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PROCEDIMENTO E RISULTATI 995596

ES>06.xxxx.015

Quadro contributi PLV per iperstatica X=V,

PROCEDIMENTO E RISULTATI 995596

ES>06.xxxx.015

- M, (X) M, (%) ) MM, M,0 MM, MM /EI+B)dx | XM M /EJdx
AB b 0 -Fx 0 0 0 0
0+0 0
BADb 0 Fb-Fx 0 0 0 0
BC v2b 0 -Fb+V2/2Fx 0 0 0 0 0 0
BD b 0 0 0 0 0 0
0+0 0
DB b 0 0 0 0 0 0
DCb 0 -2Fx 0 0 0 0
0+0 0
CDb 0 2Fb-2Fx 0 0 0 0
CEb 0 -Fb+Fx 0 0 0 0
0+0 0
ECb 0 Fx 0 0 0 0
FGb 1/2x -5/2Fx+1/2gx° |-Fb/EJ -5I4FX*+1/4gx° -1/2Fxb/EJ 1/4x° , ,
, , , , , , | (17/48-114)F0°/EJ | 1/12Xb°/ED
GFb  |-1/2b+1/2x| 2Fb-3/2Fx-1/29x° | Fb/EJ |-Fb*+7/4Fbx-1/2Fx*-1/4qx’ | -1/2Fb*/EJ+1/2FXb/EJ | 1/4b>-1/2bx+1/4x
GDb b-x -1/2Fb-Fx 0 -1/2Fb?-1/2Fbx+Fx° 0 b?-2bx+x> , ,
, , (-5/12+0)Fb*EJ | 1/3XbY/EJ
DG b -X 3/2Fb-Fx 0 -3/2Fbx+Fx 0 X
DHb 0 -3/2Fb+2Fx-1/2gx°| 0 0 0 0
, 0+0 0
HD b 0 Fx+1/2gx 0 0 0 0
GAb  [-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 | 1/12XbYEJ
AGDb 1/2x 1/2Fx 0 1/4Fx 0 1/4x
totali -15/16Fb%/EJ 1/2Xb%EJ
iperstatica X=V, 15/8F

@ 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 995596

ES>06.xxxx.015

PROCEDIMENTO E RISULTATI 995596

ES>06.xxxx.015

%= [ (14 xp? ) b2 VED dx = [112 0% | b? 1/E
=(112b) b* VEJ = 1/12 bY/EJ

L% = [7(14 -172 xib +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 xb +1/12 x1b* | b7 1/E]
=(14b-1/4b+1/12b ) b* 1/EJ = 1/12 b’/EJ

L% = [(1 -2 xtb + b7 ) b 1/EJ dx = [ x - x2b +1/3 xb* | b? 1/E3
=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ

L% = [ (50?) b? 13 dx = [1/3 xb* | b7 1/E3
=(1/3b) b* 1/EJ = 1/3 bYEJ

L% = 214 -1/2 b +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 x8b +1/12 167 ] b7 1/E3
=(14b-14b+1/12b ) b> LEJ = 1/12 bYEJ

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

L% = [2(-5/4 21 +1/4 xb° ) Fb? VEI dx + [ (-1/2 x/b ) @ dx
= [-512 xb? +1/16 xb° | Fb? VED + [-1/4 xb ] 0
=(-5/12b+1/16 b ) Fo® 1/EJ + (-1/4b ) 8 =-29/48 Fb%/EJ

10 = [(-1 +7/4 x1b 172 X21b% -1/4 x3b° ) Fbo? 1/EI dx + [ (1/2-1/2 x1b ) 6 dix
= [- x +7/8 x1b -1/6 X% -1/16 x'1° | Fb? VES + [1/2x-1/4xb ] ©
=(-b+7/8b-1/6b-1/16 b ) Fb* 1/EJ + (1/2b-1/4b ) 8 =-29/48 Fb/EJ

10 = ['(-1/2 -1/2 b + X216 ) Fb? 1/ED dx = [-1/2 x -1/4 ¥ +1/3 xIb?  Fb? 1/E3
=(-12b-1/4b+1/3b ) Fb* 1/EJ = -5/12 Fb/EJ

1% = ['(-a/2 xtb + x1b? ) Fb? 1/E3 dx = [-3/4 x¥Ib +1/3 xb* | Fb? 1/E3
=(-3/4b+1/3b) Fb® 1/EJ = -5/12 Fb’/EJ

mm

b
LS = [*(114 -1/2 x/b +1/4 °1b* ) Fb® UED dx = [1/4 x -1/4 51 +1/12 x| Fb? 1/EI
o [e]

=(1/4b-1/4b+1/12b ) Fb* 1/EJ = 1/12 Fb’/EJ
b
1 = [2(1a xib? ) Fb? 1S dx = [1/12 x3b* | Fb2 1/E
=(1/12b) Fb® 1/EJ = 1/12 Fb*EJ

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

43

412

418

430

136

148

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

A= 1152. mm’

J, = 348030. mm*

J, = 122688. mm*
Y= 20.63 mm

T, =-2740. N

M, = -2082400. Nmm
Xn,= 36. mm

Ym= 54.mm

u,= 12.mm

v, = 33.38 mm

0, =-Mv/J, = 199.7 N/mm’
X, = 24.mm

y.= 43.mm

Vv, = 22.38 mm

[

o, = -Mv/J, = 133.9 N/mm’
T,= 3.849 N/mm’
0, =Vo*+31° = 134. N/mm’

S = 5867. mm®

12.12.25
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PROCEDIMENTO E RISULTATI 238395

ES>06.xxxx.027

Quadro contributi PLV per iperstatica X=V,

PROCEDIMENTO E RISULTATI 238395

ES>06.xxxx.027

- M, (X) M, (%) ) MM, M,0 MM, M (M/EI+8)dX | [XM M, /EJdx
AB b 0 -2Fx 0 0 0 0
0+0 0
BAD 0 2Fb-2Fx 0 0 0 0
BC v2b 0 -2Fb+V2Fx 0 0 0 0 0 0
BDb 0 -1/2gx° 0 0 0 0
, 0+0 0
DB b 0 1/2Fb-Fx+1/2gx 0 0 0 0
DCb 0 -5/2Fx 0 0 0 0
0+0 0
CDb 0 5/2Fb-5/2Fx 0 0 0 0
CEb o -3/2Fb+2Fx-1/2gx°| 0 0 0 0
, 0+0 0
EChb 0 Fx+1/2gx 0 0 0 0
FGb 1/2x -3/2Fx -Fb/EJ -3/4F% -1/2FXb/EJ 1/4x° , .
, , , , | (-1/4-1/4)FbIET | 1/12Xb°/E
GFb  [-1/2b+1/2x| 3/2Fb-3/2Fx | Fb/EJ |-3/4Fb°+3/2Fbx-3/4Fx%| -1/2Fb%/EJ+1/2FX0/EJ | 1/4b*-1/2bx+1/4%
GDb b-x -1/2Fx 0 -1/2Fbx+1/2Fx° 0 b2-2bx+x> , ,
, , (-1/12+0)Fb*/EJ | 1/3Xb°/EJ
DG b X 1/2Fb-1/2Fx 0 -1/2Fbx+1/2Fx 0 X
DHb 0 -Fb+Fx 0 0 0 0
0+0 0
HD b 0 Fx 0 0 0 0
GAb  [-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
AGDb 1/2x 1/2Fx 0 1/4Fx 0 1/4x
totali -1/2Fb/EJ 1/2X0%/EJ
iperstatica X=V, F
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 238395

ES>06.xxxx.027

PROCEDIMENTO E RISULTATI 238395

ES>06.xxxx.027

%= [ (14 xp? ) b2 VED dx = [112 0% | b? 1/E
=(112b) b* VEJ = 1/12 bY/EJ

L% = [7(14 -172 xib +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 xb +1/12 x1b* | b7 1/E]
=(14b-1/4b+1/12b ) b* 1/EJ = 1/12 b’/EJ

L% = [(1 -2 xtb + b7 ) b 1/EJ dx = [ x - x2b +1/3 xb* | b? 1/E3
=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ

L% = [ (50?) b? 13 dx = [1/3 xb* | b7 1/E3
=(1/3b) b* 1/EJ = 1/3 bYEJ

L% = 214 -1/2 b +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 x8b +1/12 167 ] b7 1/E3
=(14b-14b+1/12b ) b> LEJ = 1/12 bYEJ

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

1% = [[(-ara X202 ) Fo? BT dx + [ (-1/2xib ) 8 dx = [-1/4x3b* ]| Fb? 1ED + [-1/4 %0 ] 6

=(-1/4b) Fo* 1EJ +(-1/4b) 6 =-1/2 Fb¥EJ
L =JZ(-3/4 +3/2 X/ -3/4 X’Ib® ) Fb® 1/EJ dx + ﬁ(llz -1/2x/b ) 8 dx
2 31.21° o2 2, 1P
= [-314 x +3/4 %1 -1/4 71 | Fb? WED + [12x-14x°b ] 8
=(-3/4b+3/4b-1/4b) Fb’ /EJ +(1/2b-1/4b) ® =-1/2 FbY/EJ
b
1% = [2(-1/2 xib +1/2 x2b* ) Fb? 1/EJ dx = [-1/4 b +1/6 xib* | Fb? 1/E
=(-1/4b+1/6 b ) Fb® 1/EJ =-1/12 Fb’/EJ
b
1%, = ['(-1/2 xib +1/2 x2b? ) Fb® 1/EJ dx = [-1/4 1 +1/6 x°1b? | Fb? 1/EJ
=(-1/4b+1/6 b)) Fb® 1/EJ = -1/12 Fb’/EJ

b
LS = [(1/4 -1/2 xib +1/4 b ) Fb? VEI dx = [1/4 x -1/4 X1 +1/12 x°b* | Fb? 1/EJ
o [e]

=(14b-1/4b+1/12b ) Fb? 1/EJ = 1/12 FbY/EJ
b
1 = [2(1a xib? ) Fb? 18D 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

148

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

43

412
418
430
436

148

A= 912. mm’

J, = 289000. mm*
J,= 67104. mm*

Yo = 22.51 mm

T, =-2450. N

M, = -2082500. Nmm
X, = 36.mm

Ym= 53.mm

u,= 12.mm

vV, = 30.49 mm

o, =-Mv/J, = 219.7 N/mm’

m

X.= 24.mm

o, =-Mv/], = 147.6 N/mm’
T, = 3.347 N/mm’

0, = Vo*+31° = 147.7 N/mm’
S = 4738. mm°

12.12.25
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PROCEDIMENTO E RISULTATI 309819

ES>06.xxxx.036

Quadro contributi PLV per iperstatica X=V,

PROCEDIMENTO E RISULTATI 309819

ES>06.xxxx.036

- M, (X) M,(X) ] MM, M,0 MM, M (M/EI+B)dX | [XM M /EJdx
AB b 0 -1/2Fx-1/2gx° 0 0 0 0
, 0+0 0
BAD 0 Fb-3/2Fx+1/2qx°| 0 0 0 0
BC v2b 0 -Fb+V2/2Fx 0 0 0 0 0 0
BDb 0 0 0 0 0 0
0+0 0
DB b 0 0 0 0 0 0
DCb 0 -2Fx 0 0 0 0
0+0 0
CDb 0 2Fb-2Fx 0 0 0 0
CEb 0 -Fb+Fx 0 0 0 0
0+0 0
ECb 0 Fx 0 0 0 0
FGb 1/2x -3/2Fx -Fb/EJ -3/4FX° -1/2Fxb/EJ 1/4x° , .
, , , , ,| (-1/4-L4)FDYED | 1/12Xb°/EJ
GFb  |-1/2b+1/2x| 3/2Fb-3/2Fx | Fb/EJ | -3/4Fb®+3/2Fbx-3/4Fx* |-1/2Fb*/EJ+1/2Fxb/EJ| 1/4b*-1/2bx+1/4x
GDb b-x  |-Fb+1/2Fx-1/2qx°| O |-Fb*+3/2Fbx-Fx’+1/2gx> 0 b2-2bx+x* , ,
, , . , (-11/24+0)Fb*/EJ| 1/3Xb°/EJ
DG b -X Fb-1/2Fx+1/2gx 0 -Fbx+1/2Fx"-1/2gx 0 X
DHb 0 -Fb+Fx 0 0 0 0
0+0 0
HD b 0 Fx 0 0 0 0
GAb  [-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
AGDb 1/2x -1/2Fx 0 -1/4Fx 0 1/4x
totali -25/24Fb%EJ 1/2XbYEJ
iperstatica X=V, 25/12F
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 309819

ES>06.xxxx.036

PROCEDIMENTO E RISULTATI 309819

ES>06.xxxx.036

%= [ (14 xp? ) b2 VED dx = [112 0% | b? 1/E
=(112b) b* VEJ = 1/12 bY/EJ

L% = [7(14 -172 xib +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 xb +1/12 x1b* | b7 1/E]
=(14b-1/4b+1/12b ) b* 1/EJ = 1/12 b’/EJ

L% = [(1 -2 xtb + b7 ) b 1/EJ dx = [ x - x2b +1/3 xb* | b? 1/E3
=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ

L% = [ (50?) b? 13 dx = [1/3 xb* | b7 1/E3
=(1/3b) b* 1/EJ = 1/3 bYEJ

L% = 214 -1/2 b +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 x8b +1/12 167 ] b7 1/E3
=(14b-14b+1/12b ) b> LEJ = 1/12 bYEJ

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

1% = [[(-ara X202 ) Fo? BT dx + [ (-1/2xib ) 8 dx = [-1/4x3b* ]| Fb? 1ED + [-1/4 %0 ] 6

=(-1/4b) Fo* 1EJ +(-1/4b) 6 =-1/2 Fb¥EJ

L =JZ(-3/4 +3/2 X/ -3/4 X’Ib® ) Fb® 1/EJ dx + ﬁ(llz -1/2x/b ) 8 dx
= [-314 x +3/4 1o 114 b2 ], Fo? 1D + [1/2 x-1/4 x%b ]| ©
=(-3/4b+3/4b-1/4b) Fb’ /EJ +(1/2b-1/4b) ® =-1/2 FbY/EJ

1% = 21 +3/2 xtb - X% +1/2 X°/b® ) Fb® VED dx = [- x +3/4 x%/b -1/3 xb* +1/8 x'/b° ]| Fb? 1/E

=(-b+3/4b-1/3b+1/8b ) Fb® 1/EJ =-11/24 Fb’/EJ

b
L% = [*(- xtb +1/2 X21b? -1/2 b ) Fb? 1/ED dx = [-1/2 xb +1/6 x°Ib? -1/8 x'1b° | Fo? 1/EJ
o} o]

=(-1/2b+1/6 b-1/8 b ) Fb® 1/EJ = -11/24 Fb*/EJ

b
LS = [(-1/4 +1/2 xib -1/4 X216 ) Fb? /EJ dx = [-1/4 x +1/4 xIb -1/12 X1 || Fb? 1/E
o o

=(-1/4b+1/4b-112b ) Fb* 1/EJ = -1/12 Fb*/EJ
b
1 = (-4 xib? ) Fb? 1ED dx = [-1/12 xb? | Fb? 1/E
=(-112b) Fb* 1/EJ =-1/12 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

A= 1200. mm’
, = 368598. mm*
,= 131904. mm*

J

J

Yo = 3422 mm
T,=-2720.N

M, =-2257600. Nmm

X, = 12.mm

u,= -12. mm

v, =-34.22 mm

a,, = -Mv/J, = -209.6 N/mm’
X, = 24.mm

y.= 12.mm

vV, =-22.22 mm

g, = -Mv/J, = -136.1 N/mm’
1, = 3.881 N/mm’

c

0, = Vo’+31° = 136.3 N/mm’
S = 6312. mm’

12.12.25
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PROCEDIMENTO E RISULTATI 236422 ES>06.xxxx.044 PROCEDIMENTO E RISULTATI 236422

ES>06.xxxx.044

Quadro contributi PLV per iperstatica X=H,

- M M, (X) ] MM, M,0 MM, [[M M/EJ+8)dx | [XM,M /EJdx

AB b 0 -Fx 0 0 0 0
0+0 0

BA Db 0 Fb-Fx 0 0 0 0
BCv2b | O -Fb+V2/2Fx 0 0 0 0 0 0

BDb 0 0 0 0 0 0
0+0 0

DB b 0 0 0 0 0 0

DCh 0 -3/2Fx-1/2gx° 0 0 0 0
, 0+0 0

CDb 0 |2Fb-5/2Fx+1/2gx}| 0 0 0 0

CEb 0 -Fb+Fx 0 0 0 0
0+0 0

ECb 0 Fx 0 0 0 0

FGb X -3Fx+1/2gx°  |-Fb/EJ -3FX*+1/2gx° -FXb/EJ X

3 3
2 2 2 3| L2 , , | (7/8-112)Fb°ET | 1/3Xb°IED
GFb | -b+x |5/2Fb-2Fx-1/2qx° | Fb/EJ |-5/2Fb’+9/2Fbx-3/2Fx*-1/20x° | -Fb*/EJ+FXb/EJ| b’-2bx+x

GDb  [2b-2x| -5/2Fb+3/2Fx 0 -5Fb*+8Fbx-3Fx* 0 4p°-8bx+4x> , ,
, , (-2+0)Fb%/EJ | 4/3Xb%/EJ
DG b -2X Fb+3/2Fx 0 -2Fbx-3Fx 0 4x
DHb 0 -Fb+Fx 0 0 0 0
0+0 0
HD b 0 Fx 0 0 0 0
GADb -b+x Fb-Fx 0 -Fb*+2Fbx-Fx* 0 b2-2bx+x> , ,
, , (-1/3+0)Fb*/EJ | 1/3Xb%EJ
AG b X -Fx 0 -Fx 0 X
totali -89/24Fb%/EJ 2Xb%/EJ
iperstatica X=H, 89/48F

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 236422

ES>06.xxxx.044

%= (502 ) b7 1/E3 dx = [1/3 xb? | b? 1/ES
=(1/3b) b* 1/EJ = 1/3 bYEJ

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

L% = (4 -8 xtb +4 Xb* ) b* VE dx = [4 x -4 xb +413 xIb? ] b2 1/E
=(4b-4b+4/3b) b° 1/EJ = 4/3 bY/EJ

L% = [(axb* ) b* VEI dx = [4/3 X702 ] b 1/ES
=(4/3b) b* 1/EJ = 4/3 bEY

L% = [2(1-2 b + 0% ) 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

L% = [2(-3 5¥0? +1/2 Xb° ) Fb? UEI dx + [ (- xib ) @ dx
= [-xp? +1/8 x'1b° || Fo? /B3 + [-12%%0 ] 6
=(-b+18b) Fo? UEJ + (-1/2b) © =-11/8 FbY/EJ

1% = [*(-5/2 +912 xtb -3/2 X216 -1/2 xi° ) Fb2 VE dx + [ (1-xb ) © dx
b b
= [-5/2 x +9/4 x°1b -1/2 x°1b? -1/8 x'1b° ] Fo® 1/E3 + [ x-12x°b ] 8
=(-5/2b+9/4b-1/2b-1/8b ) Fb* 1/EJ + (b-1/2b) 6 =-11/8 FbY/EJ

b
1% = ['(-5 +8 x/b -3 x2b* ) Fb? 1/EJ dx = [-5 x +4 x%/b - X | Fb 1/EJ
=(-5b+4b-b) Fb*1/EJ =-2 FbY/EJ
b
1%, = ['(-2 xtb -3 x2ib* ) Fb? VE dx = [- X2 - xb* | Fb? 1/E
=(-b-b) Fb® 1/EJ =-2 Fb%EJ
Xo _ J" 2,2 2 _ 2 3,270 -, 2
Lio = J.(-1 +2xb - X'0* ) Fb® VEJ dx = [- x + x%/b -1/3x°/b* ]| Fb® 1/EJ
=(-b+b-1/3b) Fb> 1/EJ =-1/3 Fb%/EJ
b
L = [2(- %62 ) Fo? 1/E3 dx = [-1/3 xp* | Fb? 1/E
=(-1/3b) Fb® 1/EJ =-1/3 Fb%EJ

PROCEDIMENTO E RISULTATI 236422

ES>06.xxxx.044

412
418
124
430
142

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

12.12.25

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

A= 918. mm’

J, = 319684. mm*
J, = 80946. mm*

Yo = 20.95 mm

T, =-3900. N

M, =-2246400. Nmm
Xn = 30. mm

Y= 55.mm

u.= 9.mm

m

v, = 34.05 mm
o, =-Mv/J, = 239.3 N/mm’
X,

m

.= 21.mm
y.= 41l.mm
v, = 20.05 mm

0, =-Mv/J, = 140.9 N/mm’
1,= 13.36 N/mm’

0, = Vo*+31° = 142.8 N/mm’
S'= 6570. mm®

12.12.25
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PROCEDIMENTO E RISULTATI 238485 ES>06.xxxx.053 PROCEDIMENTO E RISULTATI 238485

ES>06.xxxx.053

Quadro contributi PLV per iperstatica X=H,

- M M, (X) ] MM, M,0 MM, | MM /EJ+B)dx |[XM M, /EJdx
AB b 0 -1/2Fx-1/2gx° 0 0 0 0
, 0+0 0
BAD 0 | Fb-3/2Fx+1/2gx*| © 0 0 0
BCv2b | © -Fb+V2/2Fx 0 0 0 0 0 0
BDb 0 0 0 0 0 0
0+0 0
DBb 0 0 0 0 0 0
DC b 0 -2Fx 0 0 0 0
0+0 0
CDb 0 2Fb-2Fx 0 0 0 0
CEb 0 -Fb+Fx 0 0 0 0
0+0 0
ECb 0 Fx 0 0 0 0
FGb X Fb-3Fx -Fb/EJ Fbx-3Fx° -FXb/EJ NG . ,
, , , , , | (1/2-1/2)Fb*Ed | 1/3Xb/ED
GFb -b+x 2Fb-3Fx Fb/EJ -2Fb*+5Fbx-3Fx -FbY/EJ+FXb/EI| b*-2bx+x
GDb  |2b-2x| -7/2Fb+5/2Fx 0 -7Fb*+12Fbx-5Fx° 0 4b*-8bx+4x> , ,
, , (-8/3+0)Fb*/EJ | 4/3Xb*/EJ
DG b -2X Fb+5/2Fx 0 -2FbX-5Fx 0 ax
DH b 0 -Fb+Fx 0 0 0 0
0+0 0
HD b 0 Fx 0 0 0 0
GAb -b+x |3/2Fb-2Fx+1/2gx°| 0 |-3/2Fb*+7/2Fbx-5/2Fx*+1/2qx> 0 b2-2bx+x’ . ,
, , , , (-11/24+0)Fb¥EJ| 1/3Xb%*EJ
AG b X -Fx-1/2gx 0 -Fx“-1/2gx 0 X
totali -33/8Fb*/EJ 2Xb*/EJ
iperstatica X=H, 33/16F

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>06.xxxx.053 PROCEDIMENTO E RISULTATI 238485

%= (502 ) b7 1/E3 dx = [1/3 xb? | b? 1/ES
=(1/3b) b* 1/EJ = 1/3 bYEJ

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

L% = (4 -8 xtb +4 Xb* ) b* VE dx = [4 x -4 xb +413 xIb? ] b2 1/E
=(4b-4b+4/3b) b° 1/EJ = 4/3 bY/EJ

L% = [(axb* ) b* VEI dx = [4/3 X702 ] b 1/ES
=(4/3b) b* 1/EJ = 4/3 bEY

L% = [2(1-2 b + 0% ) 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% = [*(xtb -3 xib? ) Fb? VEI dx + [ (- /b ) @ dx
=[w2 %10 - 10 ], Fo? 1S + [-12 X% ] 0
=(12b-b)Fb?1/EJ +(-112b) 6 =- FbYE

1 = ['(-2+5 x/b -3 X% ) Fb? UEI dx + [.(1-x/b ) 6 dx
= [-2x 451210 - x*ib? ]| Fb? WED + [ x-1/2 b ] 0
=(-2b+52b-b) Fb* 1/EJ +(b-1/2b) 8 =- FbYEJ

b
1% = ['(-7 +12 xib -5 x1b? ) Fb? 1/E3 dx = [-7 x +6 xb -5/3 xb* | Fb* 1/E

=(-7b+6b-5/3b ) Fb> 1/EJ = -8/3 Fb%/EJ
b
1% = ['(-2 xtb -5 xib* ) Fb? VEI dx = [- x2Ib -5/3 x°1b? | Fb? 1/E
=(-b-5/3b) Fb® 1/EJ = -8/3 Fb’/EJ
1, = [2(-312 +712 xtb -5/2 x2Ib +1/2 b ) Fb? 1/E dx
2 3.2 4,31° .2
= [-312 x +714 X1 -5/6 x°1b* +1/8 X'1b° | | Fb? 1/E
=(-312b +7/4b -5/6 b +1/8 b ) Fb® 1/EJ =-11/24 Fb*/EJ

Xo
LAG

=(-1/3b-1/8b ) Fb® 1/EJ =-11/24 Fb*/EJ

ES>06.xxxx.053

412
418
124
130
142

b
L(- 2102 -112 x8b° ) Fo? 13 dx = [-1/3 x1b? -1/8 x*/6° ]| Fbo? 1/E3

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

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

A= 720.mm’

J, = 272496. mm*

J, = 49680. mm*

Yy = 31.02 mm

T,=-3060. N

M, = -2019600. Nmm

Xn = 12.mm

u,= -9.mm

vV, =-31.02 mm

o, = -Mv/J, = -229.9 N/mm’
X, = 21.mm

y.= 13.mm

v, =-18.02 mm

o, =-Mv/J, =-133.6 N/mm?

1,= 10.32 N/mm’

0, = Vo +31° = 134.8 N/mm’

S = 5517. mm’®

12.12.25
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PROCEDIMENTO E RISULTATI 238991

ES>06.xxxx.080

Quadro contributi PLV per iperstatica X=H,

PROCEDIMENTO E RISULTATI 238991

ES>06.xxxx.080

- M M,(x) 6 MM, M,0 MM, [JM M /EI+8)dx | [XM,M /EJdx
AB b 0 -Fx 0 0 0 0
0+0 0
BA b 0 Fb-Fx 0 0 0 0
BC vV2b 0 -Fb+V2/2Fx 0 0 0 0 0 0
BDb 0 -1/2gx° 0 0 0 0
) 0+0 0
DB b 0 1/2Fb-Fx+1/2gx 0 0 0 0
DCb 0 -2FXx 0 0 0 0
0+0 0
CDb 0 2Fb-2Fx 0 0 0 0
CEb 0 -Fb+Fx 0 0 0 0
0+0 0
ECh 0 Fx 0 0 0 0
FGb X Fb-4Fx -Fb/EJ Fbx-4Fx® -Fxb/EJ X2 , ,
, o, , , | (-5/6-L/2)Fb/EJ | 1/3Xb’/EJ
GFb -b+x 3Fb-4Fx Fb/EJ | -3Fb"+7Fbx-4Fx" |-Fb*/EJ+FXb/EJ| b"-2bx+X
GDb |2b-2x -4Fb+3Fx 0 |-8Fb*+14Fbx-6Fx° 0 4b*-8bx+4x> , ,
, ) (-3+0)Fb’/EJ 4/3Xb°/EJ
DG b -2X Fb+3Fx 0 -2Fbx-6Fx 0 4x
DHb 0 -3/2Fb+2Fx-1/2q)<2 0 0 0 0
) 0+0 0
HD b 0 Fx+1/2gx 0 0 0 0
GAb -b+x Fb-Fx 0 -Fb*+2Fbx-Fx° 0 bZ-2bx+x* , .
, , (-1/3+0)Fb*/EJ | 1/3Xb°/EJ
AG b X -Fx 0 -Fx 0 X
totali -14/3Fb%EJ 2XbYEJ
iperstatica X=H, 7/3F
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 238991

ES>06.xxxx.080

PROCEDIMENTO E RISULTATI 238991

ES>06.xxxx.080

%= (502 ) b7 1/E3 dx = [1/3 xb? | b? 1/ES
=(1/3b) b* 1/EJ = 1/3 bYEJ

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

L% = (4 -8 xtb +4 Xb* ) b* VE dx = [4 x -4 xb +413 xIb? ] b2 1/E
=(4b-4b+4/3b) b° 1/EJ = 4/3 bY/EJ

L% = [(axb* ) b* VEI dx = [4/3 X702 ] b 1/ES
=(4/3b) b* 1/EJ = 4/3 bEY

L% = [2(1-2 b + 0% ) 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% = [*(xab -4 xib? ) Fb? VEI dx + [ (- /b ) @ dx
= [1/2 X1 -a13 ¥b* | Fb? WED + [-112x2b ] 0
=(12b-4/3b) Fo’ /EJ +(-1/2b) © =-4/3 FbY/EJ

1% = [(-3 +7 xib -4 X10? ) Fb? UEI dx + [(1-x/b ) 6 dx
= [-3 x 4772 X1 413 X462 ], Fo? 1/E3 + [ x-1/2xb ] 8
=(-3b+7/2b-4/3b) Fb* 1/EJ +(b-1/2b) 6 =-4/3 Fb’/EJ

b
1%, = ['(-8 +14 x/b -6 x/b” ) Fb? UEI dx = [-8 x +7 xib -2 /% || Fb? 1/E

=(-8b+7b-2b ) Fb’ 1/EJ =-3 FbEJ
b

1% = ['(-2 xtb -6 xib* ) Fb? VEI dx = [- b -2 1% ]| Fbo? 1/E

=(-b-2b) Fb® /EJ =-3 FbYEJ
Xo 2,2 2 2 33.21° o2

1, = [2(-1 +2 xtb - x1b? ) Fb? VED dx = [- x + xb -1/3 /% ] Fb? 1/E]

=(-b+b-1/3b) Fb® 1/EJ =-1/3 Fb%/EJ
b

L = [2(- %62 ) Fo? 1/E3 dx = [-1/3 xb? | Fb? 1/E

=(-1/3b) Fb® 1EJ =-1/3 Fb%EJ

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

12.12.25

a7

mm

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

g,

T

45

412

118

124

4130

142

A= 606. mm’

J, = 215454. mm*

J, = 40698. mm*

Yo = 20.92 mm

T,=-2680. N

M, = -1340000. Nmm

Xn = 30. mm

Y= 53.mm

u,= 9.mm

v, = 32.08 mm

o, =-Mv/J, = 199.5 N/mm’
X, = 21.mm

y.= 45.mm

v, = 24.08 mm

o, =-Mv/J, = 149.8 Nimm’
T, = 7.136 N/mm’

c
0, = Vo*+31° = 150.3 N/mm’
S'= 3442. mm®

12.12.25
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PROCEDIMENTO E RISULTATI 237187

ES>06.xxxx.123

Quadro contributi PLV per iperstatica X=V,

PROCEDIMENTO E RISULTATI 237187

ES>06.xxxx.123

- M, (X) M, (%) ) MM, M,0 MM, M (M /EJ+B)dx | [XM, M, /EJdx
AB b 0 Fb-2Fx 0 0 0 0
0+0 0
BA b 0 Fb-2Fx 0 0 0 0
BC V2b 0 -Fb+V2/2Fx 0 0 0 0 0 0
BDb 0 -1/2gx° 0 0 0 0
) 0+0 0
DB b 0 1/2Fb-Fx+1/2gx 0 0 0 0
DCb 0 -2FX 0 0 0 0
0+0 0
CDb 0 2Fb-2Fx 0 0 0 0
CEb 0 -Fb+Fx 0 0 0 0
0+0 0
ECh 0 Fx 0 0 0 0
FGb 1/2x -2Fx -Fb/EJ -Fx -1/2FXb/EJ 1/4x° , ,
) ) ) ) ) (-1/3-1/4)Fb™/EJ | 1/12Xb°/EJ
GFb -1/2b+1/2x 2Fb-2Fx Fb/EJ -Fb"+2Fbx-Fx -1/2Fb°/EJ+1/2Fxb/EJ | 1/4b°-1/2bx+1/4X
GDb b-x -Fb 0 -Fb®+Fbx 0 b2-2bx+x* , ,
, (-1/2+0)Fb*/Ed | 1/3Xb°/EJ
DG b -X Fb 0 -Fbx 0 X
DHb 0 -3/2Fb+2F><-1/2q><2 0 0 0 0
) 0+0 0
HD b 0 Fx+1/2gx 0 0 0 0
GAb  |-1/2b+1/2x -Fb+Fx 0 |1/2Fb*Fbx+1/2Fx° 0 1/40°-1/2bx+1/4x? , ,
, , (1/6+0)Fb°/EJ | 1/12Xb%/EJ
AG b 1/2x Fx 0 1/2Fx 0 1/4x
totali -11/12Fb%EJ | 1/2Xb*/EJ
iperstatica X=V, 11/6F
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 237187 ES>06.xxxx.123 PROCEDIMENTO E RISULTATI 237187 ES>06.xxxx.123

b
L =j2(1/4 x’Ib” ) b* LEJ dx = [1/12x°b% ] | b* L/EJ | | | A= 900. mm? )
i , B . J,= 280787. mm
=(112b) b* VEJ = 1/12 bY/EJ b > ol . 3, = 66096, mm’
L3 :JZ(1/4 -1/2 x/b +1/4 X*/b* ) b 1/EJ dx = [1/4 x -1/4 x°1b +1/12 XIb” ] | b? 1/E y, = 22.17 mm
=(U4b-U4b+1/12b ) b> L/EJ = 1/12 bYEJ / \ :/Iy :__322029%0’\(1)0 Nmm
b = .
L% = [(1 -2 xtb + b7 ) b 1/EJ dx = [ x - x2b +1/3 xb* | b? 1/E3 Xy = 36.mm
y = .
=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ ﬁ"‘ _ ii 'r:nr;
b u m” !
L% = [2(xb? ) b? 1/E3 dx = [1/3 x°b? ] b* 1/E3 Vp, = 30.83 mm )
=-Mv/J, = 229.8 N/
=(1/3b) b* 1/EJ = 1/3 bYEJ Om = M m
. X, = 24.mm
L% = 214 -1/2 b +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 x8b +1/12 167 ] b7 1/E3 Y= 42.mm
=(14b-14b+1/12b ) b> LEJ = 1/12 bYEJ 1 \\/ \(', - T\;;v?j T”l 47.8 Nimm?
b A o= .
L% = [*(va x2b? ) b° VEI dx = [1/12 5 | b2 1/E Jo T = 4518 N/mm’
AG ) o ¢ \/ 2 2 2
= = 148.N
=(v12b) b* UEI =112 bY/EJ mm o y 3 8 8 x 2 gi’ _ 41;: Tmma 8. Nimm

L0 = [0(-xp? ) Fo? WEI dx + [ (-1/2x1b ) © dx = [-1/3 02 ], Fb? /€3 + [-14 X% ] 0
=(-13b) Fo® 1EJ + (-1/4b) 0 =-7/12 Fb¥/EJ

1% = ['(-1 +2 x/b - xi0? ) Fb2 VEI dx + [ (1/2-1/2 x1b ) © dx
= [-x+ b -13 % ], Fo? 1S + [1/2x-1/4x%b ]} @
=(-b+b-1/3b)Fb® 1EJ +(1/2b-1/4b) 6 =-7/12 Fb*/EJ

1% = [2(-1 + x/b ) Fb* VEJ dx = [- x +1/2 X%b ] Fb? 1/E
=(-b+1/2b) Fb’ 1/EJ =-1/2 Fb/EJ

1 = [(- xib ) Fb* VEI dx = [-1/2 b ]| Fb? 1/E
=(-1/2b) Fo® 1/EJ =-1/2 FbY/EJ

L, = [2(1/2 - xtb +1/2 %1% ) Fo? /3 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 xib? ) Fb? 1/EJ dx = [1/6 X702 ], Fb? 1/E3

=(1/6b) Fb®* L/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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PROCEDIMENTO E RISULTATI 241574

ES>06.xxxx.135

Quadro contributi PLV per iperstatica X=V,

PROCEDIMENTO E RISULTATI 241574

ES>06.xxxx.135

- M, (X) M, (%) ) MM, M,0 MM, M (M/EI+B)dX | [XM M /EJdx
AB b 0 Fb-2Fx 0 0 0 0
0+0 0
BAb 0 Fb-2Fx 0 0 0 0
BC v2b 0 -Fb+V2/2Fx 0 0 0 0 0 0
BDb 0 0 0 0 0 0
0+0 0
DBb 0 0 0 0 0 0
DCh 0 -3/2Fx-1/2gx° 0 0 0 0
, 0+0 0
CDb 0 2Fb-5/2Fx+1/2gx 0 0 0 0
CEb 0 -Fb+Fx 0 0 0 0
0+0 0
ECb 0 Fx 0 0 0 0
FGb 1/2x -2Fx -Fb/EJ -Fx -1/2Fxb/EJ 1/4x° . ,
2 i , , ,| ((L/3-L/4)Fb/EJ | 1/12Xb7/E]
GFb  |-1/2b+1/2x 2Fb-2Fx Fo/EJ|  -Fb*+2Fbx-Fx -1/2Fb°/EJ+1/2FXb/EJ | 1/4b*-1/2bx+1/4x
GDb b-x -2Fb+1/2Fx 0 |-2Fb*+5/2Fbx-1/2Fx° 0 b?-2bx+x° , ,
, , (-11/12+0)Fb*/EJ| 1/3Xb°/EJ
DG b X 3/2Fb+1/2Fx 0 -3/2Fbx-1/2Fx 0 X
DH b 0 -3/2Fb+2Fx-1/2gx°| 0 0 0 0
, 0+0 0
HD b 0 Fx+1/2gx 0 0 0 0
GAb  |-1/2b+1/2x 0 0 0 0 1/4b°-1/2bx+1/4x° ,
2 0+0 1/12Xb°EJ
AG b 1/2x 0 0 0 0 1/4x
totali -3/12Fb%/EJ 1/2Xb%EJ
iperstatica X=V, 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
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b
%= [ (14 xp? ) b2 VED dx = [112 0% | b? 1/E L A= 1020. mm’
N , ) , o i 8 J, = 360241, mm*
=(112b) b* VEJ = 1/12 bY/EJ b J,= 74448. mm*
L3 :jz(1/4 -1/2 x/b +1/4 X*/b* ) b 1/EJ dx = [1/4 x -1/4 x°1b +1/12 XIb” ] | b? 1/E y,= 29.65 mm
T,=-3875.N
=(1/4b-1/4b+1/12b ) b* 1/EJ = 1/12 bYEJ y
( ) X M, = -2418000. Nmm
L% = [(1 -2 xtb + b7 ) b 1/EJ dx = [ x - x2b +1/3 xb* | b? 1/E3 y u Xy = 12.mm
~ ) ) _ 5 u,= -12. mm
=(b-b+1/3b)b*1/EI =1/3 b /EJ v, = -29.65 mm
L% = [2(xb? ) b? 1/E3 dx = [1/3 x°b? ] b* 1/E3 O,y = -Mv/J, = -199. N/mm’
_ 2 _ 3 X, = 24.mm
(1730) b* 1/E3 = 1/3 bYIEJ b IR \\/ y.= 48 .mm
L% = 214 -1/2 b +1/4 X216 ) b2 1/ED dx = [1/4 x -1/4 x8b +1/12 167 ] b7 1/E3 v, = 18.35mm
Om = - = 2
=(1/4b-1/4b+1/12b ) b UEJ = 1/12 bYEI O Ny N
R Jo T, = 5.972 N/mm
L% = [2(114 b7 ) b° 1ED dx = [1/12 02 ]| b2 1/ED 0, = Jo™3T = 123.6 Nimm?
° ° mm 2 S = 8 8 x % S = 6662. mm’

=(1/12b) b* 1/EJ = 1/12 bYEJ

L0 = [0(-xp? ) Fo? WEI dx + [ (-1/2x1b ) © dx = [-1/3 02 ], Fb? /€3 + [-14 X% ] 0
=(-13b) Fo® 1EJ + (-1/4b) 0 =-7/12 Fb¥/EJ

1% = ['(-1 +2 x/b - xi0? ) Fb2 VEI dx + [ (1/2-1/2 x1b ) © dx
= [-x+ b -13 % ], Fo? 1S + [1/2x-1/4x%b ]} @
=(-b+b-1/3b)Fb® 1EJ +(1/2b-1/4b) 6 =-7/12 Fb*/EJ

1% = J0(-2 +5/2 xib -1/2 x1b® ) Fb? 1/EJ dx = [-2 x +5/4 x2/b -1/6 xib* | Fb? 1/E
=(-2b+5/4b-1/6 b ) Fb* 1/EJ = -11/12 Fb/EJ

1%, = ['(-3/2 xib -1/2 x¥1b? ) Fio? 1/E3 dx = [-3/4 x2Ib -1/6 x°/b? ]| Fb? 1/EJ
=(-3/4b-1/6 b)) Fb? 1/EJ =-11/12 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



