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PROCEDIMENTO E RISULTATI 218726

CIl07.xxxx.001

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 218726

CI07.xxxx.001

M M, (%) G MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BAD 0 1/2Fx 0 0 0 0
cbb | © 0 0 0 0 0
0+0 0
DCbh | © 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © -1/2Fx 0 0 0 0
0+0 0
HGb | © 1/2Fb-1/2Fx 0 0 0 0
HDb | © -1/2Fb+1/2qx? 0 0 0 0
, 0+0 0
DHb | © Fx-1/20x 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb’/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b|5Fb-11/2Fx+1/2gx>| 0 |-5Fb+21/2Fx-6Fx’b+1/2qx°b| 0O |1-2x/b+x’/b’ ,
, , , . (-13/8+0)Fb*/EJ | 1/3Xb/EJ
CEb x/b -9/2Fx-1/2gx 0 -9/2Fx"/b-1/2gx”/b 0 x“/b
IAb | 1-x/b Fb-3/2Fx 0 Fb-5/2Fx+3/2Fx’/b 0 |1-2x/b+x’Ib’ ,
, . (L/4+0)Fb’/EJ |  1/3Xb/EJ
Alb | -x/b 1/2Fb-3/2Fx 0 -1/2Fx+3/2Fx’/b 0 x°Ib
totali -15/8Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 9/8Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 218726 CI07.xxxx.001 PROCEDIMENTO E RISULTATI 218726

CI07.xxxx.001

L¥=['(1) vesax=[x] 1
=(b) 1/EJ = b/EJ

=[(1) vesax=[x] e 1
=(b) 1/EJ = b/EJ

42

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+13b) VEJ =1/3 b/EJ y

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(13b) VEJ =13 b/EI

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) VEJ =13 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [7(-5 +21/2 xib -6 x2b? +1/2 xb° ) Fb 1/E dx = [-5 x +21/4 x%1b -2 xb +1/8 x'1b° ] Fb 1/E3
=(-5b+21/4b-2b+1/8b ) Fb 1/EJ = -13/8 Fb’/EJ

10 = [2(-0r2 X212 -1/2 1™ ) Fb VE dx = [-3/2 %102 -1/8 x1b* ] Fbo 1/E3
=(-322b-1/8b ) Fb 1/EJ = -13/8 Fb’/EJ

1= °(1 -5/2 xib +3/2 x2b* ) Fb 1/EJ dx = [ x -5/4 x%/b +1/2 x1b* | Fb 1/E3
=(b-5/4b+1/2b ) Fb 1/EJ = 1/4 Fb’/EJ

1= [ (-1/2 b +3/2 X262 ) Fb 1EJ dx = [-1/4 x2b +1/2 X% ] Fb 1/E3
=(-1/4b+1/2b) Fb /EJ = 1/4 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

>

112

118

124

130

A= 612. mm’

J, = 214270. mm*

J, = 21276. mm*

Yy = 32.06 mm

T,= 2360. N

M, = -1392400. Nmm

X, = 6.mm

u,= -9.mm

v, =-32.06 mm

a,, = -Mv/J, = -208.3 N/mm’
X, = 15.mm

y.= 8. .mm

Vv, =-24.06 mm

a, = -Mv/J, = -156.3 N/mm’
T, = 6.313 N/mm’

0, = Vo’+31° = 156.7 N/mm®

S = 3439. mm®
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PROCEDIMENTO E RISULTATI 209802

CIl07.xxxx.002

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 209802

CI07.xxxx.002

M M, (%) 8 MM, MO | MM, |[MM/EI+6)dx |[XM, M /Eddx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BADb 0 1/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DChb 0 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2FX 0 0 0 0
FGb | © 1/2gx%° 0 0 0 0
) 0+0 0
GFb 0 -1/2Fb+Fx-1/2gx 0 0 0 0
GHb 0 1/2Fb-1/2Fx 0 0 0 0
0+0 0
HG b 0 -1/2Fx 0 0 0 0
HD b 0 0 0 0 0 0
0+0 0
DHb 0 0 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BD b 0 0 0 0 0 0
IEb -1 2FXx -Fb/EJ -2FX Fb/EJ 1 )
(-1+1)Fb*/EJ Xb/EJ
Elb 1 -2Fb+2Fx Fb/EJ -2Fb+2Fx Fb/EJ 1
ECb |-1+x/b|4Fb-9/2Fx+1/2qx°| 0 |-4Fb+17/2Fx-5Fx’/b+1/2gx*/b| 0 |1-2x/b+x’/b° ,
, , , , .,  |(-31/24+0)Fb*/EJ|  1/3Xb/EJ
CEb x/b -7I12Fx-1/2gx 0 -712Fx"Ib-1/2gx”/b 0 x“/b
IAb | 1-x/b Fb-3/2Fx 0 Fb-5/2Fx+3/2Fx%/b 0 |1-2x/b+x’/b? ,
, - (1/4+0)Fb°/EJ 1/3Xb/EJ
Alb -x/b 1/2Fb-3/2Fx 0 -1/2Fx+3/2Fx"/b 0 x“/b
totali -25/24Fb°/EJ 5/3Xb/EJ
iperstatica X=W,c 5/8Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 209802 CI07.xxxx.002 PROCEDIMENTO E RISULTATI 209802 CI07.xxxx.002

b ~54
L¥=['(1) vesax=[x] 1 A= 720.mm’
lag J = 242552. mm*
= 1/EJ = E u
() 1€ b/Jb J, = 51408. mm*
=[(1) vesax=[x] e * Yy = 34.65mm
T,= 2400. N
- - u Y
(b) vEI = bIE b M, = -1536000. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E Xp = 12.mm
- . - u,= -9.mm
=(b-b+1/3b) VEJ =13 b/EbJ y V,y = -34.65 mm
L?E( =Jﬁ( xIb’ ) 1/EJ dx = [1/3 X0’ ]U 1/EJ o, =-Mv/], =-219.4 N/mm?
N~
= 21
=(13b) VEJ =1/3 b/E] oot v i
b ol . Y.= 9.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 . Ve = -25.65 mm
1 on o, = -Mv/J, = -162.4 N/mm®
= - 1 1/E =1 E ’ u
(b-b+13b) 1/EI =13 b/bJ ) 1,= 6.443 N/mm’
L= [1(6m? ) vEd dx = [135%° ] 1/ES 0, =Vo%+31 = 162.8 N/mm?
° ° mm 2 S 2 8 8 x ¥ S’ = 3907. mm’

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

1 = [*(-4 +17/2 xtb -5 x21b +1/2 6% ) Fb 1/EJ dx
= [-a x +17/4 X2 -513 x1b® +1/8 x1b° | Fb 1/E
=(-4b+17/4b-5/3b +1/8b ) Fb 1/EJ = -31/24 Fb’/EJ

10 = [2(-772 X212 -1/2 1™ ) Fb VE dx = [-7/6 x¥1b? -1/8 x1b* ] Fb 1/E3
=(-7/6 b-1/8b ) Fb 1/EJ =-31/24 Fb’/EJ

10= [°(1 -5/2 xib +3/2 x2Ib* ) Fb 1/EJ dx = [ x -5/4 x%/b +1/2 x1b* | Fb 1/E
=(b-5/4b+1/2b ) Fb 1/EJ = 1/4 Fb’/EJ

1= [(-1/2 b +3/2 X262 ) Fb 1EJ dx = [-1/4 x21b +1/2 X162 ] Fb 1/E3
=(-1/4b+1/2b) Fb LEJ = 1/4 Fb’/E

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 226695

CIl07.xxxx.003

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 226695

CIl07.xxxx.003

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /Eddx
AB b 0 1/2Fb-1/2Fx 0 0 0 0
0+0 0
BAD 0 -1/2Fx 0 0 0 0
cbb | © 0 0 0 0 0
0+0 0
DCbh | © 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © 1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb+1/2Fx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 | 1/2Fb-Fx+1/2qx* | © 0 0 0
, 0+0 0
BDb 0 -1/2gx 0 0 0 0
IE b -1 AFx-1/2gx° -Fb/EJ -AFx+1/2Fx%Ib Fb/EJ 1 ,
, , (-11/6+1)Fb*/EJ Xb/EJ
Elb 1 |-7/2Fb+3Fx+1/2qx°| FB/EJ | -7/2Fb+3Fx+1/2Fx’/b |Fb/EJ 1
ECb |-1+x/b| 11/2Fb-11/2Fx 0 |-11/2Fb+11Fx-11/2Fxb| 0 |1-2x/b+x°/b’ ,
, ) (-11/6+0)Fb*/EJ | 1/3Xb/EJ
CEb | xb -11/2Fx 0 -11/2Fx%/b 0 x’[b
IAb | 1-x/b Fb-1/2Fx 0 Fb-3/2Fx+1/2Fx°/b 0 |1-2x/b+x/0° ,
, - (5/12+0)Fb*/EJ | 1/3Xb/EJ
Alb | -x/b -1/2Fb-1/2Fx 0 1/2Fx+1/2Fx%/b 0 x°Ib
totali -9/4Fb*IEJ 5/3Xb/EJ
iperstatica X=W,c 27/20Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 226695 CI07.xxxx.003 PROCEDIMENTO E RISULTATI 226695 CI07.xxxx.003

L= J:(l ) VEIdx =[x ]z 1EJ > A= 1008. mm>

= 328994, mm*
=(b) VEI = b/EI u m

J
. J,= 50112. mm*
L= _[2(1) VEJdx=[x], 1/E) 142 Y, = 28.79 mm
X
V
X

<

=(b) 1/EJ = b/EJ :A 3740.N

=-2618000. Nmm
= 6.mm

= -12. mm
=-28.79 mm

g, = -Mv/J, = -229.1 NImm®
/‘/"c .= 18.mm
13

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E u

=(b-b+1/3b) 1EJ = 1/3 b/EJ y

X
m
m
m

m

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9

=(v3b) VEI =13 b/EJ

) 112 y.= 13.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 v, =-15.79 mm
On o, = -Mv/J, = -125.6 N/mm’
= - 1 1/E =1 E ’ 3
(b-b+1/3b) 1/EI =1/3 b/bJ I r = 6.402 Nimm?
L= [2(?) vEI dx = [13 X2 ]] V/E 0, = Vo +31" = 126.1 N/mm”

124
~130
436

"= 6758. mm°
=(u3b) VEI =13 bIEJ S = 6758. mm

L= [0(-4 xtb +1/2 X16* ) Fo 1/EI dx + [/(1) 8 dx=[-2 % +1/6 X2 ], Fb 1/E9 + [ x] 6
=(2b+1/6b)Fob1/EJ +(b) 6 =-5/6 FbYEJ

L= [2(-7/2 +3 xtb +1/2 X%16? ) Fo UEI dx + [(-1) © dx
= [-712 x 312 1o +1/6 0% | Fb €S +[-x] 6
=(-72b+3/2b+1/6 b ) Fo 1/EJ +(-b ) 8 =-5/6 Fb/EJ

12 = [(-12/2 +11 xib 1172 X6 ) Fb UE dx = [-11/2 x +11/2 xb -11/6 X/ || Fb 1/E3
=(-11/2b +11/2 b -11/6 b ) Fb 1/EJ =-11/6 Fb’/EJ

1% = [2(-11/2 x2ib* ) Fb 1/EJ dx = [-11/6 x*/b? ]| Fb 1/E9
=(-11/6 b ) Fb 1/EJ =-11/6 Fb*/EJ

10= [°(1 -3/2 xib +1/2 x2b* ) Fb 1/EJ dx = [ x -3/4 x%/b +1/6 xb* | Fb 1/E3
=(b-3/4b+1/6b ) Fb 1/EJ =5/12 Fb*/EJ

1= [2(1/2 xib +1/2 X162 ) Fb VEJ dx = [1/4 x%1b +1/6 x°/b? ] Fb 1/E
=(1/4b+1/6 b)) Fb 1/EJ =5/12 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 959720

CIl07.xxxx.004

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 959720

CI07.xxxx.004

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /Eddx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BAD 0 1/2Fx 0 0 0 0
cbb | © 0 0 0 0 0
0+0 0
DCbh | © 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © -1/2Fx 0 0 0 0
0+0 0
HGb | © 1/2Fb-1/2Fx 0 0 0 0
HDb | © -1/2Fb+1/2qx? 0 0 0 0
, 0+0 0
DHb | © Fx-1/20x 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IE b -1 AFx-1/2gx° -Fb/EJ -AFx+1/2Fx%%Ib Fb/EJ 1 ,
, , (-11/6+1)Fb*/EJ Xb/EJ
El b 1 |-7/2Fb+3Fx+1/2qx°| FB/EJ | -7/2Fb+3Fx+1/2Fx’/b |Fb/EJ 1
ECb |-1+x/b| 11/2Fb-11/2Fx 0 |-11/2Fb+11Fx-11/2Fxb| 0 |1-2x/b+x°/b’ ,
, ) (-11/6+0)Fb*/EJ | 1/3Xb/EJ
CEb | xb -11/2Fx 0 -11/2Fx%/b 0 x’[b
IAb | 1-x/b Fb-3/2Fx 0 Fb-5/2Fx+3/2Fx°/b 0 |1-2x/b+x/0° ,
, ), (1/4+0)Fb’/EJ | 1/3Xb/EJ
Alb | -x/b 1/2Fb-3/2Fx 0 -1/2Fx+3/2Fx’/b 0 x°Ib
totali -29/12Fb¥EJ | 5/3Xb/EJ
iperstatica X=W,c 29/20Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 959720 CI07.xxxx.004 PROCEDIMENTO E RISULTATI 959720 CI07.xxxx.004

XX b 54 > ,
L¥=['(1) vesax=[x] 1 A= 1116. mm
a8 J, = 371067. mm’
=(b) 1/EJ = b/EJ b 2= 51800, '
L= _[2(1) VEJdx=[x], 1/E) 142 Y, = 30.77 mm
T,= 3840.N
=(b) /€3 = b/EJ y
(v) , . M, = -2880000. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E x.= 12.mm
y u.= -12.mm
- _ - m
=(b-b+1/3b) 1/EJ = 1/3 b/EbJ V= 3077 mm
L?E( =Jﬁ( xIb’ ) 1/EJ dx = [1/3 X0’ ]U 1/EJ o, = -Mv/J, = -238.9 N/mm?
e = 24
=(1/3b) 1EJ = 13 b/EJ b Z4 13 Xe mm
b 1 y.= 13.mm
L= (1 -2 xb + b7 ) UEI dx = [ x - xb +1/3 x| 1/EI v, =-17.77 mm
o o o >
n 0, = -Mv/J, = -138. N/mm
=(b-b+1 1/EJ =1/3 bIE c u
(b-b+1/3b) 1/EI =1/3 b/bJ s o = 6342 Nimn?
L= [2(?) vEI dx = [13 X2 ]] V/E N o B} 0, =Vo%+31 = 138.4 N/mm’
mm 2 - °_@ x5 S’ = 7354. mm°

=(1/3b) 1/EJ = 1/3 b/EJ

L= [0(-4 xtb +1/2 X16* ) Fo 1/EI dx + [/(1) 8 dx=[-2 % +1/6 X2 ], Fb 1/E9 + [ x] 6
=(2b+1/6b)Fob1/EJ +(b) 6 =-5/6 FbYEJ

L= [2(-7/2 +3 xtb +1/2 X%16? ) Fo UEI dx + [(-1) © dx
= [-712 x 312 1o +1/6 0% | Fb €S +[-x] 6
=(-72b+3/2b+1/6 b ) Fo 1/EJ +(-b ) 8 =-5/6 Fb/EJ

12 = [(-12/2 +11 xib 1172 X6 ) Fb UE dx = [-11/2 x +11/2 xb -11/6 X/ || Fb 1/E3
=(-11/2b +11/2 b -11/6 b ) Fb 1/EJ =-11/6 Fb’/EJ

1% = [2(-11/2 x2ib* ) Fb 1/EJ dx = [-11/6 x*/b? ]| Fb 1/E9
=(-11/6 b ) Fb 1/EJ =-11/6 Fb*/EJ

1= °(1 -5/2 xib +3/2 x2b® ) Fb 1/EJ dx = [ x -5/4 x%/b +1/2 x1b* | Fb 1/E3
=(b-5/4b+1/2b ) Fb 1/EJ = 1/4 Fb’/EJ

1= [(-1/2 b +3/2 X162 ) Fb 1E dx = [-1/4 x21b +1/2 X*1b2 ] Fb 1/E3
=(-1/4b+1/2b) Fb L/EJ = 1/4 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 213350 CI07.xxxx.005 PROCEDIMENTO E RISULTATI 213350 CI07.xxxx.005

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BADb 0 1/2Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | O 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 -1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 1/2Fb-1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | O 0 0 0 0 0
IEb -1 3Fx-1/2gx° -Fb/EJ|  -3Fx+12Fx¥b  |Fb/EJ 1 ,
, , (-4/3+1)Fb*/EJ Xb/EJ
Elb 1 |-5/2Fb+2Fx+1/2qx’ | Fb/EJ | -5/2Fb+2Fx+1/2Fx’/b | Fb/EJ 1
ECb |-1+x/b|  9/2Fb-9/2Fx 0 |-9/2Fb+9Fx-9/2Fx’lb| 0 |1-2x/b+x*/b? ,
, ), (-3/2+0)Fb%/EJ | 1/3Xb/EJ
CEDb x/b -9/2Fx 0 -9/2Fx°/b 0 X°/b
IAb | 1-x/b Fb-3/2Fx 0 Fb-5/2Fx+3/2Fx°/b | 0 |1-2x/b+x/b’ ,
, - (1/4+0)Fb*/EJ | 1/3Xb/EJ
Alb | -x/b 1/2Fb-3/2Fx 0 -1/2Fx+3/2Fx%/b 0 x*Ib
totali -19/12Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 19/20Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 213350 CI07.xxxx.005 PROCEDIMENTO E RISULTATI 213350 CI07.xxxx.005

b
L¥=['(1) vesax=[x] 1 Z A= 900. mm’
las J, = 258984. mm*
= 1/EJ = E u
(b) 1€ lo/Jb J, = 41256. mm*
=[(1) vesax=[x] e * Y= 28.8mm
T,= 2220.N
=(b) VEJ = bEJ y
(b) X M, = -1798200. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E u Xy = 6.mm
- - u,= -12. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EbJ y v, = -28.8mm
L?E( =Jﬁ( xIb’ ) 1/EJ dx = [1/3 X0’ ]U 1/EJ o, =-MviJ, = -200. N/mm?
= 18
=(13b) VEJ =1/3 b/E] ol XC o
b e 0 y.= 9.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 Ve = -19.8mm
° ° 1° 5 = -Mv/J, = -137.5 N/mm?
m o.=- =-137.
= - 1 1/E =1 E ’ 3
(b-b+1/3b) 1VEI =13 b/bJ 1o T.= 3.202 N/mm’
L= [2(?) vEI dx = [13 X2 ]] V/E e e e 0, =Vo%+31 = 137.6 N/mm’
mm e = = 9 8 x% S = 4482. mm’

=(1/3b) 1/EJ = 1/3 b/EJ

L= ['(-a xtb +1/2 X16* ) Fo 1/EI dx + [(1) © dx=[-3/2X%b +1/6 X2 ], Fb 1/E9 + [ x ] 6
=(-312b+1/6b) Fo 1/EJ +(b) 6 =-1/3 FbY/EJ

1= [2(-5/2 +2 xtb +1/2 X¥16? ) Fb UEI dx + [(-1) © dx
= [-5r2 x + xib +1/6 X162 ] Fb 1/E3 + [-x]
=(-5/2b+b+1/6b ) Fb 1/EJ +(-b) 6 =-1/3 Fb/EJ

12 = [*(-912 +9 x/b -0/2 X2/ ) Fb VEJ dx = [-9/2 x +9/2 b -3/2 X°Ib? ] Fb 1/E3
=(-922b+9/2b-312b ) Fb 1/EJ =-3/2 Fb’/EJ

1% = [2(-0r2 16 ) Fb 1/E3 dx = [-3/2 xb* | Fb 1/E
=(-3/2b) Fb 1/EJ =-3/2 Fb*/EJ

1= °(1 -5/2 xib +3/2 x2Ib® ) Fb 1/EJ dx = [ x -5/4 x%/b +1/2 x1b* | Fb 1/E3
=(b-5/4b+1/2b ) Fb 1/EJ = 1/4 Fb’/EJ

1= [ (-1/2 b +3/2 X262 ) Fb 1EJ dx = [-1/4 x21b +1/2 X162 ] Fb 1/E3
=(-1/4b+1/2b) Fb LEJ = 1/4 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 236698 CI07.xxxx.006 PROCEDIMENTO E RISULTATI 236698 CI07.xxxx.006

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
ABb | 0 |Fb-3/2Fx+1/2gx°| O 0 0 0
, 0+0 0
BA b 0 -1/2Fx-1/2gx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb+1/2Fx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx*| O 0 0 0
, 0+0 0
BDb | © -1/2gx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx | Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-5Fx 0 |-5Fb+10Fx-5Fx’/b| 0 |1-2x/b+x*/b’ ,
, ), (-5/3+0)Fb*/EJ | 1/3Xb/EJ
CEb x/b -5Fx 0 -5Fx“/b 0 X°/b
IAb | 1-x/b Fb 0 Fb-Fx 0 |1-2x/b+xI0° ,
- (1/2+0)Fb*/EJ | 1/3Xb/EJ
Alb -x/b -Fb 0 Fx 0 X°/b
totali -5/3Fb?/EJ 5/3Xb/EJ
iperstatica X=W,¢ Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 236698 CI07.xxxx.006 PROCEDIMENTO E RISULTATI 236698 CI07.xxxx.006

A= 1008. mm’
J, = 290654. mm’
J, = 81216. mm*

Yo = 30.71 mm
X
\
X

L¥=['(1) vesax=[x] 1
=(b) 1/EJ = b/EJ

=[(1) vesax=[x] e 1
=(b) 1/EJ = b/EJ

42

T,= 2300.N
M

<

= -1978000. Nmm
= 12. mm

= -12. mm

=-30.71 mm

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 o, = -MviJ, = -209. Nimm’

=(1/3b) 1EJ = 13 b/EJ N .= 24.mm

10 y.= 10.mm

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E

=(b-b+1/3b) 1EJ = 1/3 b/EJ y y

X
m
m
m

m

b
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 . Ve =-20.71mm
1 o 0, =-Mv/J, = -141. N/mm®
= - 1 1/E =1 E ’ )
(b-b+13b) VEI =13 b/bJ I r = 3,351 Nimm?
L= [2(?) vEI dx = [13 X2 ]] V/E N e e e e - 0, =Vo™+31" = 141.1 N/mm”
mm 2 R e S = 5081. mm’

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E
=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

Lo=['(1-xb ) Fb UEI dx = [ x-1/2 x%b ], Fb 1/E9
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

L= ["(xb) Fb UEI dx = [1/2 b ] Fb 1/ES
=(1/2b) Fb VEJ = 1/2 FO’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 248355

CIl07.xxxx.007

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 248355

CI07.xxxx.007

M M, (%) ] MM, MO | MM, |[MM/EI+6)dx | [XMM /Eddx
ABb | 0 |-12Fx+1/2gx°| ©O 0 0 0
, 0+0 0
BA b 0 1/2Fx-1/2gx 0 0 0 0
cbb | © 0 0 0 0 0
0+0 0
DCbh | © 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GF b 0 0 0 0 0 0
GHb | © -1/2Fx 0 0 0 0
0+0 0
HGb | 0 | 1/2Fb-1/2Fx | © 0 0 0
HDb | 0 |-1/2Fb+1/2gx°| O 0 0 0
, 0+0 0
DHb | © Fx-1/20x 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IE b -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb’/EJ Xb/EJ
El b 1 -3Fb+3Fx | FO/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 5Fb-5Fx 0 |-5Fb+10Fx-5Fx’/b| 0 |1-2x/b+x’/b° ,
, . (-5/3+0)Fb’/EJ |  1/3Xb/EJ
CEb x/b -5Fx 0 -5Fx“/b 0 x“/b
IAb | 1-x/b Fb-Fx 0 Fb-2Fx+Fx’/b 0 |1-2x/b+x’/b? ,
, ) (1/3+0)Fb’/EJ | 1/3Xb/EJ
Al b -x/b -Fx 0 Fx“/b 0 x“/b
totali -11/6Fb*/EJ 5/3Xb/EJ
iperstatica X=W,c 11/10Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

Sviluppi di calcolo iperstatica

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

20.03.25



PROCEDIMENTO E RISULTATI 248355 CI07.xxxx.007 PROCEDIMENTO E RISULTATI 248355 CI07.xxxx.007

b ~54
L¥=['(1) vesax=[x] 1 . A= 1116. mm’
s J, = 302839. mm*
=(b) VEJ = b/EJ b J,= 69768. mm"*
=[(1) vesax=[x] e Yy = 28.84mm
T,= 2520.N
= = +36 y
(b) vEI = bIE b M, = -2293200. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E u Xy = 6.mm
- - u,= -12. mm
=(b-b+1/3b) VEJ =13 b/EbJ y V,, = -28.84 mm
L?E( =Jﬁ( xIb’ ) 1/EJ dx = [1/3 X0’ ]U 1/EJ / o, =-Mvi], =-218.4 N/mm?
T —
- - e X, = 18.mm
=(1/3b) 1EJ = 13 b/EJ b 112 A+ L y.= 13.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 Ve = -15.84 mm
On 0, = -Mv/J, = -119.9 N/mm®
= - 1 1/E =1 E ’ ,
(b-b+1/3b) 1/EI =1/3 b/bJ ) 1, = 4.697 N/mm’
L= [1(6m? ) vEd dx = [135%° ] 1/ES 0, =Vo%+31 = 120.2 N/mm?
° ° mm o e S5 9 8 8 x8 S = 6774.mm’

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E
=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

L0='(1 -2 xtb + x1b? ) Fb VEI dx = [ x - %I +1/3 X°1b? ]| Fb 1/E3
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ

L= [2(x% ) Fo 1EI dx = [1/3 xb* ] Fb 1/E3
=(1/3b) Fb 1/EJ = 1/3 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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AZIONI INTERNE 237991

CIl07.xxxx.008
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PROCEDIMENTO E RISULTATI 237991 CI07.xxxx.008 PROCEDIMENTO E RISULTATI 237991 CI07.xxxx.008

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, M M/EI+6)dx | [XM M /EJdx
ABb | © -1/2Fx+1/29x° 0 0 0 0
, 0+0 0
BA b 0 1/2Fx-1/2gx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 1/2Fb-1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb’/EJ Xb/EJ
Elb 1 -2Fb+2Fx Fb/EJ| -2Fb+2Fx  |Fb/EJ 1
ECb |-1+x/b AFb-4Fx 0 |-4Fb+8Fx-4Fx’fb| 0 |1-2x/b+x°/b° ,
, ), (-4/3+0)Fb’/EJ | 1/3Xb/EJ
CEb x/b -4Fx 0 -4Fx°/b 0 x“/b
IAb | 1-x/b Fb-Fx 0 Fb-2Fx+Fx’/b | 0 |1-2x/b+x’/b ,
, ) (1/3+0)Fb’/EJ | 1/3XbIEJ
Alb -x/b -Fx 0 Fx“/b 0 x“/b
totali -Fb%EJ 5/3Xb/EJ
iperstatica X=W,c 3/5Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 237991 CI07.xxxx.008 PROCEDIMENTO E RISULTATI 237991 CI07.xxxx.008

b
L¥=['(1) vesax=[x] 1 A= 1296. mm’
a8 J, = 340256. mm’
=(b) VeI = bIEI ) J, = 141696. mm*
=[(1) vesax=[x] e y,= 30.89 mm
T,= 2600. N
=(b) VEJ = b/EJ 36 y
(0) . ] M, = -2522000. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E Xp= 12.mm
u,= -12. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ m
( ) . y V,, =-30.89 mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 0, = -Mv/J, = -229. N/mm’
| ol X, = 24.mm
=(13b) VEJ =13 b/EI » 13
) 1 y.= 13.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 v, =-17.89 mm
On o, = -Mv/J, = -132.6 N/mm’
= - 1 1/E =1 E ’ 3
(b-b+1/3b) 1/EI =1/3 b/bJ I r = 4.705 Nimm?
L= [(«m?) vEd dx = [13x07 )] 1/ES 0, = Vo+31° = 132.8 Nimm?
° ° mm 2 S 2 3 8 8 x 3 S = 7389. mm’

=(u3b) VEI =13 bIEJ

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

122 = [(-4 +8 x/b -4 X%Ib? ) Fb 1/EJ dx = [-4 x +4 x2Ib -413 x1b* | Fb 1/
=(-4b+4b-4/3b) Fb 1/EJ =-4/3 Fb’/EJ

L% = [2(-4 1% ) Fb 1E3 dx = [-4/3 X2 ]| Fb 1/E9
=(-413b) Fb 1/EJ =-4/3 Fb’/EJ

L0='(1 -2 xtb + x1b? ) Fb VEI dx = [ x - X% +1/3 X% ] Fb 1/E3
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ

L= [2(x% ) Fo 1EI dx = [1/3 xb* ] Fb 1/E3
=(1/3b) Fb 1/EJ = 1/3 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 937106

CIl07.xxxx.009

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 937106

CIl07.xxxx.009

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /Eddx
AB b 0 1/2Fb-1/2Fx 0 0 0 0
0+0 0
BAD 0 -1/2Fx 0 0 0 0
cbb | © 0 0 0 0 0
0+0 0
DCbh | © 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © 1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb+1/2Fx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 | 1/2Fb-Fx+1/2qx* | © 0 0 0
, 0+0 0
BDb 0 -1/2gx 0 0 0 0
IE b -1 AFx-1/2gx° -Fb/EJ -AFx+1/2Fx%Ib Fb/EJ 1 ,
, , (-11/6+1)Fb*/EJ Xb/EJ
Elb 1 |-7/2Fb+3Fx+1/2qx°| FB/EJ | -7/2Fb+3Fx+1/2Fx’/b |Fb/EJ 1
ECb |-1+x/b| 11/2Fb-11/2Fx 0 |-11/2Fb+11Fx-11/2Fxb| 0 |1-2x/b+x°/b’ ,
, ) (-11/6+0)Fb*/EJ | 1/3Xb/EJ
CEb | xb -11/2Fx 0 -11/2Fx%/b 0 x’[b
IAb | 1-x/b Fb-1/2Fx 0 Fb-3/2Fx+1/2Fx°/b 0 |1-2x/b+x/0° ,
, - (5/12+0)Fb*/EJ | 1/3Xb/EJ
Alb | -x/b -1/2Fb-1/2Fx 0 1/2Fx+1/2Fx%/b 0 x°Ib
totali -9/4Fb*IEJ 5/3Xb/EJ
iperstatica X=W,c 27/20Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 937106 CI07.xxxx.009 PROCEDIMENTO E RISULTATI 937106

CIl07.xxxx.009

L¥=['(1) vesax=[x] 1
=(b) 1/EJ = b/EJ
=[(1) vesax=[x] e 142 a1

=(b) VEI = b/EJ i

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E

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

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9

=(1/3b) 1/E] = 1/3 b/EJ
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ 16

L= [2(?) vEI dx = [13 X2 ]] V/E 0
=(u3b) VEI =13 bIEJ

412
418
124
430
436
x
148

L= [0(-4 xtb +1/2 X16* ) Fo 1/EI dx + [/(1) 8 dx=[-2 % +1/6 X2 ], Fb 1/E9 + [ x] 6
=(2b+1/6b)Fob1/EJ +(b) 6 =-5/6 FbYEJ

L= [2(-7/2 +3 xtb +1/2 X%16? ) Fo UEI dx + [(-1) © dx
= [-712 x 312 1o +1/6 0% | Fb €S +[-x] 6
=(-72b+3/2b+1/6 b ) Fo 1/EJ +(-b ) 8 =-5/6 Fb/EJ

12 = [(-12/2 +11 xib 1172 X6 ) Fb UE dx = [-11/2 x +11/2 xb -11/6 X/ || Fb 1/E3
=(-11/2b +11/2 b -11/6 b ) Fb 1/EJ =-11/6 Fb’/EJ

1% = [2(-11/2 x2ib* ) Fb 1/EJ dx = [-11/6 x*/b? ]| Fb 1/E9
=(-11/6 b ) Fb 1/EJ =-11/6 Fb*/EJ

10= [°(1 -3/2 xib +1/2 x2b* ) Fb 1/EJ dx = [ x -3/4 x%/b +1/6 xb* | Fb 1/E3
=(b-3/4b+1/6b ) Fb 1/EJ =5/12 Fb*/EJ

1= [2(1/2 xib +1/2 X162 ) Fb VEJ dx = [1/4 x%1b +1/6 x°/b? ] Fb 1/E
=(1/4b+1/6 b)) Fb 1/EJ =5/12 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 1296. mm’

J, = 340256. mm’
J,= 141696. mm*
Yo = 23.11 mm

T,= 2580.N

M, = -2631600. Nmm
X, = 36.mm

Yn= 54.mm

u,= 12.mm

vV, = 30.89 mm

o, =-Mv/J, = 238.9 N/mm’

m

X.= 24.mm

o, =-Mv/J, = 138.4 N/mm’
1, = 4.669 N/mm’

0, = Vo*+31° = 138.6 N/mm’
S = 7389. mm°

20.03.25



REAZIONI 214074 CI07.xxxx.010 AZIONI INTERNE 214074 CI07.xxxx.010
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PROCEDIMENTO E RISULTATI 214074 CI07.xxxx.010 PROCEDIMENTO E RISULTATI 214074 CI07.xxxx.010

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
ABb | 0 |Fb-3/2Fx+1/2gx°| O 0 0 0
, 0+0 0
BA b 0 -1/2Fx-1/2gx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb+1/2Fx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx*| O 0 0 0
, 0+0 0
BDb | © -1/2gx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx | Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-5Fx 0 |-5Fb+10Fx-5Fx’/b| 0 |1-2x/b+x*/b’ ,
, ), (-5/3+0)Fb*/EJ | 1/3Xb/EJ
CEb x/b -5Fx 0 -5Fx“/b 0 X°/b
IAb | 1-x/b Fb 0 Fb-Fx 0 |1-2x/b+xI0° ,
- (1/2+0)Fb*/EJ | 1/3Xb/EJ
Alb -x/b -Fb 0 Fx 0 X°/b
totali -5/3Fb?/EJ 5/3Xb/EJ
iperstatica X=W,¢ Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 214074 CI07.xxxx.010 PROCEDIMENTO E RISULTATI 214074 CI07.xxxx.010

L¥=['(1) vesax=[x] 1

A= 900. mm?
J

g Ao ,= 258984. mm*

=(b) VEJ = b/EJ 45 J,= 41256. mm

L= _[2(1) VEI dx = [ x ]Z 1/EJ y,= 25.2mm
- _ T,= 3320.N
=(b) e = bE / \ M, = -1792800. Nmm
X

X

b
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E , = 30.mm
= 54,
=(b-b+1/3b) VEJ =13 b/EJ u In” iz i
XX 2,2 3,27° on” S
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 V= 28.8mm
=-Mv/J, = 199.4 N/mm’
=(1/3b) 1EJ = 13 b/EJ O m
) lis X, = 18.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 y.= 45.mm
v, = 19.8 mm
=(b-b+1 1/EJ = 1/3 blE 1 ¢
(b-b+1/3b) 1VEI =13 b/bJ 0, =M/, = 137.1 Nimm’
L= [2(?) vEI dx = [13 X2 ]] V/E Jo T.= 4.788 N/mm’
0, = Vo’+31° = 137.3 N/mm’
=(u3b) VEI =13 bIEJ mm o o % 8 I 8«8 S’ = 4282 mm’

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E
=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

Lo=['(1-xb ) Fb UEI dx = [ x-1/2 x%b ], Fb 1/E9
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

L= ["(xb) Fb UEI dx = [1/2 b ] Fb 1/ES
=(1/2b) Fb VEJ = 1/2 FO’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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AZIONI INTERNE 240999

CI07.xxxx.011
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PROCEDIMENTO E RISULTATI 240999 CI07.xxxx.011 PROCEDIMENTO E RISULTATI 240999 CI07.xxxx.011

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
ABb | © Fb-Fx 0 0 0 0
0+0 0
BAb | © -Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 1/2gx> 0 0 0 0
, 0+0 0
HG b 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx°| O 0 0 0
, 0+0 0
BDb | © -1/2gx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-5Fx 0 |-5Fb+10Fx-5Fx’b| 0 |1-2x/b+x’/b’ ,
, ), (-5/3+0)Fb%/EJ | 1/3Xb/EJ
CEDb x/b -5Fx 0 -5Fx“/b 0 x“/b
IAb | 1-x/b Fb 0 Fb-Fx 0 |1-2x/b+x’Mb’ ,
. (1/2+0)FbYEJ | 1/3Xb/EJ
Alb -x/b -Fb 0 Fx 0 x“/b
totali -5/3Fb%/EJ 5/3Xb/EJ
iperstatica X=W,¢ Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 240999 CI07.xxxx.011 PROCEDIMENTO E RISULTATI 240999 CI07.xxxx.011

b -54
L= J:(l ) VEIdx=[x], 1EI A= 1008. mm>
> J, = 328994. mm*
= 1/EJ = bIE u
(b) v& b/Jb ot J, = 50112. mm*
L= _[2(1) VEJdx=[x], 1/E) a2 - a“ Y, = 2521 mm
T, = 4060. N
=(b) VEJ = bEJ y
(v) X M, = -2395400. Nmm
L =JZ(1 2xib+x°/b*) VEIdx = [ x-x%/b +1/3 10" ] L/EI x.= 30.mm
= 54,
=(b-b+1/3b) 1/EJ = 1/3 b/EJ y u Ym = 54 mm
b u,= 12.mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 v, = 28.79 mm
= -Mv/J, = 209.6 N/mm’
=(1/3b) 1/E] = 1/3 b/EJ Om = "MVIJ, mm
b I X, = 18.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 y.= 41.mm
v, = 15.79 mm
=(b-b+1 1/EJ = 1/3 blE 16 c
(b-b+13b) VEI =1/3 b/bJ o e 114.9 Nimn?
L= [2(?) vEI dx = [13 X2 ]] V/E Jo = 6.95N/mm’
0, =Vo*+31° = 115.6 N/mm’
=(1/3b) 1/EJ = 1/3 b/EJ mm © e S , & 8 8 & areg

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E
=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

Lo=['(1-xb ) Fb UEI dx = [ x-1/2 x%b ], Fb 1/E9
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

L= ["(xb) Fb UEI dx = [1/2 b ] Fb 1/ES
=(1/2b) Fb VEJ = 1/2 FO’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



REAZIONI 280001

CI07.xxxx.012

AZIONI INTERNE 280001

CI07.xxxx.012

B /b b N [ H
. ! e —t
1/2F 1/2F 1/2F 1/2F
1/2Fb 1/2Fb 1/2Fb
F
B D H
-
1/2F A7 1eF
1/2Fb
F
F
1/2Fb
< 1/2F n 1/2F
 12F
A ¢ G
A C G
-
AV 97/20F
1/2Fb
F
F
53/20Fb 97/20Fb
43/20F < 97/20F "
| E E
[ NE E_N F
97/20F 97/20F
33/20Fb 47/20Fb 5/2Fb
4F 4F 3F 2F

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 280001

CI07.xxxx.012

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 280001

CI07.xxxx.012

M M, (%) ] MM, MO | MM, |[M(M/EI+6)dx | [XM M /EJdx
AB b 0 1/2Fb-1/2Fx 0 0 0 0
0+0 0
BAD 0 -1/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EF b 0 |-5/2Fb+3Fx-1/2qx°| 0 0 0 0
, 0+0 0
FE b 0 2Fx+1/2qx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © 1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb+1/2Fx 0 0 0 0
HD b 0 1/2Fb 0 0 0 0
0+0 0
DHb 0 -1/2Fb 0 0 0 0
DBb | 0 | 1/2Fb-Fx+1/2qx* | 0 0 0 0
, 0+0 0
BDb 0 -1/20x 0 0 0 0
IE b -1 4FX -Fb/EJ -4FX Fb/EJ 1 ,
(-2+1)Fb*/EJ Xb/EJ
Elb 1 -AFb+4Fx Fb/EJ -AFb+4Fx Fb/EJ 1
ECb |-1+x/b| 13/2Fb-13/2Fx 0 |-13/2Fb+13Fx-13/2Fxb| 0 |1-2x/b+x’/b? ,
, . (-13/6+0)Fb*/EJ |  1/3Xb/EJ
CEb | xb -13/2Fx 0 -13/2Fx%/b 0 Xl
IAb | 1-x/b Fb-1/2Fx 0 Fb-3/2Fx+1/2Fx*/b 0 |1-2x/b+x°/0° ,
, - (5/12+0)Fb*/EJ |  1/3Xb/EJ
Alb | -x/b -1/2Fb-1/2Fx 0 1/2Fx+1/2Fx’/b 0 Nl
totali -11/4Fb*/EJ 5/3Xb/EJ
iperstatica X=W,c 33/20Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 280001 CI07.xxxx.012 PROCEDIMENTO E RISULTATI 280001 CI07.xxxx.012

b -54
L¥=['(1) vesax=[x] 1 A= 1008. mm’
g J, = 290654. mm*
= 1/EJ = E. oflc !
(b) ves b/Jb > A " J,= 81216. mm"*
=[(1) vesax=[x] e y,= 23.29mm
T,= 3900. N
=(b) 1EJ = b/EJ 1™ y
(0) . M, = -2080000. Nmm
Lee=J (1-2xb+x*b?) VEIdx =] x-x*b +1/3x°/6* | 1/EJ Xp = 36.mm
EC o o y m
= 54,
=(b-b+1/3b) 1EJ = 1/3 b/EJ Ym = 4. mm
R u u,= 12.mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 v, = 30.712mm
=-Mv/J, = 219.8 N/mm’
=(13b) VEJ = 1/3 b/EJ R mm
b ] ¢ :
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 2 y.= 44.mm
V.= 20.71 mm
=(b-b+1 1/EJ =1/3 b/E 18 c
(b-b+1/3b) 1/EI =1/3 b/bJ o, = WVIJ, = 148.2 N
L= [2(?) vEI dx = [13 X2 ]] V/E Jo 1,= 5.682 N/mm’

0, = Vo*+31° = 148.6 N/mm’

=(u3b) VEI =13 bIEJ S = 5081 mm®

412
418
124
430
436
x
148

L=['(-4xib) FovEIdx+ [)(1) 0 dx=[-2xm ] FovEI +[x] 6
=(2b)Fb1/EI +(b) 0O =- FOYEJ

o= ['(-4+axib) FovEIdx + [[(-1) 0 dx=[-4x+2xm ] Fo 1€ +[-x] 6
=(-4b+2b)Fb1/EI +(-b) 6 =- FbYEJ

1% = [7(-13/2 +13 x/b -13/2 X6 ) Fb 1/E dx = [-13/2 x +13/2 xb -13/6 X/ || Fb 1/E3
=(-13/2b +13/2b -13/6 b ) Fb 1/EJ =-13/6 Fb’/EJ

1% = [*(-13/2 x2ib* ) Fb 1/EJ dx = [-13/6 X2 ]| Fb 1/E9
=(-13/6 b ) Fb 1/EJ =-13/6 Fb’/EJ

1= [°(1 -3/2 xib +1/2 x2b* ) Fb 1/EJ dx = [ x -3/4 x%/b +1/6 x1b* | Fb 1/E
=(b-3/4b+1/6b ) Fb 1/EJ =5/12 Fb*/EJ

1= [2(1/2 b +1/2 X162 ) Fb VEJ dx = [1/4 x%1b +1/6 x°/b? ] Fb 1/E
=(1/4b+1/6b) Fb 1/EJ =5/12 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 248385

CI07.xxxx.013

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 248385

CI07.xxxx.013

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
AB b 0 0 0 0 0 0
0+0 0
BAD 0 0 0 0 0 0
cbb | © 0 0 0 0 0
0+0 0
DCbh | © 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © 0 0 0 0 0
0+0 0
HGb | © 0 0 0 0 0
HDb | © 1/2gx° 0 0 0 0
, 0+0 0
DHb | 0 |-1/2Fb+Fx-1/2gx’| 0O 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx°| O 0 0 0
, 0+0 0
BDb 0 -1/2gx 0 0 0 0
IE b -1 4FxX -Fb/EJ -4Fx Fb/EJ 1 ,
(-2+1)Fb’/EJ Xb/EJ
El b 1 -AFb+4Fx Fb/EJ -AFb+4Fx Fb/EJ 1
ECb |-1+x/b 6Fb-6Fx 0 |-6Fb+12Fx-6Fx’b| 0 |1-2x/b+x’/b’ ,
, . (-2+0)Fb’/EJ 1/3Xb/EJ
CEDb x/b -6Fx 0 -6Fx“/b 0 x“/b
IAb | 1-x/b Fb-Fx 0 Fb-2Fx+Fx’/b 0 |1-2x/b+x’Mb’ ,
, ) (1/3+0)Fb°/EJ | 1/3XbIEJ
Alb -x/b -Fx 0 Fx“/b 0 x“/b
totali -8/3Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 8/5Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 248385

CI07.xxxx.013

L¥=['(1) vesax=[x] 1
=(b) 1EJ = bEJ

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(1/3b) 1EJ = 13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(u3b) VEI =13 bIEJ

L=['(-4xib) FovEIdx+ [)(1) 0 dx=[-2xm ] FovEI +[x] 6
=(2b)Fb1/EI +(b) 0O =- FOYEJ

o= ['(-4+axib) FovEIdx + [[(-1) 0 dx=[-4x+2xm ] Fo 1€ +[-x] 6
=(-4b+2b)Fb1/EI +(-b) 6 =- FbYEJ

1% = [(-6 +12 xtb -6 x2b* ) Fb 1/E3 dx = [-6 x +6 X%/b -2 X*/b? ] Fb 1/EJ
=(-6b+6b-2b ) Fb 1/E] =-2 Fb’/EJ

1% = [2(-6 X% ) Fb 1/E3 dx = [-2 X2 ] Fb 1/E
=(-2b) Fb 1/EJ = -2 Fb’/EJ

L0=['(1 -2 xtb + x1b? ) Fb VEI dx = [ x - X% +1/3 X% ]| Fb 1/E3
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ

L= [2(xé ) Fo 1EI dx = [1/3 xb* ] Fb 1/E3
=(1/3b) Fb 1/EJ = 1/3 Fb*/EJ

PROCEDIMENTO E RISULTATI 248385

CI07.xxxx.013

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

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

<

X
m

U
Vim
Gm
Xe

A= 720. mm?

= 242552, mm*

= 51408. mm*

= 19.35 mm

= 2300. N
=-1610000. Nmm
= 30.mm

= 54. mm

= 9. mm

= 34.65 mm
=-Mv/J,= 230. N/mm’
= 21.mm

y.= 45 .mm

= 25.65 mm
=-Mv/J, = 170.3 N/mm?
= 6.175 N/mm’

0, = Vo*+31° = 170.6 N/mm’
S = 3907. mm®
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PROCEDIMENTO E RISULTATI 240995 CI07.xxxx.014 PROCEDIMENTO E RISULTATI 240995 CI07.xxxx.014

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
ABb | © 0 0 0 0 0
0+0 0
BAb | O 0 0 0 0 0
cDb | o 0 0 0 0 0
0+0 0
DCh | O 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 1/2Fb 0 0 0 0
0+0 0
HGb | © -1/2Fb 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx°| O 0 0 0
, 0+0 0
BDb | O -1/2qx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-5Fx 0 |-5Fb+10Fx-5Fx’/b| 0 |1-2x/b+x’/b° ,
, ) (-5/3+0)Fb%/EJ | 1/3Xb/EJ
CEDb x/b -5Fx 0 -5Fx“/b 0 x“/b
IAb | 1-x/b Fb-Fx 0 Fb-2Fx+Fx’/b 0 |1-2x/b+x’Mb’ ,
, . (1/3+0)Fb/EJ | 1/3XbIEJ
Alb -x/b -Fx 0 Fx“/b 0 x“/b
totali -11/6Fb*/EJ 5/3Xb/EJ
iperstatica X=W,c 11/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 240995

CIl07.xxxx.014

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6

=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

b
1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E

=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ
1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ
L0='(1 -2 xtb + x1b? ) Fb VEI dx = [ x - %I +1/3 X°1b? ]| Fb 1/E3
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ
L= [2(x% ) Fo 1EI dx = [1/3 xb* ] Fb 1/E3
=(1/3b) Fb 1/EJ = 1/3 Fb*/EJ

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

20.03.25
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o
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 1116. mm’

J, = 302839. mm’
J,= 69768. mm*

Yy = 25.16 mm

T, = 3360. N

M, = -2520000. Nmm
X, = 30.mm

Yo = 54.mm

u,= 12.mm

vV, = 28.84 mm

o, =-Mv/J, = 240. N/mm?
X, = 18.mm

y.= 41l.mm

V.= 15.84 mm

o, =-Mv/J, = 131.8 N/mm’

Cc

1= 6.263 N/mm’

0, = Vo’+31° = 132.2 N/mm®

S =

6774. mm®

20.03.25
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PROCEDIMENTO E RISULTATI 984264 CI07.xxxx.015 PROCEDIMENTO E RISULTATI 984264 CI07.xxxx.015

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
ABb | © Fb-Fx 0 0 0 0
0+0 0
BAb | © -Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 1/2gx> 0 0 0 0
, 0+0 0
HG b 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx°| O 0 0 0
, 0+0 0
BDb | © -1/2gx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-5Fx 0 |-5Fb+10Fx-5Fx’b| 0 |1-2x/b+x’/b’ ,
, ), (-5/3+0)Fb%/EJ | 1/3Xb/EJ
CEDb x/b -5Fx 0 -5Fx“/b 0 x“/b
IAb | 1-x/b Fb 0 Fb-Fx 0 |1-2x/b+x’Mb’ ,
. (1/2+0)FbYEJ | 1/3Xb/EJ
Alb -x/b -Fb 0 Fx 0 x“/b
totali -5/3Fb%/EJ 5/3Xb/EJ
iperstatica X=W,¢ Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 984264 CI07.xxxx.015 PROCEDIMENTO E RISULTATI 984264 CI07.xxxx.015

b -54
L= J:(l) VEYdx=[x], 1/E] A= 1116. mm>
J, = 371067. mm’
= 1/EJ = E. u
(b) v& b/Jb S J, = 91800. mm*
L= _[2(1) VEJdx=[x], 1/E) |42 o " Y, = 23.23 mm
T, = 2960. N
=(b) 1EJ = b/EJ y
(b) . M, = -2397600. Nmm
L =JZ(1 2xib+x°/b*) VEIdx = [ x-x%/b +1/3 10" ] L/EI x. = 36.mm
= 54
=(b-b+1/3b) 1/EJ = 1/3 b/E y Ym = 54 mm
b u u,= 12.mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 v, = 30.77 mm 2
= -Mv/J, = 198.8 N/
=(1/3b) 1/E] = 1/3 b/EJ O = -MvIJ, mm
b 112 X, = 24.mm
L= J:(l -2xib+ X" ) VEIdx=[ x-x'/b+13 x| 1/EI y.= 41.mm
v, = 17.77 mm
=(b-b+1 1/EJ =1/3 b/E 6 c
(b-b+1/30) 1 =113 b/bJ o, =-Mv/J, = 114.8 Nimm’
L= [2(?) vEI dx = [13 X2 ]] V/E Jo T = 4.889 Nimm®
0, =Vo’+31° = 115.2 N/mm’
=(1/3b) 1/EJ = 1/3 b/EJ mm - N 9 8 8 . 3 & aes

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E
=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

Lo=['(1-xb ) Fb UEI dx = [ x-1/2 x%b ], Fb 1/E9
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

L= ["(xb) Fb UEI dx = [1/2 b ] Fb 1/ES
=(1/2b) Fb VEJ = 1/2 FO’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 242046

CIl07.xxxx.016

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 242046

CIl07.xxxx.016

M M, (%) ] MM, MO | MM, |[MM/EI+6)dx | [XMM /Eddx
AB b 0 0 0 0 0 0
0+0 0
BAD 0 0 0 0 0 0
cbb | © 0 0 0 0 0
0+0 0
DCbh | © 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GF b 0 0 0 0 0 0
GHb | © -Fx+1/2gx° 0 0 0 0
, 0+0 0
HGb | 0 | 1/2Fb-1/2gx 0 0 0 0
HDb | 0 |-1/2Fb+1/2gx°| O 0 0 0
, 0+0 0
DHb | © Fx-1/20x 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IE b -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb’/EJ Xb/EJ
El b 1 -3Fb+3Fx | FO/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 5Fb-5Fx 0 |-5Fb+10Fx-5Fx’/b| 0 |1-2x/b+x’/b° ,
, . (-5/3+0)Fb’/EJ |  1/3Xb/EJ
CEb x/b -5Fx 0 -5Fx“/b 0 x“/b
IAb | 1-x/b Fb-Fx 0 Fb-2Fx+Fx’/b 0 |1-2x/b+x’/b? ,
, ) (1/3+0)Fb’/EJ | 1/3Xb/EJ
Al b -x/b -Fx 0 Fx“/b 0 x“/b
totali -11/6Fb*/EJ 5/3Xb/EJ
iperstatica X=W,c 11/10Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

Sviluppi di calcolo iperstatica

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

20.03.25



PROCEDIMENTO E RISULTATI 242046

CIl07.xxxx.016

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6

=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

b
1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E

=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ
1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ
L0='(1 -2 xtb + x1b? ) Fb VEI dx = [ x - %I +1/3 X°1b? ]| Fb 1/E3
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ
L= [2(x% ) Fo 1EI dx = [1/3 xb* ] Fb 1/E3
=(1/3b) Fb 1/EJ = 1/3 Fb*/EJ

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

20.03.25

PROCEDIMENTO E RISULTATI 242046

CIl07.xxxx.016

m

~54

a8 o1,

46

112

412
418
124
130

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

A= 612. mm’

J, = 214270. mm*
J, = 21276. mm*

Yo = 21.94 mm

T,= 1620.N

M, = -1393200. Nmm
X, = 24.mm

Yo = 54.mm

u,= 9.mm

vV, = 32.06 mm

o, =-Mv/J, = 208.4 N/mm’
X, = 15.mm

y.= 46.mm

V.= 24.06 mm

o, =-Mv/], = 156.4 N/mm’
1. = 4334 N/mm’

0, = Vo*+31° = 156.6 N/mm’
S = 3439. mm°

20.03.25
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PROCEDIMENTO E RISULTATI 240156 CI07.xxxx.017 PROCEDIMENTO E RISULTATI 240156 CI07.xxxx.017

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, M M/EI+6)dx | [XM M /EJdx
AB b 0 0 0 0 0 0
0+0 0
BAD 0 0 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | 0 |1/2Fb-Fx+1/2gx°| O 0 0 0
, 0+0 0
HGb | © -1/2gx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb¥EJ Xb/EJ
Elb 1 -2Fb+2Fx Fb/EJ| -2Fb+2Fx  |Fb/EJ 1
ECb |-1+x/b AFb-4Fx 0 |-4Fb+8Fx-4Fx’fb| 0 |1-2x/b+x°/b° ,
, ), (-4/3+0)Fb’/EJ | 1/3Xb/EJ
CEb x/b -4Fx 0 -4Fx°/b 0 x“/b
IAb | 1-x/b Fb-Fx 0 Fb-2Fx+Fx’/b | 0 |1-2x/b+x’/b ,
, ) (1/3+0)Fb%/EJ | 1/3XbIEJ
Alb -x/b -Fx 0 Fx“/b 0 x“/b
totali -Fb%EJ 5/3Xb/EJ
iperstatica X=W,c 3/5Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 240156 CI07.xxxx.017 PROCEDIMENTO E RISULTATI 240156 CI07.xxxx.017

>
b -53
L¥=['(1) vesax=[x] 1 A= 582 mm’
18 J, = 199765. mm*
= 1/EJ = bE u
(b) 1EI = biEY ) luz J, = 19026. mm*
=[(1) vesax=[x] e y,= 30.95mm
T,= 1560. N
=(b) /€3 = b/EJ y
(0) . . M, = -1404000. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E X,= 6.mm
u,= -9.mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ m
( ) . Y v, =-30.95 mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 0, = -Mv/J, = -217.6 N/mm®
= 15
=(13b) VEJ = 1/3 b/EJ ¥ X mm
b 0o T, y.= 8.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 . 8 v, = -22.95 mm
| Om o, = -Mv/J, = -161.3 N/mm’
= - 1 1/E =1 E ’ u
(b-b+13b) VEI =13 b/bJ I r = 4303 Nimm?
L= [2(?) vEI dx = [13 X2 ]] V/E N . 0, = Vo™ +31° = 161.5 N/mm’
mm e d & X8 S'= 3306. mm°

=(u3b) VEI =13 bIEJ

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

122 = [(-4 +8 x/b -4 X%Ib? ) Fb 1/EJ dx = [-4 x +4 x2Ib -413 x1b* | Fb 1/
=(-4b+4b-4/3b) Fb 1/EJ =-4/3 Fb’/EJ

L% = [2(-4 1% ) Fb 1E3 dx = [-4/3 X2 ]| Fb 1/E9
=(-413b) Fb 1/EJ =-4/3 Fb’/EJ

L0='(1 -2 xtb + x1b? ) Fb VEI dx = [ x - X% +1/3 X% ] Fb 1/E3
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ

L= [2(x% ) Fo 1EI dx = [1/3 xb* ] Fb 1/E3
=(1/3b) Fb 1/EJ = 1/3 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



REAZIONI 236530

CIl07.xxxx.018

AZIONI INTERNE 236530

CIl07.xxxx.018
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. ! e —t
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F
B D H
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1/2F A7 1eF
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F
F
1/2Fb
< 1/2F n 1/2F
 12F
A ¢ G
A C G
-
AV 97/20F
1/2Fb
F
F
53/20Fb 97/20Fb
43/20F < 97/20F "
| E E
[ NE E_N F
97/20F 97/20F
33/20Fb 47/20Fb 5/2Fb
4F 4F 3F 2F

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 236530

CIl07.xxxx.018

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 236530

CIl07.xxxx.018

M M, (%) ] MM, MO | MM, |[M(M/EI+6)dx | [XM M /EJdx
AB b 0 1/2Fb-1/2Fx 0 0 0 0
0+0 0
BAD 0 -1/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EF b 0 |-5/2Fb+3Fx-1/2qx°| 0 0 0 0
, 0+0 0
FE b 0 2Fx+1/2qx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © 1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb+1/2Fx 0 0 0 0
HD b 0 1/2Fb 0 0 0 0
0+0 0
DHb 0 -1/2Fb 0 0 0 0
DBb | 0 | 1/2Fb-Fx+1/2qx* | 0 0 0 0
, 0+0 0
BDb 0 -1/20x 0 0 0 0
IE b -1 4FX -Fb/EJ -4FX Fb/EJ 1 ,
(-2+1)Fb*/EJ Xb/EJ
Elb 1 -AFb+4Fx Fb/EJ -AFb+4Fx Fb/EJ 1
ECb |-1+x/b| 13/2Fb-13/2Fx 0 |-13/2Fb+13Fx-13/2Fxb| 0 |1-2x/b+x’/b? ,
, . (-13/6+0)Fb*/EJ |  1/3Xb/EJ
CEb | xb -13/2Fx 0 -13/2Fx%/b 0 Xl
IAb | 1-x/b Fb-1/2Fx 0 Fb-3/2Fx+1/2Fx*/b 0 |1-2x/b+x°/0° ,
, - (5/12+0)Fb*/EJ |  1/3Xb/EJ
Alb | -x/b -1/2Fb-1/2Fx 0 1/2Fx+1/2Fx’/b 0 Nl
totali -11/4Fb*/EJ 5/3Xb/EJ
iperstatica X=W,c 33/20Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 236530 CI07.xxxx.018 PROCEDIMENTO E RISULTATI 236530 CI07.xxxx.018

b ~53
L¥=['(1) vesax=[x] 1 A= 678.mm’
48 J, = 226700. mm*
= 1/EJ = E u
(b) VEI = bIEI b | J,= 45234 mm*
=[(1) vesax=[x] e Yy = 33.48 mm
T,= 1950. N
= = y
(b) 1/€3 = blEI X . M, = -1543750. Nmm

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E Xp = 12.mm

- . - u,= -9.mm

=(b-b+1/3b) 1/EJ = 1/3 b/EbJ y v, = -33.48 mm
L?E( =Jﬁ( x2/b2) 1/EJ dx = [1/3 X0’ ]U 1/EJ o, =-MviJ, = -228. N/mm?

| = 21
=(13b) 1/EI = 1/3 b/EJ o1 o o
b e 0 y.= 9.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 . Ve = -24.48 mm
1 om = -Mv/J, = -166.7 N/mm’
=(b-b+1/3b) 1/EJ = 1/3 b/EJ 0, = -MviJ, = -166.7 N/mm
R Jo .= 5.39 N'mm
L= [1(6m? ) vEd dx = [135%° ] 1/ES 0, =Vo™+3r = 167. N/mm’
° ° mm 2 5 5 8 8 x ¥ S = 3760. mm°

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-4xib) FovEIdx+ [)(1) 0 dx=[-2xm ] FovEI +[x] 6
=(2b)Fb1/EI +(b) 0O =- FOYEJ

o= ['(-4+axib) FovEIdx + [[(-1) 0 dx=[-4x+2xm ] Fo 1€ +[-x] 6
=(-4b+2b)Fb1/EI +(-b) 6 =- FbYEJ

1% = [7(-13/2 +13 x/b -13/2 X6 ) Fb 1/E dx = [-13/2 x +13/2 xb -13/6 X/ || Fb 1/E3
=(-13/2b +13/2b -13/6 b ) Fb 1/EJ =-13/6 Fb’/EJ

1% = [*(-13/2 x2ib* ) Fb 1/EJ dx = [-13/6 X2 ]| Fb 1/E9
=(-13/6 b ) Fb 1/EJ =-13/6 Fb’/EJ

1= [°(1 -3/2 xib +1/2 x2b* ) Fb 1/EJ dx = [ x -3/4 x%/b +1/6 x1b* | Fb 1/E
=(b-3/4b+1/6b ) Fb 1/EJ =5/12 Fb*/EJ

1= [2(1/2 b +1/2 X162 ) Fb VEJ dx = [1/4 x%1b +1/6 x°/b? ] Fb 1/E
=(1/4b+1/6b) Fb 1/EJ =5/12 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25

AZIONI INTERNE 984261

CIl07.xxxx.019
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PROCEDIMENTO E RISULTATI 984261

CIl07.xxxx.019

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 984261

CI07.xxxx.019

M M, (%) ] MM, MO | MM, |[M(M/EI+6)dx | [XM M /EJdx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BAD 0 1/2Fx 0 0 0 0
cbb | © 0 0 0 0 0
0+0 0
DCbh | © 0 0 0 0 0
EF b 0 |-5/2Fb+3Fx-1/2qx°| 0 0 0 0
, 0+0 0
FE b 0 2Fx+1/2qx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © -1/2Fx 0 0 0 0
0+0 0
HGb | © 1/2Fb-1/2Fx 0 0 0 0
HDb | © -1/2Fb+1/2qx? 0 0 0 0
, 0+0 0
DHb | © Fx-1/20x 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IE b -1 4FX -Fb/EJ -4FX Fb/EJ 1 ,
(-2+1)Fb*/EJ Xb/EJ
Elb 1 -AFb+4Fx Fb/EJ -AFb+4Fx Fb/EJ 1
ECb |-1+x/b| 13/2Fb-13/2Fx 0 |-13/2Fb+13Fx-13/2Fxb| 0 |1-2x/b+x’/b? ,
, . (-13/6+0)Fb*/EJ |  1/3Xb/EJ
CEb | xb -13/2Fx 0 -13/2Fx%/b 0 Xl
IAb | 1-x/b Fb-3/2Fx 0 Fb-5/2Fx+3/2Fx*/b 0 |1-2x/b+x°/0° ,
, ., (L/4+0)Fb’/EJ |  1/3Xb/EJ
Alb | -x/b 1/2Fb-3/2Fx 0 -1/2Fx+3/2Fx’/b 0 gL
totali -35/12Fb%EJ | 5/3Xb/EJ
iperstatica X=W,¢ 7/4Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 984261 Cl07.xxxx.019 PROCEDIMENTO E RISULTATI 984261 Cl07.xxxx.019
~53
L= J:(l ) VEIdx =[x ]z 1EJ > A= 972 mm>
18 J, = 306188. mm’
=(b) VEI = b/EJ b . Y- 46224, o’
L= _[2(1) VEJdx=[x], 1/E) Y, = 27.87 mm
T, = 3150.N
= = y
(b) vey = b ) M, = -2625000. Nmm
L =JZ(1 2xib+x°/b*) VEIdx = [ x-x%/b +1/3 10" ] L/EI , " x.= 6.mm
u,= -12. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EbJ V= 2757 mm
L =Jﬁ( X’/ ) LVEJdx = [1/3 x*Ib’ ]U 1/EJ 7/ a,, = -Mv/J, = -238.9 NImm’
T, -
=(1/3b) 1EJ = 13 b/EJ li 13 X, = 18.mm

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ
L= [2(?) vEI dx = [13 X2 ]] V/E

124
430
136

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-4xib) FovEIdx+ [)(1) 0 dx=[-2xm ] FovEI +[x] 6
=(2b)Fb1/EI +(b) 0O =- FOYEJ

o= ['(-4+axib) FovEIdx + [[(-1) 0 dx=[-4x+2xm ] Fo 1€ +[-x] 6
=(-4b+2b)Fb1/EI +(-b) 6 =- FbYEJ

1% = [7(-13/2 +13 x/b -13/2 X6 ) Fb 1/E dx = [-13/2 x +13/2 xb -13/6 X/ || Fb 1/E3
=(-13/2b +13/2b -13/6 b ) Fb 1/EJ =-13/6 Fb’/EJ

1% = [*(-13/2 x2ib* ) Fb 1/EJ dx = [-13/6 X2 ]| Fb 1/E9
=(-13/6 b ) Fb 1/EJ =-13/6 Fb’/EJ

1= [°(1 -5/2 xib +3/2 x2Ib* ) Fb 1/EJ dx = [ x -5/4 x%/b +1/2 x1b* | Fb 1/E
=(b-5/4b+1/2b ) Fb 1/EJ = 1/4 Fb’/EJ

1= [(-1/2 b +3/2 X262 ) Fb 1EJ dx = [-1/4 x21b +1/2 b2 ] Fbo 1/E3
=(-1/4b+1/2b ) Fb 1/EJ = 1/4 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

y.= 13.mm
Vv, =-14.87 mm
a, = -Mv/J, = -127.5 N/mm’

C

1= 5.558 N/mm*

c
0, = Vo’+31° = 127.8 NImm®
3

20.03.25



REAZIONI 248835

CIl07.xxxx.020

AZIONI INTERNE 248835

CI07.xxxx.020
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PROCEDIMENTO E RISULTATI 248835

CIl07.xxxx.020

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 248835

CIl07.xxxx.020

M M, (%) ] MM, MO | MM, |[M(M/EI+6)dx | [XM M /EJdx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BAD 0 1/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EF b 0 |-5/2Fb+3Fx-1/2qx°| 0 0 0 0
, 0+0 0
FE b 0 2Fx+1/2qx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 -1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 1/2Fb-1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fx 0 0 0 0
HD b 0 0 0 0 0 0
0+0 0
DHb 0 0 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb’/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 11/2Fb-11/2Fx 0 |-11/2Fb+11Fx-11/2Fx%b| 0 |1-2x/b+x’/b? ,
, . (-11/6+0)Fb*/EJ |  1/3Xb/EJ
CEb | xb -11/2Fx 0 -11/2Fx%/b 0 Xl
IAb | 1-x/b Fb-3/2Fx 0 Fb-5/2Fx+3/2Fx*/b 0 |1-2x/b+x°/0° ,
, ., (L/4+0)Fb’/EJ |  1/3Xb/EJ
Alb | -x/b 1/2Fb-3/2Fx 0 -1/2Fx+3/2Fx’/b 0 gL
totali -25/12FbYEJ | 5/3Xb/EJ
iperstatica X=W,¢ 5/4Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 248835

CIl07.xxxx.020

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI
=[(1) vesax=[x] e
=(b) VEJ = b/EJ
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+13b) VEJ =1/3 b/EJ
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(13b) VEJ =13 b/EI

PROCEDIMENTO E RISULTATI 248835

CIl07.xxxx.020

7N

42

13

A= 1068. mm’

J, = 345159. mm’
J,= 82584. mm*

Yo = 29.75 mm

T, = 5250.N

M, = -2318750. Nmm
X, = 12.mm

u, = -12. mm

m

v =-29.75 mm

m

g, = -Mv/J, = -199.9 N/mm’

m

X, = 24.mm

) q12 y.= 13.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 v, =-16.75 mm
O o, = -Mv/J, = -112.5 N/mm°
=(b-b+1 1/EJ =1/3 b/E ¢ .
(b-b+1/3b) 1/EI =1/3 b/bJ I = 8.933 Nimm?
L= [2(?) vEI dx = [13 X2 ]] V/E “ 0. - 0, =Vo+31" = 113.6 N/mm”
mm 2 - °_ o x 3 s’ = 7048. mm®

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

12 = [(-12/2 +11 xib 1172 X6 ) Fb UE dx = [-11/2 x +11/2 xb -11/6 X/ || Fb 1/E3
=(-11/2b +11/2b -11/6 b ) Fb 1/EJ =-11/6 Fb’/EJ

1% = [*(-11/2 x2ib* ) Fb 1/EJ dx = [-11/6 x*/b2 ]| Fb 1/E9
=(-11/6 b ) Fb 1/EJ =-11/6 Fb’/EJ

1= °(1 -5/2 xib +3/2 x2Ib* ) Fb 1/EJ dx = [ x -5/4 x%/b +1/2 xb* | Fb 1/E
=(b-5/4b+1/2b ) Fb 1/EJ = 1/4 Fb’/EJ

1= [ (-1/2 b +3/2 X262 ) Fb 1ED dx = [-1/4 x21b +1/2 X% ] Fb 1/E3
=(-1/4b+1/2b) Fb /EJ = 1/4 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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CI07.xxxx.021
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PROCEDIMENTO E RISULTATI 238839

CI07.xxxx.021

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 238839

CI07.xxxx.021

M M, (%) G MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BAD 0 1/2Fx 0 0 0 0
cbb | © 0 0 0 0 0
0+0 0
DCbh | © 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © -1/2Fx 0 0 0 0
0+0 0
HGb | © 1/2Fb-1/2Fx 0 0 0 0
HDb | © -1/2Fb+1/2qx? 0 0 0 0
, 0+0 0
DHb | © Fx-1/20x 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb’/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b|5Fb-11/2Fx+1/2gx>| 0 |-5Fb+21/2Fx-6Fx’b+1/2qx°b| 0O |1-2x/b+x’/b’ ,
, , , . (-13/8+0)Fb*/EJ | 1/3Xb/EJ
CEb x/b -9/2Fx-1/2gx 0 -9/2Fx"/b-1/2gx”/b 0 x“/b
IAb | 1-x/b Fb-3/2Fx 0 Fb-5/2Fx+3/2Fx’/b 0 |1-2x/b+x’Ib’ ,
, . (L/4+0)Fb’/EJ |  1/3Xb/EJ
Alb | -x/b 1/2Fb-3/2Fx 0 -1/2Fx+3/2Fx’/b 0 x°Ib
totali -15/8Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 9/8Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 238839 CI07.xxxx.021 PROCEDIMENTO E RISULTATI 238839 CI07.xxxx.021

b -53
L= J:(l ) VEIdx=[x], 1EI Z A= 882 mm’
las J, = 249349. mm*
= 1/EJ = E u
(b) VEI = bIEI b | J,= 40284. mm"*
=[(1) vesax=[x] e Yy = 28.33mm
T,= 3180.N
= = y
(b) VEI = bIEI b M, = -1844400. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E u Xy = 6.mm
- - u,= -12. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EbJ y v, =-28.33 mm
L?E( =Jﬁ( xIb’ ) 1/EJ dx = [1/3 X0’ ]U 1/EJ o, = -Mv/J, = -209.6 N/mm?
= 18,
=(1/3b) VEJ =13 b/EJ ol . o
b ¢ 0 y.= 9.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 . Ve = -19.33 mm
1 o o, = -Mv/J, = -143. N/mm®
= - 1 1/E =1 E ’ u
(b-b+1/3b) 1VEI =13 b/bJ ) 1, = 4.674 N/mm’
L= [1(6m? ) vEd dx = [135%° ] 1/ES 0, =Vo%+31 = 143.2 N/mm?
° ° mm o e o 9 X 8«8 S = 4398. mm’

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [7(-5 +21/2 xib -6 x2b? +1/2 xb° ) Fb 1/E dx = [-5 x +21/4 x%1b -2 xb +1/8 x'1b° ] Fb 1/E3
=(-5b+21/4b-2b+1/8b ) Fb 1/EJ = -13/8 Fb’/EJ

10 = [2(-0r2 X212 -1/2 1™ ) Fb VE dx = [-3/2 %102 -1/8 x1b* ] Fbo 1/E3
=(-322b-1/8b ) Fb 1/EJ = -13/8 Fb’/EJ

1= °(1 -5/2 xib +3/2 x2b* ) Fb 1/EJ dx = [ x -5/4 x%/b +1/2 x1b* | Fb 1/E3
=(b-5/4b+1/2b ) Fb 1/EJ = 1/4 Fb’/EJ

1= [ (-1/2 b +3/2 X262 ) Fb 1EJ dx = [-1/4 x2b +1/2 X% ] Fb 1/E3
=(-1/4b+1/2b) Fb /EJ = 1/4 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

AZIONI INTERNE 226747 CI07.xxxx.022
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PROCEDIMENTO E RISULTATI 226747

CIl07.xxxx.022

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 226747

CIl07.xxxx.022

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /Eddx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BAD 0 1/2Fx 0 0 0 0
cbb | © 0 0 0 0 0
0+0 0
DCbh | © 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © -1/2Fx 0 0 0 0
0+0 0
HGb | © 1/2Fb-1/2Fx 0 0 0 0
HDb | © -1/2Fb+1/2qx? 0 0 0 0
, 0+0 0
DHb | © Fx-1/20x 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IE b -1 AFx-1/2gx° -Fb/EJ -AFx+1/2Fx%%Ib Fb/EJ 1 ,
, , (-11/6+1)Fb*/EJ Xb/EJ
El b 1 |-7/2Fb+3Fx+1/2qx°| FB/EJ | -7/2Fb+3Fx+1/2Fx’/b |Fb/EJ 1
ECb |-1+x/b| 11/2Fb-11/2Fx 0 |-11/2Fb+11Fx-11/2Fxb| 0 |1-2x/b+x°/b’ ,
, ) (-11/6+0)Fb*/EJ | 1/3Xb/EJ
CEb | xb -11/2Fx 0 -11/2Fx%/b 0 x’[b
IAb | 1-x/b Fb-3/2Fx 0 Fb-5/2Fx+3/2Fx°/b 0 |1-2x/b+x/0° ,
, ), (1/4+0)Fb’/EJ | 1/3Xb/EJ
Alb | -x/b 1/2Fb-3/2Fx 0 -1/2Fx+3/2Fx’/b 0 x°Ib
totali -29/12Fb¥EJ | 5/3Xb/EJ
iperstatica X=W,c 29/20Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 226747 CI07.xxxx.022 PROCEDIMENTO E RISULTATI 226747 CI07.xxxx.022

b 53
L¥=['(1) vesax=[x] 1 A= 984, mm’
148 J, = 279819. mm*
= 1/EJ = E u
(b) V&I = b/EI b L, VRN J,= 78912. mm*
=[(1) vesax=[x] e Yg= 30.2mm
T,= 3220.N
=(b) /€3 = b/EJ y
(b) X ) M, = -2028600. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E Xp = 12.mm
= -12.
=(b-b+1/3b) 1EJ = 1/3 b/EJ y U mm
b vV, = -30.2 mm
L= (x?) vEIdx = [13 x| VES 0, = -Mv/J, = -219. N/mm’
0 0 \\/ X.= 24.mm
=(1/3b) 1/E] = 1/3 b/EJ oft. ‘.1
. %%/ 10 y.= 10.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 . V.= -20.2mm
| o o, = -Mv/J, = -146.5 N/mm’
= - 1 1/E =1 E ’ 1
(b-b+1/3b) 1/EI =1/3 b/bJ I r = 4778 Nimm?
L= [2(?) vEI dx = [13 X2 ]] V/E o e e oW . g, = Vo*+31° = 146.7 N/mm’
mm 2 - 588 @ x 3 S'= 4983. mm°

=(1/3b) 1/EJ = 1/3 b/EJ

L= [0(-4 xtb +1/2 X16* ) Fo 1/EI dx + [/(1) 8 dx=[-2 % +1/6 X2 ], Fb 1/E9 + [ x] 6
=(2b+1/6b)Fob1/EJ +(b) 6 =-5/6 FbYEJ

L= [2(-7/2 +3 xtb +1/2 X%16? ) Fo UEI dx + [(-1) © dx
= [-712 x 312 1o +1/6 0% | Fb €S +[-x] 6
=(-72b+3/2b+1/6 b ) Fo 1/EJ +(-b ) 8 =-5/6 Fb/EJ

12 = [(-12/2 +11 xib 1172 X6 ) Fb UE dx = [-11/2 x +11/2 xb -11/6 X/ || Fb 1/E3
=(-11/2b +11/2 b -11/6 b ) Fb 1/EJ =-11/6 Fb’/EJ

1% = [2(-11/2 x2ib* ) Fb 1/EJ dx = [-11/6 x*/b? ]| Fb 1/E9
=(-11/6 b ) Fb 1/EJ =-11/6 Fb*/EJ

1= °(1 -5/2 xib +3/2 x2b® ) Fb 1/EJ dx = [ x -5/4 x%/b +1/2 x1b* | Fb 1/E3
=(b-5/4b+1/2b ) Fb 1/EJ = 1/4 Fb’/EJ

1= [(-1/2 b +3/2 X162 ) Fb 1E dx = [-1/4 x21b +1/2 X*1b2 ] Fb 1/E3
=(-1/4b+1/2b) Fb L/EJ = 1/4 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 240641

CIl07.xxxx.023

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 240641

CIl07.xxxx.023

M M, (%) ] MM, MO | MM, |[MM/EI+6)dx | [XMM /Eddx
ABb | 0 |-12Fx+1/2gx°| ©O 0 0 0
, 0+0 0
BA b 0 1/2Fx-1/2gx 0 0 0 0
cbb | © 0 0 0 0 0
0+0 0
DCbh | © 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GF b 0 0 0 0 0 0
GHb | © -1/2Fx 0 0 0 0
0+0 0
HGb | 0 | 1/2Fb-1/2Fx | © 0 0 0
HDb | 0 |-1/2Fb+1/2gx°| O 0 0 0
, 0+0 0
DHb | © Fx-1/20x 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IE b -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb’/EJ Xb/EJ
El b 1 -3Fb+3Fx | FO/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 5Fb-5Fx 0 |-5Fb+10Fx-5Fx’/b| 0 |1-2x/b+x’/b° ,
, . (-5/3+0)Fb’/EJ |  1/3Xb/EJ
CEb x/b -5Fx 0 -5Fx“/b 0 x“/b
IAb | 1-x/b Fb-Fx 0 Fb-2Fx+Fx’/b 0 |1-2x/b+x’/b? ,
, ) (1/3+0)Fb’/EJ | 1/3Xb/EJ
Al b -x/b -Fx 0 Fx“/b 0 x“/b
totali -11/6Fb*/EJ 5/3Xb/EJ
iperstatica X=W,c 11/10Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

Sviluppi di calcolo iperstatica

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

20.03.25



PROCEDIMENTO E RISULTATI 240641 CI07.xxxx.023 PROCEDIMENTO E RISULTATI 240641 CI07.xxxx.023

b
L= J:(l ) VEIdx=[x], 1EI 7 A= 1098. mm>
148 J, = 293274. mm*
= 1/EJ = E u
() 1€ b/Jb J, = 68796. mm*
=[(1) vesax=[x] e Yy = 28.46 mm
lss T,= 3480.N
=(b) VEJ = bEJ y
(b) X M, = -2366400. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E u Xy = 6.mm
- - u,= -12. mm
=(b-b+13b) VEI =13 b/EbJ y Vi = 28.46 mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 0, = -Mv/J, = -229.7 N/mm’
/‘/‘c X, = 18.mm
=(1/3b) 1EJ = 13 b/EJ J12 3 ‘
X y.= 13.mm
L= [(1-2xb +x20? ) VEI dx = [ x-xb +1/3 5% | 1/E3 v, =-15.46 mm
[¢] o . 2
n 0, = -MV/J, = -124.8 N/mm
= - 1 1/E =1 E ’ ,
(b-b+1/3b) 1VEI =13 b/bJ ) 1, = 6.587 N/mm?’
L= [2(?) vEI dx = [13 X2 ]] V/E N e e o e 0, = Vo'+31" = 125.3 N/mm’
mm e o o 8 & x9 S = 6661. mm’

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E
=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

L0='(1 -2 xtb + x1b? ) Fb VEI dx = [ x - %I +1/3 X°1b? ]| Fb 1/E3
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ

L= [2(x% ) Fo 1EI dx = [1/3 xb* ] Fb 1/E3
=(1/3b) Fb 1/EJ = 1/3 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 917219

CIl07.xxxx.024

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 917219

CI07.xxxx.024

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
AB b 0 0 0 0 0 0
0+0 0
BAD 0 0 0 0 0 0
cbb | © 0 0 0 0 0
0+0 0
DCbh | © 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © 0 0 0 0 0
0+0 0
HGb | © 0 0 0 0 0
HDb | © 1/2gx° 0 0 0 0
, 0+0 0
DHb | 0 |-1/2Fb+Fx-1/2gx’| 0O 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx°| O 0 0 0
, 0+0 0
BDb 0 -1/2gx 0 0 0 0
IE b -1 4FxX -Fb/EJ -4Fx Fb/EJ 1 ,
(-2+1)Fb’/EJ Xb/EJ
El b 1 -AFb+4Fx Fb/EJ -AFb+4Fx Fb/EJ 1
ECb |-1+x/b 6Fb-6Fx 0 |-6Fb+12Fx-6Fx’b| 0 |1-2x/b+x’/b’ ,
, . (-2+0)Fb’/EJ 1/3Xb/EJ
CEDb x/b -6Fx 0 -6Fx“/b 0 x“/b
IAb | 1-x/b Fb-Fx 0 Fb-2Fx+Fx’/b 0 |1-2x/b+x’Mb’ ,
, ) (1/3+0)Fb°/EJ | 1/3XbIEJ
Alb -x/b -Fx 0 Fx“/b 0 x“/b
totali -8/3Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 8/5Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

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

20.03.25



PROCEDIMENTO E RISULTATI 917219 CI07.xxxx.024 PROCEDIMENTO E RISULTATI 917219 CI07.xxxx.024

b -53
L¥=['(1) vesax=[x] 1 A= 1272. mm’
18 J, = 329658. mm*
= 1/EJ = bE u
(b) ves = b/ Jb J, = 139392. mm*
=[(1) vesax=[x] e y,= 30.5mm
Jas T,= 3500. N
=(b) /€3 = b/EJ y
(0) . . M, = -2590000. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E Xp= 12.mm
= -12.
=(b-b+1/3b) 1EJ = 1/3 b/EJ y U mm
b vV, = -30.5 mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 0, = -Mv/J, = -239.6 N/mm’
\/a/ T = 24.
=(13b) VEJ = 1/3 b/EJ li 13 Xe mm
) y.= 13.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 v, = -17.5mm
On o, = -Mv/J, = -137.5 N/mm’
= - 1 1/E =1 E ’ u
(b-b+1/3b) 1/EI =1/3 b/bJ I T = 6.433 Nimm?
L= [(«m?) vEd dx = [13x07 )] 1/ES 0, = Vo™ +31° = 137.9 N/mm’
’ ’ mm 2 S 3 3 3 & x %

= 7271 mm®
=(1/3b) 1/EJ = 1/3 b/EJ s mm

L=['(-4xib) FovEIdx+ [)(1) 0 dx=[-2xm ] FovEI +[x] 6
=(2b)Fb1/EI +(b) 0O =- FOYEJ

o= ['(-4+axib) FovEIdx + [[(-1) 0 dx=[-4x+2xm ] Fo 1€ +[-x] 6
=(-4b+2b)Fb1/EI +(-b) 6 =- FbYEJ

1% = [(-6 +12 xtb -6 x2b* ) Fb 1/E3 dx = [-6 x +6 X%/b -2 X*/b? ] Fb 1/EJ
=(-6b+6b-2b ) Fb 1/E] =-2 Fb’/EJ

1% = [2(-6 X% ) Fb 1/E3 dx = [-2 X2 ] Fb 1/E
=(-2b) Fb 1/EJ = -2 Fb’/EJ

L0=['(1 -2 xtb + x1b? ) Fb VEI dx = [ x - X% +1/3 X% ]| Fb 1/E3
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ

L= [2(xé ) Fo 1EI dx = [1/3 xb* ] Fb 1/E3
=(1/3b) Fb 1/EJ = 1/3 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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AZIONI INTERNE 238759
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PROCEDIMENTO E RISULTATI 238759

CIl07.xxxx.025

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 238759

CI07.xxxx.025

M M, (%) ] MM, MO | MM, |[MM/EI+6)dx | [XMM /Eddx
AB b 0 0 0 0 0 0
0+0 0
BAD 0 0 0 0 0 0
cbb | © 0 0 0 0 0
0+0 0
DCbh | © 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GF b 0 0 0 0 0 0
GHb | © -Fx+1/2gx° 0 0 0 0
, 0+0 0
HGb | 0 | 1/2Fb-1/2gx 0 0 0 0
HDb | 0 |-1/2Fb+1/2gx°| O 0 0 0
, 0+0 0
DHb | © Fx-1/20x 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IE b -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb’/EJ Xb/EJ
El b 1 -3Fb+3Fx | FO/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 5Fb-5Fx 0 |-5Fb+10Fx-5Fx’/b| 0 |1-2x/b+x’/b° ,
, . (-5/3+0)Fb’/EJ |  1/3Xb/EJ
CEb x/b -5Fx 0 -5Fx“/b 0 x“/b
IAb | 1-x/b Fb-Fx 0 Fb-2Fx+Fx’/b 0 |1-2x/b+x’/b? ,
, ) (1/3+0)Fb’/EJ | 1/3Xb/EJ
Al b -x/b -Fx 0 Fx“/b 0 x“/b
totali -11/6Fb*/EJ 5/3Xb/EJ
iperstatica X=W,c 11/10Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

Sviluppi di calcolo iperstatica

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

20.03.25



PROCEDIMENTO E RISULTATI 238759 CI07.xxxx.025 PROCEDIMENTO E RISULTATI 238759 CI07.xxxx.025

b 53
L¥=['(1) vesax=[x] 1 A= 1272. mm’
J, = 317672. mm*
= 1/EJ = E u
(b) VEI = b Jb . J,= 140544, mm*
=[(1) vesax=[x] e * 4 Yy = 22.54mm
T,= 2640.N
=(b) VEJ = b/EJ i /
(b) X M, = -2085600. Nmm
= -2 XIb + X X=] X-X + X X, = . mm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E y n= 36
=(b-b+1/3b) 1/EJ = 1/3 b/EJ Y= %.mm
b u u,= 12.mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 V,, = 30.46 mm
118 2
=-Mv/J, = 200. N/
=(v3b) VEI =13 b/E] o, o
XX 2,2 2 3210 X o
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 yo= 4L.mm
v, = 18.46 mm
=(b-b+1 1/EJ = 1/3 b/E 1 ‘
(b-b+1/3b) 1VEI =13 b/bJ 0, =M/, = 121.2 Nimm’
L= [2(?) vEI dx = [13 X2 ]] V/E Jo T.= 4.721 N/mm’

0, = Vo’+31° = 121.5 NImm’

=(u3b) VEI =13 bIEJ S = 6818. mm°

412
418
124
430
436
x
148

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E
=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

L0='(1 -2 xtb + x1b? ) Fb VEI dx = [ x - %I +1/3 X°1b? ]| Fb 1/E3
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ

L= [2(x% ) Fo 1EI dx = [1/3 xb* ] Fb 1/E3
=(1/3b) Fb 1/EJ = 1/3 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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AZIONI INTERNE 238406

CIl07.xxxx.026
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PROCEDIMENTO E RISULTATI 238406

CIl07.xxxx.026

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 238406

CIl07.xxxx.026

M M, (%) ] MM, MO | MM, |[M(M/EI+6)dx | [XM M /EJdx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BAD 0 1/2Fx 0 0 0 0
cbb | © 0 0 0 0 0
0+0 0
DCbh | © 0 0 0 0 0
EF b 0 |-5/2Fb+3Fx-1/2qx°| 0 0 0 0
, 0+0 0
FE b 0 2Fx+1/2qx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © -1/2Fx 0 0 0 0
0+0 0
HGb | © 1/2Fb-1/2Fx 0 0 0 0
HDb | © -1/2Fb+1/2qx? 0 0 0 0
, 0+0 0
DHb | © Fx-1/20x 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IE b -1 4FX -Fb/EJ -4FX Fb/EJ 1 ,
(-2+1)Fb*/EJ Xb/EJ
Elb 1 -AFb+4Fx Fb/EJ -AFb+4Fx Fb/EJ 1
ECb |-1+x/b| 13/2Fb-13/2Fx 0 |-13/2Fb+13Fx-13/2Fxb| 0 |1-2x/b+x’/b? ,
, . (-13/6+0)Fb*/EJ |  1/3Xb/EJ
CEb | xb -13/2Fx 0 -13/2Fx%/b 0 Xl
IAb | 1-x/b Fb-3/2Fx 0 Fb-5/2Fx+3/2Fx*/b 0 |1-2x/b+x°/0° ,
, ., (L/4+0)Fb’/EJ |  1/3Xb/EJ
Alb | -x/b 1/2Fb-3/2Fx 0 -1/2Fx+3/2Fx’/b 0 gL
totali -35/12Fb%EJ | 5/3Xb/EJ
iperstatica X=W,¢ 7/4Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 238406 CI07.xxxx.026 PROCEDIMENTO E RISULTATI 238406 CI07.xxxx.026

b 453
L= J:(l ) VEIdx=[x], 1EI A= 876. mm>
148 J, = 239234, mm’
= 1EJ = bJE > ’
(b) VEI = bIEI b %['e i J,= 40104. mm"*
=[(1) vesax=[x] e Yo = 24.42mm
T,= 2490. N
=(b) VEJ = b/EI y
(b) b / \ M, = -1743000. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E y Xp = 30.mm
=(b-b+1/3b) VEJ =13 b/EJ u Ym~ ii r,:nr:]
XX 2,2 3,21P o .
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 Vi = 28.58 mm
=-Mv/J, = 208.2 N/mm’
=(v3b) 1EI =1/3 b/E] o e "
XX 2,2 2 3210 122 e o
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 Vo= 43.mm
v, = 18.58 mm
=(b-b+1 1EJ = 1/3 blE 1 ’
(b-b+1/3b) 1VEI =13 b/bJ 0, =-Mv/J, = 135.3 N/mm’
L= [1(6m? ) vEd dx = [135%° ] 1/ES Jo T = 3.811 Nimm®
’ ’ =o?+31° = 135.5 N/mm’
g,=VvVo = .
=(13b) 1/EI =1/3 b/EJ mm o o 9 4 & 8§ x8 S = 4394 mm’

L=['(-4xib) FovEIdx+ [)(1) 0 dx=[-2xm ] FovEI +[x] 6
=(2b)Fb1/EI +(b) 0O =- FOYEJ

o= ['(-4+axib) FovEIdx + [[(-1) 0 dx=[-4x+2xm ] Fo 1€ +[-x] 6
=(-4b+2b)Fb1/EI +(-b) 6 =- FbYEJ

1% = [7(-13/2 +13 x/b -13/2 X6 ) Fb 1/E dx = [-13/2 x +13/2 xb -13/6 X/ || Fb 1/E3
=(-13/2b +13/2b -13/6 b ) Fb 1/EJ =-13/6 Fb’/EJ

1% = [*(-13/2 x2ib* ) Fb 1/EJ dx = [-13/6 X2 ]| Fb 1/E9
=(-13/6 b ) Fb 1/EJ =-13/6 Fb’/EJ

1= [°(1 -5/2 xib +3/2 x2Ib* ) Fb 1/EJ dx = [ x -5/4 x%/b +1/2 x1b* | Fb 1/E
=(b-5/4b+1/2b ) Fb 1/EJ = 1/4 Fb’/EJ

1= [(-1/2 b +3/2 X262 ) Fb 1EJ dx = [-1/4 x21b +1/2 b2 ] Fbo 1/E3
=(-1/4b+1/2b ) Fb 1/EJ = 1/4 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 211463 CI07.xxxx.027 PROCEDIMENTO E RISULTATI 211463 CI07.xxxx.027

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
AB b 0 -Fb+Fx 0 0 0 0
0+0 0
BADb 0 Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | O 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 1/2Fb-Fx 0 0 0 0
0+0 0
HGb | 0 1/2Fb-Fx 0 0 0 0
HDb | © -1/2Fb+1/2qx? 0 0 0 0
, 0+0 0
DHb | © Fx-1/2gx 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-5Fx 0 |-5Fb+10Fx-5Fx’/b| 0 |1-2x/b+x’/b° ,
, ), (-5/3+0)Fb%/EJ | 1/3Xb/EJ
CEDb x/b -5Fx 0 -5Fx“/b 0 x“/b
IAb | 1-x/b Fb-2Fx 0 Fb-3Fx+2Fx’/b | 0 |1-2x/b+x°/b° ,
, . (1/6+0)Fb/EJ | 1/3XbIEJ
Alb -x/b Fb-2Fx 0 -Fx+2Fx“/b 0 x“/b
totali -2Fb’/EJ 5/3Xb/EJ
iperstatica X=W,c 6/5Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 211463 CI07.xxxx.027 PROCEDIMENTO E RISULTATI 211463 CI07.xxxx.027

b
L¥=['(1) vesax=[x] 1 A= 984 mm’
> J, = 309321. mm*
= 1/E = E u
(b) VEI = bIEI b o, J,= 48960. mm"*
=[(1) vesax=[x] e 1% “ Yo = 24.52 mm
T,= 2640.N
=(b) VEJ = b/EJ y
(b) b M, = -2376000. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E Xp = 30.mm
=(b-b+1/3b) VEJ =13 b/EJ g u Ym~ ii r,:nr:]
XX 2,2 3,21P o .
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 Vi = 28.48 mm
=-Mv/J, = 218.7 N/mm’
=(13b) VEJ = 1/3 b/EJ jm_ 1; m o
XX 2,2 2 3,.21° L2 - .
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 yo= 41 mm
V.= 16.48 mm
=(b-b+1 1EJ = 1/3 blE 1 ’
(b-b+1/3b) 1VEI =13 b/bJ 0, =-Mv/J, = 126.6 NImm’
L= [2(?) vEI dx = [13 X2 ]] V/E Jo T = 4.459 Njmm®

0, = Vo*+31° = 126.8 N/mm’

=(u3b) VEI =13 bIEJ mm ° e o  x S'= 6269. mm’

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0

124
430
136

=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E
=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

1= [°(1 -3 xtb +2 /6> ) Fb 1/E3 dx = [ x -3/2 X%/ +2/3 x*/b? || Fb 1/E3
=(b-3/2b+2/3b ) Fb 1/EJ = 1/6 Fb’/EJ

L= [2(- xtb +2 x1b? ) Fb 1/EJ dx = [-1/2 X% +213 x1b* | Fb 1/E3
=(-1/2b+2/3b) Fb 1/EJ = 1/6 FbY/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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T e

[T
-17/8

-23/8
T

31/8

v o

el o T

WWWMWWMMWW

—[—F e

[+]

-1/2 -1/2
0

13/8
27/8

11/8

-5/8

CED e

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

20.03.25



G2'€0'0¢C

€T°€0°LZ'SIaN ‘OUB|IN Ip 021UIBY|O ‘ISSOY IUB[dARZ O}0pY ©

820" XXXX"L0ID

€47146¢2¢ ILV1TNSIY 3 OLNINIdID0dd

G2'€0°0¢C

reubasse 1youed ep suoissay °N ﬂHw

€T°€0°/2'SIaN ‘OUB|IN Ip 021UIBY|O ‘ISSOY IUB[DARZ O}opY ©

T=x eonejsiadi ep auoissal | ﬂ H w

2/1-

Z/1-

\\\\\\\\\\\ 1- T-
0 0 \ =
S) [N
o o o
o o ,O

|

|

I

|

I

|

I

|

|
o o |

0 0 0 0 o

ooyelsiadi 0j0d[ed Ip BWAYIS

[a)

820" XXXX"L0ID

€415¢2¢ I1LV1TNSIY 3 OLNINIdID0dd



PROCEDIMENTO E RISULTATI 225153

CIl07.xxxx.028

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 225153

CIl07.xxxx.028

M M, (%) 8 MM, MO | MM, |[MM/EI+6)dx |[XM, M /Eddx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BADb 0 1/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DChb 0 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2FX 0 0 0 0
FGb | © 1/2gx%° 0 0 0 0
) 0+0 0
GFb 0 -1/2Fb+Fx-1/2gx 0 0 0 0
GHb 0 1/2Fb-1/2Fx 0 0 0 0
0+0 0
HG b 0 -1/2Fx 0 0 0 0
HD b 0 0 0 0 0 0
0+0 0
DHb 0 0 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BD b 0 0 0 0 0 0
IEb -1 2FXx -Fb/EJ -2FX Fb/EJ 1 )
(-1+1)Fb*/EJ Xb/EJ
Elb 1 -2Fb+2Fx Fb/EJ -2Fb+2Fx Fb/EJ 1
ECb |-1+x/b|4Fb-9/2Fx+1/2qx°| 0 |-4Fb+17/2Fx-5Fx’/b+1/2gx*/b| 0 |1-2x/b+x’/b° ,
, , , , .,  |(-31/24+0)Fb*/EJ|  1/3Xb/EJ
CEb x/b -7I12Fx-1/2gx 0 -712Fx"Ib-1/2gx”/b 0 x“/b
IAb | 1-x/b Fb-3/2Fx 0 Fb-5/2Fx+3/2Fx%/b 0 |1-2x/b+x’/b? ,
, - (1/4+0)Fb°/EJ 1/3Xb/EJ
Alb -x/b 1/2Fb-3/2Fx 0 -1/2Fx+3/2Fx"/b 0 x“/b
totali -25/24Fb°/EJ 5/3Xb/EJ
iperstatica X=W,c 5/8Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 225153

CIl07.xxxx.028

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0

=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0

=(2b+b)Fb1EI +(-b) 6 =0

1 = [*(-4 +17/2 xtb -5 x21b +1/2 6% ) Fb 1/EJ dx
= [-a x +17/4 X2 -513 x1b® +1/8 x1b° | Fb 1/E
=(-4b+17/4b-5/3b +1/8b ) Fb 1/EJ = -31/24 Fb’/EJ

b
10 = [2(-772 X212 -1/2 1™ ) Fb VE dx = [-7/6 x¥1b? -1/8 x1b* ] Fb 1/E3

=(-7/6 b-1/8b ) Fb 1/EJ =-31/24 Fb’/EJ

b
L= [*(1 -5/2 xtb +3/2 x/b° ) Fb 1/EI dx = [ x -5/4 /b +1/2 X6 ]| Fb 1/EJ
o o

=(b-5/4b+1/2b ) Fb 1/EJ = 1/4 Fb’/EJ

b
1= [(-1/2 b +3/2 X262 ) Fb 1EJ dx = [-1/4 x21b +1/2 X162 ] Fb 1/E3

=(-1/4b+1/2b) Fb LEJ = 1/4 Fb’/E

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

20.03.25

PROCEDIMENTO E RISULTATI 225153

CIl07.xxxx.028

148

43

112

412
418
124
430
436
x

148

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

A= 984 mm’

J, = 268208. mm’

J, = 80064. mm*

Yo = 22.55 mm

T,= 2120.N

M, = -2014000. Nmm

X, = 36.mm

Ym= 53.mm

u,= 12.mm

vV, = 30.45 mm

o, =-Mv/J, = 228.7 NImm’
X, = 24.mm

y.= 43.mm

v, = 20.45 mm

o, =-Mv/], = 153.6 N/mm’
1, = 3.116 N/mm’

c
0, = Vo’+31° = 153.7 NImm’
S = 4731. mm®

20.03.25



REAZIONI 251904 CI07.xxxx.029 AZIONI INTERNE 251904 CI07.xxxx.029
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PROCEDIMENTO E RISULTATI 251904 CI07.xxxx.029 PROCEDIMENTO E RISULTATI 251904 CI07.xxxx.029

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BADb 0 1/2Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | O 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 -1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 1/2Fb-1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | O 0 0 0 0 0
IEb -1 3Fx-1/2gx° -Fb/EJ|  -3Fx+12Fx¥b  |Fb/EJ 1 ,
, , (-4/3+1)Fb*/EJ Xb/EJ
Elb 1 |-5/2Fb+2Fx+1/2qx’ | Fb/EJ | -5/2Fb+2Fx+1/2Fx’/b | Fb/EJ 1
ECb |-1+x/b|  9/2Fb-9/2Fx 0 |-9/2Fb+9Fx-9/2Fx’lb| 0 |1-2x/b+x*/b? ,
, ), (-3/2+0)Fb%/EJ | 1/3Xb/EJ
CEDb x/b -9/2Fx 0 -9/2Fx°/b 0 X°/b
IAb | 1-x/b Fb-3/2Fx 0 Fb-5/2Fx+3/2Fx°/b | 0 |1-2x/b+x/b’ ,
, - (1/4+0)Fb*/EJ | 1/3Xb/EJ
Alb | -x/b 1/2Fb-3/2Fx 0 -1/2Fx+3/2Fx%/b 0 x*Ib
totali -19/12Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 19/20Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 251904

CI07.xxxx.029

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

PROCEDIMENTO E RISULTATI 251904 CI07.xxxx.029

A= 702. mm’
48 J, = 221020. mm*
Ole 43 J, = 50922. mm*
> Yy = 18.47 mm
1] T,= 1520.N
M, = -1520000. Nmm
y X, = 30.mm
Ym= 53.mm
u,= 9.mm
u vV, = 34.53 mm
o, =-Mv/J, = 237.4 NImm’
I X, = 21.mm
y.= 43.mm
le V.= 24.53 mm
o, =-Mv/J, = 168.7 N/mm’
do .= 4.233 N/mm’
v ol o N 0, = Vo*+31° = 168.8 N/mm’
mm ° < o 8 © x 3 s’ = 3693. mm®

L= ['(-a xtb +1/2 X16* ) Fo 1/EI dx + [(1) © dx=[-3/2X%b +1/6 X2 ], Fb 1/E9 + [ x ] 6
=(-312b+1/6b) Fo 1/EJ +(b) 6 =-1/3 FbY/EJ

1= [2(-5/2 +2 xtb +1/2 X¥16? ) Fb UEI dx + [(-1) © dx
= [-5r2 x + xib +1/6 X162 ] Fb 1/E3 + [-x]
=(-5/2b+b+1/6b ) Fb 1/EJ +(-b) 6 =-1/3 Fb/EJ

12 = [*(-912 +9 x/b -0/2 X2/ ) Fb VEJ dx = [-9/2 x +9/2 b -3/2 X°Ib? ] Fb 1/E3
=(-922b+9/2b-312b ) Fb 1/EJ =-3/2 Fb’/EJ

1% = [2(-0r2 16 ) Fb 1/E3 dx = [-3/2 xb* | Fb 1/E
=(-3/2b) Fb 1/EJ =-3/2 Fb*/EJ

1= °(1 -5/2 xib +3/2 x2Ib® ) Fb 1/EJ dx = [ x -5/4 x%/b +1/2 x1b* | Fb 1/E3
=(b-5/4b+1/2b ) Fb 1/EJ = 1/4 Fb’/EJ

1= [ (-1/2 b +3/2 X262 ) Fb 1EJ dx = [-1/4 x21b +1/2 X162 ] Fb 1/E3
=(-1/4b+1/2b) Fb LEJ = 1/4 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 240664 CI07.xxxx.030 PROCEDIMENTO E RISULTATI 240664 CI07.xxxx.030

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, M M/EI+6)dx | [XM M /EJdx
ABb | © -1/2Fx+1/29x° 0 0 0 0
, 0+0 0
BA b 0 1/2Fx-1/2gx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 1/2Fb-1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb’/EJ Xb/EJ
Elb 1 -2Fb+2Fx Fb/EJ| -2Fb+2Fx  |Fb/EJ 1
ECb |-1+x/b AFb-4Fx 0 |-4Fb+8Fx-4Fx’fb| 0 |1-2x/b+x°/b° ,
, ), (-4/3+0)Fb’/EJ | 1/3Xb/EJ
CEb x/b -4Fx 0 -4Fx°/b 0 x“/b
IAb | 1-x/b Fb-Fx 0 Fb-2Fx+Fx’/b | 0 |1-2x/b+x’/b ,
, ) (1/3+0)Fb’/EJ | 1/3XbIEJ
Alb -x/b -Fx 0 Fx“/b 0 x“/b
totali -Fb%EJ 5/3Xb/EJ
iperstatica X=W,c 3/5Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 240664

CIl07.xxxx.030

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= _['0’(1 2 xb +xb? ) 1/EJI dx = [ x - X’/b +1/3 X*Ib? ]Z 1/EJ
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0

=(2b+b)Fb1EI +(-b) 6 =0

b
122 = [(-4 +8 x/b -4 X%Ib? ) Fb 1/EJ dx = [-4 x +4 x2Ib -413 x1b* | Fb 1/

=(-4b+4b-4/3b) Fb 1/EJ =-4/3 Fb’/EJ
L% = [2(-4 1% ) Fb 1E3 dx = [-4/3 X2 ]| Fb 1/E9
=(-413b) Fb 1/EJ =-4/3 Fb’/EJ
L0='(1 -2 xtb + x1b? ) Fb VEI dx = [ x - X% +1/3 X% ] Fb 1/E3
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ
L= [2(x% ) Fo 1EI dx = [1/3 xb* ] Fb 1/E3
=(1/3b) Fb 1/EJ = 1/3 Fb*/EJ

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

20.03.25

PROCEDIMENTO E RISULTATI 240664

CIl07.xxxx.030

118

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

O,

41

418
124
430

A= 1092. mm’

J, = 283139. mm’
J,= 68616. mm*

Yy = 24.54 mm

T,= 3740.N

M, = -1982200. Nmm
X, = 30.mm

Ym= 53.mm

u,= 12.mm

vV, = 28.46 mm

o, =-Mv/J, = 199.3 N/mm’

m

X.= 18.mm

o, =-Mv/J, = 115.2 N/mm’
T, = 6.897 N/mm’

0, = Vo*+31° = 115.9 N/mm’
S = 6265. mm®

20.03.25



REAZIONI 238723

CIl07.xxxx.031

B 7 po b %N [/ H
1/2Flﬁ </1/2Fb 1/2Fb\>
F
B D H
1/2Fb
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F
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w <
A c G
A c G 'j
«— —
21/10F 39/10F < F
1/2Fb
F F
v
F F
21/10Fb 39/10Fb
21/10F < 39/10F
I E F
N ANE  E_N F
39/10F 39/10F
11/10Fb 19/10Fb 2Fb
3F 3F 2F 2F
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

AZIONI INTERNE 238723

CIl07.xxxx.031
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PROCEDIMENTO E RISULTATI 238723 CI07.xxxx.031 PROCEDIMENTO E RISULTATI 238723 CI07.xxxx.031

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
ABb | © 0 0 0 0 0
0+0 0
BAb | O 0 0 0 0 0
cDb | o 0 0 0 0 0
0+0 0
DCh | O 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 1/2Fb 0 0 0 0
0+0 0
HGb | © -1/2Fb 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx°| O 0 0 0
, 0+0 0
BDb | O -1/2qx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-5Fx 0 |-5Fb+10Fx-5Fx’/b| 0 |1-2x/b+x’/b° ,
, ) (-5/3+0)Fb%/EJ | 1/3Xb/EJ
CEDb x/b -5Fx 0 -5Fx“/b 0 x“/b
IAb | 1-x/b Fb-Fx 0 Fb-2Fx+Fx’/b 0 |1-2x/b+x’Mb’ ,
, . (1/3+0)Fb/EJ | 1/3XbIEJ
Alb -x/b -Fx 0 Fx“/b 0 x“/b
totali -11/6Fb*/EJ 5/3Xb/EJ
iperstatica X=W,c 11/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 238723 CI07.xxxx.031 PROCEDIMENTO E RISULTATI 238723 CI07.xxxx.031

b 53
L¥=['(1) vesax=[x] 1 A= 1092. mm’
J, = 348585. mm*
= 1/EJ = E u
(b) VEI = bIEI b | oo J,= 90648. mm"*
=[(1) vesax=[x] e * 4 Yy = 22.56 mm
T,= 4140.N
=(b) VEJ = bEJ y
(b) X M, = -2401200. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E X = 36.mm
=(b-b+1/3b) 1/EJ =1/3 b/E] ¢ Y= S5.mm
b u u,= 12.mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 V,, = 30.44 mm
=-Mv/J, = 209.7 N/mm’
=(v3b) VEI =13 b/E] e o
XX 2,2 2 3210 12 ° .
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 yo= 41L.mm
v, = 18.44 mm
=(b-b+1 1/EJ = 1/3 b/E 1 °
(b-b+1/3b) 1VEI =13 b/bJ 0,=-Mvi3, = 127. Nimm’
L= [2(?) vEI dx = [13 X2 ]] V/E Jo T.= 6.741 N/mm’

0, = Vo’+31° = 127.6 NImm®

=(u3b) VEI =13 bIEJ S = 6811 mm®

412
418
430
436
x
148

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E
=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

L0='(1 -2 xtb + x1b? ) Fb VEI dx = [ x - %I +1/3 X°1b? ]| Fb 1/E3
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ

L= [2(x% ) Fo 1EI dx = [1/3 xb* ] Fb 1/E3
=(1/3b) Fb 1/EJ = 1/3 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 224763 CI07.xxxx.032 PROCEDIMENTO E RISULTATI 224763 CI07.xxxx.032

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, M M/EI+6)dx | [XM M /EJdx
AB b 0 0 0 0 0 0
0+0 0
BAD 0 0 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | 0 |1/2Fb-Fx+1/2gx°| O 0 0 0
, 0+0 0
HGb | © -1/2gx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb¥EJ Xb/EJ
Elb 1 -2Fb+2Fx Fb/EJ| -2Fb+2Fx  |Fb/EJ 1
ECb |-1+x/b AFb-4Fx 0 |-4Fb+8Fx-4Fx’fb| 0 |1-2x/b+x°/b° ,
, ), (-4/3+0)Fb’/EJ | 1/3Xb/EJ
CEb x/b -4Fx 0 -4Fx°/b 0 x“/b
IAb | 1-x/b Fb-Fx 0 Fb-2Fx+Fx’/b | 0 |1-2x/b+x’/b ,
, ) (1/3+0)Fb%/EJ | 1/3XbIEJ
Alb -x/b -Fx 0 Fx“/b 0 x“/b
totali -Fb%EJ 5/3Xb/EJ
iperstatica X=W,c 3/5Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 224763 CI07.xxxx.032 PROCEDIMENTO E RISULTATI 224763 CI07.xxxx.032

Om

b 453
L= J:(l ) VEIdx=[x], 1EI A= 594. mm>
118 J, = 195798. mm*
= 1EJ = bIE e u
(b) vEI = b/ : > » 3= 2079, '
L= _[2(1) VEJdx=[x], 1/E) P Y, = 20.98 mm
T,= 2120.N
=(b) 1EJ = b/EJ y
(b) . M, = -1335600. Nmm
L =JZ(1 2xib+x°/b*) VEIdx = [ x-x%/b +1/3 10" ] L/EI y x.= 24.mm
=(b-b+1/3b) 1EJ =1/3 b/EJ Ym = 53.mm
b " u,= 9.mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 v, = 32.02 mm
=-Mv/J, = 218.4 N/mm?
=(1/3b) 1/E] = 1/3 b/EJ O = -MVIJ, mm
b 112 X, = 15.mm
L= J:(l -2xib+ X" ) VEIdx=[ x-x'/b+13 x| 1/EI y.= 44.mm
V.= 23.02 mm
=(b-b+1 1EJ =1 E 16 c
(b-b+1/30) 1 =113 b/bJ 0, =-Mv/J, = 157. N/mm’
L= [2(?) vEI dx = [13 X2 ]] V/E Jo T = 5.877 Nimm®
0, = Vo*+31° = 157.3 N/mm’

=(u3b) VEI =13 bIEJ mm 0 o
L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)Fb1EI +(b)6 =0

412
418
124
130

S = 3257. mm’

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

122 = [(-4 +8 x/b -4 X%Ib? ) Fb 1/EJ dx = [-4 x +4 x2Ib -413 x1b* | Fb 1/
=(-4b+4b-4/3b) Fb 1/EJ =-4/3 Fb’/EJ

L% = [2(-4 1% ) Fb 1E3 dx = [-4/3 X2 ]| Fb 1/E9
=(-413b) Fb 1/EJ =-4/3 Fb’/EJ

L0='(1 -2 xtb + x1b? ) Fb VEI dx = [ x - X% +1/3 X% ] Fb 1/E3
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ

L= [2(x% ) Fo 1EI dx = [1/3 xb* ] Fb 1/E3
=(1/3b) Fb 1/EJ = 1/3 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 248492

CIl07.xxxx.033

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 248492

CIl07.xxxx.033

M M, (%) ] MM, MO | MM, |[M(M/EI+6)dx | [XM M /EJdx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BAD 0 1/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EF b 0 |-5/2Fb+3Fx-1/2qx°| 0 0 0 0
, 0+0 0
FE b 0 2Fx+1/2qx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 -1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 1/2Fb-1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fx 0 0 0 0
HD b 0 0 0 0 0 0
0+0 0
DHb 0 0 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb’/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 11/2Fb-11/2Fx 0 |-11/2Fb+11Fx-11/2Fx%b| 0 |1-2x/b+x’/b? ,
, . (-11/6+0)Fb*/EJ |  1/3Xb/EJ
CEb | xb -11/2Fx 0 -11/2Fx%/b 0 Xl
IAb | 1-x/b Fb-3/2Fx 0 Fb-5/2Fx+3/2Fx*/b 0 |1-2x/b+x°/0° ,
, ., (L/4+0)Fb’/EJ |  1/3Xb/EJ
Alb | -x/b 1/2Fb-3/2Fx 0 -1/2Fx+3/2Fx’/b 0 gL
totali -25/12FbYEJ | 5/3Xb/EJ
iperstatica X=W,¢ 5/4Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 248492

CIl07.xxxx.033

PROCEDIMENTO E RISULTATI 248492

CIl07.xxxx.033

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0

=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6

=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

b
129 = ['(-12/2 +11 xtb -11/2 /b ) Fb 1/EJ dx = [-11/2 x +11/2 /b -11/6 x°/b? | Fb 1/E
o o

=(-11/2b +11/2b -11/6 b ) Fb 1/EJ =-11/6 Fb’/EJ
1% = [*(-11/2 x2ib* ) Fb 1/EJ dx = [-11/6 x*/b2 ]| Fb 1/E9
=(-11/6 b ) Fb 1/EJ =-11/6 Fb’/EJ

b
L= [0(1-5/2 xib +3/2 X2/ ) Fb /EJ dx = [ x -5/4 x/b +1/2 X*Ib? || Fb 1/EJ
o} o

=(b-5/4b+1/2b ) Fb 1/EJ = 1/4 Fb’/EJ

b
1= [ (-1/2 b +3/2 X262 ) Fb 1ED dx = [-1/4 x21b +1/2 X% ] Fb 1/E3

=(-1/4b+1/2b) Fb /EJ = 1/4 Fb’/EJ

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

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 624. mm’

J, = 216470. mm’

J,= 22824. mm*

Yy = 32.32mm

T, = 2640.N

M, = -1540000. Nmm

X, = 6.mm

u,= -9.mm

v, =-32.32 mm

a,, = -Mv/J, = -229.9 N/Imm®
X, = 15.mm

y.= 8. .mm

Vv, =-24.32 mm

o, =-Mv/J, = -173. NImm’
T, = 7.054 N/mm’

o, = Vo431 = 173.5 Nimm®

S = 3470. mm’®

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 218343 CI07.xxxx.034 PROCEDIMENTO E RISULTATI 218343 CI07.xxxx.034

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
AB b 0 -Fb+Fx 0 0 0 0
0+0 0
BADb 0 Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | O 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 1/2Fb-Fx 0 0 0 0
0+0 0
HGb | 0 1/2Fb-Fx 0 0 0 0
HDb | © -1/2Fb+1/2qx? 0 0 0 0
, 0+0 0
DHb | © Fx-1/2gx 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-5Fx 0 |-5Fb+10Fx-5Fx’/b| 0 |1-2x/b+x’/b° ,
, ), (-5/3+0)Fb%/EJ | 1/3Xb/EJ
CEDb x/b -5Fx 0 -5Fx“/b 0 x“/b
IAb | 1-x/b Fb-2Fx 0 Fb-3Fx+2Fx’/b | 0 |1-2x/b+x°/b° ,
, . (1/6+0)Fb/EJ | 1/3XbIEJ
Alb -x/b Fb-2Fx 0 -Fx+2Fx“/b 0 x“/b
totali -2Fb’/EJ 5/3Xb/EJ
iperstatica X=W,c 6/5Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 218343

CIl07.xxxx.034

L¥=['(1) vesax=[x] 1
=(b) 1/EJ = b/EJ

=[(1) vesax=[x] e
=(b) 1/EJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(1/3b) 1/E] = 1/3 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E
=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

1= [°(1 -3 xtb +2 /6> ) Fb 1/E3 dx = [ x -3/2 X%/ +2/3 x*/b? || Fb 1/E3
=(b-3/2b+2/3b ) Fb 1/EJ = 1/6 Fb’/EJ

L= [2(- xtb +2 x1b? ) Fb 1/EJ dx = [-1/2 X% +213 x1b* | Fb 1/E3
=(-1/2b+2/3b) Fb 1/EJ = 1/6 FbY/EJ

PROCEDIMENTO E RISULTATI 218343

CI07.xxxx.034

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

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 738 mm’

J, = 244714. mm’

J, = 55782. mm*

Yo = 34.92mm

T, = 2240.N

M, = -1680000. Nmm

X, = 12.mm

u,= -9.mm

v, =-34.92 mm

a,, = -Mv/J, = -239.7 NiImm®
X, = 21.mm

y.= 9.mm

Vv, =-25.92 mm

g, = -Mv/J, = -177.9 N/mm’
T, = 6.012 N/mm’

0, = Vo’+31° = 178.2 NImm®

S = 3941. mm®

20.03.25



REAZIONI 271093 CI07.xxxx.035 AZIONI INTERNE 271093 CI07.xxxx.035
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 271093 CI07.xxxx.035 PROCEDIMENTO E RISULTATI 271093 CI07.xxxx.035

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MB | MM, |[MM/EI+6)dx |[XM,M /EJdx
ABb | 0 |1/2Fb-Fx+12qx%| O 0 0 0
, 0+0 0
BAb | © -1/2gx 0 0 0 0
CDb | 0 |1/2Fb-Fx+1/2gx°’| 0 0 0 0
, 0+0 0
DCb | © -1/2gx 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 0 0 0 0 0
0+0 0
HGb | © 0 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IE b -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb¥EJ Xb/EJ
Elb 1 2Fb+2Fx | Fb/EJ -2Fb+2Fx Fb/EJ 1
ECb |-1+x/b|  4Fb-7/2Fx 0 |-4Fb+15/2Fx-7/2Fx°b| 0 |1-2x/b+x°/b° ,
, , ., |(-17/12+0)Fb’EJ| 1/3XbIE]
CEb | x/b | -1/2Fb-7/2Fx 0 -112Fx-7/2FX’Ib 0 Xl
IAb | 1-x/b Fb-1/2Fx 0 Fb-3/2Fx+1/2Fx*b | 0 |1-2x/b+x%/b° ,
, ), (5/12+0)Fb*/EJ |  1/3XbIEJ
Alb | -xlb | -1/2Fb-1/2Fx 0 1/2Fx+1/2Fx°/b 0 Xl
totali -Fb’/EJ 5/3Xb/EJ
iperstatica X=W,c 3/5Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 271093 CI07.xxxx.035 PROCEDIMENTO E RISULTATI 271093 CI07.xxxx.035

b -54
L= J:(l ) VEIdx=[x], 1EI > A= 1020. mm?
J, = 332394. mm*
= 1/EJ = bIE 47 u
SO b/Jb J, = 52560. mm’
L= _[2(1) VEJdx=[x], 1/E) 142 Y, = 28.98 mm
T, = 2820.N
=(b) VEJ = bEJ y
(b) . M, = -2284200. Nmm
L =JZ(1 2xib+x°/b*) VEIdx = [ x-x%/b +1/3 10" ] L/EI u x.= 6.mm
y u = -12. mm
- _ - m
=(b-b+1/3b) 1/EJ = 1/3 b/EbJ V"= 2698 mm
L =Jﬁ( X’/ ) LVEJdx = [1/3 x*Ib’ ]U 1/EJ g, = -Mv/J, = -199.2 N/mm’
o = 18.
=(1/3b) 1EJ = 13 b/EJ b / 13 Xe mm
b 1 y.= 13.mm
L= J:(l -2xib+ X" ) VEIdx=[ x-x'/b+13 x| 1/EI v, = -15.98 mm
O = -Mv/J, = -109.8 N/mm*
=(b-b+1/3b) 1/EJ = 1/3 b/EJ O = -Mv/J, =-109.8 Nimm
R Jo .= 4.82 N/mm
L= _[Z( X'’ ) VEJ dx = [13x%b7 ] 1/EI 0, =Vo%+31 = 110.2 N/mm?

124
~130
436

"= 6817. mm°
=(u3b) VEI =13 bIEJ S = 6817.mm

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

1% = [*(-4 +15/2 xib -7/2 x2Ib* ) Fb 1/E3 dx = [-4 x +15/4 x2Ib -7/6 x1b* | Fb 1/E3
=(-4b+15/4b-7/6 b ) Fb 1/EJ =-17/12 Fb*/EJ

1% = [2(-1/2 xtb 712 x2b* ) Fb 1/EJ dx = [-1/4 xb -7/6 x*/b? ]| Fb 1/E3
=(-1/4b-7/6b) Fb 1/EJ =-17/12 Fb’/EJ

1= °(1 -3/2 xtb +1/2 x2Ib* ) Fb 1/EJ dx = [ x -3/4 x%/b +1/6 x1b* | Fb 1/E
=(b-3/4b+1/6b ) Fb 1/EJ =5/12 Fb’/EJ

1= [2(1/2 b +1/2 X262 ) Fb VEJ dx = [1/4 x%1b +1/6 x°/b? ] Fb 1/E
=(1/4b+1/6b) Fb 1/EJ =5/12 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 216255 CI07.xxxx.036 PROCEDIMENTO E RISULTATI 216255 CI07.xxxx.036

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MB | MM, |[MM/EI+6)dx | [XM M /EJdx
ABb | © 1/2Fb-1/2Fx 0 0 0 0
0+0 0
BAb | © -1/2Fx 0 0 0 0
CDb | 0 |1/2Fb-Fx+1/2gx°’| 0 0 0 0
, 0+0 0
DCb | © -1/2gx 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 1/2Fx 0 0 0 0
0+0 0
HGb | 0 | -1/2Fb+1/2Fx | O 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx*| O 0 0 0
, 0+0 0
BDb | © -1/2qx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb¥EJ Xb/EJ
Elb 1 -3Fb+3FX | Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 5Fb-9/2Fx 0 |-5Fb+19/2Fx-9/2Fx°/b| 0 |1-2x/b+x°/b° ,
, ), (-7/4+0)FbYEJ | 1/3Xb/EJ
CEb | x/b | -1/2Fb-9/2Fx 0 -1/2Fx-9/2FX’Ib 0 Xl
IAb | 1-x/b Fb-1/2Fx 0 Fb-3/2Fx+1/2Fx*b | 0 |1-2x/b+x%/b° ,
, . (5/12+0)Fb*/EJ | 1/3Xb/EJ
Alb | -xlb | -1/2Fb-1/2Fx 0 1/2Fx+1/2Fx°/b 0 Xl
totali -11/6Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 11/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 216255 CI07.xxxx.036 PROCEDIMENTO E RISULTATI 216255 CI07.xxxx.036

A= 1134. mm®

L¥=['(1) vesax=[x] 1
, = 375027. mm*

J
= 1/EJ = E a7
(b) wE b’Jb J,= 97956. mm"*
=[(1) vesax=[x] e 1 Yy = 31.01mm
T,= 2940.N
=(b) /€3 = b/EJ y
(b) X , M, = -2528400. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E Xp = 12.mm
y u,= -12. mm
- _ - m
=(b-b+1/3b) 1/EJ =1/3 b/EbJ v = 3101 mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 O,y = -Mv/J,, = -209.1 N/mm”
. = 24
=(1/3b) 1EJ = 13 b/EJ b 4 13 Xe mm
. b y.= 13.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 v, =-18.01 mm
On o, = -Mv/J, = -121.4 N/mm’
= - 1 1/E =1 E ’ )
(b-b+1/3b) 1/EI =1/3 b/bJ I r = 4.851 Nimm?
L= [(«m?) vEd dx = [13x07 )] 1/ES 0, = Vo™ +31" = 121.7 N/mm”
° ° mm 2 4 = 8 & x ¥ S = 7425. mm®

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-5 +19/2 xib -9/2 x2Ib* ) Fb 1/E3 dx = [-5 x +19/4 x2Ib -3/2 x1b* | Fb 1/EJ
=(-5b+19/4b-3/2b ) Fb 1/EJ =-7/4 Fb’/EJ

1% = [2(-1/2 x/b 012 x2b* ) Fb 1/EJ dx = [-1/4 xb -3/2 x*/b2 ]| Fb 1/E3
=(-1/4b-3/2b) Fb 1/EJ = -7/4 Fb’/EJ

1= [°(1 -3/2 xib +1/2 x2b* ) Fb 1/EJ dx = [ x -3/4 x%/b +1/6 x1b* | Fb 1/E
=(b-3/4b+1/6b) Fb 1/EJ =5/12 Fb*/EJ

1= [2(1/2 b +1/2 X162 ) Fb VEJ dx = [1/4 x%1b +1/6 x°/b? ] Fb 1/E
=(1/4b+1/6b) Fb 1/EJ =5/12 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



REAZIONI 944381

CIl07.xxxx.037

D——i
B—— ——D
1/2F
B
-
1/2F
H
1/2Fb
< F
c
A c G
< 11/10F< 29/10F
1/2Fb 1/2Fb
1/2Fb '
< 1/2F
A
G
A
8/5Fb 17/5Fb
< 11/10F< 29/10F ||
[ j E E
. [\E

29/10F 29/10F
3/5Fb 7/5Fb
2F 2F £

—_—
1/2F
F

v
1/2F

——H
1/2F

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

]

20.03.25

AZIONI INTERNE 944381

CI07.xxxx.037

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

172 -1/2
NINRNARRNARNNRNR AR AR RN RNRRN INRNRNRNARNANARRARNNRNRNARARRRAR 222 o T 5
B = H of ~
= H \ =
= H \
= H \
= =N \
) = HS \
= H \
= H \
= H \
= H \
= H -
o E 7; ]
= =
= = |
= =
= =|
= Hle o
= — ] —
=] =] = — ) > o
= =k N
= =
= = |
= =
0 = = 2 2
OO A0 A A A AT O
—[t]—¢ Tl e
ofo. oo o
o o
o ] &
- -
o o
- -
w0
0 S
S 7/5
-3/5
CED ro

-1/2

20.03.25



G2'€0'0¢C

€T°€0°LZ'SIaN ‘OUB|IN Ip 021UIBY|O ‘ISSOY IUB[dARZ O}0pY ©

G2'€0°0¢C

€T°€0°/2'SIaN ‘OUB|IN Ip 021UIBY|O ‘ISSOY IUB[DARZ O}opY ©

reubasse 1youed ep suoissay °N ﬂHw

e/t 2t

e/t 2t

T=x eonejsiadi ep auoissal | ﬂ H w

\\\\\\\\\\\ 1- T-
OO 0 1 \ =
= | b
o o o
o o 70
|
|
|
|
|
|
|
|
|
o o |
0 0 0 0 |o
oonessiadi 0j00[eD Ip BWAYIS
l—n_%
3 A
q /dl
D %) WV
Z Z
7 9 7 o] v
7
o o
1
H m\r@m
a
-

LEQXXXX"LOID

T8EYY6 ILVLTINSIY 3 OLNINIAID0dd

LEOXXXX"L0ID

T8EYY6 ILVLTINSIY 3 OLNINIAID0dd



PROCEDIMENTO E RISULTATI 944381 CI07.xxxx.037 PROCEDIMENTO E RISULTATI 944381 CI07.xxxx.037

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MB | MM, |[MM/EI+6)dx |[XM,M /EJdx
ABb | © 1/2Fb-1/2Fx 0 0 0 0
0+0 0
BAb | © -1/2Fx 0 0 0 0
CDb | 0 |1/2Fb-Fx+1/2gx°’| 0 0 0 0
, 0+0 0
DCbh | O -1/2qx 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | O 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | 0 | -1/2Fx+1/2gX° | © 0 0 0
, 0+0 0
HGb | © 1/2Fx-1/2qx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | O 0 0 0 0 0
IEb -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb¥EJ Xb/EJ
Elb 1 -2Fb+2FX | Fb/EJ -2Fb+2Fx Fb/EJ 1
ECb |-1+x/b|  4Fb-7/2Fx 0 |-4Fb+15/2Fx-7/2Fx°b| 0 |1-2x/b+x°/b° ,
, , ., |(-17/12+0)Fb’EJ| 1/3XbIE]
CEb | xib | -1/2Fb-7/2Fx 0 -1/2Fx-7/2FxX’/b 0 X’/b
IAb | 1-x/b Fb-1/2Fx 0 Fb-3/2Fx+1/2Fx*b | 0 |1-2x/b+x%/b° ,
, . (5/12+0)Fb*/EJ |  1/3XbIEJ
Alb | xb | -1/2Fb-1/2Fx 0 1/2Fx+1/2Fx°/b 0 X°/b
totali -Fb’/EJ 5/3Xb/EJ
iperstatica X=W,c 3/5Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 944381 CI07.xxxx.037 PROCEDIMENTO E RISULTATI 944381 CI07.xxxx.037

L= J:(l ) VEIdx =[x ]z 1EJ o A= 882 mm’
=(b) VEJ = b/EJ Jaz J,= 250944, mm*
JV

. = 38340. mm*
L>E<,X=JZ(1) VEJdx=[x], 1/E) 12 /\ Y, = 28.37 mm
= 2120.N

= = y
(b) VEI = bEI M, = -1929200. Nmm
X

—

X

b
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E . S 6.mm
- - u,= -12.mm
=(b-b+1/3b) 1/EJ = 1/3 b/EbJ y v, =-28.37 mm
L?E( =Jﬁ( x2/b2) 1/EJ dx = [1/3 X0’ ]U 1/EJ o, =-Mv/J, =-218.1 N/mm?
= 18
=(13b) VEJ =1/3 b/E] ol ” o
b e 0 y.= 9.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 . Ve = -19.37 mm
| Om 0, = -Mv/J, = -148.9 N/mm?
= - 1 1/E =1 E ’ )
(b-b+1/3b) 1/EI =1/3 b/bJ ) T, = 3.101 N/mm’
L= _[Z( X'’ ) VEJ dx = [13x%b7 ] 1/EI e e e 0, = Vo3 = 149. N/mm?
mm 9 e o o & & xa S = 4405. mm®

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

1% = [*(-4 +15/2 xib -7/2 x2Ib* ) Fb 1/E3 dx = [-4 x +15/4 x2Ib -7/6 x1b* | Fb 1/E3
=(-4b+15/4b-7/6 b ) Fb 1/EJ =-17/12 Fb*/EJ

1% = [2(-1/2 xtb 712 x2b* ) Fb 1/EJ dx = [-1/4 xb -7/6 x*/b? ]| Fb 1/E3
=(-1/4b-7/6b) Fb 1/EJ =-17/12 Fb’/EJ

1= °(1 -3/2 xtb +1/2 x2Ib* ) Fb 1/EJ dx = [ x -3/4 x%/b +1/6 x1b* | Fb 1/E
=(b-3/4b+1/6b ) Fb 1/EJ =5/12 Fb’/EJ

1= [2(1/2 b +1/2 X262 ) Fb VEJ dx = [1/4 x%1b +1/6 x°/b? ] Fb 1/E
=(1/4b+1/6b) Fb 1/EJ =5/12 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 240450 CI07.xxxx.038 PROCEDIMENTO E RISULTATI 240450 CI07.xxxx.038

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MB | MM, |[MM/EI+6)dx | [XM M /EJdx
ABb | 0 | -1/2Fb+1/2Fx | O 0 0 0
0+0 0
BAb | © 1/2Fx 0 0 0 0
CDb | 0 |1/2Fb-Fx+1/2gx°’| 0 0 0 0
, 0+0 0
DCb | © -1/2gx 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © -1/2Fx 0 0 0 0
0+0 0
HGb | © 1/2Fb-1/2Fx 0 0 0 0
HDb | 0 | -1/2Fb+1/2qx° | O 0 0 0
, 0+0 0
DHb | © Fx-1/20x 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb¥EJ Xb/EJ
Elb 1 -3Fb+3FX | Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 5Fb-9/2Fx 0 |-5Fb+19/2Fx-9/2Fx°/b| 0 |1-2x/b+x°/b° ,
, ), (-7/4+0)FbYEJ | 1/3Xb/EJ
CEb | x/b | -1/2Fb-9/2Fx 0 -1/2Fx-9/2FX’Ib 0 Xl
IAb | 1-x/b Fb-3/2Fx 0 Fb-5/2Fx+3/2Fx*b | 0 |1-2x/b+x%/b° ,
, - (L/4+0)FbYEJ | 1/3Xb/EJ
Alb | -xib | 1/2Fb-3/2Fx 0 -1/2Fx+3/2Fx*/b 0 X°/b
totali -2Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 6/5Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 240450 CI07.xxxx.038 PROCEDIMENTO E RISULTATI 240450

CIl07.xxxx.038

L¥=['(1) vesax=[x] 1
=(b) 1EJ = bEJ lur
L= _[2(1) VEI dx = [ x ]Z 1/EJ oz /\
=(b) 1/EJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ y
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9

=(1/3b) 1/E] = 1/3 b/EJ \\/0 N

b 10
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3

=(b-b+13b) LEJ =1/3 b/EJ
L= [2(?) vEI dx = [13 X2 ]] V/E

412
418
124
430
136
x
148

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-5 +19/2 xib -9/2 x2Ib* ) Fb 1/E3 dx = [-5 x +19/4 x2Ib -3/2 x1b* | Fb 1/EJ
=(-5b+19/4b-3/2b ) Fb 1/EJ =-7/4 Fb’/EJ

1% = [2(-1/2 x/b 012 x2b* ) Fb 1/EJ dx = [-1/4 xb -3/2 x*/b2 ]| Fb 1/E3
=(-1/4b-3/2b) Fb 1/EJ = -7/4 Fb’/EJ

1= °(1 -5/2 xib +3/2 x2Ib* ) Fb 1/EJ dx = [ x -5/4 x%/b +1/2 xb* | Fb 1/E
=(b-5/4b+1/2b ) Fb 1/EJ = 1/4 Fb’/EJ

1= [ (-1/2 b +3/2 X262 ) Fb UEJ dx = [-1/4 x21b +1/2 X% " Fbo 1/E3
=(-1/4b+1/2b) Fb /EJ = 1/4 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 984 mm’

J, = 281765. mm’
J,= 74304. mm*

Yy = 30.25 mm

T, = 2200.N

M, = -2134000. Nmm
X, = 12.mm

u,= -12. mm

v, =-30.25 mm

g, = -Mv/J, = -229.1 NImm®
X, = 24.mm

y.= 10.mm

v, =-20.25 mm
g, = -Mv/J, = -153.4 N/mm’

C

1= 3.248 N/mm*

c
o, = Vo’+31° = 153.5 N/mm’
* 3

20.03.25



REAZIONI 237128

CIl07.xxxx.039

Dq H
1/2F
Bg wD
1/2F
D
B
., H
1/2F <
1/2F
F
1/2Fb
< F
c
A c G '\
| 11/5F< 14/5F< F
1/2Fb 1/2Fb 1/2Fb
F ry
1/2Fb v E
T\ w2k 1/2Fb
A < 1/2F
G
=
17/10Fb 33/10Fb
11/5|=< 14/5F
I E F
N [\E

14/5F 14/5F
7/10Fb 13/10Fb
2F 2F E %

2Fb
2F

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

2F

20.03.25

AZIONI INTERNE 237128

CIl07.xxxx.039

JENNEEREENRENERNERRNRNERNEREE] JENNEERENRENNEREERRENNEREE]
12 12 =
! of ! H 5 0 o 0
\ H 5
\ = H
\ = 5
° | = SE 3
\ = H
\ =H 5
\ = H
of = £ -
— —
\ =
\ =H
\ =H
\ =H
| =H © ©
o o — — <
| = Al Anl
\ =H
=H
\ =
‘ 0 = 2 2 °
S A AR
—[+]—F Tl e
o 67777777760‘ I
\
|
Q
<
Q
\—IC
\
=] \
s \
S 13/1
7110
CED ro

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

20.03.25



G2'€0'0¢C

€T°€0°LZ'SIaN ‘OUB|IN Ip 021UIBY|O ‘ISSOY IUB[dARZ O}0pY ©

G2'€0°0¢C

reubasse 1youed ep suoissay °N ﬂHw

4 0
IS
I I
N N
IS e
N N
o o
0 0 0 0

€T°€0°/2'SIaN ‘OUB|IN Ip 021UIBY|O ‘ISSOY IUB[DARZ O}opY ©

T=x eonejsiadi ep auoissal | ﬂ H w

oo _ -
iR

o o (=)
o o | o

|

|

|

|

|

|

|

|

|

o o |
0 0 0 0 |o
ooneisiadi 0j0ofed Ip BWAYIS

l—n_%
3 + |
q /dl
%) WV
Qo
Z
9 7 o] v
7
o
1
H m\r@m
a

6E0XXXX"L0ID

8¢T.LEC ILV1TNSIY 3 OLNINIAID0dd

6E0XXXX"L0ID

8¢T.EC ILV1TNSIY 3 OLNINIAID0dd



PROCEDIMENTO E RISULTATI 237128 CI07.xxxx.039 PROCEDIMENTO E RISULTATI 237128 CI07.xxxx.039

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] M,M, MO | MM, | [MM/EI+B)dx |[XM M /EJdx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BAD 0 1/2Fx 0 0 0 0
CDb | 0 |1/2Fb-Fx+1/29x*| © 0 0 0
, 0+0 0
DCbh | © -1/2qx 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 1/2Fb-1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IE b -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb’/EJ Xb/EJ
El b 1 -2Fb+2Fx Fb/EJ -2Fb+2Fx Fb/EJ 1
ECb |-1+x/b| 4Fb-7/2Fx 0 |-4Fb+15/2Fx-7/2Fx’b| 0 |1-2x/b+x’/b> ,
, , ., |(17/12+0)Fb*/EJ|  1/3Xb/EJ
CEb | xb -1/2Fb-7/2Fx 0 -1/2Fx-712Fx%/b 0 xlo
IAb | 1-x/b Fb-3/2Fx 0 Fb-5/2Fx+3/2Fx’/b | 0 |1-2x/b+x’/b° ,
, ), (1/4+0)Fb*/EJ 1/3Xb/EJ
Alb | -x/b 1/2Fb-3/2Fx 0 -1/2Fx+3/2Fx’/b 0 xlo
totali -7/6Fb/EJ 5/3Xb/EJ
iperstatica X=W,c 7/10Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 237128 CI07.xxxx.039 PROCEDIMENTO E RISULTATI 237128 CI07.xxxx.039

b
L= J:(l ) VEIdx=[x], 1EI g A= 1098. mm>
J, = 294859. mm*
=(b) 1/EJ = b/EJ 147 uT T
» ) J, = 66852. mm
L =_[Z(1) VEJdx=[x], 1/E) y,= 28.5mm
=(b) 1 = biE) N -I\I;Iy B 22?6054,\(‘)0 Nmm
b = .
L =JZ(1 2xib+x°/b*) VEIdx = [ x-x%/b +1/3 10" ] L/EI \ " x.= 6.mm
= 12,
=(b-b+1/3b) 1/EJ = 1/3 b/EJ y \‘jm Z s 5?:1
b m= "o
L =Jﬁ( x2/b2) LVEJdx = [1/3 x*Ib’ ]U 1/EJ o, = -Mv/J, = -238.6 N/mm’
o = 18
=(v3b) VEI =13 b/EJ i A 13 ; I 22
b c™ '
L= J:(l -2xib+ X" ) VEIdx=[ x-x'/b+13 x| 1/EI v, = -155mm
O = -Mv/J, = -129.7 N/mm®
=(b-b+1/3b) 1/EJ = 1/3 b/EJ . SC— A g63uN/mm2 mm
b - .= 4
L= _[Z( X'’ ) VEJ dx = [13x%b7 ] 1/EI 0, = Vo3 = 130. N/mm?

112

418
124

"= 6671. mm°
=(u3b) VEI =13 bIEJ S = 6671. mm

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

1% = [*(-4 +15/2 xib -7/2 x2Ib* ) Fb 1/E3 dx = [-4 x +15/4 x2Ib -7/6 x1b* | Fb 1/E3
=(-4b+15/4b-7/6 b ) Fb 1/EJ =-17/12 Fb*/EJ

1% = [2(-1/2 xtb 712 x2b* ) Fb 1/EJ dx = [-1/4 xb -7/6 x*/b? ]| Fb 1/E3
=(-1/4b-7/6b) Fb 1/EJ =-17/12 Fb’/EJ

1= °(1 -5/2 xib +3/2 x2Ib* ) Fb 1/EJ dx = [ x -5/4 x%/b +1/2 x1b* | Fb 1/E
=(b-5/4b+1/2b ) Fb 1/EJ = 1/4 Fb’/EJ

1= [(-1/2 b +3/2 X262 ) Fb UEJ dx = [-1/4 x2b +1/2 X2 ] Fb 1/E3
=(-1/4b+1/2b) Fb /EJ = 1/4 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 248223

CIl07.xxxx.040

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 248223

CIl07.xxxx.040

M M, (%) 8 MM, MO | MM, |[MM/EI+6)dx |[XM, M /Eddx
AB b 0 -Fb+Fx 0 0 0 0
0+0 0
BA b 0 Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GF b 0 0 0 0 0 0
GHb 0 Fb-Fx 0 0 0 0
0+0 0
HG b 0 -Fx 0 0 0 0
HD b 0 0 0 0 0 0
0+0 0
DH b 0 0 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BD b 0 0 0 0 0 0
IEb -1 2FX -Fb/EJ -2Fx Fb/EJ 1 )
(-1+1)Fb*/EJ Xb/EJ
Elb 1 -2Fb+2Fx Fb/EJ -2Fb+2Fx Fb/EJ 1
ECb |-1+x/b|4Fb-9/2Fx+1/2qx°| 0 |-4Fb+17/2Fx-5Fx’/b+1/2gx*/b| 0 |1-2x/b+x’/b° ,
, , , , .,  |(-31/24+0)Fb*/EJ|  1/3Xb/EJ
CEb x/b -7I12Fx-1/2gx 0 -712Fx"Ib-1/2gx”/b 0 x“/b
IAb | 1-x/b | -3/2Fx+1/2qx%° 0 -3/12Fx+2Fx’/b-1/2x%/b 0 |1-2x/b+x’Ib’ ,
, , \ - (-5/24+0)Fb*/EJ | 1/3Xb/EJ
Al b -x/b | Fb-1/2Fx-1/2gx 0 -Fx+1/2Fx“/b+1/2gx°/b 0 x/b
totali -3/2Fb°/EJ 5/3Xb/EJ
iperstatica X=W,c 9/10Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 248223 CI07.xxxx.040 PROCEDIMENTO E RISULTATI 248223 CI07.xxxx.040

b -54
L¥=['(1) vesax=[x] 1 > A= 1272. mm’
J, = 331576. mm*
=(b) 1/EJ = b/EJ 17 v 4
N X J,= 134784. mm
L=JJ) vesax=[x]; ves y, = 30.53 mm
=(b) vE3 = biES T 1I\;Iy:- 420127068’\(130 Nmm
b e .
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E : X = 12.mm
= -12.
=(b-b+1/3b) 1/EJ = 1/3 b/EJ y \L:”‘ - 30 53m£1m
b m T o
L?E( =Jﬁ( xIb’ ) 1/EJ dx = [1/3 X0’ ]U 1/EJ o, =-Mv/J, = -199.9 N/mm?
. = 24
=(v3b) VEI =13 b/EI li [~ 13 ; o
b ¢ i
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 v, =-17.53 mm
Om = -Mv/J, = -114.8 N/mm’
=(b-b+1/3b) VEI = 1/3 b/EJ . R S
b 4 =7
L= [2(?) vEI dx = [13 X2 ]] V/E e e o B} 0, =Vo%+31 = 115.5 N/mm?
mm 2 - S8 % 9 x 3 S'= 7282. mm°

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

1 = [*(-4 +17/2 xtb -5 x21b +1/2 6% ) Fb 1/EJ dx
= [-a x +17/4 X2 -513 x1b® +1/8 x1b° | Fb 1/E
=(-4b+17/4b-5/3b +1/8b ) Fb 1/EJ = -31/24 Fb’/EJ

10 = [2(-772 X212 -1/2 1™ ) Fb VE dx = [-7/6 x¥1b? -1/8 x1b* ] Fb 1/E3
=(-7/6 b-1/8b ) Fb 1/EJ =-31/24 Fb’/EJ

L= [ (312 xtb +2 %1% -1/2 x°Ib* ) Fb VEJ dx = [-3/4 X% +2/3 X¥1b? -1/8 xIb* ] Fb 1/E3
=(-3/4b+2/3b-1/8b ) Fb 1/EJ =-5/24 Fb’/EJ

L= [2(- xtb +1/2 581b? +1/2 x1° ) Fb 1/EJ dx = [-1/2 58b +1/6 x1b? +1/8 x1b° ] Fb 1/E3
=(-1/2b+1/6 b +1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 238290

CI07.xxxx.041

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 238290

CI07.xxxx.041

M M, (%) 8 MM, MO | MM, |[MM/EI+6)dx |[XM, M /Eddx
AB b 0 -Fb+Fx 0 0 0 0
0+0 0
BA b 0 Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GF b 0 0 0 0 0 0
GHb 0 Fb-Fx 0 0 0 0
0+0 0
HG b 0 -Fx 0 0 0 0
HD b 0 0 0 0 0 0
0+0 0
DH b 0 0 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BD b 0 0 0 0 0 0
IEb -1 2FX -Fb/EJ -2Fx Fb/EJ 1 )
(-1+1)Fb*/EJ Xb/EJ
Elb 1 -2Fb+2Fx Fb/EJ -2Fb+2Fx Fb/EJ 1
ECb |-1+x/b|4Fb-9/2Fx+1/2qx°| 0 |-4Fb+17/2Fx-5Fx’/b+1/2gx*/b| 0 |1-2x/b+x’/b° ,
, , , , .,  |(-31/24+0)Fb*/EJ|  1/3Xb/EJ
CEb x/b -7I12Fx-1/2gx 0 -712Fx"Ib-1/2gx”/b 0 x“/b
IAb | 1-x/b | -3/2Fx+1/2qx%° 0 -3/12Fx+2Fx’/b-1/2x%/b 0 |1-2x/b+x’Ib’ ,
, , \ - (-5/24+0)Fb*/EJ | 1/3Xb/EJ
Al b -x/b | Fb-1/2Fx-1/2gx 0 -Fx+1/2Fx“/b+1/2gx°/b 0 x/b
totali -3/2Fb°/EJ 5/3Xb/EJ
iperstatica X=W,c 9/10Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 238290 CI07.xxxx.041 PROCEDIMENTO E RISULTATI 238290 CI07.xxxx.041

b -54
L¥=['(1) vesax=[x] 1 A= 1308. mm’
J, = 344278. mm’
=(b) €3 = b/EJ X > J,= 142704. mm"*
=[(1) vesax=[x] e Ja1 ek 20 yg= 23.28mm
T,= 3980. N
=(b) 1/EJ = b/EJ y
(b) X M, = -2348200. Nmm
Lee=J (1-2xb+x*b?) VEIdx =] x-x*b +1/3x°/6* | 1/EJ Xn = 36.mm
EC o o y "
= 54,
=(b-b+1/3b) 1/EJ = 1/3 b/EJ Ym = 5% mm
. u u,= 12.mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 V,, = 30.72mm
18 =-Mv/J, = 209.5 N/mm’
=(v3b) VEI =13 b/E] N o
XX 2,2 2 3,.21° X o
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 o= 40.mm
v, = 16.72 mm
=(b-b+1 1/EJ = 1/3 b/E r ¢
(b-b+13b) 1EI =173 b’bJ 0, =-MviJ,= 114. Nimm?
L= [2(?) vEI dx = [13 X2 ]] V/E Jo T.= 7.479 N/mm’

0, = Vo’+31° = 114.8 NImm®

=(u3b) VEI =13 bIEJ S = 7763. mm®

412
418
124
430
436
x
148

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

1 = [*(-4 +17/2 xtb -5 x21b +1/2 6% ) Fb 1/EJ dx
= [-a x +17/4 X2 -513 x1b® +1/8 x1b° | Fb 1/E
=(-4b+17/4b-5/3b +1/8b ) Fb 1/EJ = -31/24 Fb’/EJ

10 = [2(-772 X212 -1/2 1™ ) Fb VE dx = [-7/6 x¥1b? -1/8 x1b* ] Fb 1/E3
=(-7/6 b-1/8b ) Fb 1/EJ =-31/24 Fb’/EJ

L= [ (312 xtb +2 %1% -1/2 x°Ib* ) Fb VEJ dx = [-3/4 X% +2/3 X¥1b? -1/8 xIb* ] Fb 1/E3
=(-3/4b+2/3b-1/8b ) Fb 1/EJ =-5/24 Fb’/EJ

L= [2(- xtb +1/2 581b? +1/2 x1° ) Fb 1/EJ dx = [-1/2 58b +1/6 x1b? +1/8 x1b° ] Fb 1/E3
=(-1/2b+1/6 b +1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 286143 CI07.xxxx.042 PROCEDIMENTO E RISULTATI 286143 CI07.xxxx.042

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ] MM, MB | MM, |[MM/EI+6)dx | [XM M /EJdx
AB b 0 |-1/2Fb+1/2gx°| 0O 0 0 0
, 0+0 0
BA b 0 Fx-1/2gx 0 0 0 0
cCDb | © 0 0 0 0 0
0+0 0
DCbh | © 0 0 0 0 0
EFb | O -2Fb+2Fx 0 0 0 0
0+0 0
FEb | O 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © Fb-Fx 0 0 0 0
0+0 0
HGb | © -Fx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | O 0 0 0 0 0
IEb -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb¥EJ Xb/EJ
Elb 1 -2Fb+2Fx | Fb/EJ -2Fb+2Fx Fb/EJ 1
ECb |-1+x/b| 4Fb-4Fx 0 -AFb+8Fx-4Fx’/b 0 |1-2x/b+x’/b ,
, . (-4/3+0)FbYEJ | 1/3Xb/EJ
CEDb x/b -4Fx 0 -4Fx°Ib 0 x“/b
IAb | 1-x/b | -Fx+1/2gx° 0 |-Fx+3/2Fx/b-1/2gx°b| 0 | 1-2x/b+x°Ib° ,
, , ), (-1/8+0)Fb/EJ | 1/3Xb/EJ
Alb | x/b | 1/2Fb-1/20x° | 0 -1/2Fx+1/2gx°/b 0 X’/b
totali -35/24Fb°/EJ | 5/3XbIEJ
iperstatica X=W,c 7/8Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 286143 CI07.xxxx.042 PROCEDIMENTO E RISULTATI 286143 CI07.xxxx.042

leExz_[:(l) 1/EJ dxz[x]z 1EJ A= 912 mm?
J

,= 264874, mm*

= = 147 > O,L
(b) vEI = bIEI a5 J,= 42264. mm

Z=1) vesan=[x]! ves ) B
_ _ T = 3180. N
=(b) 151 = wEd M, = -2035200. Nmm
X,

X

b
L =JZ(1 2xib+x°/b*) VEIdx = [ x-x%/b +1/3 10" ] L/EI , = 30.mm
= 54,
=(b-b+1/3b) 1EJ =1/3 b/EJ u Ym= 54 mm
b u,= 12.mm
L =f;( xb?) UEI dx = [13x%0? )] 1/E v, = 2851 mm 2
=-MviJ, = 219.N/
=(1/3b) 1/E] = 1/3 b/EJ Om = "MVIJ, mm
b I X, = 18.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 y.= 45.mm
V.= 19.51 mm
=(b-b+1 1/EJ =1/3 blE 16 c
(b-b+13b) VEI =1/3 b/bJ o . 2 149.9 Nimn?
L= [2(?) vEI dx = [13 X2 ]] V/E Jo T = 4.695 Nimm®
0, = Vo’+31° = 150.1 N/mm’
=(1/3b) 1/EJ = 1/3 b/EJ mm o o 8 8 I 8,8 - anos.

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

122 = [(-4 +8 x/b -4 X%Ib? ) Fb 1/EJ dx = [-4 x +4 x2Ib -413 x1b* | Fb 1/
=(-4b+4b-4/3b) Fb 1/EJ =-4/3 Fb’/EJ

L% = [2(-4 1% ) Fb 1E3 dx = [-4/3 X2 ]| Fb 1/E9
=(-413b) Fb 1/EJ =-4/3 Fb’/EJ

L= [°(- b +312 xib? -1/2 xb° ) Fb 1/EJ dx = [-1/2 xb +1/2 xIb? -1/8 x1b° | Fb 1/E3
=(-1/2b+1/2b-1/8b ) Fb 1/EJ =-1/8 Fb’/EJ

1= [2(-1/2 b +1/2 6% ) Fb UEJ dx = [-1/4 x21b +1/8 x'16° " Fb 1/E3
=(-1/4b+1/8 b ) Fb 1/EJ = -1/8 Fb%/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 239692 CI07.xxxx.043 PROCEDIMENTO E RISULTATI 239692 CI07.xxxx.043

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MO | MM, M M/EI+6)dx | [XM M /EJdx
ABb | 0 | -1/2Fb+1/2Fx | O 0 0 0
0+0 0
BAb | © 1/2Fx 0 0 0 0
cbb | 0 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © Fb-1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb-1/2Fx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx*| O 0 0 0
, 0+0 0
BDb | © -1/2qx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3FX | Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-5Fx 0 -5Fb+10Fx-5Fx’/b 0 |1-2x/b+x’/b’ ,
, . (-5/3+0)Fb*/EJ | 1/3Xb/EJ
CEb x/b -5Fx 0 -5Fx“/b 0 x/b
IAb | 1-x/b| -Fx+1/2q%° 0 |-Fx+312Fx/b-1/2gx°b| 0 |1-2x/b+x°/b° ,
, , ) (-1/8+0)Fb*/EJ |  1/3Xb/EJ
Alb | -xib | 1/2Fb-1/2gx 0 -112Fx+1/20x*/b 0 Xlo
totali -55/24Fb°/EJ | 5/3Xb/EJ
iperstatica X=W,c 11/8Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 239692 CI07.xxxx.043 PROCEDIMENTO E RISULTATI 239692 CI07.xxxx.043

b -54
L¥=['(1) vesax=[x] 1 A= 1020. mm’
> J, = 332140. mm*
= 1/EJ = E u
() 1€ b/Jb J, = 51120. mm*
=[(1) vesax=[x] e Ja1 OcTe 20 Y, = 25.41 mm
T,= 3800.N
=(b) 1EI = b/EJ y
(b) X M, = -2660000. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E Xp = 30.mm
= 54,
=(b-b+1/3b) 1EJ =1/3 b/EJ y u Ym~ iz r,:nr:]
XX 2,2 33.21° o :
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 Vi = 28.59 mm
=-Mv/J, = 229. N/mm’
=(13b) VEI =13 b/EJ - 18 o .
b 4 ° .
L= [(1 -2 xtb +X7167 ) 1EI dx = [ x - x¥b +1/3 xb* | 1/E3 ” \/ Ye= 40.mm
V.= 14.59 mm
=(b-b+1 1EJ = 1/3 bIE 1 i
(b-b+1/3b) 1VEI =13 b/bJ 0, =-Mv/J, = 116.9 N/mm’
L= [2(?) vEI dx = [13 X2 ]] V/E Jo T = 6.745 Nimm®

0, = Vo’+31° = 117.5 NImm®

=(u3b) VEI =13 bIEJ S = 7074. mm®

124
430
136

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E
=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

L0= [°(- b +312 x1b? -1/2 Xb° ) Fb 1/EJ dx = [-1/2 xb +1/2 xIb? -1/8 x1b° | Fb 1/E
=(-1/2b+1/2b-1/8b ) Fb 1/EJ =-1/8 Fb’/EJ

1= [2(-1/2 b +172 6% ) Fb UEJ dx = [-1/4 x21b +1/8 X' ]" Fb 1/E3
=(-1/4b+1/8b ) Fb VEJ = -1/8 FbY/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 238791 CI07.xxxx.044 PROCEDIMENTO E RISULTATI 238791 CI07.xxxx.044

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MO | MM, M M/EI+6)dx | [XM M /EJdx
ABb | 0 | -1/2Fb+1/2Fx | O 0 0 0
0+0 0
BAb | © 1/2Fx 0 0 0 0
CDb | © 0 0 0 0 0
0+0 0
DCbh | O 0 0 0 0 0
EFb | O -2Fb+2Fx 0 0 0 0
0+0 0
FEb | O 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | 0 |Fb-3/2Fx+1/2gx°| O 0 0 0
, 0+0 0
HGb | 0 | -1/2Fx-1/2gx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | O 0 0 0 0 0
IEb -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb¥EJ Xb/EJ
Elb 1 -2Fb+2FX | Fb/EJ -2Fb+2Fx Fb/EJ 1
ECb |-1+x/b|  4Fb-4Fx 0 -4Fb+8Fx-4Fx’/b 0 |1-2x/b+x’/b? ,
, ), (-4/3+0)Fb*/EJ |  1/3Xb/EJ
CEb x/b -4Fx 0 -4FX°Ib 0 x/b
IAb | 1-x/b| -Fx+1/2q%° 0 |-Fx+312Fx/b-1/2gx°b| 0 |1-2x/b+x°/b° ,
, , ) (-1/8+0)Fb*/EJ |  1/3Xb/EJ
Alb | x/b | 1/2Fb-1/2qx 0 -112Fx+1/20x*/b 0 X’/b
totali -35/24Fb°/EJ | 5/3Xb/EJ
iperstatica X=W,c 7/8Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 238791 CI07.xxxx.044 PROCEDIMENTO E RISULTATI 238791 CI07.xxxx.044

L¥=['(1) vesax=[x] 1 A= 1020. mm’
_ 4
=(b) 163 = b/EJ laz R = 297608. mm

JLl

) J,= 82224. mm*

=[(1) vesax=[x] e y,= 23.57 mm
X

a4

=(b) 1/EJ = b/EJ /\ T,= 3120.N

M, = -2340000. Nmm

<

b
L% =[2(1-2xb +xb? ) UEIdx= [ x-xb +1/3x%b° ] 1/E3 = 36.mm

X
y m

= 54
=(b-b+1/3b) 1EJ = 1/3 b/EJ Ym = 4. mm
b u u,= 12.mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 v, = 30.43 mm
=-Mv/J, = 239.3 N/mm’
=(1/3b) 1/E] = 1/3 b/EJ O = -MvIJ, mm
b I X, = 24.mm
L= J:(l -2xib+ X" ) VEIdx=[ x-x'/b+13 x| 1/EI y.= 44.mm
V.= 20.43 mm
=(b-b+1 1/EJ =1/3 b/E 6 c
(b-b+1/30) 1 =113 b/bJ o, =-Mv/J, = 160.6 N/mm’
L= [2(?) vEI dx = [13 X2 ]] V/E Jo T = 4.642 Nimm®

0, = Vo*+31° = 160.8 N/mm’

=(u3b) VEI =13 bIEJ S = 5314. mm®

418
124
430
436
x
148

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

122 = [(-4 +8 x/b -4 X%Ib? ) Fb 1/EJ dx = [-4 x +4 x2Ib -413 x1b* | Fb 1/
=(-4b+4b-4/3b) Fb 1/EJ =-4/3 Fb’/EJ

L% = [2(-4 1% ) Fb 1E3 dx = [-4/3 X2 ]| Fb 1/E9
=(-413b) Fb 1/EJ =-4/3 Fb’/EJ

L= [°(- b +312 xib? -1/2 xb° ) Fb 1/EJ dx = [-1/2 xb +1/2 xIb? -1/8 x1b° | Fb 1/E3
=(-1/2b+1/2b-1/8b ) Fb 1/EJ =-1/8 Fb’/EJ

1= [2(-1/2 b +1/2 6% ) Fb UEJ dx = [-1/4 x21b +1/8 x'16° " Fb 1/E3
=(-1/4b+1/8 b ) Fb 1/EJ = -1/8 Fb%/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 238620 CI07.xxxx.045 PROCEDIMENTO E RISULTATI 238620 CI07.xxxx.045

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
AB b 0 -1/2Fb+1/2qx* 0 0 0 0
, 0+0 0
BA b 0 Fx-1/2gx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | O 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © Fb-Fx 0 0 0 0
0+0 0
HGb | © -Fx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | O 0 0 0 0 0
IEb -1 3Fx-1/2gx° -Fo/EJ|  -3Fx+1/2Fx%b  |FO/E] 1 ,
, , (-4/3+1)Fb*/EJ Xb/EJ
Elb 1 |-5/2Fb+2Fx+1/2qx’ | Fb/EJ | -5/2Fb+2Fx+1/2Fx’/b | Fb/EJ 1
ECb |-1+x/b|  9/2Fb-9/2Fx 0 |-9/2Fb+9Fx-9/2Fx’lb| 0 |1-2x/b+x*/b? ,
, ), (-3/2+0)Fb%/EJ | 1/3Xb/EJ
CEDb x/b -9/2Fx 0 -9/2Fx°/b 0 X°/b
IAb | 1-x/b -1/2Fx 0 -12Fx+1/2Fx%Ib 0 |1-2x/b+x°/b° ,
, , , |(U12+0)FbY/EI| 1/3Xb/EJ
Alb | -x/b 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx%lb 0 x*Ib
totali -23/12Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 23/20Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 238620

CIl07.xxxx.045

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

PROCEDIMENTO E RISULTATI 238620 CI07.xxxx.045

Om

A= 732 mm’
lur O e " J, = 251906. mm*
: J, = 51876. mm*
Yo = 19.81 mm
P T, = 1800. N
M, = -1458000. Nmm
X, = 30.mm
g Yo = 54.mm
u,= 9.mm
u vV, = 34.19 mm
o, =-Mv/J, = 197.9 N/mm’
11 X, = 21.mm
y.= 46.mm
1 V.= 26.19 mm
o, =-Mv/J, = 151.6 N/mm’
do .= 4.796 N/mm’
R N 0, = Vo*+31° = 151.8 N/mm’
mm = - o 4 @ x 3 S'= 4027. mm®

L= ['(-a xtb +1/2 X16* ) Fo 1/EI dx + [(1) © dx=[-3/2X%b +1/6 X2 ], Fb 1/E9 + [ x ] 6
=(-312b+1/6b) Fo 1/EJ +(b) 6 =-1/3 FbY/EJ

1= [2(-5/2 +2 xtb +1/2 X¥16? ) Fb UEI dx + [(-1) © dx
= [-5r2 x + xib +1/6 X162 ] Fb 1/E3 + [-x]
=(-5/2b+b+1/6b ) Fb 1/EJ +(-b) 6 =-1/3 Fb/EJ

12 = [*(-912 +9 x/b -0/2 X2/ ) Fb VEJ dx = [-9/2 x +9/2 b -3/2 X°Ib? ] Fb 1/E3
=(-922b+9/2b-312b ) Fb 1/EJ =-3/2 Fb’/EJ

1% = [2(-0r2 16 ) Fb 1/E3 dx = [-3/2 xb* | Fb 1/E
=(-3/2b) Fb 1/EJ =-3/2 Fb*/EJ

10= [*(-1/2 xtb +1/2 X6 ) Fb 1/EJ dx = [-1/4 x2Ib +1/6 xib* | Fb 1/E]
=(-1/4b+1/6 b)) Fb 1/EJ =-1/12 Fb’/EJ

1= [2(-1/2 b +1/2 X162 ) Fb 1EJ dx = [-1/4 x21b +1/6 x*/b? ], Fb 1/E3
=(-1/4b+1/6b) Fb 1/EJ =-1/12 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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AZIONI INTERNE 939051
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PROCEDIMENTO E RISULTATI 939051

CIl07.xxxx.046

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 939051

CIl07.xxxx.046

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /Eddx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BAD 0 1/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © Fb-1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb-1/2Fx 0 0 0 0
HD b 0 1/2Fb 0 0 0 0
0+0 0
DHb 0 -1/2Fb 0 0 0 0
DBb | 0 | 1/2Fb-Fx+1/2qx* | © 0 0 0
, 0+0 0
BDb 0 -1/2gx 0 0 0 0
IE b -1 AFx-1/2gx° -Fb/EJ -AFx+1/2Fx%Ib Fb/EJ 1 ,
, , (-11/6+1)Fb*/EJ Xb/EJ
Elb 1 |-7/2Fb+3Fx+1/2qx°| FB/EJ | -7/2Fb+3Fx+1/2Fx’/b |Fb/EJ 1
ECb |-1+x/b| 11/2Fb-11/2Fx 0 |-11/2Fb+11Fx-11/2Fxb| 0 |1-2x/b+x°/b’ ,
, ) (-11/6+0)Fb*/EJ | 1/3Xb/EJ
CEb | xb -11/2Fx 0 -11/2Fx%/b 0 x’[b
IAb | 1-x/b -1/2Fx 0 -12Fx+1/2Fx%Ib 0 |1-2x/b+x/0° ,
, ), (-1/12+0)Fb*/EJ| 1/3Xb/EJ
Alb | -x/b 1/2Fb-1/2Fx 0 -1/2FEx+1/2Fx’/b 0 x°Ib
totali -11/4Fb*/EJ 5/3Xb/EJ
iperstatica X=W,c 33/20Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 939051 CI07.xxxx.046

L¥=['(1) vesax=[x] 1
=(b) 1/EJ = b/EJ

=[(1) vesax=[x] e
=(b) 1/EJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(1/3b) 1/E] = 1/3 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) 1/EJ = 1/3 b/EJ

L= [0(-4 xtb +1/2 X16* ) Fo 1/EI dx + [/(1) 8 dx=[-2 % +1/6 X2 ], Fb 1/E9 + [ x] 6
=(2b+1/6b)Fob1/EJ +(b) 6 =-5/6 FbYEJ

L= [2(-7/2 +3 xtb +1/2 X%16? ) Fo UEI dx + [(-1) © dx
= [-712 x 312 1o +1/6 0% | Fb €S +[-x] 6
=(-72b+3/2b+1/6 b ) Fo 1/EJ +(-b ) 8 =-5/6 Fb/EJ

12 = [(-12/2 +11 xib 1172 X6 ) Fb UE dx = [-11/2 x +11/2 xb -11/6 X/ || Fb 1/E3
=(-11/2b +11/2 b -11/6 b ) Fb 1/EJ =-11/6 Fb’/EJ

1% = [2(-11/2 x2ib* ) Fb 1/EJ dx = [-11/6 x*/b? ]| Fb 1/E9
=(-11/6 b ) Fb 1/EJ =-11/6 Fb*/EJ

1= [2(-1/2 xtb +1/2 X6 ) Fb 1/EJ dx = [-1/4 x2Ib +1/6 xib* | Fb 1/E3
=(-1/4b+1/6 b)) Fb 1/EJ =-1/12 Fb’/EJ

1= [2(-1/2 b +1/2 X162 ) Fb 1EJ dx = [-1/4 x21b +1/6 x*/b% ], Fb 1/E3
=(-1/4b+1/6 b ) Fb 1/EJ =-1/12 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

PROCEDIMENTO E RISULTATI 939051

CIl07.xxxx.046

o

441 40

412
418
124
430

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

A= 1128 mm’

J, = 306009. mm*
J,= 70776. mm*

Yy = 25.34 mm

T, = 2600. N

M, = -2236000. Nmm
X, = 30.mm

Yo = 54.mm

u,= 12.mm

vV, = 28.66 mm

o, =-Mv/J, = 209.5 N/mm’

m

X.= 18.mm

o, =-Mv/J, = 107.2 N/mm’
T,= 5.025 N/mm’

0, = Vo*+31° = 107.5 N/mm’
S = 7097. mm®

20.03.25



REAZIONI 241015 CI07.xxxx.047 AZIONI INTERNE 241015 CI07.xxxx.047
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 241015 CI07.xxxx.047 PROCEDIMENTO E RISULTATI 241015 CI07.xxxx.047

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BADb 0 1/2Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | O 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | 0 | Fb-3/2Fx+1/2gx° | © 0 0 0
) 0+0 0
HGb | 0 -1/2Fx-1/2gx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | O 0 0 0 0 0
IEb -1 3Fx-1/2gx° -Fb/EJ|  -3Fx+12Fx¥b  |Fb/EJ 1 ,
, , (-4/3+1)Fb*/EJ Xb/EJ
Elb 1 |-5/2Fb+2Fx+1/2qx’ | Fb/EJ | -5/2Fb+2Fx+1/2Fx’/b | Fb/EJ 1
ECb |-1+x/b|  9/2Fb-9/2Fx 0 |-9/2Fb+9Fx-9/2Fx’lb| 0 |1-2x/b+x*/b? ,
, ), (-3/2+0)Fb%/EJ | 1/3Xb/EJ
CEDb x/b -9/2Fx 0 -9/2Fx°/b 0 X°/b
IAb | 1-x/b -1/2Fx 0 -12Fx+1/2Fx%Ib 0 |1-2x/b+x°/b° ,
, , , |(U12+0)FbY/EI| 1/3Xb/EJ
Alb | -x/b 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx%lb 0 x*Ib
totali -23/12Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 23/20Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 241015

CI07.xxxx.047

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L= ['(-a xtb +1/2 X16* ) Fo 1/EI dx + [(1) © dx=[-3/2X%b +1/6 X2 ], Fb 1/E9 + [ x ] 6

=(-312b+1/6b) Fo 1/EJ +(b) 6 =-1/3 FbY/EJ
1= [2(-5/2 +2 xtb +1/2 X¥16? ) Fb UEI dx + [(-1) © dx

= [-5r2 x + xib +1/6 X162 ] Fb 1/E3 + [-x]

=(-5/2b+b+1/6b ) Fb 1/EJ +(-b) 6 =-1/3 Fb/EJ

12 = [*(-912 +9 x/b -0/2 X2/ ) Fb VEJ dx = [-9/2 x +9/2 b -3/2 X°Ib? ] Fb 1/E3

=(-922b+9/2b-312b ) Fb 1/EJ =-3/2 Fb’/EJ
b
1% = [2(-0r2 16 ) Fb 1/E3 dx = [-3/2 xb* | Fb 1/E
=(-3/2b) Fb 1/EJ =-3/2 Fb*/EJ

b
L= [*(-1/2 x/b +1/2 b7 ) Fb 1/EI dx = [-1/4 /b +1/6 x%1b* ] Fb 1/E
o o

=(-1/4b+1/6 b)) Fb 1/EJ =-1/12 Fb’/EJ

b
1= [2(-1/2 b +1/2 X162 ) Fb 1EJ dx = [-1/4 x21b +1/6 x*/b? ], Fb 1/E3

=(-1/4b+1/6 b ) Fb LEJ =-1/12 Fb’/EJ

PROCEDIMENTO E RISULTATI 241015

CI07.xxxx.047

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

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 1128 mm’

J, = 375033. mm’
J, = 92808. mm*

Yo = 23.42 mm

T, = 2960. N

M, = -2693600. Nmm
X, = 36.mm

Yo = 54.mm

u,= 12.mm

V., = 30.58 mm

o, =-Mv/J, = 219.6 N/mm’

m

X.= 24.mm

o, =-Mv/J, = 119.1 N/mm’
.= 5.076 N/mm?

0, = Vo’+31° = 119.4 N/mm’
S = 7718. mm°

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 236389 CI07.xxxx.048 PROCEDIMENTO E RISULTATI 236389 CI07.xxxx.048

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
AB b 0 -Fb+Fx 0 0 0 0
0+0 0
BADb 0 Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | O 0 0 0 0 0
EF b 0 |-5/2Fb+3Fx-1/29x°| © 0 0 0
, 0+0 0
FE b 0 2Fx+1/2gx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © Fb-Fx 0 0 0 0
0+0 0
HGb | © -Fx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | O 0 0 0 0 0
IE b -1 AFx-1/2gx° -FO/E]|  -4Fx+1/2FxX%b  |FO/E] 1 ,
, , (-11/6+1)Fb*/EJ Xb/EJ
Elb 1 |-7/2Fb+3Fx+1/2qx’ | FO/EJ |-7/2Fb+3Fx+1/2Fx’/b | Fb/EJ 1
ECb |-1+x/b 6Fb-6Fx 0 -6Fb+12Fx-6Fx’b | 0 |1-2x/b+x*/b? ,
, ), (-2+0)Fb%/EJ 1/3X0b/EJ
CEDb x/b -6Fx 0 -6Fx“/b 0 X°/b
IAb | 1-x/b -Fx 0 -Fx+Fx/b 0 |1-2x/b+x°/b° ,
, ) (-1/6+0)Fb*/EJ | 1/3Xb/EJ
Al b -x/b Fb-Fx 0 -Fx+Fx“/b 0 x“/b
totali -3Fb%EJ 5/3Xb/EJ
iperstatica X=W,c 9/5Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 236389 CI07.xxxx.048 PROCEDIMENTO E RISULTATI 236389 CI07.xxxx.048

m

b -54
leExz_[:(l) VEYdx=[x], 1/E] A= 624 mm>
O, J, = 221959. mm*
= 1/EJ = E a7 u
(b) VEI = b Jb > 46 J,= 21744, mm*
=[(1) vesax=[x] e Yo = 2243 mm
T,= 1980.N
=(b) 1EI = b/EJ y
(b) X M, = -1600500. Nmm
= -2 XIb + X X=] X-X + X X, = . mm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E , n= 24
= 54,
=(b-b+1/3b) 1/EJ = 1/3 b/E] " 59 o
><><_J'h 2,2 _ 3,21P : m: :
Lix = [ (5%0?) vEIdx = [13 07 ] L/ES v, = 31.57 mm ]
=-MviJ, = 227.6 N/
=(13b) VEI =13 b/EJ - 15 o "
b B ° .
L= (1 2 b + X6 ) 1/E3 dx = [ x - b +1/3 562 ], 1/E3 ” Yo= 46.mm
V.= 23.57 mm
=(b-b+1 1/EJ = 1/3 b/E {6 c
(b-b+1/3b) 1VEI =13 b/bJ 0, = -Mv/J, = 169.9 N/mm’
L= [1(6m? ) vEd dx = [135%° ] 1/ES Jo T = 5.473 Nimm®
’ ’ = Vo’+31° = 170.2 NImm’
o,=Vao = .
= (1/3 b) 1/EJ =1/3 b/EJ mm o o 8 8 I x8 Se: 3681. mm°®

L= [0(-4 xtb +1/2 X16* ) Fo 1/EI dx + [/(1) 8 dx=[-2 % +1/6 X2 ], Fb 1/E9 + [ x] 6
=(2b+1/6b)Fob1/EJ +(b) 6 =-5/6 FbYEJ

L= [2(-7/2 +3 xtb +1/2 X%16? ) Fo UEI dx + [(-1) © dx
= [-712 x 312 1o +1/6 0% | Fb €S +[-x] 6
=(-72b+3/2b+1/6 b ) Fo 1/EJ +(-b ) 8 =-5/6 Fb/EJ

1% = [(-6 +12 xtb -6 x2b* ) Fb 1/E3 dx = [-6 x +6 X%/b -2 x*/b? ] Fb 1/E3
=(-6b+6b-2b ) Fb 1/E] =-2 Fb’/EJ

1% = [2(-6 X%/ ) Fb 1/E3 dx = [-2 X2 ], Fb 1/E
=(-2b) Fb 1/EJ =-2 Fb%/EJ

L0= [2(- b + X% ) Fb /83 dx = [-1/2 x%1b +1/3 x¥b* | Fb 1/E3
=(-12b+1/3b) Fb 1/EJ =-1/6 Fb’/EJ

L= [2(- xtb + x2b? ) Fb 1/E3 dx = [-1/2 xb +1/3 X6 ]| Fb 1/E3
=(-12b+1/3b ) Fb LEJ =-1/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 987512

CIl07.xxxx.049

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 987512

CIl07.xxxx.049

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /Eddx
AB b 0 -3/2Fb+3/2Fx 0 0 0 0
0+0 0
BAD 0 3/2Fx 0 0 0 0
cbb | © 0 0 0 0 0
0+0 0
DCbh | © 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © Fb-3/2Fx 0 0 0 0
0+0 0
HGb | © 1/2Fb-3/2Fx 0 0 0 0
HDb | © -1/2Fb+1/2qx? 0 0 0 0
, 0+0 0
DHb | © Fx-1/20x 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IE b -1 AFx-1/2gx° -Fb/EJ -AFx+1/2Fx%%Ib Fb/EJ 1 ,
, , (-11/6+1)Fb*/EJ Xb/EJ
Elb 1 |-7/2Fb+3Fx+1/2qx°| FB/EJ | -7/2Fb+3Fx+1/2Fx’/b |Fb/EJ 1
ECb |-1+x/b| 11/2Fb-11/2Fx 0 |-11/2Fb+11Fx-11/2Fxb| 0 |1-2x/b+x°/b’ ,
, ) (-11/6+0)Fb*/EJ | 1/3Xb/EJ
CEb | xb -11/2Fx 0 -11/2Fx%/b 0 x’[b
IAb | 1-x/b -3/2Fx 0 -3/2Fx+3/2Fx%/b 0 |1-2x/b+x/0° ,
, ), (-1/4+0)Fb*/EJ | 1/3Xb/EJ
Alb | -x/b 3/2Fb-3/2Fx 0 -3/2Fx+3/2Fx’/b 0 x°Ib
totali -35/12Fb%EJ | 5/3Xb/EJ
iperstatica X=W,c 7/4Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 987512 CI07.xxxx.049

PROCEDIMENTO E RISULTATI 987512

CIl07.xxxx.049

L¥=['(1) vesax=[x] 1
=(b) 1/EJ = b/EJ

=[(1) vesax=[x] e
=(b) 1/EJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(1/3b) 1/E] = 1/3 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) 1/EJ = 1/3 b/EJ

L= [0(-4 xtb +1/2 X16* ) Fo 1/EI dx + [/(1) 8 dx=[-2 % +1/6 X2 ], Fb 1/E9 + [ x] 6
=(2b+1/6b)Fob1/EJ +(b) 6 =-5/6 FbYEJ

L= [2(-7/2 +3 xtb +1/2 X%16? ) Fo UEI dx + [(-1) © dx
= [-712 x 312 1o +1/6 0% | Fb €S +[-x] 6
=(-72b+3/2b+1/6 b ) Fo 1/EJ +(-b ) 8 =-5/6 Fb/EJ

12 = [(-12/2 +11 xib 1172 X6 ) Fb UE dx = [-11/2 x +11/2 xb -11/6 X/ || Fb 1/E3
=(-11/2b +11/2 b -11/6 b ) Fb 1/EJ =-11/6 Fb’/EJ

1% = [2(-11/2 x2ib* ) Fb 1/EJ dx = [-11/6 x*/b? ]| Fb 1/E9
=(-11/6 b ) Fb 1/EJ =-11/6 Fb*/EJ

1= [ (312 xtb +3/2 X6 ) Fb 1/EJ dx = [-3/4 x2b +1/2 xib* | Fb 1/E3
=(-3/4b+1/2b ) Fb 1/EJ =-1/4 Fb’/EJ

1= [7(-3/2 b +3/2 X216 ) Fb 1EJ dx = [-3/4 x21b +1/2 X*1b% ] Fb 1/E3
=(-3/4b+1/2b ) Fb 1/EJ =-1/4 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

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

418

124

130

A= 594 mm’

J, = 202331. mm*

J,= 20574. mm*

Yy = 31.25 mm

T,= 1540.N

M, = -1540000. Nmm

X, = 6.mm

u,= -9.mm

v, =-31.25 mm

a,, = -Mv/J, = -237.9 NImm®
X, = 15.mm

y.= 8. .mm

Vv, =-23.25 mm

o, =-Mv/J, = -177. NImm®
T,= 4.24 N/mm’

0, = Vo’+31° = 177.1 NImm®

S = 3342. mm®

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 238621 CI07.xxxx.050 PROCEDIMENTO E RISULTATI 238621 CI07.xxxx.050

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
AB b 0 -3/2Fb+3/2Fx 0 0 0 0
0+0 0
BADb 0 3/2Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | O 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 -1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 3/2Fb-3/2Fx 0 0 0 0
0+0 0
HGb | © -3/2Fx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | O 0 0 0 0 0
IEb -1 3Fx-1/2gx° -Fb/EJ|  -3Fx+12Fx¥b  |Fb/EJ 1 ,
, , (-4/3+1)Fb*/EJ Xb/EJ
Elb 1 |-5/2Fb+2Fx+1/2qx’ | Fb/EJ | -5/2Fb+2Fx+1/2Fx’/b | Fb/EJ 1
ECb |-1+x/b|  9/2Fb-9/2Fx 0 |-9/2Fb+9Fx-9/2Fx’lb| 0 |1-2x/b+x*/b? ,
, ), (-3/2+0)Fb%/EJ | 1/3Xb/EJ
CEDb x/b -9/2Fx 0 -9/2Fx°/b 0 X°/b
IAb | 1-x/b -3/2Fx 0 -3/2Fx+3/2Fx%Ib 0 |1-2x/b+x°/b° ,
, - (-1/4+0)Fb’/EJ |  1/3Xb/EJ
Alb | -x/b 3/2Fb-3/2Fx 0 -3/2Fx+3/2Fx%/b 0 x*Ib
totali -25/12Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 5/4Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 238621

CIl07.xxxx.050

PROCEDIMENTO E RISULTATI 238621

CIl07.xxxx.050

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L= ['(-a xtb +1/2 X16* ) Fo 1/EI dx + [(1) © dx=[-3/2X%b +1/6 X2 ], Fb 1/E9 + [ x ] 6

=(-312b+1/6b) Fo 1/EJ +(b) 6 =-1/3 FbY/EJ
1= [2(-5/2 +2 xtb +1/2 X¥16? ) Fb UEI dx + [(-1) © dx

= [-5r2 x + xib +1/6 X162 ] Fb 1/E3 + [-x]

=(-5/2b+b+1/6b ) Fb 1/EJ +(-b) 6 =-1/3 Fb/EJ

12 = [*(-912 +9 x/b -0/2 X2/ ) Fb VEJ dx = [-9/2 x +9/2 b -3/2 X°Ib? ] Fb 1/E3

=(-922b+9/2b-312b ) Fb 1/EJ =-3/2 Fb’/EJ
b
1% = [2(-0r2 16 ) Fb 1/E3 dx = [-3/2 xb* | Fb 1/E
=(-3/2b) Fb 1/EJ =-3/2 Fb*/EJ

b
L= [*(-312 x/b +3/2 Xb% ) Fb 1/EI dx = [-3/4 x/b +1/2 X% ]| Fb 1/E
o o

=(-3/4b+1/2b ) Fb 1/EJ =-1/4 Fb’/EJ

b
1= [7(-3/2 b +3/2 X162 ) Fb 1EJ dx = [-3/4 x21b +1/2 X*1b% ] Fb 1/E3

=(-3/4b+1/2b ) Fb 1/EJ =-1/4 Fb’/EJ

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

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 696. mm’

J, = 229334. mm’

J, = 49608. mm*

Y= 33.8mm

T, = 2560. N

M, = -1356800. Nmm

X, = 12.mm

u,= -9.mm

vV, = -33.8 mm

G, = -Mv/J, = -200. N/mm’
X, = 21.mm

y.= 9.mm

V.= -24.8 mm

g, = -Mv/J, = -146.7 N/mm’
T, = 7.069 N/mm’

0, = Vo’+31° = 147.2 NImm®
s’ = 3799. mm®

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 215399 CI07.xxxx.051 PROCEDIMENTO E RISULTATI 215399 CI07.xxxx.051

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ] MM, MB | MM, |[MM/EI+6)dx | [XM M /EJdx
AB b 0 |-1/2Fb+1/2gx°| 0O 0 0 0
, 0+0 0
BA b 0 Fx-1/2gx 0 0 0 0
cCDb | © 0 0 0 0 0
0+0 0
DCbh | © 0 0 0 0 0
EFb | O -2Fb+2Fx 0 0 0 0
0+0 0
FEb | O 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © Fb-Fx 0 0 0 0
0+0 0
HGb | © -Fx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | O 0 0 0 0 0
IEb -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb¥EJ Xb/EJ
Elb 1 -2Fb+2Fx | Fb/EJ -2Fb+2Fx Fb/EJ 1
ECb |-1+x/b| 4Fb-4Fx 0 -AFb+8Fx-4Fx’/b 0 |1-2x/b+x’/b ,
, . (-4/3+0)FbYEJ | 1/3Xb/EJ
CEDb x/b -4Fx 0 -4Fx°Ib 0 x“/b
IAb | 1-x/b | -Fx+1/2gx° 0 |-Fx+3/2Fx/b-1/2gx°b| 0 | 1-2x/b+x°Ib° ,
, , ), (-1/8+0)Fb/EJ | 1/3Xb/EJ
Alb | x/b | 1/2Fb-1/20x° | 0 -1/2Fx+1/2gx°/b 0 X’/b
totali -35/24Fb°/EJ | 5/3XbIEJ
iperstatica X=W,c 7/8Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 215399 CI07.xxxx.051 PROCEDIMENTO E RISULTATI 215399 CI07.xxxx.051

b
L¥=['(1) vesax=[x] 1 > A= 984 mm’
a7 J, = 309962. mm*
= 1/EJ = E u
(b) VEI = bIEI b | J,= 48672. mm*
=[(1) vesax=[x] e Yy = 28.09 mm
T,= 3980. N
=(b) 1EI = b/EJ y
(b) X M, = -2308400. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E u Xp = 6.mm
y
- - u,= -12.mm
=(b-b+1/3b) 1/EJ =1/3 b/EbJ v, = 28.09 mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 7/ 0, = -Mv/J, = -209.2 N/mm”
e = 18
=(1/3b) 1EJ = 13 b/EJ li 13 Xe mm
. y.= 13.mm
L= [P(1 -2 xb + X307 ) VEI dx = [ x-xb +1/3 0% ] 1/EI v, =-15.09 mm
[¢] o g 2
" 0, = -MV/J, = -112.4 N/mm
= - 1 1/E =1 E ’ ,
(b-b+1/3b) 1/EI =1/3 b/bJ I = 7.007 Nimm?
L= [2(?) vEI dx = [13 X2 ]] V/E . o 0,= Vo*+3r° = 113. N/mm’
mm oo 3 x & 3 8 S'= 6548 mm’

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

122 = [(-4 +8 x/b -4 X%Ib? ) Fb 1/EJ dx = [-4 x +4 x2Ib -413 x1b* | Fb 1/
=(-4b+4b-4/3b) Fb 1/EJ =-4/3 Fb’/EJ

L% = [2(-4 1% ) Fb 1E3 dx = [-4/3 X2 ]| Fb 1/E9
=(-413b) Fb 1/EJ =-4/3 Fb’/EJ

L= [°(- b +312 xib? -1/2 xb° ) Fb 1/EJ dx = [-1/2 xb +1/2 xIb? -1/8 x1b° | Fb 1/E3
=(-1/2b+1/2b-1/8b ) Fb 1/EJ =-1/8 Fb’/EJ

1= [2(-1/2 b +1/2 6% ) Fb UEJ dx = [-1/4 x21b +1/8 x'16° " Fb 1/E3
=(-1/4b+1/8 b ) Fb 1/EJ = -1/8 Fb%/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



REAZIONI 253104 CI07.xxxx.052 AZIONI INTERNE 253104 CI07.xxxx.052
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PROCEDIMENTO E RISULTATI 253104 CI07.xxxx.052 PROCEDIMENTO E RISULTATI 253104 CI07.xxxx.052

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
AB b 0 -1/2Fb+1/2qx* 0 0 0 0
, 0+0 0
BA b 0 Fx-1/2gx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | O 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © Fb-Fx 0 0 0 0
0+0 0
HGb | © -Fx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | O 0 0 0 0 0
IEb -1 3Fx-1/2gx° -Fo/EJ|  -3Fx+1/2Fx%b  |FO/E] 1 ,
, , (-4/3+1)Fb*/EJ Xb/EJ
Elb 1 |-5/2Fb+2Fx+1/2qx’ | Fb/EJ | -5/2Fb+2Fx+1/2Fx’/b | Fb/EJ 1
ECb |-1+x/b|  9/2Fb-9/2Fx 0 |-9/2Fb+9Fx-9/2Fx’lb| 0 |1-2x/b+x*/b? ,
, ), (-3/2+0)Fb%/EJ | 1/3Xb/EJ
CEDb x/b -9/2Fx 0 -9/2Fx°/b 0 X°/b
IAb | 1-x/b -1/2Fx 0 -12Fx+1/2Fx%Ib 0 |1-2x/b+x°/b° ,
, , , |(U12+0)FbY/EI| 1/3Xb/EJ
Alb | -x/b 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx%lb 0 x*Ib
totali -23/12Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 23/20Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 253104

CIl07.xxxx.052

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L= ['(-a xtb +1/2 X16* ) Fo 1/EI dx + [(1) © dx=[-3/2X%b +1/6 X2 ], Fb 1/E9 + [ x ] 6

=(-312b+1/6b) Fo 1/EJ +(b) 6 =-1/3 FbY/EJ
1= [2(-5/2 +2 xtb +1/2 X¥16? ) Fb UEI dx + [(-1) © dx

= [-5r2 x + xib +1/6 X162 ] Fb 1/E3 + [-x]

=(-5/2b+b+1/6b ) Fb 1/EJ +(-b) 6 =-1/3 Fb/EJ

12 = [*(-912 +9 x/b -0/2 X2/ ) Fb VEJ dx = [-9/2 x +9/2 b -3/2 X°Ib? ] Fb 1/E3

=(-922b+9/2b-312b ) Fb 1/EJ =-3/2 Fb’/EJ
b
1% = [2(-0r2 16 ) Fb 1/E3 dx = [-3/2 xb* | Fb 1/E
=(-3/2b) Fb 1/EJ =-3/2 Fb*/EJ

b
L= [*(-1/2 x/b +1/2 b7 ) Fb 1/EI dx = [-1/4 /b +1/6 x%1b* ] Fb 1/E
o o

=(-1/4b+1/6 b)) Fb 1/EJ =-1/12 Fb’/EJ

b
1= [2(-1/2 b +1/2 X162 ) Fb 1EJ dx = [-1/4 x21b +1/6 x*/b? ], Fb 1/E3

=(-1/4b+1/6 b ) Fb LEJ =-1/12 Fb’/EJ

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

20.03.25

PROCEDIMENTO E RISULTATI 253104
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~47

42

13

112

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

A= 1086. mm’

J, = 349673. mm*

J, = 88740. mm*

Yy = 30.02 mm

T,= 4060. N

M, = -2557800. Nmm
X, = 12.mm

u,= -12.mm

v, =-30.02 mm

0, = -Mv/J, = -219.6 N/mm’
X, = 24.mm

y.= 13.mm

[

0, = -Mv/J, = -124.5 N/mm?
T, = 6.896 N/mm’

0, =Vo’+31° = 125. N/mm’
S = 7127. mm®

v, =-17.02 mm

20.03.25



REAZIONI 215440 CI07.xxxx.053 AZIONI INTERNE 215440 CI07.xxxx.053

B /b b N [ H
z — -
1/2F 1/2F 1/2F 1/2F
1/2Fb 1/2Fb 1/2Fb e e 1
F of 12 125 12 =H afo I 0
| | | |
: D : | - |
[ —
| P | -
F | E| = \
‘ H = \
| = =H |
\ 5 5 = \
| E| 3 = |
‘ = = Ho o |
°| =k =CI= 5 °|
| E| E =" ' |
| "= |
F | il 0 = = 3 —_— 2 |
. I, T
A c G
—[t]—¢ Tl e
_ e
A c G of o 12_[ 12 12,
13/10F J 37/10F J B
F

37/10

13/10F < 37/10F

13/10

17/10

F
13/10Fb 37/10Fb
L
F

-13/10

N /\E E F

V\
37/10F 37/10F
13/10Fb 17/10Fb 2Fb
3F 3F 2F ZFJ C 3 Fb

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 215440 CI07.xxxx.053 PROCEDIMENTO E RISULTATI 215440 CI07.xxxx.053

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
ABb | 0 | -1/2Fx+1/2gX° | © 0 0 0
, 0+0 0
BA b 0 1/2Fx-1/2gx 0 0 0 0
cCDb | © 0 0 0 0 0
0+0 0
DCbh | © 0 0 0 0 0
EFb | O -2Fb+2Fx 0 0 0 0
0+0 0
FEb | O 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © Fb-1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb-1/2Fx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx*| O 0 0 0
, 0+0 0
BDb | O -1/2qx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3FX | Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-5Fx 0 |-5Fb+10Fx-5Fx’/b| 0 |1-2x/b+x’/b’ ,
, ), (-5/3+0)Fb*/EJ | 1/3Xb/EJ
CEDb x/b -5Fx 0 -5Fx°/b 0 x“/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+x’/b?
), 0+0 1/3Xb/EJ
Alb | x/b 0 0 0 0 x*lb
totali -13/6Fb’/EJ 5/3Xb/EJ
iperstatica X=W,c 13/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 215440 CI07.xxxx.053 PROCEDIMENTO E RISULTATI 215440 CI07.xxxx.053

b 53
L¥=['(1) vesax=[x] 1 > A= 864, mm’
a7 J, = 241215 mm*
=(b) 1EJ = bEJ v 4
N X | J,= 37368. mm
=[(1) vesax=[x] e Yg= 27.9mm
=(b) 1E3 = biEY 1|\;Iy=- 21992805'6’\(130 Nmm
b e .
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E u Xp= 6.mm
= -12.
=(b-b+1/3b) VEJ =13 b/EJ y o gnr:]nr;
b m- e
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 O,y = -Mv/J,, = -229.6 N/mm”
= 18
=(v3b) VEI =13 b/EJ ot ;°_ A o
b 9 °” '
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 . v, = -18.9mm
] o = -Mv/J, = -155.5 N/mm’
=(b-b+13b) LEJ =1/3 b/EJ . e
b 4 .= 4
L= [2(?) vEI dx = [13 X2 ]] V/E 0, = Vo*+31° = 155.7 N/mm’

430
x
136

424

"= 4319. mm®
=(u3b) VEI =13 bIEJ S = 4319. mm

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E
=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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20.03.25

AZIONI INTERNE 986991

CIl07.xxxx.054

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 986991

CIl07.xxxx.054

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 986991

CIl07.xxxx.054

M M, (%) ] MM, MO | MM, |[M(M/EI+6)dx | [XM M /EJdx
ABb | © -1/2Fb+1/2qx° 0 0 0 0
, 0+0 0
BA b 0 Fx-1/2gx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EF b 0 |-5/2Fb+3Fx-1/2qx°| 0 0 0 0
, 0+0 0
FE b 0 2Fx+1/2qx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © Fb-Fx 0 0 0 0
0+0 0
HGb | © -Fx 0 0 0 0
HD b 0 0 0 0 0 0
0+0 0
DHb 0 0 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb’/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 11/2Fb-11/2Fx 0 |-11/2Fb+11Fx-11/2Fx%b| 0 |1-2x/b+x’/b? ,
, . (-11/6+0)Fb*/EJ |  1/3Xb/EJ
CEb | xb -11/2Fx 0 -11/2Fx%/b 0 Xl
IAb | 1-x/b -1/2Fx 0 -12Fx+1/2Fx%Ib 0 |1-2x/b+x°/0° ,
, ., (-1/12+0)Fb*/EJ|  1/3Xb/EJ
Alb | -x/b 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx%/b 0 x/b
totali -29/12Fb¥EJ | 5/3Xb/EJ
iperstatica X=W,c 29/20Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 986991

CIl07.xxxx.054

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0

=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6

=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

b
129 = ['(-12/2 +11 xtb -11/2 /b ) Fb 1/EJ dx = [-11/2 x +11/2 /b -11/6 x°/b? | Fb 1/E
o o

=(-11/2b +11/2b -11/6 b ) Fb 1/EJ =-11/6 Fb’/EJ
1% = [*(-11/2 x2ib* ) Fb 1/EJ dx = [-11/6 x*/b2 ]| Fb 1/E9
=(-11/6 b ) Fb 1/EJ =-11/6 Fb’/EJ

b
L= [*(-1/2 x/b +1/2 Xb% ) Fb 1/EI dx = [-1/4 /b +1/6 x%1b* ] Fb 1/E
o} o]

=(-1/4b+1/6 b) Fb 1/EJ =-1/12 Fb’/EJ

b
1= [(-1/2 b +1/2 X162 ) Fb 1EJ dx = [-1/4 x21b +1/6 x*/b% ] Fb 1/E3

=(-/4b+1/6b) Fb 1/EJ =-1/12 Fb’/EJ

PROCEDIMENTO E RISULTATI 986991

CIl07.xxxx.054

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

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 960. mm’

J, = 270775. mm’

J, = 72000. mm*

Yo = 29.73 mm

T, = 3540.N

M, = -2183000. Nmm

X, = 12.mm

u,= -12. mm

v, =-29.73 mm

a,, = -Mv/J, = -239.6 N/mm’
X, = 24.mm

y.= 10.mm

v, =-19.73 mm

o, =-Mv/J, = -159. N/mm’
T, = 5.329 N/mm’

0, = Vo’+31° = 159.3 N/mm’

S = 4891. mm’®

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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AZIONI INTERNE 215079

CIl07.xxxx.055
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PROCEDIMENTO E RISULTATI 215079 CI07.xxxx.055 PROCEDIMENTO E RISULTATI 215079 CI07.xxxx.055

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MO | MM, |[M(M/EI+6)dx | [XM M /EJdx
ABb | 0 |-Fb+l/2Fx+1/2gx°| O 0 0 0
, 0+0 0
BAb | © 3/2Fx-1/2gx 0 0 0 0
cbb | 0 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © Fb-3/2Fx 0 0 0 0
0+0 0
HGb | © 1/2Fb-3/2Fx 0 0 0 0
HDb | © -1/2Fb+1/2gx? 0 0 0 0
, 0+0 0
DHb | © Fx-1/20x 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-5Fx 0 |-5Fb+10Fx-5Fx’/b| 0 |1-2x/b+x’/b> ,
, ) (-5/3+0)Fb%/EJ | 1/3Xb/EJ
CEDb x/b -5Fx 0 -5Fx°/b 0 x“/b
IAb | 1-x/b -Fx 0 -Fx+Fx%lb 0 |1-2x/b+x’/b? ,
, - (-1/6+0)Fb°/EJ | 1/3Xb/EJ
Alb -x/b Fb-Fx 0 -Fx+Fx“/b 0 x“/b
totali -7I3Fb’/EJ 5/3Xb/EJ
iperstatica X=W,c 7/5FDb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 215079 CI07.xxxx.055 PROCEDIMENTO E RISULTATI 215079 CI07.xxxx.055

b -53
L¥=['(1) vesax=[x] 1 . A= 1080. mm’
a7 J, = 285273. mm*
= 1/EJ = bE u
(b) 1/E3 b/Jb J, = 65880. mm*
=[(1) vesax=[x] e y,= 28.12mm
136 T,= 2560. N
=(b) /€3 = b/EJ y
(0) . M, = -2022400. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E u X,= 6.mm
= -12.
=(b-b+1/3b) 1EJ = 1/3 b/EJ y U mm
b v, =-28.12 mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 0, = -Mv/J, = -199.3 N/mm®
/‘/TC X, = 18.mm
=(1/3b) 1/E] = 1/3 b/EJ 11 13
) y.= 13.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 v, =-15.12 mm
On o, = -Mv/J, = -107.2 N/mm’
= - 1 1/E =1 E ’ u
(b-b+13b) VEI =13 b/bJ ) 1, = 4.903 N/mm?’
L= [(«m?) vEd dx = [13x07 )] 1/ES 0, = Vo™ +31° = 107.5 N/mm’
’ ’ mm e § 9 X 8@ S’ = 6557. mm®

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E
=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

L0= [°(- b + X% ) Fb /3 dx = [-1/2 x%1b +1/3 xb* | Fb 1/E
=(-1/2b+1/3b) Fb 1/EJ =-1/6 Fb*/EJ

L= [2(- xtb + xb? ) Fb 1/E3 dx = [-1/2 xb +1/3 X6 ]| Fb 1/E3
=(-1/2b+1/3b ) Fb 1/EJ = -1/6 Fb%/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 237693 CI07.xxxx.056 PROCEDIMENTO E RISULTATI 237693 CI07.xxxx.056

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
ABb | 0 |-Fb+l/2Fx+1/2gx°| O 0 0 0
, 0+0 0
BAb | O 3/2Fx-1/2gx 0 0 0 0
cDb | o 0 0 0 0 0
0+0 0
DCh | © 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 -1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 3/2Fb-3/2Fx 0 0 0 0
0+0 0
HGb | © -3/2Fx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | O 0 0 0 0 0
IEb -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb¥EJ Xb/EJ
Elb 1 -2Fb+2Fx Fb/EJ| -2Fb+2Fx  |Fb/EJ 1
ECb |-1+x/b 4Fb-4Fx 0 |-4Fb+8Fx-4Fx’lb| 0 |1-2x/b+x°/b’ ,
, ) (-4/3+0)Fb%/EJ | 1/3Xb/EJ
CEDb x/b -4Fx 0 -4Fx°/b 0 X°/b
IAb | 1-x/b -Fx 0 -Fx+Fx’/b 0 |1-2x/b+xI0° ,
, - (-1/6+0)Fb°/EJ | 1/3Xb/EJ
Al b -x/b Fb-Fx 0 -Fx+Fx“/b 0 x/b
totali -3/2Fb?/EJ 5/3Xb/EJ
iperstatica X=W,c 9/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 237693 CI07.xxxx.056 PROCEDIMENTO E RISULTATI 237693 CI07.xxxx.056

b 53
L¥=['(1) vesax=[x] 1 A= 1248 mm’
a7 J, = 320937. mm*
=(b) vE3 = b/EY X J,= 132480. mm"*
=[(1) vesax=[x] e Yy = 30.13 mm
Jss T,= 2660. N
=(b) VEJ = b/EJ y
(b) X . M, = -2234400. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E Xp = 12.mm
- - u,= -12. mm
=(b-b+1/3b) 1/EJ =1/3 b/EbJ y v = 3013 mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 O, = -Mv/J,, = -209.8 N/mm”
i = 24
=(1/3b) 1EJ = 13 b/EJ li ] 13 %o mm
. y.= 13.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 v, =-17.13mm
On o, = -Mv/J, = -119.3 N/mm’
= - 1 1/E =1 E ’ ,
(b-b+1/3b) 1/EI =1/3 b/bJ I T = 4.947 Nimm?
L= [(«m?) vEd dx = [13x07 )] 1/ES 0, =Vo+31" = 119.6 N/mm”
° ° mm 2 $ 5 8 8 8 x ¥ S = 7162. mm®

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

122 = [(-4 +8 x/b -4 X%Ib? ) Fb 1/EJ dx = [-4 x +4 x2Ib -413 x1b* | Fb 1/
=(-4b+4b-4/3b) Fb 1/EJ =-4/3 Fb’/EJ

L% = [2(-4 1% ) Fb 1E3 dx = [-4/3 X2 ]| Fb 1/E9
=(-413b) Fb 1/EJ =-4/3 Fb’/EJ

L= [°(- b + X% ) Fb /3 dx = [-1/2 x%1b +1/3 xb* | Fb 1/E
=(-1/2b+1/3b) Fb 1/EJ =-1/6 Fb*/EJ

L= [2(- xtb +x2b? ) Fb 1/E3 dx = [-1/2 xb +1/3 X6 ]| Fb 1/E3
=(-1/2b+1/3b ) Fb 1/EJ = -1/6 Fb%/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 248788 CI07.xxxx.057 PROCEDIMENTO E RISULTATI 248788 CI07.xxxx.057

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MO | MM, M M/EI+6)dx | [XM M /EJdx
ABb | 0 | -1/2Fb+1/2Fx | O 0 0 0
0+0 0
BAb | © 1/2Fx 0 0 0 0
cbb | 0 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © Fb-1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb-1/2Fx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx*| O 0 0 0
, 0+0 0
BDb | © -1/2qx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3FX | Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-5Fx 0 -5Fb+10Fx-5Fx’/b 0 |1-2x/b+x’/b’ ,
, . (-5/3+0)Fb*/EJ | 1/3Xb/EJ
CEb x/b -5Fx 0 -5Fx“/b 0 x/b
IAb | 1-x/b| -Fx+1/2q%° 0 |-Fx+312Fx/b-1/2gx°b| 0 |1-2x/b+x°/b° ,
, , ) (-1/8+0)Fb*/EJ |  1/3Xb/EJ
Alb | -xib | 1/2Fb-1/2gx 0 -112Fx+1/20x*/b 0 Xlo
totali -55/24Fb°/EJ | 5/3Xb/EJ
iperstatica X=W,c 11/8Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 248788

CIl07.xxxx.057

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6

=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

b
1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E

=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ
1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

b
L= [0(- x/b +312 X207 -1/2 X6 ) Fb 1/EI dx = [-1/2 ¥/ +1/2 xb% -1/8 x'1b* ] Fb 1/E
o o]

=(-1/2b+1/2b-1/8b ) Fb 1/EJ =-1/8 Fb’/EJ
b
1= [2(-1/2 b +172 6% ) Fb UEJ dx = [-1/4 x21b +1/8 X' ]" Fb 1/E3
=(-1/4b+1/8b ) Fb L/EJ =-1/8 Fb’/EJ

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

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 1284. mm’

J, = 321948. mm*
J,= 141552, mm*
Yo = 22.72 mm

T,= 2580.N

M, = -2322000. Nmm
X, = 36.mm

Ym= 53.mm

u,= 12.mm

vV, = 30.28 mm

o, =-Mv/J, = 218.4 N/mm’

m

X.= 24.mm

o, =-Mv/], = 124.7 N/mm’
.= 4.813 N/mm’

0, = Vo’+31° = 124.9 N/mm®
S = 7208. mm°

20.03.25
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PROCEDIMENTO E RISULTATI 236385

CIl07.xxxx.058

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 236385

CIl07.xxxx.058

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /Eddx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BAD 0 1/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © Fb-1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb-1/2Fx 0 0 0 0
HD b 0 1/2Fb 0 0 0 0
0+0 0
DHb 0 -1/2Fb 0 0 0 0
DBb | 0 | 1/2Fb-Fx+1/2qx* | © 0 0 0
, 0+0 0
BDb 0 -1/2gx 0 0 0 0
IE b -1 AFx-1/2gx° -Fb/EJ -AFx+1/2Fx%Ib Fb/EJ 1 ,
, , (-11/6+1)Fb*/EJ Xb/EJ
Elb 1 |-7/2Fb+3Fx+1/2qx°| FB/EJ | -7/2Fb+3Fx+1/2Fx’/b |Fb/EJ 1
ECb |-1+x/b| 11/2Fb-11/2Fx 0 |-11/2Fb+11Fx-11/2Fxb| 0 |1-2x/b+x°/b’ ,
, ) (-11/6+0)Fb*/EJ | 1/3Xb/EJ
CEb | xb -11/2Fx 0 -11/2Fx%/b 0 x’[b
IAb | 1-x/b -1/2Fx 0 -12Fx+1/2Fx%Ib 0 |1-2x/b+x/0° ,
, ), (-1/12+0)Fb*/EJ| 1/3Xb/EJ
Alb | -x/b 1/2Fb-1/2Fx 0 -1/2FEx+1/2Fx’/b 0 x°Ib
totali -11/4Fb*/EJ 5/3Xb/EJ
iperstatica X=W,c 33/20Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 236385
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L¥=['(1) vesax=[x] 1
=(b) 1/EJ = b/EJ

=[(1) vesax=[x] e
=(b) 1/EJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(1/3b) 1/E] = 1/3 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) 1/EJ = 1/3 b/EJ

L= [0(-4 xtb +1/2 X16* ) Fo 1/EI dx + [/(1) 8 dx=[-2 % +1/6 X2 ], Fb 1/E9 + [ x] 6
=(2b+1/6b)Fob1/EJ +(b) 6 =-5/6 FbYEJ

L= [2(-7/2 +3 xtb +1/2 X%16? ) Fo UEI dx + [(-1) © dx
= [-712 x 312 1o +1/6 0% | Fb €S +[-x] 6
=(-72b+3/2b+1/6 b ) Fo 1/EJ +(-b ) 8 =-5/6 Fb/EJ

12 = [(-12/2 +11 xib 1172 X6 ) Fb UE dx = [-11/2 x +11/2 xb -11/6 X/ || Fb 1/E3
=(-11/2b +11/2 b -11/6 b ) Fb 1/EJ =-11/6 Fb’/EJ

1% = [2(-11/2 x2ib* ) Fb 1/EJ dx = [-11/6 x*/b? ]| Fb 1/E9
=(-11/6 b ) Fb 1/EJ =-11/6 Fb*/EJ

1= [2(-1/2 xtb +1/2 X6 ) Fb 1/EJ dx = [-1/4 x2Ib +1/6 xib* | Fb 1/E3
=(-1/4b+1/6 b)) Fb 1/EJ =-1/12 Fb’/EJ

1= [2(-1/2 b +1/2 X162 ) Fb 1EJ dx = [-1/4 x21b +1/6 x*/b% ], Fb 1/E3
=(-1/4b+1/6 b ) Fb 1/EJ =-1/12 Fb’/EJ

PROCEDIMENTO E RISULTATI 236385

CIl07.xxxx.058

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

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 888 mm’

J, = 245538. mm’

J, = 41112. mm*

Yo = 24.74 mm

T, = 2100. N

M, = -1995000. Nmm

X, = 30.mm

Ym= 53.mm

u,= 12.mm

vV, = 28.26 mm

o, =-Mv/J, = 229.6 N/mm’
X, = 18.mm

y.= 44.mm

v, = 19.26 mm

o, =-Mv/], = 156.5 N/mm’
1, = 3.126 N/mm’

c
0, = Vo*+31° = 156.6 N/mm’
S = 4385. mm°

20.03.25
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PROCEDIMENTO E RISULTATI 937400 CI07.xxxx.059 PROCEDIMENTO E RISULTATI 937400 CI07.xxxx.059

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
ABb | 0 | -1/2Fx+1/2gX° | © 0 0 0
, 0+0 0
BA b 0 1/2Fx-1/2gx 0 0 0 0
cCDb | © 0 0 0 0 0
0+0 0
DCbh | © 0 0 0 0 0
EFb | O -2Fb+2Fx 0 0 0 0
0+0 0
FEb | O 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © Fb-1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb-1/2Fx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx*| O 0 0 0
, 0+0 0
BDb | O -1/2qx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3FX | Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-5Fx 0 |-5Fb+10Fx-5Fx’/b| 0 |1-2x/b+x’/b’ ,
, ), (-5/3+0)Fb*/EJ | 1/3Xb/EJ
CEDb x/b -5Fx 0 -5Fx°/b 0 x“/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+x’/b?
), 0+0 1/3Xb/EJ
Alb | x/b 0 0 0 0 x*lb
totali -13/6Fb’/EJ 5/3Xb/EJ
iperstatica X=W,c 13/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 937400 CI07.xxxx.059 PROCEDIMENTO E RISULTATI 937400 CI07.xxxx.059

b
L¥=['(1) vesax=[x] 1 A= 996. mm’
> J, = 312739. mm*
= 1/E = E u
(o) vEI b/Jb . J,= 49968. mm"*
L= _[2(1) 1/EJ dx = [ X ]0 1/EJ Ja1 oc 0 y,= 24.73mm
T,= 2640.N
=(b) VEJ = b/EJ y
(b) b M, = -2640000. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E Xp = 30.mm
=(b-b+1/3b) VEJ =13 b/EJ y u ﬁm - ii r,:nr:]
XX 2,2 3,21P " :
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 Vi = 28.27 mm
=-Mv/J, = 238.7 N/mm’
=(13b) VEJ = 1/3 b/EJ jm_ 1; m o
XX 2,2 2 3210 122 - .
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 yo= 40.mm
v, = 15.27 mm
=(b-b+1 1EJ = 1/3 blE 1 ’
(b-b+1/3b) 1VEI =13 b/bJ 0, =-Mv/J, = 128.9 Nimm’
L= [2(?) vEI dx = [13 X2 ]] V/E Jo T = 4.645 Nimm®

0, = Vo’+31° = 129.2 N/mm’

=(1/3b) VEJ =13 b/EI mm ° e S = 6603. mm®

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0

412
x
124
430

136

=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E
=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



REAZIONI 239027 CI07.xxxx.060 AZIONI INTERNE 239027 CI07.xxxx.060
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PROCEDIMENTO E RISULTATI 239027 CI07.xxxx.060 PROCEDIMENTO E RISULTATI 239027 CI07.xxxx.060

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
ABb | © 0 0 0 0 0
0+0 0
BAb | O 0 0 0 0 0
cDb | o 0 0 0 0 0
0+0 0
DCh | O 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © Fb-Fx+1/29x° 0 0 0 0
, 0+0 0
HGb | 0 | -1/2Fb-1/2gx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx*| O 0 0 0
, 0+0 0
BDb | © -1/2qgx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx | Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-5Fx 0 |-5Fb+10Fx-5Fx’/b| 0 |1-2x/b+x*/b’ ,
, ) (-5/3+0)Fb*/EJ | 1/3Xb/EJ
CEb x/b -5Fx 0 -5Fx“/b 0 X°/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+xI0°
), 0+0 1/3Xb/EJ
Alb | /b 0 0 0 0 X’Ib
totali -13/6Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 13/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 239027

CIl07.xxxx.060

L¥=['(1) vesax=[x] 1
=(b) VEJ = b/EJ

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) 1EJ =13 b/EI

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(1/3b) 1EJ =13 b/E

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) VEJ =13 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(u3b) VEI =13 bIEJ

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E
=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

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

20.03.25

PROCEDIMENTO E RISULTATI 239027

CIl07.xxxx.060

43

112

412
418
124
430
436
x

148

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

A= 996. mm’

J, = 275589. mm’

J, = 81072. mm*

Yy = 22.85 mm

T, = 3440.N

M, = -1823200. Nmm

X, = 36.mm

Ym= 53.mm

u,= 12.mm

vV, = 30.15mm

o, =-Mv/J, = 199.5 N/mm’
X, = 24.mm

y.= 43.mm

v, = 20.15 mm

o, =-Mv/J, = 133.3 N/mm’
T,= 5.173 N/mm’

c
0, = Vo*+31° = 133.6 N/mm’
S = 4973. mm°

20.03.25
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CIl07.xxxx.061
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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AZIONI INTERNE 981229

CIl07.xxxx.061
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 981229

CIl07.xxxx.061

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 981229

CI07.xxxx.061

M M, (%) ] MM, MO | MM, |[M(M/EI+6)dx | [XM M /EJdx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BAD 0 1/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EF b 0 |-5/2Fb+3Fx-1/2qx°| 0 0 0 0
, 0+0 0
FE b 0 2Fx+1/2qx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © Fb-1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb-1/2Fx 0 0 0 0
HD b 0 1/2Fb 0 0 0 0
0+0 0
DHb 0 -1/2Fb 0 0 0 0
DBb | 0 | 1/2Fb-Fx+1/2qx* | 0 0 0 0
, 0+0 0
BDb 0 -1/20x 0 0 0 0
IEb -1 4FX -Fb/EJ -4FX Fb/EJ 1 ,
(-2+1)Fb*/EJ Xb/EJ
Elb 1 -AFb+4Fx Fb/EJ -AFb+4Fx Fb/EJ 1
ECb |-1+x/b| 13/2Fb-13/2Fx 0 |-13/2Fb+13Fx-13/2Fxb| 0 |1-2x/b+x’/b? ,
, . (-13/6+0)Fb*/EJ |  1/3Xb/EJ
CEb | xb -13/2Fx 0 -13/2Fx%/b 0 Xl
IAb | 1-x/b -1/2Fx 0 -12Fx+1/2Fx%Ib 0 |1-2x/b+x°/0° ,
, ., (-1/12+0)Fb*/EJ|  1/3Xb/EJ
Alb | -x/b 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx%/b 0 gL
totali -13/4Fb*/EJ 5/3Xb/EJ
iperstatica X=W,c 39/20Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 981229 CI07.xxxx.061 PROCEDIMENTO E RISULTATI 981229 CI07.xxxx.061

O,

m

b ~53
L= J:(l ) VEIdx=[x], 1EI A= 714. mm?
a7 J, = 230961. mm’
= 1EJ = bIE u
(b) 10 = o Jb 44 J,= 51390. mm’
L= _[2(1) VEJdx=[x], 1/E) > Y, = 18.96 mm
T, = 2940. N
=\b) 1/EJ = b/EJ - y
(b) . M, = -1421000. Nmm
L =JZ(1 2xib+x°/b*) VEIdx = [ x-x%/b +1/3 10" ] L/EI , x.= 30.mm
=(b-b+1/3b) 1EJ =1/3 b/EJ Ym = 53.mm
b u,= 9.mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 u v, = 34.04 mm 2
= -Mv/J, = 209.4 N/
=(1/3b) 1/E] = 1/3 b/EJ O = -MvIJ, mm
b 112 X, = 21.mm
L= J:(l -2xib+ X" ) VEIdx=[ x-x'/b+13 x| 1/EI y.= 44.mm
V.= 25.04 mm
=(b-b+l 1EJ =1 E 16 c
(b-b+1/30) 1 =113 b/bJ 0, =-Mv/J, = 154. N/mm’
L= [2(?) vEI dx = [13 X2 ]] V/E Jo T = 8.125 Nimm®
0, =Vo*+31° = 154.7 N/mm’
=(1/3b) 1/EJ = 1/3 b/EJ mm . s als g 4 ¢ & amag.

L=['(-4xib) FovEIdx+ [)(1) 0 dx=[-2xm ] FovEI +[x] 6
=(2b)Fb1/EI +(b) 0O =- FOYEJ

o= ['(-4+axib) FovEIdx + [[(-1) 0 dx=[-4x+2xm ] Fo 1€ +[-x] 6
=(-4b+2b)Fb1/EI +(-b) 6 =- FbYEJ

1% = [7(-13/2 +13 x/b -13/2 X6 ) Fb 1/E dx = [-13/2 x +13/2 xb -13/6 X/ || Fb 1/E3
=(-13/2b +13/2b -13/6 b ) Fb 1/EJ =-13/6 Fb’/EJ

1% = [*(-13/2 x2ib* ) Fb 1/EJ dx = [-13/6 X2 ]| Fb 1/E9
=(-13/6 b ) Fb 1/EJ =-13/6 Fb’/EJ

1= [*(-1/2 xtb +1/2 X216 ) Fb 1/EJ dx = [-1/4 x2Ib +1/6 xib* | Fb 1/E]
=(-1/4b+1/6 b) Fb 1/EJ =-1/12 Fb’/EJ

1= [ (-1/2 b +1/2 X162 ) Fb UEJ dx = [-1/4 x21b +1/6 x*/b2 " Fb 1/E3
=(-1/4b+1/6 b ) Fb L/EJ =-1/12 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



REAZIONI 239164 CI07.xxxx.062 AZIONI INTERNE 239164 CI07.xxxx.062
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 239164

CIl07.xxxx.062

PROCEDIMENTO E RISULTATI 239164

Quadro contributi PLV per iperstatica X=W/¢

CIl07.xxxx.062

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
AB b 0 -Fb+Fx 0 0 0 0
0+0 0
BADb 0 Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DChb 0 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2FX 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb 0 Fb-Fx 0 0 0 0
0+0 0
HG b 0 -Fx 0 0 0 0
HDb | © 1/2gx° 0 0 0 0
) 0+0 0
DHb 0 -1/2Fb+Fx-1/2gx 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx°| O 0 0 0
) 0+0 0
BD b 0 -1/2gx 0 0 0 0
IEb -1 4Fx -Fb/EJ -4Fx Fb/EJ 1 )
(-2+1)Fb’/EJ Xb/EJ
Elb 1 -4Fb+4Fx Fb/EJ -4Fb+4Fx Fb/EJ 1
ECb |-1+x/b 6Fb-6Fx 0 |[-6Fb+12Fx-6Fx’/b| 0 |1-2x/b+x/b ,
, . (-2+0)Fb*/EJ 1/3Xb/EJ
CEb x/b -6Fx 0 -6Fx‘/b 0 x/b
IAb | 1-x/b -Fx 0 -Fx+Fx?lb 0 |1-2x/b+x’/b? ,
, ), (-1/6+0)Fb’/EJ | 1/3Xb/EJ
Alb -x/b Fb-Fx 0 -Fx+Fx“/b 0 x“/b
totali -19/6Fb’/EJ 5/3Xb/EJ
iperstatica X=W,c 19/10Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 239164

CIl07.xxxx.062

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L= ["(-axb ) FouEIdx+ [((1) 6 dx=[-2x¢m ] Fo /€3 +[x] 6
=(2b)FouEI +(b) 6 =- FbYE]

o= ['(-4+axib) FovEIdx + [[(-1) 0 dx=[-4x+2xm ] Fo 1€ +[-x] 6

=(4b+2b)FbUEI +(-b) 8 =- FbYEJ
( ) (-b)

b
1% = [(-6 +12 xtb -6 x2b* ) Fb 1/E3 dx = [-6 x +6 X%/b -2 X*/b? ] Fb 1/EJ

=(-6b+6b-2b ) Fb 1/E] =-2 Fb’/EJ
b
1% = [2(-6 X% ) Fb 1/E3 dx = [-2 X2 ] Fb 1/E
=(-2b) Fb 1/EJ = -2 Fb’/EJ
b
L0= [°(- b + X% ) Fb 1/E3 dx = [-1/2 x%1b +1/3 xb* | Fb 1/E
=(-1/2b+1/3b) Fb 1/EJ =-1/6 Fb*/EJ
b
L= [2(- xtb +x2b? ) Fb 1/E3 dx = [-1/2 xb +1/3 X6 ]| Fb 1/E3
=(-1/2b+1/3b ) Fb LEJ =-1/6 Fb’/EJ

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

20.03.25

PROCEDIMENTO E RISULTATI 239164

CIl07.xxxx.062

o

118

418
124
430

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

A= 1104. mm’

J, = 286555. mm’
J,= 69624. mm*

Yo = 24.72 mm

T,= 3520.N

M, = -2217600. Nmm
X, = 30.mm

Ym= 53.mm

u,= 12.mm

vV, = 28.28 mm

o, =-Mv/J, = 218.8 N/mm’

m

X.= 18.mm

o, =-Mv/J, = 118.2 N/mm’
T, = 6.761 N/mm’

0, = Vo’+31° = 118.8 N/mm’
S = 6605. mm®

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 237444 CI07.xxxx.063 PROCEDIMENTO E RISULTATI 237444 CI07.xxxx.063

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
ABb | © -Fb+Fx 0 0 0 0
0+0 0
BAb | O Fx 0 0 0 0
cDb | o 0 0 0 0 0
0+0 0
DCh | O 0 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 3/2Fb-Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb-Fx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx°| O 0 0 0
, 0+0 0
BDb | O -1/2qx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-5Fx 0 |-5Fb+10Fx-5Fx’b| 0 |1-2x/b+x’/b’ ,
, ) (-5/3+0)Fb%/EJ | 1/3Xb/EJ
CEDb x/b -5Fx 0 -5Fx“/b 0 x“/b
IAb | 1-x/b -Fx 0 -Fx+Fx’/b 0 |1-2x/b+x’Mb’ ,
, . (-1/6+0)Fb%/EJ | 1/3Xb/EJ
Alb -x/b Fb-Fx 0 -Fx+Fx“/b 0 x“/b
totali -7/3Fb/EJ 5/3Xb/EJ
iperstatica X=W,c 7/5Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 237444

CIl07.xxxx.063

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0

=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6

=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

b
1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E

=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ
1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

b
L0= [°(- b + X% ) Fb /3 dx = [-1/2 x%1b +1/3 xb* | Fb 1/E

=(-1/2b+1/3b) Fb 1/EJ =-1/6 Fb*/EJ

b
L= [2(- xtb + xb? ) Fb 1/E3 dx = [-1/2 xb +1/3 X6 ]| Fb 1/E3

=(-1/2b +1/3b ) Fb /EJ =-1/6 Fb’/EJ

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

20.03.25

PROCEDIMENTO E RISULTATI 237444

CIl07.xxxx.063
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436
x

148

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

A= 1104. mm’

J, = 352844. mm’
J, = 91656. mm*

Yo = 22.77 mm

T, = 3940.N

M, = -2679200. Nmm
X, = 36.mm

Ym= 53.mm

u,= 12.mm

vV, = 30.23 mm

o, =-Mv/J, = 229.6 N/mm’

m

X.= 24.mm

o, =-Mv/J, = 130.9 N/mm’
T,= 6.693 N/mm’

0, = Vo’+31° = 131.4 N/mm’
S = 7192. mm°

20.03.25



REAZIONI 241668 CI07.xxxx.064 AZIONI INTERNE 241668 CI07.xxxx.064

NN EEN RN RN R RRRR NN |ENERENRRANE RN RN EN]
112 1/2 H 0 0 o
D—— ——H | = | <
1/2F | H |
B ——D | = |
pL/2F | = |
| = |
| H |
\ = ‘ q
‘ - | @
o = ©
\ g S
\ =
B | H
—_— ‘ =
1/2F = ©
} o ; bl ﬁ, o
| —
H E
— o)
1/2F } = 5
. S TR AR = ' 2 2
' o QAT
A cc G
/ 1I8F 25/8F
1/2Fb —[l—F Tl e
1/2Fb
r
N\ 1/2F oS —— _
A . \ o o
E |
Fb ‘
< 3/2F }
G \
\
\
\
[
i o
Q o
B R
7/8Fb 25/8Fb B
< i 15/8F< 3 25/8F ||, |
I E = \
1% N\E ‘
25/8F 25/8F
7/8Fb 9/8Fb -
2F 2F 2
[Te)
E F @
b = /8"

2Fb -718
2F 2F

CED e

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 241668 CI07.xxxx.064 PROCEDIMENTO E RISULTATI 241668 CI07.xxxx.064

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MO | MM, M M/EI+6)dx | [XM M /EJdx
ABb | 0 | -1/2Fb+1/2Fx | O 0 0 0
0+0 0
BAb | © 1/2Fx 0 0 0 0
CDb | © 0 0 0 0 0
0+0 0
DCbh | O 0 0 0 0 0
EFb | O -2Fb+2Fx 0 0 0 0
0+0 0
FEb | O 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | 0 |Fb-3/2Fx+1/2gx°| O 0 0 0
, 0+0 0
HGb | 0 | -1/2Fx-1/2gx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | O 0 0 0 0 0
IEb -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb¥EJ Xb/EJ
Elb 1 -2Fb+2FX | Fb/EJ -2Fb+2Fx Fb/EJ 1
ECb |-1+x/b|  4Fb-4Fx 0 -4Fb+8Fx-4Fx’/b 0 |1-2x/b+x’/b? ,
, ), (-4/3+0)Fb*/EJ |  1/3Xb/EJ
CEb x/b -4Fx 0 -4FX°Ib 0 x/b
IAb | 1-x/b| -Fx+1/2q%° 0 |-Fx+312Fx/b-1/2gx°b| 0 |1-2x/b+x°/b° ,
, , ) (-1/8+0)Fb*/EJ |  1/3Xb/EJ
Alb | x/b | 1/2Fb-1/2qx 0 -112Fx+1/20x*/b 0 X’/b
totali -35/24Fb°/EJ | 5/3Xb/EJ
iperstatica X=W,c 7/8Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 241668 CI07.xxxx.064 PROCEDIMENTO E RISULTATI 241668 CI07.xxxx.064

Om

b
L¥=['(1) vesax=[x] 1 A= 606. mm’
a7 ot J, = 204068. mm*
= 1/EJ = E. >, !
(b) vEs = bf Jb 45 J, = 21258. mm*
L= _[2(1) VEJdx=[x], 1/E) y,= 2151 mm
T,= 2100. N
=(b) VEJ = b/EJ y
(0) . M, = -1554000. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E , Xy = 24.mm
=(b-b+13b) LEJ = 1/3 b/EJ Ym = 83.mm
b u u,= 9.mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 v, = 3149 mm ]
=-Mv/J, = 239.8 N/
=(1/3b) 1/EJ = 1/3 b/EI Om = MV, mm
b o X, = 15.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 y,= 45.mm
V.= 23.49 mm
=(b-b+1 1/EJ =1, E 16 c
(b-b+1/3b) 1/EI =1/3 b/bJ 0. = -Myi3, = 176 Nimmm?
L= [2(?) vEI dx = [13 X2 ]] V/E Jo T = 5.781 Nimm®
0, = Vo’+31° = 179.2 NImm®
=(1/3b) 1/EJ = 1/3 b/EJ mm o o 4 ® 3,8 & ar 3

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

122 = [(-4 +8 x/b -4 X%Ib? ) Fb 1/EJ dx = [-4 x +4 x2Ib -413 x1b* | Fb 1/
=(-4b+4b-4/3b) Fb 1/EJ =-4/3 Fb’/EJ

L% = [2(-4 1% ) Fb 1E3 dx = [-4/3 X2 ]| Fb 1/E9
=(-413b) Fb 1/EJ =-4/3 Fb’/EJ

L= [°(- b +312 xib? -1/2 xb° ) Fb 1/EJ dx = [-1/2 xb +1/2 xIb? -1/8 x1b° | Fb 1/E3
=(-1/2b+1/2b-1/8b ) Fb 1/EJ =-1/8 Fb’/EJ

1= [2(-1/2 b +1/2 6% ) Fb UEJ dx = [-1/4 x21b +1/8 x'16° " Fb 1/E3
=(-1/4b+1/8 b ) Fb 1/EJ = -1/8 Fb%/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 959538 CI07.xxxx.065 PROCEDIMENTO E RISULTATI 959538 CI07.xxxx.065

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BADb 0 1/2Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | O 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | 0 | Fb-3/2Fx+1/2gx° | © 0 0 0
) 0+0 0
HGb | 0 -1/2Fx-1/2gx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | O 0 0 0 0 0
IEb -1 3Fx-1/2gx° -Fb/EJ|  -3Fx+12Fx¥b  |Fb/EJ 1 ,
, , (-4/3+1)Fb*/EJ Xb/EJ
Elb 1 |-5/2Fb+2Fx+1/2qx’ | Fb/EJ | -5/2Fb+2Fx+1/2Fx’/b | Fb/EJ 1
ECb |-1+x/b|  9/2Fb-9/2Fx 0 |-9/2Fb+9Fx-9/2Fx’lb| 0 |1-2x/b+x*/b? ,
, ), (-3/2+0)Fb%/EJ | 1/3Xb/EJ
CEDb x/b -9/2Fx 0 -9/2Fx°/b 0 X°/b
IAb | 1-x/b -1/2Fx 0 -12Fx+1/2Fx%Ib 0 |1-2x/b+x°/b° ,
, , , |(U12+0)FbY/EI| 1/3Xb/EJ
Alb | -x/b 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx%lb 0 x*Ib
totali -23/12Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 23/20Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 959538

CIl07.xxxx.065

PROCEDIMENTO E RISULTATI 959538

CIl07.xxxx.065

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L= ['(-a xtb +1/2 X16* ) Fo 1/EI dx + [(1) © dx=[-3/2X%b +1/6 X2 ], Fb 1/E9 + [ x ] 6

=(-312b+1/6b) Fo 1/EJ +(b) 6 =-1/3 FbY/EJ
1= [2(-5/2 +2 xtb +1/2 X¥16? ) Fb UEI dx + [(-1) © dx

= [-5r2 x + xib +1/6 X162 ] Fb 1/E3 + [-x]

=(-5/2b+b+1/6b ) Fb 1/EJ +(-b) 6 =-1/3 Fb/EJ

12 = [*(-912 +9 x/b -0/2 X2/ ) Fb VEJ dx = [-9/2 x +9/2 b -3/2 X°Ib? ] Fb 1/E3

=(-922b+9/2b-312b ) Fb 1/EJ =-3/2 Fb’/EJ
b
1% = [2(-0r2 16 ) Fb 1/E3 dx = [-3/2 xb* | Fb 1/E
=(-3/2b) Fb 1/EJ =-3/2 Fb*/EJ

b
L= [*(-1/2 x/b +1/2 b7 ) Fb 1/EI dx = [-1/4 /b +1/6 x%1b* ] Fb 1/E
o o

=(-1/4b+1/6 b)) Fb 1/EJ =-1/12 Fb’/EJ

b
1= [2(-1/2 b +1/2 X162 ) Fb 1EJ dx = [-1/4 x21b +1/6 x*/b? ], Fb 1/E3

=(-1/4b+1/6 b ) Fb LEJ =-1/12 Fb’/EJ

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

20.03.25
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124

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

A= 624. mm’

J, = 215884. mm’
J,= 21960. mm*

Yy = 32.28 mm

T, = 1640. N

M, = -1328400. Nmm
X, = 6.mm

u,= -9.mm

v, =-32.28 mm

g, = -Mv/J, = -198.6 N/mm’
X, = 15.mm

y.= 8. .mm

Vv, =-24.28 mm

a, = -Mv/J, = -149.4 N/mm’
T, = 4.388 N/mm’

0, = Vo’+31° = 149.6 N/mm®
S’ = 3466. mm’

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 236900 CI07.xxxx.066 PROCEDIMENTO E RISULTATI 236900 CI07.xxxx.066

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
ABb | © 0 0 0 0 0
0+0 0
BAb | O 0 0 0 0 0
cDb | o 0 0 0 0 0
0+0 0
DCh | O 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © Fb-Fx+1/29x° 0 0 0 0
, 0+0 0
HGb | 0 | -1/2Fb-1/2gx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx*| O 0 0 0
, 0+0 0
BDb | © -1/2qgx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx | Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-5Fx 0 |-5Fb+10Fx-5Fx’/b| 0 |1-2x/b+x*/b’ ,
, ) (-5/3+0)Fb*/EJ | 1/3Xb/EJ
CEb x/b -5Fx 0 -5Fx“/b 0 X°/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+xI0°
), 0+0 1/3Xb/EJ
Alb | /b 0 0 0 0 X’Ib
totali -13/6Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 13/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 236900 CI07.xxxx.066

PROCEDIMENTO E RISULTATI 236900

CI07.xxxx.066

L¥=['(1) vesax=[x] 1
=(b) VEJ = b/EJ

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) 1EJ =13 b/EI

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(1/3b) 1EJ =13 b/E

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) VEJ =13 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(u3b) VEI =13 bIEJ

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E
=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

o
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x
142

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

A= 738 mm’

J, = 244023. mm*
J, = 53190. mm*

Yy = 34.87 mm

T,= 1700. N

M, = -1462000. Nmm
X, = 12.mm

u,= -9.mm

Vv, =-34.87 mm

a,, = -Mv/J, = -208.9 N/mm’
X, = 21.mm

y.= 9.mm

Vv, =-25.87 mm

o, =-Mv/J, = -155. N/mm’
T, = 4.568 N/mm’

0, = Vo’+31° = 155.2 N/mm®
S’ = 3935. mm°

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 239141

CIl07.xxxx.067

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 239141

CI07.xxxx.067

M M, (%) ] MM, MO | MM, |[M(M/EI+6)dx | [XM M /EJdx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BAD 0 1/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EF b 0 |-5/2Fb+3Fx-1/2qx°| 0 0 0 0
, 0+0 0
FE b 0 2Fx+1/2qx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | 0 | Fb-3/2Fx+1/2gx° | © 0 0 0
, 0+0 0
HGb | © -1/2Fx-1/2qx 0 0 0 0
HD b 0 0 0 0 0 0
0+0 0
DHb 0 0 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb’/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 11/2Fb-11/2Fx 0 |-11/2Fb+11Fx-11/2Fx%b| 0 |1-2x/b+x’/b? ,
, . (-11/6+0)Fb*/EJ |  1/3Xb/EJ
CEb | xb -11/2Fx 0 -11/2Fx%/b 0 Xl
IAb | 1-x/b -1/2Fx 0 -12Fx+1/2Fx%Ib 0 |1-2x/b+x°/0° ,
, ., (-1/12+0)Fb*/EJ|  1/3Xb/EJ
Alb | -x/b 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx%/b 0 gL
totali -29/12Fb¥EJ | 5/3Xb/EJ
iperstatica X=W,c 29/20Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 239141

CIl07.xxxx.067

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI
=[(1) vesax=[x] e
=(b) VEJ = b/EJ
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+13b) VEJ =1/3 b/EJ
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(13b) VEJ =13 b/EI
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3

PROCEDIMENTO E RISULTATI 239141

CI07.xxxx.067

/T

112

A= 1020. mm’

J, = 331648. mm’
J, = 51408. mm*

Yy = 28.96 mm

T, = 3300.N

M, = -2502500. Nmm
X, = 6.mm

u, = -12. mm

m

v_ =-28.96 mm

m

g, = -Mv/J, = -218.5 NImm’

m

X, = 18.mm

y.= 13.mm
. =-15.96 mm

V,
Om a, = -Mv/J, = -120.4 N/mm’

C

o T, = 5.647 N/mm’

L= _[Z( x°Io®) 1/EJ dx = [1/3 x*b° ]: 1/EJ 0, =Vo%+31 = 120.8 N/mm?
* 3

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

124

~130
-36
(2]
1
()]
oo
g
o
3
3

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

12 = [(-12/2 +11 xib 1172 X6 ) Fb UE dx = [-11/2 x +11/2 xb -11/6 X/ || Fb 1/E3
=(-11/2b +11/2b -11/6 b ) Fb 1/EJ =-11/6 Fb’/EJ

1% = [*(-11/2 x2ib* ) Fb 1/EJ dx = [-11/6 x*/b2 ]| Fb 1/E9
=(-11/6 b ) Fb 1/EJ =-11/6 Fb’/EJ

10= [*(-1/2 xtb +1/2 X6 ) Fb 1/EJ dx = [-1/4 x2Ib +1/6 xib* | Fb 1/E]
=(-1/4b+1/6 b) Fb 1/EJ =-1/12 Fb’/EJ

1= [(-1/2 b +1/2 X162 ) Fb 1EJ dx = [-1/4 x21b +1/6 x*/b% ] Fb 1/E3
=(-1/4b+1/6 b ) Fb 1/EJ =-1/12 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

]

20.03.25

AZIONI INTERNE 247885

CIl07.xxxx.068
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 247885 CI07.xxxx.068 PROCEDIMENTO E RISULTATI 247885 CI07.xxxx.068

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) 6 MM, MB | MM, |[MM/EI+6)dx | [XM M /EJdx
AB b 0 -Fb+Fx 0 0 0 0
0+0 0
BADb 0 Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | O 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | 0 |Fb-2Fx+1/2gx°| O 0 0 0
, 0+0 0
HGb | 0 |1/2Fb-Fx-1/2gx’| O 0 0 0
HDb | 0 | -1/2Fb+1/2qx° | © 0 0 0
, 0+0 0
DHb | © Fx-1/20x 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)FbYEJ Xb/EJ
Elb 1 -3Fb+3Fx | Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b|  5Fb-5Fx 0 |-5Fb+10Fx-5Fx*/b| 0 |1-2x/b+x’/b’ ,
, ), (-5/3+0)FbYEJ | 1/3Xb/EJ
CEb x/b -5Fx 0 -5Fx°/b 0 x“/b
IAb | 1-x/b -Fx 0 -Fx+Fx’Ib 0 |1-2x/b+x’Mb’ ,
, ) (-1/6+0)Fb*/EJ |  1/3Xb/EJ
Al b -x/b Fb-Fx 0 -Fx+Fx“/b 0 x“/b
totali -7/3Fb?/EJ 5/3Xb/EJ
iperstatica X=W,c 7/5Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 247885 CI07.xxxx.068 PROCEDIMENTO E RISULTATI 247885 CI07.xxxx.068

XX b 54 > ,
L¥=['(1) vesax=[x] 1 A= 1134. mm
48 J, = 374055. mm*
= 1/EJ = bE u
(b) 18 b/Jb J, = 94716. mm*
1=(1) vEIdx=[x] 1/E3 {ar Y, = 30.98 mm
T,= 2860. N
=(b) /€3 = b/EJ y
(v) , , M, = -2774200. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E x.= 12.mm
y u, = -12. mm
=(b-b+1/3b) 1/E] = 1/3 b/EJ m
( ) b v, =-30.98 mm
Lee =Jﬁ( X/ ) 1EJ dx = [1/3 X’ ]U 1/EJ a,, = -Mv/J, = -229.8 NImm’
i = 24
=(1/3b) 1EJ = 13 b/EJ b 4 13 Xe mm
b 1 y.= 13.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 v, =-17.98 mm
O o, = -Mv/J, = -133.3 N/mm’
= - 1 1/E =1 E ’ 3
(b-b+1/3b) 1/EI =1/3 b/bJ s o - 4725 N
L= [1(6m? ) vEd dx = [135%° ] 1/ES 0, =Vo%+31 = 133.6 N/mm’
° ° mm 2 4 = 8 & x ¥ S = 7416. mm®

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E
=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

L0= [°(- b + X% ) Fb /3 dx = [-1/2 x%1b +1/3 xb* | Fb 1/E
=(-1/2b+1/3b) Fb 1/EJ =-1/6 Fb*/EJ

L= [2(- xtb + xb? ) Fb 1/E3 dx = [-1/2 xb +1/3 X6 ]| Fb 1/E3
=(-1/2b+1/3b ) Fb 1/EJ = -1/6 Fb%/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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(OO ey ol
| ! | ! EN E 0 0 -
| | = E
. . — | | = =
— — ‘| ‘| 1 -
| | S| g
| | = =
| | H- E o
\ \ = -
B | | =
—F H \ \ =H
- | |
F | | =| - i
| | %
‘ ‘ 0 Ek 2 2 °
e UMMM

A c c G '\
19/10F N (WA —[+]—F Tl e
Fb 1/2Fb = =
Fb ] i
F
T\ F 3/2Fb
A < 2F
G J
oo 0
‘ o
\
\
\
\
\
\
\
\
IF “'.' (S]
9/10Fb 31/10Fb
<M\ 2919F <™ 310 B e
| E F }
N [\E |
31/10F 31/10F !
9/10Fb 11/10Fb
2F 2F E X F o ‘
o = ‘
-
2Fb S 11/10° |
2F F -9/10

CED e

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



G2'€0°0¢ €T'€0°LZ'SI9A ‘OUB(IN 1P 021UJBYI|0d ‘ISSOY IUB|aABRZ O}|opY © G2'€0°0¢ €T'€0°LZ'SIA ‘OUB(IN Ip 021UJB)I|0d ‘ISSOY IUB|SABRZ OJ|opY ©

T=x eonejsiadi ep auoissal | ﬂ H w

1- T-
0 0, -
fiN ]
|
|
|
|
|
|
|
o o (=)
o 7 o 7 o
| |
| |
| |
| |
| |
| |
| |
| |
| |
S0 o |0 0 Jo
reubasse 1yaied ep auolssaly °) [
! 1Yol Y ISS3} S_ﬂHU
odnessiadi 0j09ed Ip Bwayds
0 |o
4
-
3 + 1
4 /]
/AWU 7
+
._L Qo
AN
Z
7 jo] Y
D 7
o
0 (o
| o A
Aot g
a
-

690" XXXX"L01D TY0Z12¢ ILV1TINSIY 3 OLNINIdID0dd 690" XXXX"L01D Tr0cZT¢ ILV1TINSIY 3 OLNINIAIDO0dd



PROCEDIMENTO E RISULTATI 212041 CI07.xxxx.069 PROCEDIMENTO E RISULTATI 212041 CI07.xxxx.069

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) 8 MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
ABb | © -Fb+Fx 0 0 0 0
0+0 0
BAb | © Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 1/2gx%° 0 0 0 0
, 0+0 0
GFb 0 -1/2Fb+Fx-1/2gx 0 0 0 0
GHb | 0 |3/2Fb-2Fx+1/2qx%| O 0 0 0
, 0+0 0
HG b 0 -Fx-1/2gx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb’/EJ Xb/EJ
Elb 1 -2Fb+2Fx Fb/EJ| -2Fb+2Fx  |Fb/EJ 1
ECb |-1+x/b AFDb-4Fx 0 |-4Fb+8Fx-4Fx’b| 0 |1-2x/b+x°/b° ,
, ), (-4/3+0)Fb’/EJ | 1/3Xb/EJ
CEDb x/b -4Fx 0 -4Fx°/b 0 X°/b
IAb | 1-x/b -Fx 0 -Fx+Ex’/b 0 |1-2x/b+xIb° ,
, ) (-1/6+0)Fb’/EJ |  1/3Xb/EJ
Alb -x/b Fb-Fx 0 -Fx+Fx“/b 0 X“/b
totali -3/2Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 9/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 212041 CI07.xxxx.069 PROCEDIMENTO E RISULTATI 212041 CI07.xxxx.069

b -54
L¥=['(1) vesax=[x] 1 : A= 924 mm’
las J, = 262756. mm*
= 1/E = E u
() 1€ b/Jb J, = 45000. mm*
=[(1) vesax=[x] e 41 Yg = 29.13 mm
T,= 2120.N
= = y
(b) 1EJ = b/EI X M, = -2162400. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E u Xy = 6.mm
- - u,= -12. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EbJ y v, =-29.13 mm
L?E( =Jﬁ( xIb’ ) 1/EJ dx = [1/3 X0’ ]U 1/EJ \\/ o, =-Mv/J, = -239.7 N/mm?
= 18.
=(13b) VEJ =1/3 b/E] ol v i
b e 0 y.= 9.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 . Ve = -20.13 mm
1 O o, = -Mv/J, = -165.7 N/mm’
= - 1 1/E =1 E ’ u
(b-b+1/3b) 1/EI =1/3 b/bJ ) 1, = 3.053 N/mm?’
L= [1(6m? ) vEd dx = [135%° ] 1/ES 0, =Vo*+31 = 165.7 N/mm?
° ° mm o e d 2 X 8«3 S = 4541. mm®

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

122 = [(-4 +8 x/b -4 X%Ib? ) Fb 1/EJ dx = [-4 x +4 x2Ib -413 x1b* | Fb 1/
=(-4b+4b-4/3b) Fb 1/EJ =-4/3 Fb’/EJ

L% = [2(-4 1% ) Fb 1E3 dx = [-4/3 X2 ]| Fb 1/E9
=(-413b) Fb 1/EJ =-4/3 Fb’/EJ

L= [°(- b + X% ) Fb /3 dx = [-1/2 x%1b +1/3 xb* | Fb 1/E
=(-1/2b+1/3b) Fb 1/EJ =-1/6 Fb*/EJ

L= [2(- xtb +x2b? ) Fb 1/E3 dx = [-1/2 xb +1/3 X6 ]| Fb 1/E3
=(-1/2b+1/3b ) Fb 1/EJ = -1/6 Fb%/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 216391 CI07.xxxx.070 PROCEDIMENTO E RISULTATI 216391 CI07.xxxx.070

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
AB b 0 -Fb+Fx 0 0 0 0
0+0 0
BADb 0 Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | O 0 0 0 0 0
EF b 0 |-5/2Fb+3Fx-1/29x°| © 0 0 0
, 0+0 0
FE b 0 2Fx+1/2gx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © Fb-Fx 0 0 0 0
0+0 0
HGb | © -Fx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | O 0 0 0 0 0
IE b -1 AFx-1/2gx° -FO/E]|  -4Fx+1/2FxX%b  |FO/E] 1 ,
, , (-11/6+1)Fb*/EJ Xb/EJ
Elb 1 |-7/2Fb+3Fx+1/2qx’ | FO/EJ |-7/2Fb+3Fx+1/2Fx’/b | Fb/EJ 1
ECb |-1+x/b 6Fb-6Fx 0 -6Fb+12Fx-6Fx’b | 0 |1-2x/b+x*/b? ,
, ), (-2+0)Fb%/EJ 1/3X0b/EJ
CEDb x/b -6Fx 0 -6Fx“/b 0 X°/b
IAb | 1-x/b -Fx 0 -Fx+Fx/b 0 |1-2x/b+x°/b° ,
, ) (-1/6+0)Fb*/EJ | 1/3Xb/EJ
Al b -x/b Fb-Fx 0 -Fx+Fx“/b 0 x“/b
totali -3Fb%EJ 5/3Xb/EJ
iperstatica X=W,c 9/5Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 216391 CI07.xxxx.070 PROCEDIMENTO E RISULTATI 216391 CI07.xxxx.070

leExz_[:(l) 1/EJ dxz[x]z 1/EJ A= 1044. mm? )
_ _ J, = 294700. mm
=(b) 1EJ = b/EJb 2 0288,
LE.X=J:(1) VEJdx =[x ], 1/E a1 y. = 31.09 mm
T, = 4200. N
M, = -1890000. Nmm
X
\
X

<

9
=(b) 1/EJ = b/EJ

12. mm

b
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E -
= -12.mm

=(b-b+1/3b) 1EJ = 1/3 b/EJ y

=-31.09 mm

X
m
m
m

m

b
L =f;( x°lb*) VEIdx = [13 07 ] 1/E] | o, = -Mv/J, = -199.4 N/mm?
= 24
=(v3b) VEI =13 b/EI ol. ¢ mm
10 y.= 10.mm
XX_ 2,2 _ 2 3,21° _
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 . v, = -21.09 mm
| O o, = -Mv/J, = -135.2 N/mm’
= - 1 1/E =1 E ’ )
(b-b+13b) 1/EI =13 b/bJ I, oL 5115 Nim?
L= [1(6m? ) vEd dx = [135%° ] 1/ES 0, = Vo%+31 = 135.6 N/mm’
° ° mm 2 S 5 8 8 8 x ¥

"= 5153. mm°
=(u3b) VEI =13 bIEJ S = 5153. mm

L= [0(-4 xtb +1/2 X16* ) Fo 1/EI dx + [/(1) 8 dx=[-2 % +1/6 X2 ], Fb 1/E9 + [ x] 6
=(2b+1/6b)Fob1/EJ +(b) 6 =-5/6 FbYEJ

L= [2(-7/2 +3 xtb +1/2 X%16? ) Fo UEI dx + [(-1) © dx
= [-712 x 312 1o +1/6 0% | Fb €S +[-x] 6
=(-72b+3/2b+1/6 b ) Fo 1/EJ +(-b ) 8 =-5/6 Fb/EJ

1% = [(-6 +12 xtb -6 x2b* ) Fb 1/E3 dx = [-6 x +6 X%/b -2 x*/b? ] Fb 1/E3
=(-6b+6b-2b ) Fb 1/E] =-2 Fb’/EJ

1% = [2(-6 X%/ ) Fb 1/E3 dx = [-2 X2 ], Fb 1/E
=(-2b) Fb 1/EJ =-2 Fb%/EJ

L0= [2(- b + X% ) Fb /83 dx = [-1/2 x%1b +1/3 x¥b* | Fb 1/E3
=(-12b+1/3b) Fb 1/EJ =-1/6 Fb’/EJ

L= [2(- xtb + x2b? ) Fb 1/E3 dx = [-1/2 xb +1/3 X6 ]| Fb 1/E3
=(-12b+1/3b ) Fb LEJ =-1/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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/\\E

81/20F
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3F
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81/20F

31/20Fb
3F
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ERe
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AZIONI INTERNE 939077
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PROCEDIMENTO E RISULTATI 939077

CI07.xxxx.071

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 939077

CI07.xxxx.071

M M, (%) ] MM, MO | MM, |[M(M/EI+6)dx | [XM M /EJdx
ABb | © -1/2Fb+1/2qx° 0 0 0 0
, 0+0 0
BA b 0 Fx-1/2gx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EF b 0 |-5/2Fb+3Fx-1/2qx°| 0 0 0 0
, 0+0 0
FE b 0 2Fx+1/2qx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © Fb-Fx 0 0 0 0
0+0 0
HGb | © -Fx 0 0 0 0
HD b 0 0 0 0 0 0
0+0 0
DHb 0 0 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb’/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 11/2Fb-11/2Fx 0 |-11/2Fb+11Fx-11/2Fx%b| 0 |1-2x/b+x’/b? ,
, . (-11/6+0)Fb*/EJ |  1/3Xb/EJ
CEb | xb -11/2Fx 0 -11/2Fx%/b 0 Xl
IAb | 1-x/b -1/2Fx 0 -12Fx+1/2Fx%Ib 0 |1-2x/b+x°/0° ,
, ., (-1/12+0)Fb*/EJ|  1/3Xb/EJ
Alb | -x/b 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx%/b 0 x/b
totali -29/12Fb¥EJ | 5/3Xb/EJ
iperstatica X=W,c 29/20Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 939077

CI07.xxxx.071

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0

=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6

=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

b
129 = ['(-12/2 +11 xtb -11/2 /b ) Fb 1/EJ dx = [-11/2 x +11/2 /b -11/6 x°/b? | Fb 1/E
o o

=(-11/2b +11/2b -11/6 b ) Fb 1/EJ =-11/6 Fb’/EJ
1% = [*(-11/2 x2ib* ) Fb 1/EJ dx = [-11/6 x*/b2 ]| Fb 1/E9
=(-11/6 b ) Fb 1/EJ =-11/6 Fb’/EJ

b
L= [*(-1/2 x/b +1/2 Xb% ) Fb 1/EI dx = [-1/4 /b +1/6 x%1b* ] Fb 1/E
o} o]

=(-1/4b+1/6 b) Fb 1/EJ =-1/12 Fb’/EJ

b
1= [(-1/2 b +1/2 X162 ) Fb 1EJ dx = [-1/4 x21b +1/6 x*/b% ] Fb 1/E3

=(-/4b+1/6b) Fb 1/EJ =-1/12 Fb’/EJ

PROCEDIMENTO E RISULTATI 939077

CI07.xxxx.071

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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A= 1140. mm’
, = 303884. mm*
,= 73512. mm*

J

J

Yy = 28.98 mm

T,= 4470.N

M, =-2197750. Nmm

X, = 6.mm

u,= -12. mm

v, =-28.98 mm

a,, = -Mv/J, = -209.6 N/mm’
X, = 18.mm

y.= 13.mm

v, =-15.98 mm

g, = -Mv/J, = -115.6 N/mm’
T, = 8.355 N/mm’

0, = Vo’+31° = 116.5 N/mm’

S = 6816. mm’®

20.03.25
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PROCEDIMENTO E RISULTATI 240891

CI07.xxxx.072

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 240891

CI07.xxxx.072

M M, (%) ] MM, MO | MM, |[M(M/EI+6)dx | [XM M /EJdx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BAD 0 1/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EF b 0 |-5/2Fb+3Fx-1/2qx°| 0 0 0 0
, 0+0 0
FE b 0 2Fx+1/2qx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © Fb-1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb-1/2Fx 0 0 0 0
HD b 0 1/2Fb 0 0 0 0
0+0 0
DHb 0 -1/2Fb 0 0 0 0
DBb | 0 | 1/2Fb-Fx+1/2qx* | 0 0 0 0
, 0+0 0
BDb 0 -1/20x 0 0 0 0
IEb -1 4FX -Fb/EJ -4FX Fb/EJ 1 ,
(-2+1)Fb*/EJ Xb/EJ
Elb 1 -AFb+4Fx Fb/EJ -AFb+4Fx Fb/EJ 1
ECb |-1+x/b| 13/2Fb-13/2Fx 0 |-13/2Fb+13Fx-13/2Fxb| 0 |1-2x/b+x’/b? ,
, . (-13/6+0)Fb*/EJ |  1/3Xb/EJ
CEb | xb -13/2Fx 0 -13/2Fx%/b 0 Xl
IAb | 1-x/b -1/2Fx 0 -12Fx+1/2Fx%Ib 0 |1-2x/b+x°/0° ,
, ., (-1/12+0)Fb*/EJ|  1/3Xb/EJ
Alb | -x/b 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx%/b 0 gL
totali -13/4Fb*/EJ 5/3Xb/EJ
iperstatica X=W,c 39/20Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 240891 CI07.xxxx.072 PROCEDIMENTO E RISULTATI 240891 CI07.xxxx.072

b
L= J:(l ) VEIdx=[x], 1EI A= 1332, mm?
a8 J, = 341004. mm*
= 1/E = E u
(b) €3 = b/ Jb J,= 150768. mm"*
L= _[2(1) VEJdx=[x], 1/E) Y, = 31.01 mm
T,= 4530. N
=(b) 1EJ = b/EJ § /
(b) X % - M, = -2416000. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E Xy = 12.mm
- - u,= -12. mm
=(b-b+1/3b) 1/EJ =1/3 b/EbJ y v =-31.01 mm
L?E( =Jﬁ( xIb’ ) 1/EJ dx = [1/3 X0’ ]U 1/EJ o, =-Mvi], =-219.7 N/mm?
\/K:Tc X.= 24.mm
=(13b) VEJ =13 b/EI » 13 °
. 1 y.= 13.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 Ve = -18.01 mm
On o, = -Mv/J, = -127.6 N/mm’
= - 1 1/E =1 E ’ )
(b-b+13b) 1/EI =13 b/bJ I r = 8.221 Nimm?
L= [2(?) vEI dx = [13 X2 ]] V/E e e o B} 0, =Vo%+31 = 128.4 N/mm?
mm 2 - S8 e 9 x 3 S'= 7426. mm®

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-4xib) FovEIdx+ [)(1) 0 dx=[-2xm ] FovEI +[x] 6
=(2b)Fb1/EI +(b) 0O =- FOYEJ

o= ['(-4+axib) FovEIdx + [[(-1) 0 dx=[-4x+2xm ] Fo 1€ +[-x] 6
=(-4b+2b)Fb1/EI +(-b) 6 =- FbYEJ

1% = [7(-13/2 +13 x/b -13/2 X6 ) Fb 1/E dx = [-13/2 x +13/2 xb -13/6 X/ || Fb 1/E3
=(-13/2b +13/2b -13/6 b ) Fb 1/EJ =-13/6 Fb’/EJ

1% = [*(-13/2 x2ib* ) Fb 1/EJ dx = [-13/6 X2 ]| Fb 1/E9
=(-13/6 b ) Fb 1/EJ =-13/6 Fb’/EJ

1= [*(-1/2 xtb +1/2 X216 ) Fb 1/EJ dx = [-1/4 x2Ib +1/6 xib* | Fb 1/E]
=(-1/4b+1/6 b) Fb 1/EJ =-1/12 Fb’/EJ

1= [ (-1/2 b +1/2 X162 ) Fb UEJ dx = [-1/4 x21b +1/6 x*/b2 " Fb 1/E3
=(-1/4b+1/6 b ) Fb L/EJ =-1/12 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



REAZIONI 248331 CI07.xxxx.073 AZIONI INTERNE 248331 CI07.xxxx.073
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 248331

CIl07.xxxx.073

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 248331

CI07.xxxx.073

M M, (%) ] MM, MO | MM, |[M(M/EI+6)dx | [XM M /EJdx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BAD 0 1/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EF b 0 |-5/2Fb+3Fx-1/2qx°| 0 0 0 0
, 0+0 0
FE b 0 2Fx+1/2qx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | 0 | Fb-3/2Fx+1/2gx° | © 0 0 0
, 0+0 0
HGb | © -1/2Fx-1/2qx 0 0 0 0
HD b 0 0 0 0 0 0
0+0 0
DHb 0 0 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb’/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 11/2Fb-11/2Fx 0 |-11/2Fb+11Fx-11/2Fx%b| 0 |1-2x/b+x’/b? ,
, . (-11/6+0)Fb*/EJ |  1/3Xb/EJ
CEb | xb -11/2Fx 0 -11/2Fx%/b 0 Xl
IAb | 1-x/b -1/2Fx 0 -12Fx+1/2Fx%Ib 0 |1-2x/b+x°/0° ,
, ., (-1/12+0)Fb*/EJ|  1/3Xb/EJ
Alb | -x/b 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx%/b 0 gL
totali -29/12Fb¥EJ | 5/3Xb/EJ
iperstatica X=W,c 29/20Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 248331 CI07.xxxx.073 PROCEDIMENTO E RISULTATI 248331 CI07.xxxx.073

b -54
L= J:(l ) VEIdx=[x], 1EI A= 1260. mm?
J, = 339087. mm’
= 1/EJ = E. u
(b) v& b/Jb > J, = 132624. mm’
Lélxz _[:(1) 1/EJdx = [ X ]0 1/EJ 142 /\“ - a1 Yo = 23.27 mm
T, = 4350.N
=(b) 1EJ = b/EJ y
(b) . M, = -2537500. Nmm
L =JZ(1 2xib+x°/b*) VEIdx = [ x-x%/b +1/3 10" ] L/EI , x. = 36.mm
= 54
=(b-b+1/3b) 1EJ = 1/3 b/EJ Ym = 4. mm
. u u,= 12.mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 v, = 30.73 mm 2
=(13b) VEJ = 1/3 b/EJ v Op = -Mv/J, = 230. N/mm
b X, = 24.mm
L= J:(l -2xib+ X" ) VEIdx=[ x-x'/b+13 x| 1/EI y.= 41.mm
v, = 17.73 mm
=(b-b+1 1/EJ =1/3 b/E 6 c
(b-b+1/30) 1 =113 b/bJ o, =-Mv/J, = 132.7 Nimm’
L= [2(?) vEI dx = [13 X2 ]] V/E Jo T = 7.847 Nimm®
2 2 2
= = 1334 N
=(13b) 1/EJ = 1/3 b/EJ m - 8 8 3 8 8 4 @ ge ) ‘/%Etmm3 33.4 N/mm

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

12 = [(-12/2 +11 xib 1172 X6 ) Fb UE dx = [-11/2 x +11/2 xb -11/6 X/ || Fb 1/E3
=(-11/2b +11/2b -11/6 b ) Fb 1/EJ =-11/6 Fb’/EJ

1% = [*(-11/2 x2ib* ) Fb 1/EJ dx = [-11/6 x*/b2 ]| Fb 1/E9
=(-11/6 b ) Fb 1/EJ =-11/6 Fb’/EJ

10= [*(-1/2 xtb +1/2 X6 ) Fb 1/EJ dx = [-1/4 x2Ib +1/6 xib* | Fb 1/E]
=(-1/4b+1/6 b) Fb 1/EJ =-1/12 Fb’/EJ

1= [(-1/2 b +1/2 X162 ) Fb 1EJ dx = [-1/4 x21b +1/6 x*/b% ] Fb 1/E3
=(-1/4b+1/6 b ) Fb 1/EJ =-1/12 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



REAZIONI 981176 CI07.xxxx.074 AZIONI INTERNE 981176 CI07.xxxx.074
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 981176

CI07.xxxx.074

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 981176

CI07.xxxx.074

M M, (%) ] MM, MO | MM, |[M(M/EI+6)dx | [XM M /EJdx
AB b 0 -3/2Fb+3/2Fx 0 0 0 0
0+0 0
BAD 0 3/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EF b 0 |-5/2Fb+3Fx-1/2qx°| 0 0 0 0
, 0+0 0
FE b 0 2Fx+1/2qx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © Fb-3/2Fx 0 0 0 0
0+0 0
HGb | © 1/2Fb-3/2Fx 0 0 0 0
HDb | © -1/2Fb+1/2qx? 0 0 0 0
, 0+0 0
DHb 0 Fx-1/20x 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IEb -1 4FX -Fb/EJ -4FX Fb/EJ 1 ,
(-2+1)Fb*/EJ Xb/EJ
Elb 1 -AFb+4Fx Fb/EJ -AFb+4Fx Fb/EJ 1
ECb |-1+x/b| 13/2Fb-13/2Fx 0 |-13/2Fb+13Fx-13/2Fxb| 0 |1-2x/b+x’/b? ,
, . (-13/6+0)Fb*/EJ |  1/3Xb/EJ
CEb | xb -13/2Fx 0 -13/2Fx%/b 0 Xl
IAb | 1-x/b -3/2Fx 0 -3/12Fx+3/2Fx%/b 0 |1-2x/b+x°/0° ,
, ., (-1/4+0)Fb’/EJ | 1/3Xb/EJ
Alb | -x/b 3/2Fb-3/2Fx 0 -3/2Fx+3/2Fx’/b 0 gL
totali -41/12FbYEJ | 5/3XbIEJ
iperstatica X=W,c 41/20Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 981176 CI07.xxxx.074 PROCEDIMENTO E RISULTATI 981176 CI07.xxxx.074

b -54
L= J:(l ) VEIdx=[x], 1EI A= 876. mm>
lag s or J, = 254354. mm’
= 1/EJ = E. oftc
(b) 10 = o Jb 45 J, = 37512. mm*
L= _[2(1) VEJdx=[x], 1/E) Y, = 2558 mm
T, = 3420.N
=(b) VEJ = bEJ y
(0) X M, = -2137500. Nmm
L =JZ(1 2xib+x°/b*) VEIdx = [ x-x%/b +1/3 10" ] L/EI , X, = 30.mm
= 54,
=(b-b+1/3b) 1EJ =1/3 b/EJ u Ym= 54 mm
b u,= 12.mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 v, = 28.42 mm
=-Mv/J, = 238.9 N/mm’
=(1/3b) 1/E] = 1/3 b/EJ Om = "MVIJ, mm
b X, = 18.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 e y.= 45.mm
v, = 19.42 mm
=(b-b+1 1/EJ = 1/3 blE -6 c
(b-b+13b) VEI =1/3 b/bJ o . = 1632 Nimn?
L= [2(?) vEI dx = [13 X2 ]] V/E Jo T = 4.946 Nimm®
0, = Vo*+31° = 163.5 N/mm’
=(1/3b) 1/EJ = 1/3 b/EJ mm o o 8 8 I 8,8 e

L=['(-4xib) FovEIdx+ [)(1) 0 dx=[-2xm ] FovEI +[x] 6
=(2b)Fb1/EI +(b) 0O =- FOYEJ

o= ['(-4+axib) FovEIdx + [[(-1) 0 dx=[-4x+2xm ] Fo 1€ +[-x] 6
=(-4b+2b)Fb1/EI +(-b) 6 =- FbYEJ

1% = [7(-13/2 +13 x/b -13/2 X6 ) Fb 1/E dx = [-13/2 x +13/2 xb -13/6 X/ || Fb 1/E3
=(-13/2b +13/2b -13/6 b ) Fb 1/EJ =-13/6 Fb’/EJ

1% = [*(-13/2 x2ib* ) Fb 1/EJ dx = [-13/6 X2 ]| Fb 1/E9
=(-13/6 b ) Fb 1/EJ =-13/6 Fb’/EJ

1= [ (-a/2 xtb +3/2 X2Ib* ) Fb 1/EJ dx = [-3/4 x2b +1/2 xib* | Fb 1/E3
=(-3/4b+1/2b) Fb 1/EJ =-1/4 Fb*/EJ

1= [1(-3/2 b +3/2 X216 ) Fb UEJ dx = [-3/4 x21b +1/2 X% " Fb 1/E3
=(-3/4b+1/2b ) Fb 1/EJ =-1/4 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 216487

CI07.xxxx.075

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 216487

CI07.xxxx.075

M M, (%) ] MM, MO | MM, |[M(M/EI+6)dx | [XM M /EJdx
AB b 0 -3/2Fb+3/2Fx 0 0 0 0
0+0 0
BAD 0 3/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EF b 0 |-5/2Fb+3Fx-1/2qx°| 0 0 0 0
, 0+0 0
FE b 0 2Fx+1/2qx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 -1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 3/2Fb-3/2Fx 0 0 0 0
0+0 0
HGb | © -3/2Fx 0 0 0 0
HD b 0 0 0 0 0 0
0+0 0
DHb 0 0 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb’/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 11/2Fb-11/2Fx 0 |-11/2Fb+11Fx-11/2Fx%b| 0 |1-2x/b+x’/b? ,
, . (-11/6+0)Fb*/EJ |  1/3Xb/EJ
CEb | xb -11/2Fx 0 -11/2Fx%/b 0 Xl
IAb | 1-x/b -3/2Fx 0 -3/12Fx+3/2Fx%/b 0 |1-2x/b+x°/0° ,
, ., (-1/4+0)Fb’/EJ | 1/3Xb/EJ
Alb | -x/b 3/2Fb-3/2Fx 0 -3/2Fx+3/2Fx’/b 0 x/b
totali -31/12FbYEJ | 5/3Xb/EJ
iperstatica X=W,c 31/20Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 216487

CI07.xxxx.075

L¥=['(1) vesax=[x] 1
=(b) 1/EJ = b/EJ

=[(1) vesax=[x] e
=(b) 1/EJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(1/3b) 1/E] = 1/3 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

12 = [(-12/2 +11 xib 1172 X6 ) Fb UE dx = [-11/2 x +11/2 xb -11/6 X/ || Fb 1/E3
=(-11/2b +11/2b -11/6 b ) Fb 1/EJ =-11/6 Fb’/EJ

1% = [*(-11/2 x2ib* ) Fb 1/EJ dx = [-11/6 x*/b2 ]| Fb 1/E9
=(-11/6 b ) Fb 1/EJ =-11/6 Fb’/EJ

1= [ (-a/2 xtb +3/2 X2Ib ) Fb 1/EJ dx = [-3/4 x2b +1/2 xib* | Fb 1/E3
=(-3/4b+1/2b) Fb 1/EJ =-1/4 Fb*/EJ

1= [7(-3/2 b +3/2 X216 ) Fb 1EJ dx = [-3/4 x21b +1/2 X1b% ] Fb 1/E3
=(-3/4b+1/2b ) Fb 1/EJ =-1/4 Fb’/EJ

PROCEDIMENTO E RISULTATI 216487

CI07.xxxx.075

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

20.03.25
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124
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136

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

A= 996. mm’
J, = 326037. mm*

Yy= 254 mm

T, = 3360. N

M, =-2268000. Nmm

X, = 30.mm

Y= 54.mm

u,= 12.mm

vV, = 28.6 mm

o, =-Mv/J, = 198.9 N/mm’
X.= 18. mm

y.= 41L.mm

V.= 15.6 mm

o, =-Mv/J, = 108.5 N/mm’
T, = 5.755 N/mm’

Cc
0, =Vo*+31° = 109. N/mm’
S = 6702. mm®

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

]

20.03.25

AZIONI INTERNE 963079

CIl07.xxxx.076
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 963079

CIl07.xxxx.076

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 963079

CI07.xxxx.076

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /Eddx
AB b 0 -3/2Fb+3/2Fx 0 0 0 0
0+0 0
BAD 0 3/2Fx 0 0 0 0
cbb | © 0 0 0 0 0
0+0 0
DCbh | © 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © Fb-3/2Fx 0 0 0 0
0+0 0
HGb | © 1/2Fb-3/2Fx 0 0 0 0
HDb | © -1/2Fb+1/2qx? 0 0 0 0
, 0+0 0
DHb | © Fx-1/20x 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IE b -1 AFx-1/2gx° -Fb/EJ -AFx+1/2Fx%%Ib Fb/EJ 1 ,
, , (-11/6+1)Fb*/EJ Xb/EJ
Elb 1 |-7/2Fb+3Fx+1/2qx°| FB/EJ | -7/2Fb+3Fx+1/2Fx’/b |Fb/EJ 1
ECb |-1+x/b| 11/2Fb-11/2Fx 0 |-11/2Fb+11Fx-11/2Fxb| 0 |1-2x/b+x°/b’ ,
, ) (-11/6+0)Fb*/EJ | 1/3Xb/EJ
CEb | xb -11/2Fx 0 -11/2Fx%/b 0 x’[b
IAb | 1-x/b -3/2Fx 0 -3/2Fx+3/2Fx%/b 0 |1-2x/b+x/0° ,
, ), (-1/4+0)Fb*/EJ | 1/3Xb/EJ
Alb | -x/b 3/2Fb-3/2Fx 0 -3/2Fx+3/2Fx’/b 0 x°Ib
totali -35/12Fb%EJ | 5/3Xb/EJ
iperstatica X=W,c 7/4Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 963079

CIl07.xxxx.076

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L= [0(-4 xtb +1/2 X16* ) Fo 1/EI dx + [/(1) 8 dx=[-2 % +1/6 X2 ], Fb 1/E9 + [ x] 6

=(2b+1/6b)Fob1/EJ +(b) 6 =-5/6 FbYEJ
L= [2(-7/2 +3 xtb +1/2 X%16? ) Fo UEI dx + [(-1) © dx
= [-712 x 312 1o +1/6 0% | Fb €S +[-x] 6

=(-72b+32b+1/6 b ) Fo 1/EJ +(-b ) 6 =-5/6 Fb/EJ
( ) (-b)

12 = [(-12/2 +11 xib 1172 X6 ) Fb UE dx = [-11/2 x +11/2 xb -11/6 X/ || Fb 1/E3

=(-11/2b +11/2 b -11/6 b ) Fb 1/EJ =-11/6 Fb’/EJ
b
1% = [2(-11/2 x2ib* ) Fb 1/EJ dx = [-11/6 x*/b? ]| Fb 1/E9
=(-11/6 b ) Fb 1/EJ =-11/6 Fb*/EJ

b
L= [*(-312 x/b +3/2 Xb% ) Fb 1/EI dx = [-3/4 x/b +1/2 X%1b* ]| Fb 1/E
o o

=(-3/4b+1/2b ) Fb 1/EJ =-1/4 Fb’/EJ

b
1= [7(-3/2 b +3/2 X216 ) Fb 1EJ dx = [-3/4 x21b +1/2 X*1b% ] Fb 1/E3

=(-3/4b+1/2b ) Fb 1/EJ =-1/4 Fb’/EJ

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

20.03.25

PROCEDIMENTO E RISULTATI 963079

CI07.xxxx.076

—148
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418
124
430
436
x
148

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

A= 972. mm’

J, = 285465. mm’
J,= 72144. mm*

Yo = 23.72mm

T, = 2300.N

M, = -1978000. Nmm
X, = 36.mm

Yo = 54.mm

u,= 12.mm

vV, = 30.28 mm

o, =-Mv/J, = 209.8 N/mm’

m

X.= 24.mm

o, =-Mv/J, = 140.5 N/mm’
T, = 3.355 N/mm’

0, = Vo*+31° = 140.6 N/mm’
S = 4997. mm®

20.03.25
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AZIONI INTERNE 962891

CI07.xxxx.077
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 962891 CI07.xxxx.077 PROCEDIMENTO E RISULTATI 962891 CIO7.xxxx.077

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MO | MM, |[M(M/EI+6)dx | [XM M /EJdx
ABb | 0 |-Fb+l/2Fx+1/2gx°| O 0 0 0
, 0+0 0
BAb | © 3/2Fx-1/2gx 0 0 0 0
cbb | 0 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © Fb-3/2Fx 0 0 0 0
0+0 0
HGb | © 1/2Fb-3/2Fx 0 0 0 0
HDb | © -1/2Fb+1/2gx? 0 0 0 0
, 0+0 0
DHb | © Fx-1/20x 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-5Fx 0 |-5Fb+10Fx-5Fx’/b| 0 |1-2x/b+x’/b> ,
, ) (-5/3+0)Fb%/EJ | 1/3Xb/EJ
CEDb x/b -5Fx 0 -5Fx°/b 0 x“/b
IAb | 1-x/b -Fx 0 -Fx+Fx%lb 0 |1-2x/b+x’/b? ,
, - (-1/6+0)Fb°/EJ | 1/3Xb/EJ
Alb -x/b Fb-Fx 0 -Fx+Fx“/b 0 x“/b
totali -7I3Fb’/EJ 5/3Xb/EJ
iperstatica X=W,c 7/5FDb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 962891

CI07.xxxx.077 PROCEDIMENTO E RISULTATI 962891

CI07.xxxx.077

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6

=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

b
1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E

=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ
b
1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ
Xo 2,2 2 3, 271°
L0= [°(- b + X% ) Fb /3 dx = [-1/2 x%1b +1/3 xb* | Fb 1/E
=(-1/2b+1/3b) Fb 1/EJ =-1/6 Fb*/EJ
b
L= [2(- xtb + xb? ) Fb 1/E3 dx = [-1/2 xb +1/3 X6 ]| Fb 1/E3
=(-1/2b+1/3b ) Fb LEJ =-1/6 Fb’/EJ

m

~54

—148

45

412
418
124
430

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

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

A= 702. mm’

J, = 240790. mm*
J, = 49626. mm*
Vo= 19.6 mm

T,= 1680. N

M, = -1528800. Nmm
X, = 30.mm

Yo = 54.mm

u,= 9.mm

vV, = 34.4mm

o, =-Mv/J, = 218.4 N/mm’
X, = 21.mm

y.= 45 .mm

v,= 254 mm

o, =-Mv/J, = 161.3 N/mm’
1, = 4.507 N/mm’

0, = Vo*+31° = 161.5 N/mm’
S = 3876. mm’

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 988248

CIl07.xxxx.078

PROCEDIMENTO E RISULTATI 988248

Quadro contributi PLV per iperstatica X=W/¢

CIl07.xxxx.078

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
AB b 0 -Fb+Fx 0 0 0 0
0+0 0
BADb 0 Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DChb 0 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2FX 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb 0 Fb-Fx 0 0 0 0
0+0 0
HG b 0 -Fx 0 0 0 0
HDb | © 1/2gx° 0 0 0 0
) 0+0 0
DHb 0 -1/2Fb+Fx-1/2gx 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx°| O 0 0 0
) 0+0 0
BD b 0 -1/2gx 0 0 0 0
IEb -1 4Fx -Fb/EJ -4Fx Fb/EJ 1 )
(-2+1)Fb’/EJ Xb/EJ
Elb 1 -4Fb+4Fx Fb/EJ -4Fb+4Fx Fb/EJ 1
ECb |-1+x/b 6Fb-6Fx 0 |[-6Fb+12Fx-6Fx’/b| 0 |1-2x/b+x/b ,
, . (-2+0)Fb*/EJ 1/3Xb/EJ
CEb x/b -6Fx 0 -6Fx‘/b 0 x/b
IAb | 1-x/b -Fx 0 -Fx+Fx?lb 0 |1-2x/b+x’/b? ,
, ), (-1/6+0)Fb’/EJ | 1/3Xb/EJ
Alb -x/b Fb-Fx 0 -Fx+Fx“/b 0 x“/b
totali -19/6Fb’/EJ 5/3Xb/EJ
iperstatica X=W,c 19/10Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 988248

CIl07.xxxx.078

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L= ["(-axb ) FouEIdx+ [((1) 6 dx=[-2x¢m ] Fo /€3 +[x] 6
=(2b)FouEI +(b) 6 =- FbYE]

o= ['(-4+axib) FovEIdx + [[(-1) 0 dx=[-4x+2xm ] Fo 1€ +[-x] 6

=(4b+2b)FbUEI +(-b) 8 =- FbYEJ
( ) (-b)

b
1% = [(-6 +12 xtb -6 x2b* ) Fb 1/E3 dx = [-6 x +6 X%/b -2 X*/b? ] Fb 1/EJ

=(-6b+6b-2b ) Fb 1/E] =-2 Fb’/EJ
b
1% = [2(-6 X% ) Fb 1/E3 dx = [-2 X2 ] Fb 1/E
=(-2b) Fb 1/EJ = -2 Fb’/EJ
b
L0= [°(- b + X% ) Fb 1/E3 dx = [-1/2 x%1b +1/3 xb* | Fb 1/E
=(-1/2b+1/3b) Fb 1/EJ =-1/6 Fb*/EJ
b
L= [2(- xtb +x2b? ) Fb 1/E3 dx = [-1/2 xb +1/3 X6 ]| Fb 1/E3
=(-1/2b+1/3b ) Fb LEJ =-1/6 Fb’/EJ

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

20.03.25

PROCEDIMENTO E RISULTATI 988248

CIl07.xxxx.078

o

418
124
430

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

A= 1092. mm’

J, = 301397. mm’

J, = 66024. mm*

Yy = 25.33 mm

T, = 2480.N

M, = -2405600. Nmm

X, = 30.mm

Yo = 54.mm

u,= 12.mm

vV, = 28.67 mm

o, =-Mv/J, = 228.8 NImm’
X, = 18.mm

y.= 41l.mm

v, = 15.67 mm

o, =-Mv/J, = 125.1 N/mm’
.= 461 N/mm?

0, = Vo*+31° = 125.3 N/mm’
s’ = 6723. mm’

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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AZIONI INTERNE 218577

CI07.xxxx.079
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PROCEDIMENTO E RISULTATI 218577 CI07.xxxx.079 PROCEDIMENTO E RISULTATI 218577 CI07.xxxx.079

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) 6 MM, MB | MM, |[MM/EI+6)dx | [XM M /EJdx
AB b 0 -Fb+Fx 0 0 0 0
0+0 0
BADb 0 Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | O 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | 0 |Fb-2Fx+1/2gx°| O 0 0 0
, 0+0 0
HGb | 0 |1/2Fb-Fx-1/2gx’| O 0 0 0
HDb | 0 | -1/2Fb+1/2qx° | © 0 0 0
, 0+0 0
DHb | © Fx-1/20x 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)FbYEJ Xb/EJ
Elb 1 -3Fb+3Fx | Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b|  5Fb-5Fx 0 |-5Fb+10Fx-5Fx*/b| 0 |1-2x/b+x’/b’ ,
, ), (-5/3+0)FbYEJ | 1/3Xb/EJ
CEb x/b -5Fx 0 -5Fx°/b 0 x“/b
IAb | 1-x/b -Fx 0 -Fx+Fx’Ib 0 |1-2x/b+x’Mb’ ,
, ) (-1/6+0)Fb*/EJ |  1/3Xb/EJ
Al b -x/b Fb-Fx 0 -Fx+Fx“/b 0 x“/b
totali -7/3Fb?/EJ 5/3Xb/EJ
iperstatica X=W,c 7/5Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 218577 CI07.xxxx.079 PROCEDIMENTO E RISULTATI 218577 CI07.xxxx.079

b -54
L= J:(l ) VEIdx=[x], 1EI A= 1098. mm>
J, = 367673. mm’
= 1EJ = bIE > u
(b) v& b/Jb ot J, = 88884. mm*
L= _[2(1) VEJdx=[x], 1/E) a2 - “ Y, = 23.45 mm
T,= 2820.N
=(b) 1EJ = b/EJ y
(b) . M, = -2876400. Nmm
L =JZ(1 2xib+x°/b*) VEIdx = [ x-x%/b +1/3 10" ] L/EI x. = 36.mm
= 54
=(b-b+1/3b) 1/E] = 1/3 b/EJ y Ym= 54.mm
. u u,= 12.mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 v, = 30.55 mm 2
=-MviJ, = 239.N/
=(1/3b) 1/E] = 1/3 b/EJ O = -MvIJ, mm
b X, = 24.mm
L= J:(l -2xib+ X" ) VEIdx=[ x-x'/b+13 x| 1/EI 1 y.= 41.mm
v, = 17.55 mm
=(b-b+1 1/EJ =1/3 b/E -6 c
(b-b+1/30) 1 =113 b/bJ o, =-Mv/J, = 137.3 Nimm’
L= [2(?) vEI dx = [13 X2 ]] V/E Jo T = 4.658 Nimm®
0, =Vo*+31° = 137.6 N/mm’
=(1/3b) 1/EJ = 1/3 b/EJ mm - N 9 8 8 . 3 & oem 3

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E
=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

L0= [°(- b + X% ) Fb /3 dx = [-1/2 x%1b +1/3 xb* | Fb 1/E
=(-1/2b+1/3b) Fb 1/EJ =-1/6 Fb*/EJ

L= [2(- xtb + xb? ) Fb 1/E3 dx = [-1/2 xb +1/3 X6 ]| Fb 1/E3
=(-1/2b+1/3b ) Fb 1/EJ = -1/6 FbY/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



REAZIONI 986307 CI07.xxxx.080 AZIONI INTERNE 986307 CI07.xxxx.080
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 986307

CIl07.xxxx.080

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 986307

CIl07.xxxx.080

M M, (%) ] MM, MO | MM, |[M(M/EI+6)dx | [XM M /EJdx
AB b 0 -3/2Fb+3/2Fx 0 0 0 0
0+0 0
BAD 0 3/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EF b 0 |-5/2Fb+3Fx-1/2qx°| 0 0 0 0
, 0+0 0
FE b 0 2Fx+1/2qx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © Fb-3/2Fx 0 0 0 0
0+0 0
HGb | © 1/2Fb-3/2Fx 0 0 0 0
HDb | © -1/2Fb+1/2qx? 0 0 0 0
, 0+0 0
DHb 0 Fx-1/20x 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IEb -1 4FX -Fb/EJ -4FX Fb/EJ 1 ,
(-2+1)Fb*/EJ Xb/EJ
Elb 1 -AFb+4Fx Fb/EJ -AFb+4Fx Fb/EJ 1
ECb |-1+x/b| 13/2Fb-13/2Fx 0 |-13/2Fb+13Fx-13/2Fxb| 0 |1-2x/b+x’/b? ,
, . (-13/6+0)Fb*/EJ |  1/3Xb/EJ
CEb | xb -13/2Fx 0 -13/2Fx%/b 0 Xl
IAb | 1-x/b -3/2Fx 0 -3/12Fx+3/2Fx%/b 0 |1-2x/b+x°/0° ,
, ., (-1/4+0)Fb’/EJ | 1/3Xb/EJ
Alb | -x/b 3/2Fb-3/2Fx 0 -3/2Fx+3/2Fx’/b 0 gL
totali -41/12FbYEJ | 5/3XbIEJ
iperstatica X=W,c 41/20Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 986307

CIl07.xxxx.080

PROCEDIMENTO E RISULTATI 986307

CIl07.xxxx.080

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L= ["(-axb ) FouEIdx+ [((1) 6 dx=[-2x¢m ] Fo /€3 +[x] 6
=(2b)FouEI +(b) 6 =- FbYE]

o= ['(-4+axib) FovEIdx + [[(-1) 0 dx=[-4x+2xm ] Fo 1€ +[-x] 6

=(4b+2b)FbUEI +(-b) 8 =- FbYEJ
( ) (-b)

b
L% = [°(-13/2 +13 x/b -13/2 X*/b ) Fb 1/EJ dx = [-13/2 x +13/2 x¢/b -13/6 x1b* ] Fb 1/EJ
o o

=(-13/2b +13/2b -13/6 b ) Fb 1/EJ =-13/6 Fb’/EJ

1% = [*(-13/2 x2ib* ) Fb 1/EJ dx = [-13/6 X2 ]| Fb 1/E9
=(-13/6 b ) Fb 1/EJ =-13/6 Fb’/EJ

1= [ (-a/2 xtb +3/2 X2Ib* ) Fb 1/EJ dx = [-3/4 x2b +1/2 xib* | Fb 1/E3
=(-3/4b+1/2b) Fb 1/EJ =-1/4 Fb*/EJ

1= [1(-3/2 b +3/2 X216 ) Fb UEJ dx = [-3/4 x21b +1/2 X% " Fb 1/E3
=(-3/4b+1/2b ) Fb 1/EJ =-1/4 Fb’/EJ

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

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 600. mm’

J, = 212405. mm*
J,= 20592. mm*

Yo = 22.19 mm

T, = 2940.N

M, = -1323000. Nmm
X, = 24.mm

Yo = 54.mm

u,= 9.mm

vV, = 31.81 mm

o, =-Mv/J, = 198.2 N/mm’

m

o, =-Mv/], = 148.3 N/mm’
T, = 7.866 N/mm’

0, = Vo*+31° = 148.9 N/mm’
S = 3410. mm®

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

2F

20.03.25

AZIONI INTERNE 240940

CI07.xxxx.081

e S

T T
K & = 0 =
‘ = = — | —
| = = = | =
ol =~ =l ~E ol —
| T H | =
| = =| — | =
! = E| - \ =
\ = = -
| = =
| = =
| = =H
of = H = =
\ = H ' '
| il =
‘ 0 EX 3 2 °
e [T
—[+]—F Tl e
-1/2

0
o
o
0
J
12

-2

-2

3/2

-312

CED e

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 240940 CI07.xxxx.081 PROCEDIMENTO E RISULTATI 240940 CI07.xxxx.081

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
ABb | © -2Fb+2Fx 0 0 0 0
0+0 0
BAb | O 2Fx 0 0 0 0
cDb | o 0 0 0 0 0
0+0 0
DCh | O 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 3/2Fb-2Fx 0 0 0 0
0+0 0
HGb | © 1/2Fb-2Fx 0 0 0 0
HDb | © -1/2Fb+1/2qx? 0 0 0 0
, 0+0 0
DHb | © Fx-1/2qx 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | O 0 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-5Fx 0 |-5Fb+10Fx-5Fx’/b| 0 |1-2x/b+x’/b° ,
, ) (-5/3+0)Fb%/EJ | 1/3Xb/EJ
CEDb x/b -5Fx 0 -5Fx“/b 0 x“/b
IAb | 1-x/b -2Fx 0 -2Fx+2FxX’/b 0 |1-2x/b+x’Mb’ ,
, . (-1/3+0)Fb%/EJ | 1/3Xb/EJ
Alb -x/b 2Fb-2Fx 0 -2Fx+2FX /b 0 x“/b
totali -5/2Fb?/EJ 5/3Xb/EJ
iperstatica X=W,c 3/2Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 240940

CIl07.xxxx.081

PROCEDIMENTO E RISULTATI 240940

CI07.xxxx.081

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0

=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6

=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

b
1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E

=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ
1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

b
1= ['(-2 xtb +2 1% ) Fb 1EI dx = [- &b +2/3 xib* ] Fb 1/E3

=(-b+2/3b) Fb 1/EJ =-1/3 Fb’/EJ

b
1= [2(-2 b +2 216> ) Fb VEJ dx = [- b +2/13 xb* | Fb 1/E3

=(-b+2/3b) Fb 1/EJ =-1/3 Fb’/EJ

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

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 594 mm’

J, = 201694. mm’

J,= 19710. mm*

Yo = 31.21 mm

T,= 2320.N

M, = -1345600. Nmm

X, = 6.mm

u,= -9.mm

v, =-31.21 mm

a,, = -Mv/J, = -208.2 NiImm®
X, = 15.mm

y.= 8. .mm

v, =-23.21 mm

g, = -Mv/J, = -154.8 N/mm’
T, = 6.398 N/mm’

0, = Vo’+31° = 155.2 N/mm®

S = 3337. mm’

20.03.25
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PROCEDIMENTO E RISULTATI 238903 CI07.xxxx.082 PROCEDIMENTO E RISULTATI 238903 CI07.xxxx.082

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
AB b 0 -3/2Fb+3/2Fx 0 0 0 0
0+0 0
BADb 0 3/2Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | O 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 -1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 3/2Fb-3/2Fx 0 0 0 0
0+0 0
HGb | © -3/2Fx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | O 0 0 0 0 0
IEb -1 3Fx-1/2gx° -Fb/EJ|  -3Fx+12Fx¥b  |Fb/EJ 1 ,
, , (-4/3+1)Fb*/EJ Xb/EJ
Elb 1 |-5/2Fb+2Fx+1/2qx’ | Fb/EJ | -5/2Fb+2Fx+1/2Fx’/b | Fb/EJ 1
ECb |-1+x/b|  9/2Fb-9/2Fx 0 |-9/2Fb+9Fx-9/2Fx’lb| 0 |1-2x/b+x*/b? ,
, ), (-3/2+0)Fb%/EJ | 1/3Xb/EJ
CEDb x/b -9/2Fx 0 -9/2Fx°/b 0 X°/b
IAb | 1-x/b -3/2Fx 0 -3/2Fx+3/2Fx%Ib 0 |1-2x/b+x°/b° ,
, - (-1/4+0)Fb’/EJ |  1/3Xb/EJ
Alb | -x/b 3/2Fb-3/2Fx 0 -3/2Fx+3/2Fx%/b 0 x*Ib
totali -25/12Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 5/4Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 238903

CIl07.xxxx.082

PROCEDIMENTO E RISULTATI 238903

CIl07.xxxx.082

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L= ['(-a xtb +1/2 X16* ) Fo 1/EI dx + [(1) © dx=[-3/2X%b +1/6 X2 ], Fb 1/E9 + [ x ] 6

=(-312b+1/6b) Fo 1/EJ +(b) 6 =-1/3 FbY/EJ
1= [2(-5/2 +2 xtb +1/2 X¥16? ) Fb UEI dx + [(-1) © dx

= [-5r2 x + xib +1/6 X162 ] Fb 1/E3 + [-x]

=(-5/2b+b+1/6b ) Fb 1/EJ +(-b) 6 =-1/3 Fb/EJ

12 = [*(-912 +9 x/b -0/2 X2/ ) Fb VEJ dx = [-9/2 x +9/2 b -3/2 X°Ib? ] Fb 1/E3

=(-922b+9/2b-312b ) Fb 1/EJ =-3/2 Fb’/EJ
b
1% = [2(-0r2 16 ) Fb 1/E3 dx = [-3/2 xb* | Fb 1/E
=(-3/2b) Fb 1/EJ =-3/2 Fb*/EJ

b
L= [*(-312 x/b +3/2 Xb% ) Fb 1/EI dx = [-3/4 x/b +1/2 X% ]| Fb 1/E
o o

=(-3/4b+1/2b ) Fb 1/EJ =-1/4 Fb’/EJ

b
1= [7(-3/2 b +3/2 X162 ) Fb 1EJ dx = [-3/4 x21b +1/2 X*1b% ] Fb 1/E3

=(-3/4b+1/2b ) Fb 1/EJ =-1/4 Fb’/EJ

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

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 696. mm’

J, = 228562. mm’
J, = 47016. mm*

Yy = 33.75 mm

T,= 2360. N

M, = -1486800. Nmm
X, = 12.mm

u,= -9.mm

v, =-33.75mm

m

g, = -Mv/J, = -219.5 N/mm’

m

X, = 21.mm

y.= 9.mm
Vv, =-24.75 mm
o, =-Mv/J, = -161. N/mm’

C

1= 6.527 N/mm*

c
0, = Vo’+31° = 161.4 N/mm®
3

20.03.25
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PROCEDIMENTO E RISULTATI 247928 CI07.xxxx.083 PROCEDIMENTO E RISULTATI 247928 CI07.xxxx.083

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
ABb | 0 |-Fb+l/2Fx+1/2gx°| O 0 0 0
, 0+0 0
BAb | O 3/2Fx-1/2gx 0 0 0 0
cDb | o 0 0 0 0 0
0+0 0
DCh | © 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 -1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 3/2Fb-3/2Fx 0 0 0 0
0+0 0
HGb | © -3/2Fx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | O 0 0 0 0 0
IEb -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb¥EJ Xb/EJ
Elb 1 -2Fb+2Fx Fb/EJ| -2Fb+2Fx  |Fb/EJ 1
ECb |-1+x/b 4Fb-4Fx 0 |-4Fb+8Fx-4Fx’lb| 0 |1-2x/b+x°/b’ ,
, ) (-4/3+0)Fb%/EJ | 1/3Xb/EJ
CEDb x/b -4Fx 0 -4Fx°/b 0 X°/b
IAb | 1-x/b -Fx 0 -Fx+Fx’/b 0 |1-2x/b+xI0° ,
, - (-1/6+0)Fb°/EJ | 1/3Xb/EJ
Al b -x/b Fb-Fx 0 -Fx+Fx“/b 0 x/b
totali -3/2Fb?/EJ 5/3Xb/EJ
iperstatica X=W,c 9/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 247928 CI07.xxxx.083

PROCEDIMENTO E RISULTATI 247928

CIl07.xxxx.083

L¥=['(1) vesax=[x] 1
=(b) 1EJ = bEJ

=[(1) vesax=[x] e
=(b) 1/EJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(1/3b) 1EJ = 13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(u3b) VEI =13 bIEJ

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

122 = [(-4 +8 x/b -4 X%Ib? ) Fb 1/EJ dx = [-4 x +4 x2Ib -413 x1b* | Fb 1/
=(-4b+4b-4/13b) Fb 1/EJ =-4/3 Fb*/EJ

L% = [2(-4 1% ) Fb 1E3 dx = [-4/3 X2 ]| Fb 1/E9
=(-413b) Fb 1/EJ =-4/3 Fb’/EJ

L= [°(- b + X% ) Fb /3 dx = [-1/2 x%1b +1/3 xb* | Fb 1/E
=(-1/2b+1/3b) Fb 1/EJ =-1/6 Fb*/EJ

L= [2(- xtb +x2b? ) Fb 1/E3 dx = [-1/2 xb +1/3 X6 ]| Fb 1/E3
=(-1/2b+1/3b ) Fb 1/EJ = -1/6 Fb%/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

N
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430
136

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

A= 984 mm’

J, = 309174. mm*
J, = 47520. mm*

Yy = 28.06 mm

T,= 3720.N

M, = -2529600. Nmm
X, = 6.mm

u,= -12. mm

V., =-28.06 mm

m

a,, = -Mv/J, = -229.6 N/Imm’

m

X, = 18.mm

y.= 13.mm
Vv, =-15.06 mm
a, = -Mv/J, = -123.2 N/mm’

C

1_= 6.558 N/mm°

c
o, = Vo’+31° = 123.8 N/mm’
3

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 247858 CI07.xxxx.084 PROCEDIMENTO E RISULTATI 247858 CI07.xxxx.084

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
ABb | © -Fb+Fx 0 0 0 0
0+0 0
BAb | O Fx 0 0 0 0
cDb | o 0 0 0 0 0
0+0 0
DCh | O 0 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 3/2Fb-Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb-Fx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx°| O 0 0 0
, 0+0 0
BDb | O -1/2qx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-5Fx 0 |-5Fb+10Fx-5Fx’b| 0 |1-2x/b+x’/b’ ,
, ) (-5/3+0)Fb%/EJ | 1/3Xb/EJ
CEDb x/b -5Fx 0 -5Fx“/b 0 x“/b
IAb | 1-x/b -Fx 0 -Fx+Fx’/b 0 |1-2x/b+x’Mb’ ,
, . (-1/6+0)Fb%/EJ | 1/3Xb/EJ
Alb -x/b Fb-Fx 0 -Fx+Fx“/b 0 x“/b
totali -7/3Fb/EJ 5/3Xb/EJ
iperstatica X=W,c 7/5Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 247858

CIl07.xxxx.084

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0

=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6

=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

b
1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E

=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ
1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

b
L0= [°(- b + X% ) Fb /3 dx = [-1/2 x%1b +1/3 xb* | Fb 1/E

=(-1/2b+1/3b) Fb 1/EJ =-1/6 Fb*/EJ

b
L= [2(- xtb + xb? ) Fb 1/E3 dx = [-1/2 xb +1/3 X6 ]| Fb 1/E3

=(-1/2b +1/3b ) Fb /EJ =-1/6 Fb’/EJ

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

20.03.25

PROCEDIMENTO E RISULTATI 247858

CIl07.xxxx.084
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 1086. mm’

J, = 348629. mm*

J, = 85500. mm*

Yy = 29.98 mm

T,= 3760.N

M, = -2782400. Nmm
X, = 12.mm

u,= -12.mm

v, =-29.98 mm

o, = -Mv/J, = -239.3 N/mm’
X, = 24.mm

y.= 13.mm

[

0, = -Mv/J, = -135.5 N/mm?
T, = 6.397 N/mm’

0, =Vo*+31° = 136. N/mm’
s = 7117. mm®

v, =-16.98 mm

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 248683 CI07.xxxx.085 PROCEDIMENTO E RISULTATI 248683 CI07.xxxx.085

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) 8 MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
ABb | © -Fb+Fx 0 0 0 0
0+0 0
BAb | © Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 1/2gx%° 0 0 0 0
, 0+0 0
GFb 0 -1/2Fb+Fx-1/2gx 0 0 0 0
GHb | 0 |3/2Fb-2Fx+1/2qx%| O 0 0 0
, 0+0 0
HG b 0 -Fx-1/2gx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb’/EJ Xb/EJ
Elb 1 -2Fb+2Fx Fb/EJ| -2Fb+2Fx  |Fb/EJ 1
ECb |-1+x/b AFDb-4Fx 0 |-4Fb+8Fx-4Fx’b| 0 |1-2x/b+x°/b° ,
, ), (-4/3+0)Fb’/EJ | 1/3Xb/EJ
CEDb x/b -4Fx 0 -4Fx°/b 0 X°/b
IAb | 1-x/b -Fx 0 -Fx+Ex’/b 0 |1-2x/b+xIb° ,
, ) (-1/6+0)Fb’/EJ |  1/3Xb/EJ
Alb -x/b Fb-Fx 0 -Fx+Fx“/b 0 X“/b
totali -3/2Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 9/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 248683 CI07.xxxx.085

L¥=['(1) vesax=[x] 1
=(b) 1EJ = bEJ

=[(1) vesax=[x] e
=(b) 1/EJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(1/3b) 1EJ = 13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(u3b) VEI =13 bIEJ

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

122 = [(-4 +8 x/b -4 X%Ib? ) Fb 1/EJ dx = [-4 x +4 x2Ib -413 x1b* | Fb 1/
=(-4b+4b-4/13b) Fb 1/EJ =-4/3 Fb*/EJ

L% = [2(-4 1% ) Fb 1E3 dx = [-4/3 X2 ]| Fb 1/E9
=(-413b) Fb 1/EJ =-4/3 Fb’/EJ

L= [°(- b + X% ) Fb /3 dx = [-1/2 x%1b +1/3 xb* | Fb 1/E
=(-1/2b+1/3b) Fb 1/EJ =-1/6 Fb*/EJ

L= [2(- xtb +x2b? ) Fb 1/E3 dx = [-1/2 xb +1/3 X6 ]| Fb 1/E3
=(-1/2b+1/3b ) Fb 1/EJ = -1/6 Fb%/EJ

PROCEDIMENTO E RISULTATI 248683

CIl07.xxxx.085

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

0

424

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

A= 906. mm’

J, = 253401. mm’
J, = 44028. mm*

Yy = 28.68 mm

T,= 2220.N

M, = -1753800. Nmm
X, = 6.mm

u,= -12. mm

V., =-28.68 mm

m

a,, = -Mv/J, = -198.5 N/mm’

m

X, = 18.mm

y.= 9.mm
v, =-19.68 mm
a, = -Mv/J, = -136.2 N/mm’

C

1= 3.257 N/mm?

c
0, = Vo’+31° = 136.3 N/mm’
* 3

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 248282

CIl07.xxxx.086

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 248282

CIl07.xxxx.086

M M, (%) ] MM, MO | MM, |[M(M/EI+6)dx | [XM M /EJdx
AB b 0 -3/2Fb+3/2Fx 0 0 0 0
0+0 0
BAD 0 3/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EF b 0 |-5/2Fb+3Fx-1/2qx°| 0 0 0 0
, 0+0 0
FE b 0 2Fx+1/2qx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 -1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 3/2Fb-3/2Fx 0 0 0 0
0+0 0
HGb | © -3/2Fx 0 0 0 0
HD b 0 0 0 0 0 0
0+0 0
DHb 0 0 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb’/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 11/2Fb-11/2Fx 0 |-11/2Fb+11Fx-11/2Fx%b| 0 |1-2x/b+x’/b? ,
, . (-11/6+0)Fb*/EJ |  1/3Xb/EJ
CEb | xb -11/2Fx 0 -11/2Fx%/b 0 Xl
IAb | 1-x/b -3/2Fx 0 -3/12Fx+3/2Fx%/b 0 |1-2x/b+x°/0° ,
, ., (-1/4+0)Fb’/EJ | 1/3Xb/EJ
Alb | -x/b 3/2Fb-3/2Fx 0 -3/2Fx+3/2Fx’/b 0 x/b
totali -31/12FbYEJ | 5/3Xb/EJ
iperstatica X=W,c 31/20Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 248282

CIl07.xxxx.086

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0

=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6

=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

b
129 = ['(-12/2 +11 xtb -11/2 /b ) Fb 1/EJ dx = [-11/2 x +11/2 /b -11/6 x°/b? | Fb 1/E
o o

=(-11/2b +11/2b -11/6 b ) Fb 1/EJ =-11/6 Fb’/EJ
1% = [*(-11/2 x2ib* ) Fb 1/EJ dx = [-11/6 x*/b2 ]| Fb 1/E9
=(-11/6 b ) Fb 1/EJ =-11/6 Fb’/EJ

b
L= [*(-312 x/b +3/2 xb% ) Fb L/EI dx = [-3/4 /b +1/2 X%1b* ] Fb 1/E
o} o]

=(-3/4b+1/2b) Fb 1/EJ =-1/4 Fb*/EJ

b
1= [7(-3/2 b +3/2 X216 ) Fb 1EJ dx = [-3/4 x21b +1/2 X1b% ] Fb 1/E3

=(-3/4b+1/2b ) Fb 1/EJ =-1/4 Fb’/EJ

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

20.03.25

PROCEDIMENTO E RISULTATI 248282

CIl07.xxxx.086
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 1020. mm’

J, = 284254. mm’
J, = 87984. mm*

Yy = 30.6 mm

T, = 2760.N

M, = -1932000. Nmm
X, = 12.mm

u,= -12. mm

v, = -30.6 mm

G, = -Mv/J, = -208. N/mm’
X, = 24.mm

y.= 10.mm

vV, = -20.6 mm
o, =-Mv/J, = -140. N/mm’
T, = 4.094 N/mm’

0, = Vo’+31° = 140.2 N/mm®
s’ = 5060. mm*

20.03.25
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PROCEDIMENTO E RISULTATI 963092 CI07.xxxx.087 PROCEDIMENTO E RISULTATI 963092 CI07.xxxx.087

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
ABb | © -2Fb+2Fx 0 0 0 0
0+0 0
BAb | O 2Fx 0 0 0 0
cDb | o 0 0 0 0 0
0+0 0
DCh | O 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 3/2Fb-2Fx 0 0 0 0
0+0 0
HGb | © 1/2Fb-2Fx 0 0 0 0
HDb | © -1/2Fb+1/2qx? 0 0 0 0
, 0+0 0
DHb | © Fx-1/2qx 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | O 0 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-5Fx 0 |-5Fb+10Fx-5Fx’/b| 0 |1-2x/b+x’/b° ,
, ) (-5/3+0)Fb%/EJ | 1/3Xb/EJ
CEDb x/b -5Fx 0 -5Fx“/b 0 x“/b
IAb | 1-x/b -2Fx 0 -2Fx+2FxX’/b 0 |1-2x/b+x’Mb’ ,
, . (-1/3+0)Fb%/EJ | 1/3Xb/EJ
Alb -x/b 2Fb-2Fx 0 -2Fx+2FX /b 0 x“/b
totali -5/2Fb?/EJ 5/3Xb/EJ
iperstatica X=W,c 3/2Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 963092 CI07.xxxx.087 PROCEDIMENTO E RISULTATI 963092 CI07.xxxx.087

b 53
L¥=['(1) vesax=[x] 1 . A= 1122, mm’
148 J, = 294439, mm*
=(b) VEJ = b/EJ b J,= 72540. mm"*
=[(1) vesax=[x] e Yy = 28.61mm
T,= 2500. N
= = 135 y
(b) €3 = b/EY X M, = -2250000. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E u Xp= 6.mm
- - u,= -12. mm
=(b-b+13b) VEI =13 b/EbJ y v, =-28.61 mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 0, = -Mv/J, = -218.7 N/mm’
/Tc X, = 18.mm
=(1/3b) 1EJ = 13 b/EJ J12 3
X y.= 13.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 v =-15.61 mm
On 0, = -Mv/J, = -119.3 N/mm’
= - 1 1/E =1 E ’ 3
(b-b+13b) VEI =1/3 b/bJ I r = 4.745 Nimm?
L= [2(?) vEI dx = [13 X2 ]] V/E 0, =Vo*+31° = 119.6 N/mm’

424

"= 6706. mm®
=(u3b) VEI =13 bIEJ S = 6706. mm

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E
=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

1= ['(-2 xtb +2 1% ) Fb 1EI dx = [- &b +2/3 xib* ] Fb 1/E3
=(-b+2/3b) Fb 1/EJ =-1/3 Fb’/EJ

1= [2(-2 b +2 216> ) Fb VEJ dx = [- b +2/13 xb* | Fb 1/E3
=(-b+2/3b) Fb 1/EJ =-1/3 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 241349 CI07.xxxx.088 PROCEDIMENTO E RISULTATI 241349 CI07.xxxx.088

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx |[XM,M /Eddx
AB b 0 -Fb+Fx 0 0 0 0
0+0 0
BA Db 0 Fx 0 0 0 0
CDb | 0 | 1/2Fb-Fx+1/2qx* | © 0 0 0
, 0+0 0
DCbhb | © -1/2gx 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © Fb-Fx 0 0 0 0
0+0 0
HGb | © -Fx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 3Fx-1/2gx° -Fb/EJ|  -3Fx+1/2Fx*b  |Fb/EJ 1 ,
, , (-4/3+1)Fb*/EJ Xb/EJ
Elb 1 |-5/2Fb+2Fx+1/2qx* | Fb/EJ | -5/2Fb+2Fx+1/2Fx’/b | Fb/EJ 1
ECb |-1+x/b 9/2Fb-4Fx 0 |-9/2Fb+17/2Fx-4Fx’b| 0 |1-2x/b+x/b° ,
, , .,  |(-19/12+0)Fb*EJ|  1/3Xb/EJ
CEb | xb -1/2Fb-4Fx 0 -1/12Fx-4Fx%/b 0 x*lb
IAb | 1-x/b -Fx 0 -Fx+Fx/b 0 |1-2x/b+x/0° ,
, . (-1/6+0)Fb’/EJ | 1/3Xb/EJ
Alb -x/b Fb-Fx 0 -Fx+Fx“/b 0 x“/b
totali -25/12Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 5/4Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 241349 CI07.xxxx.088 PROCEDIMENTO E RISULTATI 241349 CI07.xxxx.088

b
L¥=['(1) vesax=[x] 1 A= 1308. mm”
48 J, = 330537. mm*
=(b) 1EJ = bEJ v a
XX b J, = 148464. mm
=[(1) vesax=[x] e Y, = 30.63 mm
=(b) 1E3 = biEY I -Il\;ly:— 2261107060'\(1)0 Nmm
b u = .
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E Xp = 12.mm
= -12.
=(b-b+13b) VEJ =1/3 b/EJ y \lj"“ — 30 63mr;nm
b m~
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 0, = -Mv/J, = -228.9 N/mm”
Y X, = 24.mm
=(v3b) VEI =13 b/EJ 12 13 o= 13 mm
b ¢ X
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 v =-17.63 mm
Om = -Mv/J, = -131.8 N/mm’
=(b-b+13b) LEJ =1/3 b/EJ .  meamt
b 4 .= 4
L= [2(?) vEI dx = [13 X2 ]] V/E 0,=Vo™+31° = 132 N/mm’

124
430
136
x
148

‘= 7312. mm®
=(1/3b) 1/EJ = 1/3 b/EJ S = 7312.mm

L= ['(-a xtb +1/2 X16* ) Fo 1/EI dx + [(1) © dx=[-3/2X%b +1/6 X2 ], Fb 1/E9 + [ x ] 6
=(-312b+1/6b) Fo 1/EJ +(b) 6 =-1/3 FbY/EJ

1= [2(-5/2 +2 xtb +1/2 X¥16? ) Fb UEI dx + [(-1) © dx
= [-5r2 x + xib +1/6 X162 ] Fb 1/E3 + [-x]
=(-5/2b+b+1/6b ) Fb 1/EJ +(-b) 6 =-1/3 Fb/EJ

128 = [*(-012 +17/2 xib -4 x2Ib* ) Fb 1/EJ dx = [-9/2 x +17/4 x2Ib -413 x1b” | Fb 1/E
=(-92b +17/4b -4/3b ) Fb 1/EJ =-19/12 Fb’/EJ

12 = [*(-1/2 x/b -4 x21b* ) Fb 1/EJ dx = [-1/4 xb -4/3 X6 | Fb 1/E3
=(-1/4b-4/3b) Fb 1/EJ =-19/12 Fb’/EJ

L0= [2(- b + X% ) Fb /83 dx = [-1/2 x%1b +1/3 x¥b* | Fb 1/E
=(-12b+1/3b ) Fb 1/EJ =-1/6 Fb’/EJ

L= [2(- xtb +x2b? ) Fb 1/E3 dx = [-1/2 xb +1/3 X6 ]| Fb 1/E3
=(-1/2b+1/3b ) Fb LEJ =-1/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 237074 CI07.xxxx.089 PROCEDIMENTO E RISULTATI 237074 CI07.xxxx.089

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MB | MM, |[MM/EI+6)dx |[XM,M /EJdx
AB b 0 | -1/2Fb+1/2gx* | © 0 0 0
, 0+0 0
BA b 0 Fx-1/2gx 0 0 0 0
CDb | 0 |1/2Fb-Fx+1/29x°’| 0 0 0 0
, 0+0 0
DCb | © -1/2gx 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © Fb-Fx 0 0 0 0
0+0 0
HGb | © -Fx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb¥EJ Xb/EJ
Elb 1 -2Fb+2Fx | Fb/EJ -2Fb+2Fx Fb/EJ 1
ECb |-1+x/b| 4Fb-7/2Fx 0 |-4Fb+15/2Fx-7/2Fx°/b| 0 |1-2x/b+x’/b® ,
, , ., |(-17/12+0)Fb’EJ| 1/3XbIE]
CEb | xib | -1/2Fb-7/2Fx 0 -1/2Fx-7/2Fx’/b 0 x’/b
IAb | 1-x/b -1/2Fx 0 -1/12Fx+1/2Fx’Ib 0 |1-2x/b+x’Mb’ ,
, ), (-1/12+0)Fb%/EJ | 1/3Xb/EJ
Alb | -x/b | 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx*/b 0 x’/b
totali -3/2Fb?/EJ 5/3Xb/EJ
iperstatica X=W,c 9/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 237074

CIl07.xxxx.089

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0

=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0

=(2b+b)Fb1EI +(-b) 6 =0

b
L% = [*(-4 +15/2 xib -7/2 16 ) Fb L/EI dx = [-4 x +15/4 xIb -7/6 x*Ib” " Fb 1/EJ
o o

=(-4b+15/4b-7/6 b ) Fb 1/EJ =-17/12 Fb’/EJ

b
1% = [2(-1/2 xtb 712 x2b* ) Fb 1/EJ dx = [-1/4 xb -7/6 x*/b? ]| Fb 1/E3

=(-1/4b-7/6b) Fb 1/EJ =-17/12 Fb’/EJ

b
L= [*(-1/2 x/b +1/2 X267 ) Fb 1/EI dx = [-1/4 /b +1/6 x%1b* ] Fb 1/E
o o

=(-1/4b+1/6 b) Fb 1/EJ =-1/12 Fb’/EJ

b
1= [2(-1/2 b +1/2 X162 ) Fb 1EJ dx = [-1/4 x21b +1/6 x*/b2 " Fb 1/E3

=(-/4b +1/6b) Fb 1/EJ =-1/12 Fb/EJ

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

20.03.25

PROCEDIMENTO E RISULTATI 237074

CIl07.xxxx.089

41

412
418
124
430
436
x

148

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

A= 1236. mm’

J, = 316729. mm’
J,= 131472. mm*
Yy = 22.68 mm

T, = 2500. N

M, = -2500000. Nmm
X, = 36.mm

Ym= 53.mm

u,= 12.mm

vV, = 30.32 mm

o, =-Mv/J, = 239.3 N/mm’

m

X.= 24.mm

o, =-Mv/], = 144.6 N/mm’
T, = 4.458 N/mm’

0, = Vo’+31° = 144.8 NImm’
S = 6777. mm°

20.03.25
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CIl07.xxxx.090
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F
B D H
1/2F < 1/2F
1/2Fb
F F
F F
1/2Fb 1/2Fb Fb
s\ L2F F < 1/2F
A c G
A

/ 19/10F
™ 1/2Fb

1/2Fb

c L G
7 3um0r
F

F
7/5Fb 18/5Fb
< 19/10F < 31/10F L,_
| E E
N NE E N F
31/10F 31/10F
7/5Fb 8/5Fb 2Fb
3F 3%/' 2F ZFJ
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PROCEDIMENTO E RISULTATI 237960 CI07.xxxx.090 PROCEDIMENTO E RISULTATI 237960 CI07.xxxx.090

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MB | MM, |[MM/EI+6)dx | [XM M /EJdx
ABb | 0 | -1/2Fb+1/2Fx | O 0 0 0
0+0 0
BAb | © 1/2Fx 0 0 0 0
CDb | 0 |1/2Fb-Fx+1/2gx°’| 0 0 0 0
, 0+0 0
DCb | © -1/2gx 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © Fb-1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb-1/2Fx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx*| O 0 0 0
, 0+0 0
BDb | © -1/2qx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb¥EJ Xb/EJ
Elb 1 -3Fb+3FX | Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 5Fb-9/2Fx 0 |-5Fb+19/2Fx-9/2Fx°/b| 0 |1-2x/b+x°/b° ,
, ), (-7/4+0)FbYEJ | 1/3Xb/EJ
CEb | x/b | -1/2Fb-9/2Fx 0 -1/2Fx-9/2FX’Ib 0 Xl
IAb | 1-x/b -1/2Fx 0 -1/2Fx+1/2Fx%/b 0 |1-2x/b+x’/b? ,
, , , |(1/12+0)Fb?/EJ| 1/3Xb/EJ
Alb | -xib | 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx*/b 0 Xl
totali -7/3Fb’/E] 5/3Xb/EJ
iperstatica X=W,c 7/5Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 237960 CI07.xxxx.090 PROCEDIMENTO E RISULTATI 237960 CI07.xxxx.090

b 453
L= J:(l ) VEIdx=[x], 1EI A= 852 mm>
148 J, = 235110. mm*
= 1EJ = bIE > _oft u
(b) 10 = o Jb 44 J, = 36360. mm’
L= _[2(1) VEJdx=[x], 1/E) Y, = 24.79 mm
T, = 3140. N
=(b) 1EJ = b/EJ y
(b) . M, = -1664200. Nmm
L =JZ(1 2xib+x°/b*) VEIdx = [ x-x%/b +1/3 10" ] L/EI , x.= 30.mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ u Ym = 53.mm
b u,= 12.mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 v, = 2821 mm 2
= -Mv/J, = 199.7 N/
=(1/3b) 1/E] = 1/3 b/EJ O = -MVIJ, mm
b X, = 18.mm
L= J:(l -2xib+ X" ) VEIdx=[ x-x'/b+13 x| 1/EI 1 y.= 44.mm
V.= 19.21 mm
=(b-b+l 1EJ =1 E 16 c
(b-b+1/30) 1 =113 b/bJ 0, =-Mv/J, = 136. N/mm’
L= [2(?) vEI dx = [13 X2 ]] V/E Jo T = 4.567 Nimm®
0, =Vo*+31° = 136.2 N/mm’
=(1/3b) 1/EJ = 1/3 b/EJ mm o o 8 = 3 8.8 2 os

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-5 +19/2 xib -9/2 x2Ib* ) Fb 1/E3 dx = [-5 x +19/4 x2Ib -3/2 x1b* | Fb 1/EJ
=(-5b+19/4b-3/2b ) Fb 1/EJ =-7/4 Fb’/EJ

1% = [2(-1/2 x/b 012 x2b* ) Fb 1/EJ dx = [-1/4 xb -3/2 x*/b2 ]| Fb 1/E3
=(-1/4b-3/2b) Fb 1/EJ = -7/4 Fb’/EJ

1= [°(-1/2 xtb +1/2 X6 ) Fb 1/EJ dx = [-1/4 x2Ib +1/6 xib* | Fb 1/E]
=(-1/4b+1/6 b) Fb 1/EJ =-1/12 Fb’/EJ

1= [(-/2 b +1/2 X162 ) Fb 1EJ dx = [-1/4 x21b +1/6 x*/b% " Fb 1/E3
=(-1/4b+1/6 b ) Fb 1/EJ =-1/12 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 238858 CI07.xxxx.091 PROCEDIMENTO E RISULTATI 238858 CI07.xxxx.091

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MB | MM, |[MM/EI+6)dx |[XM,M /EJdx
ABb | 0 | -1/2Fb+1/2Fx | O 0 0 0
0+0 0
BAb | © 1/2Fx 0 0 0 0
CDb | 0 |1/2Fb-Fx+1/2gx°’| 0 0 0 0
, 0+0 0
DCb | © -1/2gx 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | 0 |Fb-3/2Fx+1/2gx°| O 0 0 0
, 0+0 0
HGb | 0 | -1/2Fx-1/2gx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb¥EJ Xb/EJ
Elb 1 -2Fb+2FX | Fb/EJ -2Fb+2Fx Fb/EJ 1
ECb |-1+x/b|  4Fb-7/2Fx 0 |-4Fb+15/2Fx-7/2Fx°b| 0 |1-2x/b+x°/b° ,
, , ., |(-17/12+0)Fb’EJ| 1/3XbIE]
CEb | x/b | -1/2Fb-7/2Fx 0 -112Fx-7/2FX’Ib 0 Xl
IAb | 1-x/b -1/2Fx 0 -1/2Fx+1/2Fx%/b 0 |1-2x/b+x’/b? ,
, - (-1/12+0)Fb%/EJ | 1/3Xb/EJ
Alb | -xib | 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx*/b 0 X°/b
totali -3/2Fb’/EJ 5/3Xb/EJ
iperstatica X=W,c 9/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 238858 CI07.xxxx.091 PROCEDIMENTO E RISULTATI 238858 CI07.xxxx.091

b
L¥=['(1) vesax=[x] 1 A= 972. mm’
> J, = 306619. mm*
=(b) VEJ = b/EJ b o, J,= 47664. mm"*
=[(1) vesax=[x] e 1% “ Y= 24.71 mm
T,= 3920. N
=(b) VEJ = b/EI y
(b) b M, = -2273600. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E Xp = 30.mm
=(b-b+1/3b) VEJ =13 b/EJ y u Ym~ ii r,:nr:]
XX 2,2 3,27° o :
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 Vi = 28.29 mm
=-Mv/J, = 209.8 N/mm’
=(13b) VEJ = 1/3 b/EJ o 1; . o
XX 2,2 2 3,.21° 11 o o
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 - yo= 41 mm
V.= 16.29 mm
=(b-b+1 1EJ =13 blE 1 ’
(b-b+1/3b) 1VEI =13 b/bJ 0, =-Mv/J, = 120.8 N/mm’
L= [2(?) vEI dx = [13 X2 ]] V/E Jo T = 6.625 Nimm®

0, = Vo’+31° = 121.4 N/mm’

=(1/3b) VEJ =13 b/EI mm ° e S = 6219. mm®

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)Fb1EI +(b)6 =0

412
x
124
430

136

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

1% = [*(-4 +15/2 xib -7/2 x2Ib* ) Fb 1/E3 dx = [-4 x +15/4 x2Ib -7/6 x1b* | Fb 1/E3
=(-4b+15/4b-7/6 b ) Fb 1/EJ =-17/12 Fb*/EJ

1% = [2(-1/2 xtb 712 x2b* ) Fb 1/EJ dx = [-1/4 xb -7/6 x*/b? ]| Fb 1/E3
=(-1/4b-7/6b) Fb 1/EJ =-17/12 Fb’/EJ

1= [*(-1/2 xtb +1/2 X265 ) Fb 1/EJ dx = [-1/4 x2Ib +1/6 xib* | Fb 1/E]
=(-1/4b+1/6 b) Fb 1/EJ =-1/12 Fb’/EJ

1= [2(-1/2 b +1/2 X162 ) Fb 1EJ dx = [-1/4 x21b +1/6 x*/b2 " Fb 1/E3
=(-1/4b+1/6 b ) Fb 1/EJ =-1/12 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 939352 CI07.xxxx.092 PROCEDIMENTO E RISULTATI 939352 CI07.xxxx.092

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ] MM, MO | MM, | [MM/EI+B)dx |[XM, M /Eddx
AB b 0 -Fb+Fx 0 0 0 0
0+0 0
BA Db 0 Fx 0 0 0 0
CDb | 0 | 1/2Fb-Fx+1/2gx° | 0O 0 0 0
, 0+0 0
DCbhb | © -1/2gx 0 0 0 0
EFb 0 |-5/2Fb+3Fx-1/2gx°| 0 0 0 0
, 0+0 0
FEb 0 2Fx+1/2gx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © Fb-Fx 0 0 0 0
0+0 0
HGb | © -Fx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)FbEJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 11/2Fb-5Fx 0 |-11/2Fb+21/2Fx-5F/b| 0 |1-2x/b+x/b’ ,
, , . |(-28/12+0)Fb*/EJ|  1/3XbIEJ
CEb | xb -1/2Fb-5Fx 0 -1/2Fx-5Fx%/b 0 x%lb
IAb | 1-x/b -Fx 0 -Fx+Fx’/b 0 |1-2x/b+x°/0° ,
, - (-1/6+0)Fb*/EJ | 1/3Xb/EJ
Alb -x/b Fb-Fx 0 -Fx+Fx“/b 0 X“/b
totali -31/12Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 31/20Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 939352 CI07.xxxx.092 PROCEDIMENTO E RISULTATI 939352 CI07.xxxx.092

L= J:(l ) VEIdx =[x ]z 1EJ A= 948 mm>
=(b) 163 = b/EJ 1" = 263643. mm"*

JLl

) J,= 70992. mm*

=[(1) vesax=[x] e y,= 22.97 mm
X

43

=(b) /€3 = b/EJ /\ T,= 3660. N

M, =-1921500. Nmm

<

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E

y m= 36.mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ Y= 53.mm
b u u,= 12.mm
LX=[(xm*) vEIdx =[1/3x30*]| 1/EJ v_ = 30.03 mm
CE ° o .

=-Mv/J, = 218.9 N/mm’
=(1/3b) 1/E] = 1/3 b/EJ O = -MvIJ, mm
b X, = 24.mm
L= J:(l -2xib+ X" ) VEIdx=[ x-x'/b+13 x| 1/EI ™ \\/ Yo= 43.mm
v, = 20.03 mm
=(b-b+l 1UEJ =1 E 16 c
(b-b+1/30) 1 =113 b/bJ 0, =-Mv/J, = 146. N/mm’
L= [2(?) vEI dx = [13 X2 ]] V/E Jo T = 5.386 Nimm®

0, = Vo*+31° = 146.3 N/mm’

=(u3b) VEI =13 bIEJ S = 4656. mm®

412
418
124
430
436
x
148

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1 = [(-11/2 +21/2 x1b -5 xIb? ) Fb 1/EJ dx = [-11/2 x +21/4 X/ -5/3 xb* || Fb 1/E3
= (-11/2b +21/4 b -5/3 b ) Fb 1/EJ =-23/12 Fb’/EJ

1% = [*(-1/2 x/b -5 x2Ib* ) Fb 1/EJ dx = [-1/4 xb -5/3 X/ | Fb 1/E3
=(-1/4b-5/3b) Fb 1/EJ =-23/12 Fb’/EJ

L0= [°(- b + X% ) Fb /83 dx = [-1/2 x%1b +1/3 xb* | Fb 1/E
=(-1/2b+1/3b) Fb 1/EJ =-1/6 Fb*/EJ

L= [2(- xtb + x2b? ) Fb 1/E3 dx = [-1/2 xb +1/3 X6 ]| Fb 1/E3
=(-1/2b +1/3b ) Fb 1/EJ =-1/6 FbY/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 987504 CI07.xxxx.093 PROCEDIMENTO E RISULTATI 987504 CI07.xxxx.093

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MB | MM, |[MM/EI+6)dx | [XM M /EJdx
ABb | 0 | -3/2Fb+3/2Fx | O 0 0 0
0+0 0
BAb | © 3/2Fx 0 0 0 0
CDb | 0 |1/2Fb-Fx+1/2gx°’| 0 0 0 0
, 0+0 0
DCb | © -1/2gx 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © Fb-3/2Fx 0 0 0 0
0+0 0
HGb | © 1/2Fb-3/2Fx 0 0 0 0
HDb | 0 | -1/2Fb+1/2qx° | O 0 0 0
, 0+0 0
DHb | © Fx-1/20x 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb¥EJ Xb/EJ
Elb 1 -3Fb+3FX | Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 5Fb-9/2Fx 0 |-5Fb+19/2Fx-9/2Fx°/b| 0 |1-2x/b+x°/b° ,
, ), (-7/4+0)FbYEJ | 1/3Xb/EJ
CEb | x/b | -1/2Fb-9/2Fx 0 -1/2Fx-9/2FX’Ib 0 Xl
IAb | 1-x/b -3/2Fx 0 -3/2Fx+3/2Fx%/b 0 |1-2x/b+x’/b? ,
, - (-1/4+0)Fb%/EJ | 1/3Xb/EJ
Alb | -xib | 3/2Fb-3/2Fx 0 -3/2Fx+3/2Fx*/b 0 Xl
totali -5/2Fb’/EJ 5/3Xb/EJ
iperstatica X=W,c 3/2Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 987504 CI07.xxxx.093 PROCEDIMENTO E RISULTATI 987504 CI07.xxxx.093

Gm
XX b -53 ,
L= J:(l ) VEIdx=[x], 1EI A= 684.mm
148 J, = 219556. mm*
= 1/EJ = b/E : ‘
(b) VEI = bIEI b %oTe i J,= 49140. mm"*
L= _[2(1) VEJdx=[x], 1/E) > Y, = 18.71 mm
T, = 2160.N
=(b) 1/EJ = b/IEJ L y
(b) ) M, = -1468800. Nmm
LX=[(1-2xb+x*?) 1YEIdx =] x-x*b+13x0* | 1/EJ X, = 30.mm
EC o o y m
=(b-b+1/3b) 1EJ =1/3 b/EJ ﬁm = 593-;‘;“
XX 2,2 3,21° m = )
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 , v, = 3429 mm
=-Mv/J, = 229.4 N/mm?
=(1/3b) 1/E] = 1/3 b/EJ O = -MvIJ, mm
b X, = 21.mm
L= J:(l -2xib+ X" ) VEIdx=[ x-x'/b+13 x| 1/EI 1 y.= 43.mm
V.= 24.29 mm
=(b-b+l 1EJ =1 E 16 c
(b-b+1/30) 1 =113 b/bJ o, =-Mv/J, = 162.5 N/mm’
L= [2(?) vEI dx = [13 X2 ]] V/E Jo .= 601 Nmm?
0, =Vo*+31° = 162.9 N/mm’
=(1/3b) 1/EJ = 1/3 b/EJ mm o 8 =2ly 8 , 9 o e

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-5 +19/2 xib -9/2 x2Ib* ) Fb 1/E3 dx = [-5 x +19/4 x2Ib -3/2 x1b* | Fb 1/EJ
=(-5b+19/4b-3/2b ) Fb 1/EJ =-7/4 Fb’/EJ

1% = [2(-1/2 x/b 012 x2b* ) Fb 1/EJ dx = [-1/4 xb -3/2 x*/b2 ]| Fb 1/E3
=(-1/4b-3/2b) Fb 1/EJ = -7/4 Fb’/EJ

1= [ (-a/2 xtb +3/2 X2Ib* ) Fb 1/EJ dx = [-3/4 x2b +1/2 xib* | Fb 1/E3
=(-3/4b+1/2b) Fb 1/EJ =-1/4 Fb*/EJ

1= [1(-3/2 b +3/2 X216 ) Fb UEJ dx = [-3/4 x21b +1/2 X*1b2 ] Fb 1/E3
=(-3/4b+1/2b ) Fb 1/EJ =-1/4 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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AZIONI INTERNE 956343
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PROCEDIMENTO E RISULTATI 956343 CI07.xxxx.094 PROCEDIMENTO E RISULTATI 956343 CI07.xxxx.094

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] M,M, MO | MM, | [MM/EI+B)dx |[XM M /EJdx
AB b 0 -3/2Fb+3/2Fx 0 0 0 0
0+0 0
BAD 0 3/2Fx 0 0 0 0
CDb | 0 |1/2Fb-Fx+1/29x*| © 0 0 0
, 0+0 0
DCbh | © -1/2qx 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 3/2Fb-3/2Fx 0 0 0 0
0+0 0
HGb | © -3/2Fx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IE b -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb’/EJ Xb/EJ
Elb 1 -2Fb+2Fx Fb/EJ -2Fb+2Fx Fb/EJ 1
ECb |-1+x/b| 4Fb-7/2Fx 0 |-4Fb+15/2Fx-7/2Fx’b| 0 |1-2x/b+x’/b> ,
, , ., |(17/12+0)Fb*/EJ|  1/3Xb/EJ
CEb | xb -1/2Fb-7/2Fx 0 -1/2Fx-712Fx%/b 0 xlo
IAb | 1-x/b -3/2Fx 0 -3/2Fx+3/2Fx’/b 0 |1-2x/b+xIb’ ,
, ), (-1/4+0)Fb*/EJ | 1/3Xb/EJ
Alb | -x/b 3/2Fb-3/2Fx 0 -3/2Fx+3/2Fx’/b 0 xlo
totali -5/3Fb?/EJ 5/3Xb/EJ
iperstatica X=W,¢ Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 956343

CIl07.xxxx.094

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= _['0’(1 2 xb +xb? ) 1/EJI dx = [ x - X’/b +1/3 X*Ib? ]Z 1/EJ
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0

=(2b+b)Fb1EI +(-b) 6 =0

b
L% = [*(-4 +15/2 xib -7/2 16 ) Fb L/EI dx = [-4 x +15/4 xIb -7/6 x*Ib” " Fb 1/EJ
o o

=(-4b+15/4b-7/6 b ) Fb 1/EJ =-17/12 Fb’/EJ
1% = [2(-1/2 xtb 712 x2b* ) Fb 1/EJ dx = [-1/4 xb -7/6 x*/b? ]| Fb 1/E3
=(-1/4b-7/6b) Fb 1/EJ =-17/12 Fb’/EJ

b
L= [*(-312 x/b +312 xb% ) Fb L/EI dx = [-3/4 /b +1/2 X%1b* ] Fb 1/E
o o

=(-3/4b+1/2b) Fb 1/EJ =-1/4 Fb*/EJ

b
1= [1(-3/2 b +3/2 X216 ) Fb 1EJ dx = [-3/4 x21b +1/2 X% " Fb 1/E3

=(-3/4b+1/2b ) Fb 1/EJ =-1/4 Fb’/EJ

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

20.03.25

PROCEDIMENTO E RISULTATI 956343

CI07.xxxx.094

O,

418
124
430

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

A= 1068. mm’

J, = 281922. mm’

J,= 64872. mm*

Vo= 24.7mm

T,= 3220.N

M, = -2382800. Nmm

X, = 30.mm

Ym= 53.mm

u,= 12.mm

V,= 28.3mm

o, =-Mv/J, = 239.2 N/mm’
X, = 18.mm

y.= 41l.mm

v, = 16.3mm

o, =-Mv/J, = 137.8 N/mm’
1, = 5.922 N/mm’

0, = Vo*+31° = 138.2 N/mm’
s’ = 6222. mm’

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 212572

CIl07.xxxx.095

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 212572

CI07.xxxx.095

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /Eddx
AB b 0 1/2Fb-1/2Fx 0 0 0 0
0+0 0
BAD 0 -1/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © 1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb+1/2Fx 0 0 0 0
HD b 0 1/2Fb 0 0 0 0
0+0 0
DHb 0 -1/2Fb 0 0 0 0
DBb | 0 | 1/2Fb-Fx+1/2qx* | © 0 0 0
, 0+0 0
BDb 0 -1/2gx 0 0 0 0
IE b -1 AFx-1/2gx° -Fb/EJ -AFx+1/2Fx%Ib Fb/EJ 1 ,
, , (-11/6+1)Fb*/EJ Xb/EJ
Elb 1 |-7/2Fb+3Fx+1/2qx°| FB/EJ | -7/2Fb+3Fx+1/2Fx’/b |Fb/EJ 1
ECb |-1+x/b| 13/2Fb-13/2Fx 0 |-13/2Fb+13Fx-13/2Fx’b| 0 |1-2x/b+x°/b’ ,
, ) (-13/6+0)Fb*/EJ | 1/3Xb/EJ
CEb | xb -13/2Fx 0 -13/2Fx%/b 0 x’[b
IAb | 1-x/b 1/2Fx 0 1/2Fx-1/2Fx%Ib 0 |1-2x/b+x/0° ,
, ), (1/12+0)Fb*/EJ |  1/3Xb/EJ
Alb | -x/b -1/2Fb+1/2Fx 0 1/2Fx-1/12Fx*Ib 0 x°[b
totali -35/12Fb%EJ | 5/3Xb/EJ
iperstatica X=W,c 7/4Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 212572 CI07.xxxx.095 PROCEDIMENTO E RISULTATI 212572 CI07.xxxx.095

b ~53
L= J:(l ) VEIdx=[x], 1EI A= 1074. mm?
J, = 345511, mm*
=(b) VEJ = b/EJ b oo J,= 87732. mm"*
LZIX: J:(l) 1/EJ dx = [ X ]0 1/EJ 142 41 Y= 22.78 mm
T,= 2880.N
=(b) 1EJ = b/EJ y
(b) X M, = -2275200. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E Xp = 36.mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ Y Y= S5.mm
. u u,= 12.mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 Vi = 30.22 mm
=-Mv/J, = 199. N/mm’
=(v3b) 1EI =1/3 b/E] o o
XX 2,2 2 3,270 11 o o
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 - yo= 41 mm
V.= 18.22 mm
=(b-b+1 1EJ = 1/3 blE 1 ’
(b-b+1/3b) 1/EI =1/3 b/bJ 0,=-Mvi3, = 120. Nimm’
L= [2(?) vEI dx = [13 X2 ]] V/E Jo = 469 Nimm?
0, = Vo*+31° = 120.3 N/mm’
=(v3b) VEI =13 b/EJ mm ° S 88 x F S = 6752, mm’

L= [0(-4 xtb +1/2 X16* ) Fo 1/EI dx + [/(1) 8 dx=[-2 % +1/6 X2 ], Fb 1/E9 + [ x] 6
=(2b+1/6b)Fob1/EJ +(b) 6 =-5/6 FbYEJ
L= [2(-7/2 +3 xtb +1/2 X%16? ) Fo UEI dx + [(-1) © dx
= [-712 x 312 1o +1/6 0% | Fb €S +[-x] 6
=(-72b+3/2b+1/6 b ) Fo 1/EJ +(-b ) 8 =-5/6 Fb/EJ
1% = [(-13/2 +13 x/b -13/2 X6 ) Fb 1/E dx = [-13/2 x +13/2 xb -13/6 x/b° || Fb 1/E3
=(-13/2b +13/2 b -13/6 b ) Fb 1/EJ =-13/6 Fb’/EJ
1% = [*(-13/2 x2ib* ) Fb 1/EJ dx = [-13/6 X2 ]| Fb 1/E9
=(-13/6 b ) Fb 1/EJ =-13/6 Fb*/EJ
1= [*(1/2 xtb -1/2 xib* ) Fb 1/EJ dx = [1/4 ¥ -1/6 x1b* | Fb 1/E
=(1/4b-1/6 b) Fb 1/EJ = 1/12 Fb/EJ
1= [(1/2 b -1/2 x1b* ) Fb 1/E3 dx = [1/45¢1b -1/6 x°/b? ] Fb 1/E
=(1/4b-1/6b) Fb 1/EJ = 1/12 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 236599

CIl07.xxxx.096

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 236599

CIl07.xxxx.096

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /Eddx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BAD 0 1/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © -1/2Fx 0 0 0 0
0+0 0
HGb | © 1/2Fb-1/2Fx 0 0 0 0
HDb | © -1/2Fb+1/2qx? 0 0 0 0
, 0+0 0
DHb 0 Fx-1/20x 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IE b -1 AFx-1/2gx° -Fb/EJ -AFx+1/2Fx%%Ib Fb/EJ 1 ,
, , (-11/6+1)Fb*/EJ Xb/EJ
Elb 1 |-7/2Fb+3Fx+1/2qx°| FB/EJ | -7/2Fb+3Fx+1/2Fx’/b |Fb/EJ 1
ECb |-1+x/b| 13/2Fb-13/2Fx 0 |-13/2Fb+13Fx-13/2Fx’b| 0 |1-2x/b+x°/b’ ,
, ) (-13/6+0)Fb*/EJ | 1/3Xb/EJ
CEb | xb -13/2Fx 0 -13/2Fx%/b 0 x’[b
IAb | 1-x/b -1/2Fx 0 -12Fx+1/2Fx%Ib 0 |1-2x/b+x/0° ,
, ), (-1/12+0)Fb*/EJ| 1/3Xb/EJ
Alb | -x/b 1/2Fb-1/2Fx 0 -1/2FEx+1/2Fx’/b 0 x°Ib
totali -37/12Fb¥EJ | 5/3Xb/EJ
iperstatica X=W,c 37/20Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 236599 CI07.xxxx.096 PROCEDIMENTO E RISULTATI 236599 CI07.xxxx.096

O,

m

b
L= J:(l ) VEIdx=[x], 1EI A= 582 mm’
148 J, = 194208. mm*
- - 0C’TC u
=(b) 1/EJ = b/EJ b N w 2= 20106, 1o
XX
=[(1) vesax=[x] e B Y, = 21.22 mm
T, = 1520. N
=(b) 1EJ = b/EJ y
(b) . M, = -1276800. Nmm
L =JZ(1 2xib+x°/b*) VEIdx = [ x-x%/b +1/3 10" ] L/EI , X = 24 mm
=(b-b+1/3b) 1EJ =1/3 b/EJ Ym = 53.mm
b " u,= 9.mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 v, = 3178 mm
= -Mv/J, = 208.9 N/mm’
=(1/3b) 1/E] = 1/3 b/EJ On = -MVIJ, mm
b X, = 15.mm
L= J:(l -2xib+ X" ) VEIdx=[ x-x'/b+13 x| 1/EI 1 y.= 44 mm
V.= 22.78 mm
=(b-b+1 1EJ =1 E 16 c
(b-b+1/30) 1 =113 b/bJ o, = -Mv/J, = 149.8 N/mm’
L= [2(?) vEI dx = [13 X2 ]] V/E Jo T = 4.214 Nimm®
0, =Vo*+31° = 150. N/mm’

=(u3b) VEI =13 bIEJ mm o o
L= [0(-4 xtb +1/2 X16* ) Fo 1/EI dx + [/(1) 8 dx=[-2 % +1/6 X2 ], Fb 1/E9 + [ x] 6

412
418
124
130

S = 3230. mm®

=(2b+1/6b)Fob1/EJ +(b) 6 =-5/6 FbYEJ

L= [2(-7/2 +3 xtb +1/2 X%16? ) Fo UEI dx + [(-1) © dx
= [-712 x 312 1o +1/6 0% | Fb €S +[-x] 6
=(-72b+3/2b+1/6 b ) Fo 1/EJ +(-b ) 8 =-5/6 Fb/EJ

1% = [(-13/2 +13 x/b -13/2 X6 ) Fb 1/E dx = [-13/2 x +13/2 xb -13/6 x/b° || Fb 1/E3
=(-13/2b +13/2 b -13/6 b ) Fb 1/EJ =-13/6 Fb’/EJ

1% = [*(-13/2 x2ib* ) Fb 1/EJ dx = [-13/6 X2 ]| Fb 1/E9
=(-13/6 b ) Fb 1/EJ =-13/6 Fb*/EJ

1= [2(-1/2 xtb +1/2 X6 ) Fb 1/EJ dx = [-1/4 x2Ib +1/6 xib* | Fb 1/E3
=(-1/4b+1/6 b)) Fb 1/EJ =-1/12 Fb’/EJ

1= [2(-1/2 b +1/2 X162 ) Fb 1EJ dx = [-1/4 x21b +1/6 x*/b% ], Fb 1/E3
=(-1/4b+1/6 b ) Fb LEJ =-1/12 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 239831

CIl07.xxxx.097

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 239831

CI07.xxxx.097

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /Eddx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BA b 0 1/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2FXx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
) 0+0 0
GFb 0 -1/2Fb+Fx-1/2gx 0 0 0 0
GHb 0 1/2Fb-1/2Fx 0 0 0 0
0+0 0
HG b 0 -1/2Fx 0 0 0 0
HD b 0 0 0 0 0 0
0+0 0
DHb 0 0 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BD b 0 0 0 0 0 0
IE b -1 3Fx-1/2gx%° -Fb/EJ -3Fx+1/2Fx%/b Fb/EJ 1 ,
, , (-4/3+1)Fb*/EJ Xb/EJ
Elb 1 -5/2Fb+2Fx+1/2gx” | Fb/EJ | -5/2Fb+2Fx+1/2Fx"/b |Fb/EJ 1
ECb |-1+x/b| 11/2Fb-11/2Fx 0 |-11/2Fb+11Fx-11/2Fx°b| 0 |1-2x/b+x°fb’ ,
, ) (-11/6+0)Fb*/EJ | 1/3Xb/EJ
CEDb x/b -11/2Fx 0 -11/2Fx“/b 0 x“/b
IAb | 1-x/b -1/2Fx 0 -1/2Fx+1/2Fx%/b 0 |1-2x/b+/b’ ,
, ), (-1/12+0)Fb*/EJ | 1/3Xb/EJ
Al b -x/b 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx /b 0 x/b
totali -9/4AFb’/E] 5/3Xb/EJ
iperstatica X=W,c 27/20Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 239831 CI07.xxxx.097 PROCEDIMENTO E RISULTATI 239831 CI07.xxxx.097

>
b -54
L¥=['(1) vesax=[x] 1 A= 636. mm’
J, = 217919. mm*
= 1/EJ = bIE i ’
(b) 1E3 b/Jb J, = 23508. mm*
=[(1) vesax=[x] e 14 yg= 3253 mm
T,= 1600. N
=(b) VEJ = b/EJ y
(b) X u M, = -1456000. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E Xp= 6.mm
- . - u,= -9.mm
=(b-b+1/3b) VEJ =13 b/EbJ y v, =-32.53 mm
L?E( =Jﬁ( xIb’ ) 1/EJ dx = [1/3 X0’ ]U 1/EJ o, =-MviJ, =-217.3 N/mm?
= 15.
=(1/3b) 1EJ = 13 b/EJ e m
X 0.1, y.= 8.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 . 8 Ve =-24.53 mm
1 on o, = -Mv/J, = -163.9 N/mm’
=(b-b+1 1/EJ = 13 b/E ¢ ,
(b-b+13b) 1/EI =13 b/bJ I T = 4.277 Nimm®
L= _[Z( X'’ ) VEJ dx = [13x%b7 ] 1/EI . i 0, =Vo%+3r = 164.1 N/mm?
mm o o § 9 I8 S = 3495 mm’

=(1/3b) 1/EJ = 1/3 b/EJ
L= ['(-a xtb +1/2 X16* ) Fo 1/EI dx + [(1) © dx=[-3/2X%b +1/6 X2 ], Fb 1/E9 + [ x ] 6
=(-312b+1/6b) Fo 1/EJ +(b) 6 =-1/3 FbY/EJ
1= [2(-5/2 +2 xtb +1/2 X¥16? ) Fb UEI dx + [(-1) © dx
= [-5r2 x + xib +1/6 X162 ] Fb 1/E3 + [-x]
=(-5/2b+b+1/6b ) Fb 1/EJ +(-b) 6 =-1/3 Fb/EJ
12 = [(-12/2 +11 xib 1172 X6 ) Fb 1E dx = [-11/2 x +11/2 xb -11/6 X || Fb 1/E3
=(-112b +11/2 b -11/6 b ) Fb 1/EJ =-11/6 Fb’/EJ
1% = [*(-11/2 x2ib* ) Fb 1/EJ dx = [-11/6 x*/b? ], Fb 1/E9
=(-11/6 b ) Fb 1/EJ =-11/6 Fb*/EJ
1= [0(-1/2 xtb +1/2 X6 ) Fb 1/EJ dx = [-1/4 x2Ib +1/6 xib* | Fb 1/E3
=(-1/4b+1/6 b)) Fb 1/EJ =-1/12 Fb’/EJ
1= [(-/2 b +1/2 X162 ) Fb 1EJ dx = [-1/4 x21b +1/6 x*/b% ]| Fb 1/E3
=(-1/4b+1/6 b ) Fb LEJ =-1/12 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 226461 CI07.xxxx.098 PROCEDIMENTO E RISULTATI 226461 CI07.xxxx.098

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
ABb | 0 |Fb-3/2Fx+1/2gx°| O 0 0 0
, 0+0 0
BA b 0 -1/2Fx-1/2gx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb+1/2Fx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx*| O 0 0 0
, 0+0 0
BDb | © -1/2gx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx | Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 6Fb-6Fx 0 |-6Fb+12Fx-6Fx’/b| 0 |1-2x/b+x’/b> ,
, ), (-2+0)Fb%/EJ 1/3Xb/EJ
CEDb x/b -6Fx 0 -6Fx“/b 0 X°/b
IAb | 1-x/b Fx 0 Fx-Fx’/b 0 |1-2x/b+xI0° ,
, - (1/6+0)Fb*/EJ | 1/3Xb/EJ
Alb -x/b -Fb+Fx 0 Fx-Fx“/b 0 X“/b
totali -7/3Fb?/EJ 5/3Xb/EJ
iperstatica X=W,c 7/5FDb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 226461 CI07.xxxx.098 PROCEDIMENTO E RISULTATI 226461 CI07.xxxx.098

b -54
L¥=['(1) vesax=[x] 1 A= 756.mm’
J, = 245989. mm’
=(b) 163 = b/EI 1 - ‘
y b J,= 57564. mm
L =_[Z(1) VEJdx=[x], 1/E) a1 y,= 3512 mm
=(b) VEI = b/EJ : 1I\;Iy:- 116661062%0 Nmm
b e .
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E Xp = 12.mm
=(b-b+13b) LEJ =1/3 b/EJ y \L:mf 3-59'1;n ﬂm
b mTo
L?E( =Jﬁ( xIb’ ) 1/EJ dx = [1/3 X0’ ]U 1/EJ [ | o, = -Mv/J, = -229.9 N/mm?
= 21
=(v3b) VEI =13 b/EJ ot ;°_ S o
b crc c - .
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 . ’ Ve = -26.12mm
1 Om =-Mv/J, = -171. Nimm®
=(b-b+1/3b) 1/EJ = 1/3 b/EJ . SC_ 4 :61“N,mm2 o
b ) ¢
L= [2(?) vEI dx = [13 X2 ]] V/E e e o N 0, =Vo%+3r = 171.1 N/mm?
mm 2 S o 8 @ x 3 S’ = 3966. mm®

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/EI +(b) 6 =-1/2 FbY/EJ

(-ar2b) (b)

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-6 +12 xtb -6 x2b* ) Fb 1/E3 dx = [-6 x +6 X%/b -2 X*/b? ] Fb 1/E3
=(-6b+6b-2b ) Fb 1/E] =-2 Fb’/EJ

1% = [2(-6 X% ) Fb 1/E3 dx = [-2 X2 ] Fb 1/E
=(-2b) Fb 1/EJ = -2 Fb’/EJ

1= [°( xib - x2b* ) Fb 1/EJ dx = [1/2 xb -1/3 X2 ]| Fb 1/E9
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb’/EJ

L= [2(x/b - ¥1b? ) Fb 1/EJ dx = [1/2 b -1/3 X°1b? ] Fbo 1/ES
=(1/2b-1/3b ) Fb 1/EJ = 1/6 FbY/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



REAZIONI 213451 CI07.xxxx.099 AZIONI INTERNE 213451 CI07.xxxx.099

12 12

2
o
-
o

12F 1/2F \_
1/2Fb
F

Bq 3D
ol/2F

e
0
A e P

-1/2

—_—
1/2F

—
L T T T T

3/2
-9/2
0

L T T

I
o

A T

1/2Fb

—[—F e

< ®

— | —
312F 9/2F
F

1/2F

IF
1/2F
—

la o

F
3/2Fb 9/2Fb
3/2F < 9/2F

| E

Y /\\E

9/2F “on2F
3/2Fb 3/2Fb r
3F 3F
E

R
F

3/2

2Fb -3/2
2F 2F

CED e

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



G2'€0'0¢C

€T°€0°LZ'SIaN ‘OUB|IN Ip 021UIBY|O ‘ISSOY IUB[dARZ O}0pY ©

G2'€0°0¢C

€T°€0°/2'SIaN ‘OUB|IN Ip 021UIBY|O ‘ISSOY IUB[DARZ O}opY ©

reubasse 1youed ep suoissay °N ﬂHw

2/1-
o

00

T=x eonejsiadi ep auoissal | ﬂ H w

ooyelsiadi 0j0d[ed Ip BWAYIS

660" XXXX"L01D

TSYETZ ILVLTNSIY 3 OLNINIdID0dd

660" XXXX"L0I1D

TSYETC ILV1TNSIY 3 OLNINIAID0dd



PROCEDIMENTO E RISULTATI 213451

CIl07.xxxx.099

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 213451

CIl07.xxxx.099

M M, (%) ] MM, MO | MM, |[MM/EI+6)dx | [XMM /Eddx
ABb | 0 |-12Fx+1/2gx°| ©O 0 0 0
, 0+0 0
BA b 0 1/2Fx-1/2gx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | O 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GF b 0 0 0 0 0 0
GHb | © -1/2Fx 0 0 0 0
0+0 0
HGb | 0 | 1/2Fb-1/2Fx | 0 0 0 0
HDb | 0 |-1/2Fb+1/2gx°| O 0 0 0
, 0+0 0
DHb | © Fx-1/2gx 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BD b 0 0 0 0 0 0
IE b -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb’/EJ Xb/EJ
El b 1 -3Fb+3Fx | FO/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 6Fb-6Fx 0 |-6Fb+12Fx-6Fx’lb| 0 |1-2x/b+x’/b’ ,
, . (-2+0)Fb°/EJ 1/3Xb/EJ
CEDb x/b -6Fx 0 -6Fx“/b 0 x“/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+x’/b?
- 0+0 1/3Xb/EJ
Alb | -x/b 0 0 0 0 x*Ib
totali -5/2Fb?/EJ 5/3Xb/EJ
iperstatica X=W,c 3/2Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

Sviluppi di calcolo iperstatica

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

20.03.25



PROCEDIMENTO E RISULTATI 213451 CI07.xxxx.099 PROCEDIMENTO E RISULTATI 213451 CI07.xxxx.099

b -54
L¥=['(1) vesax=[x] 1 > A= 1032. mm’
J, = 334856. mm*
= 1/EJ = E a7 u
(b) wE b’Jb J,= 53856. mm"*
=[(1) vesax=[x] e Ja1 Yy = 29.15mm
T,= 2700.N
=(b) /€3 = b/EJ y
(b) X M, = -2754000. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E u Xy = 6.mm
- - y U,= -12.mm
=(b-b+1/3b) 1/EJ =1/3 b/EbJ v = 29.15 mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 / 0,y = -Mv/J,, = -239.8 N/mm”
T = 18.
=(1/3b) 1/E] = 1/3 b/EJ 11 13 Xe” 13 mm
XX 2,2 2 3,.21° Yo~ .
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 v, =-16.15 mm
On o, = -Mv/J, = -132.8 N/mm’
= - 1 1/E =1 E ’ u
(b-b+1/3b) 1/EI =1/3 b/bJ I r = 4.614 Nimm?
L= [2(?) vEI dx = [13 X2 ]] V/E 0, =Vo+31" = 133.1 N/mm”

124
~130
436

"= 6867. mm’
=(u3b) VEI =13 bIEJ S = 6867. mm

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-6 +12 xtb -6 x2b* ) Fb 1/E3 dx = [-6 x +6 X%/b -2 X*/b? ] Fb 1/E3
=(-6b+6b-2b ) Fb 1/E] =-2 Fb’/EJ

1% = [2(-6 X% ) Fb 1/E3 dx = [-2 X2 ] Fb 1/E
=(-2b) Fb 1/EJ = -2 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 215080 CI07.xxxx.100 PROCEDIMENTO E RISULTATI 215080 CI07.xxxx.100

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
ABb | © -1/2Fx+1/29x° 0 0 0 0
, 0+0 0
BA b 0 1/2Fx-1/2gx 0 0 0 0
cbb | 0 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 1/2Fb-1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb¥EJ Xb/EJ
Elb 1 -2Fb+2Fx Fb/EJ -2Fb+2Fx  |Fb/EJ 1
ECb |-1+x/b 5Fb-5Fx 0 |-5Fb+10Fx-5Fx’b| 0 |1-2x/b+x’/b’ ,
, ) (-5/3+0)Fb%/EJ | 1/3Xb/EJ
CEb x/b -5Fx 0 -5Fx‘/b 0 x/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+x’/b?
), 0+0 1/3Xb/EJ
Alb | -x/b 0 0 0 0 Xlo
totali -5/3Fb’/EJ 5/3Xb/EJ
iperstatica X=W,¢ Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 215080

CIl07.xxxx.100

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0

=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0

=(2b+b)Fb1EI +(-b) 6 =0

b
1% = [(-5 +10 xtb -5 x2b* ) Fb 1/E dx = [-5 x +5 x/b -5/3 X'/b? ] Fb 1/E

=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ
1% = [2(-5 %1% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

PROCEDIMENTO E RISULTATI 215080

CI07.xxxx.100

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

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 1152 mm’
, = 377748. mm*
,= 100872. mm*

@

J

J

y,= 31.2mm

T,= 4480.N

M, =-2419200. Nmm
X, = 12.mm

u,= -12. mm

vV, = -3L.2mm

a,, = -Mv/J, = -199.8 N/mm’
X, = 24.mm

y.= 13.mm

V.= -18.2 mm

g, = -Mv/J, = -116.6 N/mm’
T, = 7.395 N/mm’

0, = Vo’+31° = 117.3 N/mm’
S'= 7483. mm®

20.03.25
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PROCEDIMENTO E RISULTATI 939153

CI07.xxxx.101

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 939153

CI07.xxxx.101

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /Eddx
AB b 0 1/2Fb-1/2Fx 0 0 0 0
0+0 0
BAD 0 -1/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © 1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb+1/2Fx 0 0 0 0
HD b 0 1/2Fb 0 0 0 0
0+0 0
DHb 0 -1/2Fb 0 0 0 0
DBb | 0 | 1/2Fb-Fx+1/2qx* | © 0 0 0
, 0+0 0
BDb 0 -1/2gx 0 0 0 0
IE b -1 AFx-1/2gx° -Fb/EJ -AFx+1/2Fx%Ib Fb/EJ 1 ,
, , (-11/6+1)Fb*/EJ Xb/EJ
Elb 1 |-7/2Fb+3Fx+1/2qx°| FB/EJ | -7/2Fb+3Fx+1/2Fx’/b |Fb/EJ 1
ECb |-1+x/b| 13/2Fb-13/2Fx 0 |-13/2Fb+13Fx-13/2Fx’b| 0 |1-2x/b+x°/b’ ,
, ) (-13/6+0)Fb*/EJ | 1/3Xb/EJ
CEb | xb -13/2Fx 0 -13/2Fx%/b 0 x’[b
IAb | 1-x/b 1/2Fx 0 1/2Fx-1/2Fx%Ib 0 |1-2x/b+x/0° ,
, ), (1/12+0)Fb*/EJ |  1/3Xb/EJ
Alb | -x/b -1/2Fb+1/2Fx 0 1/2Fx-1/12Fx*Ib 0 x°[b
totali -35/12Fb%EJ | 5/3Xb/EJ
iperstatica X=W,c 7/4Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 939153 CI07.xxxx.101 PROCEDIMENTO E RISULTATI 939153 CI07.xxxx.101

b 54
L¥=['(1) vesax=[x] 1 z A= 906. mm’
J, = 254971 mm*
= = 147 Y
(b) 1€ = bEI X J,= 42084. mm*
=[(1) vesax=[x] e Ja1 /\ y, = 28.72mm
T,= 3140.N
= = y
(b) vEs = biEd X M, = -1852600. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E u Xy = 6.mm
B _ u,= -12. mm
=(b-b+1/3b) 1/EJ =1/3 b/EbJ y v = 2872 mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 O, = -Mv/J,, = -208.7 N/mm”
= 18,
=(1/3b) 1/E] = 1/3 b/EJ \\/ X o
X ol AN . Y. = 9. mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 . Ve =-19.72mm
1 o o, = -Mv/J, = -143.3 N/mm’
=(b-b+1/3b) 1/EJ =1/3 b/EJ ¢ ! 2
XX ( 2,2 ) 3,21b -0 T.= 4.5285 l;l/mm ,
L= [(«m?) vEd dx = [13x07 )] 1/ES 0, = Vo' +31" = 143.5 N/mm
° ° mm o e S5 9 8 8 x8 S = 4468. mm®

=(1/3b) 1/EJ = 1/3 b/EJ
L= [0(-4 xtb +1/2 X16* ) Fo 1/EI dx + [/(1) 8 dx=[-2 % +1/6 X2 ], Fb 1/E9 + [ x] 6
=(2b+1/6b)Fob1/EJ +(b) 6 =-5/6 FbYEJ
L= [2(-7/2 +3 xtb +1/2 X%16? ) Fo UEI dx + [(-1) © dx
= [-712 x 312 1o +1/6 0% | Fb €S +[-x] 6
=(-72b+3/2b+1/6 b ) Fo 1/EJ +(-b ) 8 =-5/6 Fb/EJ
1% = [(-13/2 +13 x/b -13/2 X6 ) Fb 1/E dx = [-13/2 x +13/2 xb -13/6 x/b° || Fb 1/E3
=(-13/2b +13/2 b -13/6 b ) Fb 1/EJ =-13/6 Fb’/EJ
1% = [*(-13/2 x2ib* ) Fb 1/EJ dx = [-13/6 X2 ]| Fb 1/E9
=(-13/6 b ) Fb 1/EJ =-13/6 Fb*/EJ
1= [*(1/2 xtb -1/2 xib* ) Fb 1/EJ dx = [1/4 ¥ -1/6 x1b* | Fb 1/E
=(1/4b-1/6 b) Fb 1/EJ = 1/12 Fb/EJ
1= [(1/2 b -1/2 x1b* ) Fb 1/E3 dx = [1/45¢1b -1/6 x°/b? ] Fb 1/E
=(1/4b-1/6b) Fb 1/EJ = 1/12 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



REAZIONI 249282

CIl07.xxxx.102

AZIONI INTERNE 249282

CIl07.xxxx.102
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 249282 CI07.xxxx.102 PROCEDIMENTO E RISULTATI 249282 CI07.xxxx.102

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
ABb | 0 |Fb-3/2Fx+1/2gx°| O 0 0 0
, 0+0 0
BA b 0 -1/2Fx-1/2gx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb+1/2Fx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx*| O 0 0 0
, 0+0 0
BDb | © -1/2gx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx | Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 6Fb-6Fx 0 |-6Fb+12Fx-6Fx’/b| 0 |1-2x/b+x’/b> ,
, ), (-2+0)Fb%/EJ 1/3Xb/EJ
CEDb x/b -6Fx 0 -6Fx“/b 0 X°/b
IAb | 1-x/b Fx 0 Fx-Fx’/b 0 |1-2x/b+xI0° ,
, - (1/6+0)Fb*/EJ | 1/3Xb/EJ
Alb -x/b -Fb+Fx 0 Fx-Fx“/b 0 X“/b
totali -7/3Fb?/EJ 5/3Xb/EJ
iperstatica X=W,c 7/5FDb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 249282

CIl07.xxxx.102

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0

=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6

=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

b
1% = [(-6 +12 xtb -6 x2b* ) Fb 1/E3 dx = [-6 x +6 X%/b -2 X*/b? ] Fb 1/E3

=(-6b+6b-2b ) Fb 1/E] =-2 Fb’/EJ

1% = [2(-6 X% ) Fb 1/E3 dx = [-2 X2 ] Fb 1/E
=(-2b) Fb 1/EJ = -2 Fb’/EJ

1= [°( xib - x2b* ) Fb 1/EJ dx = [1/2 xb -1/3 X2 ]| Fb 1/E9
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb’/EJ

L= [2(x/b - ¥1b? ) Fb 1/EJ dx = [1/2 b -1/3 X°1b? ] Fbo 1/ES
=(1/2b-1/3b) Fb 1/EJ = 1/6 FbYEJ

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

20.03.25

PROCEDIMENTO E RISULTATI 249282

CI07.xxxx.102

10

418
124
0
6

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

A= 1020. mm’

J, = 286162. mm*

J, = 83376. mm*

Yy = 30.65 mm

T,= 3200.N

M, = -2048000. Nmm
X, = 12.mm

u,= -12.mm

Vv, =-30.65 mm

o, = -Mv/J, = -219.3 N/mm’
X, = 24.mm

y.= 10.mm

vV, =-20.65 mm

[
0, = -Mv/J, = -147.8 N/mm?
T, = 4.723 N/mm’

0, =Vo*+31° = 148. N/mm’
S = 5069. mm°

20.03.25



REAZIONI 247897 CI07.xxxx.103 AZIONI INTERNE 247897 CI07.xxxx.103
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 247897 CI07.xxxx.103 PROCEDIMENTO E RISULTATI 247897 CI07.xxxx.103

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
ABb | © Fb-Fx 0 0 0 0
0+0 0
BAb | © -Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 1/2gx> 0 0 0 0
, 0+0 0
HG b 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx°| O 0 0 0
, 0+0 0
BDb | © -1/2gx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 6Fb-6Fx 0 |-6Fb+12Fx-6Fx’b| 0 |1-2x/b+x’/b’ ,
, ), (-2+0)Fb%/EJ 1/3Xb/EJ
CEDb x/b -6Fx 0 -6Fx“/b 0 x“/b
IAb | 1-x/b Fx 0 Fx-Fx’/b 0 |1-2x/b+x’Mb’ ,
, . (1/6+0)FbYEJ | 1/3Xb/EJ
Alb -x/b -Fb+Fx 0 Fx-Fx“/b 0 x“/b
totali -7/3Fb/EJ 5/3Xb/EJ
iperstatica X=W,c 7/5Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 247897

CIl07.xxxx.103

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0

=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6

=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

b
1% = [(-6 +12 xtb -6 x2b* ) Fb 1/E3 dx = [-6 x +6 X%/b -2 X*/b? ] Fb 1/E3

=(-6b+6b-2b ) Fb 1/E] =-2 Fb’/EJ

1% = [2(-6 X% ) Fb 1/E3 dx = [-2 X2 ] Fb 1/E
=(-2b) Fb 1/EJ = -2 Fb’/EJ

1= [°( xib - x2b* ) Fb 1/EJ dx = [1/2 xb -1/3 X2 ]| Fb 1/E9
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb’/EJ

L= [2(x/b - ¥1b? ) Fb 1/EJ dx = [1/2 b -1/3 X°1b? ] Fbo 1/ES
=(1/2b-1/3b) Fb 1/EJ = 1/6 FbYEJ

PROCEDIMENTO E RISULTATI 247897

CIl07.xxxx.103

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

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 1122 mm’

J, = 296013. mm’

J,= 70596. mm*

Yy = 28.65 mm

T,= 3380.N

M, = -2366000. Nmm

X, = 6.mm

u,= -12. mm

Vv, =-28.65 mm

G, = -Mv/J, = -229. N/mm’
X, = 18.mm

y.= 13.mm

Vv, =-15.65 mm

g, = -Mv/J, = -125.1 N/mm’
T, = 6.391 N/mm’

0, = Vo’+31° = 125.6 N/mm®

S = 6716. mm®

20.03.25



REAZIONI 237065 CI07.xxxx.104 AZIONI INTERNE 237065 CI07.xxxx.104
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 237065 CI07.xxxx.104 PROCEDIMENTO E RISULTATI 237065 CI07.xxxx.104

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
ABb | © 0 0 0 0 0
0+0 0
BAb | © 0 0 0 0 0
cbb | 0 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 0 0 0 0 0
0+0 0
HGb | © 0 0 0 0 0
HDb | © 1/2gx° 0 0 0 0
, 0+0 0
DHb | 0 |-1/2Fb+Fx-1/2qx*| O 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx°| O 0 0 0
, 0+0 0
BDb | © -1/2qx 0 0 0 0
IEb -1 4Fx -Fb/EJ -4Fx Fb/EJ 1 ,
(-2+1)Fb¥EJ Xb/EJ
Elb 1 -4Fb+4Fx Fb/EJ -4Fb+4FX  |Fb/EJ 1
ECb |-1+x/b 7Fb-7Fx 0 |-7Fb+14Fx-7Ex’b| 0 |1-2x/b+x’/b’ ,
, ) (-7/3+0)Fb%/EJ | 1/3Xb/EJ
CEb x/b -TFx 0 -TFX‘Ib 0 x/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+x’/b?
), 0+0 1/3Xb/EJ
Alb | -x/b 0 0 0 0 Xlo
totali -10/3Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 2Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 237065 CI07.xxxx.104 PROCEDIMENTO E RISULTATI 237065 CI07.xxxx.104

b -54
L¥=['(1) vesax=[x] 1 > A= 1308. mm’
J, = 332443. mm*
= 1/EJ = E a7 u
(b) 163 = b/ Jb J, = 143856. mm*
=[(1) vesax=[x] e Yy = 30.67 mm
T,= 3460.N
=(b) 1EI = b/EJ ] y
(b) X % - M, = -2595000. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E Xp= 12.mm
- - u,= -12. mm
=(b-b+13b) VEI =1/3 b/EbJ y vl = -30.67 mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 0,y = -Mv/J,, = -239.4 N/mm”
| sl = 24.
=(v3b) VEI =13 b/EJ li2 13 ; - 13 m
b ¢ :
L= [P(1 -2 xb + X307 ) VEI dx = [ x-xb +1/3 0% ] 1/EI v, =-17.67. mm
[¢] o S 2
n 0, = -Mv/J, = -137.9 N/mm
= - 1 1/E =1 E ’ 3
(b-b+13b) VEI =13 b/bJ I r = 6.352 Nimm?
L= [(«m?) vEd dx = [13x07 )] 1/ES 0, = Vo*+31° = 138.4 N/mm’
o o ~N [ee] < o © oo} * 3
mm 2 5 5 § 8 8 x § S = 7323. mm

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-4xib) FovEIdx+ [)(1) 0 dx=[-2xm ] FovEI +[x] 6
=(2b)Fb1/EI +(b) 0O =- FOYEJ

o= ['(-4+axib) FovEIdx + [[(-1) 0 dx=[-4x+2xm ] Fo 1€ +[-x] 6
=(-4b+2b)Fb1/EI +(-b) 6 =- FbYEJ

18 = [(-7 +14 x1b -7 x2b* ) Fb 1/EI dx = [-7 x +7 x1b 713 X°Ib? ], Fb 1/E
=(-7b+7b-7/3b) Fb 1/EJ =-7/3 Fb*/EJ

L% = [2(-7 %1% ) Fb 1E3 dx = [-7/3 %2 ]| Fb 1/E9
=(-7/13b) Fb 1/EJ =-7/3 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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F
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PROCEDIMENTO E RISULTATI 247861 CI07.xxxx.105 PROCEDIMENTO E RISULTATI 247861 CI07.xxxx.105

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
ABb | © 0 0 0 0 0
0+0 0
BAb | © 0 0 0 0 0
CDb | © 0 0 0 0 0
0+0 0
DCbh | O 0 0 0 0 0
EFb | O -2Fb+2Fx 0 0 0 0
0+0 0
FEb | O 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 1/2Fb 0 0 0 0
0+0 0
HGb | © -1/2Fb 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx°| O 0 0 0
, 0+0 0
BDb | O -1/2qx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3FX  |Fb/EJ 1
ECb |-1+x/b 6Fb-6Fx 0 |[-6Fb+12Fx-6Fx’/b| 0 |1-2x/b+x/b ,
, ), (-2+0)Fb%/EJ 1/3Xb/EJ
CEb x/b -6Fx 0 -6Fx‘/b 0 x/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+x’/b?
), 0+0 1/3Xb/EJ
Alb | x/b 0 0 0 0 X’/b
totali -5/2Fb’/EJ 5/3Xb/EJ
iperstatica X=W,c 3/2Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 247861

CIl07.xxxx.105

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0

=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6

=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

b
1% = [(-6 +12 xtb -6 x2b* ) Fb 1/E3 dx = [-6 x +6 X%/b -2 X*/b? ] Fb 1/E3

=(-6b+6b-2b ) Fb 1/E] =-2 Fb’/EJ
1% = [2(-6 X% ) Fb 1/E3 dx = [-2 X2 ] Fb 1/E
=(-2b) Fb 1/EJ = -2 Fb’/EJ

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

A= 1272. mm’

J, = 343038. mm’

J, = 133632. mm*

Yo = 23.44 mm

T, = 2760. N

M, = -2235600. Nmm

X, = 36.mm

Yn= 54.mm

u,= 12.mm

V., = 30.56 mm

o, =-Mv/J, = 199.1 N/mm’
X, = 24.mm

y.= 40.mm

v, = 16.56 mm

o, =-Mv/J, = 107.9 N/mm’
1, = 5.17 N/mm’

0, = Vo*+31° = 108.3 N/mm’
s’ = 7710. mm’

20.03.25
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PROCEDIMENTO E RISULTATI 237766 CI07.xxxx.106 PROCEDIMENTO E RISULTATI 237766 CI07.xxxx.106

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
ABb | © Fb-Fx 0 0 0 0
0+0 0
BAb | © -Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 1/2gx> 0 0 0 0
, 0+0 0
HG b 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx°| O 0 0 0
, 0+0 0
BDb | © -1/2gx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 6Fb-6Fx 0 |-6Fb+12Fx-6Fx’b| 0 |1-2x/b+x’/b’ ,
, ), (-2+0)Fb%/EJ 1/3Xb/EJ
CEDb x/b -6Fx 0 -6Fx“/b 0 x“/b
IAb | 1-x/b Fx 0 Fx-Fx’/b 0 |1-2x/b+x’Mb’ ,
, . (1/6+0)FbYEJ | 1/3Xb/EJ
Alb -x/b -Fb+Fx 0 Fx-Fx“/b 0 x“/b
totali -7/3Fb/EJ 5/3Xb/EJ
iperstatica X=W,c 7/5Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 237766 CI07.xxxx.106 PROCEDIMENTO E RISULTATI 237766 CI07.xxxx.106

b -54
L= J:(l) VEYdx=[x], 1/E] A= 888 mm>
> J, = 260045. mm*
= 1/EJ = bIE I °T )
() 1/E3 = b/E 45 J, = 38520. mm*

X

=[(1) vesax=[x] e /\ Y, = 25.87 mm
_ _ T = 2240.N
=(b) 151 = wEd M. = -1926400. Nmm
X,

b
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E = 30.mm
y Y, = 54.mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ u m
b u,= 12.mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 v, = 28.13mm ]
=-Mv/J, = 208.4 NI
=(13b) VEJ = 1/3 b/EJ Om = TV mm
) X, = 18.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 e y.= 45.mm
v, = 19.13 mm
=(b-b+1 1/EJ =1/3 b/E 18 c
(b-b+1/3b) 1/EI =1/3 b/bJ 0= MviJ, = 1417 Nimm?
L= [2(?) vEI dx = [13 X2 ]] V/E Jo 1,= 3.317 NImm’
0, = Vo’+31° = 141.8 NImm’
=(u3b) VEI =13 bIEJ mm o e 3 3 I 8 «8 S 2621 mimt

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-6 +12 xtb -6 x2b* ) Fb 1/E3 dx = [-6 x +6 X%/b -2 X*/b? ] Fb 1/E3
=(-6b+6b-2b ) Fb 1/E] =-2 Fb’/EJ

1% = [2(-6 X% ) Fb 1/E3 dx = [-2 X2 ] Fb 1/E
=(-2b) Fb 1/EJ = -2 Fb’/EJ

1= [°( xib - x2b* ) Fb 1/EJ dx = [1/2 xb -1/3 X2 ]| Fb 1/E9
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb’/EJ

L= [2(x/b - ¥1b? ) Fb 1/EJ dx = [1/2 b -1/3 X°1b? ] Fbo 1/ES
=(1/2b-1/3b ) Fb 1/EJ = 1/6 FbY/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 988213

CI07.xxxx.107

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 988213

CI07.xxxx.107

M M, (%) ] MM, MO | MM, |[MM/EI+6)dx | [XMM /Eddx
AB b 0 0 0 0 0 0
0+0 0
BADb 0 0 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | O 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GF b 0 0 0 0 0 0
GHb | © -Fx+1/2gx° 0 0 0 0
, 0+0 0
HGb | 0 | 1/2Fb-1/2gx 0 0 0 0
HDb | 0 |-1/2Fb+1/2gx°| O 0 0 0
, 0+0 0
DHb | © Fx-1/2gx 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BD b 0 0 0 0 0 0
IE b -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb’/EJ Xb/EJ
El b 1 -3Fb+3Fx | FO/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 6Fb-6Fx 0 |-6Fb+12Fx-6Fx’/b| 0 |1-2x/b+x’/0° ,
, ), (-2+0)Fb°/EJ 1/3Xb/EJ
CEDb x/b -6Fx 0 -6Fx“/b 0 x“/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+x/0°
- 0+0 1/3Xb/EJ
Alb | -x/b 0 0 0 0 x*Ib
totali -5/2Fb*/EJ 5/3Xb/EJ
iperstatica X=W,c 3/2Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 988213 CI07.xxxx.107 PROCEDIMENTO E RISULTATI 988213 CI07.xxxx.107

b -54
L¥=['(1) vesax=[x] 1 A= 1008. mm’
> J, = 329111. mm*
=(b) 1EJ = b/EJb 3= 9820, mim’
=[(1) vesax=[x] e la1 Oele 0 y,= 25.59 mm
T,= 2800.N
=(b) /€3 = b/EJ y
(0) . M, = -2548000. Nmm
Lee=J (1-2xb+x*b?) VEIdx =] x-x*b +1/3x°/6* | 1/EJ Xn = 30.mm
EC o o m
= 54,
=(b-b+1/3b) VEJ =13 b/EJ y u Yoo = iz o
XX 2,2 3,27° U = .
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 v, = 28.41mm
=-Mv/J, = 219.9 N/mm’
=(13b) VEJ = 1/3 b/EJ On’” 1:3’ u mm
XX 2,2 2 3,.21° Xe = -mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 e y.= 40.mm
V.= 14.41 mm
=(b-b+1 1/EJ =1/3 b/E 18 c
(b-b+1/3b) 1/EI =1/3 b/bJ 0= MviJ, = 1115 Nimm?
L= [(«m?) vEd dx = [13x07 )] 1/ES Jo 1,= 4.973 NImm’
’ ’ =Vo%+31° = 111.9 N/mm’
o,=Vao = .
=(1/3b) 1/EJ = 1/3 b/EJ mm o e 8 x d& 8 8 S = 7014, mm?®

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-6 +12 xtb -6 x2b* ) Fb 1/E3 dx = [-6 x +6 X%/b -2 X*/b? ] Fb 1/E3
=(-6b+6b-2b ) Fb 1/E] =-2 Fb’/EJ

1% = [2(-6 X% ) Fb 1/E3 dx = [-2 X2 ] Fb 1/E
=(-2b) Fb 1/EJ = -2 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 236654 CI07.xxxx.108 PROCEDIMENTO E RISULTATI 236654 CI07.xxxx.108

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
ABb | © 0 0 0 0 0
0+0 0
BAb | O 0 0 0 0 0
cDb | o 0 0 0 0 0
0+0 0
DCh | O 0 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | 0 |1/2Fb-Fx+1/2gx°| O 0 0 0
, 0+0 0
HGb | © -1/2qx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | O 0 0 0 0 0
IEb -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb¥EJ Xb/EJ
Elb 1 -2Fb+2Fx Fb/EJ -2Fb+2Fx Fb/EJ 1
ECb |-1+x/b 5Fb-5Fx 0 |-5Fb+10Fx-5Fx’/b| 0 |1-2x/b+x’/b° ,
, ) (-5/3+0)Fb%/EJ | 1/3Xb/EJ
CEDb x/b -5Fx 0 -5Fx“/b 0 x“/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+x’Mb’
) 0+0 1/3Xb/EJ
Alb | /b 0 0 0 0 x°/b
totali -5/3Fb%/EJ 5/3Xb/EJ
iperstatica X=W,¢ Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 236654 CI07.xxxx.108 PROCEDIMENTO E RISULTATI 236654 CI07.xxxx.108

L= J:(l ) VEIdx =[x ]z 1EJ A= 984 mm>
4
=(b) 1/EJ = b/EJ a7 | o = 292168. mm

JLl

. J,= 73152. mm*

L= _[2(1) VEJdx=[x], 1/E) Y, = 24.01 mm
X

45

=(b) 1/EJ = b/EJ /\ T,= 2300.N

M, =-2231000. Nmm

<

X
m

b
L% =[2(1-2xb +xb? ) UEIdx= [ x-xb +1/3x%b° ] 1/E3 = 36.mm
y Ym= 54.mm
=(b-b+1/3b) VEJ =13 b/EJ u v = 12 mm
b " .
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 Vi = 29.99 mm
=-Mv/J, = 229. N/mm’
=(v3b) 1EI =1/3 b/E] o o o
b °_ .
L= [(1 -2 xtb +X7167 ) 1EI dx = [ x - x¥b +1/3 xb* | 1/E3 I N4 Ye= 45.mm
16 v, = 20.99 mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ 6. =-Mv/J, = 160.3 N/mm’
b . = - W= .
L= [2(?) vEI dx = [13 X2 ]] V/E Jo T = 3.265 Nimm®

0, = Vo*+31° = 160.4 N/mm’

=(u3b) VEI =13 bIEJ S = 4978. mm®

412
418
124
430
436
x
148

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

1% = [(-5 +10 xtb -5 x2b* ) Fb 1/E dx = [-5 x +5 x/b -5/3 X'/b? ] Fb 1/E
=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

1% = [2(-5 %1% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



REAZIONI 218395 CI07.xxxx.109 AZIONI INTERNE 218395 CI07.xxxx.109
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 218395

CIl07.xxxx.109

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 218395

CI07.xxxx.109

M M, (%) ] MM, MO | MM, |[M(M/EI+6)dx | [XM M /EJdx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BA b 0 1/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EFb 0 -5/2Fb+3Fx-1/2qx2 0 0 0 0
) 0+0 0
FEb 0 2Fx+1/2gx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
) 0+0 0
GFb 0 -1/2Fb+Fx-1/2gx 0 0 0 0
GHb 0 1/2Fb-1/2Fx 0 0 0 0
0+0 0
HG b 0 -1/2Fx 0 0 0 0
HD b 0 0 0 0 0 0
0+0 0
DHb 0 0 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BD b 0 0 0 0 0 0
IEb -1 3Fx -Fb/EJ -3FX Fb/EJ 1 )
(-3/2+1)Fb°/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 13/2Fb-13/2Fx 0 |-13/2Fb+13Fx-13/12Fx%b| 0 |1-2x/b+x°/b° ,
, ., |(-13/6+0)Fb/EJ| 1/3Xb/E]
CEDb x/b -13/2Fx 0 -13/2Fx“/b 0 X“/b
IAb | 1-x/b -1/2Fx 0 -1/2Fx+1/2Fx%/b 0 |1-2x/b+x’/b? ,
, , ., |(U12+0)Fb*/EJ|  1/3Xb/E]
Alb -x/b 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx“/b 0 x“/b
totali -11/4Fb*/EJ 5/3Xb/EJ
iperstatica X=W,c 33/20Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 218395

CIl07.xxxx.109

PROCEDIMENTO E RISULTATI 218395

CI07.xxxx.109

L¥=['(1) vesax=[x] 1
=(b) 1/EJ = b/EJ

=[(1) vesax=[x] e
=(b) 1/EJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(1/3b) 1/E] = 1/3 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

12 = [(-13/2 +13 x/b -13/2 X6 ) Fb 1/E dx = [-13/2 x +13/2 xb -13/6 X/ || Fb 1/E3
=(-13/2b +13/2b -13/6 b ) Fb 1/EJ =-13/6 Fb’/EJ

1% = [*(-13/2 x2ib* ) Fb 1/EJ dx = [-13/6 X2 ]| Fb 1/E9
=(-13/6 b ) Fb 1/EJ =-13/6 Fb’/EJ

10= [*(-1/2 xtb +1/2 X6 ) Fb 1/EJ dx = [-1/4 x2Ib +1/6 xib* | Fb 1/E]
=(-1/4b+1/6 b) Fb 1/EJ =-1/12 Fb’/EJ

1= [(-1/2 b +1/2 X162 ) Fb 1EJ dx = [-1/4 x21b +1/6 x*/b% ] Fb 1/E3
=(-1/4b+1/6 b ) Fb 1/EJ = -1/12 FbYEJ

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

20.03.25

Om

412
418
124
430

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

A= 714 mm’

J, = 249976. mm’
J, = 50094. mm*

Yy = 20.07 mm

T,= 2070.N

M, = -1759500. Nmm
X, = 30.mm

Yo = 54.mm

u,= 9.mm

vV, = 33.93 mm

o, =-Mv/J, = 238.8 N/mm’

m

X.= 21.mm

o, =-Mv/], = 182.5 N/mm’
T,= 5.511 N/mm’

0, = Vo*+31° = 182.8 N/mm’
S = 3993. mm®

20.03.25



REAZIONI 237158

CI07.xxxx.110

D /\H
Bg »D 1/2F 1/2F
1/2F 1/2Fb
F
B b H
—_—
1/2F 1/2F
1/2Fb
F
F
1/2Fb
]
N L/2F o 1/2F
A c G
A C G
-
v |/ 47120F 93/20F
1/2Fb
F
F
37/20Fb 93/20Fb
47/20F < 93/20F "
| E E
N /\E E F

93/20F
37/20Fb
4F

93/20F
33/20Fb 2Fb
3F 2F

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

20.03.25

AZIONI INTERNE 237158

CI07.xxxx.110
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 237158

CI07.xxxx.110

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 237158

CI07.xxxx.110

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /Eddx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BAD 0 1/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © -1/2Fx 0 0 0 0
0+0 0
HGb | © 1/2Fb-1/2Fx 0 0 0 0
HDb | © -1/2Fb+1/2qx? 0 0 0 0
, 0+0 0
DHb 0 Fx-1/20x 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IE b -1 AFx-1/2gx° -Fb/EJ -AFx+1/2Fx%%Ib Fb/EJ 1 ,
, , (-11/6+1)Fb*/EJ Xb/EJ
Elb 1 |-7/2Fb+3Fx+1/2qx°| FB/EJ | -7/2Fb+3Fx+1/2Fx’/b |Fb/EJ 1
ECb |-1+x/b| 13/2Fb-13/2Fx 0 |-13/2Fb+13Fx-13/2Fx’b| 0 |1-2x/b+x°/b’ ,
, ) (-13/6+0)Fb*/EJ | 1/3Xb/EJ
CEb | xb -13/2Fx 0 -13/2Fx%/b 0 x’[b
IAb | 1-x/b -1/2Fx 0 -12Fx+1/2Fx%Ib 0 |1-2x/b+x/0° ,
, ), (-1/12+0)Fb*/EJ| 1/3Xb/EJ
Alb | -x/b 1/2Fb-1/2Fx 0 -1/2FEx+1/2Fx’/b 0 x°Ib
totali -37/12Fb¥EJ | 5/3Xb/EJ
iperstatica X=W,c 37/20Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 237158 CI07.xxxx.110

L¥=['(1) vesax=[x] 1
=(b) 1/EJ = b/EJ

=[(1) vesax=[x] e
=(b) 1/EJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(1/3b) 1/E] = 1/3 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) 1/EJ = 1/3 b/EJ

L= [0(-4 xtb +1/2 X16* ) Fo 1/EI dx + [/(1) 8 dx=[-2 % +1/6 X2 ], Fb 1/E9 + [ x] 6
=(2b+1/6b)Fob1/EJ +(b) 6 =-5/6 FbYEJ

L= [2(-7/2 +3 xtb +1/2 X%16? ) Fo UEI dx + [(-1) © dx
= [-712 x 312 1o +1/6 0% | Fb €S +[-x] 6
=(-72b+3/2b+1/6 b ) Fo 1/EJ +(-b ) 8 =-5/6 Fb/EJ

1% = [(-13/2 +13 x/b -13/2 X6 ) Fb 1/E dx = [-13/2 x +13/2 xb -13/6 x/b° || Fb 1/E3
=(-13/2b +13/2 b -13/6 b ) Fb 1/EJ =-13/6 Fb’/EJ

1% = [*(-13/2 x2ib* ) Fb 1/EJ dx = [-13/6 X2 ]| Fb 1/E9
=(-13/6 b ) Fb 1/EJ =-13/6 Fb*/EJ

1= [2(-1/2 xtb +1/2 X6 ) Fb 1/EJ dx = [-1/4 x2Ib +1/6 xib* | Fb 1/E3
=(-1/4b+1/6 b)) Fb 1/EJ =-1/12 Fb’/EJ

1= [2(-1/2 b +1/2 X162 ) Fb 1EJ dx = [-1/4 x21b +1/6 x*/b% ], Fb 1/E3
=(-1/4b+1/6 b ) Fb 1/EJ =-1/12 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

PROCEDIMENTO E RISULTATI 237158

CI07.xxxx.110

o

441 40

412
418
124
430

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

A= 1104. mm’

J, = 304502. mm’
J, = 67032. mm*

Yy = 25.51 mm

T, = 3940.N

M, = -2127600. Nmm
X, = 30.mm

Yo = 54.mm

u,= 12.mm

vV, = 28.49 mm

o, =-Mv/J, = 199.1 N/mm’

m

X.= 18.mm

o, =-Mv/J, = 101.3 N/mm’
T, = 7.593 N/mm’

0, = Vo’+31° = 102.1 N/mm’
S = 7042. mm®

20.03.25
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AZIONI INTERNE 240962

CI07.xxxx.111
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

2F

20.03.25
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==mm=n==am=s

pmmpenp=np==;
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 240962

CI07.xxxx.111

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 240962

CI07.xxxx.111

M M, (%) ] MM, MO | MM, |[MM/EI+6)dx | [XMM /Eddx
ABb | 0 |-12Fx+1/2gx°| ©O 0 0 0
, 0+0 0
BA b 0 1/2Fx-1/2gx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | O 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GF b 0 0 0 0 0 0
GHb | © -1/2Fx 0 0 0 0
0+0 0
HGb | 0 | 1/2Fb-1/2Fx | 0 0 0 0
HDb | 0 |-1/2Fb+1/2gx°| O 0 0 0
, 0+0 0
DHb | © Fx-1/2gx 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BD b 0 0 0 0 0 0
IE b -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb’/EJ Xb/EJ
El b 1 -3Fb+3Fx | FO/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 6Fb-6Fx 0 |-6Fb+12Fx-6Fx’lb| 0 |1-2x/b+x’/b’ ,
, . (-2+0)Fb°/EJ 1/3Xb/EJ
CEDb x/b -6Fx 0 -6Fx“/b 0 x“/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+x’/b?
- 0+0 1/3Xb/EJ
Alb | -x/b 0 0 0 0 x*Ib
totali -5/2Fb?/EJ 5/3Xb/EJ
iperstatica X=W,c 3/2Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

Sviluppi di calcolo iperstatica

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

20.03.25



PROCEDIMENTO E RISULTATI 240962 CI07.xxxx.111 PROCEDIMENTO E RISULTATI 240962 CIO7.xxxx.111

b -54
L¥=['(1) vesax=[x] 1 A= 1110. mm’
J, = 371542. mm*
= 1EJ = bE > ’
() 1€ b/Jb J, = 89892. mm*
=[(1) vesax=[x] e Ja1 OcTe 20 y, = 23.64 mm
T,= 4340.N
=(b) 1EI = b/EJ y
(b) X M, = -2560600. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E Xp = 36.mm
= 54,
=(b-b+1/3b) 1/EJ = 1/3 b/EJ y Ym = 54, mm
: u u,= 12.mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 Vi = 30.36 mm
=-Mv/J, = 209.2 N/mm’
=(v3b) 1EI =1/3 b/E] o "
XX 2,2 2 3,27° e o
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 u yo= 40.mm
v, = 16.36 mm
=(b-b+1 1EJ = 1/3 bIE 1 i
(b-b+1/3b) 1VEI =13 b/bJ 0, =-Mv/J, = 112.7 Nimm’
L= [2(?) vEI dx = [13 X2 ]] V/E lo T = 7.442 Nimm’

0, = Vo*+31° = 113.5 N/mm’

=(u3b) VEI =13 bIEJ S = 7646. mm®

418
430
436
x
148

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-6 +12 xtb -6 x2b* ) Fb 1/E3 dx = [-6 x +6 X%/b -2 X*/b? ] Fb 1/E3
=(-6b+6b-2b ) Fb 1/E] =-2 Fb’/EJ

1% = [2(-6 X% ) Fb 1/E3 dx = [-2 X2 ] Fb 1/E
=(-2b) Fb 1/EJ = -2 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 961156 CI07.xxxx.112 PROCEDIMENTO E RISULTATI 961156 CIO7.xxxx.112

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
ABb | © 0 0 0 0 0
0+0 0
BAb | © 0 0 0 0 0
cbb | 0 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 0 0 0 0 0
0+0 0
HGb | © 0 0 0 0 0
HDb | © 1/2gx° 0 0 0 0
, 0+0 0
DHb | 0 |-1/2Fb+Fx-1/2qx*| O 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx°| O 0 0 0
, 0+0 0
BDb | © -1/2qx 0 0 0 0
IEb -1 4Fx -Fb/EJ -4Fx Fb/EJ 1 ,
(-2+1)Fb¥EJ Xb/EJ
Elb 1 -4Fb+4Fx Fb/EJ -4Fb+4FX  |Fb/EJ 1
ECb |-1+x/b 7Fb-7Fx 0 |-7Fb+14Fx-7Ex’b| 0 |1-2x/b+x’/b’ ,
, ) (-7/3+0)Fb%/EJ | 1/3Xb/EJ
CEb x/b -TFx 0 -TFX‘Ib 0 x/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+x’/b?
), 0+0 1/3Xb/EJ
Alb | -x/b 0 0 0 0 Xlo
totali -10/3Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 2Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 961156

CI07.xxxx.112

PROCEDIMENTO E RISULTATI 961156

CI07.xxxx.112

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L= ["(-axb ) FouEIdx+ [((1) 6 dx=[-2x¢m ] Fo /€3 +[x] 6
=(2b)FouEI +(b) 6 =- FbYE]

o= ['(-4+axib) FovEIdx + [[(-1) 0 dx=[-4x+2xm ] Fo 1€ +[-x] 6

=(4b+2b)FbUEI +(-b) 8 =- FbYEJ
( ) (-b)

b
18 = [(-7 +14 x1b -7 x2b* ) Fb 1/EI dx = [-7 x +7 x1b 713 X°Ib? ], Fb 1/E

=(-7b+7b-7/3b) Fb 1/EJ =-7/3 Fb*/EJ
L% = [2(-7 %1% ) Fb 1E3 dx = [-7/3 %2 ]| Fb 1/E9
=(-7/13b) Fb 1/EJ =-7/3 Fb’/EJ

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

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

46

112

418

124

130

A= 612. mm’

J, = 219945 mm*
J, = 21060. mm*

Yy = 22.68 mm

T, = 2400. N

M, = -1536000. Nmm
X, = 24.mm

Yo = 54.mm

u,= 9.mm

vV, = 31.32 mm

o, =-Mv/J, = 218.7 N/mm’

m

o, =-Mv/], = 162.8 N/mm’
T,= 6.634 N/mm’

0, = Vo*+31° = 163.2 N/mm’
S = 3648. mm®

20.03.25
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PROCEDIMENTO E RISULTATI 959354

CI07.xxxx.113

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 959354

CI07.xxxx.113

M M, (%) ] MM, MO | MM, |[MM/EI+6)dx | [XMM /Eddx
AB b 0 0 0 0 0 0
0+0 0
BADb 0 0 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | O 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GF b 0 0 0 0 0 0
GHb | © -Fx+1/2gx° 0 0 0 0
, 0+0 0
HGb | 0 | 1/2Fb-1/2gx 0 0 0 0
HDb | 0 |-1/2Fb+1/2gx°| O 0 0 0
, 0+0 0
DHb | © Fx-1/2gx 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BD b 0 0 0 0 0 0
IE b -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb’/EJ Xb/EJ
El b 1 -3Fb+3Fx | FO/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 6Fb-6Fx 0 |-6Fb+12Fx-6Fx’/b| 0 |1-2x/b+x’/0° ,
, ), (-2+0)Fb°/EJ 1/3Xb/EJ
CEDb x/b -6Fx 0 -6Fx“/b 0 x“/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+x/0°
- 0+0 1/3Xb/EJ
Alb | -x/b 0 0 0 0 x*Ib
totali -5/2Fb*/EJ 5/3Xb/EJ
iperstatica X=W,c 3/2Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

Sviluppi di calcolo iperstatica

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

20.03.25



PROCEDIMENTO E RISULTATI 959354 CI07.xxxx.113 PROCEDIMENTO E RISULTATI 959354 CIO7.xxxx.113

>
b 53
L¥=['(1) vesax=[x] 1 A= 606. mm’
a7 J, = 204068. mm*
= 1/EJ = E u
(b) 1E3 b/Jb J,= 21258. mm*
=[(1) vesax=[x] e 1 Yy = 31.49 mm
T,= 2180. N
=(b) VEJ = b/EJ y
(b) X . M, = -1482400. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E X = 6.mm
- . - u,= -9.mm
=(b-b+1/3b) VEJ =13 b/EbJ y v, = -31.49 mm
L?E( =Jﬁ( x2/b2) 1/EJ dx = [1/3 X0’ ]U 1/EJ o, =-MviJ, =-228.8 N/mm?
= 15
=(1/3b) 1EJ = 13 b/EJ e m
b OuTe y.= 8.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 . s v, = -23.49 mm
1 On o, = -Mv/J, = -170.6 N/mm’
= - 1 1/E =1 E ’ 3
(b-b+1/3b) 1VEI =13 b/bJ I T = 6.002 Nimm®
L= [2(?) vEI dx = [13 X2 ]] V/E I o 0,=Vo+31°= 171 N/mm’
mm o e o 9 N x8 S = 3371. mm°

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-6 +12 xtb -6 x2b* ) Fb 1/E3 dx = [-6 x +6 X%/b -2 X*/b? ] Fb 1/E3
=(-6b+6b-2b ) Fb 1/E] =-2 Fb’/EJ

1% = [2(-6 X% ) Fb 1/E3 dx = [-2 X2 ] Fb 1/E
=(-2b) Fb 1/EJ = -2 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



REAZIONI 241822 CI07.xxxx.114 AZIONI INTERNE 241822 CI07.xxxx.114
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PROCEDIMENTO E RISULTATI 241822 CI07.xxxx.114 PROCEDIMENTO E RISULTATI 241822 CI07.xxxx.114

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
ABb | © -Fb+Fx 0 0 0 0
0+0 0
BAb | © Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EEb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 1/2Fb-Fx 0 0 0 0
0+0 0
HGb | © 1/2Fb-Fx 0 0 0 0
HDb | © -1/2Fb+1/2qx? 0 0 0 0
, 0+0 0
DHb | © Fx-1/2gx 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 6Fb-6Fx 0 |[-6Fb+12Fx-6Fx’/b| 0 |1-2x/b+x/b ,
, ), (-2+0)Fb%/EJ 1/3Xb/EJ
CEb x/b -6Fx 0 -6Fx‘/b 0 x/b
IAb | 1-x/b -Fx 0 -Fx+Fx?lb 0 |1-2x/b+x’/b? ,
, . (-1/6+0)Fb%/EJ | 1/3Xb/EJ
Alb -x/b Fb-Fx 0 -Fx+Fx“/b 0 x“/b
totali -8/3Fb°/EJ 5/3Xb/EJ
iperstatica X=W,c 8/5Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 241822

CI07.xxxx.114

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0

=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6

=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

b
1% = [(-6 +12 xtb -6 x2b* ) Fb 1/E3 dx = [-6 x +6 X%/b -2 X*/b? ] Fb 1/E3

=(-6b+6b-2b ) Fb 1/E] =-2 Fb’/EJ
1% = [2(-6 X% ) Fb 1/E3 dx = [-2 X2 ] Fb 1/E
=(-2b) Fb 1/EJ = -2 Fb’/EJ

b
L0= [2(- b + X% ) Fb 1/E3 dx = [-1/2 x%/b +1/3 xb* | Fb 1/E

=(-1/2b+1/3b) Fb 1/EJ =-1/6 Fb*/EJ

b
L= [2(- xtb +x2b? ) Fb 1/E3 dx = [-1/2 xb +1/3 X6 ]| Fb 1/E3

=(-1/2b +1/3b ) Fb /EJ =-1/6 Fb’/EJ

PROCEDIMENTO E RISULTATI 241822

CI07.xxxx.114

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

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 714 mm’

J, = 230961. mm’

J, = 51390. mm*

Yy = 34.04 mm

T, = 2200.N

M, = -1628000. Nmm

X, = 12.mm

u,= -9.mm

v, =-34.04 mm

a,, = -Mv/J, = -239.9 N/mm’
X, = 21.mm

y.= 9.mm

v, =-25.04 mm

g, = -Mv/J, = -176.5 N/mm’
T,= 6.08 N/mm’

0, = Vo’+31° = 176.8 N/mm®

S = 3830. mm°

20.03.25



REAZIONI 241748 CI07.xxxx.115 AZIONI INTERNE 241748 CI07.xxxx.115
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 241748

CI07.xxxx.115

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 241748

CI07.xxxx.115

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /Eddx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BA b 0 1/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2FXx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
) 0+0 0
GFb 0 -1/2Fb+Fx-1/2gx 0 0 0 0
GHb 0 1/2Fb-1/2Fx 0 0 0 0
0+0 0
HG b 0 -1/2Fx 0 0 0 0
HD b 0 0 0 0 0 0
0+0 0
DHb 0 0 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BD b 0 0 0 0 0 0
IE b -1 3Fx-1/2gx%° -Fb/EJ -3Fx+1/2Fx%/b Fb/EJ 1 ,
, , (-4/3+1)Fb*/EJ Xb/EJ
Elb 1 -5/2Fb+2Fx+1/2gx” | Fb/EJ | -5/2Fb+2Fx+1/2Fx"/b |Fb/EJ 1
ECb |-1+x/b| 11/2Fb-11/2Fx 0 |-11/2Fb+11Fx-11/2Fx°b| 0 |1-2x/b+x°fb’ ,
, ) (-11/6+0)Fb*/EJ | 1/3Xb/EJ
CEDb x/b -11/2Fx 0 -11/2Fx“/b 0 x“/b
IAb | 1-x/b -1/2Fx 0 -1/2Fx+1/2Fx%/b 0 |1-2x/b+/b’ ,
, ), (-1/12+0)Fb*/EJ | 1/3Xb/EJ
Al b -x/b 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx /b 0 x/b
totali -9/4AFb’/E] 5/3Xb/EJ
iperstatica X=W,c 27/20Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 241748

CI07.xxxx.115

PROCEDIMENTO E RISULTATI 241748

CI07.xxxx.115

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L= ['(-a xtb +1/2 X16* ) Fo 1/EI dx + [(1) © dx=[-3/2X%b +1/6 X2 ], Fb 1/E9 + [ x ] 6

=(-312b+1/6b) Fo 1/EJ +(b) 6 =-1/3 FbY/EJ
1= [2(-5/2 +2 xtb +1/2 X¥16? ) Fb UEI dx + [(-1) © dx

= [-5r2 x + xib +1/6 X162 ] Fb 1/E3 + [-x]

=(-5/2b+b+1/6b ) Fb 1/EJ +(-b) 6 =-1/3 Fb/EJ

12 = [(-12/2 +11 xib 1172 X6 ) Fb 1E dx = [-11/2 x +11/2 xb -11/6 X || Fb 1/E3

=(-112b +11/2 b -11/6 b ) Fb 1/EJ =-11/6 Fb’/EJ
b
1% = [*(-11/2 x2ib* ) Fb 1/EJ dx = [-11/6 x*/b? ], Fb 1/E9
=(-11/6 b ) Fb 1/EJ =-11/6 Fb*/EJ

b
L= [*(-1/2 x/b +1/2 b7 ) Fb 1/EI dx = [-1/4 /b +1/6 X% ] Fb 1/E
o o

=(-1/4b+1/6 b)) Fb 1/EJ =-1/12 Fb’/EJ

b
1= [(-/2 b +1/2 X162 ) Fb 1EJ dx = [-1/4 x21b +1/6 x*/b% ]| Fb 1/E3

=(-1/4b+1/6 b ) Fb LEJ =-1/12 Fb’/EJ

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

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 996. mm’

J, = 312739. mm*
J, = 49968. mm*

Yo = 28.27 mm

T, = 2800. N

M, = -2212000. Nmm
X, = 6.mm

u,= -12. mm

Vv, =-28.27 mm

G, = -Mv/J, = -200. N/mm’
X, = 18.mm

y.= 13.mm

v, =-15.27 mm

o, =-Mv/J, = -108. N/mm’
T, = 4.927 N/mm’

o, = Vo’+31° = 108.3 N/mm’
S’ = 6603. mm°

20.03.25
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PROCEDIMENTO E RISULTATI 240551 CI07.xxxx.116 PROCEDIMENTO E RISULTATI 240551 CI07.xxxx.116

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
ABb | © -1/2Fx+1/29x° 0 0 0 0
, 0+0 0
BA b 0 1/2Fx-1/2gx 0 0 0 0
cbb | 0 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 1/2Fb-1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb¥EJ Xb/EJ
Elb 1 -2Fb+2Fx Fb/EJ -2Fb+2Fx  |Fb/EJ 1
ECb |-1+x/b 5Fb-5Fx 0 |-5Fb+10Fx-5Fx’b| 0 |1-2x/b+x’/b’ ,
, ) (-5/3+0)Fb%/EJ | 1/3Xb/EJ
CEb x/b -5Fx 0 -5Fx‘/b 0 x/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+x’/b?
), 0+0 1/3Xb/EJ
Alb | -x/b 0 0 0 0 Xlo
totali -5/3Fb’/EJ 5/3Xb/EJ
iperstatica X=W,¢ Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 240551

CI07.xxxx.116

PROCEDIMENTO E RISULTATI 240551

CI07.xxxx.116

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+13b) VEJ =1/3 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(13b) VEJ =13 b/EI

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) VEJ =13 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

Le=[(-2xb ) Fo EIax+ [((1) 6 dx=[-x¥b ] FovEd +[x] 0
=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

1% = [(-5 +10 xtb -5 x2b* ) Fb 1/E dx = [-5 x +5 x/b -5/3 X'/b? ] Fb 1/E
=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

1% = [2(-5 %1% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

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

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 1104. mm’
, = 352844, mm*
, = 91656. mm*

J

J

Yy = 30.23 mm

T,= 2900.N

M, =-2436000. Nmm
X, = 12.mm

u,= -12. mm

v, =-30.23 mm

a,, = -Mv/J, = -208.7 NImm®
X, = 24.mm

y.= 13.mm

v, =-17.23 mm

o, =-Mv/J, = -119. N/mm’
T, = 4.926 N/mm’

0, = Vo’+31° = 119.3 N/mm’
S = 7192. mm’

20.03.25
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AZIONI INTERNE 984797

CI07.xxxx.117
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4
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3/2Fb 9/2Fb
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/\E E

9/2F
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9/2F
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PROCEDIMENTO E RISULTATI 984797 CIO7.xxxx.117 PROCEDIMENTO E RISULTATI 984797 CIO7.xxxx.117

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
ABb | © 0 0 0 0 0
0+0 0
BAb | © 0 0 0 0 0
CDb | © 0 0 0 0 0
0+0 0
DCbh | O 0 0 0 0 0
EFb | O -2Fb+2Fx 0 0 0 0
0+0 0
FEb | O 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 1/2Fb 0 0 0 0
0+0 0
HGb | © -1/2Fb 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx°| O 0 0 0
, 0+0 0
BDb | O -1/2qx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3FX  |Fb/EJ 1
ECb |-1+x/b 6Fb-6Fx 0 |[-6Fb+12Fx-6Fx’/b| 0 |1-2x/b+x/b ,
, ), (-2+0)Fb%/EJ 1/3Xb/EJ
CEb x/b -6Fx 0 -6Fx‘/b 0 x/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+x’/b?
), 0+0 1/3Xb/EJ
Alb | x/b 0 0 0 0 X’/b
totali -5/2Fb’/EJ 5/3Xb/EJ
iperstatica X=W,c 3/2Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 984797 CIO7.xxxx.117 PROCEDIMENTO E RISULTATI 984797 CIO7.xxxx.117

b 53
L¥=['(1) vesax=[x] 1 > A= 888 mm’
a7 J, = 245538. mm*
= 1/EJ = E u
() 1€ b/Jb J, = 41112. mm*
=[(1) vesax=[x] e e Yy = 28.26 mm
T,= 2120.N
=(b) /€3 = b/EJ y
(b) X M, = -1908000. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E u Xy = 6.mm
B _ u,= -12. mm
=(b-b+1/3b) 1/EJ =1/3 b/EbJ y v, = -28.26 mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 0,y = -Mv/J, = -219.6 N/mm”
= 18,
=(1/3b) 1/E] = 1/3 b/EJ ol X m
) c o y.= 9.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 . v, =-19.26 mm
| O o, = -Mv/J, = -149.7 N/mm’
= - 1 1/E =1 E ’ 3
(b-b+1/3b) 1/EI =1/3 b/bJ I = 3,155 Njmm?
L= _[Z( X'’ ) VEJ dx = [13x%b7 ] 1/EI N e e o 0, = Vo'+31" = 149.8 N/mm’
mm e S o 8 @ xo S = 4385. mm°

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-6 +12 xtb -6 x2b* ) Fb 1/E3 dx = [-6 x +6 X%/b -2 X*/b? ] Fb 1/E3
=(-6b+6b-2b ) Fb 1/E] =-2 Fb’/EJ

1% = [2(-6 X% ) Fb 1/E3 dx = [-2 X2 ] Fb 1/E
=(-2b) Fb 1/EJ = -2 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 280859 CI07.xxxx.118 PROCEDIMENTO E RISULTATI 280859 CIO7.xxxx.118

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
ABb | © 0 0 0 0 0
0+0 0
BAb | O 0 0 0 0 0
cDb | o 0 0 0 0 0
0+0 0
DCh | O 0 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | 0 |1/2Fb-Fx+1/2gx°| O 0 0 0
, 0+0 0
HGb | © -1/2qx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | O 0 0 0 0 0
IE b -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb¥EJ Xb/EJ
Elb 1 -2Fb+2Fx Fb/EJ -2Fb+2Fx Fb/EJ 1
ECb |-1+x/b 5Fb-5Fx 0 |-5Fb+10Fx-5Fx’b| 0 |1-2x/b+x’/b’ ,
, ) (-5/3+0)Fb%/EJ | 1/3Xb/EJ
CEb x/b -5Fx 0 -5Fx‘/b 0 x/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+x’Mb’
) 0+0 1/3Xb/EJ
Alb | /b 0 0 0 0 x°/b
totali -5/3Fb%/EJ 5/3Xb/EJ
iperstatica X=W,¢ Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 280859

CI07.xxxx.118

PROCEDIMENTO E RISULTATI 280859

CI07.xxxx.118

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+13b) VEJ =1/3 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(13b) VEJ =13 b/EI

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) VEJ =13 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

1% = [(-5 +10 xtb -5 x2b* ) Fb 1/E dx = [-5 x +5 x/b -5/3 X'/b? ] Fb 1/E
=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

1% = [2(-5 %1% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9

=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

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

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 996. mm’

J, = 275589. mm’

J, = 81072. mm*

Yy = 30.15 mm

T, = 2200.N

M, = -2090000. Nmm

X, = 12.mm

u,= -12. mm

v, =-30.15 mm

g, = -Mv/J, = -228.7 NImm®
X, = 24.mm

y.= 10.mm

v, =-20.15 mm

g, = -Mv/J, = -152.8 N/mm’
T, = 3.308 N/mm’

o, = Vo431 = 152.9 Nimm®

S = 4973. mm’®

20.03.25



REAZIONI 241731 CI07.xxxx.119 AZIONI INTERNE 241731 CI07.xxxx.119
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 241731

CI07.xxxx.119

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 241731

CI07.xxxx.119

M M, (%) ] MM, MO | MM, |[M(M/EI+6)dx | [XM M /EJdx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BA b 0 1/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EFb 0 -5/2Fb+3Fx-1/2qx2 0 0 0 0
) 0+0 0
FEb 0 2Fx+1/2gx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
) 0+0 0
GFb 0 -1/2Fb+Fx-1/2gx 0 0 0 0
GHb 0 1/2Fb-1/2Fx 0 0 0 0
0+0 0
HG b 0 -1/2Fx 0 0 0 0
HD b 0 0 0 0 0 0
0+0 0
DHb 0 0 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BD b 0 0 0 0 0 0
IEb -1 3Fx -Fb/EJ -3FX Fb/EJ 1 )
(-3/2+1)Fb°/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 13/2Fb-13/2Fx 0 |-13/2Fb+13Fx-13/12Fx%b| 0 |1-2x/b+x°/b° ,
, ., |(-13/6+0)Fb/EJ| 1/3Xb/E]
CEDb x/b -13/2Fx 0 -13/2Fx“/b 0 X“/b
IAb | 1-x/b -1/2Fx 0 -1/2Fx+1/2Fx%/b 0 |1-2x/b+x’/b? ,
, , ., |(U12+0)Fb*/EJ|  1/3Xb/E]
Alb -x/b 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx“/b 0 x“/b
totali -11/4Fb*/EJ 5/3Xb/EJ
iperstatica X=W,c 33/20Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 241731

CI07.xxxx.119

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0

=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6

=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

b
L% = [°(-13/2 +13 x/b -13/2 X*/b ) Fb 1/EJ dx = [-13/2 x +13/2 x¢/b -13/6 x1b* ] Fb 1/EJ
o o

=(-13/2b +13/2b -13/6 b ) Fb 1/EJ =-13/6 Fb’/EJ
1% = [*(-13/2 x2ib* ) Fb 1/EJ dx = [-13/6 X2 ]| Fb 1/E9
=(-13/6 b ) Fb 1/EJ =-13/6 Fb’/EJ

b
L= [*(-1/2 x/b +1/2 Xb% ) Fb 1/EI dx = [-1/4 /b +1/6 x%1b* ] Fb 1/E
o} o]

=(-1/4b+1/6 b) Fb 1/EJ =-1/12 Fb’/EJ

b
1= [(-1/2 b +1/2 X162 ) Fb 1EJ dx = [-1/4 x21b +1/6 x*/b% ] Fb 1/E3

=(-/4b+1/6b) Fb 1/EJ =-1/12 Fb’/EJ

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

20.03.25

PROCEDIMENTO E RISULTATI 241731

CI07.xxxx.119
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 1104. mm’

J, = 286555. mm’

J,= 69624. mm*

Yo = 28.28 mm

T,= 2910.N

M, = -2425000. Nmm

X, = 6.mm

u,= -12. mm

v, =-28.28 mm

a,, = -Mv/J, = -239.3 Nimm’
X, = 18.mm

y.= 13.mm

v, =-15.28 mm

g, = -Mv/J, = -129.3 N/mm’
T,= 5.59 N/mm’

0, = Vo’+31° = 129.6 N/mm’

S = 6605. mm°

20.03.25



REAZIONI 963097 CI07.xxxx.120 AZIONI INTERNE 963097 CI07.xxxx.120
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 963097 CI07.xxxx.120 PROCEDIMENTO E RISULTATI 963097 CI07.xxxx.120

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
ABb | © -Fb+Fx 0 0 0 0
0+0 0
BAb | © Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EEb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 1/2Fb-Fx 0 0 0 0
0+0 0
HGb | © 1/2Fb-Fx 0 0 0 0
HDb | © -1/2Fb+1/2qx? 0 0 0 0
, 0+0 0
DHb | © Fx-1/2gx 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 6Fb-6Fx 0 |[-6Fb+12Fx-6Fx’/b| 0 |1-2x/b+x/b ,
, ), (-2+0)Fb%/EJ 1/3Xb/EJ
CEb x/b -6Fx 0 -6Fx‘/b 0 x/b
IAb | 1-x/b -Fx 0 -Fx+Fx?lb 0 |1-2x/b+x’/b? ,
, . (-1/6+0)Fb%/EJ | 1/3Xb/EJ
Alb -x/b Fb-Fx 0 -Fx+Fx“/b 0 x“/b
totali -8/3Fb°/EJ 5/3Xb/EJ
iperstatica X=W,c 8/5Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 963097

CI07.xxxx.120

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0

=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6

=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

b
1% = [(-6 +12 xtb -6 x2b* ) Fb 1/E3 dx = [-6 x +6 X%/b -2 X*/b? ] Fb 1/E3

=(-6b+6b-2b ) Fb 1/E] =-2 Fb’/EJ
1% = [2(-6 X% ) Fb 1/E3 dx = [-2 X2 ] Fb 1/E
=(-2b) Fb 1/EJ = -2 Fb’/EJ

b
L0= [2(- b + X% ) Fb 1/E3 dx = [-1/2 x%/b +1/3 xb* | Fb 1/E

=(-1/2b+1/3b) Fb 1/EJ =-1/6 Fb*/EJ

b
L= [2(- xtb +x2b? ) Fb 1/E3 dx = [-1/2 xb +1/3 X6 ]| Fb 1/E3

=(-1/2b +1/3b ) Fb /EJ =-1/6 Fb’/EJ

PROCEDIMENTO E RISULTATI 963097

CI07.xxxx.120

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

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 1284. mm’
, = 321948. mm*
,= 141552, mm*

J

J

Yy = 30.28 mm

T,= 4000. N

M, =-2120000. Nmm

X, = 12.mm

u,= -12. mm

v, =-30.28 mm

g, = -Mv/J, = -199.4 N/mm’
X, = 24.mm

y.= 13.mm

v, =-17.28 mm

g, = -Mv/J, = -113.8 N/mm’
T, = 7.462 N/mm’

0, = Vo’+31° = 114.6 NImm®

S = 7208. mm®

20.03.25



REAZIONI 211288

CI07.xxxx.121

-, I

1/2Fb
F

7/2F
1/2Fb 1/2Fb 1/2Fb
F

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

2F

20.03.25

AZIONI INTERNE 211288

CI07.xxxx.121
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 211288 CI07.xxxx.121 PROCEDIMENTO E RISULTATI 211288 CI07.xxxx.121

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MB | MM, |[MM/EI+6)dx | [XM M /EJdx
ABb | 0 |1/2Fb-Fx+12qx%| O 0 0 0
, 0+0 0
BAb | © -1/2gx 0 0 0 0
CDb | 0 |1/2Fb-Fx+1/2gx°’| 0 0 0 0
, 0+0 0
DCb | © -1/2gx 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 0 0 0 0 0
0+0 0
HGb | © 0 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IE b -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb¥EJ Xb/EJ
Elb 1 2Fb+2Fx | Fb/EJ -2Fb+2Fx Fb/EJ 1
ECb |-1+x/b| 5Fb-9/2Fx 0 |-5Fb+19/2Fx-9/2Fx°/b| 0 |1-2x/b+x°/b° ,
, ), (-7/4+0)FbYEJ | 1/3Xb/EJ
CEb | x/b | -1/2Fb-9/2Fx 0 -1/2Fx-9/2FX’Ib 0 Xl
IAb | 1-x/b 1/2Fx 0 1/2Fx-1/2Fx%/b 0 |1-2x/b+x’/b? ,
, - (1/12+0)Fb*/EJ |  1/3Xb/EJ
Alb | -xlb | -1/2Fb+1/2Fx | O 1/2Fx-1/2Fx’Ib 0 Xlo
totali -5/3Fb*/EJ 5/3Xb/EJ
iperstatica X=W,¢ Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 211288

CI07.xxxx.121

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0

=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0

=(2b+b)Fb1EI +(-b) 6 =0

b
L% = [°(-5 +19/2 x/b -9/2 X6 ) Fb L/EJ dx = [-5 x +10/4 xIb -3/2 x*Ib? | Fb 1/EJ
o o

=(-5b+19/4b-3/2b ) Fb 1/EJ =-7/4 Fb’/EJ

b
L = [(-1/2 x/b -9/2 X*Ib? ) Fb L/EJ dx = [-1/4 ¥*Ib -3/2 x°1b* | Fb 1/EJ
CE o o

=(-1/4b-3/2b) Fb 1/EJ = -7/4 Fb’/EJ

b
L= [*(1/2 xtb -1/2 x1b? ) Fb 1/EJ dx = [1/4 ¥ -1/6 x1b* | Fb 1/E

=(1/4b-1/6 b ) Fb 1/EJ = 1/12 Fb’/EJ

b
1= [2(1/2 b -1/2 x81b* ) Fb 1/EJ dx = [1/4 58 -1/6 X% ] Fb 1/E

=(1/4b-1/6b) Fb 1/EJ = 1/12 Fb*/EJ

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

20.03.25

PROCEDIMENTO E RISULTATI 211288

CI07.xxxx.121
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436
x

148

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

A= 1248 mm’

J, = 320937. mm*
J, = 132480. mm*
Yo = 22.87 mm

T, = 3840.N

M, = -2227200. Nmm
X, = 36.mm

Ym= 53.mm

u,= 12.mm

vV, = 30.13 mm

o, =-Mv/J, = 209.1 N/mm’

m

X.= 24.mm

o, =-Mv/J, = 118.9 N/mm’
T, = 7.141 N/mm’

0, = Vo*+31° = 119.6 N/mm’
S = 7162. mm®

20.03.25
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PROCEDIMENTO E RISULTATI 242013 CI07.xxxx.122 PROCEDIMENTO E RISULTATI 242013 CI07.xxxx.122

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MB | MM, |[MM/EI+6)dx |[XM,M /Eddx
ABb | © 1/2Fb-1/2Fx 0 0 0 0
0+0 0
BAb | © -1/2Fx 0 0 0 0
CDb | 0 |1/2Fb-Fx+1/2gx°’| 0 0 0 0
, 0+0 0
DCb | © -1/2gx 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 1/2Fx 0 0 0 0
0+0 0
HGb | 0 | -1/2Fb+1/2Fx | O 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx*| O 0 0 0
, 0+0 0
BDb | © -1/2qx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3FX | Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 6Fb-11/2Fx 0 |-6Fb+23/2Fx-11/2Fx’/b| 0 |1-2x/b+x’/b ,
, , ., |(-25/12+0)Fb*EJ| 1/3Xb/E]
CEb | x/b | -1/2Fb-11/2Fx | 0 -1/2Fx-11/2Fx’Ib 0 Xl
IAb | 1-x/b 1/2Fx 0 1/2Fx-1/2Fx%/b 0 |1-2x/b+x’/b? ,
, - (L/12+0)Fb*/EJ |  1/3XbIEJ
Alb | xb | -1/2Fb+1/2Fx | 0 1/2Fx-1/2FX’Ib 0 X°/b
totali -5/2Fb’/EJ 5/3Xb/EJ
iperstatica X=W,c 3/2Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 242013

CI07.xxxx.122

L¥=['(1) vesax=[x] 1
=(b) 1/EJ = b/EJ

=[(1) vesax=[x] e
=(b) 1/EJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(1/3b) 1/E] = 1/3 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-6 +23/2 x/b -11/2 X¥/b? ) Fb 1/EJ dx = [-6 x +23/4 b -11/6 xb* | Fb 1/E
=(-6b+23/4b-11/6 b ) Fb 1/EJ =-25/12 Fb’/EJ

1% = [2(-1/2 x/b -11/2 %1% ) Fb 1EI dx = [-1/4 X/ -11/6 x*/b? ]| Fb 1/E3
=(-1/4b-11/6 b ) Fb 1/EJ = -25/12 Fb’/EJ

L= [*(1/2 xtb -1/2 x1b? ) Fb 1/EJ dx = [1/4 51 -1/6 x1b* | Fb 1/E
=(1/4b-1/6 b) Fb 1/EJ = 1/12 Fb’/EJ

L= [2(1/2 b -1/2 x81b* ) Fb 1/EJ dx = [1/4 58 -1/6 X% ] Fb 1/E
=(1/4b-1/6b) Fb 1/EJ = 1/12 Fb*/EJ

PROCEDIMENTO E RISULTATI 242013

CI07.xxxx.122

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

20.03.25

44

418
124
430

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

A= 864. mm

J, = 241215. mm*
J, = 37368. mm*
Yg= 25.1mm

T, = 3000. N

M, = -1890000. Nmm
X, = 30.mm

Ym= 53.mm

u,= 12. mm

V= 27.9mm

o, =-Mv/J, = 218.6 N/mm’
X, = 18.mm

y.= 44.mm

v, = 18.9mm

o, =-Mv/J, = 148.1 N/mm’
1, = 4.477 N/mm’

0, = Vo*+31° = 148.3 N/mm’
S = 4319. mm®

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 248692 CI07.xxxx.123 PROCEDIMENTO E RISULTATI 248692 CI07.xxxx.123

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MB | MM, |[MM/EI+6)dx | [XM M /EJdx
ABb | © 1/2Fb-1/2Fx 0 0 0 0
0+0 0
BAb | © -1/2Fx 0 0 0 0
CDb | 0 |1/2Fb-Fx+1/2gx°’| 0 0 0 0
, 0+0 0
DCb | © -1/2gx 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | 0 | -1/2Fx+1/2gX° | © 0 0 0
, 0+0 0
HGb | © 1/2Fx-1/2gx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb¥EJ Xb/EJ
Elb 1 -2Fb+2FX | Fb/EJ -2Fb+2Fx Fb/EJ 1
ECb |-1+x/b| 5Fb-9/2Fx 0 |-5Fb+19/2Fx-9/2Fx°/b| 0 |1-2x/b+x°/b° ,
, ), (-7/4+0)FbYEJ | 1/3Xb/EJ
CEb | x/b | -1/2Fb-9/2Fx 0 -1/2Fx-9/2FX’Ib 0 Xl
IAb | 1-x/b 1/2Fx 0 1/2Fx-1/2Fx%/b 0 |1-2x/b+x’/b? ,
, - (1/12+0)Fb*/EJ |  1/3Xb/EJ
Alb | x/b | -1/2Fb+1/2Fx | © 1/2Fx-1/2Fx*/b 0 X’/b
totali -5/3Fb*/EJ 5/3Xb/EJ
iperstatica X=W,¢ Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 248692 CI07.xxxx.123 PROCEDIMENTO E RISULTATI 248692 CI07.xxxx.123

b
L= J:(l ) VEIdx=[x], 1EI A= 984 mm>
> J, = 309963. mm’
= 1/E = E u
(o) vEI b/Jb . J,= 48672. mm"*
L= _[2(1) 1/EJ dx = [ X ]0 1/EJ Ja1 oc 0 y,= 24.91 mm
T,= 3720.N
=(b) VEJ = b/EJ y
(b) b M, = -2529600. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E Xp = 30.mm
=(b-b+1/3b) VEJ =13 b/EJ y u Im” ii r,:nr:]
XX 2,2 3,21P o .
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 Vi = 28.09 mm
=-Mv/J, = 229.2 N/mm’
=(13b) VEI =13 b/EJ - 18 o "
XX 2,2 2 3,270 11 - .
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 1 yo= 40.mm
V.= 15.09 mm
=(b-b+1 1EJ = 1/3 blE 1 ’
(b-b+1/3b) 1VEI =13 b/bJ 0, =-Mv/J, = 123.1 Nimm’
L= [2(?) vEI dx = [13 X2 ]] V/E lo T = 6549 Nimm’

0, = Vo*+31° = 123.6 N/mm’

=(1/3b) VEJ =13 b/EI mm ° e S = 6548. mm®

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)Fb1EI +(b)6 =0

412
x
124
430

136

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

1% = [7(-5 +19/2 xib -9/2 x2Ib* ) Fb 1/E3 dx = [-5 x +19/4 x2Ib -3/2 x1b* | Fb 1/EJ
=(-5b+19/4b-3/2b ) Fb 1/EJ =-7/4 Fb’/EJ

1% = [2(-1/2 x/b 012 x2b* ) Fb 1/EJ dx = [-1/4 xb -3/2 x*/b2 ]| Fb 1/E3
=(-1/4b-3/2b) Fb 1/EJ = -7/4 Fb’/EJ

L= [*(1/2 xtb -1/2 x1b? ) Fb 1/EJ dx = [1/4 ¥ -1/6 x1b* | Fb 1/E
=(1/4b-1/6 b ) Fb 1/EJ = 1/12 Fb’/EJ

1= [2(1/2 b -1/2 x81b* ) Fb 1/EJ dx = [1/4 58 -1/6 X% ] Fb 1/E
=(1/4b-1/6b) Fb 1/EJ = 1/12 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



REAZIONI 237373 CI07.xxxx.124 AZIONI INTERNE 237373 CI07.xxxx.124
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 237373 CI07.xxxx.124 PROCEDIMENTO E RISULTATI 237373 CI07.xxxx.124

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MB | MM, |[MM/EI+6)dx |[XM,M /Eddx
ABb | 0 | -1/2Fb+1/2Fx | O 0 0 0
0+0 0
BAb | © 1/2Fx 0 0 0 0
CDb | 0 |1/2Fb-Fx+1/2gx°’| 0 0 0 0
, 0+0 0
DCb | © -1/2gx 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © -1/2Fx 0 0 0 0
0+0 0
HGb | © 1/2Fb-1/2Fx 0 0 0 0
HDb | 0 | -1/2Fb+1/2qx° | O 0 0 0
, 0+0 0
DHb | © Fx-1/20x 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3FX | Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 6Fb-11/2Fx 0 |-6Fb+23/2Fx-11/2Fx’/b| 0 |1-2x/b+x’/b ,
, , ., |(-25/12+0)Fb*EJ| 1/3Xb/E]
CEb | x/b | -1/2Fb-11/2Fx | 0 -1/2Fx-11/2Fx’Ib 0 Xl
IAb | 1-x/b -1/2Fx 0 -1/2Fx+1/2Fx%/b 0 |1-2x/b+x’/b? ,
, - (-1/12+0)Fb%/EJ | 1/3Xb/EJ
Alb | -xib | 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx*/b 0 Xlo
totali -8/3Fb’/EJ 5/3Xb/EJ
iperstatica X=W,c 8/5Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 237373

CIl07.xxxx.124

L¥=['(1) vesax=[x] 1
=(b) 1/EJ = b/EJ

=[(1) vesax=[x] e
=(b) 1/EJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(1/3b) 1/E] = 1/3 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-6 +23/2 x/b -11/2 X¥/b? ) Fb 1/EJ dx = [-6 x +23/4 b -11/6 xb* | Fb 1/E
=(-6b+23/4b-11/6 b ) Fb 1/EJ =-25/12 Fb’/EJ

1% = [2(-1/2 x/b -11/2 %1% ) Fb 1EI dx = [-1/4 X/ -11/6 x*/b? ]| Fb 1/E3
=(-1/4b-11/6 b ) Fb 1/EJ = -25/12 Fb’/EJ

1= [°(-1/2 xtb +1/2 X2/b ) Fb 1/EJ dx = [-1/4 x2Ib +1/6 xib* | Fb 1/E3
=(-1/4b+1/6 b) Fb 1/EJ =-1/12 Fb’/EJ

1= [(-/2 b +1/2 X162 ) Fb UEJ dx = [-1/4 x21b +1/6 x*/b2 " Fb 1/E3
=(-1/4b+1/6 b ) Fb 1/EJ =-1/12 Fb’/EJ

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

20.03.25

PROCEDIMENTO E RISULTATI 237373 CI07.xxxx.124

A= 960. mm’
a7 J, = 270775. mm*
g 43 J, = 72000. mm*
Yo = 23.27 mm
/ \ T,= 2940.N
M, = -2175600. Nmm
X, = 36.mm
g Ym= 53.mm
u u,= 12.mm
vV, = 29.73 mm
o, =-Mv/J, = 238.8 N/mm’
X, = 24.mm
i y,= 43.mm
1s \\/ v, = 19.73 mm
o, =-Mv/], = 158.5 N/mm’
Jo T,= 4.426 N/mm?

c
0, = Vo’+31° = 158.7 NImm®
S = 4891. mm®

412
418
124
430
436
x
148

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 240726 CI07.xxxx.125 PROCEDIMENTO E RISULTATI 240726 CI07.xxxx.125

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] M,M, MO | MM, |[M(M/EI+6)dx | [XM M /EJdx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BAD 0 1/2Fx 0 0 0 0
CDb | 0 |1/2Fb-Fx+1/29x*| © 0 0 0
, 0+0 0
DCbh | © -1/2qx 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 1/2Fb-1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IE b -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb*/EJ Xb/EJ
Elb 1 -2Fb+2Fx Fb/EJ -2Fb+2Fx Fb/EJ 1
ECb |-1+x/b| 5Fb-9/2Fx 0 |-5Fb+19/2Fx-9/2Fx’/b| 0 |1-2x/b+x’/b> ,
, . (-7/14+0)Fb*/EJ | 1/3Xb/EJ
CEb | xb -1/2Fb-9/2Fx 0 -1/2Fx-9/12Fx*/b 0 xlo
IAb | 1-x/b -1/2Fx 0 -1/2Fx+1/2Fx’/b 0 |1-2x/b+xIb’ ,
, ), (-1/12+0)Fb*/EJ |  1/3Xb/EJ
Alb | -x/b 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx’/b 0 xlo
totali -11/6Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 11/10Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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Om

b
L= J:(l ) VEIdx=[x], 1EI A= 696 mm>
laz J, = 229334. mm*
= 1/EJ = bIE )
(b) VEI = b Jb g 44 J,= 49608. mm"*
=[(1) vesax=[x] e Yo = 19.2mm
T,= 1700.N
=(b) 1EJ = b/EJ ah y
(b) X M, = -1343000. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E , Xp = 30.mm
=(b-b+13b) VEI =1/3 b/EJ v 593';1;1
XX 2.2 3/h2 b um _ -
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 u Vy = 33.8mm )
=-MviJ, = 197.9 N/
=(1/3b) 1EJ = 13 b/EJ O = -MV/J, mm
) X, = 21.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 ,11 y.= 44.mm
V.= 24.8mm
=(b-b+1 1/EJ =1, E 16 c
(b-b+13b) VEI =1/3 b/bJ 0, =-Mv/J, = 145.2 Nimm’
L= [ (x0?) eI dx = [113 07 ]} 1/E ‘o T, = 4694 Nimm’
’ ’ = Vo’+31° = 145.4 NImm’
o,=Vao = .
=(U3b) 1EJ = 1/3 b/EJ mm ° 8 al8% 8 «x ¥ S = 3799. mm°

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

1% = [7(-5 +19/2 xib -9/2 x2Ib* ) Fb 1/E3 dx = [-5 x +19/4 x2Ib -3/2 x1b* | Fb 1/EJ
=(-5b+19/4b-3/2b ) Fb 1/EJ =-7/4 Fb’/EJ

1% = [2(-1/2 x/b 012 x2b* ) Fb 1/EJ dx = [-1/4 xb -3/2 x*/b2 ]| Fb 1/E3
=(-1/4b-3/2b) Fb 1/EJ = -7/4 Fb’/EJ

L0= [*(-1/2 xtb +1/2 X265 ) Fb 1/EJ dx = [-1/4 x2Ib +1/6 xib* | Fb 1/E3
=(-1/4b+1/6 b)) Fb 1/EJ =-1/12 Fb’/EJ

1= [ (-/2 b +172 X262 ) Fb 1EJ dx = [-1/4 x21b +1/6 x*/b? ] Fb 1/E3
=(-1/4b+1/6 b ) Fb LEJ =-1/12 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 241067

CIl07.xxxx.126

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 241067

CI07.xxxx.126

M M, (%) G MM, MO | MM, |[MM/EI+6)dx |[XM, M /EJdx
ABb | © 1/2Fb-1/2Fx 0 0 0 0
0+0 0
BAb | © -1/2Fx 0 0 0 0
CDb | © 0 0 0 0 0
0+0 0
DCbh | O 0 0 0 0 0
EFb | O -2Fb+2Fx 0 0 0 0
0+0 0
FEb | O 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb+1/2Fx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 | 1/2Fb-Fx+1/2qx* | O 0 0 0
, 0+0 0
BDb | O -1/2qx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb*/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b|5Fb-13/2Fx+1/2gx>| 0 |-5Fb+23/2Fx-7Fx’Ib+1/2qx°b| 0 |1-2x/b+x’/b’ ,
, , , , ., |(-35/24+0)Fb’/EJ| 1/3Xb/E
CEb x/b | Fb-11/2Fx-1/2gx 0 Fx-11/2Fx"/b-1/2qx"/b 0 x“/b
IAb | 1-x/b 1/2Fx 0 1/2Fx-1/2Fx%/b 0 |1-2x/b+x’/b? ,
, ), (1/12+0)Fb/EJ |  1/3Xb/EJ
Alb | xb | -1/2Fb+1/2Fx 0 1/2Fx-1/2Fx%/b 0 x*/b
totali -15/8Fb’/EJ 5/3Xb/EJ
iperstatica X=W,c 9/8Fb

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

20.03.25

Sviluppi di calcolo iperstatica

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

20.03.25



PROCEDIMENTO E RISULTATI 241067

CIl07.xxxx.126

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6

=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

L = [[(-5 +23/2 xtb -7 x2Ib +1/2 6% ) Fb 1/EJ dx
= [-5x +28/4 XIb 713 xIb* +1/8 X'Ib* ] Fb 1/E3
=(-5b+23/4b-7/3b+1/8b ) Fb 1/EJ = -35/24 Fb’/EJ

b
L2 = [*(xb -11/2 516 -1/2 5°/6° ) Fb 1/EJ dx = [1/2 xb -11/6 /% -1/8 x'1b° | Fb 1/EJ
o] o

=(1/2b-11/6 b-1/8 b ) Fb 1/EJ = -35/24 Fb’/EJ

L= [*(1/2 xtb -1/2 x1b* ) Fb 1/EJ dx = [1/4 ¥ -1/6 x1b* | Fb 1/E
=(1/4b-1/6 b) Fb 1/EJ = 1/12 Fb/EJ

1= [2(1/2 b -1/2 x1b* ) Fb 1/EJ dx = [1/45¢1b -1/6 x°/b? ], Fb 1/E
=(1/4b-1/6b) Fb 1/EJ = 1/12 Fb*/EJ

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

20.03.25

PROCEDIMENTO E RISULTATI 241067

CI07.xxxx.126

o

418
124
430

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

A= 1080. mm’

J, = 285273. mm’
J, = 65880. mm*

Yy = 24.88 mm

T,= 2520.N

M, = -2116800. Nmm
X, = 30.mm

Ym= 53.mm

u,= 12.mm

vV, = 28.12mm

o, =-Mv/J, = 208.6 N/mm’

m

X.= 18.mm

o, =-Mv/J, = 112.2 N/mm’
1, = 4.827 N/mm’

0, = Vo’+31° = 112.5 NImm’
S = 6557. mm°

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25

1/2 = = 1 0
H H =
E % \ \
H H \ \
H H \ \
H H \ \
H H 2 IS \
H H IS > of
H H < @ \
H H \ \
N H \ \
i H \ \
B = ‘ = 2 ‘
-99/20 9920 I
—[l—F [+]
0 0 O
il
Q
\n o
o % .
i
o 8
o S
o 39/20 ki
-3120
CED ro
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



G2'€0'0¢C

€T°€0°LZ'SIaN ‘OUB|IN Ip 021UIBY|O ‘ISSOY IUB[dARZ O}0pY ©

LCTXXXX"L0ID

908.76 ILV1TNSIY 3 OLNINIdID0dd

G2'€0°0¢C

reubasse 1youed ep suoissay °N ﬂHw

€T°€0°/2'SIaN ‘OUB|IN Ip 021UIBY|O ‘ISSOY IUB[DARZ O}opY ©

T=x eonejsiadi ep auoissal | ﬂ H w

2/1-
o

2/T-

Z/1-

oopelsiadi 0j0d[ed Ip BWAYIS

O

7

Ha

LEZTXXXX"L01D

908.7T6 ILV1TINSIY 3 OLNINIAID0dd



PROCEDIMENTO E RISULTATI 917806

CI07.xxxx.127

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 917806

CI07.xxxx.127

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /Eddx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BAD 0 1/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © -1/2Fx 0 0 0 0
0+0 0
HGb | © 1/2Fb-1/2Fx 0 0 0 0
HDb | © -1/2Fb+1/2qx? 0 0 0 0
, 0+0 0
DHb 0 Fx-1/20x 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IE b -1 AFx-1/2gx° -Fb/EJ -AFx+1/2Fx%%Ib Fb/EJ 1 ,
, , (-11/6+1)Fb*/EJ Xb/EJ
Elb 1 |-7/2Fb+3Fx+1/2qx°| FB/EJ | -7/2Fb+3Fx+1/2Fx’/b |Fb/EJ 1
ECb |-1+x/b| 11/2Fb-13/2Fx 0 |-11/2Fb+12Fx-13/2Fx’b| 0 |1-2x/b+x°/b’ ,
, . (-5/3+0)Fb’/EJ | 1/3Xb/EJ
CEb | xb Fb-13/2Fx 0 Fx-13/2Fx’/b 0 x’lb
IAb | 1-x/b -1/2Fx 0 -12Fx+1/2Fx%Ib 0 |1-2x/b+x/0° ,
, ), (-1/12+0)Fb*/EJ| 1/3Xb/EJ
Alb | -x/b 1/2Fb-1/2Fx 0 -1/2FEx+1/2Fx’/b 0 x°Ib
totali -31/12Fb¥EJ | 5/3Xb/EJ
iperstatica X=W,c 31/20Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 917806 CI07.xxxx.127 PROCEDIMENTO E RISULTATI 917806 CI07.xxxx.127

b 453
L= J:(l ) VEIdx=[x], 1EI A= 1086. mm>
J, = 349673. mm*
= 1/EJ = E. > u
(b) vE el N Y= 88740, '
L= J:(l) 1/EJ dx = [ X ]0 1/EJ Ja1 oc 0 y, = 22.98 mm
T, = 2840.N
=(b) 1EJ = b/EJ y
(b) . M, = -2556000. Nmm
L =JZ(1 2xib+x°/b*) VEIdx = [ x-x%/b +1/3 10" ] L/EI x. = 36.mm
=(b-b+1/3b) 1/EJ =1/3 b/EJ y Ym = 53.mm
. u u,= 12.mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 v, = 30.02 mm
=-Mv/J, = 219.4 N/mm?
=(1/3b) 1/E] = 1/3 b/EJ Om * 2:1/ u mm
XX 2,2 2 3,270 11 Xe = -mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 - yo= 40.mm
v, = 17.02 mm
=(b-b+1 1EJ =1 E 16 c
(b-b+1130) V&3 =53 b/bJ o, =-Mv/], = 124.4 N/mm’
L= [2(?) vEI dx = [13 X2 ]] V/E Jo T = 4.824 Nimm®

0, = Vo’+31° = 124.7 NImm’

=(1/3b) VEJ =13 b/EI mm ° S = 7127. mm®

412
418
430
436
x
148

L= [0(-4 xtb +1/2 X16* ) Fo 1/EI dx + [/(1) 8 dx=[-2 % +1/6 X2 ], Fb 1/E9 + [ x] 6
=(2b+1/6b)Fob1/EJ +(b) 6 =-5/6 FbYEJ

L= [2(-7/2 +3 xtb +1/2 X%16? ) Fo UEI dx + [(-1) © dx
= [-712 x 312 1o +1/6 0% | Fb €S +[-x] 6
=(-72b+3/2b+1/6 b ) Fo 1/EJ +(-b ) 8 =-5/6 Fb/EJ

1 = [(-11/2 +12 x1b -13/2 X6 ) Fb VEJ dx = [-11/2 x +6 X2/ -13/6 x°/b” ] Fb 1/E
=(-112b+6 b -13/6 b ) Fb 1/EJ =-5/3 Fb’/EJ

1% = [*(xab -13/2 X216 ) Fb 1/E3 dx = [1/2 X2/ -13/6 xb* | Fb 1/E
=(1/2b-13/6 b ) Fb 1/EJ = -5/3 Fb’/EJ

10= [0(-1/2 xtb +1/2 X6 ) Fb 1/EJ dx = [-1/4 x2Ib +1/6 xib* | Fb 1/E3
=(-1/4b+1/6 b)) Fb 1/EJ =-1/12 Fb’/EJ

1= [(-1/2 b +1/2 X162 ) Fb 1EJ dx = [-1/4 x21b +1/6 x*/b? ] Fb 1/E3
=(-1/4b+1/6 b)) Fb L/EJ =-1/12 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 237731 CI07.xxxx.128 PROCEDIMENTO E RISULTATI 237731 CI07.xxxx.128

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XMM /Eddx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BADb 0 1/2Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | O 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 -1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 1/2Fb-1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | O 0 0 0 0 0
IEb -1 3Fx-1/2gx° -Fb/EJ -3Fx+1/2Fx%/b Fb/EJ 1 ,
, , (-4/3+1)Fb*/EJ Xb/EJ
Elb 1 |-5/2Fb+2Fx+1/2qx’| Fb/EJ | -5/2Fb+2Fx+1/2Fx’/b | Fb/EJ 1
ECb |-1+x/b| 9/2Fb-11/2Fx 0 |-9/2Fb+10Fx-11/2Fx*/b| 0 |1-2x/b+x*/b’ ,
, ), (-4/3+0)Fb%/EJ | 1/3Xb/EJ
CEDb | xb Fb-11/2Fx 0 Fx-11/2Fx%/b 0 x*Ib
IAb | 1-x/b -1/2Fx 0 -1/2Fx+1/2Fx%Ib 0 |1-2x/b+x/0° ,
, . (-1/12+0)Fb%EJ | 1/3Xb/EJ
Alb | -x/b 1/2Fb-1/2Fx 0 -12Fx+112Fx%b 0 x’/b
totali -7I4Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 21/20Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 237731

CI07.xxxx.128

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L= ['(-a xtb +1/2 X16* ) Fo 1/EI dx + [(1) © dx=[-3/2X%b +1/6 X2 ], Fb 1/E9 + [ x ] 6

=(-312b+1/6b) Fo 1/EJ +(b) 6 =-1/3 FbY/EJ

1= [2(-5/2 +2 xtb +1/2 X¥16? ) Fb UEI dx + [(-1) © dx
= [-5r2 x + xib +1/6 X162 ] Fb 1/E3 + [-x]
=(-5/2b+b+1/6b ) Fb 1/EJ +(-b) 6 =-1/3 Fb/EJ

1% = [*(-9/2 +10 xtb -11/2 xIb? ) Fb 1/EJ dx = [-0/2 x +5 x%/b -11/6 x*/b? ], Fb 1/E
=(-92b+5b-11/6 b ) Fb 1/EJ =-4/3 Fb’/EJ

1% = [*( b -10/2 X216 ) Fb 1/E3 dx = [1/2 x21b -11/6 xb* | Fb 1/E
=(1/2b-11/6 b ) Fb 1/EJ = -4/3 Fb’/EJ

10= [°(-1/2 xtb +1/2 X6 ) Fb 1/EJ dx = [-1/4 x2Ib +1/6 xib* | Fb 1/E3
=(-1/4b +1/6 b)) Fb 1/EJ =-1/12 Fb’/EJ

1= [(-1/2 b +1/2 X162 ) Fb UEJ dx = [-1/4 x21b +1/6 x*/b? ], Fb 1/E3
=(-1/4b+1/6 b ) Fb L/EJ =-1/12 Fb’/EJ

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

20.03.25

PROCEDIMENTO E RISULTATI 237731 CI07.xxxx.128

Om

A= 594 mm’

a7 g.1 J, = 202331. mm*
> 45 J, = 20574. mm*

Yo = 21.75 mm

T,= 1560. N

M, = -1482000. Nmm

X, = 24.mm
g Ym= 53.mm

u u,= 9.mm

vV, = 31.25mm

o, =-Mv/J, = 228.9 N/mm’

X, = 15.mm
i y,= 45.mm
le V.= 23.25mm

o, =-Mv/J, = 170.3 N/mm’
do .= 4.295 N/mm’

O, 0, = Vo*+31° = 170.5 N/mm’

mm =2 s 2 Ko S’ = 3342. mm’

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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AZIONI INTERNE 248146
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PROCEDIMENTO E RISULTATI 248146 CI07.xxxx.129 PROCEDIMENTO E RISULTATI 248146 CI07.xxxx.129

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
ABb | 0 |Fb-3/2Fx+1/2gx°| O 0 0 0
, 0+0 0
BA b 0 -1/2Fx-1/2gx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb+1/2Fx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx*| O 0 0 0
, 0+0 0
BDb | © -1/2gx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx | Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-6Fx 0 |-5Fb+11Fx-6Fx’/b| 0 |1-2x/b+x’/b> ,
, ), (-3/2+0)Fb%/EJ | 1/3Xb/EJ
CEb x/b Fb-6Fx 0 Fx-6Fx°/b 0 X°/b
IAb | 1-x/b Fx 0 Fx-Fx’/b 0 |1-2x/b+x’I0° ,
, - (1/6+0)FbYEJ | 1/3Xb/EJ
Alb -x/b -Fb+Fx 0 Fx-Fx“/b 0 X“/b
totali -11/6Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 11/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 248146

CI07.xxxx.129

PROCEDIMENTO E RISULTATI 248146

CI07.xxxx.129

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0

=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6

=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

b
12 = [(-5 +11 x1b -6 x2b* ) Fb 1/E3 dx = [-5 x +11/2 x%/b -2 xb* | Fb 1/E3

=(-5b+11/2b-2b ) Fb 1/EJ =-3/2 Fb’/EJ
b
1% = [*(xtb -6 xib? ) Fb 1/E dx = [1/2 b -2 X2 ] Fb 1/E3
=(1/2b-2b) Fb 1/EJ =-3/2 Fb’/EJ
Xo 2,2 2 3,.27°
= X/0 - X X = X - X
1= [°( xib - x2b* ) Fb 1/EJ dx = [1/2 xb -1/3 X2 ]| Fb 1/E3
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb’/EJ
Xo 2,2 2 3,.21°
L= [2(x/b - ¥1b? ) Fb 1/EJ dx = [1/2 b -1/3 X162 ] Fb 1/ES
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb*/EJ

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

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 600. mm’

J, = 205635. mm’
J, = 20808. mm*

Yy = 32.59 mm

T,= 1480.N

M, = -1509600. Nmm
X, = 6.mm

u. = -9.mm

m

v =-32.59 mm

m

a,, = -Mv/J, = -239.2 NImm®

m

X, = 15.mm

y.= 9.mm
Vv, =-23.59 mm
g, = -Mv/J, = -173.2 N/mm’

C

1= 3.985 N/mm°

c
0, = Vo’+31° = 173.3 N/mm’
3

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 218352

CIl07.xxxx.130

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 218352

CI07.xxxx.130

M M, (%) ] MM, MO | MM, |[MM/EI+6)dx | [XMM /Eddx
ABb | 0 |-12Fx+1/2gx°| ©O 0 0 0
, 0+0 0
BA b 0 1/2Fx-1/2gx 0 0 0 0
cbb | © 0 0 0 0 0
0+0 0
DCbh | © 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GF b 0 0 0 0 0 0
GHb | © -1/2Fx 0 0 0 0
0+0 0
HGb | 0 | 1/2Fb-1/2Fx | © 0 0 0
HDb | 0 |-1/2Fb+1/2gx°| O 0 0 0
, 0+0 0
DHb | © Fx-1/20x 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IE b -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb’/EJ Xb/EJ
El b 1 -3Fb+3Fx | FO/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 5Fb-6Fx 0 |-5Fb+11Fx-6Fx’b| 0 |1-2x/b+x’/b’ ,
, . (-3/2+0)Fb’/EJ |  1/3Xb/EJ
CEb x/b Fb-6Fx 0 Fx-6Fx"/b 0 x“/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+x’/b?
- 0+0 1/3Xb/EJ
Alb | -x/b 0 0 0 0 x°Ib
totali -2Fb/EJ 5/3Xb/EJ
iperstatica X=W,c 6/5Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

Sviluppi di calcolo iperstatica

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

20.03.25



PROCEDIMENTO E RISULTATI 218352

CIl07.xxxx.130

PROCEDIMENTO E RISULTATI 218352

CI07.xxxx.130

L¥=['(1) vesax=[x] 1
=(b) VEJ = b/EJ

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) 1EJ =13 b/EI

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(1/3b) 1EJ =13 b/E

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

12 = [(-5 +11 x1b -6 x2b* ) Fb 1/E3 dx = [-5 x +11/2 x%/b -2 xb* | Fb 1/E3
=(-5b+11/2b-2b ) Fb 1/EJ =-3/2 Fb’/EJ

1% = [*(xtb -6 xib? ) Fb 1/E dx = [1/2 b -2 X2 ] Fb 1/E3
=(1/2b-2b) Fb 1/EJ =-3/2 Fb’/EJ

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

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 708 mm’

J, = 232181. mm*
J, = 50940. mm*

Yy = 35.14 mm

T, = 2440.N

M, = -1317600. Nmm
X, = 12.mm

u,= -9.mm

v, =-35.14 mm

m

g, = -Mv/J, = -199.4 N/mm’

m

X, = 21.mm

y.= 10.mm
v, =-25.14 mm
a, = -Mv/J, = -142.7 N/mm’

C

1_= 6.598 N/mm*

c
0, = Vo’+31° = 143.1 NImm’
3

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 218194 CI07.xxxx.131 PROCEDIMENTO E RISULTATI 218194 CI07.xxxx.131

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, M M/EI+6)dx | [XM M /EJdx
ABb | © -1/2Fx+1/29x° 0 0 0 0
, 0+0 0
BA b 0 1/2Fx-1/2gx 0 0 0 0
cCDb | © 0 0 0 0 0
0+0 0
DCbh | O 0 0 0 0 0
EFb | O -2Fb+2Fx 0 0 0 0
0+0 0
FEb | O 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 1/2Fb-1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | O 0 0 0 0 0
IEb -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb¥EJ Xb/EJ
Elb 1 -2Fb+2Fx Fb/EJ| -2Fb+2Fx  |Fb/EJ 1
ECb |-1+x/b 4Fb-5Fx 0 |[-4Fb+9Fx-5Fx’/b| 0 |1-2x/b+x°/b’ ,
, . (-7/6+0)Fb’/EJ |  1/3Xb/EJ
CEb x/b Fb-5Fx 0 Fx-5Fx‘/b 0 x“/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+x’/b?
, 0+0 1/3Xb/EJ
Alb | x/b 0 0 0 0 X’/b
totali -7/6Fb*/EJ 5/3Xb/EJ
iperstatica X=W,c 7/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 218194

CI07.xxxx.131

PROCEDIMENTO E RISULTATI 218194

CI07.xxxx.131

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+13b) VEJ =1/3 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(13b) VEJ =13 b/EI

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) VEJ =13 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)FouEI +(b)B6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

1% = [(-4 +9 x/b -5 X%/ ) Fb 1/EJ dx = [-4 x +9/2 x2Ib -5/3 xIb” | Fb 1/E
=(-4b+9/2b-5/3b) Fb 1/EJ =-7/6 Fb’/EJ

1% = [*(xtb -5 x1b? ) Fb 1/EJ dx = [1/2 b -5/3 xb* | Fb 1/E
=(1/2b-5/3b) Fb 1/EJ =-7/6 Fb’/EJ

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

20.03.25

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

12

436

412
x

124

4130

A= 996. mm’

J, = 325364. mm’
J,= 49104. mm*

Yy = 28.99 mm

T, = 3980.N

M, = -2348200. Nmm
X, = 6.mm

u, = -12. mm

m

v =-28.99 mm

m

a,, = -Mv/J, = -209.3 N/mm’

m

X, = 18.mm

y.= 12.mm
v, =-16.99 mm
a, = -Mv/J, = -122.6 N/mm’

C

1= 6.537 N/mm*

c
0, = Vo’+31° = 123.2 NImm®
3

20.03.25



REAZIONI 218622 CI07.xxxx.132 AZIONI INTERNE 218622 CI07.xxxx.132
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 218622

CI07.xxxx.132

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 218622

CI07.xxxx.132

M M, (%) G MM, MO | MM, |[MM/EI+6)dx |[XM, M /EJdx
ABb | © 1/2Fb-1/2Fx 0 0 0 0
0+0 0
BAb | © -1/2Fx 0 0 0 0
CDb | © 0 0 0 0 0
0+0 0
DCbh | O 0 0 0 0 0
EFb | O -2Fb+2Fx 0 0 0 0
0+0 0
FEb | O 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb+1/2Fx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 | 1/2Fb-Fx+1/2qx* | O 0 0 0
, 0+0 0
BDb | O -1/2qx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb*/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b|5Fb-13/2Fx+1/2gx>| 0 |-5Fb+23/2Fx-7Fx’Ib+1/2qx°b| 0 |1-2x/b+x’/b’ ,
, , , , ., |(-35/24+0)Fb’/EJ| 1/3Xb/E
CEb x/b | Fb-11/2Fx-1/2gx 0 Fx-11/2Fx"/b-1/2qx"/b 0 x“/b
IAb | 1-x/b 1/2Fx 0 1/2Fx-1/2Fx%/b 0 |1-2x/b+x’/b? ,
, ), (1/12+0)Fb/EJ |  1/3Xb/EJ
Alb | xb | -1/2Fb+1/2Fx 0 1/2Fx-1/2Fx%/b 0 x*/b
totali -15/8Fb’/EJ 5/3Xb/EJ
iperstatica X=W,c 9/8Fb

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

20.03.25

Sviluppi di calcolo iperstatica

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

20.03.25



PROCEDIMENTO E RISULTATI 218622

CI07.xxxx.132

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0

=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6

=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

L = [[(-5 +23/2 xtb -7 x2Ib +1/2 6% ) Fb 1/EJ dx
= [-5x +28/4 XIb 713 xIb* +1/8 X'Ib* ] Fb 1/E3
=(-5b+23/4b-7/3b+1/8b ) Fb 1/EJ = -35/24 Fb’/EJ

b
L2 = [*(xb -11/2 516 -1/2 5°/6° ) Fb 1/EJ dx = [1/2 xb -11/6 /% -1/8 x'1b° | Fb 1/EJ
o] o

=(1/2b-11/6 b-1/8 b ) Fb 1/EJ = -35/24 Fb’/EJ

b
L= [*(1/2 xtb -1/2 x1b* ) Fb 1/EJ dx = [1/4 ¥ -1/6 x1b* | Fb 1/E

=(1/4b-1/6 b) Fb 1/EJ = 1/12 Fb/EJ

b
1= [2(1/2 b -1/2 x1b* ) Fb 1/EJ dx = [1/45¢1b -1/6 x°/b? ], Fb 1/E

=(1/4b-1/6b) Fb 1/EJ = 1/12 Fb*/EJ

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

20.03.25

PROCEDIMENTO E RISULTATI 218622

CI07.xxxx.132

12

118
130
136
x
lag

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

A= 1104. mm’

J, = 366560. mm*

J, = 90792. mm*

Yy = 30.98 mm

T,= 4060. N

M, = -2598400. Nmm
X, = 12.mm

u,= -12.mm

v, =-30.98 mm

0, = -Mv/J, = -219.6 N/mm’
X, = 24.mm

y.= 12.mm

[

0, = -Mv/J, = -134.6 N/mm?
T, = 6.425 N/mm’

0, =Vo*+3t° = 135. N/mm’
S = 6962. mm®

v, =-18.98 mm

20.03.25
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CI07.xxxx.133
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Fb o =Y
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F
11/10Fb 39/10Fb
1/10F < 49/10F "
| E E
[ NE EN F
49/10F 49/10F
11/10Fb 19/10Fb 2Fb
3F 3F 2F 2F
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

AZIONI INTERNE 214029

CI07.xxxx.133
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 214029 CI07.xxxx.133 PROCEDIMENTO E RISULTATI 214029 CI07.xxxx.133

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
ABb | 0 |Fb-3/2Fx+1/2gx°| O 0 0 0
, 0+0 0
BA b 0 -1/2Fx-1/2gx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb+1/2Fx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx*| O 0 0 0
, 0+0 0
BDb | © -1/2gx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx | Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-6Fx 0 |-5Fb+11Fx-6Fx’/b| 0 |1-2x/b+x’/b> ,
, ), (-3/2+0)Fb%/EJ | 1/3Xb/EJ
CEb x/b Fb-6Fx 0 Fx-6Fx°/b 0 X°/b
IAb | 1-x/b Fx 0 Fx-Fx’/b 0 |1-2x/b+x’I0° ,
, - (1/6+0)FbYEJ | 1/3Xb/EJ
Alb -x/b -Fb+Fx 0 Fx-Fx“/b 0 X“/b
totali -11/6Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 11/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 214029 CI07.xxxx.133 PROCEDIMENTO E RISULTATI 214029 CI07.xxxx.133

b -54
L¥=['(1) vesax=[x] 1 > A= 888 mm’
s J, = 252380. mm*
= 1/EJ = E u
(b) wE b’Jb J,= 40248. mm"*
=[(1) vesax=[x] e 1 Yy = 29.11mm
T,= 2840.N
=(b) VEJ = bEJ y
(b) X M, = -1988000. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E u Xy = 6.mm
- - u,= -12. mm
=(b-b+1/3b) 1/EJ =1/3 b/EbJ y v = 2911 mm
L =J'*;( /b ) YEJ dx = [1/3 B2 ]0 1EJ \\/ a,, = -Mv/J, = -229.3 NImm®
= 18,
=(v3b) VEI =13 b/EJ ol o 10 o
XX 2,2 2 3210 10 Yo~ o
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 v, =-19.11 mm
15 _ _ 2
o 0, = -Mv/J, = -150.6 N/mm
=(b-b+1 1/EJ = 1/3 bIE ¢ .
(b-b+1/3b) 1/EI =1/3 b/bJ h | r = 4211 Nimm?
L= [(«m?) vEd dx = [13x07 )] 1/ES 0, =Vo+31" = 150.7 N/mm”
Al ° 0 o @ < Q © Q 3
mm o e o & & 8x8 S = 4491. mm

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

12 = [(-5 +11 x1b -6 x2b* ) Fb 1/E3 dx = [-5 x +11/2 x%/b -2 xb* | Fb 1/E3
=(-5b+11/2b-2b ) Fb 1/EJ =-3/2 Fb’/EJ

1% = [*(xtb -6 xib? ) Fb 1/E dx = [1/2 b -2 X2 ] Fb 1/E3
=(1/2b-2b) Fb 1/EJ =-3/2 Fb’/EJ

1= [°( xib - x2b* ) Fb 1/EJ dx = [1/2 xb -1/3 X2 ]| Fb 1/E3
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb’/EJ

L= [2(x/b - ¥1b? ) Fb 1/EJ dx = [1/2 b -1/3 X162 ] Fb 1/ES
=(1/2b-1/3b ) Fb 1/EJ = 1/6 FbY/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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AZIONI INTERNE 209692

CIl07.xxxx.134
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PROCEDIMENTO E RISULTATI 209692 CI07.xxxx.134 PROCEDIMENTO E RISULTATI 209692 CI07.xxxx.134

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
ABb | © Fb-Fx 0 0 0 0
0+0 0
BAb | © -Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 1/2gx> 0 0 0 0
, 0+0 0
HG b 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx°| O 0 0 0
, 0+0 0
BDb | © -1/2gx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-6Fx 0 |-5Fb+11Fx-6Fx’b| 0 |1-2x/b+x’/b’ ,
, ), (-3/2+0)Fb%/EJ | 1/3Xb/EJ
CEDb x/b Fb-6Fx 0 Fx-6Fx“/b 0 x“/b
IAb | 1-x/b Fx 0 Fx-Fx’/b 0 |1-2x/b+x’Mb° ,
, . (1/6+0)Fb/EJ | 1/3XbIEJ
Alb -x/b -Fb+Fx 0 Fx-Fx“/b 0 x“/b
totali -11/6Fb*/EJ 5/3Xb/EJ
iperstatica X=W,c 11/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 209692 CI07.xxxx.134 PROCEDIMENTO E RISULTATI 209692 CI07.xxxx.134

b
L¥=['(1) vesax=[x] 1 A= 996. mm’
s J, = 282932. mm*
=(b) VEJ = b/EJ b J,= 80208. mm"*
=[(1) vesax=[x] e 1 Yy = 31.02mm
T,= 2900. N
=(b) 1/EJ = bIEJ |
(b) X . M, = -2175000. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E Xp = 12.mm
- - u,= -12. mm
=(b-b+1/3b) 1/EJ =1/3 b/EbJ y Vi = -31.02 mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 | O,y = -Mv/J, = -238.4 N/mm”
= 24,
=(1/3b) 1/EJ =1/3 b/EJ ojte X mn
) 11 y.= 11.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 v, =-20.02 mm
15 _ _ 2
o 0, = -MV/J, = -153.9 N/mm
=(b-b+1 1/EJ = 1/3 bIE ¢ .
(b-b+1/3b) 1/EI =1/3 b/bJ h | T = 4.339 Nimm?
L= [(«m?) vEd dx = [13x07 )] 1/ES 0, =Vo+31" = 154.1 N/mm”
° ° mm 2 S 3 8 3 8 x % S = 5079. mm’

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

12 = [(-5 +11 x1b -6 x2b* ) Fb 1/E3 dx = [-5 x +11/2 x%/b -2 xb* | Fb 1/E3
=(-5b+11/2b-2b ) Fb 1/EJ =-3/2 Fb’/EJ

1% = [*(xtb -6 xib? ) Fb 1/E dx = [1/2 b -2 X2 ] Fb 1/E3
=(1/2b-2b) Fb 1/EJ =-3/2 Fb’/EJ

1= [°( xib - x2b* ) Fb 1/EJ dx = [1/2 xb -1/3 X2 ]| Fb 1/E3
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb’/EJ

L= [2(x/b - ¥1b? ) Fb 1/EJ dx = [1/2 b -1/3 X162 ] Fb 1/ES
=(1/2b-1/3b ) Fb 1/EJ = 1/6 FbY/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 218087

CI07.xxxx.135

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 218087

CI07.xxxx.135

M M, (%) ] MM, MO | MM, |[M(M/EI+6)dx | [XM M /EJdx
AB b 0 1/2Fb-1/2Fx 0 0 0 0
0+0 0
BAD 0 -1/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EF b 0 |-5/2Fb+3Fx-1/2qx°| 0 0 0 0
, 0+0 0
FE b 0 2Fx+1/2qx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © 1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb+1/2Fx 0 0 0 0
HD b 0 1/2Fb 0 0 0 0
0+0 0
DHb 0 -1/2Fb 0 0 0 0
DBb | 0 | 1/2Fb-Fx+1/2qx* | 0 0 0 0
, 0+0 0
BDb 0 -1/20x 0 0 0 0
IEb -1 4FX -Fb/EJ -4FX Fb/EJ 1 ,
(-2+1)Fb*/EJ Xb/EJ
Elb 1 -AFb+4Fx Fb/EJ -AFb+4Fx Fb/EJ 1
ECb |-1+x/b| 13/2Fb-15/2Fx 0 |-13/2Fb+14Fx-15/2Fxlb| 0 |1-2x/b+x’/b? ,
, . (-2+0)Fb’*/EJ 1/3Xb/EJ
CEb | xb Fb-15/2Fx 0 Fx-15/2Fx°/b 0 Xl
IAb | 1-x/b 1/2Fx 0 1/2Fx-1/2Fx%/b 0 |1-2x/b+x°/0° ,
, . (1/12+0)Fb*/EJ |  1/3Xb/EJ
Alb | -x/b -1/2Fb+1/2Fx 0 1/2Fx-1/2Fx’Ib 0 Xl
totali -35/12FbYEJ | 5/3XbI/EJ
iperstatica X=W,¢ 7/4Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 218087 CI07.xxxx.135 PROCEDIMENTO E RISULTATI 218087 CI07.xxxx.135

b -54
L= J:(l ) VEIdx=[x], 1EI o A= 1104. mm?
48 J, = 299191. mm’
=(b) 1/EJ = b/EJ b 2~ 68760, '
L= _[2(1) VEJdx=[x], 1/E) Y, = 29.03 mm
T, = 3030. N
=(b) 1/EJ = b/EJ 136 y
(b) . M, = -2045250. Nmm
L =JZ(1 2xib+x°/b*) VEIdx = [ x-x%/b +1/3 10" ] L/EI u x.= 6.mm
- - u,= -12. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EbJ y V"= 20,08 mm
L =Jﬁ( X’/ ) LVEJdx = [1/3 x*Ib’ ]U 1/EJ g, = -Mv/J, = -198.4 N/Imm’
, = 18
=(v3b) VEI =13 b/E] . . .= 18.mm
{11 y.= 12.mm
L= (1 -2 xb + b7 ) UEI dx = [ x - xb +1/3 x| 1/EI V. =-17.03 mm
a~Jo = o . =-17.
O, =- =- 2
=(b-b+1/3b) 1/EJ = 1/3 b/EJ . o SMXi;uN/;;§-4 N/mm
b - .= 5.
L= [1(6m? ) vEd dx = [135%° ] 1/ES 0, =Vo%+31 = 116.8 N/mm?
o o ] @ < =) © Q 3
mm 2" S = 6422.mm

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-4xib) FovEIdx+ [)(1) 0 dx=[-2xm ] FovEI +[x] 6
=(2b)Fb1/EI +(b) 0O =- FOYEJ

o= ['(-4+axib) FovEIdx + [[(-1) 0 dx=[-4x+2xm ] Fo 1€ +[-x] 6
=(-4b+2b)Fb1/EI +(-b) 6 =- FbYEJ

12 = [(-13/2 +14 xib -15/2 X2/b? ) Fb 1/E dx = [-13/2 x +7 X%/ -5/2 xb* | Fb 1/E3
=(-13/2b+7b-512b ) Fb 1/EJ =-2 Fb’/EJ

1% = [*(xab -15/2 X2/b* ) Fb 1/E3 dx = [1/2 x2b -5/2 x*/b? || Fb 1/E9
=(1/2b-5/2b) Fb 1/EJ =-2 Fb’/EJ

L= [*(1/2 xtb -1/2 x1b? ) Fb 1/EJ dx = [1/4 51 -1/6 x1b* | Fb 1/E
=(1/4b-1/6 b ) Fb 1/EJ = 1/12 Fb’/EJ

1= [2(1/2 b -1/2 x81b* ) Fb 1/EJ dx = [1/4 58 -1/6 x°/b? ] Fb 1/E
=(1/4b-1/6b) Fb 1/EJ = 1/12 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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AZIONI INTERNE 240414
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PROCEDIMENTO E RISULTATI 240414 CI07.xxxx.136 PROCEDIMENTO E RISULTATI 240414 CI07.xxxx.136

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
ABb | © 0 0 0 0 0
0+0 0
BAb | © 0 0 0 0 0
cbb | 0 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 0 0 0 0 0
0+0 0
HGb | © 0 0 0 0 0
HDb | © 1/2gx° 0 0 0 0
, 0+0 0
DHb | 0 |-1/2Fb+Fx-1/2qx*| O 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx°| O 0 0 0
, 0+0 0
BDb | © -1/2qx 0 0 0 0
IEb -1 4Fx -Fb/EJ -4Fx Fb/EJ 1 ,
(-2+1)Fb¥EJ Xb/EJ
Elb 1 -4Fb+4Fx Fb/EJ -4Fb+4FX  |Fb/EJ 1
ECb |-1+x/b 6Fb-7Fx 0 |[-6Fb+13Fx-7TFx’/b| 0 |1-2x/b+x’/b ,
, , , |(1U6+0)Fb?EJ| 1/3Xb/EJ
CEb x/b Fb-7Fx 0 Fx-7Fx‘/b 0 x/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+x’/b?
), 0+0 1/3Xb/EJ
Alb | -x/b 0 0 0 0 Xlo
totali -17/6Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 17/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 240414 CI07.xxxx.136 PROCEDIMENTO E RISULTATI 240414 CI07.xxxx.136

b
L¥=['(1) vesax=[x] 1 A= 1284. mm’
s J, = 335702. mm*
=(b) 1/EJ = b/EJ u” 4
N X J,= 140688. mm
LE,:J:(I) 1/EJ dx:[X]0 1/EJ Yy = 31.07 mm
=(b) 1€ = b/ES T 1I\;Iy:- 22622503;2%0 Nmm
b u e .
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E Xy = 12.mm
= -12.
=(b-b+1/3b) 1/EJ = 1/3 b/EJ y \L:”‘ -3 O7mr:1m
b m T e
L?E( =Jﬁ( xIb’ ) 1/EJ dx = [1/3 X0’ ]U 1/EJ | o, = -Mv/J, = -208.5 N/mm?
, = 24
=(13b) VEJ = 1/3 b/EJ 1 12 ; IR
411 - .
xx_J" 2,2 _ 2 3,21° °_
L= (1-2xb +5x°0*) VEIdx = [ x-xb +13x°b% ] 1/EI v, =-19.07 mm
On =-Mv/J, = -128. N/mm’
=(b-b+1/3b) VEI = 1/3 b/EJ . e S
b 4 .= 4
L= [2(?) vEI dx = [13 X2 ]] V/E e e o B} 0, =Vo%+31 = 128.2 N/mm?
mm 2 - S8 % 9 x 3 S’ = 6985. mm°

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-4xib) FovEIdx+ [)(1) 0 dx=[-2xm ] FovEI +[x] 6
=(2b)Fb1/EI +(b) 0O =- FOYEJ

o= ['(-4+axib) FovEIdx + [[(-1) 0 dx=[-4x+2xm ] Fo 1€ +[-x] 6
=(-4b+2b)Fb1/EI +(-b) 6 =- FbYEJ

1% = [(-6 +13 xtb -7 xb> ) Fb 1/E dx = [-6 x +13/2 X2/ -7/3 xb | Fb 1/E3
=(-6b+13/2b-7/3b ) Fb 1/EJ =-11/6 Fb’/EJ

1% = [*(xtb -7 xib? ) Fb 1/EJ dx = [1/2 b -7/3 xb* | Fb 1/E
=(1/2b-7/3b) Fb 1/EJ =-11/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



REAZIONI 241556 CI07.xxxx.137 AZIONI INTERNE 241556 CI07.xxxx.137
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PROCEDIMENTO E RISULTATI 241556 CI07.xxxx.137 PROCEDIMENTO E RISULTATI 241556 CI07.xxxx.137

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
ABb | © 0 0 0 0 0
0+0 0
BAb | © 0 0 0 0 0
CDb | © 0 0 0 0 0
0+0 0
DCbh | O 0 0 0 0 0
EFb | O -2Fb+2Fx 0 0 0 0
0+0 0
FEb | O 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 1/2Fb 0 0 0 0
0+0 0
HGb | © -1/2Fb 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx°| O 0 0 0
, 0+0 0
BDb | O -1/2qx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3FX  |Fb/EJ 1
ECb |-1+x/b 5Fb-6Fx 0 |[-BFb+11Fx-6Fx’/b| 0 |1-2x/b+x/b ,
, ), (-3/2+0)Fb%/EJ | 1/3Xb/EJ
CEb x/b Fb-6Fx 0 Fx-6Fx‘/b 0 x/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+x’/b?
), 0+0 1/3Xb/EJ
Alb | x/b 0 0 0 0 X’/b
totali -2Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 6/5Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 241556

CI07.xxxx.137

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6

=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

b
12 = [(-5 +11 x1b -6 x2b* ) Fb 1/E3 dx = [-5 x +11/2 x%/b -2 xb* | Fb 1/E3

=(-5b+11/2b-2b ) Fb 1/EJ =-3/2 Fb’/EJ
1% = [*(xtb -6 xib? ) Fb 1/E dx = [1/2 b -2 X2 ] Fb 1/E3
=(1/2b-2b) Fb 1/EJ =-3/2 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 241556

CI07.xxxx.137
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 1320. mm’

J, = 349206. mm’
J, = 148608. mm*
Yo = 22.76 mm

T, = 2700.N

M, = -2457000. Nmm
X, = 36.mm

Yn= 54.mm

u,= 12.mm

vV, = 31.24 mm

o, =-Mv/J, = 219.8 N/mm’

m

X.= 24.mm

o, =-Mv/J, = 128.4 N/mm’
1, = 4.829 N/mm’

0, = Vo*+31° = 128.6 N/mm’
S = 7495. mm®

20.03.25
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PROCEDIMENTO E RISULTATI 239853 CI07.xxxx.138 PROCEDIMENTO E RISULTATI 239853 CI07.xxxx.138

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
ABb | © Fb-Fx 0 0 0 0
0+0 0
BAb | © -Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 1/2gx> 0 0 0 0
, 0+0 0
HG b 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx°| O 0 0 0
, 0+0 0
BDb | © -1/2gx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-6Fx 0 |-5Fb+11Fx-6Fx’b| 0 |1-2x/b+x’/b’ ,
, ), (-3/2+0)Fb%/EJ | 1/3Xb/EJ
CEDb x/b Fb-6Fx 0 Fx-6Fx“/b 0 x“/b
IAb | 1-x/b Fx 0 Fx-Fx’/b 0 |1-2x/b+x’Mb° ,
, . (1/6+0)Fb/EJ | 1/3XbIEJ
Alb -x/b -Fb+Fx 0 Fx-Fx“/b 0 x“/b
totali -11/6Fb*/EJ 5/3Xb/EJ
iperstatica X=W,c 11/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 239853 CI07.xxxx.138 PROCEDIMENTO E RISULTATI 239853 CI07.xxxx.138

L¥=['(1) vesax=[x] 1

A= 918 mm?
J

g ,= 267198. mm*

=(b) VEJ = b/EJ 45 J,= 44172. mm

=[(1) vesax=[x] e V.= 24.78 mm
=(b) VEJ = bEI / \ T,= 2160.N

M, =-2095200. Nmm
X

X

b
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E , = 30.mm
= 54,
=(b-b+1/3b) 1EJ = 1/3 b/EJ u Ym = 4. mm
b u,= 12.mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 v, = 29.22 mm
=-Mv/J, = 229.1 N/mm’
=(13b) VEJ = 1/3 b/EJ Om = TV mm
) IR X, = 18.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 y.= 45.mm
v, = 20.22 mm
= - 1 1/EJ =1 E 7 ;
(b-b+1/3b) 1/EI =1/3 b/bJ 5 0, = MVIJ, = 1566 Nimm?
L= [2(?) vEI dx = [13 X2 ]] V/E Jo 1,= 3.071 Nimm’
0, = Vo’+31° = 158.7 NImm®
=(u3b) VEI =13 bIEJ mm o e 3 3 I 8 «8 &= 4558 mmt

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

12 = [(-5 +11 x1b -6 x2b* ) Fb 1/E3 dx = [-5 x +11/2 x%/b -2 xb* | Fb 1/E3
=(-5b+11/2b-2b ) Fb 1/EJ =-3/2 Fb’/EJ

1% = [*(xtb -6 xib? ) Fb 1/E dx = [1/2 b -2 X2 ] Fb 1/E3
=(1/2b-2b) Fb 1/EJ =-3/2 Fb’/EJ

1= [°( xib - x2b* ) Fb 1/EJ dx = [1/2 xb -1/3 X2 ]| Fb 1/E3
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb’/EJ

L= [2(x/b - ¥1b? ) Fb 1/EJ dx = [1/2 b -1/3 X162 ] Fb 1/ES
=(1/2b-1/3b ) Fb 1/EJ = 1/6 FbY/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 216073

CI07.xxxx.139

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 216073

CI07.xxxx.139

M M, (%) ] MM, MO | MM, |[MM/EI+6)dx | [XMM /Eddx
AB b 0 0 0 0 0 0
0+0 0
BADb 0 0 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | O 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GF b 0 0 0 0 0 0
GHb | © -Fx+1/2gx° 0 0 0 0
, 0+0 0
HGb | 0 | 1/2Fb-1/2gx 0 0 0 0
HDb | 0 |-1/2Fb+1/2gx°| O 0 0 0
, 0+0 0
DHb | © Fx-1/2gx 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BD b 0 0 0 0 0 0
IE b -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb’/EJ Xb/EJ
El b 1 -3Fb+3Fx | FO/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 5Fb-6Fx 0 |-5Fb+11Fx-6Fx/b| 0 |1-2x/b+x’/b° ,
, , (-3/2+0)Fb’/EJ |  1/3Xb/EJ
CEb x/b Fb-6Fx 0 Fx-6Fx"/b 0 x“/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+x/0°
- 0+0 1/3Xb/EJ
Alb | -x/b 0 0 0 0 x*Ib
totali -2Fb%EJ 5/3Xb/EJ
iperstatica X=W,c 6/5Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 216073 CI07.xxxx.139 PROCEDIMENTO E RISULTATI 216073 CI07.xxxx.139

b
L= J:(l ) VEIdx=[x], 1EI A= 996 mm>
> J, = 325226. mm’
= 1/EJ = E. u
(o) vEI b/Jb o J,= 47664. mm"*
L= _[2(1) VEJdx=[x], 1/E) a2 - a“ Y, = 25.43 mm
T, = 2660. N
=(b) 1EJ = b/EJ y
(b) . M, = -2713200. Nmm
L =JZ(1 2xib+x°/b*) VEIdx = [ x-x%/b +1/3 10" ] L/EI x.= 30.mm
= 54
=(b-b+1/3b) 1/EJ = 1/3 b/EJ y u Ym = 54.mm
b u,= 12.mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 v, = 2857 mm
=-Mv/J, = 238.4 N/mm’
=(1/3b) 1/E] = 1/3 b/EJ O = -MVIJ, mm
b I X, = 18.mm
L= J:(l -2xib+ X" ) VEIdx=[ x-x'/b+13 x| 1/EI y.= 41.mm
v, = 15.57 mm
= - 1 1/EJ =1 E 7 ;
(b-bs13b) vE3 =113 b/bJ ° o, =-Mv/J, = 129.9 N/mm’
L= [2(?) vEI dx = [13 X2 ]] V/E Jo T = 4.563 Nimm®

2 2 2
=Vo*+30° = 1302 N
=(1/3b) 1/EJ = 1/3 b/EJ - e e 8« ge - \gcggjrmm3 30.2 N/mm

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0

124
430
136

=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

12 = [(-5 +11 x1b -6 x2b* ) Fb 1/E3 dx = [-5 x +11/2 x%/b -2 xb* | Fb 1/E3
=(-5b+11/2b-2b ) Fb 1/EJ =-3/2 Fb’/EJ

1% = [*(xtb -6 xib? ) Fb 1/E dx = [1/2 b -2 X2 ] Fb 1/E3
=(1/2b-2b) Fb 1/EJ =-3/2 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 960451 CI07.xxxx.140 PROCEDIMENTO E RISULTATI 960451 CI07.xxxx.140

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, M M/EI+6)dx | [XM M /EJdx
ABb | © 0 0 0 0 0
0+0 0
BAb | © 0 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | 0 |1/2Fb-Fx+1/2gx°| O 0 0 0
, 0+0 0
HGb | © -1/2gx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb¥EJ Xb/EJ
Elb 1 -2Fb+2Fx Fb/EJ| -2Fb+2Fx  |Fb/EJ 1
ECb |-1+x/b AFb-5Fx 0 |-4Fb+9Fx-5Fx’fb| 0 |1-2x/b+x’/b° ,
, . (-7/6+0)Fb/EJ | 1/3Xb/EJ
CEb x/b Fb-5Fx 0 Fx-5Fx"/b 0 x“/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+x’/b’
, 0+0 1/3Xb/EJ
Alb | -x/b 0 0 0 0 x’/b
totali -7/6Fb/EJ 5/3Xb/EJ
iperstatica X=W,c 7/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 960451

CIl07.xxxx.140

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+13b) VEJ =1/3 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(13b) VEJ =13 b/EI

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) VEJ =13 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)FouEI +(b)B6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

1% = [(-4 +9 x/b -5 X%/ ) Fb 1/EJ dx = [-4 x +9/2 x2Ib -5/3 xIb” | Fb 1/E
=(-4b+9/2b-5/3b) Fb 1/EJ =-7/6 Fb’/EJ

1% = [*(xtb -5 x1b? ) Fb 1/EJ dx = [1/2 b -5/3 xb* | Fb 1/E
=(1/2b-5/3b) Fb 1/EJ =-7/6 Fb’/EJ

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

20.03.25

PROCEDIMENTO E RISULTATI 960451

CIl07.xxxx.140

—148

a4

112

412
418
124
430
436
x
148

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

A= 1032. mm’

J, = 299718. mm’

J, = 88128. mm*

Yy = 22.83 mm

T, = 3560. N

M, = -1922400. Nmm

X, = 36.mm

Yo = 54.mm

u,= 12.mm

vV, = 3117 mm

o, =-Mv/J, = 199.9 N/mm’
X, = 24.mm

y.= 44.mm

V.= 21.17 mm

o, =-Mv/J, = 135.8 N/mm’
T,= 5.116 N/mm’

0, = Vo*+31° = 136.1 N/mm’
S’ = 5169. mm’

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 249262

CIl07.xxxx.141

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 249262

CI07.xxxx.141

M M, (%) ] MM, MO | MM, |[M(M/EI+6)dx | [XM M /EJdx
AB b 0 1/2Fb-1/2Fx 0 0 0 0
0+0 0
BAD 0 -1/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EF b 0 |-5/2Fb+3Fx-1/2qx°| 0 0 0 0
, 0+0 0
FE b 0 2Fx+1/2qx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © 1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb+1/2Fx 0 0 0 0
HD b 0 1/2Fb 0 0 0 0
0+0 0
DHb 0 -1/2Fb 0 0 0 0
DBb | 0 | 1/2Fb-Fx+1/2qx* | 0 0 0 0
, 0+0 0
BDb 0 -1/20x 0 0 0 0
IEb -1 4FX -Fb/EJ -4FX Fb/EJ 1 ,
(-2+1)Fb*/EJ Xb/EJ
Elb 1 -AFb+4Fx Fb/EJ -AFb+4Fx Fb/EJ 1
ECb |-1+x/b| 13/2Fb-15/2Fx 0 |-13/2Fb+14Fx-15/2Fxlb| 0 |1-2x/b+x’/b? ,
, . (-2+0)Fb’*/EJ 1/3Xb/EJ
CEb | xb Fb-15/2Fx 0 Fx-15/2Fx°/b 0 Xl
IAb | 1-x/b 1/2Fx 0 1/2Fx-1/2Fx%/b 0 |1-2x/b+x°/0° ,
, . (1/12+0)Fb*/EJ |  1/3Xb/EJ
Alb | -x/b -1/2Fb+1/2Fx 0 1/2Fx-1/2Fx’Ib 0 Xl
totali -35/12FbYEJ | 5/3XbI/EJ
iperstatica X=W,¢ 7/4Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 249262 CI07.xxxx.141 PROCEDIMENTO E RISULTATI 249262 CI07.xxxx.141

m

~54

b
L= J:(l ) VEIdx=[x], 1EI A= 702. mm>
s J, = 239989. mm*
= UEJ = bIE ’
(b) VEI = b Jb g a5 J,= 47034, mm*
=[(1) vesax=[x] e Yo = 19.65mm
3 i PR T,= 2970.N
=(b) 13 = b/EJ b M, = -1460250. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E , Xp = 30.mm
= 54,
=(b-b+1/3b) 1EJ = 1/3 b/EJ Ym = 4. mm
b u,= 9.mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 u Vi = 34.35 mm
=-Mv/J, = 209. N/mm’
=(1/3b) 1EJ = 13 b/EJ O = -MV/J, mm
. I X, = 21.mm
L= [(1 -2 xtb +X7167 ) 1EI dx = [ x - x¥b +1/3 xb* | 1/E3 Yo= 45.mm
V.= 25.35mm
= - 1 1/EJ =1 E 7 ;
(b-b+13b) VEI =1/3 b/bJ 5 0, =M/, = 154.2 Nimm’
L= [2(?) vEI dx = [13 X2 ]] V/E Jo T = 7.981 Nimm®
0, = Vo’+31° = 154.9 N/mm®
=(v3b) VEI =13 b/EJ mm ° S2 38 8 x ¥ S’ = 3869, mm’

L=['(-4xib) FovEIdx+ [)(1) 0 dx=[-2xm ] FovEI +[x] 6
=(2b)Fb1/EI +(b) 0O =- FOYEJ

o= ['(-4+axib) FovEIdx + [[(-1) 0 dx=[-4x+2xm ] Fo 1€ +[-x] 6
=(-4b+2b)Fb1/EI +(-b) 6 =- FbYEJ

12 = [(-13/2 +14 xib -15/2 X2/b? ) Fb 1/E dx = [-13/2 x +7 X%/ -5/2 xb* | Fb 1/E3
=(-13/2b+7b-512b ) Fb 1/EJ =-2 Fb’/EJ

1% = [*(xab -15/2 X2/b* ) Fb 1/E3 dx = [1/2 x2b -5/2 x*/b? || Fb 1/E9
=(1/2b-5/2b) Fb 1/EJ =-2 Fb’/EJ

L= [*(1/2 xtb -1/2 x1b? ) Fb 1/EJ dx = [1/4 51 -1/6 x1b* | Fb 1/E
=(1/4b-1/6 b ) Fb 1/EJ = 1/12 Fb’/EJ

1= [2(1/2 b -1/2 x81b* ) Fb 1/EJ dx = [1/4 58 -1/6 x°/b? ] Fb 1/E
=(1/4b-1/6b) Fb 1/EJ = 1/12 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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AZIONI INTERNE 939660
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PROCEDIMENTO E RISULTATI 939660

CI07.xxxx.142

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 939660

CIl07.xxxx.142

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /Eddx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BAD 0 1/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © -1/2Fx 0 0 0 0
0+0 0
HGb | © 1/2Fb-1/2Fx 0 0 0 0
HDb | © -1/2Fb+1/2qx? 0 0 0 0
, 0+0 0
DHb 0 Fx-1/20x 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IE b -1 AFx-1/2gx° -Fb/EJ -AFx+1/2Fx%%Ib Fb/EJ 1 ,
, , (-11/6+1)Fb*/EJ Xb/EJ
Elb 1 |-7/2Fb+3Fx+1/2qx°| FB/EJ | -7/2Fb+3Fx+1/2Fx’/b |Fb/EJ 1
ECb |-1+x/b| 11/2Fb-13/2Fx 0 |-11/2Fb+12Fx-13/2Fx’b| 0 |1-2x/b+x°/b’ ,
, . (-5/3+0)Fb’/EJ | 1/3Xb/EJ
CEb | xb Fb-13/2Fx 0 Fx-13/2Fx’/b 0 x’lb
IAb | 1-x/b -1/2Fx 0 -12Fx+1/2Fx%Ib 0 |1-2x/b+x/0° ,
, ), (-1/12+0)Fb*/EJ| 1/3Xb/EJ
Alb | -x/b 1/2Fb-1/2Fx 0 -1/2FEx+1/2Fx’/b 0 x°Ib
totali -31/12Fb¥EJ | 5/3Xb/EJ
iperstatica X=W,c 31/20Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 939660 CI07.xxxx.142 PROCEDIMENTO E RISULTATI 939660 CI07.xxxx.142

b -54
L¥=['(1) vesax=[x] 1 A= 1134. mm’
J, = 311054. mm*
= 1/EJ = E. > u
(b) e b/Jb o J, = 72684. mm*
=[(1) vesax=[x] e 142 = a1 y,= 24.82mm
T,= 3660. N
=(b) /€3 = b/EJ y
(0) . M, = -2342400. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E , X, = 30.mm
= 54,
=(b-b+1/3b) 1EJ = 1/3 b/EJ u Ym = 4. mm
b u,= 12.mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 v, = 29.18 mm
18 =-Mv/J, = 219.7 N/mm’
=(13b) VEJ = 1/3 b/EJ Om = TV mm
) X, = 18.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 y.= 41.mm
v, = 16.18 mm
= - 1 1/EJ =1 E 7 ;
(b-b+1/3b) 1/EI =1/3 b/bJ 5 0. = WVIJ, = 121.8 Nim
L= [2(?) vEI dx = [13 X2 ]] V/E Jo 1,= 6.742 NImm’
0, = Vo’+31° = 122.4 N/mm’
=(u3b) VEI =13 bIEJ mm o e 3 3 I 8 «8 S = 6876 mmt

L= [0(-4 xtb +1/2 X16* ) Fo 1/EI dx + [/(1) 8 dx=[-2 % +1/6 X2 ], Fb 1/E9 + [ x] 6
=(2b+1/6b)Fob1/EJ +(b) 6 =-5/6 FbYEJ

L= [2(-7/2 +3 xtb +1/2 X%16? ) Fo UEI dx + [(-1) © dx
= [-712 x 312 1o +1/6 0% | Fb €S +[-x] 6
=(-72b+3/2b+1/6 b ) Fo 1/EJ +(-b ) 8 =-5/6 Fb/EJ

1 = [(-11/2 +12 x1b -13/2 X6 ) Fb VEJ dx = [-11/2 x +6 X2/ -13/6 x°/b” ] Fb 1/E
=(-112b+6 b -13/6 b ) Fb 1/EJ =-5/3 Fb’/EJ

1% = [*(xab -13/2 X216 ) Fb 1/E3 dx = [1/2 X2/ -13/6 xb* | Fb 1/E
=(1/2b-13/6 b ) Fb 1/EJ = -5/3 Fb’/EJ

10= [0(-1/2 xtb +1/2 X6 ) Fb 1/EJ dx = [-1/4 x2Ib +1/6 xib* | Fb 1/E3
=(-1/4b+1/6 b)) Fb 1/EJ =-1/12 Fb’/EJ

1= [(-1/2 b +1/2 X162 ) Fb 1EJ dx = [-1/4 x21b +1/6 x*/b? ] Fb 1/E3
=(-1/4b+1/6 b)) Fb L/EJ =-1/12 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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AZIONI INTERNE 986254

CIl07.xxxx.143

/\H

1/2F
F
D

B—— ———»
3/2F

—
1/2F

I

1/2F
1/2Fb

—
6/5Fw_| 24/5F
Fb

-

1/2F
—

':?
A

24/5F 24/5F
6/5Fb 9/5Fb
3F 3F

g ®

1/2F
1/2Fb

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

2F

20.03.25

1/2

1/2

1/2

1/2

-1/2

-6/5

T T T T T

-24/5

6/5

3 2
24 T T
Tl e
,,,,,,,,,,,,,,,,,,,,, -1/2
o o
T ’
Q
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

-1/2




G2'€0°0¢ €T'€0°LZ'SIA ‘OUB(IN Ip 021UJB)I|0d ‘ISSOY IUB|SABRZ OJ|opY ©

G2'e0’0¢ €T°€0°LZ'SIaN ‘OUB[IN 1P 021UIBY|O ‘ISSOY IUB[dARZ O}|0PY ©
T=x eonejsiadi ep auoissal | ﬂ H w

1- 1-
0 o, il i P
[E=azs
o o o
o o o
o (=)
0 0 0 0 o

reubasse 1yagled ep auoissaly °W
qEp)
oonejsiadi 0j0[ed Ip BWAYIS

Z/1-

I — &

2T u

4
[a}
[

EVTXXXX"L0ID 7562986 ILVLINSIY 3 OLN3INId3O00dd EVTXXXX"L0ID 752986 ILVLINSId 3 OLNINIdIO0dd



PROCEDIMENTO E RISULTATI 986254

CIl07.xxxx.143

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 986254

CIl07.xxxx.143

M M, (%) ] MM, MO | MM, |[MM/EI+6)dx | [XMM /Eddx
ABb | 0 |-12Fx+1/2gx°| ©O 0 0 0
, 0+0 0
BA b 0 1/2Fx-1/2gx 0 0 0 0
cbb | © 0 0 0 0 0
0+0 0
DCbh | © 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GF b 0 0 0 0 0 0
GHb | © -1/2Fx 0 0 0 0
0+0 0
HGb | 0 | 1/2Fb-1/2Fx | © 0 0 0
HDb | 0 |-1/2Fb+1/2gx°| O 0 0 0
, 0+0 0
DHb | © Fx-1/20x 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IE b -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb’/EJ Xb/EJ
El b 1 -3Fb+3Fx | FO/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 5Fb-6Fx 0 |-5Fb+11Fx-6Fx’b| 0 |1-2x/b+x’/b’ ,
, . (-3/2+0)Fb’/EJ |  1/3Xb/EJ
CEb x/b Fb-6Fx 0 Fx-6Fx"/b 0 x“/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+x’/b?
- 0+0 1/3Xb/EJ
Alb | -x/b 0 0 0 0 x°Ib
totali -2Fb/EJ 5/3Xb/EJ
iperstatica X=W,c 6/5Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

Sviluppi di calcolo iperstatica

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

20.03.25



PROCEDIMENTO E RISULTATI 986254

CIl07.xxxx.143

PROCEDIMENTO E RISULTATI 986254

CIl07.xxxx.143

L¥=['(1) vesax=[x] 1
=(b) VEJ = b/EJ

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) 1EJ =13 b/EI

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(1/3b) 1EJ =13 b/E

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

12 = [(-5 +11 x1b -6 x2b* ) Fb 1/E3 dx = [-5 x +11/2 x%/b -2 xb* | Fb 1/E3
=(-5b+11/2b-2b ) Fb 1/EJ =-3/2 Fb’/EJ

1% = [*(xtb -6 xib? ) Fb 1/E dx = [1/2 b -2 X2 ] Fb 1/E3
=(1/2b-2b) Fb 1/EJ =-3/2 Fb’/EJ

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

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 1098. mm’

J, = 366595. mm’
J, = 85644. mm*

Yo = 23.48 mm

T, = 3940.N

M, = -2758000. Nmm
X, = 36.mm

Yo = 54.mm

u,= 12.mm

vV, = 30.52 mm

o, =-Mv/J, = 229.6 N/mm’

m

X.= 24.mm

o, =-Mv/J, = 131.8 N/mm’
.= 6.518 N/mm?

0, = Vo*+31° = 132.3 N/mm’
S = 7278. mm®

20.03.25
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PROCEDIMENTO E RISULTATI 214984 CI07.xxxx.144 PROCEDIMENTO E RISULTATI 214984 CI07.xxxx.144

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
ABb | © 0 0 0 0 0
0+0 0
BAb | © 0 0 0 0 0
cbb | 0 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 0 0 0 0 0
0+0 0
HGb | © 0 0 0 0 0
HDb | © 1/2gx° 0 0 0 0
, 0+0 0
DHb | 0 |-1/2Fb+Fx-1/2qx*| O 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx°| O 0 0 0
, 0+0 0
BDb | © -1/2qx 0 0 0 0
IEb -1 4Fx -Fb/EJ -4Fx Fb/EJ 1 ,
(-2+1)Fb¥EJ Xb/EJ
Elb 1 -4Fb+4Fx Fb/EJ -4Fb+4FX  |Fb/EJ 1
ECb |-1+x/b 6Fb-7Fx 0 |[-6Fb+13Fx-7TFx’/b| 0 |1-2x/b+x’/b ,
, , , |(1U6+0)Fb?EJ| 1/3Xb/EJ
CEb x/b Fb-7Fx 0 Fx-7Fx‘/b 0 x/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+x’/b?
), 0+0 1/3Xb/EJ
Alb | -x/b 0 0 0 0 Xlo
totali -17/6Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 17/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 214984 CI07.xxxx.144 PROCEDIMENTO E RISULTATI 214984 CI07.xxxx.144

[of

m

b
L¥=['(1) vesax=[x] 1 A= 600. mm’
lus 0.1 J, = 211747. mm*
= 1/EJ = E u
(b) vEI = b/ Jb > 46 J,= 19728. mm"*
=[(1) vesax=[x] e Yy = 22.23mm
T,= 2120.N
=(b) VEI = bEJ it
(b) X M, = -1590000. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E , Xp = 24.mm
= 54,
=(b-b+1/3b) 1EJ = 1/3 b/EJ Ym = 4. mm
b u u,= 9.mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 V= 3177 mm i
=-Mv/J, = 238.6 N/
=(1/3b) 1EJ = 13 b/EJ o e m
. 11 X, = 15.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 y.= 46.mm
V.= 23.77 mm
= - 1 1/EJ =1 E 7 ;
(b-b+1/3b) 1VEI =13 b/bJ 5 0, =-Mv/J, = 178.5 Nimm’
L= [2(?) vEI dx = [13 X2 ]] V/E Jo T.= 5.681 N/mm’
0, = Vo’+31° = 178.8 N/mm’
=\1/3b ) 1/EJ =1/3 b/EJ I © < o o
(v3b) mm e F 5 §xe S’ = 3405. mm®

L=['(-4xib) FovEIdx+ [)(1) 0 dx=[-2xm ] FovEI +[x] 6
=(2b)Fb1/EI +(b) 0O =- FOYEJ

o= ['(-4+axib) FovEIdx + [[(-1) 0 dx=[-4x+2xm ] Fo 1€ +[-x] 6
=(-4b+2b)Fb1/EI +(-b) 6 =- FbYEJ

1% = [(-6 +13 xtb -7 xb> ) Fb 1/E dx = [-6 x +13/2 X2/ -7/3 xb | Fb 1/E3
=(-6b+13/2b-7/3b ) Fb 1/EJ =-11/6 Fb’/EJ

1% = [*(xtb -7 xib? ) Fb 1/EJ dx = [1/2 b -7/3 xb* | Fb 1/E
=(1/2b-7/3b) Fb 1/EJ =-11/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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1/2Fb
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2F

20.03.25

AZIONI INTERNE 236686

CIl07.xxxx.145

0 H o o~ 1 o]
= = \
|

- =B i - o |
H H |
|
H H \
5 14+ | [~
g q 5 \
= = = ‘
|

o - 4+ Hs 2 of
H H H ' \
= 5 = \
1 - |
i 0 3 B 3 2 |

24 T
—[t]—¢ Tl e
,,,,,,,,,,,,,,,,,,,,, -1/2

of o oo S

o o o
Q

w0 3

o 9/5

-6/5
CED ro
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



G2'€0'0¢C

€T°€0°LZ'SIaN ‘OUB|IN Ip 021UIBY|O ‘ISSOY IUB[dARZ O}0pY ©

ST XXXX"L0I1D

9899€¢ ILV1TNSIY 3 OLNINIdID0dd

14

'€0°0¢

€T°€0°/2'SIaN ‘OUB|IN Ip 021UIBY|O ‘ISSOY IUB[DARZ O}opY ©

T=x eonejsiadi ep auoissal | ﬂ H w

reubasse 1youed ep suoissay °N ﬂHw

Z/1-

e/t

0 0, i i -
= | b
o o o
o o o
|
|
|
|
|
|
|
|
|
|
o o |
0 0 0 0 |o
oonessiadi 0j0o[ed Ip BWaYIS
0 Jo
l_l_%
3 4
4 il
5 WV
+
o
o
Z Z
7 5 V. Q v
= \% 7
o
0 |o
& & A
d
a
-

SYTXXXX"L0ID

9899€¢ ILV1TNSIY 3 OLNINIAID0dd



PROCEDIMENTO E RISULTATI 236686

CIl07.xxxx.145

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 236686

CIl07.xxxx.145

M M, (%) ] MM, MO | MM, |[MM/EI+6)dx | [XMM /Eddx
AB b 0 0 0 0 0 0
0+0 0
BADb 0 0 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | O 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GF b 0 0 0 0 0 0
GHb | © -Fx+1/2gx° 0 0 0 0
, 0+0 0
HGb | 0 | 1/2Fb-1/2gx 0 0 0 0
HDb | 0 |-1/2Fb+1/2gx°| O 0 0 0
, 0+0 0
DHb | © Fx-1/2gx 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BD b 0 0 0 0 0 0
IE b -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb’/EJ Xb/EJ
El b 1 -3Fb+3Fx | FO/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 5Fb-6Fx 0 |-5Fb+11Fx-6Fx/b| 0 |1-2x/b+x’/b° ,
, , (-3/2+0)Fb’/EJ |  1/3Xb/EJ
CEb x/b Fb-6Fx 0 Fx-6Fx"/b 0 x“/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+x/0°
- 0+0 1/3Xb/EJ
Alb | -x/b 0 0 0 0 x*Ib
totali -2Fb%EJ 5/3Xb/EJ
iperstatica X=W,c 6/5Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

Sviluppi di calcolo iperstatica

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

20.03.25



PROCEDIMENTO E RISULTATI 236686

CIl07.xxxx.145

PROCEDIMENTO E RISULTATI 236686

CIl07.xxxx.145

L¥=['(1) vesax=[x] 1
=(b) VEJ = b/EJ

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) 1EJ =13 b/EI

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(1/3b) 1EJ =13 b/E

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

12 = [(-5 +11 x1b -6 x2b* ) Fb 1/E3 dx = [-5 x +11/2 x%/b -2 xb* | Fb 1/E3
=(-5b+11/2b-2b ) Fb 1/EJ =-3/2 Fb’/EJ

1% = [*(xtb -6 xib? ) Fb 1/E dx = [1/2 b -2 X2 ] Fb 1/E3
=(1/2b-2b) Fb 1/EJ =-3/2 Fb’/EJ

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

20.03.25

53

48

42

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

~m

412

418

124

130

A= 570. mm’

J, = 191825. mm*
J,= 18558. mm*

Yo = 31.49 mm

T,= 1540.N

M, = -1216600. Nmm
X, = 6.mm

u,= -9.mm

v, =-31.49 mm

g, = -Mv/J, = -199.7 N/mm’
X, = 15.mm

y.= 9.mm

Vv, =-22.49 mm

a, = -Mv/J, = -142.6 N/mm’
T, = 4.277 N/mm’

0, = Vo’+31° = 142.8 NImm®
S = 3197. mm°

20.03.25
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CIl07.xxxx.146
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]

20.03.25

L T T LTI LI T T I e o o o o
1 ElE H 0 E =
H H \ \
L = \ \
= H | |
o ; Al 37' e } }r"
5 =] \ \
L = \ \
H H \ \
= = \ \
I E
g E|
1
H E‘ o o
o H H S E
g g o ¥
H £
B =
s :\ o
i 0 g~ 3 2
470
000
—[t]—¢ Tl e
-1/2
o “_.'
\
|
|
|
\
N
A o =
é - % o «
-
o
3 S
) 17/10”
-13/10
CED ro
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 212930 CI07.xxxx.146 PROCEDIMENTO E RISULTATI 212930 CI07.xxxx.146

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
ABb | © -Fb+Fx 0 0 0 0
0+0 0
BAb | © Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 1/2Fb-Fx 0 0 0 0
0+0 0
HGb | © 1/2Fb-Fx 0 0 0 0
HDb | © -1/2Fb+1/2qx? 0 0 0 0
, 0+0 0
DHb | © Fx-1/2gx 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-6Fx 0 |-5Fb+11Fx-6Fx’b| 0 |1-2x/b+x’/b’ ,
, ), (-3/2+0)Fb%/EJ | 1/3Xb/EJ
CEDb x/b Fb-6Fx 0 Fx-6Fx“/b 0 x“/b
IAb | 1-x/b -Fx 0 -Fx+Fx’/b 0 |1-2x/b+x’/b’ ,
, . (-1/6+0)Fb*/EJ | 1/3Xb/EJ
Alb -x/b Fb-Fx 0 -Fx+Fx“/b 0 x“/b
totali -13/6Fb*/EJ 5/3Xb/EJ
iperstatica X=W,c 13/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 212930

CI07.xxxx.146

PROCEDIMENTO E RISULTATI 212930

CIl07.xxxx.146

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0

=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6

=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

b
12 = [(-5 +11 x1b -6 x2b* ) Fb 1/E3 dx = [-5 x +11/2 x%/b -2 xb* | Fb 1/E3

=(-5b+11/2b-2b ) Fb 1/EJ =-3/2 Fb’/EJ
1% = [*(xtb -6 xib? ) Fb 1/E dx = [1/2 b -2 X2 ] Fb 1/E3
=(1/2b-2b) Fb 1/EJ =-3/2 Fb’/EJ

b
L0= [°(- b + X% ) Fb /3 dx = [-1/2 x%1b +1/3 xb* | Fb 1/E

=(-1/2b+1/3b) Fb 1/EJ =-1/6 Fb*/EJ

b
L= [2(- xtb + x2b? ) Fb 1/E3 dx = [-1/2 xb +1/3 X6 ]| Fb 1/E3

=(-1/2b +1/3b ) Fb /EJ =-1/6 Fb’/EJ

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

20.03.25
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clc

~m

4118
124

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

A= 666. mm’

J, = 217134. mm*

J,= 44766. mm*

Yo = 33.99 mm

T,= 1580. N

M, = -1327200. Nmm

X, = 12.mm

u,= -9.mm

v, =-33.99 mm

a,, = -Mv/J, = -207.7 NImm®
X, = 21.mm

y.= 10.mm

Vv, =-23.99 mm

a, = -Mv/J, = -146.6 N/mm’
.= 44 N/mm?

0, = Vo’+31° = 146.8 N/mm®

S = 3628 mm®

20.03.25
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AZIONI INTERNE 960326

CI07.xxxx.147

e L L L

e L

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 960326 CI07.xxxx.147 PROCEDIMENTO E RISULTATI 960326 CIO07.xxxx.147

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XMM /Eddx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BADb 0 1/2Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | O 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 -1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 1/2Fb-1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | O 0 0 0 0 0
IEb -1 3Fx-1/2gx° -Fb/EJ -3Fx+1/2Fx%/b Fb/EJ 1 ,
, , (-4/3+1)Fb*/EJ Xb/EJ
Elb 1 |-5/2Fb+2Fx+1/2qx’| Fb/EJ | -5/2Fb+2Fx+1/2Fx’/b | Fb/EJ 1
ECb |-1+x/b| 9/2Fb-11/2Fx 0 |-9/2Fb+10Fx-11/2Fx*/b| 0 |1-2x/b+x*/b’ ,
, ), (-4/3+0)Fb%/EJ | 1/3Xb/EJ
CEDb | xb Fb-11/2Fx 0 Fx-11/2Fx%/b 0 x*Ib
IAb | 1-x/b -1/2Fx 0 -1/2Fx+1/2Fx%Ib 0 |1-2x/b+x/0° ,
, . (-1/12+0)Fb%EJ | 1/3Xb/EJ
Alb | -x/b 1/2Fb-1/2Fx 0 -12Fx+112Fx%b 0 x’/b
totali -7I4Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 21/20Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 960326 CI07.xxxx.147 PROCEDIMENTO E RISULTATI 960326 CIO07.xxxx.147

b -53
L¥=['(1) vesax=[x] 1 > A= 960. mm’
18 J, = 302931 mm*
= 1/EJ = bE u
(b) 1E3 = bIEI ) luz J, = 45216. mm*
=[(1) vesax=[x] e y, = 28.08 mm
T,= 2620.N
=(b) /€3 = b/EJ y
(0) . M, = -2358000. Nmm
= -2 XIb + X X=] X-X + X u X, = . mm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E L= 6
y u,= -12. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ m
( ) b v, =-28.08 mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 0, = -Mv/J, = -218.5 N/mm®
‘ = 18
=(13b) VEJ = 1/3 b/EJ . / ' 12 ; _ o,
b 1 c” '
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 v, = -16.08 mm
On o, = -Mv/J, = -125.1 N/mm’
= - 1 1/E =1 E ’ )
(b-b+13b) VEI =13 b/bJ I r = 4,439 Nimm?
L= [2(?) vEI dx = [13 X2 ]] V/E 0, = Vo™ +31° = 125.4 N/mm’

124
430
136

"= 6159. mm®
=(u3b) VEI =13 bIEJ S = 6159. mm

L= ['(-a xtb +1/2 X16* ) Fo 1/EI dx + [(1) © dx=[-3/2X%b +1/6 X2 ], Fb 1/E9 + [ x ] 6
=(-312b+1/6b) Fo 1/EJ +(b) 6 =-1/3 FbY/EJ

1= [2(-5/2 +2 xtb +1/2 X¥16? ) Fb UEI dx + [(-1) © dx
= [-5r2 x + xib +1/6 X162 ] Fb 1/E3 + [-x]
=(-5/2b+b+1/6b ) Fb 1/EJ +(-b) 6 =-1/3 Fb/EJ

1% = [*(-9/2 +10 xtb -11/2 xIb? ) Fb 1/EJ dx = [-0/2 x +5 x%/b -11/6 x*/b? ], Fb 1/E
=(-92b+5b-11/6 b ) Fb 1/EJ =-4/3 Fb’/EJ

1% = [*( b -10/2 X216 ) Fb 1/E3 dx = [1/2 x21b -11/6 xb* | Fb 1/E
=(1/2b-11/6 b ) Fb 1/EJ = -4/3 Fb’/EJ

10= [°(-1/2 xtb +1/2 X6 ) Fb 1/EJ dx = [-1/4 x2Ib +1/6 xib* | Fb 1/E3
=(-1/4b +1/6 b)) Fb 1/EJ =-1/12 Fb’/EJ

1= [(-1/2 b +1/2 X162 ) Fb UEJ dx = [-1/4 x21b +1/6 x*/b? ], Fb 1/E3
=(-1/4b+1/6b) Fb 1/EJ =-1/12 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 247850 CI07.xxxx.148 PROCEDIMENTO E RISULTATI 247850 CI07.xxxx.148

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, M M/EI+6)dx | [XM M /EJdx
ABb | © -1/2Fx+1/29x° 0 0 0 0
, 0+0 0
BA b 0 1/2Fx-1/2gx 0 0 0 0
cCDb | © 0 0 0 0 0
0+0 0
DCbh | O 0 0 0 0 0
EFb | O -2Fb+2Fx 0 0 0 0
0+0 0
FEb | O 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 1/2Fb-1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | O 0 0 0 0 0
IEb -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb¥EJ Xb/EJ
Elb 1 -2Fb+2Fx Fb/EJ| -2Fb+2Fx  |Fb/EJ 1
ECb |-1+x/b 4Fb-5Fx 0 |[-4Fb+9Fx-5Fx’/b| 0 |1-2x/b+x°/b’ ,
, . (-7/6+0)Fb’/EJ |  1/3Xb/EJ
CEb x/b Fb-5Fx 0 Fx-5Fx‘/b 0 x“/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+x’/b?
, 0+0 1/3Xb/EJ
Alb | x/b 0 0 0 0 X’/b
totali -7/6Fb*/EJ 5/3Xb/EJ
iperstatica X=W,c 7/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 247850

CIl07.xxxx.148

PROCEDIMENTO E RISULTATI 247850

CIl07.xxxx.148

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+13b) VEJ =1/3 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(13b) VEJ =13 b/EI

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) VEJ =13 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)FouEI +(b)B6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

1% = [(-4 +9 x/b -5 X%/ ) Fb 1/EJ dx = [-4 x +9/2 x2Ib -5/3 xIb” | Fb 1/E
=(-4b+9/2b-5/3b) Fb 1/EJ =-7/6 Fb’/EJ

1% = [*(xtb -5 x1b? ) Fb 1/EJ dx = [1/2 b -5/3 xb* | Fb 1/E
=(1/2b-5/3b) Fb 1/EJ =-7/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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A= 1056. mm’
,= 341114, mm*
, = 81576. mm*

J

J

Yo = 29.96 mm

T,= 2740.N

M, =-2603000. Nmm
X, = 12.mm

u,= -12. mm

v, =-29.96 mm

g, = -Mv/J, = -228.6 NImm’
X, = 24.mm

y.= 12.mm

v, =-17.96 mm

g, = -Mv/J, = -137.1 N/mm’
T, = 4.471 N/mm’

0, = Vo’+31° = 137.3 N/mm’
S = 6679. mm’

20.03.25



REAZIONI 237095 CI07.xxxx.149 AZIONI INTERNE 237095 CI07.xxxx.149
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PROCEDIMENTO E RISULTATI 237095 CI07.xxxx.149 PROCEDIMENTO E RISULTATI 237095 CI07.xxxx.149

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
ABb | © 0 0 0 0 0
0+0 0
BAb | © 0 0 0 0 0
CDb | © 0 0 0 0 0
0+0 0
DCbh | O 0 0 0 0 0
EFb | O -2Fb+2Fx 0 0 0 0
0+0 0
FEb | O 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 1/2Fb 0 0 0 0
0+0 0
HGb | © -1/2Fb 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx°| O 0 0 0
, 0+0 0
BDb | O -1/2qx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3FX  |Fb/EJ 1
ECb |-1+x/b 5Fb-6Fx 0 |[-BFb+11Fx-6Fx’/b| 0 |1-2x/b+x/b ,
, ), (-3/2+0)Fb%/EJ | 1/3Xb/EJ
CEb x/b Fb-6Fx 0 Fx-6Fx‘/b 0 x/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+x’/b?
), 0+0 1/3Xb/EJ
Alb | x/b 0 0 0 0 X’/b
totali -2Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 6/5Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 237095 CI07.xxxx.149 PROCEDIMENTO E RISULTATI 237095 CI07.xxxx.149

L= J:(l ) VEIdx =[x ]z 1/EJ z A= 870. mm?

= 243005, mm*
=(b) VEI = b/EI u m

J
X | J, = 39276. mm*
=[(1) vesax=[x] e Yy = 28.65mm
T,= 2020.N
= = y
(b) vEI = bIE b M, = -2020000. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E u Xy = 6.mm
- - u,= -12. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EbJ y v, = -28.65 mm
L =Jﬁ( xIb’ ) 1/EJ dx = [1/3 X0’ ]U 1/EJ \\ o, = -Mv/J, = -238.1 N/mm’
X, = 18.mm
=(u3b) VEJ =13 bEJ ol, c
( ) b i‘F/ 10 Y. = 10. mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 Ve = -18.65 mm
o o

s o
=(b-b+1/3b) 1/EJ = 1/3 b/EJ " ]

L= [2(?) vEI dx = [13 X2 ]] V/E

1, = 3.053 N/mm’
=vo’+31° = 155.1 N/mm°
S = 4407. mm®

c
o, =-Mv/J, = -155. N/mm’
00

424

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

12 = [(-5 +11 x1b -6 x2b* ) Fb 1/E3 dx = [-5 x +11/2 x%/b -2 xb* | Fb 1/E3
=(-5b+11/2b-2b ) Fb 1/EJ =-3/2 Fb’/EJ

1% = [*(xtb -6 xib? ) Fb 1/E dx = [1/2 b -2 X2 ] Fb 1/E3
=(1/2b-2b) Fb 1/EJ =-3/2 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 287951 CI07.xxxx.150 PROCEDIMENTO E RISULTATI 287951 CI07.xxxx.150

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, M M/EI+6)dx | [XM M /EJdx
ABb | © 0 0 0 0 0
0+0 0
BAb | © 0 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | 0 |1/2Fb-Fx+1/2gx°| O 0 0 0
, 0+0 0
HGb | © -1/2gx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb¥EJ Xb/EJ
Elb 1 -2Fb+2Fx Fb/EJ| -2Fb+2Fx  |Fb/EJ 1
ECb |-1+x/b AFb-5Fx 0 |-4Fb+9Fx-5Fx’fb| 0 |1-2x/b+x’/b° ,
, . (-7/6+0)Fb/EJ | 1/3Xb/EJ
CEb x/b Fb-5Fx 0 Fx-5Fx"/b 0 x“/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+x’/b’
, 0+0 1/3Xb/EJ
Alb | -x/b 0 0 0 0 x’/b
totali -7/6Fb/EJ 5/3Xb/EJ
iperstatica X=W,c 7/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 287951 CI07.xxxx.150 PROCEDIMENTO E RISULTATI 287951 CI07.xxxx.150

b
L¥=['(1) vesax=[x] 1 A= 972. mm’
48 J, = 272405. mm*
= 1/EJ = E u
(b) VEI = bIEI b | J,= 77904. mm"*
=[(1) vesax=[x] e Yy = 30.51 mm
T,= 3360.N
=(b) /€3 = b/EJ y
(b) X . M, = -1780800. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E Xp = 12.mm
- - u,= -12. mm
=(b-b+1/3b) 1/EJ =1/3 b/EbJ y v, = -30.51 mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 W G, = -Mv/J, = -199.4 N/mm’
= 24
=(1/3b) 1/E] = 1/3 b/EJ oft. X mn
. %%/ 10 y.= 10.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 v, =-20.51 mm
15 2
o 0, = -Mv/J, = -134.1 N/mm
=(b-b+1 1/EJ =1/3 b/E ¢ !
(b-b+1/3b) 1/EI =1/3 b/bJ I | r = 4.874 Nimm?
L= [2(?) vEI dx = [13 X2 ]] V/E o e e e - 0, =Vo+31" = 134.3 N/mm”
mm ° T8 @ @9 x 3 S’ = 4741. mm®

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

1% = [(-4 +9 x/b -5 X%/ ) Fb 1/EJ dx = [-4 x +9/2 x2Ib -5/3 xIb” | Fb 1/E
=(-4b+9/2b-5/3b) Fb 1/EJ =-7/6 Fb’/EJ

1% = [*(xtb -5 x1b? ) Fb 1/EJ dx = [1/2 b -5/3 xb* | Fb 1/E
=(1/2b-5/3b) Fb 1/EJ =-7/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 213022 CI07.xxxx.151 PROCEDIMENTO E RISULTATI 213022 CI07.xxxx.151

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
ABb | © -Fb+Fx 0 0 0 0
0+0 0
BAb | © Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 1/2Fb-Fx 0 0 0 0
0+0 0
HGb | © 1/2Fb-Fx 0 0 0 0
HDb | © -1/2Fb+1/2qx? 0 0 0 0
, 0+0 0
DHb | © Fx-1/2gx 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-6Fx 0 |-5Fb+11Fx-6Fx’b| 0 |1-2x/b+x’/b’ ,
, ), (-3/2+0)Fb%/EJ | 1/3Xb/EJ
CEDb x/b Fb-6Fx 0 Fx-6Fx“/b 0 x“/b
IAb | 1-x/b -Fx 0 -Fx+Fx’/b 0 |1-2x/b+x’/b’ ,
, . (-1/6+0)Fb*/EJ | 1/3Xb/EJ
Alb -x/b Fb-Fx 0 -Fx+Fx“/b 0 x“/b
totali -13/6Fb*/EJ 5/3Xb/EJ
iperstatica X=W,c 13/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 213022

CIl07.xxxx.151

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0

=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6

=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

b
12 = [(-5 +11 x1b -6 x2b* ) Fb 1/E3 dx = [-5 x +11/2 x%/b -2 xb* | Fb 1/E3

=(-5b+11/2b-2b ) Fb 1/EJ =-3/2 Fb’/EJ
1% = [*(xtb -6 xib? ) Fb 1/E dx = [1/2 b -2 X2 ] Fb 1/E3
=(1/2b-2b) Fb 1/EJ =-3/2 Fb’/EJ

b
L0= [°(- b + X% ) Fb /3 dx = [-1/2 x%1b +1/3 xb* | Fb 1/E

=(-1/2b+1/3b) Fb 1/EJ =-1/6 Fb*/EJ

b
L= [2(- xtb + x2b? ) Fb 1/E3 dx = [-1/2 xb +1/3 X6 ]| Fb 1/E3

=(-1/2b +1/3b ) Fb /EJ =-1/6 Fb’/EJ

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

20.03.25

PROCEDIMENTO E RISULTATI 213022

CI07.xxxx.151

~136

12

424

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

A= 1086. mm’

J, = 289781. mm’

J,= 67788. mm*

Yy = 28.65 mm

T, = 3660. N

M, = -2122800. Nmm

X, = 6.mm

u,= -12. mm

Vv, =-28.65 mm

a,, = -Mv/J, = -209.9 N/mm’
X, = 18.mm

y.= 12.mm

Vv, =-16.65 mm

o, =-Mv/J, = -122. NImm®
T,= 6.65 N/mm’

0, = Vo’+31° = 122.5 N/mm®

S = 6318. mm’®

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



G2'€0°0¢ €T'€0°LZ'SI9A ‘OUB(IN 1P 021UJBYI|0d ‘ISSOY IUB|aABRZ O}|opY © G2'€0°0¢ €T'€0°LZ'SIA ‘OUB(IN Ip 021UJB)I|0d ‘ISSOY IUB|SABRZ OJ|opY ©

T=x eonejsiadi ep auoissal | ﬂ H w

\\\\\\\\\\\ T- 1-
0 0 \ | [
o X iiGili |
1) ) IS
IS IS ,O

|

|

|

|

|

|

|

|

|
o o |
0 0 0 0 o

reubasse 1yagled ep auoissaly °W
qEp)
ooyelsiadi 0j0d[ed Ip BWAYIS

0 (o

I_J%

3 + 1
J ]
M“ /»ﬂ\\\
+
—
S
[
S
% 4
% 5 V. . v
$
o o
o o

0 o {0 0 Jo

\\\\\\\ 1

| g
a
.

ST XXXX"L0ID 0v98Y¢ ILV1LTINSIY 3 OLNINIAID0dd CATXXXX"L01D 0v98Y¢ ILV1TINSIY 3 OLNINIAID0dd



PROCEDIMENTO E RISULTATI 248640 CI07.xxxx.152 PROCEDIMENTO E RISULTATI 248640 CI07.xxxx.152

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MB | MM, |[MM/EI+6)dx | [XM M /EJdx
ABb | 0 |1/2Fb-Fx+12qx%| O 0 0 0
, 0+0 0
BAb | © -1/2gx 0 0 0 0
CDb | 0 |1/2Fb-Fx+1/2gx°’| 0 0 0 0
, 0+0 0
DCb | © -1/2gx 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 0 0 0 0 0
0+0 0
HGb | © 0 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IE b -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb¥EJ Xb/EJ
Elb 1 2Fb+2Fx | Fb/EJ -2Fb+2Fx Fb/EJ 1
ECb |-1+x/b|  4Fb-9/2Fx 0 |-4Fb+17/2Fx-9/2Fx°b| 0 |1-2x/b+x°/b° ,
, ), (-5/4+0)FbYEJ | 1/3Xb/EJ
CEDb | x/b | 1/2Fb-9/2Fx 0 1/2Fx-9/2Fx’Ib 0 Xl
IAb | 1-x/b 1/2Fx 0 1/2Fx-1/2Fx%/b 0 |1-2x/b+x’/b? ,
, - (1/12+0)Fb*/EJ | 1/3Xb/EJ
Alb | -xlb | -1/2Fb+1/2Fx | O 1/2Fx-1/2Fx’Ib 0 Xlo
totali -7/6Fb’/EJ 5/3Xb/EJ
iperstatica X=W,c 7/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 248640 CI07.xxxx.152

L¥=['(1) vesax=[x] 1
=(b) 1EJ = bEJ

=[(1) vesax=[x] e
=(b) 1/EJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(1/3b) 1EJ = 13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(u3b) VEI =13 bIEJ

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

1% = [[(-4 +17/2 xib -9/2 x2Ib* ) Fb 1/E3 dx = [-4 x +17/4 x2Ib -3/2 x1b* | Fb 1/E3
=(-4b+17/4b-312b ) Fb 1/EJ = -5/4 Fb’/EJ

1% = [*(1/2 x/b 012 x2b* ) Fb 1/EJ dx = [1/4 xb -3/2 X712 |, Fb 1/E3
=(1/4b-312b) Fb 1/EJ =-5/4 Fb’/EJ

1= [*(1/2 xtb -1/2 x1b? ) Fb 1/EJ dx = [1/4 ¥ -1/6 x1b* | Fb 1/E3
=(1/4b-1/6 b ) Fb 1/EJ = 1/12 Fb’/EJ

1= [(1/2 b -1/2 x81b* ) Fb 1/E3 dx = [1/4 58 -1/6 X% ] Fb 1/E
=(1/4b-1/6b) Fb 1/EJ = 1/12 Fb*/EJ

PROCEDIMENTO E RISULTATI 248640

CIl07.xxxx.152

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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4136
x
148

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

A= 1260. mm’

J, = 325285. mm’
J, = 138384. mm*
Yy = 30.68 mm

T, = 3700.N

M, = -2331000. Nmm
X, = 12.mm

u,= -12. mm

v, =-30.68 mm

m

g, = -Mv/J, = -219.8 N/mm’

m

X, = 24.mm

y.= 12.mm
Vv, =-18.68 mm
g, = -Mv/J, = -133.8 N/mm’

C

1= 6.519 N/mm*

c
0, = Vo’+31° = 134.3 NImm®
* 3

20.03.25



REAZIONI 237894 CI07.xxxx.153 AZIONI INTERNE 237894 CI07.xxxx.153
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 237894 CI07.xxxx.153 PROCEDIMENTO E RISULTATI 237894 CI07.xxxx.153

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MB | MM, |[MM/EI+6)dx |[XM,M /Eddx
ABb | © 1/2Fb-1/2Fx 0 0 0 0
0+0 0
BAb | © -1/2Fx 0 0 0 0
CDb | 0 |1/2Fb-Fx+1/2gx°’| 0 0 0 0
, 0+0 0
DCb | © -1/2gx 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 1/2Fx 0 0 0 0
0+0 0
HGb | 0 | -1/2Fb+1/2Fx | O 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx*| O 0 0 0
, 0+0 0
BDb | © -1/2qx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3FX | Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 5Fb-11/2Fx 0 |-5Fb+21/2Fx-11/2Fx’/b| 0 |1-2x/b+x’/b ,
, , ., |(-19/12+0)Fb*EJ|  1/3Xb/EJ
CEb | x/b | 1/2Fb-11/2Fx | 0 1/2Fx-11/2Fx’lb 0 Xl
IAb | 1-x/b 1/2Fx 0 1/2Fx-1/2Fx%/b 0 |1-2x/b+x’/b? ,
, - (L/12+0)Fb*/EJ |  1/3XbIEJ
Alb | xb | -1/2Fb+1/2Fx | 0 1/2Fx-1/2FX’Ib 0 X°/b
totali -2Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 6/5Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 237894

CIl07.xxxx.153

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6

=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

b
L% = [°(-5 +21/2 b -11/2 56> ) Fb 1/EJ dx = [-5 x +21/4 xb -11/6 x°/b” | Fb 1/E]
o o

=(-5b+21/4b-11/6 b ) Fb 1/EJ =-19/12 Fb’/EJ

1% = [2(1/2 x/b -11/2 %1% ) Fb 1EI dx = [1/4 X1 -11/6 x*/b2 ], Fb 1/E3
=(1/4b-11/6 b ) Fb 1/EJ =-19/12 Fb’/EJ

1= [*(1/2 xtb -1/2 x1b* ) Fb 1/EJ dx = [1/4 b -1/6 x1b* | Fb 1/E
=(1/4b-1/6 b ) Fb 1/EJ = 1/12 Fb’/EJ

1= [2(1/2 b -1/2 x81b* ) Fb 1/EJ dx = [1/4 58 -1/6 X°1b? ] Fb 1/E
=(1/4b-1/6b) Fb 1/EJ = 1/12 Fb*/EJ

PROCEDIMENTO E RISULTATI 237894

CI07.xxxx.153

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

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 1296. mm’

J, = 326102. mm’
J,= 147456. mm*
Yo = 22.19 mm

T, = 3560. N

M, = -2420800. Nmm
X, = 36.mm

Ym= 53.mm

u,= 12.mm

vV, = 30.81 mm

o, =-Mv/J, = 228.7 NImm’

m

X.= 24.mm

o, =-Mv/J, = 139.6 N/mm’
.= 6.29 N/mm?

0, = Vo’+31° = 140.1 N/mm’
S = 6914. mm°

20.03.25
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PROCEDIMENTO E RISULTATI 240451 CI07.xxxx.154 PROCEDIMENTO E RISULTATI 240451 CI07.xxxx.154

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MB | MM, |[MM/EI+6)dx | [XM M /EJdx
ABb | © 1/2Fb-1/2Fx 0 0 0 0
0+0 0
BAb | © -1/2Fx 0 0 0 0
CDb | 0 |1/2Fb-Fx+1/2gx°’| 0 0 0 0
, 0+0 0
DCb | © -1/2gx 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | 0 | -1/2Fx+1/2gX° | © 0 0 0
, 0+0 0
HGb | © 1/2Fx-1/2gx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb¥EJ Xb/EJ
Elb 1 -2Fb+2FX | Fb/EJ -2Fb+2Fx Fb/EJ 1
ECb |-1+x/b|  4Fb-9/2Fx 0 |-4Fb+17/2Fx-9/2Fx°b| 0 |1-2x/b+x°/b° ,
, ), (-5/4+0)FbYEJ | 1/3Xb/EJ
CEDb | x/b | 1/2Fb-9/2Fx 0 1/2Fx-9/2Fx’Ib 0 Xl
IAb | 1-x/b 1/2Fx 0 1/2Fx-1/2Fx%/b 0 |1-2x/b+x’/b? ,
, - (1/12+0)Fb*/EJ | 1/3Xb/EJ
Alb | x/b | -1/2Fb+1/2Fx | 0 1/2Fx-1/2Fx*/b 0 X’/b
totali -7/6Fb’/EJ 5/3Xb/EJ
iperstatica X=W,c 7/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 240451

CIl07.xxxx.154

L¥=['(1) vesax=[x] 1
=(b) 1EJ = bEJ

=[(1) vesax=[x] e
=(b) 1/EJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(1/3b) 1EJ = 13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(u3b) VEI =13 bIEJ

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

1% = [[(-4 +17/2 xib -9/2 x2Ib* ) Fb 1/E3 dx = [-4 x +17/4 x2Ib -3/2 x1b* | Fb 1/E3
=(-4b+17/4b-312b ) Fb 1/EJ = -5/4 Fb’/EJ

1% = [*(1/2 x/b 012 x2b* ) Fb 1/EJ dx = [1/4 xb -3/2 X712 |, Fb 1/E3
=(1/4b-312b) Fb 1/EJ =-5/4 Fb’/EJ

1= [*(1/2 xtb -1/2 x1b? ) Fb 1/EJ dx = [1/4 ¥ -1/6 x1b* | Fb 1/E3
=(1/4b-1/6 b ) Fb 1/EJ = 1/12 Fb’/EJ

1= [(1/2 b -1/2 x81b* ) Fb 1/E3 dx = [1/4 58 -1/6 X% ] Fb 1/E
=(1/4b-1/6b) Fb 1/EJ = 1/12 Fb*/EJ

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

20.03.25

PROCEDIMENTO E RISULTATI 240451
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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A= 894 mm’

J, = 246865. mm’
J, = 43020. mm*

Yy = 24.01 mm

T, = 2760.N

M, = -2042400. Nmm
X, = 30.mm

Ym= 53.mm

u,= 12.mm

vV, = 28.99 mm

o, =-Mv/J, = 239.9 N/mm’
X, = 18.mm

y.= 43.mm

v, = 18.99 mm

o, =-Mv/J, = 157.1 N/mm’
1, = 4.163 N/mm’

0, = Vo*+31° = 157.3 N/mm’
S = 4469. mm®

20.03.25
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PROCEDIMENTO E RISULTATI 248544 CI07.xxxx.155 PROCEDIMENTO E RISULTATI 248544 CI07.xxxx.155

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MB | MM, |[MM/EI+6)dx |[XM,M /Eddx
ABb | 0 | -1/2Fb+1/2Fx | O 0 0 0
0+0 0
BAb | © 1/2Fx 0 0 0 0
CDb | 0 |1/2Fb-Fx+1/2gx°’| 0 0 0 0
, 0+0 0
DCb | © -1/2gx 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © -1/2Fx 0 0 0 0
0+0 0
HGb | © 1/2Fb-1/2Fx 0 0 0 0
HDb | 0 | -1/2Fb+1/2qx° | O 0 0 0
, 0+0 0
DHb | © Fx-1/20x 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3FX | Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 5Fb-11/2Fx 0 |-5Fb+21/2Fx-11/2Fx’/b| 0 |1-2x/b+x’/b ,
, , ., |(-19/12+0)Fb*EJ|  1/3Xb/EJ
CEb | x/b | 1/2Fb-11/2Fx | 0 1/2Fx-11/2Fx’lb 0 Xl
IAb | 1-x/b -1/2Fx 0 -1/2Fx+1/2Fx%/b 0 |1-2x/b+x’/b? ,
, - (-1/12+0)Fb%/EJ | 1/3Xb/EJ
Alb | -xib | 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx*/b 0 Xlo
totali -13/6Fb*/EJ 5/3Xb/EJ
iperstatica X=W,c 13/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 248544
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PROCEDIMENTO E RISULTATI 248544

CIl07.xxxx.155

L¥=['(1) vesax=[x] 1
=(b) 1/EJ = b/EJ

=[(1) vesax=[x] e
=(b) 1/EJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(1/3b) 1/E] = 1/3 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

18 = [(-5 +21/2 xib -11/2 X¥/b? ) Fb 1/EJ dx = [-6 x +21/4 x1b -11/6 xb* | Fb 1/E
=(-5b+21/4b-11/6 b ) Fb 1/EJ =-19/12 Fb*/EJ

1% = [2(1/2 x/b -11/2 %1% ) Fb 1EI dx = [1/4 X1 -11/6 x*/b2 ], Fb 1/E3
=(1/4b-11/6 b ) Fb 1/EJ =-19/12 Fb’/EJ

10= [°(-1/2 xtb +1/2 X6 ) Fb 1/EJ dx = [-1/4 x2Ib +1/6 xib* | Fb 1/E]
=(-1/4b+1/6 b) Fb 1/EJ =-1/12 Fb’/EJ

1= [(-/2 b +1/2 X162 ) Fb 1EJ dx = [-1/4 x21b +1/6 x*/b? " Fb 1/E3
=(-1/4b+1/6 b)) Fb 1/EJ =-1/12 Fb’/EJ

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

20.03.25
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136

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

A= 972. mm’

J, = 305841. mm’
J,= 46512. mm*

Yo = 24.73 mm

T,= 2720.N

M, = -2148800. Nmm
X, = 30.mm

Ym= 53.mm

u,= 12.mm

vV, = 28.27 mm

o, =-Mv/J, = 198.6 N/mm’

m

X.= 18.mm

o, =-Mv/J, = 114.3 N/mm’
1, = 4.604 N/mm’

0, = Vo’+31° = 114.6 NImm’
S = 6212. mm°

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 248181 CI07.xxxx.156 PROCEDIMENTO E RISULTATI 248181 CI07.xxxx.156

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] M,M, MO | MM, |[M(M/EI+6)dx | [XM M /EJdx
ABb | © -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BAb | O 1/2Fx 0 0 0 0
CDb | 0 |1/2Fb-Fx+1/29x*| © 0 0 0
, 0+0 0
DCh | O -1/2gx 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 1/2Fb-1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | O 0 0 0 0 0
IEb -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)FbYEJ Xb/EJ
Elb 1 -2Fb+2Fx Fb/EJ -2Fb+2Fx Fb/EJ 1
ECb |-1+x/b|  4Fb-9/2Fx 0 |-4Fb+17/2Fx-9/2Fx’b| 0 |1-2x/b+x°/b° ,
, . (-5/4+0)Fb*/EJ | 1/3Xb/EJ
CEb | x/b 1/2Fb-9/2Fx 0 1/2Fx-9/2Fx*/b 0 X*/b
IAb | 1-x/b -1/2Fx 0 -1/2Fx+1/2Fx%/b 0 |1-2x/b+x’/b? ,
, , , |(1/12+0)FbYEI| 1/3Xb/E]
Alb | b | 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx*/b 0 x*lb
totali -4/3Fb°/EJ 5/3Xb/EJ
iperstatica X=W,¢ 4/5Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 248181

CIl07.xxxx.156

L¥=['(1) vesax=[x] 1
=(b) 1EJ = bEJ

=[(1) vesax=[x] e
=(b) 1/EJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(1/3b) 1/E] = 1/3 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

1% = [[(-4 +17/2 xib -9/2 x2Ib* ) Fb 1/E3 dx = [-4 x +17/4 x2Ib -3/2 x1b* | Fb 1/E3
=(-4b+17/4b-312b ) Fb 1/EJ = -5/4 Fb’/EJ

1% = [*(1/2 x/b 012 x2b* ) Fb 1/EJ dx = [1/4 xb -3/2 X712 |, Fb 1/E3
=(1/4b-312b) Fb 1/EJ =-5/4 Fb’/EJ

1= [*(-1/2 xtb +1/2 X6 ) Fb 1/EJ dx = [-1/4 x2Ib +1/6 xib* | Fb 1/E3
=(-1/4b+1/6 b)) Fb 1/EJ =-1/12 Fb’/EJ

1= [(-/2 b +1/2 X162 ) Fbo 1EJ dx = [-1/4 x21b +1/6 x*/b? " Fb 1/E3
=(-1/4b+1/6 b ) Fb 1/EJ = -1/12 FbYEJ

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

20.03.25

PROCEDIMENTO E RISULTATI 248181

CIl07.xxxx.156

148
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x

148

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

A= 1008. mm’

J, = 276602. mm’

J, = 86976. mm*

Yg= 221 mm

T,= 2220.N

M, = -1864800. Nmm

X, = 36.mm

Ym= 53.mm

u,= 12.mm

V,= 30.9mm

o, =-Mv/J, = 208.3 N/mm’
X, = 24.mm

y.= 42.mm

v, = 19.9mm

o, =-Mv/J, = 134.2 N/mm’
T, = 3.382 N/mm’

0, = Vo*+31° = 134.3 N/mm’
S’ = 5057. mm’

20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 239858 CI07.xxxx.157 PROCEDIMENTO E RISULTATI 239858 CI07.xxxx.157

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MO | MM, M M/EI+6)dx | [XM M /EJdx
ABb | © 1/2Fb-1/2Fx 0 0 0 0
0+0 0
BAb | © -1/2Fx 0 0 0 0
cbb | 0 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 1/2Fx 0 0 0 0
0+0 0
HGb | 0 | -1/2Fb+1/2Fx | O 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx*| O 0 0 0
, 0+0 0
BDb | © -1/2qx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3FX | Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-5Fx 0 -5Fb+10Fx-5Fx’/b 0 |1-2x/b+x’/b’ ,
, . (-5/3+0)Fb*/EJ | 1/3Xb/EJ
CEb x/b -5Fx 0 -5Fx“/b 0 x/b
IAb | 1-x/b| -Fx+1/2q%° 0 |-Fx+312Fx/b-1/2gx°b| 0 |1-2x/b+x°/b° ,
, , ) (-1/8+0)Fb*/EJ |  1/3Xb/EJ
Alb | -xib | 1/2Fb-1/2gx 0 -112Fx+1/20x*/b 0 Xlo
totali -55/24Fb°/EJ | 5/3Xb/EJ
iperstatica X=W,c 11/8Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 239858 CI07.xxxx.157 PROCEDIMENTO E RISULTATI 239858 CI07.xxxx.157

b
L= J:(l ) VEIdx=[x], 1EI A= 684. mm>
148 J, = 218819. mm’
= 1/EJ = b/E : ‘
(b) VEI = bIEI b %oTe i J,= 46548 mm"*
L= _[2(1) VEJdx=[x], 1/E) > Y, = 18.76 mm
T, = 1560. N
=(b) 1EJ = b/EJ L y
(b) . M, = -1404000. Nmm
L =JZ(1 2xib+x°/b*) VEIdx = [ x-x%/b +1/3 10" ] L/EI y x.= 30.mm
=(b-b+1/3b) 1EJ =1/3 b/EJ Ym = 53.mm
b u,= 9.mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 . v, = 3424 mm
=-Mv/J, = 219.7 N/mm’
=(1/3b) 1/E] = 1/3 b/EJ O = -MvIJ, mm
b 112 X, = 21.mm
L= J:(l -2xib+ X" ) VEIdx=[ x-x'/b+13 x| 1/EI y.= 43.mm
V.= 24.24 mm
= - 1 1/EJ =1 E ) ;
(b-b+1/3b) 1VEI =13 b/bJ 5 o M, = 1555 Nimm?
L= [2(?) vEI dx = [13 X2 ]] V/E Jo T = 4.348 Nimm®
0, =Vo*+31° = 155.7 N/mm’
=(1/3b) 1/EJ = 1/3 b/EJ mm o 8 =2ly 8 , 9 IR

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E
=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

L0= [°(- b +312 x1b? -1/2 Xb° ) Fb 1/EJ dx = [-1/2 xb +1/2 xIb? -1/8 x1b° | Fb 1/E
=(-1/2b+1/2b-1/8b ) Fb 1/EJ =-1/8 Fb’/EJ

1= [2(-1/2 b +172 6% ) Fb UEJ dx = [-1/4 x21b +1/8 X' ]" Fb 1/E3
=(-1/4b+1/8b ) Fb VEJ = -1/8 FbY/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 238982

CIl07.xxxx.158

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 238982

CI07.xxxx.158

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /Eddx
AB b 0 1/2Fb-1/2Fx 0 0 0 0
0+0 0
BAD 0 -1/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © 1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb+1/2Fx 0 0 0 0
HD b 0 1/2Fb 0 0 0 0
0+0 0
DHb 0 -1/2Fb 0 0 0 0
DBb | 0 | 1/2Fb-Fx+1/2qx* | © 0 0 0
, 0+0 0
BDb 0 -1/2gx 0 0 0 0
IE b -1 AFx-1/2gx° -Fb/EJ -AFx+1/2Fx%Ib Fb/EJ 1 ,
, , (-11/6+1)Fb*/EJ Xb/EJ
Elb 1 |-7/2Fb+3Fx+1/2qx°| FB/EJ | -7/2Fb+3Fx+1/2Fx’/b |Fb/EJ 1
ECb |-1+x/b| 11/2Fb-11/2Fx 0 |-11/2Fb+11Fx-11/2Fxb| 0 |1-2x/b+x°/b’ ,
, ) (-11/6+0)Fb*/EJ | 1/3Xb/EJ
CEb | xb -11/2Fx 0 -11/2Fx%/b 0 x’[b
IAb | 1-x/b -1/2Fx 0 -12Fx+1/2Fx%Ib 0 |1-2x/b+x/0° ,
, ), (-1/12+0)Fb*/EJ| 1/3Xb/EJ
Alb | -x/b 1/2Fb-1/2Fx 0 -1/2FEx+1/2Fx’/b 0 x°Ib
totali -11/4Fb*/EJ 5/3Xb/EJ
iperstatica X=W,c 33/20Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 238982 CI07.xxxx.158

L¥=['(1) vesax=[x] 1
=(b) 1/EJ = b/EJ

=[(1) vesax=[x] e
=(b) 1/EJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(1/3b) 1/E] = 1/3 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) 1/EJ = 1/3 b/EJ

L= [0(-4 xtb +1/2 X16* ) Fo 1/EI dx + [/(1) 8 dx=[-2 % +1/6 X2 ], Fb 1/E9 + [ x] 6
=(2b+1/6b)Fob1/EJ +(b) 6 =-5/6 FbYEJ

L= [2(-7/2 +3 xtb +1/2 X%16? ) Fo UEI dx + [(-1) © dx
= [-712 x 312 1o +1/6 0% | Fb €S +[-x] 6
=(-72b+3/2b+1/6 b ) Fo 1/EJ +(-b ) 8 =-5/6 Fb/EJ

12 = [(-12/2 +11 xib 1172 X6 ) Fb UE dx = [-11/2 x +11/2 xb -11/6 X/ || Fb 1/E3
=(-11/2b +11/2 b -11/6 b ) Fb 1/EJ =-11/6 Fb’/EJ

1% = [2(-11/2 x2ib* ) Fb 1/EJ dx = [-11/6 x*/b? ]| Fb 1/E9
=(-11/6 b ) Fb 1/EJ =-11/6 Fb*/EJ

1= [2(-1/2 xtb +1/2 X6 ) Fb 1/EJ dx = [-1/4 x2Ib +1/6 xib* | Fb 1/E3
=(-1/4b+1/6 b)) Fb 1/EJ =-1/12 Fb’/EJ

1= [2(-1/2 b +1/2 X162 ) Fb 1EJ dx = [-1/4 x21b +1/6 x*/b% ], Fb 1/E3
=(-1/4b+1/6 b ) Fb 1/EJ =-1/12 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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O,

118

418
124
430

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

A= 1110. mm’

J, = 290885. mm’

J,= 71532. mm*

Vo= 24.2mm

T, = 2440.N

M, = -2318000. Nmm

X, = 30.mm

Ym= 53.mm

u,= 12.mm

V,= 28.8mm

o, =-Mv/J, = 229.5 N/mm’
X, = 18.mm

y.= 41l.mm

v, = 16.8 mm

o, =-Mv/J, = 133.9 N/mm’
T, = 4.445 N/mm’

0, = Vo*+31° = 134.1 N/mm’
S’ = 6359. mm’

20.03.25
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PROCEDIMENTO E RISULTATI 253587

CIl07.xxxx.159

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 253587

CI07.xxxx.159

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /Eddx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BAD 0 1/2Fx 0 0 0 0
cbb | © 0 0 0 0 0
0+0 0
DCbh | © 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © -1/2Fx 0 0 0 0
0+0 0
HGb | © 1/2Fb-1/2Fx 0 0 0 0
HDb | © -1/2Fb+1/2qx? 0 0 0 0
, 0+0 0
DHb | © Fx-1/20x 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IE b -1 AFx-1/2gx° -Fb/EJ -AFx+1/2Fx%%Ib Fb/EJ 1 ,
, , (-11/6+1)Fb*/EJ Xb/EJ
Elb 1 |-7/2Fb+3Fx+1/2qx°| FB/EJ | -7/2Fb+3Fx+1/2Fx’/b |Fb/EJ 1
ECb |-1+x/b| 11/2Fb-11/2Fx 0 |-11/2Fb+11Fx-11/2Fxb| 0 |1-2x/b+x°/b’ ,
, ) (-11/6+0)Fb*/EJ | 1/3Xb/EJ
CEb | xb -11/2Fx 0 -11/2Fx%/b 0 x’[b
IAb | 1-x/b -3/2Fx 0 -3/2Fx+3/2Fx%/b 0 |1-2x/b+x/0° ,
, ), (-1/4+0)Fb*/EJ | 1/3Xb/EJ
Alb | -x/b 3/2Fb-3/2Fx 0 -3/2Fx+3/2Fx’/b 0 x°Ib
totali -35/12Fb%EJ | 5/3Xb/EJ
iperstatica X=W,c 7/4Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 253587 CI07.xxxx.159 PROCEDIMENTO E RISULTATI 253587 CI07.xxxx.159

b 453
L= J:(l ) VEIdx=[x], 1EI A= 1074. mm?
J, = 344482, mm*
= 1/E = E u
(b) VEI = bIEI b oo J,= 84492, mm*
=[(1) vesax=[x] e 1% “ Yo = 22.81 mm
T,= 2720.N
=(b) VEJ = b/EJ y
(b) b M, = -2720000. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E Xp = 36.mm
=(b-b+1/3b) 1/EJ =1/3 b/E] ¢ Y= S5.mm
. u u,= 12.mm
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 Vi = 30.19 mm
=-Mv/J, = 238.4 N/mm’
=(13b) VEJ = 1/3 b/EJ jm_ 2:1/ m o
XX 2,2 2 3,.21° L2 - .
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 yo= 41 mm
v, = 18.19 mm
= - 1 1/EJ =1 E ) ;
(b-b+13b) VEI =1/3 b/bJ 5 0, =-Mv/J, = 143.6 NImm’
L= [2(?) vEI dx = [13 X2 ]] V/E Jo T = 4.436 Nimm®

0, = Vo*+31° = 143.8 N/mm’

=(1/3b) VEJ =13 b/EI mm ° S = 6742. mm®

412
418
430
436
x
148

L= [0(-4 xtb +1/2 X16* ) Fo 1/EI dx + [/(1) 8 dx=[-2 % +1/6 X2 ], Fb 1/E9 + [ x] 6
=(2b+1/6b)Fob1/EJ +(b) 6 =-5/6 FbYEJ
L= [2(-7/2 +3 xtb +1/2 X%16? ) Fo UEI dx + [(-1) © dx
= [-712 x 312 1o +1/6 0% | Fb €S +[-x] 6
=(-72b+3/2b+1/6 b ) Fo 1/EJ +(-b ) 8 =-5/6 Fb/EJ
12 = [(-12/2 +11 xib 1172 X6 ) Fb UE dx = [-11/2 x +11/2 xb -11/6 X/ || Fb 1/E3
=(-11/2b +11/2 b -11/6 b ) Fb 1/EJ =-11/6 Fb’/EJ
1% = [2(-11/2 x2ib* ) Fb 1/EJ dx = [-11/6 x*/b? ]| Fb 1/E9
=(-11/6 b ) Fb 1/EJ =-11/6 Fb*/EJ
1= [ (312 xtb +3/2 X6 ) Fb 1/EJ dx = [-3/4 x2b +1/2 xib* | Fb 1/E3
=(-3/4b+1/2b ) Fb 1/EJ =-1/4 Fb’/EJ
1= [7(-3/2 b +3/2 X216 ) Fb 1EJ dx = [-3/4 x21b +1/2 X*1b% ] Fb 1/E3
=(-3/4b+1/2b ) Fb 1/EJ =-1/4 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 212582 CI07.xxxx.160 PROCEDIMENTO E RISULTATI 212582 CI07.xxxx.160

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BADb 0 1/2Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | O 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 -1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 1/2Fb-1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | O 0 0 0 0 0
IEb -1 3Fx-1/2gx° -Fb/EJ|  -3Fx+12Fx¥b  |Fb/EJ 1 ,
, , (-4/3+1)Fb*/EJ Xb/EJ
Elb 1 |-5/2Fb+2Fx+1/2qx’ | Fb/EJ | -5/2Fb+2Fx+1/2Fx’/b | Fb/EJ 1
ECb |-1+x/b|  9/2Fb-9/2Fx 0 |-9/2Fb+9Fx-9/2Fx’lb| 0 |1-2x/b+x*/b? ,
, ), (-3/2+0)Fb%/EJ | 1/3Xb/EJ
CEDb x/b -9/2Fx 0 -9/2Fx°/b 0 X°/b
IAb | 1-x/b -3/2Fx 0 -3/2Fx+3/2Fx%Ib 0 |1-2x/b+x°/b° ,
, - (-1/4+0)Fb’/EJ |  1/3Xb/EJ
Alb | -x/b 3/2Fb-3/2Fx 0 -3/2Fx+3/2Fx%/b 0 x*Ib
totali -25/12Fb%/EJ 5/3Xb/EJ
iperstatica X=W,¢ 5/4Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 212582

CI07.xxxx.160

PROCEDIMENTO E RISULTATI 212582

CIl07.xxxx.160

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L= ['(-a xtb +1/2 X16* ) Fo 1/EI dx + [(1) © dx=[-3/2X%b +1/6 X2 ], Fb 1/E9 + [ x ] 6
=(-312b+1/6b) Fo 1/EJ +(b) 6 =-1/3 FbY/EJ

1= [2(-5/2 +2 xtb +1/2 X¥16? ) Fb UEI dx + [(-1) © dx
= [-5r2 x + xib +1/6 X162 ] Fb 1/E3 + [-x]
=(-5/2b+b+1/6b ) Fb 1/EJ +(-b) 6 =-1/3 Fb/EJ

12 = [*(-912 +9 x/b -0/2 X2/ ) Fb VEJ dx = [-9/2 x +9/2 b -3/2 X°Ib? ] Fb 1/E3
=(-922b+9/2b-312b ) Fb 1/EJ =-3/2 Fb’/EJ

1% = [2(-0r2 16 ) Fb 1/E3 dx = [-3/2 xb* | Fb 1/E
=(-3/2b) Fb 1/EJ =-3/2 Fb*/EJ

1= [ (-a/2 xtb +3/2 X6 ) Fb 1/EJ dx = [-3/4 x2b +1/2 xib* | Fb 1/E3
=(-3/4b+1/2b ) Fb 1/EJ =-1/4 Fb’/EJ

1= [7(-3/2 b +3/2 X162 ) Fb 1EJ dx = [-3/4 x21b +1/2 X*1b% ] Fb 1/E3
=(-3/4b+1/2b ) Fb 1/EJ =-1/4 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 582. mm’

J, = 193597. mm’
J,= 19242. mm*

Yo = 21.26 mm

T, = 2300.N

M, = -1219000. Nmm
X, = 24.mm

Ym= 53.mm

u,= 9.mm

vV, = 31.74 mm

o, =-Mv/J, = 199.9 N/mm’

m

o, =-Mv/J, = 143.2 N/mm’
T, = 6.387 N/mm’

0, = Vo*+31° = 143.6 N/mm’
S = 3225. mm®

20.03.25
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PROCEDIMENTO E RISULTATI 239499 CI07.xxxx.161 PROCEDIMENTO E RISULTATI 239499 CI07.xxxx.161

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
ABb | 0 |Fb-3/2Fx+1/2gx°| O 0 0 0
, 0+0 0
BA b 0 -1/2Fx-1/2gx 0 0 0 0
cDb | o 0 0 0 0 0
0+0 0
DCh | 0O 0 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 1/2Fx 0 0 0 0
0+0 0
HGb | 0 | -1/2Fb+1/2Fx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx*| O 0 0 0
, 0+0 0
BDb | © -1/2qgx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3FX | Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-5Fx 0 |-5Fb+10Fx-5Fx’/b| 0 |1-2x/b+x’/b’ ,
, ) (-5/3+0)Fb*/EJ | 1/3Xb/EJ
CEb x/b -5Fx 0 -5Fx“/b 0 X°/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+xI0°
), 0+0 1/3Xb/EJ
Alb | /b 0 0 0 0 X’Ib
totali -13/6Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 13/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 239499 CI07.xxxx.161 PROCEDIMENTO E RISULTATI 239499 CI07.xxxx.161

>
b -54
L= J:(l) VEYdx=[x], 1/E] A= 612. mm>
J, = 207668. mm*
= UEJ = bIE " ’
(b) vE lo/Jb J,= 22356. mm*
=[(1) vesax=[x] e * Yy = 32.85mm
T,= 2240.N
= = y
(b) vEI = bIE b u M, = -1321600. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E Xy = 6.mm
- . - u,= -9.mm
=(b-b+1/3b) 1/EJ = 1/3 b/EbJ y v, = -32.85 mm
L?E( =Jﬁ( xIb’ ) 1/EJ dx = [1/3 X0’ ]U 1/EJ o, =-MviJ, = -209. N/mm?
= 15.
=(13b) VEJ =1/3 b/E] o XC o
b ol o Ye= 9.mm
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 Ve = -23.85 mm
45 _ _ 2
o 0, = -MV/J, = -151.8 N/mm
= - 1 1/E =1 E ’ 3
(b-b+1/3b) 1VEI =13 b/bJ ) 1, = 6.025 N/mm’
L= _[Z( X'’ ) VEJ dx = [13x%b7 ] 1/EI . i 0, =Vo%+31 = 152.1 N/mm?
mm o e o 3 8 x3 S = 3351 mm’

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E
=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 240788

CI07.xxxx.162

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 240788

CI07.xxxx.162

M M, (%) ] MM, MO | MM, |[MM/EI+6)dx | [XMM /Eddx
ABb | 0 |-12Fx+1/2gx°| ©O 0 0 0
, 0+0 0
BA b 0 1/2Fx-1/2gx 0 0 0 0
cbb | © 0 0 0 0 0
0+0 0
DCbh | © 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © -1/2Fx 0 0 0 0
0+0 0
HGb | 0 | 1/2Fb-1/2Fx | © 0 0 0
HDb | 0 |-1/2Fb+1/2gx°| O 0 0 0
, 0+0 0
DHb | © Fx-1/20x 0 0 0 0
DB b 0 0 0 0 0 0
0+0 0
BDb 0 0 0 0 0 0
IE b -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb’/EJ Xb/EJ
El b 1 -3Fb+3Fx | FO/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b| 5Fb-5Fx 0 |-5Fb+10Fx-5Fx’/b| 0 |1-2x/b+x’/b° ,
, . (-5/3+0)Fb’/EJ | 1/3Xb/EJ
CEb x/b -5Fx 0 -5Fx“/b 0 x“/b
IAb | 1-x/b -Fx 0 -Fx+Fx’/b 0 |1-2x/b+x’/b? ,
, ) (-1/6+0)Fb’/EJ | 1/3Xb/EJ
Alb -x/b Fb-Fx 0 -Fx+Fx“/b 0 x“/b
totali -7/3Fb/EJ 5/3Xb/EJ
iperstatica X=W,c 7/5Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

Sviluppi di calcolo iperstatica

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

20.03.25



PROCEDIMENTO E RISULTATI 240788

CI07.xxxx.162

PROCEDIMENTO E RISULTATI 240788

CI07.xxxx.162

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) VEJ =13 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(v3b) VEI =13 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) LEJ =1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) VEJ =13 b/EI

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0

=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6

=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

b
1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E

=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ
1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

b
L0= [°(- b + X% ) Fb /3 dx = [-1/2 x%1b +1/3 xb* | Fb 1/E

=(-1/2b+1/3b) Fb 1/EJ =-1/6 Fb*/EJ

b
L= [2(- xtb + xb? ) Fb 1/E3 dx = [-1/2 xb +1/3 X6 ]| Fb 1/E3

=(-1/2b +1/3b ) Fb /EJ =-1/6 Fb’/EJ

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

A= 726. mm’

J, = 234156. mm’

J, = 55314. mm*

Yg= 354 mm

T, = 2260.N

M, = -1446400. Nmm

X, = 12.mm

u,= -9.mm

vV, = -35.4 mm

o, = -Mv/J, = -218.7 NImm’
X, = 21.mm

y.= 10.mm

v, =-25.41 mm

g, = -Mv/J, = -156.9 N/mm’
T,= 6.11 N/mm’

0, = Vo’+31° = 157.3 N/mm®

S = 3799. mm’®

20.03.25
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PROCEDIMENTO E RISULTATI 215365 CI07.xxxx.163 PROCEDIMENTO E RISULTATI 215365 CI07.xxxx.163

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, M M/EI+6)dx | [XM M /EJdx
ABb | © -1/2Fx+1/29x° 0 0 0 0
, 0+0 0
BA b 0 1/2Fx-1/2gx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb 0 -2Fb+2Fx 0 0 0 0
0+0 0
FEb 0 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 1/2Fb-1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb -1 2Fx -Fb/EJ -2Fx Fb/EJ 1 ,
(-1+1)Fb’/EJ Xb/EJ
Elb 1 -2Fb+2Fx Fb/EJ| -2Fb+2Fx  |Fb/EJ 1
ECb |-1+x/b AFb-4Fx 0 |-4Fb+8Fx-4Fx’fb| 0 |1-2x/b+x°/b° ,
, ), (-4/3+0)Fb’/EJ | 1/3Xb/EJ
CEb x/b -4Fx 0 -4Fx°/b 0 x“/b
IAb | 1-x/b -Fx 0 -Fx+Fx’/b 0 |1-2x/b+x’/b’ ,
, ) (-1/6+0)Fb°/EJ |  1/3Xb/EJ
Al b -x/b Fb-Fx 0 -Fx+Fx“/b 0 x“/b
totali -3/2Fb?/EJ 5/3Xb/EJ
iperstatica X=W,c 9/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 215365 CI07.xxxx.163 PROCEDIMENTO E RISULTATI 215365 CI07.xxxx.163

b -54
L= J:(l ) VEIdx=[x], 1EI > A= 1008. mm>
J, = 328681. mm’
=(b) 1/EJ = b/EJ 147 w® T
. ) | J,= 51552. mm
L =_[Z(1) VEJdx=[x], 1/E) Y, = 29.19 mm
=(b) /€0 = by 1I\;Iy :- 326587060’\(130 Nmm
b K=" .
L =JZ(1 2xib+x°/b*) VEIdx = [ x-x%/b +1/3 10" ] L/EI u x.= 6.mm
y = -12.
=(b-b+1/3b) 1/EJ = 1/3 b/EJ \L:m Z 19mr:‘m
b m &
L =Jﬁ( X’/ ) LVEJdx = [1/3 x*Ib’ ]U 1/EJ a,, = -Mv/J, = -228.8 NImm’
, = 18.
=(v3b) VEI =13 b/E] . . ; EETeieh
411 - .
%2 J"(l 2 2,2 _ 2 3,270 ¢
=] (1-2xb+x0*) VEIdx=[x-x/b+13 x| 1/EI v, =-17.19 mm )
o = -Mv/J, = -134.7 N/
=(b-b+1/3b) 1/EJ = 1/3 b/EJ . fc_ ) (‘)’34uN/mm2 mm
b - .= 6.
L= _[Z( X'’ ) VEJ dx = [13x%b7 ] 1/EI 0, =Vo%+3r = 135.1 N/mm?

124
~130
436

"= 6467. mm®
=(u3b) VEI =13 bIEJ S = 6467. mm

L=['(-2xb) FovEIdx+ [)(1) 0 dx=[-x¥b] Fo1/E3 +[x] 0
=(-b)Fb1EI +(b)6 =0

e=['(-2+2xb) FovEIdx + [[(-1) 8 dx=[-2x+x2b] FovEI +[-x] 0
=(2b+b)Fb1EI +(-b) 6 =0

122 = [(-4 +8 x/b -4 X%Ib? ) Fb 1/EJ dx = [-4 x +4 x2Ib -413 x1b* | Fb 1/
=(-4b+4b-4/3b) Fb 1/EJ =-4/3 Fb’/EJ

L% = [2(-4 1% ) Fb 1E3 dx = [-4/3 X2 ]| Fb 1/E9
=(-413b) Fb 1/EJ =-4/3 Fb’/EJ

L= [°(- b + X% ) Fb /3 dx = [-1/2 x%1b +1/3 xb* | Fb 1/E
=(-1/2b+1/3b) Fb 1/EJ =-1/6 Fb*/EJ

L= [2(- xtb +x2b? ) Fb 1/E3 dx = [-1/2 xb +1/3 X6 ]| Fb 1/E3
=(-1/2b+1/3b ) Fb 1/EJ = -1/6 Fb%/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



REAZIONI 241019 CI07.xxxx.164 AZIONI INTERNE 241019 CI07.xxxx.164
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PROCEDIMENTO E RISULTATI 241019 CI07.xxxx.164 PROCEDIMENTO E RISULTATI 241019 CI07.xxxx.164

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MO | MM, M M/EI+6)dx | [XM M /EJdx
ABb | © 1/2Fb-1/2Fx 0 0 0 0
0+0 0
BAb | © -1/2Fx 0 0 0 0
cbb | 0 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 1/2Fx 0 0 0 0
0+0 0
HGb | 0 | -1/2Fb+1/2Fx | O 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx*| O 0 0 0
, 0+0 0
BDb | © -1/2qx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3FX | Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-5Fx 0 -5Fb+10Fx-5Fx’/b 0 |1-2x/b+x’/b’ ,
, . (-5/3+0)Fb*/EJ | 1/3Xb/EJ
CEb x/b -5Fx 0 -5Fx“/b 0 x/b
IAb | 1-x/b| -Fx+1/2q%° 0 |-Fx+312Fx/b-1/2gx°b| 0 |1-2x/b+x°/b° ,
, , ) (-1/8+0)Fb*/EJ |  1/3Xb/EJ
Alb | -xib | 1/2Fb-1/2gx 0 -112Fx+1/20x*/b 0 Xlo
totali -55/24Fb°/EJ | 5/3Xb/EJ
iperstatica X=W,c 11/8Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 241019

CIl07.xxxx.164

L¥=['(1) vesax=[x] 1
=(b) VEI = b/EI
=[(1) vesax=[x] e
=(b) VEJ = b/EJ
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+13b) VEJ =1/3 b/EJ
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(13b) VEJ =13 b/EI
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3

PROCEDIMENTO E RISULTATI 241019

CI07.xxxx.164

12

A= 1122 mm’

J, = 370409. mm’
J, = 96948. mm*

Yo = 31.22 mm

T,= 3780.N

M, = -2835000. Nmm
X, = 12.mm

u, = -12. mm

m

v =-31.22 mm

m

a,, = -Mv/J, = -238.9 NImm’

m

X, = 24.mm

y.= 12.mm
. =-19.22 mm

V,
Om g, = -Mv/J, = -147.1 N/mm®

C

o T, = 5.975 N/mm’

L= _[Z( x°Io®) 1/EJ dx = [1/3 x*b° ]: 1/EJ 0, =Vo%+31 = 147.5 N/mm?
3

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

112
118
130
136
x
lag
(n»
I
-
o
N
~
3
3

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E
=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

L0= [°(- b +312 x1b? -1/2 Xb° ) Fb 1/EJ dx = [-1/2 xb +1/2 xIb? -1/8 x1b° | Fb 1/E
=(-1/2b+1/2b-1/8b ) Fb 1/EJ =-1/8 Fb’/EJ

1= [2(-1/2 b +172 6% ) Fb UEJ dx = [-1/4 x21b +1/8 X' ]" Fb 1/E3
=(-1/4b+1/8b ) Fb VEJ = -1/8 FbY/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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PROCEDIMENTO E RISULTATI 215513

CIl07.xxxx.165

Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 215513

CIl07.xxxx.165

M M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /Eddx
AB b 0 1/2Fb-1/2Fx 0 0 0 0
0+0 0
BAD 0 -1/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0
FE b 0 2Fx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © 1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb+1/2Fx 0 0 0 0
HD b 0 1/2Fb 0 0 0 0
0+0 0
DHb 0 -1/2Fb 0 0 0 0
DBb | 0 | 1/2Fb-Fx+1/2qx* | © 0 0 0
, 0+0 0
BDb 0 -1/2gx 0 0 0 0
IE b -1 AFx-1/2gx° -Fb/EJ -AFx+1/2Fx%Ib Fb/EJ 1 ,
, , (-11/6+1)Fb*/EJ Xb/EJ
Elb 1 |-7/2Fb+3Fx+1/2qx°| FB/EJ | -7/2Fb+3Fx+1/2Fx’/b |Fb/EJ 1
ECb |-1+x/b| 11/2Fb-11/2Fx 0 |-11/2Fb+11Fx-11/2Fxb| 0 |1-2x/b+x°/b’ ,
, ) (-11/6+0)Fb*/EJ | 1/3Xb/EJ
CEb | xb -11/2Fx 0 -11/2Fx%/b 0 x’[b
IAb | 1-x/b -1/2Fx 0 -12Fx+1/2Fx%Ib 0 |1-2x/b+x/0° ,
, ), (-1/12+0)Fb*/EJ| 1/3Xb/EJ
Alb | -x/b 1/2Fb-1/2Fx 0 -1/2FEx+1/2Fx’/b 0 x°Ib
totali -11/4Fb*/EJ 5/3Xb/EJ
iperstatica X=W,c 33/20Fb
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

20.03.25



PROCEDIMENTO E RISULTATI 215513 CI07.xxxx.165

PROCEDIMENTO E RISULTATI 215513

CIl07.xxxx.165

L¥=['(1) vesax=[x] 1
=(b) 1/EJ = b/EJ

=[(1) vesax=[x] e
=(b) 1/EJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(1/3b) 1/E] = 1/3 b/EJ

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(1/3b) 1/EJ = 1/3 b/EJ

L= [0(-4 xtb +1/2 X16* ) Fo 1/EI dx + [/(1) 8 dx=[-2 % +1/6 X2 ], Fb 1/E9 + [ x] 6
=(2b+1/6b)Fob1/EJ +(b) 6 =-5/6 FbYEJ

L= [2(-7/2 +3 xtb +1/2 X%16? ) Fo UEI dx + [(-1) © dx
= [-712 x 312 1o +1/6 0% | Fb €S +[-x] 6
=(-72b+3/2b+1/6 b ) Fo 1/EJ +(-b ) 8 =-5/6 Fb/EJ

12 = [(-12/2 +11 xib 1172 X6 ) Fb UE dx = [-11/2 x +11/2 xb -11/6 X/ || Fb 1/E3
=(-11/2b +11/2 b -11/6 b ) Fb 1/EJ =-11/6 Fb’/EJ

1% = [2(-11/2 x2ib* ) Fb 1/EJ dx = [-11/6 x*/b? ]| Fb 1/E9
=(-11/6 b ) Fb 1/EJ =-11/6 Fb*/EJ

1= [2(-1/2 xtb +1/2 X6 ) Fb 1/EJ dx = [-1/4 x2Ib +1/6 xib* | Fb 1/E3
=(-1/4b+1/6 b)) Fb 1/EJ =-1/12 Fb’/EJ

1= [2(-1/2 b +1/2 X162 ) Fb 1EJ dx = [-1/4 x21b +1/6 x*/b% ], Fb 1/E3
=(-1/4b+1/6 b ) Fb 1/EJ =-1/12 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

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

\
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124
~130

412

418

10

436

A= 870. mm’
,= 244577. mm*
,= 37332. mm*

J

J

Yy = 28.69 mm

T, = 2100.N

M, =-1701000. Nmm

X, = 6.mm

u,= -12. mm

v, =-28.69 mm

a,, = -Mv/J, = -199.5 N/mm’
X, = 18.mm

y.= 10.mm

Vv, =-18.69 mm

o, =-Mv/J, = -130. N/mm’
1, = 3.158 N/mm’

c
0, = Vo’+31° = 130.1 N/mm’
S = 4414. mm’

20.03.25
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PROCEDIMENTO E RISULTATI 986216 CI07.xxxx.166 PROCEDIMENTO E RISULTATI 986216 CI07.xxxx.166

Quadro contributi PLV per iperstatica X=W/¢

M M, (%) ) MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
ABb | 0 |Fb-3/2Fx+1/2gx°| O 0 0 0
, 0+0 0
BA b 0 -1/2Fx-1/2gx 0 0 0 0
cDb | o 0 0 0 0 0
0+0 0
DCh | 0O 0 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 1/2Fx 0 0 0 0
0+0 0
HGb | 0 | -1/2Fb+1/2Fx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx*| O 0 0 0
, 0+0 0
BDb | © -1/2qgx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3FX | Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-5Fx 0 |-5Fb+10Fx-5Fx’/b| 0 |1-2x/b+x’/b’ ,
, ) (-5/3+0)Fb*/EJ | 1/3Xb/EJ
CEb x/b -5Fx 0 -5Fx“/b 0 X°/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+xI0°
), 0+0 1/3Xb/EJ
Alb | /b 0 0 0 0 X’Ib
totali -13/6Fb%/EJ 5/3Xb/EJ
iperstatica X=W,c 13/10Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



PROCEDIMENTO E RISULTATI 986216 CI07.xxxx.166

PROCEDIMENTO E RISULTATI 986216

CIl07.xxxx.166

L¥=['(1) vesax=[x] 1
=(b) VEJ = b/EJ

=[(1) vesax=[x] e
=(b) VEJ = b/EJ

L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E
=(b-b+1/3b) 1EJ =13 b/EI

L% = [2(xp?) /B3 dx = [13xb° ] 1/E9
=(1/3b) 1EJ =13 b/E

L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3
=(b-b+13b) VEJ =13 b/EJ

L= [2(?) vEI dx = [13 X2 ]] V/E
=(u3b) VEI =13 bIEJ

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E
=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 972. mm’

J, = 274322. mm*

J,= 73296. mm*

Yy = 30.56 mm

T,= 2180. N

M, = -1874800. Nmm

X, = 12.mm

u,= -12. mm

v, =-30.56 mm

a,, = -Mv/J, = -208.8 N/Imm’
X, = 24.mm

y.= 10.mm

v, =-20.56 mm

a, = -Mv/J, = -140.5 N/mm’
T, = 3.146 N/mm’

0, = Vo’+31° = 140.6 N/mm’

S = 4750. mm®

20.03.25
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PROCEDIMENTO E RISULTATI 242053 CI07.xxxx.167 PROCEDIMENTO E RISULTATI 242053 CIO7.xxxx.167

Quadro contributi PLV per iperstatica X=W/¢

M M, (X) ] MM, MB | MM, |[MM/EI+6)dx |[XMM /Eddx
ABb | © Fb-Fx 0 0 0 0
0+0 0
BAb | O -Fx 0 0 0 0
cDb | o 0 0 0 0 0
0+0 0
DCh | O 0 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 1/2gx> 0 0 0 0
, 0+0 0
HG b 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx°| O 0 0 0
, 0+0 0
BDb | O -1/2qx 0 0 0 0
IEb -1 3Fx -Fb/EJ -3Fx Fb/EJ 1 ,
(-3/2+1)Fb%/EJ Xb/EJ
Elb 1 -3Fb+3Fx Fb/EJ -3Fb+3Fx Fb/EJ 1
ECb |-1+x/b 5Fb-5Fx 0 |-5Fb+10Fx-5Fx’b| 0 |1-2x/b+x’/b’ ,
, ) (-5/3+0)Fb%/EJ | 1/3Xb/EJ
CEDb x/b -5Fx 0 -5Fx“/b 0 x“/b
IAb | 1-x/b 0 0 0 0 |1-2x/b+x’Mb’
), 0+0 1/3Xb/EJ
Alb | /b 0 0 0 0 x°/b
totali -13/6Fb*/EJ 5/3Xb/EJ
iperstatica X=W,c 13/10Fb

Sviluppi di calcolo iperstatica
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b -54
L¥=['(1) vesax=[x] 1 ’ A= 1086. mm’
Jy = 291353 mm*
=(b) 1/EJ = b/EJ 147 u” .
XX b J, = 65844. mm
=[(1) vesax=[x] e y, = 28.69 mm
=(b) VeI = bIEI K 1I\;Iy:- 2;;2064%0 Nmm
b e .
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E u X,= 6.mm
= 12,
=(b-b+13b) LEJ =1/3 b/EJ y o acem
b m = Tes
L% = [2(xp?) /B3 dx = [13xb° ] 1/E9 0, = -Mv/J, = -218.6 N/mm’
, = 18
=(v3b) VEI =13 b/EI - " ; _ o,
411 - .
%2 J"(l 2 2,2 _ 2 3,.21° ‘_
=] (1-2xb+x0*) VEIdx=[x-x/b+13 x| 1/EI v, = -16.69 mm )
on = -Mv/J, = -127.2 NI
=(b-b+1/3b) LEJ =1/3 b/E] . A S
b 4 .= 4
L= [2(?) vEI dx = [13 X2 ]] V/E e e oW 0, = Vo™ +31° = 127.4 N/mm’
mm B R e L S’ = 6327. mm°

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-axib) FovEI ax+ (1) 0 dx=[-32xm ] FovEI +[x] 0
=(-32b)Fb1/E] +(b) 6 =-1/2 FHYEJ

Le=['(-3+3xb ) Fo UEI dx + [[(-1) 0 dx=[-3x+32x%m | Fb /€I +[-x] 6
=(-3b+3/2b) Fb 1/EJ +(-b )8 =-1/2 FbYEJ

1% = [(-5 +10 xtb -5 xb> ) Fb 1/E dx = [-5 x +5 xb -5/3 X'/b? ] Fb 1/E
=(-5b+5b-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

1% = [2(-5 %% ) Fb 1/E3 dx = [-6/3 X2 ]| Fb 1/E9
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ
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PROCEDIMENTO E RISULTATI 247954
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Quadro contributi PLV per iperstatica X=W/¢

PROCEDIMENTO E RISULTATI 247954

CI07.xxxx.168

M M, (%) ] MM, MO | MM, |[M(M/EI+6)dx | [XM M /EJdx
AB b 0 1/2Fb-1/2Fx 0 0 0 0
0+0 0
BAD 0 -1/2Fx 0 0 0 0
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
EF b 0 |-5/2Fb+3Fx-1/2qx°| 0 0 0 0
, 0+0 0
FE b 0 2Fx+1/2qx 0 0 0 0
FG b 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb | © 1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb+1/2Fx 0 0 0 0
HD b 0 1/2Fb 0 0 0 0
0+0 0
DHb 0 -1/2Fb 0 0 0 0
DBb | 0 | 1/2Fb-Fx+1/2qx* | 0 0 0 0
, 0+0 0
BDb 0 -1/20x 0 0 0 0
IEb -1 4FX -Fb/EJ -4FX Fb/EJ 1 ,
(-2+1)Fb*/EJ Xb/EJ
Elb 1 -AFb+4Fx Fb/EJ -AFb+4Fx Fb/EJ 1
ECb |-1+x/b| 13/2Fb-13/2Fx 0 |-13/2Fb+13Fx-13/2Fxb| 0 |1-2x/b+x’/b? ,
, . (-13/6+0)Fb*/EJ |  1/3Xb/EJ
CEb | xb -13/2Fx 0 -13/2Fx%/b 0 Xl
IAb | 1-x/b -1/2Fx 0 -12Fx+1/2Fx%Ib 0 |1-2x/b+x°/0° ,
, ., (-1/12+0)Fb*/EJ|  1/3Xb/EJ
Alb | -x/b 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx%/b 0 gL
totali -13/4Fb*/EJ 5/3Xb/EJ
iperstatica X=W,c 39/20Fb
Sviluppi di calcolo iperstatica
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b -54
L= J:(l ) VEIdx=[x], 1EI s A= 1260. mm?
J, = 327186. mm*
= 1/EJ = E a7 u
(b) €3 = b/ Jb J,= 133776. mm"*
L= _[2(1) VEJdx=[x], 1/E) Y, = 30.72 mm
T,= 3030.N
=(b) VEI = b/EJ 1@ /
(v) X ] M, = -2449250. Nmm
L% = [2(1 -2 xb +xb* ) 1EI dx = [ x-xb +1/3xb° | 1/E Xp = 12.mm
_ _ u,= -12. mm
=(b-b+1/3b) 1/EJ =1/3 b/EbJ y v =-30.72 mm
L= (x?) vEIdx = [13 x| VES 0, = -Mv/J, = -229.9 N/mm®
° ° | 4] X, = 24.mm
=(13b) VEJ = 1/3 b/EJ 1 12 ° '
J11 y.= 12.mm
XX_ 2,2 _ 2 3,21° _
L= (1 -2 xb + b7 ) UEI dx = [ x - xb +1/3 x| 1/EI v, =-18.72 mm
o o . 2
n 0, = -Mv/J, = -140.1 N/mm
=(b-b+1 1/EJ =1/3 b/E ¢ !
(b-b+13b) 1/EI =13 b/bJ I ¥ = 5.315 Njmm?
L= [2(?) vEI dx = [13 X2 ]] V/E . e e e . 0, = Vo'+31" = 140.4 N/mm”
mm 2 - S8 % 9 x 3 S'= 6888. mm°

=(1/3b) 1/EJ = 1/3 b/EJ

L=['(-4xib) FovEIdx+ [)(1) 0 dx=[-2xm ] FovEI +[x] 6
=(2b)Fb1/EI +(b) 0O =- FOYEJ

o= ['(-4+axib) FovEIdx + [[(-1) 0 dx=[-4x+2xm ] Fo 1€ +[-x] 6
=(-4b+2b)Fb1/EI +(-b) 6 =- FbYEJ

1% = [7(-13/2 +13 x/b -13/2 X6 ) Fb 1/E dx = [-13/2 x +13/2 xb -13/6 X/ || Fb 1/E3
=(-13/2b +13/2b -13/6 b ) Fb 1/EJ =-13/6 Fb’/EJ

1% = [*(-13/2 x2ib* ) Fb 1/EJ dx = [-13/6 X2 ]| Fb 1/E9
=(-13/6 b ) Fb 1/EJ =-13/6 Fb’/EJ

1= [*(-1/2 xtb +1/2 X216 ) Fb 1/EJ dx = [-1/4 x2Ib +1/6 xib* | Fb 1/E]
=(-1/4b+1/6 b) Fb 1/EJ =-1/12 Fb’/EJ

1= [ (-1/2 b +1/2 X162 ) Fb UEJ dx = [-1/4 x21b +1/6 x*/b2 " Fb 1/E3
=(-1/4b+1/6 b ) Fb L/EJ =-1/12 Fb’/EJ
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