/3Xb’/E
BAb [-2b+2x| 15/2Fb-15/2Fx 0 |-15Fb*+30Fbx-15Fx 0 4b*-8bx+4x
BCh 2b-x | -15/2Fb+3Fx 0 |-15Fb®+27/2Fbx-3Fx? 0 4°-4bx+x° . .
, , , , | (37/4+0)Fb/ET | 7I3XbIE
CBb -b-x 9/2Fb+3Fx 0 -9/2Fb®-15/2Fbx-3Fx 0 b“+2bx+x
CDb b-x -9/2Fb+9/2Fx  |-Fb/EJ| -9/2Fb®+9Fbx-9/2Fx’ | -Fb*/EJ+FXb/EJ| b*2bx+x> , ,
, , (-3/2-1/2)Fb*EJ | 1/3Xb*/EJ
DCb X 9/2Fx Fb/EJ -9/2Fx -FXb/EJ X
DEb 0 0 0 0 0 0
0+0 0
EDb 0 0 0 0 0 0
EFb 0 |7/2Fb-4Fx+1/2gx°| O 0 0 0
, 0+0 0
FEb 0 -3Fx-1/2gx 0 0 0 0
FChb 0 0 0 0 0 0
0+0 0
CFb 0 0 0 0 0 0
CGb 0 -2Fx 0 0 0 0
0+0 0
GCb 0 2Fb-2Fx 0 0 0 0
GH2b | © -Fb+1/2Fx 0 0 0 0
0+0 0
HG2b | © 1/2Fx 0 0 0 0
HI 2b 0 2Fx-1/2gx° 0 0 0 0
, 0+0 0
IH 2b 0 -2Fb+1/2qx 0 0 0 0
IE b 0 3Fb+1/2Fx 0 0 0 0
0+0 0
El b 0 -7/2Fb+1/2Fx 0 0 0 0
D cedimento nodo -H,,u, 2Fb’/EJ
totali -57/4Fb*/EJ AXbYEJ
iperstatica X=V 57/16F

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



PROCEDIMENTO E RISULTATI 238485 ES>01.xxxx.053 ES>01.xxxx.053

%= (a2 b 1E3 dx = [413 x0? ] b7 1/ES
=(4/3b) b* 1/EJ = 4/3 bYE

L= (4 -8 x/b +4 1% ) b” UEI dx = [4 x -4 X% +413 x1b? | b7 1/E]
=(4b-4b+4/3b) b* 1/EJ = 4/3 bYEJ

L% = [2(4 -4 x1b + x2b* ) b* VEI dx = [4 x -2 51 +1/3 X702 ] b 1/E
=(4b-2b+1/3b) b* 1/EJ =7/3 bY/EJ

L% = [2(1 +2 xib + x%b? ) b2 1/EJ dx = [ x + X% +1/3 X*/b? || b® 1/ES
=(b+b+1/3b)b*1EJ = 7/3 bYEJ

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

L% = [2( ) b2 13 dx = [1/3 b7 ] b? 1/E3
=(1/3b) b* 1/EJ = 1/3 bYEJ

1 = [°(-15 %16 ) Fb? 1/E3 dx =[5 xb* | Fb? 1/ES
=(-5b) Fb® 1/EJ = -5 FbY/EJ

1 = [ (-15 +30 x/b -15 X¥/b? ) Fb? VEJ dx = [-15 x +15 x%/b -5 xb* | Fb? 1/E9
=(-15b+15b-5b ) Fb® 1/EJ =-5 Fb%/EJ

18 = [(-15 +27/2 xib -3 XIb? ) Fb? VED dx = [-15 x +27/4 x2Ib - x*/b? || Fb? 1/E3
=(-15b +27/4b-b ) Fb* 1/EJ = -37/4 Fb*/EJ

1% = [(-0/2 -15/2 x/b -3 X2/ ) Fb? 1/EJ dx = [-9/2 x -15/4 X%/b - X2 | Fb? 1/E
=(-92b-15/4b-b ) Fb* 1/EJ = -37/4 Fb/EJ

10 = ['(-0/2 +9 x/b -0/2 x2b* ) Fb® EI dx + J.(-1+xb ) © dx
=[-02 x +912 ¥ -312 xb* | Fb? WED + [-x +1/2xb ] 6
=(-92b+9/2b-312b) Fb? /EJ +(-b+1/2b) 8 =-2 FbY/EJ

1 = [ (-02 0% ) Fb? BT dx + [ (b ) 8 dx = [-32 0% ] Fb? ES + [172x0 ] 0
=(-32b) Fo® 1EJ + (1/2b) 8 =-2 FbY/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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AZIONI INTERNE 238298 ES>01.xxxx.069 PROCEDIMENTO E RISULTATI 238298 ES>01.xxxx.069
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PROCEDIMENTO E RISULTATI 238298

ES>01.xxxx.069

Quadro contributi PLV per iperstatica X=H,

PROCEDIMENTO E RISULTATI 238298

ES>01.xxxx.069

- M, (X) M, (%) ] MM, M, 0 MM, M (M /EI+8)dx |[XM M, /EJdx
AB b X 0 0 0 0 X ,
, , 0+0 1/3Xb*/EJ
BA b b-x 0 0 0 0 b®-2bx+x
BCh -b+1/2x -5/4Fx  |-Fb/EJ 5/4Fbx-5/8Fx Fb?/EJ-1/2FXb/EJ b-bx+1/4x> . ,
, , , , | (5/12+3/4)Fb’/EJ | 7/12Xb’/EJ
CBb |1/2b+1/2x | 5/4Fb-5/4Fx | Fb/EJ 5/8Fb*-5/8FX 1/2Fb*/EJ+1/2FXb/EJ | 1/40°+1/2bx+1/4X
CDb |-1/2b+1/2x|-3/4Fb+3/4Fx| 0O |3/8Fb*3/4Fbx+3/8FX’ 0 1/4b%-1/2bx+1/4x° , ,
, , (1/8+0)FbYEJ | 1/12XbYEJ
DCb 1/2x 3/4Fx 0 3/8Fx 0 1/4x
DE b 0 12Fx-1/2qX° | 0 0 0 0
, 0+0 0
EDDb 0 -1/2Fx+1/2gx 0 0 0 0
EF b 0 712Fb-7/2Fx | 0O 0 0 0
0+0 0
FE b 0 -712Fx 0 0 0 0
FCb 0 1/2Fx 0 0 0 0
0+0 0
CEb 0 -1/2Fb+1/2Fx| 0O 0 0 0
CGb 0 -2Fx 0 0 0 0
0+0 0
GCb 0 2Fb-2Fx 0 0 0 0
GH 2b 0 -Fb+1/2Fx 0 0 0 0
0+0 0
HG 2b 0 1/2Fx 0 0 0 0
HI 2b 0 2Fx-1/2gx° 0 0 0 0
, 0+0 0
IH 2b 0 -2Fb+1/2gx 0 0 0 0
IEDb 0 3Fb+1/2Fx 0 0 0 0
0+0 0
Elb 0 -7I2Fb+1/2Fx| 0O 0 0 0
D cedimento nodo -H,,u, -Fb/EJ
totali 7124Fb%EJ Xb¥EJ
iperstatica X=H, -7124F
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



PROCEDIMENTO E RISULTATI 238298 ES>01.xxxx.069 ES>01.xxxx.069

L% =[(5m? ) b? VeI dx = [113 ¥b* | b? /E
=(1/3b) b’ VEI = 13 bY/EJ

L= (1 -2 xtb + X262 ) b2 VES dx = [ x- b +1/3 xb* | b? 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 bYEJ

L% = [2(1 - b +1/4 x2ib? ) b? UEI dx = [ x-1/2 xb +1/12 X702 || b? 1/E
=(b-1/2b+1/12 b ) b* 1/EJ = 7/12 b*/EJ

L% = [2(1/4 +1/2 xib +1/4 516 ) b2 1/EJ dx = [1/4 x +1/4 X2Ib +1/12 3167 ] b2 1/E
=(1U4b+1/4b+1/12b ) b® 1/EJ = 7/12 bE

L% = [2(1/4 -1/2 b +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 x8b +1/12 167 ] b7 1/E3
=(14b-1/4b+1/12b ) b> LEJ = 1/12 bYEJ

L% = [ (14 xib? ) b? UE dx = [1112 x0° | b7 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

1% = [(5/4 x/b -5/8 x2ib* ) Fb* VEI dx + [ (1-1/2xIb ) © dx
= [5/8 %1 5124 16 | Fo? 1/E3 + [ x-1/4 xb ] 0
=(5/8b-5/24b ) Fb’ 1/EJ +(b-1/4b) 8 =7/6 FbYE]

1% = [*(5/8 -5/8 xib? ) Fb? VEI dx + [(-1/2-1/2 x1b ) © dx
= [518 x -5124 X |, Fb? 1ED + [-12x -4 X% ] @
=(5/8b-5/24b) Fb’ 1/EJ +(-1/2b-1/4b ) 6 =7/6 Fb*/EJ

10 = [[(3/8 314 xib +3/8 x/b” ) Fb? VEJ dx = [3/8 x -3/8 X2/ +1/8 xb | Fb* 1/EJ
=(3/8b-3/8b+1/8b ) Fb® 1/EJ = 1/8 Fb/EJ

1% = ['(a/8 x2b* ) Fb? 1/E3 dx = [1/8 xib* ] Fb? 1/E3
=(1/8b) Fb® 1/EJ = 1/8 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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AZIONI INTERNE 238991 ES>01.xxxx.080 PROCEDIMENTO E RISULTATI 238991 ES>01.xxxx.080
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PROCEDIMENTO E RISULTATI 238991

ES>01.xxxx.080

Quadro contributi PLV per iperstatica X=H,

PROCEDIMENTO E RISULTATI 238991

ES>01.xxxx.080

- M, (X) M, (%) 6 MM, M, 0 MM, M (M/EI+B)dX | [XM M, /EJdx
AB b X 0 -Fb/EJ 0 Fxb/EJ X , ,
, , , (0+1/2)Fb*/EJ | 1/3Xb*/EJ
BAD b-x 0 Fb/EJ 0 Fb’/EJ-FXb/EJ b2-2bx+x
BCh -b+1/2x -3/4Fx 0 3/4Fbx-3/8Fx 0 b-bx+1/4x> , ,
, , , ,| (UA+0)FO’/E] | 7/12Xb7/EJ
CBb |1/2b+1/2x| 3/4Fb-3/4Fx 0 3/8Fb*-3/8FX 0 1/4b°+1/2bx+1/4x
CDb |-1/2b+1/2x| -3/4Fb+3/4Fx 0 |3/8Fb°-3/4Fbx+3/8Fx> 0 1/4b%-1/2bx+1/4x° , ,
, , (1/8+0)Fb%/EJ | 1/12Xb%EJ
DChb 1/2x 3/4Fx 0 3/8Fx 0 1/4x
DEb 0 0 0 0 0 0
0+0 0
EDb 0 0 0 0 0 0
EF b 0 13/4Fb-13/4Fx 0 0 0 0
0+0 0
FE b 0 -13/4Fx 0 0 0 0
FCb 0 0 0 0 0 0
0+0 0
CEb 0 0 0 0 0 0
CGb 0 -3Fx+1/2gx° 0 0 0 0
, 0+0 0
GCb 0 5/2Fb-2Fx-1/29x°| 0 0 0 0
GH 2b 0 -3/2Fb+3/4Fx 0 0 0 0
0+0 0
HG 2b 0 3/4Fx 0 0 0 0
HI 2b 0 2Fx-1/2gx° 0 0 0 0
, 0+0 0
IH 2b 0 -2Fb+1/2qx 0 0 0 0
IEDb 0 3Fb+1/4Fx 0 0 0 0
0+0 0
Elb 0 -13/4Fb+1/4Fx 0 0 0 0
A cedimento nodo -H,,u, Fb*/EJ
totali 15/8Fb*/EJ Xb¥EJ
iperstatica X=H, -15/8F
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



PROCEDIMENTO E RISULTATI 238991 ES>01.xxxx.080

L% =[(5m? ) b? VeI dx = [113 ¥b* | b? /E
=(1/3b) b’ VEI = 13 bY/EJ

L= (1 -2 xtb + X262 ) b2 VES dx = [ x- b +1/3 xb* | b? 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 bYEJ

L% = [2(1 - b +1/4 x2ib? ) b? UEI dx = [ x-1/2 xb +1/12 X702 || b? 1/E
=(b-1/2b+1/12 b ) b* 1/EJ = 7/12 b*/EJ

L% = [2(1/4 +1/2 xib +1/4 516 ) b2 1/EJ dx = [1/4 x +1/4 X2Ib +1/12 3167 ] b2 1/E
=(1U4b+1/4b+1/12b ) b® 1/EJ = 7/12 bE

L% = [2(1/4 -1/2 b +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 x8b +1/12 167 ] b7 1/E3
=(14b-1/4b+1/12b ) b> LEJ = 1/12 bYEJ

L% = [ (14 xib? ) b? UE dx = [1112 x0° | b7 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

L= [(xb) 6 dx=[12xb] 0
=(12b)6 =1/2 FbYEJ

1= [(-1+xb) 6 dx=[-x+12xm] 6
=(-b+1/2b) 6 =1/2 FbYEJ

1% = [*(314 xtb -3/8 x2b* ) Fb? 1/E3 dx = [3/8 xb -1/8 x°/b? ] Fb? 1/E3
=(3/8b-1/8b ) Fb’ 1/EJ = 1/4 Fb%/EJ

1% = [(3/8 -3/8 x2b* ) Fb* 1/EJ dx = [3/8 x -1/8 x°/b? || Fb? 1/
=(3/8b-1/8b ) Fb’ 1/EJ = 1/4 Fb%/EJ

1% = [\ (3/8 -3/4 xib +3/8 x/b” ) Fb? VEJ dx = [3/8 x -3/8 X2/ +1/8 xb* | Fb® 1/E
=(3/8b-3/8 b +1/8 b ) Fb* 1/EJ = 1/8 Fb’/EJ

1% = [2(3/8 x1b? ) Fb* 1/EJ dx = [1/8 x*b? ], Fb? 1/E3
=(1/8b) Fb® L/EJ =1/8 FbYEJ

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

12.12.25

PROCEDIMENTO E RISULTATI 236427

ES>01.xxxx.084

@

lu

Schema di calcolo iperstatico

C 3 M, flessione da iperstatica X=1
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 236427

ES>01.xxxx.084

Quadro contributi PLV per iperstatica X=H,

PROCEDIMENTO E RISULTATI 236427

ES>01.xxxx.084

- M, (X) M, (%) ) MM, M,0 MM, M (M/EI+B)dx | [XM M, /EJdx
AB b X 0 0 0 0 X ,
, , 0+0 1/3Xb*/EJ
BA b b-x 0 0 0 0 b®-2bx+x
BCh -b+1/2x -1/2Fx -Fb/EJ 1/2Fbx-1/4Fx° Fb’/EJ-1/2FXb/EJ b-bx+1/4x> , ,
, , , , | (1/6+3/4)Fb’/ET | 7/12Xb’/EJ
CBb |1/2b+1/2x 1/2Fb-1/2Fx Fb/EJ 1/4Fb?-1/4FX 1/2Fb*/EJ+1/2FXb/EJ | 1/40°+1/2bx+1/4X
CDb |-1/2b+1/2x|  -1/2Fb+1/2Fx 0 |1/4Fb*-1/2Fbx+1/4FX? 0 1/4b%-1/2bx+1/4x , ,
, , (1/12+0)Fb*/EJ | 1/12Xb*/EJ
DChb 1/2x 1/2Fx 0 1/4Fx 0 1/4x
DEb 0 0 0 0 0 0
0+0 0
EDb 0 0 0 0 0 0
EFb 0 9/4Fb-11/4Fx+1/2gx°| 0 0 0 0
, 0+0 0
FEb 0 -7T14Fx-1/2gx 0 0 0 0
FCb 0 0 0 0 0 0
0+0 0
CFb 0 0 0 0 0 0
CGb 0 -Fx+1/2gx° 0 0 0 0
, 0+0 0
GCb 0 1/2Fb-1/2qx 0 0 0 0
GH 2b 0 1/2Fb-1/4Fx 0 0 0 0
0+0 0
HG 2b 0 -1/4Fx 0 0 0 0
HI 2b 0 0 0 0 0 0
0+0 0
IH 2b 0 0 0 0 0 0
IEDb 0 Fb+5/4Fx 0 0 0 0
0+0 0
Elb 0 -9/4Fb+5/4Fx 0 0 0 0
A cedimento nodo -H,,u, Fb*/EJ
totali 2FbYEJ Xb¥EJ
iperstatica X=H, -2F
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



PROCEDIMENTO E RISULTATI 236427 ES>01.xxxx.084 ES>01.xxxx.084

L% =[(5m? ) b? VeI dx = [113 ¥b* | b? /E
=(1/3b) b’ VEI = 13 bY/EJ

L= (1 -2 xtb + X262 ) b2 VES dx = [ x- b +1/3 xb* | b? 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 bYEJ

L% = [2(1 - b +1/4 x2ib? ) b? UEI dx = [ x-1/2 xb +1/12 X702 || b? 1/E
=(b-1/2b+1/12 b ) b* 1/EJ = 7/12 b*/EJ

L% = [2(1/4 +1/2 xib +1/4 516 ) b2 1/EJ dx = [1/4 x +1/4 X2Ib +1/12 3167 ] b2 1/E
=(1U4b+1/4b+1/12b ) b® 1/EJ = 7/12 bE

L% = [2(1/4 -1/2 b +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 x8b +1/12 167 ] b7 1/E3
=(14b-1/4b+1/12b ) b> LEJ = 1/12 bYEJ

L% = [ (14 xib? ) b? UE dx = [1112 x0° | b7 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

1% = [*(1/2 xib -1/4 x2b* ) Fb* VEI dx + [ (1-1/2xIb ) © dx
= [wa 10 -112 10? ], Fo? 1S + [ x-1/4 xb ] 0
=(1/ab-1/12b) Fb*1/EJ + (b-1/4b) 6 =11/12 FbYEJ

1 = [(14 -1/4 xi0? ) Fb? VBT dx + [ (-1/2-1/2 x1b ) © dx
= [vax-112 502 ], Fo? 1ED + [-12x-14 X ] 6
=(vab-112b) Fo* VEJ + (-1/2b-1/4b) 8 =11/12 FbYEJ

1% = [2(1/4 -1/2 xib +1/4 x21b* ) Fb? VEJ dx = [1/4 x -1/4 X¥Jb +1/12 xib? | Fb? 1/E3
=(1/4b-1/4b+1/12b ) Fb”> 1/EJ = 1/12 Fb*/EJ

1% = [2(v/a xb? ) Fb? 1/ED dx = [1/12 X2 ] Fb? 1/E
=(112b) Fb® 1/EJ = 1/12 FbYEJ

@ 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

PROCEDIMENTO E RISULTATI 237504

ES>01.xxxx.086

lu

@

H

-1/2

I ,\b o 12 | 12 o
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0 /4 9l4

C 3 M, flessione da carichi assegnati

q
Schema di calcolo iperstatico
0
o
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-1 -2 | -12
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| |
‘ o
0 0

C 3 M, flessione da iperstatica X=1

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

12.12.25



PROCEDIMENTO E RISULTATI 237504

ES>01.xxxx.086

Quadro contributi PLV per iperstatica X=H,

PROCEDIMENTO E RISULTATI 237504

ES>01.xxxx.086

- M, (X) M, (%) ) MM, M,0 MM, M (M/EI+8)dX | [XM M, /EJdx
AB b X 0 -Fb/EJ 0 Fxb/EJ X , ,
, , , (0+1/2)Fb*/EJ | 1/3Xb*/EJ
BAD b-x 0 Fb/EJ 0 Fb’/EJ-FXb/EJ b2-2bx+X
BCh -b+1/2x -1/2Fx 0 1/2Fbx-1/4Fx° 0 b-bx+1/4x> , ,
, , , ,| (U6+0)FbY/EJ | 7/12Xb/E
CBb |1/2b+1/2x 1/2Fb-1/2Fx 0 1/4Fb°-1/4FX 0 1/40°+1/2bx+1/4X
CDb |-1/2b+1/2x|  -1/2Fb+1/2Fx 0 |1/4Fb*-1/2Fbx+1/4FX? 0 1/4b%-1/2bx+1/4x° , ,
, , (1/12+0)Fb*/EJ | 1/12Xb*/EJ
DChb 1/2x 1/2Fx 0 1/4Fx 0 1/4x
DEb 0 0 0 0 0 0
0+0 0
EDb 0 0 0 0 0 0
EFb 0 9/4Fb-11/4Fx+1/2gx°| 0 0 0 0
, 0+0 0
FEb 0 -7T14Fx-1/2gx 0 0 0 0
FCb 0 0 0 0 0 0
0+0 0
CFb 0 0 0 0 0 0
CGb 0 -Fx+1/2gx° 0 0 0 0
, 0+0 0
GCb 0 1/2Fb-1/2qx 0 0 0 0
GH 2b 0 1/2Fb-1/4Fx 0 0 0 0
0+0 0
HG 2b 0 -1/4Fx 0 0 0 0
HI 2b 0 0 0 0 0 0
0+0 0
IH 2b 0 0 0 0 0 0
IEDb 0 Fb+5/4Fx 0 0 0 0
0+0 0
Elb 0 -9/4Fb+5/4Fx 0 0 0 0
A cedimento nodo -H,,u, Fb*/EJ
totali 7/14Fb%EJ Xb¥EJ
iperstatica X=H, -7/14F
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



PROCEDIMENTO E RISULTATI 237504 ES>01.xxxx.086

L% =[(5m? ) b? VeI dx = [113 ¥b* | b? /E
=(1/3b) b’ VEI = 13 bY/EJ

L= (1 -2 xtb + X262 ) b2 VES dx = [ x- b +1/3 xb* | b? 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 bYEJ

L% = [2(1 - b +1/4 x2ib? ) b? UEI dx = [ x-1/2 xb +1/12 X702 || b? 1/E
=(b-1/2b+1/12 b ) b* 1/EJ = 7/12 b*/EJ

L% = [2(1/4 +1/2 xib +1/4 516 ) b2 1/EJ dx = [1/4 x +1/4 X2Ib +1/12 3167 ] b2 1/E
=(1U4b+1/4b+1/12b ) b® 1/EJ = 7/12 bE

L% = [2(1/4 -1/2 b +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 x8b +1/12 167 ] b7 1/E3
=(14b-1/4b+1/12b ) b> LEJ = 1/12 bYEJ

L% = [ (14 xib? ) b? UE dx = [1112 x0° | b7 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

L= [(xb) 6 dx=[12xb] 0
=(12b)6 =1/2 FbYEJ

1= [(-1+xb) 6 dx=[-x+12xm] 6
=(-b+1/2b) 6 =1/2 FbYEJ

18 = [(1/2 xtb -1/4 x2b* ) Fb? 1/EJ dx = [1/4 xb -1/12 X2 | Fb? 1/E3
=(14b-1/12b ) Fb* 1EJ = 1/6 Fb’/EJ

1% = [2(1/a 174 x2b? ) Fb? 1/ED dx = [1/4 x -1/12 b | Fb? 1/E
=(14b-1/12b) Fb* 1/EJ = 1/6 Fb%/EJ

1 = [2(1/4 -1/2 xib +1/4 x2Ib* ) Fb? VE dx = [ 1/4 x -1/4 X +1/12 xib? | Fb? 1/E3
=(1/4b-1/4b+1/12b ) Fb* 1/EJ = 1/12 Fb%EJ

1 = [2(1/a xi0? ) Fb? 1D dx = [1/12 xb* | Fb2 1/E
=(1/12b) Fb® LEJ = 1/12 FbYEJ

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

ES>01.xxxx.086

@ 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

PROCEDIMENTO E RISULTATI 239159

ES>01.xxxx.089
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Schema di calcolo iperstatico
P C 3 M, flessione da carichi assegnati
0 0
o ‘ o
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Wﬂﬂm& |
-1 -1/2 -1/2 © I
[ © I |
| | |
| I |
| I |
| I |
| o |
| © o
0 00 0
C 3 M, flessione da iperstatica X=1
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25



PROCEDIMENTO E RISULTATI 239159

ES>01.xxxx.089

Quadro contributi PLV per iperstatica X=H,

PROCEDIMENTO E RISULTATI 239159

ES>01.xxxx.089

- M, (X) M, (%) ) MM, M, 0 MM, M (M/EI+6)dX |[XM M, /EJdx
AB b X 0 0 0 0 X ,
, , 0+0 1/3Xb*/EJ
BA b b-x 0 0 0 0 b*-2bx+x
BCh -b+1/2x -1/2Fx 0 1/2Fbx-1/4Fx° 0 b-bx+1/4x> , ,
, , , ,| (U6+0)Fb/EJ | 7/12Xb’/EJ
CBb |1/2b+1/2x 1/2Fb-1/2Fx 0 1/4Fb°-1/4FX 0 1/4b*+1/2bx+1/4x
CDb |-1/2b+1/2x|  -1/2Fb+1/2Fx  |-Fb/EJ|1/4Fb*1/2Fbx+1/4FX?| 1/2Fb°/EJ-1/2FXbIE]| 1/4b*1/2bx+1/4X> , ,
, , (1/12+1/4)FB%/EJ| 1/12XbY/EJ
DChb 1/2x 1/2Fx Fb/EJ 1/4Fx 1/2Fxb/EJ 1/4x
DE b 0 0 0 0 0 0
0+0 0
EDb 0 0 0 0 0 0
EFb 0 9/4Fb-11/4Fx+1/2gx°| 0 0 0 0
, 0+0 0
FEb 0 -7T14Fx-1/2gx 0 0 0 0
FCb 0 0 0 0 0 0
0+0 0
CFb 0 0 0 0 0 0
CGb 0 -Fx+1/2gx° 0 0 0 0
, 0+0 0
GCb 0 1/2Fb-1/2qx 0 0 0 0
GH 2b 0 1/2Fb-1/4Fx 0 0 0 0
0+0 0
HG 2b 0 -1/4Fx 0 0 0 0
HI 2b 0 0 0 0 0 0
0+0 0
IH 2b 0 0 0 0 0 0
IEDb 0 Fb+5/4Fx 0 0 0 0
0+0 0
Elb 0 -9/4Fb+5/4Fx 0 0 0 0
D cedimento nodo -H,,u, -Fb/EJ
totali -1/2Fb%/EJ Xb¥EJ
iperstatica X=H, 1/2F
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
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PROCEDIMENTO E RISULTATI 239159 ES>01.xxxx.089

L% =[(5m? ) b? VeI dx = [113 ¥b* | b? /E
=(1/3b) b’ VEI = 13 bY/EJ

L= (1 -2 xtb + X262 ) b2 VES dx = [ x- b +1/3 xb* | b? 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 bYEJ

L% = [2(1 - b +1/4 x2ib? ) b? UEI dx = [ x-1/2 xb +1/12 X702 || b? 1/E
=(b-1/2b+1/12 b ) b* 1/EJ = 7/12 b*/EJ

L% = [2(1/4 +1/2 xib +1/4 516 ) b2 1/EJ dx = [1/4 x +1/4 X2Ib +1/12 3167 ] b2 1/E
=(1U4b+1/4b+1/12b ) b® 1/EJ = 7/12 bE

L% = [2(1/4 -1/2 b +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 x8b +1/12 167 ] b7 1/E3
=(14b-1/4b+1/12b ) b> LEJ = 1/12 bYEJ

L% = [ (14 xib? ) b? UE dx = [1112 x0° | b7 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

1% = [2(1/2 x/b -1/4 x2b* ) Fb? 1/ED dx = [1/4 xb -1/12 x1b? | Fb? 1/E3
=(1/4b-1/12b) Fb® 1/EJ = 1/6 Fb%EJ

1% = ["(14 -1/4 xi0* ) Fb? 1D dx = [1/4 x -1/12 X2 | Fbo? 1/E3
=(14b-1/12b) Fb* 1/EJ = 1/6 Fb%/EJ

1 = [2(1/4 -1/2 xib +1/4 x2b* ) Fo? 1EI dx + [ (12 -1/2 x1b ) 6 dx
= [1/4 x 14 xb +1/12 X% | Fb* VES + [1/2 x-1/4 xb | ©
=(1/ab-14b+1/12b) Fo? 1/EJ + (1/2b-1/4b) 6 =1/3 FbYEI

1% = [0 (vaxib? ) Fo? eI dx + [[(-12 x/b ) 8 dx = [1/12 02 ] Fo? /€S + [-1/4 %0 ] @
=(112b) Fo® 1/E3 + (-1/4b) 8 =1/3 Fb%EJ

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

ES>01.xxxx.089

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

12.12.25
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PROCEDIMENTO E RISULTATI 238705

ES>01.xxxx.090

lu

H

= q
U/\/‘/‘/H/U/‘/‘/H/\/U/‘/H/U/D
B
7
A X :
— )
E 4
N ul
Schema di calcolo iperstatico
0 0
o | o
|
|
|
|
|
(1T — \
-1 - -1/2 o I
[ B I |
| | |
| I |
| I |
| | |
| o |
‘ o o
0 00 0

C 3 M, flessione da iperstatica X=1

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 238705
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Quadro contributi PLV per iperstatica X=H,

PROCEDIMENTO E RISULTATI 238705

ES>01.xxxx.090

- M, (X) M, (X) ) MM, M,0 MM, JM (M /EI+8)dx | [XM, M, /EJdx
ABb X 0 0 0 0 X ,
, , 0+0 1/3Xb%EJ
BADb b-x 0 0 0 0 b®-2bx+x
BChb -b+1/2x -1/2Fx -Fb/EJ 1/2Fbx-1/4Fx° Fb%/EJ-1/2FXb/EJ bZ-bx+1/4x° , ,
, , , , ,| (U6+3/14)Fb/EY | 7/12Xb7/E]
CBb [1/2b+1/2x| 1/2Fb-1/2Fx | Fb/EJ 1/4Fb*-1/4Fx 1/2Fb*/EJ+1/2FXb/E] | 1/4b°+1/2bx+1/4x
CDb |-1/2b+1/2x|-1/2Fb+Fx-1/2gx°| 0 |1/4Fb*-3/4Fbx+3/4Fx’-1/4gx° 0 1/4b°-1/2bx+1/4%° , ,
, , , (1/16+0)Fb*/EJ | 1/12Xb*/EJ
DCb 1/2x 1/2gx 0 1/4gx 0 1/4x
DE b 0 0 0 0 0 0
0+0 0
EDb 0 0 0 0 0 0
EFb 0 9/4Fb-9/4Fx 0 0 0 0
0+0 0
FEb 0 -9/4Fx 0 0 0 0
FCb 0 0 0 0 0 0
0+0 0
CFb 0 0 0 0 0 0
CGb 0 -Fx+1/2gx° 0 0 0 0
, 0+0 0
GChb 0 1/2Fb-1/2qx 0 0 0 0
GH 2b 0 1/2Fb-1/4Fx 0 0 0 0
0+0 0
HG 2b 0 -1/4Fx 0 0 0 0
HI 2b 0 0 0 0 0 0
0+0 0
IH 2b 0 0 0 0 0 0
IEb 0 Fb+5/4Fx 0 0 0 0
0+0 0
Elb 0 -9/4Fb+5/4Fx 0 0 0 0
D cedimento nodo -H,,u, -Fb/EJ
totali -1/48Fb%EJ Xb*/EJ
iperstatica X=H, 1/48F

@ 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
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PROCEDIMENTO E RISULTATI 238705 ES>01.xxxx.090

L% =[(5m? ) b? VeI dx = [113 ¥b* | b? /E
=(1/3b) b’ VEI = 13 bY/EJ

L= (1 -2 xtb + X262 ) b2 VES dx = [ x- b +1/3 xb* | b? 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 bYEJ

L% = [2(1 - b +1/4 x2ib? ) b? UEI dx = [ x-1/2 xb +1/12 X702 || b? 1/E
=(b-1/2b+1/12 b ) b* 1/EJ = 7/12 b*/EJ

L% = [2(1/4 +1/2 xib +1/4 516 ) b2 1/EJ dx = [1/4 x +1/4 X2Ib +1/12 3167 ] b2 1/E
=(1U4b+1/4b+1/12b ) b® 1/EJ = 7/12 bE

L% = [2(1/4 -1/2 b +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 x8b +1/12 167 ] b7 1/E3
=(14b-1/4b+1/12b ) b> LEJ = 1/12 bYEJ

L% = [ (14 xib? ) b? UE dx = [1112 x0° | b7 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

1% = [*(1/2 xib -1/4 x2b* ) Fb* VEI dx + [ (1-1/2xIb ) © dx
= [wa 10 -112 10? ], Fo? 1S + [ x-1/4 xb ] 0
=(1/ab-1/12b) Fb*1/EJ + (b-1/4b) 6 =11/12 FbYEJ

1 = [(14 -1/4 xi0? ) Fb? VBT dx + [ (-1/2-1/2 x1b ) © dx
= [vax-112 502 ], Fo? 1ED + [-12x-14 X ] 6
=(vab-112b) Fo* VEJ + (-1/2b-1/4b) 8 =11/12 FbYEJ

10 = [ (1/4 314 xib +3/4 x2Ib? -1/4 Xb° ) Fb? 1/EJ dx
= [1/4 x -3/8 X1 +1/4 X312 -1/16 x'1b° | Fb? 1/E
=(1/4b-3/8b +1/4 b -1/16 b ) Fb® 1/EJ = 1/16 Fb*/EJ

1% = [2(1/a xb° ) Fb? 1/EJ dx = [1/16 xb° ], Fb? 1/E
=(1/16 b ) Fb® 1/EJ = 1/16 Fb*/EJ

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

ES>01.xxxx.090
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PROCEDIMENTO E RISULTATI 210287 ES>01.xxxx.091
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Schema di calcolo iperstatico
P C 3 M, flessione da carichi assegnati
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C 3 M, flessione da iperstatica X=1
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25



PROCEDIMENTO E RISULTATI 210287 ES>01.xxxx.091 PROCEDIMENTO E RISULTATI 210287

ES>01.xxxx.091

Quadro contributi PLV per iperstatica X=H,

- M, (X) M, (X) 6 M,M, M,0 MM, M (M/EI+B)dX | [XM M, /EJdx
AB b X 0 0 0 0 X ,
, , 0+0 1/3Xb%/EJ
BA b b-x 0 0 0 0 b*-2bx+x
BCh -b+1/2x -Fx -F/EJ Fbx-1/2Fx° Fb’/EJ-1/2FXb/EJ b-bx+1/4x> , ,
, , , , | (U/3+3/14)Fb/EY | 7112Xb7/E]
CBb |1/2b+1/2x Fb-Fx Fb/EJ| 1/2F0*1/2FX | 1/2FbYEJ+1/2FXb/ED | 1/4b%+1/2bx+1/4X
CDb |-1/2b+1/2x -Fb+Fx 0 |1/2Fb*Fox+1/2Fx? 0 1/4b%-1/2bx+1/4x , ,
, , (1/6+0)FbYEI | 1/12XbYEJ
DCb 1/2x Fx 0 1/2Fx 0 1/4x
DEb 0 0 0 0 0 0
0+0 0
EDb 0 0 0 0 0 0
EF b 0 11/4Fb-11/4Fx 0 0 0 0
0+0 0
FE b 0 -11/4Fx 0 0 0 0
FChb 0 0 0 0 0 0
0+0 0
CFb 0 0 0 0 0 0
CGb 0 -Fx+1/2qx° 0 0 0 0
, 0+0 0
GCb 0 1/2Fb-1/2gx 0 0 0 0
GH 2b 0 1/2Fb-1/4Fx 0 0 0 0
0+0 0
HG 2b 0 -1/4Fx 0 0 0 0
HI 2b 0 0 0 0 0 0
0+0 0
IH 2b 0 0 0 0 0 0
IEb 0 Fb+5/4Fx+1/2gx> 0 0 0 0
, 0+0 0
El b 0 -11/4Fb+9/4Fx-1/2gx°| 0 0 0 0
A cedimento nodo -H,,u, Fb*/EJ
totali 9/4Fb%EJ Xb¥EJ
iperstatica X=H, -9/4F

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
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PROCEDIMENTO E RISULTATI 210287 ES>01.xxxx.091 ES>01.xxxx.091

L% =[(5m? ) b? VeI dx = [113 ¥b* | b? /E
=(1/3b) b’ VEI = 13 bY/EJ

L= (1 -2 xtb + X262 ) b2 VES dx = [ x- b +1/3 xb* | b? 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 bYEJ

L% = [2(1 - b +1/4 x2ib? ) b? UEI dx = [ x-1/2 xb +1/12 X702 || b? 1/E
=(b-1/2b+1/12 b ) b* 1/EJ = 7/12 b*/EJ

L% = [2(1/4 +1/2 xib +1/4 516 ) b2 1/EJ dx = [1/4 x +1/4 X2Ib +1/12 3167 ] b2 1/E
=(1U4b+1/4b+1/12b ) b® 1/EJ = 7/12 bE

L% = [2(1/4 -1/2 b +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 x8b +1/12 167 ] b7 1/E3
=(14b-1/4b+1/12b ) b> LEJ = 1/12 bYEJ

L% = [ (14 xib? ) b? UE dx = [1112 x0° | b7 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

1% = [[(xtb -1/2 x1b? ) Fb? 1/EI dx + [(1-1/2 b ) @ dx
= [1/2 X1 -116 xib? ] Fb? 1ED + [ x-1/4 b ] 0
=(12b-1/6b) Fb’ /EJ +(b-1/4b) 6 =13/12 Fb’/EJ

L = ['(112 -1/2 0% ) Fb? VBT dx + [(-1/2-1/2 x1b ) © dx
= [12 x-16 b* ] Fb? VES + [-1/2 x-1/4 x2b ]| ©
=(12b-v6b) Fb* 1VEJ + (-1/2b-1/4b) 8 =13/12 FbYEJ

10 = [2(1/2 - xtb +1/2 1% ) Fio? 1/EJ dx = [1/2 x -1/2 x2Ib +1/6 x1b? ] Fb? 1/E3
=(1/2b-1/2b+1/6 b ) Fb® 1/EJ = 1/6 Fb/EJ

1% = [2(1/2 X6 ) Fo? 1763 dx = [1/6 xb* ] Fb? 1/E3
=(1/6 b ) 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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Schema di calcolo iperstatico
P C 3 M, flessione da carichi assegnati
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PROCEDIMENTO E RISULTATI 955615 ES>01.xxxx.096 PROCEDIMENTO E RISULTATI 955615

ES>01.xxxx.096

Quadro contributi PLV per iperstatica X=H,

- M, (X) M, (X) 6 M,M, M,0 MM, M (M /EJ+8)dx | [XM, M, /EJdx
AB b X 0 0 0 0 ' ,
, , 0+0 1/3Xb%EJ
BA b b-x 0 0 0 0 b°-2bx+x
BCh -b+1/2x -Fx 0 Fbx-1/2Fx° 0 b2-bx+1/4x> , ,
, , , ,| (U3+0)FBY/ET | 7/12Xb7/E]
CBb |1/2b+1/2x Fb-Fx 0 1/2Fb*-1/2Fx 0 1/4b%+1/2bx+1/4x
CDb |-1/2b+1/2x -Fb+Fx -FO/EJ| 1/2Fb*-Fbx+1/2Fx? | 1/2Fb*/EJ-1/2Fxb/EJ | 1/40°-1/2bx+1/4%° , ,
, , (1/6+1/4)FbYEI | 1/12Xb*/EJ
DCb 1/2x Fx Fb/EJ 1/2Fx 1/2Fxb/EJ 1/4x
DEb 0 0 0 0 0 0
0+0 0
EDb 0 0 0 0 0 0
EFb 0 11/4Fb-11/4Fx 0 0 0 0
0+0 0
FE b 0 -11/4Fx 0 0 0 0
FChb 0 0 0 0 0 0
0+0 0
CFb 0 0 0 0 0 0
CGb 0 -Fx+1/2qx° 0 0 0 0
, 0+0 0
GCb 0 1/2Fb-1/2gx 0 0 0 0
GH 2b 0 1/2Fb-1/4Fx 0 0 0 0
0+0 0
HG 2b 0 -1/4Fx 0 0 0 0
HI 2b 0 0 0 0 0 0
0+0 0
IH 2b 0 0 0 0 0 0
IEb 0 Fb+5/4Fx+1/2gx> 0 0 0 0
, 0+0 0
El b 0 -11/4Fb+9/4Fx-1/2gx°| 0 0 0 0
D cedimento nodo -H,,u, -Fb/EJ
totali -1/4Fb%EJ Xb¥EJ
iperstatica X=H, 1/4F

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
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PROCEDIMENTO E RISULTATI 955615 ES>01.xxxx.096

L% =[(5m? ) b? VeI dx = [113 ¥b* | b? /E
=(1/3b) b’ VEI = 13 bY/EJ

L= (1 -2 xtb + X262 ) b2 VES dx = [ x- b +1/3 xb* | b? 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 bYEJ

L% = [2(1 - b +1/4 x2ib? ) b? UEI dx = [ x-1/2 xb +1/12 X702 || b? 1/E
=(b-1/2b+1/12 b ) b* 1/EJ = 7/12 b*/EJ

L% = [2(1/4 +1/2 xib +1/4 516 ) b2 1/EJ dx = [1/4 x +1/4 X2Ib +1/12 3167 ] b2 1/E
=(1U4b+1/4b+1/12b ) b® 1/EJ = 7/12 bE

L% = [2(1/4 -1/2 b +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 x8b +1/12 167 ] b7 1/E3
=(14b-1/4b+1/12b ) b> LEJ = 1/12 bYEJ

L% = [ (14 xib? ) b? UE dx = [1112 x0° | b7 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

1% = [2( b -1/2 x1b? ) Fb? 1/EI dx = [1/2 X% -1/6 x1b? | Fb? 1/E3
=(1/2b-1/6 b ) Fb® 1/EJ = 1/3 Fb%EJ

1 = [(1/2 -1/2 ¥ib? ) Fb 13 dx = [1/2 x -1/6 b7 ] Fb? 1/ES
=(1/2b-1/6 b)) Fb* 1/EJ = 1/3 Fb%/EJ

1 = [2(1/2 - xtb +1/2 X1 ) Fb? WEI dx + [ (1/2 172 x1b ) © dx
= [1/2 x-1/2 x2b +1/6 X2 ]| Fo? 1/E3 + [1/2x-1/4 b ] ©
=(1/2b-1/2b+1/6b ) Fb? 1/EJ + (1/2b-1/4b) 6 =5/12 FbY/EJ

1 = [ (12 b? ) Fo? UEI dx + [ (-2 xib ) 8 dx = [1/6 0% ]| Fb? 1/E3 + [-1/4 %0 ] @
=(/6b) Fb® 1/EJ + (-1/4b) © =5/12 Fb%EJ

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

ES>01.xxxx.096

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

12.12.25
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PROCEDIMENTO E RISULTATI 236538

ES>01.xxxx.103

lu

by
H
G
o
IX 1/2 0
B o e
D % -
o
WWWTWW&
F o0 N = o
A F =1 c g }
E 4
A\ ul |
H \
(=) o
0 9/4 9/4 1
Schema di calcolo iperstatico
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12.12.25



PROCEDIMENTO E RISULTATI 236538 ES>01.xxxx.103 PROCEDIMENTO E RISULTATI 236538 ES>01.xxxx.103

Quadro contributi PLV per iperstatica X=V

S M M, (%) 6 MM, M,0 MM, | MM /EI+B)dX | XM M /EJdx
AB b 2x -6Fx 0 -12Fx? 0 45’ , ,
, , , ,| (-4+0)Fb’/E 4/3Xb*EJ
BA b -2b+2x 6Fb-6Fx 0 -12Fb“+24Fbx-12Fx 0 4b°-8bx+4x
BCh 2b-x -6Fb+2Fx  |-Fb/EJ| -12Fb’+10Fbx-2Fx® |-2FbY/EJ+FX0/EJ| 4b*-Abx+x . ,
, , , , , |(-23/3-312)Fb’/Ed|  7/3Xb7/EY
CBb -b-x 4Fb+2Fx Fb/EJ -4Fb°-6Fbx-2Fx -Fb“/EJ-FXb/EJ | b ™+2bx+x
CDb b-x | -7/2Fb+7/2Fx 0 |-7/2F0°+7Fbx-7/2Fx° 0 b?-2lx+x> , ,
, , (-7/6+0)Fb%/EJ | 1/3Xb*/EJ
DCb -X 712Fx 0 -712Fx 0 X
DE b 0 0 0 0 0 0
0+0 0
EDb 0 0 0 0 0 0
EF b 0 9/4Fb-9/4Fx 0 0 0 0
0+0 0
FE b 0 -9/4Fx 0 0 0 0
FCb 0 1/2gx° 0 0 0 0
, 0+0 0
CFb 0 |-1/2Fb+Fx-1/2gx°| O 0 0 0
CGb 0 -Fx+1/2gx° 0 0 0 0
, 0+0 0
GCb 0 1/2Fb-1/2gx 0 0 0 0
GH 2b 0 1/2Fb-1/4Fx 0 0 0 0
0+0 0
HG 2b 0 -1/4Fx 0 0 0 0
HI 2b 0 0 0 0 0 0
0+0 0
IH 2b 0 0 0 0 0 0
IE b 0 Fb+5/4Fx 0 0 0 0
0+0 0
El b 0 -9/4Fb+5/4Fx 0 0 0 0
A cedimento nodo -H,,u, -2Fb*/EJ
totali -49/3Fb*/EJ AXbYEJ
iperstatica X=V 49/12F

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



PROCEDIMENTO E RISULTATI 236538

ES>01.xxxx.103

%= (a2 b 1E3 dx = [413 x0? ] b7 1/ES
=(4/3b) b* 1/EJ = 4/3 bYE

L= (4 -8 x/b +4 1% ) b” UEI dx = [4 x -4 X% +413 x1b? | b7 1/E]
=(4b-4b+4/3b) b* 1/EJ = 4/3 bYEJ

L% = [2(4 -4 x1b + x2b* ) b* VEI dx = [4 x -2 51 +1/3 X702 ] b 1/E
=(4b-2b+1/3b) b* 1/EJ =7/3 bY/EJ

L% = [2(1 +2 xib + x%b? ) b2 1/EJ dx = [ x + X% +1/3 X*/b? || b® 1/ES
=(b+b+1/3b)b*1EJ = 7/3 bYEJ

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

L% = [2( ) b2 13 dx = [1/3 b7 ] b? 1/E3
=(1/3b) b* 1/EJ = 1/3 bYEJ

1 = [*(-12 816 ) Fb? 13 dx = [-4 xb* | Fb? 1/ES
=(-4b) Fo® 1/EJ = -4 FbYEJ

1 = ['(-12 +24 xib -12 X107 ) Fb? VED dx = [-12 x +12 <8/ -4 xb* | Fb? 1/E9
=(-12b+12b-4b ) Fb* 1/EJ = -4 Fb¥EJ

1 = [(-12 +10 b -2 xb% ) FO* UET dx + [ (-2 + xb ) © dx
= [-12x +5x%b -213 ¥b* | Fb? ES + [-2x+1/2 b ] 6
=(-12b+5b-2/3b ) Fo® /EJ + (-2b +1/2b ) 8 =-55/6 FbEJ

L% = [2(-4 -6 x/b -2 xb* ) Fb* UEI dx + [ (1+xb) 8 dx
=[-4x -3 213 %] Fb? UED + [ x+1/2xb ] 6
=(-4b-3b-2/3b) Fb? 1/EJ +(b+1/2b) 6 =-55/6 FbY/EJ

1 = [2(-712 +7 xtb 712 X216 ) Fo? 1EI dx = [-7/2 x +7/2 X1 716 X/ || Fb? 1/E3
=(-7/2b+7/2b -7/6 b ) Fb® 1/E] =-7/6 Fb’/EJ

1 = [2(-772 xi0* ) Fb 1/E3 dx = [-7/6 x°1b? ] Fb? 1/E3
=(-7/6 b ) Fb> 1/EJ =-7/6 Fb*/EJ

PROCEDIMENTO E RISULTATI 236538

ES>01.xxxx.103

@ 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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AZIONI INTERNE 245588

ES>01.xxxx.110

PROCEDIMENTO E RISULTATI 245588

ES>01.xxxx.110
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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Schema di calcolo iperstatico
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C 3 M, flessione da iperstatica X=1

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 245588

ES>01.xxxx.110

Quadro contributi PLV per iperstatica X=H,

PROCEDIMENTO E RISULTATI 245588

ES>01.xxxx.110

- M, (X) M, (%) ] MM, M, 0 MM, M (M/EI+8)dX | [XM M, /EJdx
AB b X 0 0 0 0 X ,
, , 0+0 1/3Xb*/EJ
BA b b-x 0 0 0 0 b®-2bx+x
BCh -b+1/2x -Fx -Fb/EJ Fbx-1/2Fx° Fb’/EJ-1/2FXb/EJ b-bx+1/4x> , ,
, , , , | (1/3+3/4)Fb’/ET | 7/12Xb7/EJ
CBb |1/2b+1/2x Fb-Fx Fb/EJ 1/2Fb-1/2Fx 1/2Fb*/EJ+1/2FXb/EJ | 1/40°+1/2bx+1/4X
CDb |-1/2b+1/2x|-1/2Fb+1/2Fx| 0 |1/4Fb*1/2Fbx+1/4Fx’ 0 1/4b%-1/2bx+1/4x° s ,
, , (1/12+0)Fb*/EJ | 1/12Xb*/EJ
DCb 1/2x 1/2Fx 0 1/4Fx 0 1/4x
DE b 0 12Fx-1/2qX° | 0 0 0 0
, 0+0 0
EDDb 0 -1/2Fx+1/2gx 0 0 0 0
EF b 0 9/4Fb-9/4Fx | 0 0 0 0
0+0 0
FE b 0 -9/4Fx 0 0 0 0
FCb 0 1/2Fx 0 0 0 0
0+0 0
CEb 0 -1/2Fb+1/2Fx| 0O 0 0 0
CGb 0 -Fx+1/2gx° 0 0 0 0
, 0+0 0
GCb 0 1/2Fb-1/2qx 0 0 0 0
GH 2b 0 1/2Fb-1/4Fx | 0O 0 0 0
0+0 0
HG 2b 0 -1/4Fx 0 0 0 0
HI 2b 0 0 0 0 0 0
0+0 0
IH 2b 0 0 0 0 0 0
IEDb 0 Fb+5/4Fx 0 0 0 0
0+0 0
Elb 0 -9/4Fb+5/4Fx| 0O 0 0 0
D cedimento nodo -H,,u, -Fb/EJ
totali 1/6Fb%/EJ Xb¥EJ
iperstatica X=H, -1/6F
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



PROCEDIMENTO E RISULTATI 245588 ES>01.xxxx.110 ES>01.xxxx.110

L% =[(5m? ) b? VeI dx = [113 ¥b* | b? /E
=(1/3b) b’ VEI = 13 bY/EJ

L= (1 -2 xtb + X262 ) b2 VES dx = [ x- b +1/3 xb* | b? 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 bYEJ

L% = [2(1 - b +1/4 x2ib? ) b? UEI dx = [ x-1/2 xb +1/12 X702 || b? 1/E
=(b-1/2b+1/12 b ) b* 1/EJ = 7/12 b*/EJ

L% = [2(1/4 +1/2 xib +1/4 516 ) b2 1/EJ dx = [1/4 x +1/4 X2Ib +1/12 3167 ] b2 1/E
=(1U4b+1/4b+1/12b ) b® 1/EJ = 7/12 bE

L% = [2(1/4 -1/2 b +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 x8b +1/12 167 ] b7 1/E3
=(14b-1/4b+1/12b ) b> LEJ = 1/12 bYEJ

L% = [ (14 xib? ) b? UE dx = [1112 x0° | b7 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

1% = [[(xtb -1/2 x1b? ) Fb? 1/EI dx + [(1-1/2 b ) @ dx
= [1/2 X1 -116 xib? ] Fb? 1ED + [ x-1/4 b ] 0
=(12b-1/6b) Fb’ /EJ +(b-1/4b) 6 =13/12 Fb’/EJ

L = ['(112 -1/2 0% ) Fb? VBT dx + [(-1/2-1/2 x1b ) © dx
= [12 x-16 b* ] Fb? VES + [-1/2 x-1/4 x2b ]| ©
=(12b-v6b) Fb* 1VEJ + (-1/2b-1/4b) 8 =13/12 FbYEJ

1% = [2(1/4 -1/2 xib +1/4 x2ib* ) Fb? VEJ dx = [1/4 x -1/4 X¥Jb +1/12 xib? | Fb? 1/E3
=(1/4b-1/4b+1/12b ) Fb®> 1/EJ = 1/12 Fb*/EJ

1% = [2(v/a xb? ) Fb? 1/ED dx = [1/12 X2 ] Fb? 1/E
=(112b) Fo® 1/EJ = 1/12 FbYEJ

@ 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>01.xxxx.120

Quadro contributi PLV per iperstatica X=H,

PROCEDIMENTO E RISULTATI 239191

ES>01.xxxx.120

- M, (X) M,(X) ) M,M, M,0 MM, M (M/EI+6)dx |[XM M, /EJdx
AB b -X 1/2qx2 0 -1/2qx3 0 X s 5
, , , , , , (-1/8+0)Fb*/EJ | 1/3Xb*EJ
BA b b-x -1/2Fb+Fx-1/2gx 0 |-1/2Fb"+3/2Fbx-3/2Fx"+1/2gx 0 b"-2bx+x
BChb -b+1/2x 1/2Fb-Fx 0 -1/2Fb*+5/4Fbx-1/2Fx? 0 bZ-bx+1/4x° , ,
, , , | (-1/24+0)Fb/EJ | 7/12Xb°/E
CBb 1/2b+1/2x 1/2Fb-Fx 0 1/4Fb”-1/4Fbx-1/2Fx 0 1/4b"+1/2bx+1/4x
CDb [-1/2b+1/2x| -1/2Fb+1/2Fx |-Fb/EJ 1/4Fb*-1/2Fbx+1/4Fx" 1/2Fb*/EJ-1/2FXb/EJ | 1/4b°-1/2bx+1/4%° , ,
) ) (1/12+1/4)Fb°/EJ| 1/12Xb°/EJ
DCb 1/2x 1/2Fx Fb/EJ 1/4FxX 1/2Fxb/EJ 1/4x
DE b 0 0 0 0 0 0
0+0 0
EDb 0 0 0 0 0 0
EFb 0 5/2Fb-3Fx+1/2qx>| 0 0 0 0
) 0+0 0
FEb 0 -2Fx-1/2gx 0 0 0 0
FCb 0 0 0 0 0 0
0+0 0
CFb 0 0 0 0 0 0
CGb 0 0 0 0 0 0
0+0 0
GChb 0 0 0 0 0 0
GH 2b 0 Fb-1/2Fx 0 0 0 0
0+0 0
HG 2b 0 -1/2Fx 0 0 0 0
HI 2b 0 0 0 0 0 0
0+0 0
IH 2b 0 0 0 0 0 0
IEb 0 Fb+3/2Fx 0 0 0 0
0+0 0
Elb 0 -5/2Fb+3/2Fx 0 0 0 0
D cedimento nodo -H,,u, -Fb/EJ
totali -5/6Fb*/EJ Xb%/EJ
iperstatica X=H, 5/6F
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



PROCEDIMENTO E RISULTATI 239191 ES>01.xxxx.120 PROCEDIMENTO E RISULTATI 239191 ES>01.xxxx.120

L% =[(5m? ) b? VeI dx = [113 ¥b* | b? /E
=(1/3b) b’ VEI = 13 bY/EJ

L= (1 -2 xtb + X262 ) b2 VES dx = [ x- b +1/3 xb* | b? 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 bYEJ

L% = [2(1 - b +1/4 x2ib? ) b? UEI dx = [ x-1/2 xb +1/12 X702 || b? 1/E
=(b-1/2b+1/12 b ) b* 1/EJ = 7/12 b*/EJ

L% = [2(1/4 +1/2 xib +1/4 516 ) b2 1/EJ dx = [1/4 x +1/4 X2Ib +1/12 3167 ] b2 1/E
=(1U4b+1/4b+1/12b ) b® 1/EJ = 7/12 bE

L% = [2(1/4 -1/2 b +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 x8b +1/12 167 ] b7 1/E3
=(14b-1/4b+1/12b ) b> LEJ = 1/12 bYEJ

L% = [ (14 xib? ) b? UE dx = [1112 x0° | b7 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

1 = ['(-1/2 1) Fo? 1/E3 dx = [-1/8 xb° ] Fb® 1/E
=(-1/8b) Fb® 1/EJ =-1/8 Fb*/EJ

LY = ﬁ(-l/z +312 x/b -3/2 X’Ib® +1/2 X*/b°® ) Fb® 1/EJ dx
= [-172 x +3/4 X1 -112 X312 +1/8 X'16° ]| Fbo? 1/E3
=(-1/2b+3/4b-1/2b +1/8 b ) Fb® 1/EJ =-1/8 Fb’/EJ

18 = [*(-1/2 +5/4 x/b -1/2 X*/6 ) Fb? 1/E3 dx = [-1/2 x +5/8 X%Ib -1/6 X*/b* . Fb? 1/E3
=(-12b +5/8b -1/6 b ) Fb* 1/EJ = -1/24 Fb*/EJ

1% = [2(1/4 174 xtb -1/2 xC1b? ) Fb? 1/E3 dx = [1/4 x -1/8 x%/b -1/6 x°/b? ] Fb? 1/E3
=(1/4b-1/8b-1/6 b ) Fb® 1/EJ =-1/24 Fb’/EJ

10 = [0(v/4 -1/2 xib +1/4 x2ib* ) Fb® VEI dx + [ (1/2-1/2 xIb ) © dx
= [1/a x-114 b +1112 0% ] F0? UED + [172 x-1/4xp ] ©
=(1v4b-14b+1/12b) Fo’ VEJ + (12b-1/4b) 6 =1/3 FbYEJ

1 = [2(uaxin? ) Fb? vET dx + [ (-1/2x1b) @ dx = [1122 0% | Fb? ES + [-1/4 x| 0
=(112b) Fo® 1EJ + (-/4b) 8 =1/3 FbYE

@ 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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ES>01.xxxx.123
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PROCEDIMENTO E RISULTATI 237187

ES>01.xxxx.123

Quadro contributi PLV per iperstatica X=H,

PROCEDIMENTO E RISULTATI 237187

ES>01.xxxx.123

- M, (X) M,(X) ) MM, M,0 MM, M (M /EI+8)dx | [XM, M, /EJdx
AB b X 0 -Fb/EJ 0 Fxb/EJ ' . ,
, , , (0+1/2)Fb%EJ | 1/3Xb*/EJ
BAD b-x 0 Fb/EJ 0 Fb’/EJ-Fxb/EJ b2-2bx+x
BCh -b+1/2x -3/4Fx 0 3/4Fbx-3/8Fx> 0 b-bx+1/4x> , ,
, , , ,| (L4+0)Fb/EJ | 7/12Xb7/EJ
CBb |1/2b+1/2x| 3/4Fb-3/4Fx 0 3/8Fb>-3/8Fx 0 1/4b*+1/2bx+1/4x
CDb |-1/2b+1/2x| -3/4Fb+3/4Fx 0 |3/8Fb*-3/4Fbx+3/8Fx> 0 1/4b>-1/2bx+1/4%> , ,
, , (1/8+0)Fb¥/EJ | 1/12XbY/EJ
DCb 1/2x 3/4Fx 0 3/8FX 0 1/4x
DEb 0 0 0 0 0 0
0+0 0
EDb 0 0 0 0 0 0
EFb 0 7/2Fb-4Fx+1/2qx°| 0 0 0 0
, 0+0 0
FEb 0 -3Fx-1/2gx 0 0 0 0
FCb 0 0 0 0 0 0
0+0 0
CFb 0 0 0 0 0 0
CGb 0 -2Fx 0 0 0 0
0+0 0
GCb 0 2Fb-2Fx 0 0 0 0
GH 2b 0 -Fb+1/2Fx 0 0 0 0
0+0 0
HG 2b 0 1/2Fx 0 0 0 0
HI 2b 0 2Fx-1/2gx° 0 0 0 0
, 0+0 0
IH 2b 0 -2Fb+1/2gx 0 0 0 0
IEDb 0 3Fb+1/2Fx 0 0 0 0
0+0 0
Elb 0 -7/12Fb+1/2Fx 0 0 0 0
A cedimento nodo -H,,u, Fb*/EJ
totali 15/8Fb*/EJ Xb¥/EJ
iperstatica X=H, -15/8F
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



PROCEDIMENTO E RISULTATI 237187 ES>01.xxxx.123

L% =[(5m? ) b? VeI dx = [113 ¥b* | b? /E
=(1/3b) b’ VEI = 13 bY/EJ

L= (1 -2 xtb + X262 ) b2 VES dx = [ x- b +1/3 xb* | b? 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 bYEJ

L% = [2(1 - b +1/4 x2ib? ) b? UEI dx = [ x-1/2 xb +1/12 X702 || b? 1/E
=(b-1/2b+1/12 b ) b* 1/EJ = 7/12 b*/EJ

L% = [2(1/4 +1/2 xib +1/4 516 ) b2 1/EJ dx = [1/4 x +1/4 X2Ib +1/12 3167 ] b2 1/E
=(1U4b+1/4b+1/12b ) b® 1/EJ = 7/12 bE

L% = [2(1/4 -1/2 b +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 x8b +1/12 167 ] b7 1/E3
=(14b-1/4b+1/12b ) b> LEJ = 1/12 bYEJ

L% = [ (14 xib? ) b? UE dx = [1112 x0° | b7 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

L= [(xb) 6 dx=[12xb] 0
=(12b)6 =1/2 FbYEJ

1= [(-1+xb) 6 dx=[-x+12xm] 6
=(-b+1/2b) 6 =1/2 FbYEJ

1% = [*(314 xtb -3/8 x2b* ) Fb? 1/E3 dx = [3/8 xb -1/8 x°/b? ] Fb? 1/E3
=(3/8b-1/8b ) Fb’ 1/EJ = 1/4 Fb%/EJ

1% = [(3/8 -3/8 x2b* ) Fb* 1/EJ dx = [3/8 x -1/8 x°/b? || Fb? 1/
=(3/8b-1/8b ) Fb’ 1/EJ = 1/4 Fb%/EJ

1% = [\ (3/8 -3/4 xib +3/8 x/b” ) Fb? VEJ dx = [3/8 x -3/8 X2/ +1/8 xb* | Fb® 1/E
=(3/8b-3/8 b +1/8 b ) Fb* 1/EJ = 1/8 Fb’/EJ

1% = [2(3/8 x1b? ) Fb* 1/EJ dx = [1/8 x*b? ], Fb? 1/E3
=(1/8b) Fb® L/EJ =1/8 FbYEJ

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

ES>01.xxxx.123

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

12.12.25
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PROCEDIMENTO E RISULTATI 211653
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PROCEDIMENTO E RISULTATI 211653

ES>01.xxxx.128

Quadro contributi PLV per iperstatica X=H,

PROCEDIMENTO E RISULTATI 211653

ES>01.xxxx.128

- M, (X) M, (%) ) MM, M,0 MM, M (M/EI+B)dx | [XM M, /EJdx
AB b X 0 0 0 0 X ,
, , 0+0 1/3Xb*/EJ
BA b b-x 0 0 0 0 b®-2bx+x
BCh -b+1/2x -1/2Fx -Fb/EJ 1/2Fbx-1/4Fx° Fb’/EJ-1/2FXb/EJ b-bx+1/4x> , ,
, , , , | (1/6+3/4)Fb’/ET | 7/12Xb’/EJ
CBb |1/2b+1/2x 1/2Fb-1/2Fx Fb/EJ 1/4Fb?-1/4FX 1/2Fb*/EJ+1/2FXb/EJ | 1/40°+1/2bx+1/4X
CDb |-1/2b+1/2x|  -1/2Fb+1/2Fx 0 |1/4Fb*-1/2Fbx+1/4FX? 0 1/4b%-1/2bx+1/4x , ,
, , (1/12+0)Fb*/EJ | 1/12Xb*/EJ
DChb 1/2x 1/2Fx 0 1/4Fx 0 1/4x
DEb 0 0 0 0 0 0
0+0 0
EDb 0 0 0 0 0 0
EFb 0 9/4Fb-11/4Fx+1/2gx°| 0 0 0 0
, 0+0 0
FEb 0 -7T14Fx-1/2gx 0 0 0 0
FCb 0 0 0 0 0 0
0+0 0
CFb 0 0 0 0 0 0
CGb 0 -Fx+1/2gx° 0 0 0 0
, 0+0 0
GCb 0 1/2Fb-1/2qx 0 0 0 0
GH 2b 0 1/2Fb-1/4Fx 0 0 0 0
0+0 0
HG 2b 0 -1/4Fx 0 0 0 0
HI 2b 0 0 0 0 0 0
0+0 0
IH 2b 0 0 0 0 0 0
IEDb 0 Fb+5/4Fx 0 0 0 0
0+0 0
Elb 0 -9/4Fb+5/4Fx 0 0 0 0
D cedimento nodo -H,,u, -Fb/EJ
totali 0 Xb¥EJ
iperstatica X=H, 0
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



PROCEDIMENTO E RISULTATI 211653 ES>01.xxxx.128 ES>01.xxxx.128

L% =[(5m? ) b? VeI dx = [113 ¥b* | b? /E
=(1/3b) b’ VEI = 13 bY/EJ

L= (1 -2 xtb + X262 ) b2 VES dx = [ x- b +1/3 xb* | b? 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 bYEJ

L% = [2(1 - b +1/4 x2ib? ) b? UEI dx = [ x-1/2 xb +1/12 X702 || b? 1/E
=(b-1/2b+1/12 b ) b* 1/EJ = 7/12 b*/EJ

L% = [2(1/4 +1/2 xib +1/4 516 ) b2 1/EJ dx = [1/4 x +1/4 X2Ib +1/12 3167 ] b2 1/E
=(1U4b+1/4b+1/12b ) b® 1/EJ = 7/12 bE

L% = [2(1/4 -1/2 b +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 x8b +1/12 167 ] b7 1/E3
=(14b-1/4b+1/12b ) b> LEJ = 1/12 bYEJ

L% = [ (14 xib? ) b? UE dx = [1112 x0° | b7 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

1% = [*(1/2 xib -1/4 x2b* ) Fb* VEI dx + [ (1-1/2xIb ) © dx
= [wa 10 -112 10? ], Fo? 1S + [ x-1/4 xb ] 0
=(1/ab-1/12b) Fb*1/EJ + (b-1/4b) 6 =11/12 FbYEJ

1 = [(14 -1/4 xi0? ) Fb? VBT dx + [ (-1/2-1/2 x1b ) © dx
= [vax-112 502 ], Fo? 1ED + [-12x-14 X ] 6
=(vab-112b) Fo* VEJ + (-1/2b-1/4b) 8 =11/12 FbYEJ

1% = [2(1/4 -1/2 xib +1/4 x21b* ) Fb? VEJ dx = [1/4 x -1/4 X¥Jb +1/12 xib? | Fb? 1/E3
=(1/4b-1/4b+1/12b ) Fb”> 1/EJ = 1/12 Fb*/EJ

1% = [2(v/a xb? ) Fb? 1/ED dx = [1/12 X2 ] Fb? 1/E
=(112b) Fb® 1/EJ = 1/12 FbYEJ

@ 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 239279
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Schema di calcolo iperstatico

C 3 M, flessione da iperstatica X=1
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PROCEDIMENTO E RISULTATI 239279

ES>01.xxxx.130

Quadro contributi PLV per iperstatica X=H,

PROCEDIMENTO E RISULTATI 239279

ES>01.xxxx.130

- M, (X) M, (%) ) MM, M,0 MM, M (M/EI+8)dX | [XM M, /EJdx
AB b X 0 -Fb/EJ 0 Fxb/EJ X , ,
, , , (0+1/2)Fb*/EJ | 1/3Xb*/EJ
BAD b-x 0 Fb/EJ 0 Fb’/EJ-FXb/EJ b2-2bx+X
BCh -b+1/2x -1/2Fx 0 1/2Fbx-1/4Fx° 0 b-bx+1/4x> , ,
, , , ,| (U6+0)FbY/EJ | 7/12Xb/E
CBb |1/2b+1/2x 1/2Fb-1/2Fx 0 1/4Fb°-1/4FX 0 1/40°+1/2bx+1/4X
CDb |-1/2b+1/2x|  -1/2Fb+1/2Fx 0 |1/4Fb*-1/2Fbx+1/4FX? 0 1/4b%-1/2bx+1/4x° , ,
, , (1/12+0)Fb*/EJ | 1/12Xb*/EJ
DChb 1/2x 1/2Fx 0 1/4Fx 0 1/4x
DEb 0 0 0 0 0 0
0+0 0
EDb 0 0 0 0 0 0
EFb 0 9/4Fb-11/4Fx+1/2gx°| 0 0 0 0
, 0+0 0
FEb 0 -7T14Fx-1/2gx 0 0 0 0
FCb 0 0 0 0 0 0
0+0 0
CFb 0 0 0 0 0 0
CGb 0 -Fx+1/2gx° 0 0 0 0
, 0+0 0
GCb 0 1/2Fb-1/2qx 0 0 0 0
GH 2b 0 1/2Fb-1/4Fx 0 0 0 0
0+0 0
HG 2b 0 -1/4Fx 0 0 0 0
HI 2b 0 0 0 0 0 0
0+0 0
IH 2b 0 0 0 0 0 0
IEDb 0 Fb+5/4Fx 0 0 0 0
0+0 0
Elb 0 -9/4Fb+5/4Fx 0 0 0 0
D cedimento nodo -H,,u, -FbY/EJ
totali -1/4Fb%/EJ Xb¥EJ
iperstatica X=H, 1/4F
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
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PROCEDIMENTO E RISULTATI 239279 ES>01.xxxx.130

L% =[(5m? ) b? VeI dx = [113 ¥b* | b? /E
=(1/3b) b’ VEI = 13 bY/EJ

L= (1 -2 xtb + X262 ) b2 VES dx = [ x- b +1/3 xb* | b? 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 bYEJ

L% = [2(1 - b +1/4 x2ib? ) b? UEI dx = [ x-1/2 xb +1/12 X702 || b? 1/E
=(b-1/2b+1/12 b ) b* 1/EJ = 7/12 b*/EJ

L% = [2(1/4 +1/2 xib +1/4 516 ) b2 1/EJ dx = [1/4 x +1/4 X2Ib +1/12 3167 ] b2 1/E
=(1U4b+1/4b+1/12b ) b® 1/EJ = 7/12 bE

L% = [2(1/4 -1/2 b +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 x8b +1/12 167 ] b7 1/E3
=(14b-1/4b+1/12b ) b> LEJ = 1/12 bYEJ

L% = [ (14 xib? ) b? UE dx = [1112 x0° | b7 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

L= [(xb) 6 dx=[12xb] 0
=(12b)6 =1/2 FbYEJ

1= [(-1+xb) 6 dx=[-x+12xm] 6
=(-b+1/2b) 6 =1/2 FbYEJ

18 = [(1/2 xtb -1/4 x2b* ) Fb? 1/EJ dx = [1/4 xb -1/12 X2 | Fb? 1/E3
=(14b-1/12b ) Fb* 1EJ = 1/6 Fb’/EJ

1% = [2(1/a 174 x2b? ) Fb? 1/ED dx = [1/4 x -1/12 b | Fb? 1/E
=(14b-1/12b) Fb* 1/EJ = 1/6 Fb%/EJ

1 = [2(1/4 -1/2 xib +1/4 x2Ib* ) Fb? VE dx = [ 1/4 x -1/4 X +1/12 xib? | Fb? 1/E3
=(1/4b-1/4b+1/12b ) Fb* 1/EJ = 1/12 Fb%EJ

1 = [2(1/a xi0? ) Fb? 1D dx = [1/12 xb* | Fb2 1/E
=(1/12b) Fb® LEJ = 1/12 FbYEJ

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

ES>01.xxxx.130

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 238699

ES>01.xxxx.132
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Schema di calcolo iperstatico
P C 3 M, flessione da carichi assegnati
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C 3 M, flessione da iperstatica X=1
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25



PROCEDIMENTO E RISULTATI 238699

ES>01.xxxx.132

Quadro contributi PLV per iperstatica X=H,

PROCEDIMENTO E RISULTATI 238699

ES>01.xxxx.132

- M, (X) M, (%) ) MM, M, 0 MM, M (M/EI+6)dX |[XM M, /EJdx
AB b X 0 0 0 0 X ,
, , 0+0 1/3Xb*/EJ
BA b b-x 0 0 0 0 b*-2bx+x
BCh -b+1/2x -1/2Fx 0 1/2Fbx-1/4Fx° 0 b-bx+1/4x> , ,
, , , ,| (U6+0)Fb/EJ | 7/12Xb’/EJ
CBb |1/2b+1/2x 1/2Fb-1/2Fx 0 1/4Fb°-1/4FX 0 1/4b*+1/2bx+1/4x
CDb |-1/2b+1/2x|  -1/2Fb+1/2Fx  |-Fb/EJ|1/4Fb*1/2Fbx+1/4FX?| 1/2Fb°/EJ-1/2FXbIE]| 1/4b*1/2bx+1/4X> , ,
, , (1/12+1/4)FB%/EJ| 1/12XbY/EJ
DChb 1/2x 1/2Fx Fb/EJ 1/4Fx 1/2Fxb/EJ 1/4x
DE b 0 0 0 0 0 0
0+0 0
EDb 0 0 0 0 0 0
EFb 0 9/4Fb-11/4Fx+1/2gx°| 0 0 0 0
, 0+0 0
FEb 0 -7T14Fx-1/2gx 0 0 0 0
FCb 0 0 0 0 0 0
0+0 0
CFb 0 0 0 0 0 0
CGb 0 -Fx+1/2gx° 0 0 0 0
, 0+0 0
GCb 0 1/2Fb-1/2qx 0 0 0 0
GH 2b 0 1/2Fb-1/4Fx 0 0 0 0
0+0 0
HG 2b 0 -1/4Fx 0 0 0 0
HI 2b 0 0 0 0 0 0
0+0 0
IH 2b 0 0 0 0 0 0
IEDb 0 Fb+5/4Fx 0 0 0 0
0+0 0
Elb 0 -9/4Fb+5/4Fx 0 0 0 0
D cedimento nodo -H,,u, -Fb/EJ
totali -1/2Fb%/EJ Xb¥EJ
iperstatica X=H, 1/2F
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



PROCEDIMENTO E RISULTATI 238699 ES>01.xxxx.132

L% =[(5m? ) b? VeI dx = [113 ¥b* | b? /E
=(1/3b) b’ VEI = 13 bY/EJ

L= (1 -2 xtb + X262 ) b2 VES dx = [ x- b +1/3 xb* | b? 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 bYEJ

L% = [2(1 - b +1/4 x2ib? ) b? UEI dx = [ x-1/2 xb +1/12 X702 || b? 1/E
=(b-1/2b+1/12 b ) b* 1/EJ = 7/12 b*/EJ

L% = [2(1/4 +1/2 xib +1/4 516 ) b2 1/EJ dx = [1/4 x +1/4 X2Ib +1/12 3167 ] b2 1/E
=(1U4b+1/4b+1/12b ) b® 1/EJ = 7/12 bE

L% = [2(1/4 -1/2 b +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 x8b +1/12 167 ] b7 1/E3
=(14b-1/4b+1/12b ) b> LEJ = 1/12 bYEJ

L% = [ (14 xib? ) b? UE dx = [1112 x0° | b7 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

1% = [2(1/2 x/b -1/4 x2b* ) Fb? 1/ED dx = [1/4 xb -1/12 x1b? | Fb? 1/E3
=(1/4b-1/12b) Fb® 1/EJ = 1/6 Fb%EJ

1% = ["(14 -1/4 xi0* ) Fb? 1D dx = [1/4 x -1/12 X2 | Fbo? 1/E3
=(14b-1/12b) Fb* 1/EJ = 1/6 Fb%/EJ

1 = [2(1/4 -1/2 xib +1/4 x2b* ) Fo? 1EI dx + [ (12 -1/2 x1b ) 6 dx
= [1/4 x 14 xb +1/12 X% | Fb* VES + [1/2 x-1/4 xb | ©
=(1/ab-14b+1/12b) Fo? 1/EJ + (1/2b-1/4b) 6 =1/3 FbYEI

1% = [0 (vaxib? ) Fo? eI dx + [[(-12 x/b ) 8 dx = [1/12 02 ] Fo? /€S + [-1/4 %0 ] @
=(112b) Fo® 1/E3 + (-1/4b) 8 =1/3 Fb%EJ

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

ES>01.xxxx.132

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

12.12.25
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PROCEDIMENTO E RISULTATI 241574

ES>01.xxxx.135
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

12.12.25

4
G
\\
B »
X
c D
A
N

Schema di calcolo iperstatico
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C 3 M, flession

e da iperstatica X=1

C 3 M, flessione da carichi assegnati

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 241574

ES>01.xxxx.135

Quadro contributi PLV per iperstatica X=H

PROCEDIMENTO E RISULTATI 241574

ES>01.xxxx.135

- M, (X) M, (X) 6 MM, M, 0 MM, M (M/EI+8)dX | [XM M, /EJdx
AB b X 0 0 0 0 X ,
, , 0+0 1/3Xb*/EJ
BA b -b+x 0 0 0 0 b®-2bx+x
BCb b-1/2x -Fx -Fb/EJ|  -Fbx+1/2FX° -FbY/EJ+1/2Fxb/EJ bZ-bx+1/4x° . ,
, , , , ,| (-1/3-3/4)Fb/EJ | 7/12Xb7/EJ
CBb [-1/2b-1/2x Fb-Fx FO/EJ| -1/2Fb*+1/2Fx* |-1/2Fb¥/EJ-1/2Fxb/EJ| 1/4b*+1/2bx+1/4x
CDb | 1/2b-1/2x -Fb+Fx 0 |-1/2Fb°+Fbx-1/2FX? 0 1/4b°-1/2bx+1/4x° , ,
, , (-1/6+0)Fb*/EJ | 1/12Xb*/EJ
DCb -1/2x Fx 0 -1/2Fx 0 1/4x
DEb 0 0 0 0 0 0
0+0 0
EDb 0 0 0 0 0 0
EFb 0 3Fb-7/2Fx+1/2gx° | 0 0 0 0
, 0+0 0
FEb 0 -5/2Fx-1/2gx 0 0 0 0
FCb 0 0 0 0 0 0
0+0 0
CEb 0 0 0 0 0 0
CGb 0 0 0 0 0 0
0+0 0
GCb 0 0 0 0 0 0
GH 2b 0 Fb-1/2Fx 0 0 0 0
0+0 0
HG 2b 0 -1/2Fx 0 0 0 0
HI 2b 0 0 0 0 0 0
0+0 0
IH 2b 0 0 0 0 0 0
IEb 0 Fb+3/2Fx+1/2qx> | © 0 0 0
, 0+0 0
Elb 0 -3Fb+5/2Fx-1/2gx*| 0 0 0 0
D cedimento nodo -H,,u, Fb*/EJ
totali -1/4Fb%/EJ Xb¥EJ
iperstatica X=H, 1/4F
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



PROCEDIMENTO E RISULTATI 241574 ES>01.xxxx.135 ES>01.xxxx.135

L% =[(5m? ) b? VeI dx = [113 ¥b* | b? /E
=(1/3b) b’ VEI = 13 bY/EJ

L= (1 -2 xtb + X262 ) b2 VES dx = [ x- b +1/3 xb* | b? 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 bYEJ

L% = [2(1 - b +1/4 x2ib? ) b? UEI dx = [ x-1/2 xb +1/12 X702 || b? 1/E
=(b-1/2b+1/12 b ) b* 1/EJ = 7/12 b*/EJ

L% = [2(1/4 +1/2 xib +1/4 516 ) b2 1/EJ dx = [1/4 x +1/4 X2Ib +1/12 3167 ] b2 1/E
=(1U4b+1/4b+1/12b ) b® 1/EJ = 7/12 bE

L% = [2(1/4 -1/2 b +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 x8b +1/12 167 ] b7 1/E3
=(14b-1/4b+1/12b ) b> LEJ = 1/12 bYEJ

L% = [ (14 xib? ) b? UE dx = [1112 x0° | b7 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

10 = [2(- xib +1/2 x2b? ) Fb? VEI dx + [ (-1 +1/2x/b ) 8 dx
= [-1/2 b +1/6 X162 ]| Fb? UE + [-x +1/4 xb ] 0
=(-12b+1/6b) Fo® V/EJ + (-b+1/4b )6 =-13/12 FbYEJ

1 = [(-1/2 +172 X262 ) Fo? 1E3 dx + [ (12 +1/2 x1b ) © dx
= [-12 x +1/6 X ]| Fo? 1/E3 + [12x +1/4xb ] 0
=(-12b+1/6b) Fb’ VEJ + (1/2b+1/4b) 8 =-13/12 Fb’/EJ

10 = [2(-1/2 + xib -1/2 X¥1b% ) Fb? 1/ED dx = [-1/2 x +1/2 X2/b -1/6 x°Ib? | Fb? 1/E3
=(-12b+1/2b-1/6 b ) Fb* 1/EJ = -1/6 Fb/EJ

1% = [2(-1/2 X#b* ) b2 1/E3 dx = [-1/6 x°b? ] Fbo? 1/E3
=(-1/6 b)) Fo> 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



PROCEDIMENTO E RISULTATI 241207

ES>01.xxxx.139

Quadro contributi PLV per iperstatica X=H,

PROCEDIMENTO E RISULTATI 241207

ES>01.xxxx.139

- M, (X) M, (%) ] MM, M,0 MM, M (M/EI+B)dX | [XM, M, /EJdx
AB b X 0 0 0 0 X2 .
, , 0+0 1/3Xb*/EJ
BA b b-x 0 0 0 0 b*-2bx+x
BCh -b+1/2x -Fx 0 Fbx-1/2Fx> 0 b-bx+1/4x> , ,
, , , ,| (U3+0)Fb/EJ | 7/12Xb7/EJ
CBb |1/2b+1/2x Fb-Fx 0 1/2Fb*-1/2FX 0 1/4b*+1/2bx+1/4x
CDb |-1/2b+1/2x -Fb+Fx -Fb/EJ| 1/2Fb*-Fox+1/2Fx? | 1/2FbY/EJ-1/2Fxb/EJ | 1/4b°-1/2bx+1/4x> . ,
, , (1/6+1/4)Fb%/EI | 1/12Xb*/EJ
DCb 1/2x Fx Fb/EJ 1/2Fx 1/2Fxb/EJ 1/4x
DEb 0 0 0 0 0 0
0+0 0
EDb 0 0 0 0 0 0
EFb 0 3Fb-7/2Fx+1/2gx>| 0 0 0 0
, 0+0 0
FEb 0 -5/2Fx-1/2qgx 0 0 0 0
FCb 0 0 0 0 0 0
0+0 0
CEb 0 0 0 0 0 0
CGb 0 0 0 0 0 0
0+0 0
GCb 0 0 0 0 0 0
GH 2b 0 Fb-1/2Fx 0 0 0 0
0+0 0
HG 2b 0 -1/2Fx 0 0 0 0
HI 2b 0 0 0 0 0 0
0+0 0
IH 2b 0 0 0 0 0 0
IEb 0 Fb+3/2Fx+1/2qx° | 0 0 0 0
, 0+0 0
Elb 0 -3Fb+5/2Fx-1/2gx°| 0 0 0 0
D cedimento nodo -H,,u, -FbY/EJ
totali -1/4Fb%/EJ Xb¥EJ
iperstatica X=H, 1/4F
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



PROCEDIMENTO E RISULTATI 241207 ES>01.xxxx.139

L% =[(5m? ) b? VeI dx = [113 ¥b* | b? /E
=(1/3b) b’ VEI = 13 bY/EJ

L= (1 -2 xtb + X262 ) b2 VES dx = [ x- b +1/3 xb* | b? 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 bYEJ

L% = [2(1 - b +1/4 x2ib? ) b? UEI dx = [ x-1/2 xb +1/12 X702 || b? 1/E
=(b-1/2b+1/12 b ) b* 1/EJ = 7/12 b*/EJ

L% = [2(1/4 +1/2 xib +1/4 516 ) b2 1/EJ dx = [1/4 x +1/4 X2Ib +1/12 3167 ] b2 1/E
=(1U4b+1/4b+1/12b ) b® 1/EJ = 7/12 bE

L% = [2(1/4 -1/2 b +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 x8b +1/12 167 ] b7 1/E3
=(14b-1/4b+1/12b ) b> LEJ = 1/12 bYEJ

L% = [ (14 xib? ) b? UE dx = [1112 x0° | b7 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

1% = [2( b -1/2 x1b? ) Fb? 1/EI dx = [1/2 X% -1/6 x1b? | Fb? 1/E3
=(1/2b-1/6 b ) Fb® 1/EJ = 1/3 Fb%EJ

1 = [(1/2 -1/2 ¥ib? ) Fb 13 dx = [1/2 x -1/6 b7 ] Fb? 1/ES
=(1/2b-1/6 b)) Fb* 1/EJ = 1/3 Fb%/EJ

1 = [2(1/2 - xtb +1/2 X1 ) Fb? WEI dx + [ (1/2 172 x1b ) © dx
= [1/2 x-1/2 x2b +1/6 X2 ]| Fo? 1/E3 + [1/2x-1/4 b ] ©
=(1/2b-1/2b+1/6b ) Fb? 1/EJ + (1/2b-1/4b) 6 =5/12 FbY/EJ

1 = [ (12 b? ) Fo? UEI dx + [ (-2 xib ) 8 dx = [1/6 0% ]| Fb? 1/E3 + [-1/4 %0 ] @
=(/6b) Fb® 1/EJ + (-1/4b) © =5/12 Fb%EJ

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

ES>01.xxxx.139

@ 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

PROCEDIMENTO E RISULTATI 238079

ES>01.xxxx.157
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Schema di calcolo iperstatico
P C 3 M, flessione da carichi assegnati
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C 3 M, flessione da iperstatica X=1
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25



PROCEDIMENTO E RISULTATI 238079

ES>01.xxxx.157

Quadro contributi PLV per iperstatica X=H,

PROCEDIMENTO E RISULTATI 238079

ES>01.xxxx.157

- M, (X) M,(X) ) MM, M,0 MM, M (M/EI+8)dx |[XM M, /EJdx
AB b X 0 0 0 0 X ,
, , 0+0 1/3Xb*EJ
BA b b-x 0 0 0 0 b®-2bx+x
BCh -b+1/2x -Fx 0 Fbx-1/2Fx° 0 b-bx+1/4x> , ,
, , , ,| (UB+0)FB’/EI | 7/12Xb’/EJ
CBb |1/2b+1/2x Fb-Fx 0 1/2Fb*-1/2Fx 0 1/4b°+1/2bx+1/4x
CDb |-1/2b+1/2x| -1/2Fb+1/2Fx |-Fb/EJ|1/4Fb*-1/2Fbx+1/4Fx | 1/2Fb*EJ-1/2Fxb/EJ | 1/4b°-1/2bx+1/4x , ,
, , (1/12+1/4)Fb*/EJ| 1/12XbYEJ
DChb 1/2x 1/2Fx Fb/EJ 1/4FX 1/2Fxb/EJ 1/4x
DE b 0 1/2Fx-1/2g%° 0 0 0 0
, 0+0 0
EDDb 0 -1/2Fx+1/2gx 0 0 0 0
EFb 0 5/2Fb-3Fx+1/2qx>| 0 0 0 0
, 0+0 0
FEb 0 -2Fx-1/2gx 0 0 0 0
FCb 0 1/2Fx 0 0 0 0
0+0 0
CFb 0 -1/2Fb+1/2Fx 0 0 0 0
CGb 0 0 0 0 0 0
0+0 0
GCb 0 0 0 0 0 0
GH 2b 0 Fb-1/2Fx 0 0 0 0
0+0 0
HG 2b 0 -1/2Fx 0 0 0 0
HI 2b 0 0 0 0 0 0
0+0 0
IH 2b 0 0 0 0 0 0
IEDb 0 Fb+3/2Fx 0 0 0 0
0+0 0
Elb 0 -5/2Fb+3/2Fx 0 0 0 0
D cedimento nodo -H,,u, -Fb/EJ
totali -1/3Fb%/EJ Xb%EJ
iperstatica X=H, 1/3F
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



PROCEDIMENTO E RISULTATI 238079 ES>01.xxxx.157

L% =[(5m? ) b? VeI dx = [113 ¥b* | b? /E
=(1/3b) b’ VEI = 13 bY/EJ

L= (1 -2 xtb + X262 ) b2 VES dx = [ x- b +1/3 xb* | b? 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 bYEJ

L% = [2(1 - b +1/4 x2ib? ) b? UEI dx = [ x-1/2 xb +1/12 X702 || b? 1/E
=(b-1/2b+1/12 b ) b* 1/EJ = 7/12 b*/EJ

L% = [2(1/4 +1/2 xib +1/4 516 ) b2 1/EJ dx = [1/4 x +1/4 X2Ib +1/12 3167 ] b2 1/E
=(1U4b+1/4b+1/12b ) b® 1/EJ = 7/12 bE

L% = [2(1/4 -1/2 b +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 x8b +1/12 167 ] b7 1/E3
=(14b-1/4b+1/12b ) b> LEJ = 1/12 bYEJ

L% = [ (14 xib? ) b? UE dx = [1112 x0° | b7 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

1% = [2( b -1/2 x1b? ) Fb? 1/EI dx = [1/2 X% -1/6 x1b? | Fb? 1/E3
=(1/2b-1/6 b ) Fb® 1/EJ = 1/3 Fb%EJ

1 = [(1/2 -1/2 ¥ib? ) Fb 13 dx = [1/2 x -1/6 b7 ] Fb? 1/ES
=(1/2b-1/6 b)) Fb* 1/EJ = 1/3 Fb%/EJ

1 = [2(1/4 -1/2 xib +1/4 x2b* ) Fo? 1EI dx + [ (1/2-1/2 x1b ) 6 dx
= [1/4 x-14 x2b +1/12 X% | Fb* VES + [172 x-1/4 xb | ©
=(1/ab-14b+1/12b) Fo? 1/EJ + (1/2b-1/4b) 6 =1/3 FbY/EI

1 = [0 (vaxib? ) Fo? eI dx + [[(-12 x/b ) 8 dx = [1/12 X702 . Fb? /€S + [-1/4 b ] @
=(112b) Fo® 1/E3 + (-1/4b) 8 =1/3 Fb%EJ

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

ES>01.xxxx.157

@ 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
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PROCEDIMENTO E RISULTATI 237078

ES>01.xxxx.158
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C 3 M, flessione da iperstatica X=1

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

1/2 0
o
o
in
O]
0 0
S 1/2 1/2 | ©
I
I
I
S} S} || 7‘ S}
0 9/4 9/4 1

C 3 M, flessione da carichi assegnati

12.12.25



PROCEDIMENTO E RISULTATI 237078

ES>01.xxxx.158

Quadro contributi PLV per iperstatica X=H,

PROCEDIMENTO E RISULTATI 237078

ES>01.xxxx.158

- M, (X) M, (X) ) MM, M,0 MM, JM (M /EI+8)dx | [XM, M, /EJdx
ABb X 0 0 0 0 X ,
, , 0+0 1/3Xb%EJ
BADb b-x 0 0 0 0 b®-2bx+x
BChb -b+1/2x -1/2Fx -Fb/EJ 1/2Fbx-1/4Fx° Fb%/EJ-1/2FXb/EJ bZ-bx+1/4x° , ,
, , , , ,| (U6+3/14)Fb/EY | 7/12Xb7/E]
CBb [1/2b+1/2x| 1/2Fb-1/2Fx | Fb/EJ 1/4Fb*-1/4Fx 1/2Fb*/EJ+1/2FXb/E] | 1/4b°+1/2bx+1/4x
CDb |-1/2b+1/2x|-1/2Fb+Fx-1/2gx°| 0 |1/4Fb*-3/4Fbx+3/4Fx’-1/4gx° 0 1/4b°-1/2bx+1/4%° , ,
, , , (1/16+0)Fb*/EJ | 1/12Xb*/EJ
DCb 1/2x 1/2gx 0 1/4gx 0 1/4x
DE b 0 0 0 0 0 0
0+0 0
EDb 0 0 0 0 0 0
EFb 0 9/4Fb-9/4Fx 0 0 0 0
0+0 0
FEb 0 -9/4Fx 0 0 0 0
FCb 0 0 0 0 0 0
0+0 0
CFb 0 0 0 0 0 0
CGb 0 -Fx+1/2gx° 0 0 0 0
, 0+0 0
GChb 0 1/2Fb-1/2qx 0 0 0 0
GH 2b 0 1/2Fb-1/4Fx 0 0 0 0
0+0 0
HG 2b 0 -1/4Fx 0 0 0 0
HI 2b 0 0 0 0 0 0
0+0 0
IH 2b 0 0 0 0 0 0
IEb 0 Fb+5/4Fx 0 0 0 0
0+0 0
Elb 0 -9/4Fb+5/4Fx 0 0 0 0
D cedimento nodo -H,,u, -Fb/EJ
totali -1/48Fb%EJ Xb*/EJ
iperstatica X=H, 1/48F
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L% =[(5m? ) b? VeI dx = [113 ¥b* | b? /E
=(1/3b) b’ VEI = 13 bY/EJ

L= (1 -2 xtb + X262 ) b2 VES dx = [ x- b +1/3 xb* | b? 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 bYEJ

L% = [2(1 - b +1/4 x2ib? ) b? UEI dx = [ x-1/2 xb +1/12 X702 || b? 1/E
=(b-1/2b+1/12 b ) b* 1/EJ = 7/12 b*/EJ

L% = [2(1/4 +1/2 xib +1/4 516 ) b2 1/EJ dx = [1/4 x +1/4 X2Ib +1/12 3167 ] b2 1/E
=(1U4b+1/4b+1/12b ) b® 1/EJ = 7/12 bE

L% = [2(1/4 -1/2 b +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 x8b +1/12 167 ] b7 1/E3
=(14b-1/4b+1/12b ) b> LEJ = 1/12 bYEJ

L% = [ (14 xib? ) b? UE dx = [1112 x0° | b7 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

1% = [*(1/2 xib -1/4 x2b* ) Fb* VEI dx + [ (1-1/2xIb ) © dx
= [wa 10 -112 10? ], Fo? 1S + [ x-1/4 xb ] 0
=(1/ab-1/12b) Fb*1/EJ + (b-1/4b) 6 =11/12 FbYEJ

1 = [(14 -1/4 xi0? ) Fb? VBT dx + [ (-1/2-1/2 x1b ) © dx
= [vax-112 502 ], Fo? 1ED + [-12x-14 X ] 6
=(vab-112b) Fo* VEJ + (-1/2b-1/4b) 8 =11/12 FbYEJ

10 = [ (1/4 314 xib +3/4 x2Ib? -1/4 Xb° ) Fb? 1/EJ dx
= [1/4 x -3/8 X1 +1/4 X312 -1/16 x'1b° | Fb? 1/E
=(1/4b-3/8b +1/4 b -1/16 b ) Fb® 1/EJ = 1/16 Fb*/EJ

1% = [2(1/a xb° ) Fb? 1/EJ dx = [1/16 xb° ], Fb? 1/E
=(1/16 b ) Fb® 1/EJ = 1/16 Fb*/EJ
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