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A= 540.mm’
J, = 198266. mm*
Jy

= 42746. mm*
J,y = 62554. mm*
J, = 220304. mm*
J, = 20709. mm*

a=artg(2J,,/(3,-3,))/2 = -.3387
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X, = 12.mm
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0., = N/A-Mcv/J -Msu/d,

=-219.1 N/mm®
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LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
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=(vab-1/6b)Fb/EI +(b) 6 =13/12 FbY/ED

L = [ (12 xtb 172 162 ) Fo UEI dx + [(-1) @ dx = [1/4 b -1/6 x* ] Fb 1/E3 +[-x] @

=(1/ab-1/6b)Fb1/EJ +(-b)® =13/12 FbYEJ
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A= 504.mm’

J, = 181471 mm*
J,= 25303. mm*
J, = 45545. mm’
J, = 193783. mm*
J, = 12991. mm*
a=artg(2J,,/(3,-3,))/2 =
c =cosa = .9653

s =sina =-.2610

Xg = 16.29 mm

Y= 28.71 mm

N =-1398. N
T,=-1075.N

M, = 684775. Nmm
X, = 12.mm

Y= 54.mm

u, =-10.74 mm

Vi, = 23.29 mm

-.2640

o, = NIA-Mcv/J,-Msu/d, = -229.9 N/mm’
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A= 468.mm’

J, = 162108. mm*
J,= 14364. mm*
J, = 31104. mm’
J, = 168389. mm*
J, = 8083. mm*
a=artg(2J,,/(3,-3,))/2 =
c =cosa = .9802

s =sina =-.1979
Xg= 15.mm

Yg= 27.mm
N=-1127.N
T,=-563.5N

M, = 667800. Nmm
X, = 12.mm

Y= 54.mm

u, =-8.285 mm

V,, = 25.87 mm

-.1993

o,, = NIA-Mcv/J,-Msu/J, = -238.5 N/mm’
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PROCEDIMENTO E RISULTATI 213350
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PROCEDIMENTO E RISULTATI 213350

Sviluppi di calcolo iperstatica

q45/€ Fm=x eonersiadi
r3/aXe/s r3a/,94- 11e10}
Jx 0 RETx 0 xd4e/5- arx 940
CI/axer | 3/,94(0+9/5")
JX+AXe-T| 0 |4/, X4¢/S-X45+04¢/S- 0 X4¢/5-04¢/S a/X+T- q o4
T £3/94 |9/,Xd¢/1-Xx4€+q4¢/S- | £3/94 ZXbZ/'['X:I€+CI:IZ/9' T q3d
£3/9x £3/,94(T+9/L-)
T £3/94 a/,X4¢/1-xX4¢- £3/94- ZXbZ/T+X:IZ T- q 43
0 0 0 0 0 0 qod
0 0+0
0 0 0 0 0 0 qasd
ALX+AXe-T) 0 0 0 0 a/x-T qa3z
£3/aXe/T 0+0
e/ 0 0 0 0 a/x- q3a
0 0 0 0 0 0 qc ad
0 0+0
0 0 0 0 0 0 qc ada
0 0 0 0 ZXbZ/T'X:I 0 qec vOo
0 0+0
0 0 0 0 ZXbZ/T+X:I- 0 qc ov
0 0 0 0 0 0 X4G/5M-04 0 qsp 04
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 0’ COw| -
=X eonersiadi 1ad A1d INgLIU0D oipend
0 <0
< Oo| o
\ \
\ \
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\ E
\ 5,
\ K
I | | &
) o O olzs
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3
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S
g
=
f\\
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N
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Schema di calcolo iperstatico

=1

M, flessione da iperstatica X

CED
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O,

m

b -54
%= ) v dx = [13 2]} VED A= 648 mm’
J, = 237528. mm*
=\1 1/EJ =1 E 48 N
(1730) 1/E3 = 1/3 bIEJ b 3= 120672, mm
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 S 3,, = -84960. mm*
J, = 282212. mm*
=(b-b+1/3b) 1/EJ = 1/3 b/EJ u
( ) A J, = 75988. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = .4842
_ _ o c=cosa = .8851
= ( b) VEJ = Db/E] i y s =sina = .4655
LX=[(1) veadx=[x]. vEI x,= 13.33mm
_ _ Y= 20.33 mm
(b) 1/EI = bIE b X 2610, N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T, =-1653. N
=(b-b+1/3b) LEI =1/3 b/E] M, = 942210. Nmm
. 16 X, = 18.mm
L= [(5m?) 1EI dx = [13 2] 1ES ” Y= 54 mm
-0 u,= 19.8mm
=(1/3b) 1/EJ = 1/3 b/EJ m
( ) . b © © V= 27.62 mm
1= (-2 xb-1/2 1> ) Fo WEI dx + (1) 0 dx = [- b -1/6 ] Fo 1/E3 +[x] 6 mm o @ = x Y o, =NIA-Mcv/d,-Msuld, = -199.9 N/mm®

=(-b-1/6b)Fo1/EJ +(b) 6 =-1/6 FbYEJ
10 = ['(-5/2 +3 xib -1/2 x1b* ) Fb EI dx + [(-1) 6 dx
= [-512 x 4372 X1 116 X162 ] Fo 1/E3 +[-x] 0
=(-5/2b+3/2b-1/6b ) Fb /EJ +(-b) 6 =-1/6 Fb’/EJ
1% = ['(-5/2 +5 xib -5/2 X%Ib” ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ
1% = [(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b? ], Fb 1/E9
=(-5/6b) Fb 1/EJ =-5/6 Fb’/EJ
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PROCEDIMENTO E RISULTATI 236698

g48/e- F =X eonersiadi
r3/axe/s £3/,048/S 11e10}
LA7X 0 a/xbz/T+0/,X4- 0 XbZ/T+X4- a/x a4
c3/aXe/T | £3/,94(0+¥2/S-)
LIX+aXe-T| 0 |0/ xbe/T-a/,X42/T+X42/T+a42/T-| 0 Xbem-adg/t jax+T-| 9 oo
1 c3/04 4/ X42/T-X4+q4e/T- £3/94 | Xbz/T-x4+042/1-| 1T q3d
£3/9x £3/,94(T+9/1-)
1 c3/a4 a/,x4z/1- c3/04- bzt T- q43
0 0 0 0 0 0 a0d
0 0+0
0 0 0 0 0 0 aao
L/X+A/X2-T| 0 0 0 0 a/%-T aas
C3/AXEIT 0+0
LA1X 0 0 0 0 asx- a3a
0 0 0 0 0 0 az ag
0 0+0
0 0 0 0 0 0 az ad
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 azov 8
I
0 0 0 0 0 0 X4G/GA-0 0 | asrod g
Q.
0 0 0 0 0 0 avea g
0 0+0 3
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O,

m

b
%= ) v dx = [13 2]} VED A= 612. mm’ )
J,= 225968. mm
=\1 1/EJ =1 E 48 N
(13b) VEI =13 bIEI b ) 3= 82341, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3,, = -64038. mm"
J,= 250373. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) A J, = 57936. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = .3641
c=cosa = .9344
=(b) 1EJ = b/EJ
(b) X y > s = sina = .3561
LX=[(1) veadx=[x]. vEI X, = 11.47 mm
_ _ Y= 21.35mm
() 163 = b/EI b N Lo N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,= -720. N
M, = 966000. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
. 16 X, = 18.mm
L= [(5m?) 1EI dx = [13 2] 1ES ” Y= 54 mm
-0 = 17.73 mm

=(1/3b) 1/EJ = 1/3 b/EJ
L= (-12 0% ) Fo wEI dx + ['(1) 0 dx=[-16 ] Fo1Ed +[x] 6 mm

418

um
V,, = 28.18 mm
o, = NIA-Mcv/J,-Msu/J, = -209.2 N/mm’

=(-/6b)Fb1/E) +(b) 6 =5/6 FbYEJ

10 = [ (-1/2 + xtb 172 X262 ) Fo UEI dx + [2(-1) 8 dx
2 3,.21° b

=[-12x+1/2 %0 -1/6 x°I0* | Fo 1EI +[-x] 6

=(-1/2b+1/2b-1/6b ) Fo 1/EJ + (-b) 6 =5/6 Fb/EJ
1 = ['(-1/2 +1/2 xib +1/2 x2b* -1/2 xIb™ ) Fb 1/EJ dx

b
= [-12 x +1/4 5°1b +1/6 10 -1/8 x"1b° | _ Fb L/E]
=(-12b+1/4b+1/6 b -1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ
b

10 = [(- b +1/2 xib° ) Fb 1/EJ dx = [-1/3 xIb? +1/8 x'1b° ]| Fb 1/E9

=(-1/3b+1/8b ) Fb 1/EJ =-5/24 Fb’/EJ
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PROCEDIMENTO E RISULTATI 248355
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PROCEDIMENTO E RISULTATI 248355

Sviluppi di calcolo iperstatica

g40v/ET- Fpm=x eonersiadi
C3/AXE/S C3/,04vZ/ET I1e10)
LA7X 0 a/xbz/T+0/,X4- 0 XbZ/T+x4- | ax a4
c3/aXe/T | £3/,94(0+¥2/S-)
JALX+AXZ-T| 0 |/ Xbe/T-0/ X42/T+X42/T+a42/T-| 0 | Xbz/T1-ad42/T |a/x+T-| 9 Od
T r3/94 X4¢/T+a4¢/T- £3/94 | X42/1+a4¢/T- T q3d
£3/9x £3/,94(T+v/T-)
T r3/94 X42/T- £3/94- X42/T T- q43
0 0 0 0 ZXbZ/T+X:|Z/'IZ- 0 q0od
0 0+0
0 0 0 0 ZXbZ/T-X:IZ/T 0 qas
LAIX+AXST| 0 0 0 0 axT| aa3l
C3/9XE/T 0+0
Jx 0 0 0 0 a/x- q3a
0 0 0 0 0 0 ¢ ad
0 0+0
0 0 0 0 0 0 qc daa
0 0 0 0 0 0 ac vo
0 0+0
0 0 0 0 0 0 qc ov
0 0 0 0 0 0 X4G/SM-04 0 qsp 04
0 0 0 0 0 0 ave
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B WIN 0 W W] -
=X eonersiadi 1ad Ad nNQLIUOD oupend
o N
0 0, |
°|
-
i
)
| &
| ©
=
& -2
= of 9 ol 8
2/T oV ©
0 0 9
S
8
=
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Schema di calcolo iperstatico

=1

, flessione da iperstatica X:
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O,

m

b
%= ) v dx = [13 2]} VED A= 576.mm’
J, = 212976. mm*
=(1 1/EJ = 1/3 b/E 118 x
(13b) VEI =13 bIEI b . 3 = 53244, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3,,=-44712. mm*
J,= 224640. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ u
( ) A J, = 41580. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = .2552
c=cosa = .9676
= ( b) VEJ = Db/E] i y v s =sina = .2524
LX=[(1) veadx=[x]. vEI X,= 9.75mm
Yy, = 22.5mm
=(b) VEJ = b/EJ 9
(0) ) N =-1386. N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,=-693.2 N
=(b-b+1/3b) LEI =1/3 b/E] M, = 992000. Nmm
. 16 X, = 18.mm
L= [(5m?) 1EI dx = [13 2] 1ES ” Y= 54 mm
Jo = 15.
=(1/3b) 1/EJ = 1/3 b/EJ Up = 15.93 mm
b b © © vV, = 28.4mm
L2 =f(-12xm)ForEIdx+ [ (1) 6 dx=[-1/4xm]| FoUEI +[x] 6 mm 2 = X 2 o,, = NIA-Mcv/J,-Msu/d, = -219.7 N/mm’
EF o o o o m u v

=(-14b)Fb1/E) +(b) 6 =3/4 FbYEI
b b

LY = f;(-llz +1/2 x/b ) Fb 1/EJ dx + _[Z(-l )6 dx=[-12x+1axb] FoUEI +[-x] 6

=(-120+1/4b) Fo1/EJ +(-b ) 6 =3/4 FbYEJ
1 = ['(-172 +1/2 xib +1/2 ¥2b* -1/2 xCIb™ ) Fb 1/EJ dx

b
= [-1/2 x +1/4 5%1b +1/6 x°/b* -1/8 x'1b° | | Fb L/EJ
=(-12b+1/4b+1/6 b -1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ
b

10 = [°(- b +1/2 xib° ) Fb 1/ED dx = [-1/3 xIb? +1/8 X6 ]| Fb 1/E9

=(-1/3b+1/8b ) Fb 1/EJ = -5/24 Fb’/EJ
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PROCEDIMENTO E RISULTATI 237991

g40v/ET- =X eoneisiadi
£3/9Xe/S £3/,04v2/ET felo
Al 0 arxbe/T+a/,X4- 0 XDZ/T+xd- asx a4
c3/aXe/T | £3/,94(0+¥2/S-)
LIX+aXe-T| 0 |0/ xbe/T-a/,X42/T+X42/T+a42/T-| 0 Xbem-adg/t jax+1-| 904
1 £3/94 X42/T+04¢/T- £3/94 | X42/T+942/T- T q3d
£3/9x £3/,94(T+v/T-)
1 c3/94 Xde/T- c3/94- X2/t T- q43
0 0 0 0 0 0 q0od
0 0+0
0 0 0 0 0 0 qao
L/ X+A/X2-T| 0 0 0 0 ax-1 aqa3
C3/aXE/T 0+0
LA1X 0 0 0 0 a/x- a3a
0 0 0 0 0 0 gz ag
0 0+0
0 0 0 0 0 0 gz aa
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 az ov
0 0 0 0 0 0 | X40T/SM042/T | O | 95009
0 0 0 0 |Xbzg/T+xd4-ad4e/T| 0 aveg
0 0+0
0 0 0 0 Xbert- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B WIN 0 00’ W | -
FAp=x eaneisiadi 1ad A1d nNQLIUOD oipend

1/2

2T

-1/2

M, flessione da carichi assegnati

CED

q

Schema di calcolo iperstatico

Sviluppi di calcolo iperstatica

e

M, flessione da iperstatica X

CED
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PROCEDIMENTO E RISULTATI 237991 Cl09.xxxx.008 PROCEDIMENTO E RISULTATI 237991 Cl09.xxxx.008

O,

m

b
%= ) v dx = [13 2]} VED A= 540. mm’ )
J,= 198266. mm
=(1 1/EJ = 1/3 b/E 148 x
(13b) VEI =13 bIEI b 7= 32378, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3,,=-27302. mm*
J,= 202644, mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) A J, = 28000. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = .1590
c=cosa = .9874
=(b) 1EJ = b/EJ
(b) X y u s =sina = .1583
LX=[(1) veadx=[x]. vEI o X,= 8.2mm
_ _ Yy = 23.8mm
() 163 = b/EI b ¥ o N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,=-601.3 N
M, = 1037850. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
) 16 X, = 18.mm
L= [(5m?) 1EI dx = [13 2] 1ES \T ” Y= 54 mm
-0 = 14.46 mm

=(1/3b) 1/EJ = 1/3 b/EJ
0= (-12xb) Fb UETdx + [[(1) 6 dx=[-14xib] Fb /€T +[x] 6 mm >«

418
130

um
V,, = 28.27 mm
o, = NIA-Mcv/J,-Msu/d, = -229.5 N/mm’

=(-14b)Fb1/E) +(b) 6 =3/4 FbYEI
b b

LY = f;(-llz +1/2 x/b ) Fb 1/EJ dx + _[Z(-l )6 dx=[-12x+1axb] FoUEI +[-x] 6

=(-120+1/4b) Fo1/EJ +(-b ) 6 =3/4 FbYEJ
1 = ['(-172 +1/2 xib +1/2 ¥2b* -1/2 xCIb™ ) Fb 1/EJ dx

b
= [-1/2 x +1/4 5%1b +1/6 x°/b* -1/8 x'1b° | | Fb L/EJ
=(-12b+1/4b+1/6 b -1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ
b

10 = [°(- b +1/2 xib° ) Fb 1/ED dx = [-1/3 xIb? +1/8 X6 ]| Fb 1/E9

=(-1/3b+1/8b ) Fb 1/EJ = -5/24 Fb’/EJ
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PROCEDIMENTO E RISULTATI 937106

Sviluppi di calcolo iperstatica

g40T/T- FFpm=x eoneisiadi
£3/9XE/S £3/,949/T 10}
LA 0 | a/xbz/T+asxde/e- | 0 | Xbe/Texdere- |oax a40
c3/axe/r | c3nado+s/er)
LIX+aXe-T| 0 | a/xbe/T-xde/e+ad- | 0 | xbe/T-Xd4g/T-04 | a/x+T-| 904
1 £3/94 X4+04- c3/04 X4+04- 1 q3d
£3/9x £3/,94(T+2/1-)
1 c3/94 X4- r3/04- S| T- q43
0 0 0 0 0 0 aoda
0 0+0
0 0 0 0 0 0 aao
JAix+axe-T| 0 |a/xbeg/T+a/,Xd-X42/T| 0 X02/T-xd2m | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 | xbzm+xde/t- | ax- a3a
0 0 0 0 0 0 gz ag
0 0+0
0 0 0 0 0 0 gz aa
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 az ov
0 0 0 0 0 0 X45/SA-0d 0 | 95009
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 00’ COw| -
FAp=x eonersiadi 1ad A1d INQLILOD oipend
,,,,,,,,, 0 Aﬂ\w&
o %| ol
| |
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| ;
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“ o° | S 77777777777777777777 o \-§
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=
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1 - T
+ i W |
= |
|
|
|
= |
— |
o - | of o
< . 0

Schema di calcolo iperstatico

=1

M, flessione da iperstatica X

CED

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

26.03.25

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

26.03.25



PROCEDIMENTO E RISULTATI 937106

Cl09.xxxx.009

PROCEDIMENTO E RISULTATI 937106

Cl09.xxxx.009

%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

b
L% = [*(1/2 xb - X207 +1/2 x3/6° ) Fb 1/EJ dx = [1/4 xb -1/3 /b +1/8 x“1b° | Fb 1/E3
[e] e}

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

o =[(-xb) FovEIdx+ [[(1) 6 dx=[-12xm ] Fb 1/E3 +[x] 6
=(-12b)Fo/E) +(b) 6 =1/2 Fb/EI

0= (-1+xb)FoUEIdx+ [[(-1) 6 dx=[-x+12xm ] FovEI +[-x] 0
=(-b+12b)Fb UEI +(-b) 6 =1/2 FbYEJ

122 = [°(-1 +3/2 b -1/2 X°/6° ) Fb 1/E3 dx = [- x +3/4 x2b -1/8 x*1b° ] Fb 1/E3
=(-b+3/4b-1/8b ) Fb 1/EJ =-3/8 Fb’/EJ

10 = ['(-ar2 X262 +1/2 X*16° ) Fb 1/ED dx = [-1/2 X2 +1/8 x'1b° ] Fb 1/EJ
=(-1/2b+1/8b ) Fb UEJ = -3/8 FbY/EJ
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= 540. mm’
= 198266. mm*
= 32378. mm*
= 27302. mm*
= 202644. mm*
= 28000. mm*
=artg(2J,,/(3,-3,))/2 =
=cosa = .9874
=sina = -.1583
- 8.2 mm
Yy= 30.2mm
N= -828.N
= 1380.N
= 1092960. Nmm
= 18. mm
= 14.46 mm
=-28.27 mm
= N/A-Mcv/J -Msu/J

‘]X
‘]y
xy
u
JV

A
J

J

a
c
s
X

Ty
Mx
Xm
um
Vm
On

-.1590

, = 238.4 N/mm?
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PROCEDIMENTO E RISULTATI 214074

g40z/€T- FFpm=x eoneisiadi
C3/9XE/S C3/,042T/ET fe10)
J1X 0 0 0 0 a/x a40
C3/9XE/T 0+0
LALX+axe T 0 0 0 0 ax+1-| 404
T £3/94|9/,Xd¢/1-X4¢/T| £3/94 ZXbZ/T'X:IZ/T T q3d
£3/9x 3/,94(T+2T/1)
T £3/94|9/,Xd¢/1-X4¢/T|03/94- ZXbZ/I+X:IZ/I' T- q43
0 0 0 0 ZXbZ/T+X:IZ/T- 0 qod
0 0+0
0 0 0 0 ZXbZ/T-X:IZ/'[ 0 qaos
LIX+AXZT| 0 0 0 0 axT| qa3
£3/aXe/T 0+0
LA/ % 0 0 0 0 ax- a3a
0 0 0 0 0 0 qc ad
0 0+0
0 0 0 0 0 0 qc dda
0 0 0 0 0 0 qc vO
0 0+0
0 0 0 0 0 0 azov 8
I
0 0 0 0 0 0 X4G/GA-0 0 | asro9 ‘g
o
0 0 0 0 0 0 ava o
0 0+0 (_Cj
0 0 0 0 0 0 qav
o
Xpe/WNX[ | xpe+03 /WYW[| W o' "N 0 ()°W W | - =
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7
,,,,,,,,,, 0 m
0 0
E
2
|3
=
2
B
o Q, | ©
o o i I
0 05
8
=
f\\
[+]
"
§+ o Q[ T 0 0
w ] — i
1 ' % o QO |
+ = }
7 7 £
K
8 E | @
= [
8 T k=3
R s ° o)
w <g" ATy ®
N\ g ! ° 2
g &
5 =
g m
£ [+]
n A

26.03.25

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

26.03.25

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



PROCEDIMENTO E RISULTATI 214074

Cl09.xxxx.010

PROCEDIMENTO E RISULTATI 214074

Cl09.xxxx.010

%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

120 = [ (12 b -1/2 X%16? ) Fo 1B dx + (1) 8 ax = [1/4 b -1/6 x¥b* ] Fo /ED + [ x] 0

=(vab-1/6b)Fb/EI +(b) 6 =13/12 FbY/ED

L = [ (12 xtb 172 162 ) Fo UEI dx + [(-1) @ dx = [1/4 b -1/6 x* ] Fb 1/E3 +[-x] @

=(1/ab-1/6b)Fb1/EJ +(-b)® =13/12 FbYEJ
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= 504. mm’
= 181471. mm*
= 25303. mm*

= -45545. mm*
= 193783. mm*
= 12991. mm*
=artg(2J,,/(3,-3,))/2 =
= cosa = .9653
=sinao = .2610

- 16.29 mm
Y= 25.29 mm
N =-1431. N
T,=-715.5N
M, = 608000. Nmm
X, = 12.mm
u,=-10.74 mm
v, =-23.29 mm
Gm

‘]X
‘]y
xy
u
JV

A
J
J
a
c
s
X

.2640

= N/A-Mcv/J -Msu/d, = 198.8 N/mm’

26.03.25



Cl09.xxxx.010 Cl09.xxxx.010

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25



REAZIONI 240999

Cl09.xxxx.011

£

[ E

13/40F
33/40Fb
1/2F

F

w |/ 13/40F
33/40Fb
1/2F

Il/ZF
53/40F
—

13/40F
13/40Fb
1/2F

[N\m

13/40F
13/40Fb
3/2F

3/2F
13/40F

"0

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

Mg

26.03.25

AZIONI INTERNE 240999

Cl09.xxxx.011

__-13/40
N [ERNRNNRRRRNNNRRRRRNRRRRRRRAN|
<=
= &
— >
N=
< &340 13/40
T T T
—
=]
‘  —
\ =
\ =
\ =
\ ' =
\ 2. =
el =
‘ —
‘ —
\ =
\ =
| —
| =
\
\
\
0
—[t]—¢ Tl e
33/40 13/40
o o
I I
[v] ™
™ —
o o
0 0
o f=rrEEEE—
\o \
\ \
\ [
\ \
\ \
\ [
\ \
\ \
\ [
\ \
\ \
\ [
\ \
\ \
\ \
\
\
\
\
\ v
of 0 0
CED ro

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

-13/40

-53/40

I
i 1/2 g
| g
| =
| ol
| sE
| —“H
| —
| =
| =
=l
-1/2
& e
0

26.03.25



Cl109.xxxx.011

PROCEDIMENTO E RISULTATI 240999

Cl09.xxxx.011

PROCEDIMENTO E RISULTATI 240999

Sviluppi di calcolo iperstatica

g40v/ET- Fpm=x eonersiadi
C3/AXE/S C3/,04vZ/ET I1e10)
LA7X 0 a/xbz/T+0/,X4- 0 XbZ/T+x4- | ax a4
c3/aXe/T | £3/,94(0+¥2/S-)
JALX+AXZ-T| 0 |/ Xbe/T-0/ X42/T+X42/T+a42/T-| 0 | Xbz/T1-ad42/T |a/x+T-| 9 Od
T r3/94 X4¢/T+a4¢/T- £3/94 | X42/1+a4¢/T- T q3d
£3/9x £3/,94(T+v/T-)
T r3/94 X42/T- £3/94- X42/T T- q43
0 0 0 0 ZXbZ/T+X:|Z/'IZ- 0 q0od
0 0+0
0 0 0 0 ZXbZ/T-X:IZ/T 0 qas
LAIX+AXST| 0 0 0 0 axT| aa3l
C3/9XE/T 0+0
Jx 0 0 0 0 a/x- q3a
0 0 0 0 0 0 ¢ ad
0 0+0
0 0 0 0 0 0 qc daa
0 0 0 0 0 0 ac vo
0 0+0
0 0 0 0 0 0 qc ov
0 0 0 0 0 0 X4G/SM-04 0 qsp 04
0 0 0 0 0 0 ave
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B WIN 0 W W] -
=X eonersiadi 1ad Ad nNQLIUOD oupend
o N
0 0, |
°|
-
i
)
| &
| ©
=
& -2
= of 9 ol 8
2/T oV ©
0 0 9
S
8
=
f\\
[+]
A
N\
~ F e S 1- 0
L - T
. W
+ ]

-1

0

A

Schema di calcolo iperstatico

=1

, flessione da iperstatica X:
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O,

m

b
%= ) v dx = [13 2]} VED \ A= 468 mm’
< 4
J,= 162108. mm
=(a 1/EJ = 1/3 blE I )
(13b) VEJ =13 b/EJ b J,= 14364. mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 J,,= 31104, mm*
J,= 168389. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) i J,= 8083. mm*
L= _[2(1 ) VEIdx=[x] 1EJ a=arg(2J,/(J,-J,))/2 = .1993
v ¢ =cosa = .9802
= ( b) VEJ = Db/E] i y s =sina = .1979
LX=[(1) veadx=[x]. vEI Xy = 15.mm
= = Yo = 27. mm
(b) 1/EI = bIE b N =-1279. N
L :ﬁ(l -2 x/b +x*b? ) UEJ dx = [ x - X*Ib +1/3 o ]O 1/EJ T,=-639.5 N
M, = 586300. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
b 16 o X, = 18.mm
L= [(5m?) 1EI dx = [13 2] 1ES | yr= 54 mm
i B Jo U, = 8.285 mm
=(1/3b) 1/EJ = 1/3 b/EJ v, = 25.87 mm
8 @ , 8

0= (-12xb) Fb UETdx + [[(1) 6 dx=[-14xib] Fb /€T +[x] 6 mm 2 0, = NIA-Mcv/d,-Msu/d, = -210. Nimm?’
=(-14b)Fb1/E) +(b) 6 =3/4 FbYEI
L= (-v2+12 b ) Fo I dx+ [(-1) 6 dx=[-v2x +1/4 b ]  Fo 1EI +[-x] 0
=(-120+1/4b) Fo1/EJ +(-b ) 6 =3/4 FbYEJ
1 = ['(-172 +1/2 xib +1/2 ¥2b* -1/2 xCIb™ ) Fb 1/EJ dx
= [-1/2 x +1/4 X1 +1/6 xIb? 178 X'1b° ], Fb 1/E
=(-12b+1/4b+1/6 b -1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ
10 = [°(- b +1/2 xib° ) Fb 1/ED dx = [-1/3 xIb? +1/8 X6 ]| Fb 1/E9
=(-1/3b+1/8b ) Fb 1/EJ = -5/24 Fb’/EJ
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T r3/94) o0 |r3/94 0 T q3d

£3/9X £3/,04(1+0)

T f3/94| 0 |r3/94- 0 T- q43
0 0 0 0 Nxcw\atﬁw\ﬁ- 0 qoda
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PROCEDIMENTO E RISULTATI 280001

Cl09.xxxx.012

%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

Le=[()e ax=[x]e
=(b)e = FbEJ

L= (1) e ax=[-x]"6

FE o o

=(-b)6 = FbYEJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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A= 576. mm’

J = 212976. mm*
J,= 67824. mm*
J,, = -81648. mm*
J, = 249641. mm*
J, = 31159. mm*
a

\Y

= arg(2J, /(3,-3))/2 = .4221

sina = .4097

[«
S
X 19.5 mm

Yy, = 22.5mm

9
9
= 5660. N

1698. N
= 764100. Nmm
X 12. mm
u, =-16.06 mm

Vv, =-17.45 mm

T,

=cosa = .9122
N
MX

a,, = N/A-Mcv/d -Msu/d, = 219.9 N/mm?
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7I8F
7/8Fb
1/2F
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7/8F
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1/2F

1/8F
1/2F

7/8F
3/8Fb
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1/8F
—
D
A
D
—
1/8F
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0

B

Wg
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PROCEDIMENTO E RISULTATI 248385
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PROCEDIMENTO E RISULTATI 248385

q48/¢- FFm=x eoneisiadi
r3/axe/s £3/,048/S I[e10}
LA 0 a/,x4e/T- 0 x42/1- a/x a40
c3/axe/r | £37,04(0+9/T7)
JIXHAXST| 0 | A/ XH2/T-X4+942/T- | 0 | Xd2/T-0d2/T |a/X+T-| 0 Dd
1 £3/94|  x42/1+942/T- £3/04 | Xde/T+a42/T-| T q3d
£3/9x £3/,94(T+v/T-)
1 c3/94 Xde/T- r3/04-|  Xde/t T- q43
0 0 0 0 |xXbeT+xdz/t-| 0 aod
0 0+0
0 0 0 0 | xbzi-xde;m| o qao
LA/XHAXZ-T| 0 |a/Xbg/T+a/ XS XH2/T| 0 | Xbe/Txdg/T | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 |xXbeT+xde/-| ax- a3a
0 0 0 0 0 0 ge ad
0 0+0
0 0 0 0 0 0 de ad
0 0 0 0 0 0 4z vo
0 0+0
0 0 0 0 0 0 az oV
0 0 0 0 0 0 X45/57-04 0 | aspod
0 0 0 0 0 0 ave
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend

, flessione da carichi assegnati

N
= of 9 <)
2/t oV
0 0
=
Y\
[+]
J
b
o Q
w : Ao
+
o
<
w
N

Schema di calcolo iperstatico

Sviluppi di calcolo iperstatica

-1

=1

0

, flessione da iperstatica X:

CEOm

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

L= (-v2xb) Fo UEIdx+ [)(1) 6 dx=[-w4xb ] FovEd +[x] 8
=(-v4b)Fo/E) +(b) 6 =3/4 Fb/EI

0= (-12+1/2xb ) Fo 1EI dx + [[(-1) 0 dx=[-12x+1/4 x| Fo1Ed +[-x] 6
=(-12b+1/4b) Fo1EJ +(-b )0 =3/4 Fb’/EJ

120 = [*(-1/2 + xtb -1/2 xib* ) Fb 1/EJ dx = [-1/2 x +1/2 xb -1/6 x*/b? | Fb 1/E3
=(-1/2b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ

1 = ['(-172 X162 ) Fbo 1EI dx = [-1/6 xb2 ] Fb 1/E3
=(-1/6b) Fb /EJ =-1/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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A= 648. mm’

J = 237528. mm*

J, = 120672. mm"

J, = 84960. mm’

J, = 282212. mm*
J,= 75988. mm*
a=artg(2J,,/(3,-3,))/2 =
c=cosa = .8851

s = sina = -.4655

Xg = 13.33 mm

Yy = 33.67 mm

N =-2039. N
T,=-1020. N

M, = 1117200. Nmm
X, = 18.mm

u,= 19.8 mm

Vv, =-27.62 mm

0,,, = N/A-Mcv/J -Msu/J

-.4842

, = 229.2 N/mm?
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v
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PROCEDIMENTO E RISULTATI 240995

Sviluppi di calcolo iperstatica

q40z/€T Fm=x eoneisiadi
C3/aXe/S | £3/,04CT/ET- I1e10)
Jx 0 RETx 0 xdz/5- arx q40
CI/axer | 3/,94(0+9/5")
JX+AXe-T| 0 |04/, X4¢/S-X45+04¢/S- 0 X4¢/S-94¢/S | a/X+T- qod
T £3/94 X4¢/S+04¢/S- (3/94 | X4¢/S+094¢/S- T q3d
£3/9x £3/,94(T+v/S-)
T £3/94 X4¢/S- £3/94- X4¢2/S T- q43
0 0 0 0 ZXbZ/T+X:IZ/T' 0 qod
0 0+0
0 0 0 0 ZXbZ/I-X:IZ/I 0 qas
ALX+AXe-T) 0 0 0 0 a/x-T qa3
3/9XE/T 0+0
e/ 0 0 0 0 a/x- q3a
0 0 0 0 0 0 qc ad
0 0+0
0 0 0 0 0 0 qc ad
0 0 0 0 ZXbZ/T'X:I 0 qc vo
0 0+0
0 0 0 0 ZXbZ/T+X:I- 0 qc oV
0 0 0 0 0 0 X49/9M-04 0 qsp Od
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 0’ COw| -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend
0 <0
Yo }
\
\
K
=)
| &
o K
I o| O olzs
2/S 0 S
OWO 8
3
[
S
8
=
f\\
[+]
L\
N
w v ° I D ) 1 0
+ B °l
\
\
= \
|
; \
sl WWWM |
S (R R A NI

Schema di calcolo iperstatico

=1

M, flessione da iperstatica X

CED
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b ~54
%= ) v dx = [13 2]} VED A= 540.mm’ )
lag J,= 198266. mm
=(1 1/EJ = 1/3 b/E ’
(13b) VEJ =13 b/EJ b J,= 42746. mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3,, = 62554, mm"

J, = 220304, mm*

=(b-b+1/3b) 1/EJ = 1/3 b/EJ J,= 20709. mm*

b
L= _[2(1 ) VEIdx=[x] 1EJ o= artg(2J,/(J,-J,))/2 = .3387
\\)
- - y c=cosa = .9432
( b ) VEJ = Db/E] i s = sina = .3323
LX=[(1) veadx=[x]. vEI Xy = 17.8mm
= = Vg = 23.8 mm
(b) 1/EI = bIE b N =-1499. N
L :ﬁ(l 2xb+x1b") VEIdx = [ x-x’/b +1/3 b | 1/E T,= 2025.N
=(b-b+1/3b) 1EJ = 1/3 b/EJ 1 o e,
- m s X, = 12.mm
L= [(5m?) 1EI dx = [13 2] 1ES Jo Up = -13.38 mm
- - N N v, =-20.52 mm
=(v3b) WEI =13 b/EJ mm ° 3 9 x S 0, = NIA-Mcv/d -Msuld, = 237.5 N/mm?

1= (-s2xb) Fb UETdx + [[(1) 6 dx=[-5/4x%b] Fb 1/E3 +[x] 6
=(-5/4b)Fb1/E] +(b) 6 =-1/4 FbYEJ

L0 =['(-5/2 +52 b ) Fb 1/EI dx + [ (-1) 6 dx=[-522x +5/4 b ] Fo 1EI +[-x] 0
=(-5/2b+5/4b) Fb 1/E] +(-b )6 =-1/4 FbYEJ

1 = ['(-5/2 +5 x/b -5/2 X¥Ib? ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

1% = ['(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b2 ]| Fb 1/E9
=(-5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25
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PROCEDIMENTO E RISULTATI 984264
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PROCEDIMENTO E RISULTATI 984264

Cl09.xxxx.015

%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

120 = [ (12 b -1/2 X%16? ) Fo 1B dx + (1) 8 ax = [1/4 b -1/6 x¥b* ] Fo /ED + [ x] 0

=(vab-1/6b)Fb/EI +(b) 6 =13/12 FbY/ED

L = [ (12 xtb 172 162 ) Fo UEI dx + [(-1) @ dx = [1/4 b -1/6 x* ] Fb 1/E3 +[-x] @

=(1/ab-1/6b)Fb1/EJ +(-b)® =13/12 FbYEJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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= 612. mm’

= 225968. mm*

= 82341. mm*

= 64038. mm*

= 250373. mm*

= 57936. mm"
=artg(2J,,/(3,-3,))/2 =
=cosa = .9344
=sina = -.3561

- 11.47 mm

Yy = 32.65 mm

N = 3660. N

T,= 1586. N

M, = 904020. Nmm
X, = 18.mm
u,= 17.73 mm
Vm
Gm

‘]X
‘]y
xy
u
JV

A
J
J
a
c
s
X

=-28.18 mm
= N/A-Mcv/J -Msu/J

-.3641

, = 199.6 N/mm?

26.03.25
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PROCEDIMENTO E RISULTATI 242046

g40v/ET- =X eoneisiadi
£3/9Xe/S £3/,04v2/ET felo
Al 0 arxbe/T+a/,X4- 0 XDZ/T+xd- asx a4
c3/aXe/T | £3/,94(0+¥2/S-)
LIX+aXe-T| 0 |0/ xbe/T-a/,X42/T+X42/T+a42/T-| 0 Xbem-adg/t jax+1-| 904
1 £3/94 X42/T+04¢/T- £3/94 | X42/T+942/T- T q3d
£3/9x £3/,94(T+v/T-)
1 c3/94 Xde/T- c3/94- X2/t T- q43
0 0 0 0 0 0 q0od
0 0+0
0 0 0 0 0 0 qao
L/ X+A/X2-T| 0 0 0 0 ax-1 aqa3
C3/aXE/T 0+0
LA1X 0 0 0 0 a/x- a3a
0 0 0 0 0 0 gz ag
0 0+0
0 0 0 0 0 0 gz aa
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 az ov
0 0 0 0 0 0 | X40T/SM042/T | O | 95009
0 0 0 0 |Xbzg/T+xd4-ad4e/T| 0 aveg
0 0+0
0 0 0 0 Xbert- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B WIN 0 00’ W | -
FAp=x eaneisiadi 1ad A1d nNQLIUOD oipend

1/2

2T

-1/2

M, flessione da carichi assegnati

CED

q

Schema di calcolo iperstatico

Sviluppi di calcolo iperstatica

e

M, flessione da iperstatica X

CED

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

b
%= ) v dx = [13 2]} VED R A= 576.mm’ )
lag J,= 212976. mm
=(1 1/EJ =13 bIE "
(13b) VEJ =13 b/EJ b J,= 53244. mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 o = 44712, mm44
J,= 224640, mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) . J,= 41580. mm*
LX=1(1) vesax=[x]. Ve a= artg(2J, /(3,-3,))/2 = -.2552
u
- - y c=cosa = .9676
( b ) VEJ = Db/E] i s = sina = -.2524
LX=[(1) veadx=[x]. vEI Xg = 9.75 mm
Yy, = 31.5mm
=(b) VEJ = bEJ g
(b) b N =-630.5N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,= 970.N
M, = 960300. N
=(b-b+1/3b) 1/EJ = 1/3 b/EI 1° o " o
) m Xm = 18. mm
L= [(5m?) 1EI dx = [13 2] 1ES Jo Uy = 15.93 mm
vV, = -28.4 mm
=(1/3b) 1EJ =13 b/EI @ @ m
(113) mm S = x @ 0, = N/A-Mcv/d -Msuld, = 209.3 N/mm”

0= (-12xb) Fb UETdx + [[(1) 6 dx=[-14xib] Fb /€T +[x] 6
=(-14b)Fb1/E) +(b) 6 =3/4 FbYEI

L= (-v2+12 b ) Fo I dx+ [(-1) 6 dx=[-v2x +1/4 b ]  Fo 1EI +[-x] 0
=(-120+1/4b) Fo1/EJ +(-b ) 6 =3/4 FbYEJ

1 = ['(-172 +1/2 xib +1/2 ¥2b* -1/2 xCIb™ ) Fb 1/EJ dx
= [-1/2 x +1/4 X1 +1/6 xIb? 178 X'1b° ], Fb 1/E
=(-12b+1/4b+1/6 b -1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ

10 = [°(- b +1/2 xib° ) Fb 1/ED dx = [-1/3 xIb? +1/8 X6 ]| Fb 1/E9
=(-1/3b+1/8b ) Fb 1/EJ = -5/24 Fb’/EJ
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PROCEDIMENTO E RISULTATI 240156 Cl09.xxxx.017 PROCEDIMENTO E RISULTATI 240156 Cl09.xxxx.017

O,

m

b -54
%= ) v dx = [13 2]} VED A= s0.mm
Lag J,= 198266. mm
=(1 1/EJ = 1/3 bIE »
(13b) VEI =13 bIEI b 37 sa078.
L :ﬁ(l -2xib+x10*) VEIdx =[x - x’/b +1/3 b’ | 1/E 3, = 27302. mm*
J, = 202644, mm*
=(b-b+1/3b) 1/EJ =1/3 b/EJ i
( ) . J, = 28000. mm*
=0(1) vEIdx=[x]. vEI a= artg(23,/(3,-3,))/2 = -1590
c=cosa = .9874
=(b) 1/EJ = b/EJ y
( ) . u s =sina = -.1583
L =f;(1 ) VEIdx=[x] 1EJ — X,= 21.8mm
- — Yy = 23.8mm
() 163 = b/EI b o e
L =f;(1 2xb+x1b") VEIdx = [ x-x’/b +1/3 b | 1/E M, = 986880. Nmm
=(b-b+1/3b) 1/EJ = 1/3 b/E 16 Xp = 12.mm
b 7'/ Y= 54.mm
L= [(5m?) 1EI dx = [13 2] 1ES Jo / U =-14.46 mm
= 28.27
=(1/3b) 1/EJ = 1/3 b/EI o . S . 3 8 Vin = 28.27'mm

\ a,, = N/A-Mcv/d -Msuld, = -219.5 N/mm®

2= (1) e ax=[x] e
=(b)6 = Fb%EJ

= [(1)e ax=[-x] e

=(-b)6 = FbYEJ
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PROCEDIMENTO E RISULTATI 236530

Sviluppi di calcolo iperstatica

q48/¢- Fpm=x eonersiadi
r3/axe/s £3/,048/S 11e10}
LA 0 a/,X4e/T- 0 x42/T- a/x CEle)
c3/axe/r | £37,04(0+9/T7)
LIXHAXS-T| 0 | A/ XH2/T-X4+942/T- | 0 X42/1-042/T  |aX+T-| 904
1 £3/04|  x4e/T+ade/T- £3/04 | xde/T+ade/1- | 1T q3d
£3/9x £3/,94(T+v/T-)
1 £3/94 X42/1- r3/94- X4z/1 T a43
0 0 0 0 0 0 aoa
0 0+0
0 0 0 0 0 0 aao
JAix+axe-T| 0 |a/xbeg/T+a/,Xd-X42/T| 0 Xbe/T-xdem | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 | xbzmxdet- | ax- a3a
0 0 0 0 0 0 de agd
0 0+0
0 0 0 0 0 0 de ad
0 0 0 0 0 0 ae vo
0 0+0
0 0 0 0 0 0 e OV
0 0 0 0 0 0 | xd4OT/sp-ad2/T | O | aspod
0 0 0 0 | Xbg/T+xd-ade/t| 0 qvd
0 0+0
0 0 0 0 Xbe/t- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 0’ W | -
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Om

b
%= ) v dx = [13 2]} VED A= 648 mm’ )
J,= 237528. mm
=(1 1/EJ = 1/3 b/E 148 x
(1730) 1/E3 = 1/3 bIEJ b . 3= 120672, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 J,,= 84960 mm*
J,= 282212. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) ] J,= 75988. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = -.4842
c=cosa = .8851
=(b) 1EJ = b/EJ
( ) . y s = sina = -.4655
LX=[(1) veadx=[x]. vEI X, = 34.67mm
_ _ Yy = 20.33 mm
() 163 = b/EI b N 1601 N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI ¢ T,z 915N
M, = 1088850. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
. 16 X, = 30.mm
L= [(5m?) 1EI dx = [13 2] 1ES Y= 54 mm
-0

U, = -19.8 mm
V, = 27.62 mm
o,, = NIA-Mcv/J,-Msu/d, = -228.9 N/mm’

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

130
142
148

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3 mm < x
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

L= (-v2xb) Fo UEIdx+ [)(1) 6 dx=[-w4xb ] FovEd +[x] 8
=(-1/40)Fo 1/E3 +(b) 6 =3/4 Fb’/EJ

0= (-12+1/2xb ) Fo 1EI dx + [[(-1) 0 dx=[-12x+1/4 x| Fo1Ed +[-x] 6
=(-12b+1/4b) Fo1EJ +(-b )0 =3/4 Fb’/EJ

120 = [*(-1/2 + xtb -1/2 xib* ) Fb 1/EJ dx = [-1/2 x +1/2 xb -1/6 x*/b? | Fb 1/E3
=(-1/2b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ

1 = ['(-172 X162 ) Fbo 1EI dx = [-1/6 xb2 ] Fb 1/E3
=(-1/6b) Fb /EJ =-1/6 Fb’/EJ
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Sviluppi di calcolo iperstatica

q40z/€T Fp=x eonersiadi
C3/9XE/S 3/,04¢T/ET- el
JA1,X 0 a/,x42/s- 0 x4e/5- a/x 940
C3/OXET | £3/,04(0+9/5")
JX+AXe-T| 0 |04/, X4¢/S-X45+04¢/S- 0 X4¢2/S-094¢/S  |A/X+T- qod
T £3/94 X4¢2/S+04¢/S- £3/94 | Xd4¢/S+94¢/S- T q3d
£3/9x 3/,94(T+v/S-)
T £3/94 X4¢/S- £3/94- X4¢2/S T- q43
0 0 0 0 0 0 q2oda
0 0+0
0 0 0 0 0 0 qas
ALX+AXe-T) 0 0 0 0 q/%-T qa3
3/9XE/T 0+0
e/ 0 0 0 0 q/x- q3a
0 0 0 0 0 0 qc ag
0 0+0
0 0 0 0 0 0 qc daa
0 0 0 0 ZXbZ/T'X:I 0 ac vo
0 0+0
0 0 0 0 ZXbZ/'lZ+X:i- 0 qc ov
0 0 0 0 0 0 X40T/SM-Q42/T 0 qsp Od
0 0 0 0 | Xbg/T+xd4-ade/T| 0 qvd
0 0+0
0 0 0 0 Xbe/t- 0 qav
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O,

m

b
%= ) v dx = [13 2]} VED < A= 504. mm’ )
J,= 181471. mm
=\1 1/EJ =1 E 48 N
(13b) VEI =13 bIEI b 7= 25303 mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3,, = -45545. mm*
J,= 193783. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) A J, = 12991. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ v a= artg(2J, /(3,-3,))/2 = .2640
c =cosa = .9653
=(b) 1EJ = b/EJ
(b) X y s =sina = .2610
LX=[(1) veadx=[x]. vEI x,= 19.72mm
_ _ Y= 28.71 mm
(b) 1/EI = bIE b ¥ ae N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,=-980.5 N
M, = 705960. N
=(b-b+1/3b) LEI =1/3 b/E] , x mm
) 16 Xn,= 24.mm
L= [(5m?) 1EI dx = [13 2] 1ES Y= 54 mm
Jo = 10.74 mm

=(1/3b) 1/EJ = 1/3 b/EJ
1= (-s2xb) Fb UETdx + [[(1) 6 dx=[-5/4x%b] Fb 1/E3 +[x] 6 mm 9

x

um
V= 23.29 mm
o,, = NIA-Mcv/J,-Msu/J, = -236.8 N/mm’

418
124
136

=(-5/4b)Fb1/E] +(b) 6 =-1/4 FbYEJ

L0 =['(-5/2 +52 b ) Fb 1/EI dx + [ (-1) 6 dx=[-522x +5/4 b ] Fo 1EI +[-x] 0
=(-5/2b+5/4b) Fb 1/E] +(-b )6 =-1/4 FbYEJ

1 = ['(-5/2 +5 x/b -5/2 X¥Ib? ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

1% = ['(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b2 ]| Fb 1/E9
=(-5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ
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PROCEDIMENTO E RISULTATI 248835 Cl09.xxxx.020 PROCEDIMENTO E RISULTATI 248835 Cl09.xxxx.020

O,

m

b
%= ) v dx = [13 2]} VED ) A= 468.mm’ )
J,= 162108. mm
=(1 1/EJ = 1/3 b/E 118 x
(13b) VEI =13 bIEI b 7= 14364, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3,,=-31104. mm*
J,= 168389. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ i
( ) A J, = 8083. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = .1993
u ¢ =cosa = .9802
=(b) 1/EJ = b/EJ
(b) X y s =sina = .1979
LX=[(1) veadx=[x]. vEI x,= 15.mm
_ _ Yg= 27.mm
() 163 = b/EI b X 1206 N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T, = -652.9 N
M, = 554800. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
) 16 - X, = 18.mm
L= [(5m?) 1EI dx = [13 2] 1ES \ Y= 54 mm
-0 u. = 8.285mm
=(1/3b) 1/EJ = 1/3 b/EJ m
( ) b N © ° V,, = 25.87 mm
LX =Jz(1/2 x°Ib? -112 x°b* ) Fb 1EJ dx = [1/6 x’1b” -1/8 x'1b° ] Fb 1/E] mm 2 e 0,, = N/A-Mcv/d,-Msuld, = -198.9 N/mm”

=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

L= (-v2 ) Fo vEd dx + [2(1) 8 dax=[-1/6x%b° ]  Fb 1/E3 + [ x] 6
=(-6b)Fb1/E) +(b) 6 =5/6 Fb/EJ

1= (-1/2 + xib 172 X%b* ) Fb 1/ET dx + [(-1) 6 dx
= [-v2x +172 b 116 xb* | P 1/ED +[-x] 0
=(-1/2b+1/2b-1/6b ) Fo 1/EJ + (-b ) ® =5/6 Fb’/EJ

122 = [2(-1/2 + xtb -1/2 x2ib* ) Fb 1/EJ dx = [-1/2 x +1/2 x%b -1/6 x¥/b? | Fb 1/EJ
=(-12b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb*/EJ

1% = ['(-1/2 X162 ) Fbo 1E dx = [-1/6 xb ] Fb 1/E3
=(-/6b) Fb L/EJ =-1/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25
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Cl109.xxxx.021

PROCEDIMENTO E RISULTATI 238839

Cl109.xxxx.021

PROCEDIMENTO E RISULTATI 238839

Sviluppi di calcolo iperstatica

g40T/T- FFpm=x eoneisiadi
£3/9XE/S £3/,949/T 10}
LA 0 | a/xbz/T+asxde/e- | 0 | Xbe/Texdere- |oax a40
c3/axe/r | c3nado+s/er)
LIX+aXe-T| 0 | a/xbe/T-xde/e+ad- | 0 | xbe/T-Xd4g/T-04 | a/x+T-| 904
1 £3/94 X4+04- c3/04 X4+04- 1 q3d
£3/9x £3/,94(T+2/1-)
1 c3/94 X4- r3/04- S| T- q43
0 0 0 0 0 0 aoda
0 0+0
0 0 0 0 0 0 aao
JAix+axe-T| 0 |a/xbeg/T+a/,Xd-X42/T| 0 X02/T-xd2m | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 | xbzm+xde/t- | ax- a3a
0 0 0 0 0 0 gz ag
0 0+0
0 0 0 0 0 0 gz aa
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 az ov
0 0 0 0 0 0 X45/SA-0d 0 | 95009
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 00’ COw| -
FAp=x eonersiadi 1ad A1d INQLILOD oipend
,,,,,,,,, 0 Aﬂ\w&
o %| ol
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“ o° | S 77777777777777777777 o \-§
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Schema di calcolo iperstatico

=1

M, flessione da iperstatica X

CED

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

26.03.25

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 238839

Cl09.xxxx.021

%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

b
L% = [*(1/2 xb - X207 +1/2 x3/6° ) Fb 1/EJ dx = [1/4 xb -1/3 /b +1/8 x“1b° | Fb 1/E3
[e] e}

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

o =[(-xb) FovEIdx+ [[(1) 6 dx=[-12xm ] Fb 1/E3 +[x] 6
=(-12b)Fo/E) +(b) 6 =1/2 Fb/EI

0= (-1+xb)FoUEIdx+ [[(-1) 6 dx=[-x+12xm ] FovEI +[-x] 0
=(-b+12b)Fb UEI +(-b) 6 =1/2 FbYEJ

122 = [°(-1 +3/2 b -1/2 X°/6° ) Fb 1/E3 dx = [- x +3/4 x2b -1/8 x*1b° ] Fb 1/E3
=(-b+3/4b-1/8b ) Fb 1/EJ =-3/8 Fb’/EJ

10 = ['(-ar2 X262 +1/2 X*16° ) Fb 1/ED dx = [-1/2 X2 +1/8 x'1b° ] Fb 1/EJ
=(-1/2b+1/8b ) Fb UEJ = -3/8 FbY/EJ

PROCEDIMENTO E RISULTATI 238839

Cl09.xxxx.021

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

26.03.25

Om

124
136
142

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

A= 612. mm’

J, = 225968. mm*
J,= 82341 mm*

J, = 64038. mm’

JS= 250373, mm*
J,= 57936. mm*
a=artg(2J,,/(3,-3,))/2 =
c=cosa = .9344

s =sina = -.3561

Xg = 30.53 mm

Y= 21.35mm

N =-2130. N
T,=-1278.N

M, = 960630. Nmm
X, = 24.mm

Y= 54.mm

u, =-17.73 mm

V,, = 28.18 mm

-.3641

o, = NIA-Mcv/J,-Msu/J, = -209.2 N/mm’

26.03.25
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PROCEDIMENTO E RISULTATI 226747

Cl109.xxxx.022

PROCEDIMENTO E RISULTATI 226747

q48/c- =X eonersiadi
r3/axe/s £3/,048/S I[e10}
LA 0 a/,x4e/T- 0 x42/1- asx a4o
c3/axe/r | c3/,94(0+9/17)
JIXHAXST| 0 | A/ XH2/T-X4+942/T- | 0 | Xd2/T-0d2/T |a/X+T-| 0 Dd
1 c3/a4|  x42/T+ad42/T- £3/0d4 | Xdg/T+a42/1-| T q 34
£3/9x £3/,94(T+v/T-)
1 c3/04 X42/1- r3/94- X42/1 T- q 43
0 0 0 0 |xXbeT+xdz/t-| 0 aoa
0 0+0
0 0 0 0 | xbzi-xde;m| o aao
LA/XHAXZ-T| 0 |a/Xbg/T+a/ XS XH2/T| 0 | Xbe/Txdg/T | ax-T qa3
c3/axe/r | £3/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 |xXbeT+xde/-| ax- a3a
0 0 0 0 0 0 qz ag
0 0+0
0 0 0 0 0 0 az ad
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 azov §
©
0 0 0 0 0 0 X-4G/GM -0 0 | asprod g
Q.
0 0 0 0 0 0 ava g
0 0+0 3
0 0 0 0 0 0 aav 4
o
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] - S
Q.
Fp=x eonersiadi 1ad A1d INQLIU0D oipend E’
@
0 N
—Emm———
o
.
| S
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c/T oL~ P
0 0 9
S
8
=
f\\
[+]
R
b
a , S T 0 0
w - T
' ' iW\ \
+ 5 { | o)
| |
| -
| [ 11
= | I
= | 5
E : \ |2
gﬁ - | g of 0 o%
W <§ T- 0 °
N 8 S
S 7
= Q2
o .‘_x
ot =
s A
8 [+]
"

26.03.25

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

26.03.25

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



PROCEDIMENTO E RISULTATI 226747

Cl09.xxxx.022

%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

b
L% = [*(1/2 xb - X207 +1/2 x3/6° ) Fb 1/EJ dx = [1/4 xb -1/3 /b +1/8 x“1b° | Fb 1/E3
[e] e}

=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ
L= (-v2xb) Fo UEIdx+ [)(1) 6 dx=[-w4xb ] FovEd +[x] 8
=(-1/40)Fo 1/E3 +(b) 6 =3/4 Fb’/EJ

0= (-12+1/2xb ) Fo 1EI dx + [[(-1) 0 dx=[-12x+1/4 x| Fo1Ed +[-x] 6

=(-12b+1/4b) Fo1EJ +(-b )0 =3/4 Fb’/EJ

120 = [*(-1/2 + xtb -1/2 xib* ) Fb 1/EJ dx = [-1/2 x +1/2 xb -1/6 x*/b? | Fb 1/E3
=(-1/2b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ

1 = ['(-172 X162 ) Fbo 1EI dx = [-1/6 xb2 ] Fb 1/E3
=(-1/6b) Fb /EJ =-1/6 Fb’/EJ

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

26.03.25

PROCEDIMENTO E RISULTATI 226747

Cl09.xxxx.022

Om

124
130
142

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

A= 540.mm’
J, = 198266. mm*
Jy

= 42746. mm*
J,y = -62554. mm’*
J, = 220304. mm*
J, = 20709. mm*
a=artg(2J,,/(3,-3,))/2 =
C =cosa = .9432
s =sina = .3323

Xg = 24.2 mm

Yy= 30.2mm

N =-1422. N
T,=-7111N

M, = 715500. Nmm
X, = 30.mm

Y= 54.mm

u, = 13.38 mm
V,, = 20.52 mm
OITI

.3387

= N/A-Mcv/J -Msu/d, = -219.1 N/mm?

26.03.25
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PROCEDIMENTO E RISULTATI 240641

Cl109.xxxx.023

PROCEDIMENTO E RISULTATI 240641

Sviluppi di calcolo iperstatica

q48/¢- Fpm=x eonersiadi
r3/axe/s £3/,048/S 11e10}
LA 0 a/,X4e/T- 0 x42/T- a/x CEle)
c3/axe/r | £37,04(0+9/T7)
LIXHAXS-T| 0 | A/ XH2/T-X4+942/T- | 0 X42/1-042/T  |aX+T-| 904
1 £3/04|  x4e/T+ade/T- £3/04 | xde/T+ade/1- | 1T q3d
£3/9x £3/,94(T+v/T-)
1 £3/94 X42/1- r3/94- X4z/1 T a43
0 0 0 0 0 0 aoa
0 0+0
0 0 0 0 0 0 aao
JAix+axe-T| 0 |a/xbeg/T+a/,Xd-X42/T| 0 Xbe/T-xdem | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 | xbzmxdet- | ax- a3a
0 0 0 0 0 0 de agd
0 0+0
0 0 0 0 0 0 de ad
0 0 0 0 0 0 ae vo
0 0+0
0 0 0 0 0 0 e OV
0 0 0 0 0 0 | xd4OT/sp-ad2/T | O | aspod
0 0 0 0 | Xbg/T+xd-ade/t| 0 qvd
0 0+0
0 0 0 0 Xbe/t- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 0’ W | -
Fp=x eoneisiadi 1ad Ad nNQLILOD oupend
,,,,,,,,, 0 Aﬂ\w&
G s N
° °f |
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Schema di calcolo iperstatico

e

M, flessione da iperstatica X

CED

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 240641 Cl09.xxxx.023

%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

L= (-v2xb) Fo UEIdx+ [)(1) 6 dx=[-w4xb ] FovEd +[x] 8
=(-v4b)Fo/E) +(b) 6 =3/4 Fb/EI

0= (-12+1/2xb ) Fo 1EI dx + [[(-1) 0 dx=[-12x+1/4 x| Fo1Ed +[-x] 6
=(-12b+1/4b) Fo1EJ +(-b )0 =3/4 Fb’/EJ

120 = [*(-1/2 + xtb -1/2 xib* ) Fb 1/EJ dx = [-1/2 x +1/2 xb -1/6 x*/b? | Fb 1/E3
=(-1/2b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ

1 = ['(-172 X162 ) Fbo 1EI dx = [-1/6 xb2 ] Fb 1/E3
=(-1/6b) Fb /EJ =-1/6 Fb’/EJ

PROCEDIMENTO E RISULTATI 240641

Cl09.xxxx.023

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

26.03.25

Om

418
130
136

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

A= 576.mm’

J, = 212976. mm*
J,= 53244. mm*

3, = 44712. mm’

J, = 224640. mm*
J, = 41580. mm*
a=artg(2J,,/(3,-3,))/2 =
c=cosa = .9676

s =sina = -.2524

Xg = 26.25 mm

Yy = 22.5mm

N =-2100. N

T,= 1200. N

M, = 1029000. Nmm
X, = 18.mm

Y= 54.mm

u, =-15.93 mm
V= 28.4mm

-.2552

o, = NIA-Mcv/J,-Msu/d, = -229.1 N/mm’

26.03.25
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N | 25 |
™ | X \H
of 1 == B 0
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c -7/8
— {178 e
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PROCEDIMENTO E RISULTATI 917219
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PROCEDIMENTO E RISULTATI 917219

Sviluppi di calcolo iperstatica

=1

a48/L FFm=x eoneisiadi
r3/axe/s £3/,94ve/Se- I[e10}
LA 0 0/, X€- 0 x4g- a/x a4
C3/aXE/T £3/,94(0+T-)
LIX+AXE-T| 0 0/ X4€-X49+0€- 0 x4€-04€  |a/x+T-| g Od
1 c3/94 X4€+q-¢e- £3/04 | Xde+ade- 1 q3d
£3/9x £3/,94(T+2/E-)
1 c3/94 X4€- r3/04- x4 T- q43
0 0 0 0 0 0 aod
0 0+0
0 0 0 0 0 0 aao
LA/XHAXZ-T| 0 |a/Xbg/T+a/ XS XH2/T| 0 | Xbe/Txdg/T | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 |xXbeT+xde/-| ax- a3a
0 0 0 0 0 0 ge ad
0 0+0
0 0 0 0 0 0 de ad
0 0 0 0 Xbz/1-x4 0 az vo
0 0+0
0 0 0 0 Xbz/T+x4- |0 az oV
0 0 0 0 0 0 X45/5M-04 0 | asro9
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend
° OO <Q
0 %) ol
| |
| |
| |
\ B
| S
| ]
\ K
™ of O ol=
€ 0 e
OWO 8
S
[
s
8
=
f\\
[+]
U
b
w o ] S T 0
1 - T
+ i W |
|
|
|
|
= |
|
o B | 0
< T- : 0
w
N

Schema di calcolo iperstatico

M, flessione da iperstatica X

CED

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

26.03.25

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

26.03.25



PROCEDIMENTO E RISULTATI 917219 Cl09.xxxx.024 PROCEDIMENTO E RISULTATI 917219 Cl09.xxxx.024

O,

m

b
%= L(xp*) vEI dx= [13xp°]] 1/E A= 576.mm’
J,= 212976. mm
=\1 1/EJ =1 E 48 N
(v3b) VEI =13 b/E b )= e7aza, mmt
L :ﬁ(l 2 x/b +xX°Ib* ) UEJ dx = [ x - X’Ib +1/3 1o ]0 1/EJ 3, = -81648. mm“4
J,= 249641. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ N u
( ) . J,= 31159. mm*
LX=1(1) vesax=[x]. Ve a= artg(2J, /(3,-3,))/2 = .4221
c=cosa = .9122
=(b) 1EJ = b/EJ
( ) b y s =sina = .4097
L =f;(1 ) VEIdx=[x] 1EJ X,= 285mm
= = Yy = 31.5 mm
() 163 = b/EI b o
L =[°(1 2 xb + 0% ) VEIdx =[x - ¥ +1/35b° ]” 1/E3 ] T =-1615. N
o o ) y
M, = 855950. N
=(b-b+1/3b) 1/EJ = 1/3 b/EJ x mm
. 16 X, = 36.mm
L= [(5m?) 1EI dx = [13 2] 1ES yr= 54 mm
-0 = 16.06 mm

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

130
136
148

um
V= 17.45mm
o, = NIA-Mcv/J,-Msu/J, = -239.3 N/mm’

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3 mm < x
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1o =[(-axb) Fo UEIdx+ [)(1) 6 dx=[-a12x ] Fo1EI +[x] 6
=(-32b)Fo 1/E] +(b) 6 =-1/2 Fb’/EJ

0= (-3+3xb) FoUEIdx+ [(-1) 0 ax=[-3x+32x2m ] FovEI +[-x] 0
=(-3b+32b) Fb U/EJ +(-b) 6 =-1/2 Fb%/EJ

1% = [(-3 +6 xtb -3 x/b” ) Fb 1/E dx = [-3 x +3 x%/b - X2 | Fb 1/E3
=(-3b+3b-b) Fb 1/EJ =- Fb*/EJ

10 = ['(-3 %2 ) Fb 1EI dx = [- X702 ] Fb 1/ES
=(-b) Fb 1/EJ =- Fb%EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25



Cl09.xxxx.024 Cl09.xxxx.024

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25



REAZIONI 238759 Cl09.xxxx.025 AZIONI INTERNE 238759 Cl09.xxxx.025
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PROCEDIMENTO E RISULTATI 238759
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PROCEDIMENTO E RISULTATI 238759

Sviluppi di calcolo iperstatica

q45/€ Fm=x eonersiadi
r3/aXe/s r3a/,94- 11e10}
Jx 0 RETx 0 xd4e/5- arx 940
CI/axer | 3/,94(0+9/5")
JX+AXe-T| 0 |4/, X4¢/S-X45+04¢/S- 0 X4¢/5-04¢/S a/X+T- q o4
T £3/94 |9/,Xd¢/1-Xx4€+q4¢/S- | £3/94 ZXbZ/'['X:I€+CI:IZ/9' T q3d
£3/9x £3/,94(T+9/L-)
T £3/94 a/,X4¢/1-xX4¢- £3/94- ZXbZ/T+X:IZ T- q 43
0 0 0 0 0 0 qod
0 0+0
0 0 0 0 0 0 qasd
ALX+AXe-T) 0 0 0 0 a/x-T qa3z
£3/aXe/T 0+0
e/ 0 0 0 0 a/x- q3a
0 0 0 0 0 0 qc ad
0 0+0
0 0 0 0 0 0 qc ada
0 0 0 0 ZXbZ/T'X:I 0 qec vOo
0 0+0
0 0 0 0 ZXbZ/T+X:I- 0 qc ov
0 0 0 0 0 0 X4G/5M-04 0 qsp 04
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 0’ COw| -
=X eonersiadi 1ad A1d INgLIU0D oipend
0 <0
< Oo| o
\ \
\ \
\ \
\ E
\ 5,
\ K
I | | &
) o O olzs
2IS 0 S
o T T TR 8
3
()
S
g
=
f\\
[+]
L\
N
wdL : = e :
\
\
o \
\
\
: \
2 o e P
w < T 0
N

Schema di calcolo iperstatico

=1

M, flessione da iperstatica X

CED
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PROCEDIMENTO E RISULTATI 238759 Cl09.xxxx.025 PROCEDIMENTO E RISULTATI 238759 Cl09.xxxx.025

b
%= ) v dx = [13 2]} VED J\ A= 540.mm’
a8 J, = 198266. mm’
=(a 1/EJ = 1/3 blE ’
(113b) EI =13 bIEJ b J,= 32378. mm*
L :ﬁ(l 2 x/b +xX°Ib* ) UEJ dx = [ x - X’Ib +1/3 1o ]0 1/EJ 3, = -27302. mm*

J, = 202644, mm*

=(b-b+1/3b) 1/EJ = 1/3 b/EJ J,= 28000. mm*

b u
Ler = ﬁ(l ) Ve dx=[x], vE — a= arg(2d,/(3,-3,))/2 = .1590
- - y c=cosa = .9874
( ° ) HE oIEd b s =sina = .1583
LX=[(1) veadx=[x]. vEI x,= 218 mm
= = Vg = 30.2 mm
() 163 = b/EI b V> 02w
L :ﬁ(l -2 x/b +x*b? ) UEJ dx = [ x - X*Ib +1/3 o ]O 1/EJ »T,= 2550. N
=(b-b+1/3b) 1/EJ = 1/3 b/EJ 16 — M, = 920550. Nmm
b m X, = 12.mm
L= [(5m?) 1EI dx = [13 2] 1ES Jo U = -14.46 mm
=-28.27
=(y3b) VEI =13 bEJ Vi = -28.27 mm

124
130

. , a,, = N/A-Mcv/d -Msu/d, = 199.1 N/mm?
1= (-2 xb-1/2 1> ) Fo WEI dx + (1) 0 dx = [- b -1/6 ] Fo 1/E3 +[x] 6

=(-b-1/6b)Fo1/EJ +(b) 6 =-1/6 FbYEJ
10 = ['(-5/2 +3 xib -1/2 x1b* ) Fb EI dx + [(-1) 6 dx
= [-512 x 4372 X1 116 X162 ] Fo 1/E3 +[-x] 0
=(-5/2b+3/2b-1/6b ) Fb /EJ +(-b) 6 =-1/6 Fb’/EJ
1% = ['(-5/2 +5 xib -5/2 X%Ib” ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ
1% = [(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b? ], Fb 1/E9
=(-5/6b) Fb 1/EJ =-5/6 Fb’/EJ
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AZIONI INTERNE 238406

Cl09.xxxx.026

-37/20
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-13/20 -18220

4
3

el
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—[—F e

o o
<o

v
of 0 0%

37/20
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PROCEDIMENTO E RISULTATI 238406

Sviluppi di calcolo iperstatica

q40z/€T Fm=x eoneisiadi
C3/aXe/S | £3/,04CT/ET- I1e10)
Jx 0 RETx 0 xdz/5- arx q40
CI/axer | 3/,94(0+9/5")
JX+AXe-T| 0 |04/, X4¢/S-X45+04¢/S- 0 X4¢/S-94¢/S | a/X+T- qod
T £3/94 X4¢/S+04¢/S- (3/94 | X4¢/S+094¢/S- T q3d
£3/9x £3/,94(T+v/S-)
T £3/94 X4¢/S- £3/94- X4¢2/S T- q43
0 0 0 0 ZXbZ/T+X:IZ/T' 0 qod
0 0+0
0 0 0 0 ZXbZ/I-X:IZ/I 0 qas
ALX+AXe-T) 0 0 0 0 a/x-T qa3
3/9XE/T 0+0
e/ 0 0 0 0 a/x- q3a
0 0 0 0 0 0 qc ad
0 0+0
0 0 0 0 0 0 qc ad
0 0 0 0 ZXbZ/T'X:I 0 qc vo
0 0+0
0 0 0 0 ZXbZ/T+X:I- 0 qc oV
0 0 0 0 0 0 X49/9M-04 0 qsp Od
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 0’ COw| -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend
0 <0
Yo }
\
\
K
=)
| &
o K
I o| O olzs
2/S 0 S
OWO 8
3
[
S
8
=
f\\
[+]
L\
N
w v ° I D ) 1 0
+ B °l
\
\
= \
|
; \
sl WWWM |
S (R R A NI

Schema di calcolo iperstatico

=1

M, flessione da iperstatica X

CED

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

26.03.25

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

26.03.25



PROCEDIMENTO E RISULTATI 238406

Cl09.xxxx.026

%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

1= (-s2xb) Fb UETdx + [[(1) 6 dx=[-5/4x%b] Fb 1/E3 +[x] 6

=(-5/4b)Fb1/E] +(b) 6 =-1/4 FbYEJ

L0 =['(-5/2 +52 b ) Fb 1/EI dx + [ (-1) 6 dx=[-522x +5/4 b ] Fo 1EI +[-x] 0

=(-5/2b+5/4b)Fb1/EJ +(-b ) © =-1/4 Fb’/EJ
( ) (-b)

b
L2 = [°(-5/2 +5 x/b -5/2 X*/b> ) Fb 1/EJ dx = [-5/2 x +5/2 /b 516 x1b* ] Fb 1/E
o o

=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ
1% = ['(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b2 ]| Fb 1/E9
=(-5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

PROCEDIMENTO E RISULTATI 238406

Cl09.xxxx.026
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= 468. mm°

= 162108. mm*

= 14364. mm*

= 31104. mm*

= 168389. mm*

= 8083. mm*
=artg(2J,,/(3,-3,))/2 =
c =cosa = .9802

s =sina =-.1979

X
Yy
xy
u
v

A
J
J
J
J
J
a

Xg= 15.mm

Yg= 27.mm

N =-1300. N

T,= -962. N

M, = 577200. Nmm
X, = 12.mm

Y= 54.mm

u, =-8.285 mm

V,, = 25.87 mm

-.1993

o,, = NIA-Mcv/J,-Msu/J, = -206.8 N/mm’
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PROCEDIMENTO E RISULTATI 211463

Sviluppi di calcolo iperstatica

q40z/€T Fp=x eonersiadi
C3/9XE/S 3/,04¢T/ET- el
JA1,X 0 a/,x42/s- 0 x4e/5- a/x 940
C3/OXET | £3/,04(0+9/5")
JX+AXe-T| 0 |04/, X4¢/S-X45+04¢/S- 0 X4¢2/S-094¢/S  |A/X+T- qod
T £3/94 X4¢2/S+04¢/S- £3/94 | Xd4¢/S+94¢/S- T q3d
£3/9x 3/,94(T+v/S-)
T £3/94 X4¢/S- £3/94- X4¢2/S T- q43
0 0 0 0 0 0 q2oda
0 0+0
0 0 0 0 0 0 qas
ALX+AXe-T) 0 0 0 0 q/%-T qa3
3/9XE/T 0+0
e/ 0 0 0 0 q/x- q3a
0 0 0 0 0 0 qc ag
0 0+0
0 0 0 0 0 0 qc daa
0 0 0 0 ZXbZ/T'X:I 0 ac vo
0 0+0
0 0 0 0 ZXbZ/'lZ+X:i- 0 qc ov
0 0 0 0 0 0 X40T/SM-Q42/T 0 qsp Od
0 0 0 0 | Xbg/T+xd4-ade/T| 0 qvd
0 0+0
0 0 0 0 Xbe/t- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 00’ W | -
Fp=x eoneisiadi 1ad Ad 1NQLILOD oipend
o 0
& %| L
\ il B
\ \
\ \
\ -
\ E
\ g
| | &
% of O o \,‘E
2/S 0 £
OWO §
3
[
5
K
=
f\\
[+]
"
A\
b N - 0
; eI

q

Schema di calcolo iperstatico

0

=1

M, flessione da iperstatica X

CED
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PROCEDIMENTO E RISULTATI 211463
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%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

1= (-s2xb) Fb UETdx + [[(1) 6 dx=[-5/4x%b] Fb 1/E3 +[x] 6
=(-5/4b)Fb1/E] +(b) 6 =-1/4 FbYEJ

L0 =['(-5/2 +52 b ) Fb 1/EI dx + [ (-1) 6 dx=[-522x +5/4 b ] Fo 1EI +[-x] 0

=(-5/2b+5/4b) Fb 1/E] +(-b )6 =-1/4 FbYEJ

1 = ['(-5/2 +5 x/b -5/2 X¥Ib? ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

1% = ['(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b2 ]| Fb 1/E9
=(-5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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= 576. mm’
= 212976. mm*
= 67824. mm*
= 81648. mm*
= 249641. mm*
= 31159. mm*
=artg(2J,,/(3,-3,))/2 =
=cosa = .9122
= sina = -.4097
Xg = 28.5 mm
Yg= 22.5mm
N =-1258. N
T,= 1700. N
= 805120. Nmm
= 36.mm

MX
Xm
u, = 16.06 mm
Vm
Gm

‘]X
‘]y
xy
u
JV

A
J
J
a
c
s

=-17.45 mm
= N/A-Mcv/J -Msu/J

-4221

, = 219.2 N/mm?

26.03.25
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T |
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17/8Fb 7/8Fb X
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v \
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Cl109.xxxx.028

PROCEDIMENTO E RISULTATI 225153

Cl109.xxxx.028

PROCEDIMENTO E RISULTATI 225153

Sviluppi di calcolo iperstatica

=1

a48/L FFm=x eoneisiadi
r3/axe/s £3/,94ve/Se- I[e10}
LA 0 0/, X€- 0 x4g- a/x a4
C3/aXE/T £3/,94(0+T-)
LIX+AXE-T| 0 0/ X4€-X49+0€- 0 x4€-04€  |a/x+T-| g Od
1 c3/94 X4€+q-¢e- £3/04 | Xde+ade- 1 q3d
£3/9x £3/,94(T+2/E-)
1 c3/94 X4€- r3/04- x4 T- q43
0 0 0 0 0 0 aod
0 0+0
0 0 0 0 0 0 aao
LA/XHAXZ-T| 0 |a/Xbg/T+a/ XS XH2/T| 0 | Xbe/Txdg/T | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 |xXbeT+xde/-| ax- a3a
0 0 0 0 0 0 ge ad
0 0+0
0 0 0 0 0 0 de ad
0 0 0 0 Xbz/1-x4 0 az vo
0 0+0
0 0 0 0 Xbz/T+x4- |0 az oV
0 0 0 0 0 0 X45/5M-04 0 | asro9
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend
° OO <Q
0 %) ol
| |
| |
| |
\ B
| S
| ]
\ K
™ of O ol=
€ 0 e
OWO 8
S
[
s
8
=
f\\
[+]
U
b
w o ] S T 0
1 - T
+ i W |
|
|
|
|
= |
|
o B | 0
< T- : 0
w
N

Schema di calcolo iperstatico

M, flessione da iperstatica X

CED

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

26.03.25

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

26.03.25



PROCEDIMENTO E RISULTATI 225153

Cl09.xxxx.028

PROCEDIMENTO E RISULTATI 225153

Cl09.xxxx.028

%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

b
L% = [*(1/2 xb - X207 +1/2 x3/6° ) Fb 1/EJ dx = [1/4 xb -1/3 /b +1/8 x“1b° | Fb 1/E3
[e] e}

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

1o =[(-axb) Fo UEIdx+ [)(1) 6 dx=[-a12x ] Fo1EI +[x] 6
=(-32b)Fo 1/E] +(b) 6 =-1/2 Fb’/EJ

0= (-3+3xb) FoUEIdx+ [(-1) 0 ax=[-3x+32x2m ] FovEI +[-x] 0
=(-3b+32b) Fb U/EJ +(-b) 6 =-1/2 Fb%/EJ

1% = [(-3 +6 xtb -3 x/b” ) Fb 1/E dx = [-3 x +3 x%/b - X2 | Fb 1/E3
=(-3b+3b-b) Fb 1/EJ =- Fb*/EJ

10 = ['(-3 %2 ) Fb 1EI dx = [- X702 ] Fb 1/ES
=(-b) Fb 1/EJ =- Fb%EJ

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

26.03.25

—148

8
430
136

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

= 576. mm’
= 212976. mm*
= 53244. mm*
= -44712. mm*
= 224640. mm*
= 41580. mm*
=artg(2J,,/(3,-3,))/2 =
= cosa = .9676
=sina = .2524
- 26.25 mm

Yy= 3L.5mm
N =-1551. N

T,= 2190.N

M, = 1054850. Nmm
X 18. mm
u,=-15.93 mm
Vm
Gm

‘]X
‘]y
xy
u
JV

A
J

J

a
c
s
X

= -28.4 mm
= N/A-Mcv/J -Msu/J

.2552

, = 228.4 N/mm?

26.03.25
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Cl109.xxxx.029

PROCEDIMENTO E RISULTATI 251904

Cl109.xxxx.029

PROCEDIMENTO E RISULTATI 251904

Sviluppi di calcolo iperstatica

q45/€ Fm=x eonersiadi
r3/aXe/s r3a/,94- 11e10}
JA1,X 0 a/,x42/s- 0 xd4e/5- arx 940
CI/axer | 3/,94(0+9/5")
JX+AXe-T| 0 |4/, X4¢/S-X45+04¢/S- 0 X4¢/S-04¢/S a/X+T- qod
T £3/94 |9/,Xd¢/1-Xx4€+q4¢/S- | £3/94 ZXbZ/'['X:|€+CI:IZ/9' T q3d
£3/9x £3/,94(T+9/L-)
T £3/94 a/,X4¢/1-xX4¢- £3/94- ZXbZ/T+X:|Z T- q43
0 0 0 0 0 0 qoda
0 0+0
0 0 0 0 0 0 qas
ALX+AXe-T) 0 0 0 0 a/x-T qa3
3/9XE/T 0+0
e/ 0 0 0 0 qa/x- q3a
0 0 0 0 Xbe/T+ade- 0 de ad
0 0+0
0 0 0 0 ZXbZ/'[-X:IZ 0 qc¢ aa
0 0 0 0 0 0 qc vo
0 0+0
0 0 0 0 0 0 qc ov
0 0 0 0 0 0 X4G/9/ME-Q4€ 0 asp o4
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 0’ COw| -
=X eonersiadi 1ad A1d INgLIU0D oipend
0 m&\w
0 0
(=) o | |
\ \
\ \
| 3
\ )
\ |3
\ K
~ \ kS
BZ/S o | [\} o \'§
0 03
[
S
K
=
f\\
[+]
"
\
N\ I | 0
w . j Wﬁ’
i o
. i

Schema di calcolo iperstatico

=1

o

, flessione da iperstatica X:

CEOm

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

26.03.25

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

26.03.25



PROCEDIMENTO E RISULTATI 251904 Cl09.xxxx.029

PROCEDIMENTO E RISULTATI 251904

Cl09.xxxx.029

%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

1= (-2 xb-1/2 1> ) Fo WEI dx + (1) 0 dx = [- b -1/6 ] Fo 1/E3 +[x] 6
=(-b-1/6b)Fo1/EJ +(b) 6 =-1/6 FbYEJ

10 = ['(-5/2 +3 xib -1/2 x1b* ) Fb EI dx + [(-1) 6 dx
= [-512 x 4372 X1 116 X162 ] Fo 1/E3 +[-x] 0
=(-5/2b+3/2b-1/6b ) Fb /EJ +(-b) 6 =-1/6 Fb’/EJ

1% = ['(-5/2 +5 xib -5/2 X%Ib” ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

1% = [(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b? ], Fb 1/E9
=(-5/6b) Fb 1/EJ =-5/6 Fb’/EJ

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

26.03.25

124
430
142

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

A= 540. mm’

J = 198266. mm*

J,= 42746. mm’

J,y = 62554. mm’*

J, = 220304, mm*

J, = 20709. mm*

a= artg(2J,,/(3,-3,))/2 = -.3387
C =cosa = .9432

s =sina =-.3323

Xg= 24.2mm

Yy= 23.8mm
N=-992.8N
T,=-496.4N

M, = 799200. Nmm
X, = 30.mm

u,= 13.38 mm

Vv, =-20.52 mm

a,, = N/A-Mcv/d -Msuld, = 239.9 N/mm?

26.03.25
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AZIONI INTERNE 240664

Cl09.xxxx.030
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Cl109.xxxx.030

PROCEDIMENTO E RISULTATI 240664

Cl109.xxxx.030

PROCEDIMENTO E RISULTATI 240664

Sviluppi di calcolo iperstatica

q40z/eT #Fm=X eonersiad
C3/9XE/S £3/,942T/€T- Ie10)
LA7X 0 a/,x4z/s- 0 X42/5- ax qdo
c3/axe/r | c3/,94(0+9/5-)
LAIXHAXZ-T| 0 |G/, X42/SX4G+042/S-| 0 | Xd2/S-0de2/S |a/X+T- q o4
T r3/94 X42/G+042/S- r3/qd | x42/5+d42/S-| T q3d
£3/9x £3/,94(T+v/S-)
T £3/94 X42/G- r3/94- X42/S T- qd43
0 0 0 0 |xXbeT+xdz/t-| 0 q0d
0 0+0
0 0 0 0 | Xbz/t-xde/m| 0 qao
L/ X+A/X2-T| 0 0 0 0 asx-1 qas
C3/9XE/T 0+0
LA1X 0 0 0 0 arx- g3a
0 0 0 0 | xbzi+ade- | 0 qc ad
0 0+0
0 0 0 0 Xbe/t-xe 0 gz 9d
0 0 0 0 0 0 gz vo
0 0+0
0 0 0 0 0 0 gz ov
0 0 0 0 0 0 | xdS/Spe-qdE| O gsp Od
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend
0 m&\w
0 0
o o ‘ ‘
|
|
E
=
|2
Ei
§ 5
LoZ/g OO | [\) o \§
0 03
()
S
g
=
f\\
[+]
R
A\
+ .
W ™ . T S 0
g e
+ ]

Schema di calcolo iperstatico

=1

o

, flessione da iperstatica X:

CEOm

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 240664 Cl09.xxxx.030 PROCEDIMENTO E RISULTATI 240664 Cl09.xxxx.030

<

b
%= ) v dx = [13 2]} VED A= 612. mm’ )
las J,= 225968. mm
=(1 1/EJ = 1/3 b/E »
(1730) 1/E3 = 1/3 bIEJ b 3= 82341, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3,, = -64038. mm"
o J, = 250373. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ u
( ) A J, = 57936. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = .3641
c=cosa = .9344
=(b) L/EJ = b/EJ y
( ) . s =sina = .3561
LX=[(1) veadx=[x]. vEI X, = 30.53 mm
_ _ Yo = 32.65 mm
(b) 1/EI = bIE b o N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,=-1114.N
=(b-b+1/3b) LEI =1/3 b/E] 16 — M, = 946200. Nmm
) m X, = 24.mm
L= [(5m?) 1EI dx = [13 2] 1ES Jo U, =-17.73 mm
v, =-28.18 mm

m

=(1/3b) 1/EJ = 1/3 b/EJ
1= (-s2xb) Fb UETdx + [[(1) 6 dx=[-5/4x%b] Fb 1/E3 +[x] 6
=(-5/4b)Fb1/E] +(b) 6 =-1/4 FbYEJ

124
136
142

N/A-Mcv/d -Msu/d, = 199. N/mm?

Q
1

m

L0 =['(-5/2 +52 b ) Fb 1/EI dx + [ (-1) 6 dx=[-522x +5/4 b ] Fo 1EI +[-x] 0
=(-5/2b+5/4b) Fb 1/E] +(-b )6 =-1/4 FbYEJ

1 = ['(-5/2 +5 x/b -5/2 X¥Ib? ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

1% = ['(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b2 ]| Fb 1/E9
=(-5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25
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REAZIONI 238723 Cl09.xxxx.031 AZIONI INTERNE 238723 Cl09.xxxx.031
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Cl109.xxxx.031

PROCEDIMENTO E RISULTATI 238723

Cl109.xxxx.031

PROCEDIMENTO E RISULTATI 238723

Sviluppi di calcolo iperstatica

q40z/€T Fp=x eonersiadi
C3/9XE/S 3/,04¢T/ET- el
JA1,X 0 a/,x42/s- x4e/5- a/x 940
C3/OXET | £3/,04(0+9/5")
JX+AXe-T| 0 |04/, X4¢/S-X45+04¢/S- X42/S-04¢/S | A/X+T- qod
T r£3/94 X4¢/5+04¢/S- £3/94 | X4¢/S+04¢/S- T q3d
£3/9x 3/,94(T+v/S-)
T r3/94 X4¢/S- £3/94- X4¢2/S T- q43
0 0 0 0 0 q2oda
0 0+0
0 0 0 0 0 0 qas
ALX+AXe-T) 0 0 0 0 a/x-T aa3
C3/9XE/T 0+0
e/ 0 0 0 0 a/x- a3a
0 0 0 0 Xbe/T+ade- 0 e ag
0 0+0
0 0 0 0 szZ/'[-X:IZ 0 qc daa
0 0 0 0 0 0 ac vo
0 0+0
0 0 0 0 0 0 qc ov
0 0 0 0 0 0 X42/5M-942/S 0 qsr Od
0 0 0 0 | Xbg/T+xd4-ade/T| 0 qvd
0 0+0
0 0 0 0 Xbe/t- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 00’ W | -
Fp=x eoneisiadi 1ad Ad 1NQLILOD oipend
,,,,,,,,, 0 Aﬁ\w
C %| B
\ i |
\ q
| =
\ <,
| | o
\ | &
" \ =
Fe o° | S 77777777777777777777 o \-§
0 0 s
[
S
8
=
f\\
[+]
"
N\
= O S — :
w “ i
1 T i o
; } W

q

Schema di calcolo iperstatico

e

M, flessione da iperstatica X

CED

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 238723 Cl09.xxxx.031 PROCEDIMENTO E RISULTATI 238723 Cl09.xxxx.031

b
%= ) v dx = [13 2]} VED . A= 504 mm’ )
lag J,= 181471. mm
=(1 1/EJ = 1/3 b/E 5 i
(13b) VEJ =13 b/EJ b 3,= 25303, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 Jy = 45545. mm44
J,= 193783. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) . J,= 12991. mm*
LX=1(1) vesax=[x]. Ve a= artg(2J,,/(3,-3,))/2 = -.2640
c =cosa = .9653
=(b) VEJ = bEJ Y
( ) . u s =sina =-.2610
LX=[(1) veadx=[x]. vEI Xg = 19.71 mm
- _ Yo = 25.29 mm
(b) 1/EI = bIE b N =-1386. N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,=-6932N
M, = 635500. N
=(b-b+1/3b) 1/EJ = 1/3 b/EI 1° o " m
- m Xy = 24. mm
L= [(5m?) 1EI dx = [13 2] 1ES Jo Uy = 10.74 mm
Vv, =-23.29 mm
=(1/3b) 1EJ =13 b/EI o % @ m
(13b) mm 2 x <8 @ G,y = N/A-Mcv/d,-Msu/d, = 208. N/mm”

1= (-s2xb) Fb UETdx + [[(1) 6 dx=[-5/4x%b] Fb 1/E3 +[x] 6
=(-5/4b)Fb1/E] +(b) 6 =-1/4 FbYEJ

L0 =['(-5/2 +52 b ) Fb 1/EI dx + [ (-1) 6 dx=[-522x +5/4 b ] Fo 1EI +[-x] 0
=(-5/2b+5/4b) Fb 1/E] +(-b )6 =-1/4 FbYEJ

1 = ['(-5/2 +5 x/b -5/2 X¥Ib? ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

1% = ['(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b2 ]| Fb 1/E9
=(-5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ
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PROCEDIMENTO E RISULTATI 224763
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PROCEDIMENTO E RISULTATI 224763

Sviluppi di calcolo iperstatica

e

a48/L FFm=x eoneisiadi
r3/axe/s £3/,94ve/Se- I[e10}
LA 0 0/, X€- 0 x4g- a/x a40
C3/aXE/T £3/,94(0+T-)
LIX+AXE-T| 0 0/ X4€-X49+0€- 0 x4€-04€  |a/x+T-| g Od
1 c3/94 X4€+q-¢e- £3/04 | Xde+ade- 1 q3d
£3/9x £3/,94(T+2/E-)
1 c3/94 X4€- r3/04- x4 T- q43
0 0 0 0 0 0 aod
0 0+0
0 0 0 0 0 0 qao
LA/XHAXZ-T| 0 |a/Xbg/T+a/ XS XH2/T| 0 | Xbe/Txdg/T | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 |xXbzT+xde/t-| ax- a3a
0 0 0 0 | xbzi+ade- | 0 de ad
0 0+0
0 0 0 0 Xbe/t-xde 0 de ad
0 0 0 0 0 0 4z vo
0 0+0
0 0 0 0 0 0 az oV
0 0 0 0 0 0 |Xxds/spe-ade | 0 | dsp 09
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend
,,,,,,,,, 0 AX\@
OO OO | |
| |
| |
| =
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© o° | y 77E 77777777777777777 o \-%
0 0 E
[
s
K
=
f\\
[+]
U
b b
- oHHHHHHHH!HHHHHHHHH!HHH!HHHHHHIHHHH% C :
; EE]
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|
|
|
Q 1 |
£ B \
(6] % o i of Q
5] ' !
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S
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M, flessione da iperstatica X

CED
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A

b
%= ) v dx = [13 2]} VED A= 648. mm’ )
lag J,= 237528. mm
=(1 1/EJ = 1/3 b/E i
(113b) 1/€3 =13 b/ES X J,= 120672. mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 > J, = -84960. mm44
J,= 282212, mm
=(b-b+1/3b) 1/EJ =1/3 b/EJ ‘
( ) . J,= 75988. mm"
LX=1(1) vesax=[x]. Ve a= artg(2J,,/(3,-J,))/2 = .4842
c=cosa = .8851
=(b) VEJ = bEJ Y
( ) . s =sina = .4655
LX=[(1) veadx=[x]. vEI Xy = 34.67 mm
= 33.67 mm
= = 9
(b) 1/EI = bIE b N =-2120. N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T, =-1060. N
M, = 1066500. N
=(b-b+1/3b) 1/EJ = 1/3 b/EI 1° o " o
\ m Xm = 30. mm
L= [(5m?) 1EI dx = [13 2] 1ES Jo Uy = -19.8mm
V,, =-27.62 mm
=(1/3b) 1EJ =13 b/EI g y @ m
(113) mm 2 x o S 3 0, = N/A-Mcv/d -Msuld, = 218.5 N/mm”

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1o =[(-axb) Fo UEIdx+ [)(1) 6 dx=[-a12x ] Fo1EI +[x] 6
=(-32b)Fo 1/E] +(b) 6 =-1/2 Fb’/EJ

0= (-3+3xb) FoUEIdx+ [(-1) 0 ax=[-3x+32x2m ] FovEI +[-x] 0
=(-3b+32b) Fb U/EJ +(-b) 6 =-1/2 Fb%/EJ

1% = [(-3 +6 xtb -3 x/b” ) Fb 1/E dx = [-3 x +3 x%/b - X2 | Fb 1/E3
=(-3b+3b-b) Fb 1/EJ =- Fb*/EJ

10 = ['(-3 %2 ) Fb 1EI dx = [- X702 ] Fb 1/ES
=(-b) Fb 1/EJ =- Fb%EJ
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PROCEDIMENTO E RISULTATI 248492
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PROCEDIMENTO E RISULTATI 248492

Sviluppi di calcolo iperstatica

g40T/6T Fm=x eonersiadi
r3/axe/s r3/,949/6T- 11e101
JA1X 0 a/,x45- 0 xd4G- a/x a40
CI/AXeT | 3/,94(0+€/S")
JX+A/Xe-T) 0 |4/, X45-X40T+0d4S- 0 X49-04S | Q/X+T- qod
T £3/94 X45+04G- £3/04 | Xd4S9+94S- T q3d
£3/9x 3/,94(T+2/5-)
T £3/94 X4G- £3/94- X49 T- q43
0 0 0 0 0 0 a2oa
0 0+0
0 0 0 0 0 0 qaos
ALX+AXe-T) 0 0 0 0 a/x-T qa3
3/9XE/T 0+0
e/ 0 0 0 0 a/x- q3a
0 0 0 0 |xbz/T+ade-| o ge as
0 0+0
0 0 0 0 ZXbZ/'['X:IZ 0 qc aa
0 0 0 0 ZXbZ/I-X:I 0 qc¢ vo
0 0+0
0 0 0 0 ZXbZ/T+X:l- 0 qc oV
0 0 0 0 0 0 |Xdg/spe-qd4e| O qsp Od
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] -
FAp=x eoneisiadi 1ad A1d NQLIUOD oipend
,,,,,,,,, 0 Ai\\@\
0 o] il
\ \
\ \
| ._
\ g
| :8
| E
) of Q ol§
S oL s
0 0 ¢
°
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S
K
=
f\\
[+]
"
b
~ A
W h+ e S T- 0
i 3 -
+ 1

A

Schema di calcolo iperstatico

-1

0

=1

M, flessione da iperstatica X

CED
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%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

0= (s5xb)Fo1Esdx+ [(1) 0 dx=[-522xb ] Fo1/E3 +[x] 6
=(-52b)Fb1/E] +(b) 6 =-3/2 FHYEJ

L0 =[(5+5xb) FoUEI dx + [[(-1) 8 dx=[-5x+512 % ] Fo UE +[-x] 6
=(-5b+52b ) Fb 1/E] +(-b )6 =-3/2 FbYEJ

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

1% = ['(-5 x1b? ) Fb UEJ dx = [-5/3 1% ]| Fb 1/E3
=(-5/3b ) Fb 1/EJ =-5/3 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= 540.mm’

J, = 194387. mm*
J,= 59702. mm*
Jy = 72778.mm’
J, = 226199. mm*
J, = 27891. mm*
a=artg(2J,,/(3,-3,))/2 =
c=cosa = .9163

s = sina = -.4005

Xy = 18.8mm

Yy = 30.03 mm

N = -2550. N
T,=-1581. N

M, = 758880. Nmm
X, = 12.mm

Yn= 53.mm

u, =-15.43 mm

vV, = 18.32 mm

-4121

o, = NIA-Mcv/J,-Msu/d, = -229.2 N/mm’

26.03.25



Cl09.xxxx.033 Cl09.xxxx.033

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25



REAZIONI 218343

Cl09.xxxx.034

F Y [ E
3/8F “3/8F
7/8Fb 3/8Fb
F
F E
3/8F < 3/8F
7/8Fb 3/8Fb
F F
IF F
11/8F 3/8F
e
c D
Cq—— ——D
3/8F

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

AZIONI INTERNE 218343

Cl09.xxxx.034

%HF

CED e
26.03.25

-3/8 -3/8
< e (T
-
- 3/8
(LTI Ereereees
\ \
\
| R
RS
o‘ S
‘ G
\
\
\
\
\
‘ 2
‘ X
\ X
\ o N
o'/ 38y
™~ o
S (=)
0 0
777777777 o
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
‘ v
0 0

e

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

@ 0
i E
‘ g
! —
| =
‘ s
| =
I -
ol =]
= 0 g
2
1S %\ IS
0 \

26.03.25



Cl109.xxxx.034

PROCEDIMENTO E RISULTATI 218343

Cl109.xxxx.034

PROCEDIMENTO E RISULTATI 218343

g48/e- F =X eonersiadi
r3/axe/s £3/,048/S 11e10}
LA7X 0 a/xbz/T+0/,X4- 0 XbZ/T+X4- a/x a4
c3/aXe/T | £3/,94(0+¥2/S-)
LIX+aXe-T| 0 |0/ xbe/T-a/,X42/T+X42/T+a42/T-| 0 Xbem-adg/t jax+T-| 9 oo
1 c3/04 4/ X42/T-X4+q4e/T- £3/94 | Xbz/T-x4+042/1-| 1T q3d
£3/9x £3/,94(T+9/1-)
1 c3/a4 a/,x4z/1- c3/04- bzt T- q43
0 0 0 0 0 0 a0d
0 0+0
0 0 0 0 0 0 aao
L/X+A/X2-T| 0 0 0 0 a/%-T aas
C3/AXEIT 0+0
LA1X 0 0 0 0 asx- a3a
0 0 0 0 0 0 az ag
0 0+0
0 0 0 0 0 0 az ad
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 azov 8
I
0 0 0 0 0 0 X4G/GA-0 0 | asrod g
Q.
0 0 0 0 0 0 avea g
0 0+0 3
0 0 0 0 0 0 aavy =
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O,

m

b
%= ) v dx = [13 2]} VED . A= 510.mm’ )
Jas J,= 181019. mm
=(1 1/EJ = 13 b/E )
(113b) EI =13 bIEJ b J,= 37808. mm*
L :ﬁ(l 2 x/b +xX°Ib* ) UEJ dx = [ x - X’Ib +1/3 1o ]0 1/EJ J,, = 55745. mm44
J,= 200159, mm
= - + = u
(b-b+1/3b) 1/EJb 1/3 b/EJ J,= 18668. mm’
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = -.3307
c=cosa = .9458
=(b) 1/EJ = bEJ b y u s = sina = -.3247
LX=[(1) veadx=[x]. vEI Xy = 17.26 mm
) ) Y= 28.83 mm
() 163 = b/EI b N = -1288. N
%= [0(1 -2 xb +xb* ) VEI dx = [ x - xb +1/3 b7 ] 1/E3 T,= -644.N
M, = 734400. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
A 16 X, = 12.mm
L= [(5m?) 1EI dx = [13 2] 1ES yr= 53 mm
Jo u, =-12.82 mm
=(13b) VEJ =13 b/EI "
( ) vV, = 2115 mm

412
418
x
142

L= (-12 0% ) Fo wEI dx + ['(1) 0 dx=[-16 ] Fo1Ed +[x] 6 mm ° 0, = NIA-Mcvid,-Msu/d, = -239.8 Nimm?

=(-/6b)Fb1/E) +(b) 6 =5/6 FbYEJ

10 = [ (-1/2 + xtb 172 X262 ) Fo UEI dx + [2(-1) 8 dx
2 3,.21° b

=[-12x+1/2 %0 -1/6 x°I0* | Fo 1EI +[-x] 6

=(-1/2b+1/2b-1/6b ) Fo 1/EJ + (-b) 6 =5/6 Fb/EJ
1 = ['(-1/2 +1/2 xib +1/2 x2b* -1/2 xIb™ ) Fb 1/EJ dx

b
= [-12 x +1/4 5°1b +1/6 10 -1/8 x"1b° | _ Fb L/E]
=(-12b+1/4b+1/6 b -1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ
b

10 = [(- b +1/2 xib° ) Fb 1/EJ dx = [-1/3 xIb? +1/8 x'1b° ]| Fb 1/E9

=(-1/3b+1/8b ) Fb 1/EJ =-5/24 Fb’/EJ
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PROCEDIMENTO E RISULTATI 271093

g40z/€T- FFpm=x eoneisiadi
C3/9XE/S C3/,042T/ET fe10)
J1X 0 0 0 0 a/x a40
C3/9XE/T 0+0
LALX+axe T 0 0 0 0 ax+1-| 404
T £3/94|9/,Xd¢/1-X4¢/T| £3/94 ZXbZ/T'X:IZ/T T q3d
£3/9x 3/,94(T+2T/1)
T £3/94|9/,Xd¢/1-X4¢/T|03/94- ZXbZ/I+X:IZ/I' T- q43
0 0 0 0 ZXbZ/T+X:IZ/T- 0 qod
0 0+0
0 0 0 0 ZXbZ/T-X:IZ/'[ 0 qaos
LIX+AXZT| 0 0 0 0 axT| qa3
£3/aXe/T 0+0
LA/ % 0 0 0 0 ax- a3a
0 0 0 0 0 0 qc ad
0 0+0
0 0 0 0 0 0 qc dda
0 0 0 0 0 0 qc vO
0 0+0
0 0 0 0 0 0 azov 8
I
0 0 0 0 0 0 X4G/GA-0 0 | asro9 ‘g
o
0 0 0 0 0 0 ava o
0 0+0 (_Cj
0 0 0 0 0 0 qav
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%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

120 = [ (12 b -1/2 X%16? ) Fo 1B dx + (1) 8 ax = [1/4 b -1/6 x¥b* ] Fo /ED + [ x] 0

=(vab-1/6b)Fb/EI +(b) 6 =13/12 FbY/ED

L = [ (12 xtb 172 162 ) Fo UEI dx + [(-1) @ dx = [1/4 b -1/6 x* ] Fb 1/E3 +[-x] @

=(1/ab-1/6b)Fb1/EJ +(-b)® =13/12 FbYEJ
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A= 480.mm’

J, = 165988. mm*
J,= 22651 mm*
J, = 40727.mm’
J,= 176751. mm*
J, = 11888. mm*
a=artg(2J,,/(3,-3,))/2 =
Cc =cosa = .9668

s = sina = -.2555
Xg= 15.9mm

Y= 27.48 mm
N=-912.3N
T,=-456.2 N

M, = 561000. Nmm
X, = 12.mm

Yn= 53.mm

u, =-10.29 mm

V,, = 23.68 mm

-.2584

o,, = NIA-Mcv/J,-Msu/J, = -198.7 N/mm’
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%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

120 = [ (12 b -1/2 X%16? ) Fo 1B dx + (1) 8 ax = [1/4 b -1/6 x¥b* ] Fo /ED + [ x] 0

=(vab-1/6b)Fb/EI +(b) 6 =13/12 FbY/ED

L = [ (12 xtb 172 162 ) Fo UEI dx + [(-1) @ dx = [1/4 b -1/6 x* ] Fb 1/E3 +[-x] @

=(1/ab-1/6b)Fb1/EJ +(-b)® =13/12 FbYEJ
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= 450. mm’
= 148960. mm*
= 13204. mm*

= 28128. mm*
= 154557. mm*
= 7607. mm*
=artg(2J,,/(3,-3,))/2 =
= cosa = .9808
=sina = -.1952

- 14.76 mm
Yy = 25.94 mm

N= 2175.N
T,= 9425N

M, = 556075. Nmm
X, = 18.mm
u,= 8.24mm
Vm
Gm

‘]X
‘]y
xy
u
JV

A
J

J

a
c
s
X

=-24.81 mm
= N/A-Mcv/J -Msu/J

-.1964

, = 209.9 N/mm?
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%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

b
1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3

=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

b
L% = [*(1/2 xb - X207 +1/2 x3/6° ) Fb 1/EJ dx = [1/4 xb -1/3 /b +1/8 x“1b° | Fb 1/E3
[e] e}

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

L= (-v2 ) Fo vEd dx + [2(1) 8 dax=[-1/6x%b° ]  Fb 1/E3 + [ x] 6

=(-6b)Fb1/E) +(b) 6 =5/6 Fb/EJ

1= (-1/2 + xib 172 X%b* ) Fb 1/ET dx + [(-1) 6 dx
= [-v2x +172 b 116 xb* | P 1/ED +[-x] 0
=(-1/2b+1/2b-1/6b ) Fo 1/EJ + (-b ) ® =5/6 Fb’/EJ

b
L2 = [°(-1/2 + xtb -1/2 x> ) Fb 1/EJ dx = [-1/2 x +1/2 /b -1/6 /% | Fb 1/E)
o [e]

=(-12b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb*/EJ
b
1% = ['(-1/2 X162 ) Fbo 1E dx = [-1/6 xb ] Fb 1/E3
=(-/6b) Fb L/EJ =-1/6 Fb’/EJ
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A= 630.mm’

J, = 217160. mm*
J,= 119838. mm’
J,, = -82299. mm*
J, = 264108. mm*
J, = 72891. mm*
a=artg(2J,,/(3,-3,))/2 =
Cc =coso = .8686

s =sina = .4955

Xg = 13.46 mm

Y= 19.39 mm

N =-1368. N
T,=-684.2N

M, = 948600. Nmm
X, = 18.mm

Yn= 53.mm

u,= 20.6 mm
V,, = 26.95mm
0-m

5184

= N/A-Mcv/J -Msu/d, = -219.1 N/mm?
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Sviluppi di calcolo iperstatica

q45/€ Fm=x eonersiadi
r3/aXe/s r3a/,94- 11e10}
Jx 0 RETx 0 xd4e/5- arx 940
CI/axer | 3/,94(0+9/5")
JX+AXe-T| 0 |4/, X4¢/S-X45+04¢/S- 0 X4¢/5-04¢/S a/X+T- q o4
T £3/94 |9/,Xd¢/1-Xx4€+q4¢/S- | £3/94 ZXbZ/'['X:|€+CI:IZ/9' T q3d
£3/9x £3/,94(T+9/L-)
T £3/94 a/,X4¢/1-xX4¢- £3/94- ZXbZ/T+X:IZ T- q 43
0 0 0 0 0 0 qod
0 0+0
0 0 0 0 0 0 qasd
ALX+AXe-T) 0 0 0 0 a/x-T qa3z
£3/aXe/T 0+0
e/ 0 0 0 0 a/x- q3a
0 0 0 0 0 0 qc ad
0 0+0
0 0 0 0 0 0 qc ada
0 0 0 0 ZXbZ/T'X:I 0 qec vOo
0 0+0
0 0 0 0 ZXbZ/T+X:I- 0 qc ov
0 0 0 0 0 0 X4G/5M-04 0 qsp 04
0 0 0 0 0 0 qvd
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Schema di calcolo iperstatico

=1

M, flessione da iperstatica X

CED
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[of

m

594. mm?

b
%= ) v dx = [13 2]} VED A
J, = 206801. mm*
J, = 81741. mm*
J

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

4
Ly = -62565. mm \

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

b
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = .3928
Cc =cosa = .9238

=(b) 1/EJ = bEJ b y o o e~ 808
L =f;(1 ) VEIdx=[x] 1EJ X, = 11.55mm
_ _ Yy = 20.38 mm
() 163 = b/EI b LN
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T, =-1444.N
=(b-b+13b) LEJ = 1/3 b/EJ M, = 953040. Nmm
) 16 X, = 18.mm
L =_[Z( x’Ib*) UEJI dx = [13x°b7 ] 1/E] 4 y,,= 53.mm
Jo u, = 18.45mm
=(1/3b) 1/EJ = 1/3 b/EJ m
( ) b b © N V= 27.67 mm
1= (-2 xb-1/2 1> ) Fo WEI dx + (1) 0 dx = [- b -1/6 ] Fo 1/E3 +[x] 6 mm e & x S 6,, = NJA-Mcv/d,-Msu/J, = -229.1 N/mm”

=(-b-1/6b)Fo1/EJ +(b) 6 =-1/6 FbYEJ
10 = ['(-5/2 +3 xib -1/2 x1b* ) Fb EI dx + [(-1) 6 dx
= [-512 x 4372 X1 116 X162 ] Fo 1/E3 +[-x] 0
=(-5/2b+3/2b-1/6b ) Fb /EJ +(-b) 6 =-1/6 Fb’/EJ
1% = ['(-5/2 +5 xib -5/2 X%Ib” ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ
1% = [(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b? ], Fb 1/E9
=(-5/6b) Fb 1/EJ =-5/6 Fb’/EJ
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Q.
0 0 0 0 0 0 avea g
0 0+0 3
0 0 0 0 0 0 aavy =
o
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O,

m

b
%= ) v dx = [13 2]} VED A= 558 mm’ )
Lag J.= 195119. mm
=(a 1/EJ = 1/3 blE )
(13b) VEJ =13 b/EJ b . J, = 52748. mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3,,= -44280. mm*
- _ J,= 207767. mm
=(b-b+1/3b) 1/EJb =1/3 b/EJ J,= 40099. mm’
LX=1(1) vesax=[x]. Ve a= artg(2J, /(3,-3,))/2 = .2782
c=cosa = .9615
=(b) 1/EJ = bEJ b y u s =sina = .2747
LX=[(1) veadx=[x]. vEI Xy = 9.774 mm
) ) Yg= 21.5mm
(b) 1/EI = bIE b N =-1243. N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,=-621.6 N
M, = 973000. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
A 16 X, = 18.mm
L= [(5m?) 1EI dx = [13 2] 1ES ” yr= 53 mm
Jo = 16.56 mm

=(1/3b) 1/EJ = 1/3 b/EJ
L= (-12 0% ) Fo wEI dx + ['(1) 0 dx=[-16 ] Fo1Ed +[x] 6 mm =

um
V,, = 28.03 mm
o,, = NIA-Mcv/J,-Msu/J, = -238.8 N/mm’

118

=(-/6b)Fb1/E) +(b) 6 =5/6 FbYEJ

10 = [ (-1/2 + xtb 172 X262 ) Fo UEI dx + [2(-1) 8 dx
2 3,.21° b

=[-12x+1/2 %0 -1/6 x°I0* | Fo 1EI +[-x] 6

=(-1/2b+1/2b-1/6b ) Fo 1/EJ + (-b) 6 =5/6 Fb/EJ
1 = ['(-1/2 +1/2 xib +1/2 x2b* -1/2 xIb™ ) Fb 1/EJ dx

b
= [-12 x +1/4 5°1b +1/6 10 -1/8 x"1b° | _ Fb L/E]
=(-12b+1/4b+1/6 b -1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ
b

10 = [(- b +1/2 xib° ) Fb 1/EJ dx = [-1/3 xIb? +1/8 x'1b° ]| Fb 1/E9

=(-1/3b+1/8b ) Fb 1/EJ =-5/24 Fb’/EJ
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PROCEDIMENTO E RISULTATI 248223

Sviluppi di calcolo iperstatica

g40v/ET- Fpm=x eonersiadi
C3/AXE/S C3/,04vZ/ET I1e10)
LA7X 0 a/xbz/T+0/,X4- 0 XbZ/T+x4- | ax a4
c3/aXe/T | £3/,94(0+¥2/S-)
JALX+AXZ-T| 0 |/ Xbe/T-0/ X42/T+X42/T+a42/T-| 0 | Xbz/T1-ad42/T |a/x+T-| 9 Od
T r3/94 X4¢/T+a4¢/T- £3/94 | X42/1+a4¢/T- T q3d
£3/9x £3/,94(T+v/T-)
T r3/94 X42/T- £3/94- X42/T T- q43
0 0 0 0 ZXbZ/T+X:|Z/'IZ- 0 q0od
0 0+0
0 0 0 0 ZXbZ/T-X:IZ/T 0 qas
LAIX+AXST| 0 0 0 0 axT| aa3l
C3/9XE/T 0+0
Jx 0 0 0 0 a/x- q3a
0 0 0 0 0 0 ¢ ad
0 0+0
0 0 0 0 0 0 qc daa
0 0 0 0 0 0 ac vo
0 0+0
0 0 0 0 0 0 qc ov
0 0 0 0 0 0 X4G/SM-04 0 qsp 04
0 0 0 0 0 0 ave
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B WIN 0 W W] -
=X eonersiadi 1ad Ad nNQLIUOD oupend
o N
0 0, |
°|
-
i
)
| &
| ©
=
& -2
= of 9 ol 8
2/T oV ©
0 0 9
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8
=
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0
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Schema di calcolo iperstatico

=1

, flessione da iperstatica X:
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O,

m

b
%= ) v dx = [13 2]} VED A= s22.mm
148 J,= 181840. mm
=(1 1/EJ = 1/3 blE »
(1730) 1/E3 = 1/3 bIEJ b . < 31981,
L :ﬁ(l -2xib+x10*) VEIdx =[x - x’/b +1/3 b’ | 1/E 3, = -27745. mm44
J, = 186808. mm
=(b-b+1/3b) 1/EJ =1/3 b/EJ i
( ) . J,= 26912. mm*
=0(1) vEIdx=[x]. vEI a= artg(23,/(3,-))/2 = 1772
Cc =cosa = .9843
=(b) 1/EJ = b/EJ
(b) i Y u s =sina = .1763
L=02(1) vesax=[x], ves - X, = 8172 mm
- — Y= 22.78 mm
() 163 = b/EI b F N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,= 9615 N
=(b-b+1/3b) 1/EJ = 1/3 b/E M, = 795500. Nmm
b 16 X, = 18.mm
L= [(5m?) 1EI dx = [13 2] 1ES \3( » yo= 53 mm
-0 u,= 15.mm
=(1/3b) 1/EJ = 1/3 b/EJ \ m
( ) b b © ° V,, = 28.02 mm
L=[(-12xm0)Fo1/EIdx+ [ (1) 6 dx=[-1/4x*b] FbuEI +[x] ® mm - S x @ 0, = N/A-Mcv/d -Msu/J, = -199.3 N/mm”
EF o o o o m u v

=(-14b)Fb1/E) +(b) 6 =3/4 FbYEI
b b

LY = f;(-llz +1/2 x/b ) Fb 1/EJ dx + _[Z(-l )6 dx=[-12x+1axb] FoUEI +[-x] 6

=(-120+1/4b) Fo1/EJ +(-b ) 6 =3/4 FbYEJ
1 = ['(-172 +1/2 xib +1/2 ¥2b* -1/2 xCIb™ ) Fb 1/EJ dx

b
= [-1/2 x +1/4 5%1b +1/6 x°/b* -1/8 x'1b° | | Fb L/EJ
=(-12b+1/4b+1/6 b -1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ
b

10 = [°(- b +1/2 xib° ) Fb 1/ED dx = [-1/3 xIb? +1/8 X6 ]| Fb 1/E9

=(-1/3b+1/8b ) Fb 1/EJ = -5/24 Fb’/EJ
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PROCEDIMENTO E RISULTATI 238290

g40v/ET- =X eoneisiadi
£3/9Xe/S £3/,04v2/ET felo
Al 0 arxbe/T+a/,X4- 0 XDZ/T+xd- asx a4
c3/aXe/T | £3/,94(0+¥2/S-)
LIX+aXe-T| 0 |0/ xbe/T-a/,X42/T+X42/T+a42/T-| 0 Xbem-adg/t jax+1-| 904
1 £3/94 X42/T+04¢/T- £3/94 | X42/T+942/T- T q3d
£3/9x £3/,94(T+v/T-)
1 c3/94 Xde/T- c3/94- X2/t T- q43
0 0 0 0 0 0 q0od
0 0+0
0 0 0 0 0 0 qao
L/ X+A/X2-T| 0 0 0 0 ax-1 aqa3
C3/aXE/T 0+0
LA1X 0 0 0 0 a/x- a3a
0 0 0 0 0 0 gz ag
0 0+0
0 0 0 0 0 0 gz aa
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 az ov
0 0 0 0 0 0 | X40T/SM042/T | O | 95009
0 0 0 0 |Xbzg/T+xd4-ad4e/T| 0 aveg
0 0+0
0 0 0 0 Xbert- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B WIN 0 00’ W | -
FAp=x eaneisiadi 1ad A1d nNQLIUOD oipend

1/2

2T

-1/2

M, flessione da carichi assegnati

CED

q

Schema di calcolo iperstatico

Sviluppi di calcolo iperstatica

e

M, flessione da iperstatica X

CED
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b
%= ) v dx = [13 2]} VED / A= 510. mm’
48 s J, = 181019. mm*
=(1 1/EJ = 1/3 b/E \ :
(v3b) VEI =13 b/E b 3,= 28660. mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 Jy = 22270. mm44
J,= 184207. mm
= - + = u
(b-b+1/3b) 1/EJb 1/3 b/EJ 3, = 25471, mm*
= X =] X —_ ] a= artg - =-.
L= (1) vEId . LEJ 23,J(3y-3,))/2 = -.1422
u — —
- - y c=cosa = .9899
= ( b) VEJ = Db/E] i s = sina =-.1417
LX=[(1) veadx=[x]. vEI Xg= 7.8 mm
- _ Yy = 28.83 mm
(b) 2E3 = bEI b N = -926.3 N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T, = 1425.N
M, = 940500. N
=(b-b+1/3b) 1/EJ = 13 b/EJ 1 o " o
) m Xm = 18. mm
L= [(5m?) 1EI dx = [13 2] 1ES Jo Uy = 14.18 mm
V,, =-27.09 mm
=(1/3b) 1EJ =13 b/EI @ g m
(13b) mm e 4 x @ 0, = N/A-Mcv/d -Msuld, = 209.3 N/mm”

0= (-12xb) Fb UETdx + [[(1) 6 dx=[-14xib] Fb /€T +[x] 6
=(-14b)Fb1/E) +(b) 6 =3/4 FbYEI

L= (-v2+12 b ) Fo I dx+ [(-1) 6 dx=[-v2x +1/4 b ]  Fo 1EI +[-x] 0
=(-120+1/4b) Fo1/EJ +(-b ) 6 =3/4 FbYEJ

1 = ['(-172 +1/2 xib +1/2 ¥2b* -1/2 xCIb™ ) Fb 1/EJ dx
= [-1/2 x +1/4 X1 +1/6 xIb? 178 X'1b° ], Fb 1/E
=(-12b+1/4b+1/6 b -1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ

10 = [°(- b +1/2 xib° ) Fb 1/ED dx = [-1/3 xIb? +1/8 X6 ]| Fb 1/E9
=(-1/3b+1/8b ) Fb 1/EJ = -5/24 Fb’/EJ
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PROCEDIMENTO E RISULTATI 286143

Sviluppi di calcolo iperstatica

g40T/T- FFpm=x eoneisiadi
£3/9XE/S £3/,949/T 10}
LA 0 | a/xbz/T+asxde/e- | 0 | Xbe/Texdere- |oax a40
c3/axe/r | c3nado+s/er)
LIX+aXe-T| 0 | a/xbe/T-xde/e+ad- | 0 | xbe/T-Xd4g/T-04 | a/x+T-| 904
1 £3/94 X4+04- c3/04 X4+04- 1 q3d
£3/9x £3/,94(T+2/1-)
1 c3/94 X4- r3/04- S| T- q43
0 0 0 0 0 0 aoda
0 0+0
0 0 0 0 0 0 aao
JAix+axe-T| 0 |a/xbeg/T+a/,Xd-X42/T| 0 X02/T-xd2m | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 | xbzm+xde/t- | ax- a3a
0 0 0 0 0 0 gz ag
0 0+0
0 0 0 0 0 0 gz aa
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 az ov
0 0 0 0 0 0 X45/SA-0d 0 | 95009
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 00’ COw| -
FAp=x eonersiadi 1ad A1d INQLILOD oipend
,,,,,,,,, 0 Aﬂ\w&
o %| ol
| |
| |
| =
| <,
| ;
| =
“ o° | S 77777777777777777777 o \-§
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Schema di calcolo iperstatico

=1

M, flessione da iperstatica X

CED
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%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

b
L% = [*(1/2 xb - X207 +1/2 x3/6° ) Fb 1/EJ dx = [1/4 xb -1/3 /b +1/8 x“1b° | Fb 1/E3
[e] e}

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

o =[(-xb) FovEIdx+ [[(1) 6 dx=[-12xm ] Fb 1/E3 +[x] 6
=(-12b)Fo/E) +(b) 6 =1/2 Fb/EI

0= (-1+xb)FoUEIdx+ [[(-1) 6 dx=[-x+12xm ] FovEI +[-x] 0
=(-b+12b)Fb UEI +(-b) 6 =1/2 FbYEJ

122 = [°(-1 +3/2 b -1/2 X°/6° ) Fb 1/E3 dx = [- x +3/4 x2b -1/8 x*1b° ] Fb 1/E3
=(-b+3/4b-1/8b ) Fb 1/EJ =-3/8 Fb’/EJ

10 = ['(-ar2 X262 +1/2 X*16° ) Fb 1/ED dx = [-1/2 X2 +1/8 x'1b° ] Fb 1/EJ
=(-1/2b+1/8b ) Fb UEJ = -3/8 FbY/EJ
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A= 486. mm’

J = 166610. mm*

J,= 23826.mm’

J,, = -41708. mm*

J, = 177900. mm*
J,= 12536. mm*
a=artg(2J,,/(3,-3,))/2 =
c =cosa = .9653

s =sina = .2613

Xg = 16.56 mm

Yy = 24.24 mm

N= -798. N

T,= 1330.N

M, = 643720. Nmm
X, = 12.mm
u,=-10.73 mm

vV, =-22.21 mm

0., = N/A-Mcv/J -Msu/J

.2644

, = 219.9 N/mm?
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%= ) v dx = [13 2]} VED A= 450. mm’
|48 J, = 148960. mm*
=(1 1/EJ = 1/3 b/E ]
(13b) VEI =13 bIEI b 7= 13204, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3, = -28128. mm"*
J, = 154557. mm*
=(b-b+1/3b) 1/EJ = 1/3 b/EJ u
( ) A J,= 7607. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J,/(3,-3,))/2 = .1964
u c =cosa = .9808
=(b) 1/EJ = bEJ b y o s 1950
LX=[(1) veadx=[x]. vEI x,= 15.24mm
_ _ Y= 25.94 mm
(b) 1/EI = bIE b N s N
La=f(1-2x+xm?*) VEIdx =] x-X*b+1/3x°6° ] 1/EJ T, =-572.4N
FC o o y
=(b-b+1/3b) LEI =1/3 b/E] M, = 614400. Nmm
R 16 = X, = 18.mm
L= [(5m?) 1EI dx = [13 2] 1ES \ Y, = 53.mm
Jo = 7.
=(1/3b) 1/EJ = 1/3 b/EJ U = 7-988 mm
. b N © ° V,= 26.mm
120 = [ (12 b -1/2 X%16? ) Fo 1B dx + (1) 8 ax = [1/4 b -1/6 x¥b* ] Fo /ED + [ x] 0 mm 2 - 9 x 8 0,, = N/A-Mcv/d,-Msuld, = -229.8 N/mm”

=(vab-1/6b)Fb/EI +(b) 6 =13/12 FbY/ED
L = [ (12 xtb 172 162 ) Fo UEI dx + [(-1) @ dx = [1/4 b -1/6 x* ] Fb 1/E3 +[-x] @
=(1/ab-1/6b)Fb1/EJ +(-b)® =13/12 FbYEJ
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%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

0= (-12xb) Fb UETdx + [[(1) 6 dx=[-14xib] Fb /€T +[x] 6
=(-14b)Fb1/E) +(b) 6 =3/4 FbYEI

L= (-v2+12 b ) Fo I dx+ [(-1) 6 dx=[-v2x +1/4 b ]  Fo 1EI +[-x] 0
=(-120+1/4b) Fo1/EJ +(-b ) 6 =3/4 FbYEJ

1 = ['(-172 +1/2 xib +1/2 ¥2b* -1/2 xCIb™ ) Fb 1/EJ dx
= [-1/2 x +1/4 X1 +1/6 xIb? 178 X'1b° ], Fb 1/E
=(-12b+1/4b+1/6 b -1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ

10 = [°(- b +1/2 xib° ) Fb 1/ED dx = [-1/3 xIb? +1/8 X6 ]| Fb 1/E9
=(-1/3b+1/8b ) Fb 1/EJ = -5/24 Fb’/EJ
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A= 558 mm’

J = 195119. mm*

J,= 65290. mm*

J,, = -75600. mm*

J, = 229850. mm*

J, = 30558. mm*
a=artg(2J,,/(3,-3,))/2 =
c =cosa = .9087

s =sina = .4175

Xg = 19.84 mm

Yy= 21.5mm

N =-1494. N
T,=-746.8 N

M, = 851700. Nmm
X, = 12.mm

u,= -16.1 mm

v, =-16.26 mm

0., = N/A-Mcv/J -Msu/J

4306

, = 239.4 N/mm?
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S

b
%= ) v dx = [13 2]} VED R A= 600. mm’ )
las J, = 217132. mm
=(a 1/EJ = 1/3 blE ’
(1/3b) VEJ =1/3 b/E] b J,= 105558. mm’*
L :ﬁ(l -2xib+x10*) VEIdx =[x - x’/b +1/3 b’ | 1/E 3, = 73993, mm44
J,= 254012. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) . J,= 68678. mm*
LX=1(1) vesax=[x]. Ve a= artg(23, /(3,-3,))/2 = -.4624
- - y c =cosa = .8950
=(b) 183 = b/EJ b ¢ s = sina = -.4461
LX=[(1) veadx=[x]. vEI Xy = 12.48 mm
) ) Yy = 32.08 mm
(b) 1/EI = bIE b N= 5320. N
L :ﬁ(l -2 x/b +x*b? ) UEJ dx = [ x - X*Ib +1/3 o ]O 1/EJ T,= 1596. N
M, = 877800. N
=(b-b+1/3b) 1/EJ = 13 b/EJ 1 o " o
: m X = 18. mm
L= [(5m?) 1EI dx = [13 2] 1ES lo Up = 19.25 mm
=-26.2
=(y3b) VEI =13 bEJ o o e 2 ) 2 Vi = -26.25 mm

a,, = N/A-Mcv/d -Msu/d, = 199.8 N/mm?

o= fa) o =[]0

=(b)6 = Fb%EJ

= [(1)e ax=[-x] e

=(-b)6 = FbYEJ
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%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

b
L% = [*(1/2 xb - X207 +1/2 x3/6° ) Fb 1/EJ dx = [1/4 xb -1/3 /b +1/8 x“1b° | Fb 1/E3
[e] e}

=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ
L= (-v2xb) Fo UEIdx+ [)(1) 6 dx=[-w4xb ] FovEd +[x] 8
=(-1/40)Fo 1/E3 +(b) 6 =3/4 Fb’/EJ

0= (-12+1/2xb ) Fo 1EI dx + [[(-1) 0 dx=[-12x+1/4 x| Fo1Ed +[-x] 6

=(-12b+1/4b) Fo1EJ +(-b )0 =3/4 Fb’/EJ

120 = [*(-1/2 + xtb -1/2 xib* ) Fb 1/EJ dx = [-1/2 x +1/2 xb -1/6 x*/b? | Fb 1/E3
=(-1/2b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ

1 = ['(-172 X162 ) Fbo 1EI dx = [-1/6 xb2 ] Fb 1/E3
=(-1/6b) Fb /EJ =-1/6 Fb’/EJ
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A= 522.mm’

J = 181840. mm*
J,= 40818. mm*
J,, =-57687. mm*
J, = 202431. mm*
J,= 20227. mm*
a=artg(2J,,/(3,-3,))/2 =
Cc =cosa = .9418

s =sina = .3362

Xg = 18.1mm

Yy = 22.78 mm

N =-1020. N
T,=-509.8 N

M, = 672600. Nmm

X, = 12.mm
u,= -13.4 mm
V, = -19.4 mm
0., = N/A-Mcv/J -Msu/J

.3428

, = 208.6 N/mm?
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Sviluppi di calcolo iperstatica

q40z/€T Fm=x eoneisiadi
C3/aXe/S | £3/,04CT/ET- I1e10)
Jx 0 RETx 0 xdz/5- arx q40
CI/axer | 3/,94(0+9/5")
JX+AXe-T| 0 |04/, X4¢/S-X45+04¢/S- 0 X4¢/S-94¢/S | a/X+T- qod
T £3/94 X4¢/S+04¢/S- (3/94 | X4¢/S+094¢/S- T q3d
£3/9x £3/,94(T+v/S-)
T £3/94 X4¢/S- £3/94- X4¢2/S T- q43
0 0 0 0 ZXbZ/T+X:IZ/T' 0 qod
0 0+0
0 0 0 0 ZXbZ/I-X:IZ/I 0 qas
ALX+AXe-T) 0 0 0 0 a/x-T qa3
3/9XE/T 0+0
e/ 0 0 0 0 a/x- q3a
0 0 0 0 0 0 qc ad
0 0+0
0 0 0 0 0 0 qc ad
0 0 0 0 ZXbZ/T'X:I 0 qc vo
0 0+0
0 0 0 0 ZXbZ/T+X:I- 0 qc oV
0 0 0 0 0 0 X49/9M-04 0 qsp Od
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 0’ COw| -
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Schema di calcolo iperstatico

=1

M, flessione da iperstatica X
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%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

1= (-s2xb) Fb UETdx + [[(1) 6 dx=[-5/4x%b] Fb 1/E3 +[x] 6
=(-5/4b)Fb1/E] +(b) 6 =-1/4 FbYEJ

L0 =['(-5/2 +52 b ) Fb 1/EI dx + [ (-1) 6 dx=[-522x +5/4 b ] Fo 1EI +[-x] 0

=(-5/2b+5/4b) Fb 1/E] +(-b )6 =-1/4 FbYEJ

1 = ['(-5/2 +5 x/b -5/2 X¥Ib? ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

1% = ['(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b2 ]| Fb 1/E9
=(-5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

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

26.03.25

S

148

418

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

= 570. mm’

= 206355. mm*
= 72071. mm*

= 55077. mm*
= 226055. mm*
= 52372. mm*

A
J
J
J
J
J
a=artg(2J,,/(3,-3))/2 =
c
s
X

X
y
xy
u
v

=cosa = .9416
=sina = -.3368
g = 10.77mm
Y= 31.11 mm
N =-1610. N
T,= 2175.N
M, = 997890. Nmm
X, = 18.mm
u, = 17.29 mm
Vv, =-26.86 mm
0., = N/A-Mcv/J -Msu/J

-.3435

, = 219.7 N/mm?

26.03.25
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%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

120 = [ (12 b -1/2 X%16? ) Fo 1B dx + (1) 8 ax = [1/4 b -1/6 x¥b* ] Fo /ED + [ x] 0

=(vab-1/6b)Fb/EI +(b) 6 =13/12 FbY/ED

L = [ (12 xtb 172 162 ) Fo UEI dx + [(-1) @ dx = [1/4 b -1/6 x* ] Fb 1/E3 +[-x] @

=(1/ab-1/6b)Fb1/EJ +(-b)® =13/12 FbYEJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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136
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A= 540. mm’
= 194387. mm*
, = 46742. mm’

= 37742.mm’*

, = 203476. mm*

, = 37654. mm*

a= artg(2J,,/(J,-3,))/2 = -.2363
c=cosa = .9722

s =sina =-.2341

g = 9.2 mm

Yo = 30.03 mm

N = 3450. N

, = 1495.N

M, = 986700. Nmm
= 18. mm

= 15.59 mm

=-27.14 mm

J
J
J
J
J
X,

T
X
u
\
g

X
m
m
m
m

26.03.25

= N/A-Mcv/d -Msu/J, = 230. N/mm’
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PROCEDIMENTO E RISULTATI 987512

g40v/ET- =X eoneisiadi
£3/9Xe/S £3/,04v2/ET felo
Al 0 arxbe/T+a/,X4- 0 XDZ/T+xd- asx a4
c3/aXe/T | £3/,94(0+¥2/S-)
LIX+aXe-T| 0 |0/ xbe/T-a/,X42/T+X42/T+a42/T-| 0 Xbem-adg/t jax+1-| 904
1 £3/94 X42/T+04¢/T- £3/94 | X42/T+942/T- T q3d
£3/9x £3/,94(T+v/T-)
1 c3/94 Xde/T- c3/94- X2/t T- q43
0 0 0 0 0 0 q0od
0 0+0
0 0 0 0 0 0 qao
L/ X+A/X2-T| 0 0 0 0 ax-1 aqa3
C3/aXE/T 0+0
LA1X 0 0 0 0 a/x- a3a
0 0 0 0 0 0 gz ag
0 0+0
0 0 0 0 0 0 gz aa
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 az ov
0 0 0 0 0 0 | X40T/SM042/T | O | 95009
0 0 0 0 |Xbzg/T+xd4-ad4e/T| 0 aveg
0 0+0
0 0 0 0 Xbert- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B WIN 0 00’ W | -
FAp=x eaneisiadi 1ad A1d nNQLIUOD oipend

1/2

2T

-1/2

M, flessione da carichi assegnati

CED

q

Schema di calcolo iperstatico

Sviluppi di calcolo iperstatica

e

M, flessione da iperstatica X

CED

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3

=(b-b+1/3b) 1/EJ = 1/3 b/EJ
LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ
LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb+xb* ) VEI dx = [ x - b +1/3 X2 ]

=(b-b+13b) LEJ =1/3 b/EJ
L= [(5m?) 1EI dx = [13 2] 1ES
=(y3b) VEI =13 bEJ

0= (-12xb) Fb UETdx + [[(1) 6 dx=[-14xib] Fb /€T +[x] 6

=(-14b)Fb1/E) +(b) 6 =3/4 FbYEI

L= (-v2+12 b ) Fo I dx+ [(-1) 6 dx=[-v2x +1/4 b ]  Fo 1EI +[-x] 0

=(-120+1/4b) Fo1/EJ +(-b ) 6 =3/4 FbYEJ

1 = ['(-172 +1/2 xib +1/2 ¥2b* -1/2 xCIb™ ) Fb 1/EJ dx
= [-1/2 x +1/4 X1 +1/6 xIb? 178 X'1b° ], Fb 1/E
=(-12b+1/4b+1/6 b -1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ

10 = [°(- b +1/2 xib° ) Fb 1/ED dx = [-1/3 xIb? +1/8 X6 ]| Fb 1/E9

=(-1/3b+1/8b ) Fb 1/EJ = -5/24 Fb’/EJ

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

26.03.25

Om

| ——
16
10 \7L/
[
o~ < o
mm o — X N ®
T T 1

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

A= 522.mm’
J, = 181840. mm*
J,= 31881 mm*
83, = 27745. mm’

J, = 186808. mm*
J, = 26912. mm*
a=artg(2J,,/(3,-3,))/2 =
Cc =cosa = .9843

s =sina =-.1763

Xg = 21.83 mm

Y= 22.78 mm

N = -835.N
T,=-542.8N

M, = 964425. Nmm
X, = 12.mm

Yn= 53.mm

U, = -15.mm
V,, = 28.02 mm
0-m

-1772

= N/A-Mcv/J -Msu/J, = -238.8 N/mm’
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O,

m

b
%= ) v dx = [13 2]} VED A= 630.mm’
las J,= 217160. mm*
=(a 1/EJ = 1/3 b/E )
(113b) EI =13 bIEJ J,= 119838. mm"*

L :ﬁ(l 2 x/b +xX°Ib* ) UEJ dx = [ x - X’Ib +1/3 1o ]z 1EJ J,, = 82299 mm*

_ 4
=(b-b+1/3b) L/EJ = 1/3 b/EJ J, = 264108. mm

) o= 72891, mm*
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = -.5184

y Cc =cosa = .8686
=(b) 1/EJ = b/EJI
( ) . s =sina = -.4955
L=02(1) vesax=[x], ves X, = 34.54mm
- — Yy = 19.39 mm
() 163 = b/EI b Nlonen
L =f;(1 2xb+x1b") VEIdx = [ x-x’/b +1/3 b | 1/E M, = 856920. Nmm
=(b-b+1/3b) 1/EJ = 1/3 b/E i Xp = 30.mm
b Y= 53.mm
L =_[Z( x’Ib*) UEJI dx = [13x°b7 ] 1/E] Jo u_ = -20.6 mm

V, = 26.95 mm

=(1/3b) 1/EJ = 1/3 b/EJ
( ) a,, = N/A-Mcv/d -Msuld, = -199.6 N/mm’

o= fa) o =[]0

=(b)6 = Fb%EJ

= [(1)e ax=[-x] e

=(-b)6 = FbYEJ

430
142
148
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Sviluppi di calcolo iperstatica

q48/¢- Fpm=x eonersiadi
r3/axe/s £3/,048/S 11e10}
LA 0 a/,X4e/T- 0 x42/T- a/x CEle)
c3/axe/r | £37,04(0+9/T7)
LIXHAXS-T| 0 | A/ XH2/T-X4+942/T- | 0 X42/1-042/T  |aX+T-| 904
1 £3/04|  x4e/T+ade/T- £3/04 | xde/T+ade/1- | 1T q3d
£3/9x £3/,94(T+v/T-)
1 £3/94 X42/1- r3/94- X4z/1 T a43
0 0 0 0 0 0 aoa
0 0+0
0 0 0 0 0 0 aao
JAix+axe-T| 0 |a/xbeg/T+a/,Xd-X42/T| 0 Xbe/T-xdem | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 | xbzmxdet- | ax- a3a
0 0 0 0 0 0 de agd
0 0+0
0 0 0 0 0 0 de ad
0 0 0 0 0 0 ae vo
0 0+0
0 0 0 0 0 0 e OV
0 0 0 0 0 0 | xd4OT/sp-ad2/T | O | aspod
0 0 0 0 | Xbg/T+xd-ade/t| 0 qvd
0 0+0
0 0 0 0 Xbe/t- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 0’ W | -
Fp=x eoneisiadi 1ad Ad nNQLILOD oupend
,,,,,,,,, 0 Aﬂ\w&
G s N
° °f |
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| g
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o o° | S 77777777777777777777 o \-§
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=
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Schema di calcolo iperstatico

e

M, flessione da iperstatica X
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O,

m

b
%= ) v dx = [13 2]} VED B A= 480. mm’
|48 J, = 165988. mm*
=(1 1/EJ = 1/3 b/E »
(1730) 1/E3 = 1/3 bIEJ b 3= 22651, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3,,=-40721. mm*
J,= 176751. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) A J, = 11888. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ . a= artg(2J,/(3,-3,))/2 = .2584
Cc =cosa = .9668
=(b) 1EJ = b/EJ
( ) . Y s =sina = .2555
LX=[(1) veadx=[x]. vEI X,= 20.1mm
= = y,= 27.48 mm
() 163 = b/EI b Lo N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,= 840.N
=(b-b+1/3b) LEI =1/3 b/E] M, = 588000. Nmm
A 16 2 Xn,= 24.mm
L= [(5m?) 1EI dx = [13 2] 1ES Y, = 53.mm
Jo

u,= 10.29 mm
V,, = 23.68 mm
o, = NIA-Mcv/J,-Msu/J, = -209.3 N/mm’

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

418
124
136

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3 mm 2 x
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

L= (-v2xb) Fo UEIdx+ [)(1) 6 dx=[-w4xb ] FovEd +[x] 8
=(-1/40)Fo 1/E3 +(b) 6 =3/4 Fb’/EJ

0= (-12+1/2xb ) Fo 1EI dx + [[(-1) 0 dx=[-12x+1/4 x| Fo1Ed +[-x] 6
=(-12b+1/4b) Fo1EJ +(-b )0 =3/4 Fb’/EJ

120 = [*(-1/2 + xtb -1/2 xib* ) Fb 1/EJ dx = [-1/2 x +1/2 xb -1/6 x*/b? | Fb 1/E3
=(-1/2b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ

1 = ['(-172 X162 ) Fbo 1EI dx = [-1/6 xb2 ] Fb 1/E3
=(-1/6b) Fb /EJ =-1/6 Fb’/EJ
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Sviluppi di calcolo iperstatica

q40z/€T Fp=x eonersiadi
C3/9XE/S 3/,04¢T/ET- el
JA1,X 0 a/,x42/s- 0 x4e/5- a/x 940
C3/OXET | £3/,04(0+9/5")
JX+AXe-T| 0 |04/, X4¢/S-X45+04¢/S- 0 X4¢2/S-094¢/S  |A/X+T- qod
T £3/94 X4¢2/S+04¢/S- £3/94 | Xd4¢/S+94¢/S- T q3d
£3/9x 3/,94(T+v/S-)
T £3/94 X4¢/S- £3/94- X4¢2/S T- q43
0 0 0 0 0 0 q2oda
0 0+0
0 0 0 0 0 0 qas
ALX+AXe-T) 0 0 0 0 q/%-T qa3
3/9XE/T 0+0
e/ 0 0 0 0 q/x- q3a
0 0 0 0 0 0 qc ag
0 0+0
0 0 0 0 0 0 qc daa
0 0 0 0 ZXbZ/T'X:I 0 ac vo
0 0+0
0 0 0 0 ZXbZ/'lZ+X:i- 0 qc ov
0 0 0 0 0 0 X40T/SM-Q42/T 0 qsp Od
0 0 0 0 | Xbg/T+xd4-ade/T| 0 qvd
0 0+0
0 0 0 0 Xbe/t- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 00’ W | -
Fp=x eoneisiadi 1ad Ad 1NQLILOD oipend
o 0
& %| L
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Schema di calcolo iperstatico

0

=1

M, flessione da iperstatica X

CED
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%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

1= (-s2xb) Fb UETdx + [[(1) 6 dx=[-5/4x%b] Fb 1/E3 +[x] 6

=(-5/4b)Fb1/E] +(b) 6 =-1/4 FbYEJ

L0 =['(-5/2 +52 b ) Fb 1/EI dx + [ (-1) 6 dx=[-522x +5/4 b ] Fo 1EI +[-x] 0

=(-5/2b+5/4b)Fb1/EJ +(-b ) © =-1/4 Fb’/EJ
( ) (-b)

b
L2 = [°(-5/2 +5 x/b -5/2 X*/b> ) Fb 1/EJ dx = [-5/2 x +5/2 /b 516 x1b* ] Fb 1/E
o o

=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ
1% = ['(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b2 ]| Fb 1/E9
=(-5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ
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Om

412
418
130

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

A= 450.mm’

J, = 148960. mm*
J,= 13204. mm*
J,, = -28128. mm*
J, = 154557. mm*
J

,= 7607. mm*
a=artg(2J,,/(3,-3,))/2 =
c =cosa = .9808
s =sina = .1952
Xg = 15.24 mm
Y= 25.94 mm
N =-1775. N
Ty =-1314. N
M, = 577940. Nmm
X, = 18.mm
Yo = 53.mm
u, = 7.988 mm
V,= 26.mm

m

.1964

o, = NIA-Mcv/J,-Msu/d, = -217.7 N/mm’
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PROCEDIMENTO E RISULTATI 215440

q40v/.1- Fpm=x eoneisiadi
C3/AXe/s £3/,04ve/LT felol
LA 0 a/,X4e/T- 0 X42/1- asx ado
c3/axe/r | c3/,94(0+9/17)
LIXHAXS-T| 0 | A/ XH2/T-X4+942/T- | 0 X4e/T-042/T  |a/X+T-| 404
1 £3/94 | 9/ X42/T-X4+042/T- | £3/ad | XbZ/T-X4+qde/T-| T q 34
£3/9x £3/,94(T+9/1-)
1 c3/04 a/,x4z/1- r3/94- Xbz/t T- q 43
0 0 0 0 0 0 aoa
0 0+0
0 0 0 0 0 0 aao
JAix+axe-T| 0 |a/xbeg/T+a/,Xd-X42/T| 0 Xe/T-xdem | ax-T aa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 Xbz/T+xde/T- | ax- a3a
0 0 0 0 0 0 az ag
0 0+0
0 0 0 0 0 0 az ad
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 azov 8
I
0 0 0 0 0 0 X4G/GA-0 0 | asrod g
Q.
0 0 0 0 0 0 ava ‘o
0 0+0 3
0 0 0 0 0 0 aav
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XpeI/WWX[| xp+c3/ WW[| WA | B W 6 00°W w| - 3
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O,

m

XX 2,2 3,210 2
LY =j2( xX'Ib*) VEI dx = [13xb7 ] 1EI A= 594mm’
148 J,= 206801. mm
=\1 1/EJ =1 E X
(uab) &3 =113 biES o R J,= 81741 mm*
L :ﬁ(l -2xib+x10*) VEIdx =[x - x’/b +1/3 b’ | 1/E J,, = 62565 mm*

Jo= 232726. mm”*

= 55816. mm"
LX=1(1) vesax=[x]. Ve o= artg(2d, J/(3,-3))/2 = -.3928
Cc=cosa = .9238

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

=(b) 1/EJ = bEJ b y o cing = -.3828
LX=[(1) veadx=[x]. vEI X, = 30.45 mm
_ _ Yy = 20.38 mm
(b) 1/EI = bIE b . N=.1789.N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T, =-894.4 N
M, = 960000. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
) 16 X, = 24.mm
L= [(5m?) 1EI dx = [13 2] 1ES Y, = 53.mm
-0 u_ =-18.45 mm
=(1/3b) 1/EJ = 1/3 b/EJ m
( ) Vo, = 27.67 mm

124
136
142

b
LX =Jz(1/2 x°Ib? -112 x°b* ) Fb 1EJ dx = [1/6 x’1b” -1/8 x'1b° ] Fb 1/E] mm 2 x 0,, = N/A-Mcv/d,-Msuld, = -229.9 N/mm”

=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

L= (-v2 ) Fo vEd dx + [2(1) 8 dax=[-1/6x%b° ]  Fb 1/E3 + [ x] 6
=(-6b)Fb1/E) +(b) 6 =5/6 Fb/EJ

1= (-1/2 + xib 172 X%b* ) Fb 1/ET dx + [(-1) 6 dx
= [-v2x +172 b 116 xb* | P 1/ED +[-x] 0
=(-1/2b+1/2b-1/6b ) Fo 1/EJ + (-b ) ® =5/6 Fb’/EJ

122 = [2(-1/2 + xtb -1/2 x2ib* ) Fb 1/EJ dx = [-1/2 x +1/2 x%b -1/6 x¥/b? | Fb 1/EJ
=(-12b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb*/EJ

1% = ['(-1/2 X162 ) Fbo 1E dx = [-1/6 xb ] Fb 1/E3
=(-/6b) Fb L/EJ =-1/6 Fb’/EJ
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PROCEDIMENTO E RISULTATI 986991

g40T/T- FFpm=x eoneisiadi
r3/axe/s £3/,049/1 1[e10}
LA 0 | a/xbz/T+asxde/e- | 0 | Xbe/Texdere- |oax a40
c3/axe/r | c3nado+s/er)
LIX+aXe-T| 0 | a/xbe/T-xde/e+ad- | 0 | xbe/T-Xd4g/T-04 | a/x+T-| 904
1 £3/94 X4+04- c3/04 X4+04- 1 q3d
£3/9x £3/,94(T+2/1-)
1 c3/94 X4- r3/04- S| T- q43
0 0 0 0 0 0 aoda
0 0+0
0 0 0 0 0 0 aao
JAix+axe-T| 0 |a/xbeg/T+a/,Xd-X42/T| 0 X02/T-xd2m | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 | xbzm+xde/t- | ax- a3a
0 0 0 0 0 0 gz ag
0 0+0
0 0 0 0 0 0 gz aa
0 0 0 0 0 0 4z vo
0 0+0
0 0 0 0 0 0 azov 8
©
0 0 0 0 0 0 X45/GA-04 0 | aspodg g
Q.
0 0 0 0 0 0 avea 5
0 0+0 3
0 0 0 0 0 0 aav g
o
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Schema di calcolo iperstatico

=1

M, flessione da iperstatica X

CED
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O,

m

b
%= ) v dx = [13 2]} VED ‘ A= 510.mm’ )
{as J,= 181019. mm
=(1 1/EJ = 1/3 b/E »
(1730) 1/E3 = 1/3 bIEJ b 3= 37808, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3,,=-55745. mm*
J,= 200159. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ u
( ) A . J,= 18668. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = .3307
c=cosa = .9458
=(b) 1/EJ = bEJ b y s =sina = .3247
LX=[(1) veadx=[x]. vEI X, = 24.74mm
_ _ Yo = 28.83 mm
(b) 1/EI = bIE b N 1310, N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T, = -786. N
=(b-b+1/3b) LEI =1/3 b/E] 2 M, = 734910. Nmm
) 16 X, = 30.mm
L= [(5m?) 1EI dx = [13 2] 1ES Yu= 53.mm
-0 = 12.82 mm

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

um
vV, = 21.15mm
o,, = NJA-Mcv/d,-Msu/d, = -240. N/mm’

124
130
142

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3 mm o2 x
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

o =[(-xb) FovEIdx+ [[(1) 6 dx=[-12xm ] Fb 1/E3 +[x] 6
=(-12b)Fo/E) +(b) 6 =1/2 Fb/EI

0= (-1+xb)FoUEIdx+ [[(-1) 6 dx=[-x+12xm ] FovEI +[-x] 0
=(-b+12b)Fb UEI +(-b) 6 =1/2 FbYEJ

122 = [°(-1 +3/2 b -1/2 X°/6° ) Fb 1/E3 dx = [- x +3/4 x2b -1/8 x*1b° ] Fb 1/E3
=(-b+3/4b-1/8b ) Fb 1/EJ =-3/8 Fb’/EJ

10 = ['(-ar2 X262 +1/2 X*16° ) Fb 1/ED dx = [-1/2 X2 +1/8 x'1b° ] Fb 1/EJ
=(-1/2b+1/8b ) Fb 1/EJ =-3/8 Fb’/E]

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25
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PROCEDIMENTO E RISULTATI 215079

q48/c- =X eonersiadi
r3/axe/s £3/,048/S I[e10}
LA 0 a/,x4e/T- 0 x42/1- asx a4o
c3/axe/r | c3/,94(0+9/17)
JIXHAXST| 0 | A/ XH2/T-X4+942/T- | 0 | Xd2/T-0d2/T |a/X+T-| 0 Dd
1 c3/a4|  x42/T+ad42/T- £3/0d4 | Xdg/T+a42/1-| T q 34
£3/9x £3/,94(T+v/T-)
1 c3/04 X42/1- r3/94- X42/1 T- q 43
0 0 0 0 |xXbeT+xdz/t-| 0 aoa
0 0+0
0 0 0 0 | xbzi-xde;m| o aao
LA/XHAXZ-T| 0 |a/Xbg/T+a/ XS XH2/T| 0 | Xbe/Txdg/T | ax-T qa3
c3/axe/r | £3/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 |xXbeT+xde/-| ax- a3a
0 0 0 0 0 0 qz ag
0 0+0
0 0 0 0 0 0 az ad
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 azov §
©
0 0 0 0 0 0 X-4G/GM -0 0 | asprod g
Q.
0 0 0 0 0 0 ava g
0 0+0 3
0 0 0 0 0 0 aav 4
o
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] - S
Q.
Fp=x eonersiadi 1ad A1d INQLIU0D oipend E’
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%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

b
L% = [*(1/2 xb - X207 +1/2 x3/6° ) Fb 1/EJ dx = [1/4 xb -1/3 /b +1/8 x“1b° | Fb 1/E3
[e] e}

=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ
L= (-v2xb) Fo UEIdx+ [)(1) 6 dx=[-w4xb ] FovEd +[x] 8
=(-1/40)Fo 1/E3 +(b) 6 =3/4 Fb’/EJ

0= (-12+1/2xb ) Fo 1EI dx + [[(-1) 0 dx=[-12x+1/4 x| Fo1Ed +[-x] 6

=(-12b+1/4b) Fo1EJ +(-b )0 =3/4 Fb’/EJ

120 = [*(-1/2 + xtb -1/2 xib* ) Fb 1/EJ dx = [-1/2 x +1/2 xb -1/6 x*/b? | Fb 1/E3
=(-1/2b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ

1 = ['(-172 X162 ) Fbo 1EI dx = [-1/6 xb2 ] Fb 1/E3
=(-1/6b) Fb /EJ =-1/6 Fb’/EJ

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

26.03.25

PROCEDIMENTO E RISULTATI 215079

Cl09.xxxx.055

Om
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136
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A= 558.mm’

J, = 195119. mm*
J,= 52748. mm*
3,y = 44280. mm’*
J, = 207767. mm*
J, = 40099. mm*
a=artg(2J,,/(3,-3,))/2 =
c=cosa = .9615

s =sina =-.2747

Xg = 26.23 mm

Yg= 21.5mm

N =-1315. N
T,=-657.4 N

M, = 808500. Nmm
X, = 18.mm

Yn= 53.mm

u, =-16.56 mm

V,, = 28.03 mm

-.2782

o,, = NIA-Mcv/J,-Msu/J, = -198.9 N/mm’
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PROCEDIMENTO E RISULTATI 237693

Sviluppi di calcolo iperstatica

q48/¢- Fpm=x eonersiadi
r3/axe/s £3/,048/S 11e10}
LA 0 a/,X4e/T- 0 x42/T- a/x CEle)
c3/axe/r | £37,04(0+9/T7)
LIXHAXS-T| 0 | A/ XH2/T-X4+942/T- | 0 X42/1-042/T  |aX+T-| 904
1 £3/04|  x4e/T+ade/T- £3/04 | xde/T+ade/1- | 1T q3d
£3/9x £3/,94(T+v/T-)
1 £3/94 X42/1- r3/94- X4z/1 T a43
0 0 0 0 0 0 aoa
0 0+0
0 0 0 0 0 0 aao
JAix+axe-T| 0 |a/xbeg/T+a/,Xd-X42/T| 0 Xbe/T-xdem | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 | xbzmxdet- | ax- a3a
0 0 0 0 0 0 de agd
0 0+0
0 0 0 0 0 0 de ad
0 0 0 0 0 0 ae vo
0 0+0
0 0 0 0 0 0 e OV
0 0 0 0 0 0 | xd4OT/sp-ad2/T | O | aspod
0 0 0 0 | Xbg/T+xd-ade/t| 0 qvd
0 0+0
0 0 0 0 Xbe/t- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 0’ W | -
Fp=x eoneisiadi 1ad Ad nNQLILOD oupend
,,,,,,,,, 0 Aﬂ\w&
G s N
° °f |
| |
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| | o
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Schema di calcolo iperstatico

e

M, flessione da iperstatica X

CED
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%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

b
1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3

=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

b
L% = [*(1/2 xb - X207 +1/2 x3/6° ) Fb 1/EJ dx = [1/4 xb -1/3 /b +1/8 x“1b° | Fb 1/E3
[e] e}

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

L= (-v2xb) Fo UEIdx+ [)(1) 6 dx=[-w4xb ] FovEd +[x] 8

=(-v4b)Fo/E) +(b) 6 =3/4 Fb/EI

0= (-12+1/2xb ) Fo 1EI dx + [[(-1) 0 dx=[-12x+1/4 x| Fo1Ed +[-x] 6

=(-1/2b+1/4b)Fb1/EJ +(-b ) 6 =3/4 FbYEJ
( ) (-b)

b
L2 = [°(-1/2 + xtb -1/2 ¥16> ) Fb 1/EJ dx = [-1/2 x +1/2 /b -1/6 x°/b? | Fb 1/E]
o [e]

=(-1/2b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ
b
1 = ['(-172 X162 ) Fbo 1EI dx = [-1/6 xb2 ] Fb 1/E3
=(-1/6b) Fb /EJ =-1/6 Fb’/EJ

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

130
136
148

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

A= 540.mm’

J, = 194387. mm*
J,= 59702. mm*
J,, =-72778. mm*
J, = 226199. mm*
J, = 27891. mm*
a=artg(2J,,/(3,-3,))/2 =
c=cosa = .9163

s =sina = .4005
Xg= 29.2mm

Yy = 30.03 mm

N =-1190. N

T,= 680.N

M, = 702100. Nmm
X, = 36.mm

Yo = 53.mm

U, = 1543 mm
V,, = 18.32 mm
0-m

4121

= N/A-Mcv/J -Msu/d, = -209.9 N/mm?
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PROCEDIMENTO E RISULTATI 248788

Sviluppi di calcolo iperstatica

=1

a48/L FFm=x eoneisiadi
r3/axe/s £3/,94ve/Se- I[e10}
LA 0 0/, X€- 0 x4g- a/x a4
C3/aXE/T £3/,94(0+T-)
LIX+AXE-T| 0 0/ X4€-X49+0€- 0 x4€-04€  |a/x+T-| g Od
1 c3/94 X4€+q-¢e- £3/04 | Xde+ade- 1 q3d
£3/9x £3/,94(T+2/E-)
1 c3/94 X4€- r3/04- x4 T- q43
0 0 0 0 0 0 aod
0 0+0
0 0 0 0 0 0 aao
LA/XHAXZ-T| 0 |a/Xbg/T+a/ XS XH2/T| 0 | Xbe/Txdg/T | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 |xXbeT+xde/-| ax- a3a
0 0 0 0 0 0 ge ad
0 0+0
0 0 0 0 0 0 de ad
0 0 0 0 Xbz/1-x4 0 az vo
0 0+0
0 0 0 0 Xbz/T+x4- |0 az oV
0 0 0 0 0 0 X45/5M-04 0 | asro9
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend
° OO <Q
0 %) ol
| |
| |
| |
\ B
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| ]
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™ of O ol=
€ 0 e
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Schema di calcolo iperstatico

M, flessione da iperstatica X

CED
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b
%= ) v dx = [13 2]} VED \ A= 510. mm’ )
{as J,= 181019. mm
=(1 1/EJ =13 bIE i
(13b) VEI =13 bIEY X J,= 28660. mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 Jy = -22270. mm44
J,= 184207. mm
=(b-b+13b) 1/EJ = 1/3 b/EJ ‘
( ) . J, = 25471. mm*
LX=1(1) vesax=[x]. Ve v a= artg(2J, /(3,-3,))/2 = .1422
~ _ y c=cosa = .9899
=(b) 1€ = biES i s = sina = 1417
LX=[(1) veadx=[x]. vEI Xg = 22.2mm
- _ Yy = 28.83 mm
(b) 2E3 = bEI b N = -1594. N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI 5= 2250.N
M, = 988125. N
=(b-b+1/3b) 1/EJ = 13 b/EJ 1 0 " o
A m Xn, = 12.mm
L= [(5m?) 1EI dx = [13 2] 1ES Jo Uy, = -14.18 mm
V,, =-27.09 mm
=(13b) VEI =1/3 bIEJ S 3 8 "
(13b) mm 2 S x 8 8 0, = N/A-Mcv/d -Msuld, = 218.7 N/mm”

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1o =[(-axb) Fo UEIdx+ [)(1) 6 dx=[-a12x ] Fo1EI +[x] 6
=(-32b)Fo 1/E] +(b) 6 =-1/2 Fb’/EJ

0= (-3+3xb) FoUEIdx+ [(-1) 0 ax=[-3x+32x2m ] FovEI +[-x] 0
=(-3b+32b) Fb U/EJ +(-b) 6 =-1/2 Fb%/EJ

1% = [(-3 +6 xtb -3 x/b” ) Fb 1/E dx = [-3 x +3 x%/b - X2 | Fb 1/E3
=(-3b+3b-b) Fb 1/EJ =- Fb*/EJ

10 = ['(-3 %2 ) Fb 1EI dx = [- X702 ] Fb 1/ES
=(-b) Fb 1/EJ =- Fb%EJ
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Sviluppi di calcolo iperstatica

q45/€ Fm=x eonersiadi
r3/aXe/s r3a/,94- 11e10}
JA1,X 0 RETx 0 xd4e/5- arx 940
CI/axer | 3/,94(0+9/5")
JX+AXe-T| 0 |4/, X4¢/S-X45+04¢/S- 0 X4¢/5-04¢/S a/X+T- q o4
T £3/94 |9/,Xd¢/1-Xx4€+q4¢/S- | £3/94 ZXbZ/'['X:I€+CI:IZ/9- T q3d
£3/9x £3/,94(T+9/L-)
T £3/94 a/,X4¢/1-xX4¢- £3/94- ZXbZ/T+X:IZ T- q 43
0 0 0 0 0 0 qod
0 0+0
0 0 0 0 0 0 qasd
ALX+AXe-T) 0 0 0 0 a/x-T qa3z
£3/aXe/T 0+0
e/ 0 0 0 0 a/x- q3a
0 0 0 0 0 0 qc ad
0 0+0
0 0 0 0 0 0 qc ada
0 0 0 0 ZXbZ/T'X:I 0 qec vOo
0 0+0
0 0 0 0 ZXbZ/T+X:I- 0 qc ov
0 0 0 0 0 0 X4G/5M-04 0 qsp 04
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 0’ COw| -
=X eonersiadi 1ad A1d INgLIU0D oipend
0 <0
< Oo| o
\ \
\ \
\ \
\ E
\ 5,
\ K
I | | &
) o O olzs
2IS 0 S
o T T TR 8
3
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S
g
=
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N
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\
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\
\
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Schema di calcolo iperstatico

=1

M, flessione da iperstatica X

CED
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[of

m

b -53
%= ) v dx = [13 2]} VED R A= 450. mm’ )
las J,= 148960. mm
=(1 1/EJ = 1/3 b/E S »
(13b) VEI =13 bIEI b 7= 13204, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3, = 28128, mm'".
J,= 154557. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) A J, = 7607. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = -.1964
c =cosa = .9808
=(b) 1EJ = b/EJ
( ) . Y u s = sina = -.1952
LX=[(1) veadx=[x]. vEI X, = 14.76 mm
_ _ Y= 25.94 mm
(b) 1/EI = bIE b N 10N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,= -912.N
M, = 601920. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
A 16 X, = 12.mm
L= [(5m?) 1EI dx = [13 2] 1ES / Y, = 53.mm
-0 =-7.988 mm

u
=(13b) 1/EJ =1/3 b/EJ m
( ) V= 26.mm
o,, = NIA-Mcv/J,-Msu/d, = -225.9 N/mm’

412
418
130

1= (-2 xb-1/2 1> ) Fo WEI dx + (1) 0 dx = [- b -1/6 ] Fo 1/E3 +[x] 6 mm 2
=(-b-1/6b)Fo1/EJ +(b) 6 =-1/6 FbYEJ
10 = ['(-5/2 +3 xib -1/2 x1b* ) Fb EI dx + [(-1) 6 dx
= [-512 x 4372 X1 116 X162 ] Fo 1/E3 +[-x] 0
=(-5/2b+3/2b-1/6b ) Fb /EJ +(-b) 6 =-1/6 Fb’/EJ
1% = ['(-5/2 +5 xib -5/2 X%Ib” ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ
1% = [(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b? ], Fb 1/E9
=(-5/6b) Fb 1/EJ =-5/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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AZIONI INTERNE 937400

Cl09.xxxx.059

-37/20
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-13/20 -18220
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v
of 0 0%

37/20
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CED e
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PROCEDIMENTO E RISULTATI 937400

Cl109.xxxx.059

PROCEDIMENTO E RISULTATI 937400

Sviluppi di calcolo iperstatica

q40z/€T Fm=x eoneisiadi
C3/aXe/S | £3/,04CT/ET- I1e10)
Jx 0 RETx 0 xdz/5- arx q40
CI/axer | 3/,94(0+9/5")
JX+AXe-T| 0 |04/, X4¢/S-X45+04¢/S- 0 X4¢/S-94¢/S | a/X+T- qod
T £3/94 X4¢/S+04¢/S- (3/94 | X4¢/S+094¢/S- T q3d
£3/9x £3/,94(T+v/S-)
T £3/94 X4¢/S- £3/94- X4¢2/S T- q43
0 0 0 0 ZXbZ/T+X:IZ/T' 0 qod
0 0+0
0 0 0 0 ZXbZ/I-X:IZ/I 0 qas
ALX+AXe-T) 0 0 0 0 a/x-T qa3
3/9XE/T 0+0
e/ 0 0 0 0 a/x- q3a
0 0 0 0 0 0 qc ad
0 0+0
0 0 0 0 0 0 qc ad
0 0 0 0 ZXbZ/T'X:I 0 qc vo
0 0+0
0 0 0 0 ZXbZ/T+X:I- 0 qc oV
0 0 0 0 0 0 X49/9M-04 0 qsp Od
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 0’ COw| -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend
0 <0
Yo }
\
\
K
=)
| &
o K
I o| O olzs
2/S 0 S
OWO 8
3
[
S
8
=
f\\
[+]
L\
N
w v ° I D ) 1 0
+ B °l
\
\
= \
|
; \
sl WWWM |
S (R R A NI

Schema di calcolo iperstatico

=1

M, flessione da iperstatica X

CED

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

26.03.25

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

26.03.25



PROCEDIMENTO E RISULTATI 937400

Cl09.xxxx.059

PROCEDIMENTO E RISULTATI 937400
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%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

1= (-s2xb) Fb UETdx + [[(1) 6 dx=[-5/4x%b] Fb 1/E3 +[x] 6
=(-5/4b)Fb1/E] +(b) 6 =-1/4 FbYEJ

L0 =['(-5/2 +52 b ) Fb 1/EI dx + [ (-1) 6 dx=[-522x +5/4 b ] Fo 1EI +[-x] 0

=(-5/2b+5/4b) Fb 1/E] +(-b )6 =-1/4 FbYEJ

1 = ['(-5/2 +5 x/b -5/2 X¥Ib? ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

1% = ['(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b2 ]| Fb 1/E9
=(-5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

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

26.03.25
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430
436
148

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

= 558. mm’

= 195119. mm*
= 65290. mm*
= 75600. mm*
= 229850. mm*
= 30558. mm*

A
‘]X
JV
Juy
JU
JV
a

=cosa = .9087
=sina =-.4175

[«
S
X, = 28.16 mm
Y
X

e d

=-1203. N

1625. N
841750. Nmm
= 36. mm

16.1 mm
=-16.26 mm

= 21.5mm

N
T
M

X

u
\

m
m
m

= artg(23,,/(3,-3))/2 = -.4306

a,, = N/A-Mcv/d -Msuld, = 237.1 N/mm?
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PROCEDIMENTO E RISULTATI 239027

Cl109.xxxx.060

PROCEDIMENTO E RISULTATI 239027

Sviluppi di calcolo iperstatica

q40z/€T Fp=x eonersiadi
C3/9XE/S 3/,04¢T/ET- el
JA1,X 0 a/,x42/s- 0 x4e/5- a/x 940
C3/OXET | £3/,04(0+9/5")
JX+AXe-T| 0 |04/, X4¢/S-X45+04¢/S- 0 X4¢2/S-094¢/S  |A/X+T- qod
T £3/94 X4¢2/S+04¢/S- £3/94 | Xd4¢/S+94¢/S- T q3d
£3/9x 3/,94(T+v/S-)
T £3/94 X4¢/S- £3/94- X4¢2/S T- q43
0 0 0 0 0 0 q2oda
0 0+0
0 0 0 0 0 0 qas
ALX+AXe-T) 0 0 0 0 q/%-T qa3
3/9XE/T 0+0
e/ 0 0 0 0 q/x- q3a
0 0 0 0 0 0 qc ag
0 0+0
0 0 0 0 0 0 qc daa
0 0 0 0 ZXbZ/T'X:I 0 ac vo
0 0+0
0 0 0 0 ZXbZ/'lZ+X:i- 0 qc ov
0 0 0 0 0 0 X40T/SM-Q42/T 0 qsp Od
0 0 0 0 | Xbg/T+xd4-ade/T| 0 qvd
0 0+0
0 0 0 0 Xbe/t- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 00’ W | -
Fp=x eoneisiadi 1ad Ad 1NQLILOD oipend
o 0
& %| L
\ il B
\ \
\ \
\ -
\ E
\ g
| | &
% of O o \,‘E
2/S 0 £
OWO §
3
[
5
K
=
f\\
[+]
"
A\
b N - 0
; eI

q

Schema di calcolo iperstatico

0

=1

M, flessione da iperstatica X

CED

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 239027
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%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

1= (-s2xb) Fb UETdx + [[(1) 6 dx=[-5/4x%b] Fb 1/E3 +[x] 6
=(-5/4b)Fb1/E] +(b) 6 =-1/4 FbYEJ

L0 =['(-5/2 +52 b ) Fb 1/EI dx + [ (-1) 6 dx=[-522x +5/4 b ] Fo 1EI +[-x] 0

=(-5/2b+5/4b) Fb 1/E] +(-b )6 =-1/4 FbYEJ

1 = ['(-5/2 +5 x/b -5/2 X¥Ib? ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

1% = ['(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b2 ]| Fb 1/E9
=(-5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

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

26.03.25

PROCEDIMENTO E RISULTATI 239027

Cl09.xxxx.060

L

418
430
136

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

A= 540. mm’

J = 194387. mm*
J,= 46742. mm*

J,, =-37742. mm*

J, = 203476. mm*

J, = 37654. mm*
a=artg(2J,,/(3,-3,))/2 =
c=cosa = .9722

s =sina = .2341

Xy = 26.8mm

Yy = 30.03 mm

N =-2424. N

f,= 3275.N

M, = 896695. Nmm
X, = 18.mm

u, =-15.59 mm

VvV, =-27.14 mm

.2363

a,, = N/A-Mcv/d -Msu/d, = 198.7 N/mm?

26.03.25
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PROCEDIMENTO E RISULTATI 981229

Cl109.xxxx.061

PROCEDIMENTO E RISULTATI 981229

Sviluppi di calcolo iperstatica

=1

a48/L FFm=x eoneisiadi
r3/axe/s £3/,94ve/Se- I[e10}
LA 0 0/, X€- 0 x4g- a/x a4
C3/aXE/T £3/,94(0+T-)
LIX+AXE-T| 0 0/ X4€-X49+0€- 0 x4€-04€  |a/x+T-| g Od
1 c3/94 X4€+q-¢e- £3/04 | Xde+ade- 1 q3d
£3/9x £3/,94(T+2/E-)
1 c3/94 X4€- r3/04- x4 T- q43
0 0 0 0 0 0 aod
0 0+0
0 0 0 0 0 0 aao
LA/XHAXZ-T| 0 |a/Xbg/T+a/ XS XH2/T| 0 | Xbe/Txdg/T | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 |xXbeT+xde/-| ax- a3a
0 0 0 0 0 0 ge ad
0 0+0
0 0 0 0 0 0 de ad
0 0 0 0 Xbz/1-x4 0 az vo
0 0+0
0 0 0 0 Xbz/T+x4- |0 az oV
0 0 0 0 0 0 X45/5M-04 0 | asro9
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend
° OO <Q
0 %) ol
| |
| |
| |
\ B
| S
| ]
\ K
™ of O ol=
€ 0 e
OWO 8
S
[
s
8
=
f\\
[+]
U
b
w o ] S T 0
1 - T
+ i W |
|
|
|
|
= |
|
o B | 0
< T- : 0
w
N

Schema di calcolo iperstatico

M, flessione da iperstatica X

CED

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 981229

Cl09.xxxx.061

%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1o =[(-axb) Fo UEIdx+ [)(1) 6 dx=[-a12x ] Fo1EI +[x] 6
=(-32b)Fo 1/E] +(b) 6 =-1/2 Fb’/EJ

0= (-3+3xb) FoUEIdx+ [(-1) 0 ax=[-3x+32x2m ] FovEI +[-x] 0
=(3b+3/2b)Fb1/E] +(-b) 6 =-1/2 FbY/EJ

( ) (-b)

1% = [(-3 +6 xtb -3 x/b” ) Fb 1/E dx = [-3 x +3 x%/b - X2 | Fb 1/E3
=(-3b+3b-b) Fb 1/EJ =- Fb*/EJ

10 = ['(-3 %2 ) Fb 1EI dx = [- X702 ] Fb 1/ES
=(-b) FOLEI =- FOY/E

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

26.03.25
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= 522. mm’

= 181840. mm*
= 40818. mm*

= 57687. mm*
= 202431. mm*
= 20227. mm*
=artg(2J,,/(3,-3,))/2 =
= cosa = .9418
=sina = -.3362

Xg = 23.9 mm

Yy = 22.78 mm

N =-1700. N

T,= 2400. N

= 680000. Nmm
= 30.mm

MX
Xm
u,= 13.4mm
Vm
Gm

‘]X
‘]y
xy
u
JV

A
J
J
a
c
s

= -19.4 mm

-.3428

= N/A-Mcv/J -Msu/d, = 209.6 N/mm’
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PROCEDIMENTO E RISULTATI 239164

Cl109.xxxx.062

PROCEDIMENTO E RISULTATI 239164

Sviluppi di calcolo iperstatica

q45/€ Fm=x eonersiadi
r3/aXe/s r3a/,94- 11e10}
JA1,X 0 a/,x42/s- 0 xd4e/5- arx 940
CI/axer | 3/,94(0+9/5")
JX+AXe-T| 0 |4/, X4¢/S-X45+04¢/S- 0 X4¢/S-04¢/S a/X+T- qod
T £3/94 |9/,Xd¢/1-Xx4€+q4¢/S- | £3/94 ZXbZ/'['X:|€+CI:IZ/9' T q3d
£3/9x £3/,94(T+9/L-)
T £3/94 a/,X4¢/1-xX4¢- £3/94- ZXbZ/T+X:|Z T- q43
0 0 0 0 0 0 qoda
0 0+0
0 0 0 0 0 0 qas
ALX+AXe-T) 0 0 0 0 a/x-T qa3
3/9XE/T 0+0
e/ 0 0 0 0 qa/x- q3a
0 0 0 0 Xbe/T+ade- 0 de ad
0 0+0
0 0 0 0 ZXbZ/'[-X:IZ 0 qc¢ aa
0 0 0 0 0 0 qc vo
0 0+0
0 0 0 0 0 0 qc ov
0 0 0 0 0 0 X4G/9/ME-Q4€ 0 asp o4
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 0’ COw| -
=X eonersiadi 1ad A1d INgLIU0D oipend
0 m&\w
0 0
(=) o | |
\ \
\ \
| 3
\ )
\ |3
\ K
~ \ kS
BZ/S o | [\} o \'§
0 03
[
S
K
=
f\\
[+]
"
\
N\ I | 0
w . j Wﬁ’
i o
. i

Schema di calcolo iperstatico

=1

o

, flessione da iperstatica X:

CEOm

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 239164 Cl09.xxxx.062 PROCEDIMENTO E RISULTATI 239164 Cl09.xxxx.062

<

b 53
%= ) v dx = [13 2]} VED A= 570.mm’ )
{as J,= 206355. mm
=(1 1/EJ = 1/3 b/E i
(13b) VEJ =13 b/EJ b 3,= 72071, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 Jy = -55077. mm44
w  J,= 226055 mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) . J,= 52372. mm*
LX=1(1) vesax=[x]. Ve a= artg(2J,,/(3,-J,))/2 = .3435
- - y c=cosa = .9416
=(b) 1/EJ = bEJ b s =sina = .3368
LX=[(1) veadx=[x]. vEI Xg = 31.23 mm
- _ Yy = 31.11 mm
(b) 1/EI = bIE b = -2012. N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T, =-1006. N
M, = 990000. N
=(b-b+1/3b) 1/EJ = 13 b/EJ 1 5 " o
) m Xm = 24, mm
L= [(5m?) 1EI dx = [13 2] 1ES Jo Uy, = -17.29 mm
V,, =-26.86 mm
=(1/3b) 1EJ =13 b/EI < e g m
(113) mm 2 x S LA | 0, = N/A-Mcv/d -Msuld, = 217.3 N/mm”

1= (-2 xb-1/2 1> ) Fo WEI dx + (1) 0 dx = [- b -1/6 ] Fo 1/E3 +[x] 6
=(-b-1/6b)Fo1/EJ +(b) 6 =-1/6 FbYEJ
10 = ['(-5/2 +3 xib -1/2 x1b* ) Fb EI dx + [(-1) 6 dx
= [-512 x 4372 X1 116 X162 ] Fo 1/E3 +[-x] 0
=(-5/2b+3/2b-1/6b ) Fb /EJ +(-b) 6 =-1/6 Fb’/EJ
1% = ['(-5/2 +5 xib -5/2 X%Ib” ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ
1% = [(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b? ], Fb 1/E9
=(-5/6b) Fb 1/EJ =-5/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25
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C D
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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AZIONI INTERNE 237444

Cl09.xxxx.063

-37/20 il -13/20
e AT 512 = 31120 S
= = ® \
~E= Q H2 |
SE= g = Ha |
= " ? =k |
= |
e [ - |
e ananllis 0 0
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PROCEDIMENTO E RISULTATI 237444
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PROCEDIMENTO E RISULTATI 237444

Sviluppi di calcolo iperstatica

q40z/eT #Fm=X eonersiad
C3/9XE/S £3/,942T/€T- Ie10)
LA7X 0 a/,x4z/s- 0 X42/5- ax qdo
c3/axe/r | c3/,94(0+9/5-)
LAIXHAXZ-T| 0 |G/, X42/SX4G+042/S-| 0 | Xd2/S-0de2/S |a/X+T- q o4
T r3/94 X42/G+042/S- r3/qd | x42/5+d42/S-| T q3d
£3/9x £3/,94(T+v/S-)
T £3/94 X42/G- r3/94- X42/S T- qd43
0 0 0 0 |xXbeT+xdz/t-| 0 q0d
0 0+0
0 0 0 0 | Xbz/t-xde/m| 0 qao
L/ X+A/X2-T| 0 0 0 0 asx-1 qas
C3/9XE/T 0+0
LA1X 0 0 0 0 arx- g3a
0 0 0 0 | xbzi+ade- | 0 qc ad
0 0+0
0 0 0 0 Xbe/t-xe 0 gz 9d
0 0 0 0 0 0 gz vo
0 0+0
0 0 0 0 0 0 gz ov
0 0 0 0 0 0 | xdS/Spe-qdE| O gsp Od
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend
0 m&\w
0 0
o o ‘ ‘
|
|
E
=
|2
Ei
§ 5
LoZ/g OO | [\) o \§
0 03
()
S
g
=
f\\
[+]
R
A\
+ .
W ™ . T S 0
g e
+ ]

Schema di calcolo iperstatico

=1

o

, flessione da iperstatica X:

CEOm
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Cl09.xxxx.063

%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

1= (-s2xb) Fb UETdx + [[(1) 6 dx=[-5/4x%b] Fb 1/E3 +[x] 6
=(-5/4b)Fb1/E] +(b) 6 =-1/4 FbYEJ

L0 =['(-5/2 +52 b ) Fb 1/EI dx + [ (-1) 6 dx=[-522x +5/4 b ] Fo 1EI +[-x] 0

=(-5/2b+5/4b) Fb 1/E] +(-b )6 =-1/4 FbYEJ

1 = ['(-5/2 +5 x/b -5/2 X¥Ib? ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

1% = ['(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b2 ]| Fb 1/E9
=(-5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

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

26.03.25

PROCEDIMENTO E RISULTATI 237444

Cl09.xxxx.063

148

418
124
136

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

A= 486. mm’
J = 166610. mm*
J,= 23826.mm’

= 41708. mm*
,= 177900. mm*
J,= 12536. mm*

J
J

a=artg(2J,,/(3,-3))/2 = -.2644

c=cosa = .9653

s =sina =-.2613

Xg = 19.44 mm

Yy = 24.24 mm

N =-1234. N
T,=-617.2N

M, = 662400. Nmm
X, = 24.mm

u,= 10.73 mm

vV, =-22.21 mm

a,, = N/A-Mcv/d -Msuld, = 225.4 N/mm?

26.03.25
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F Y /\\E

Lg—b
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F E
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PROCEDIMENTO E RISULTATI 241668

Sviluppi di calcolo iperstatica

q40z/€T Fp=x eonersiadi
C3/9XE/S 3/,04¢T/ET- el
JA1,X 0 a/,x42/s- x4e/5- a/x 940
C3/OXET | £3/,04(0+9/5")
JX+AXe-T| 0 |04/, X4¢/S-X45+04¢/S- X42/S-04¢/S | A/X+T- qod
T r£3/94 X4¢/5+04¢/S- £3/94 | X4¢/S+04¢/S- T q3d
£3/9x 3/,94(T+v/S-)
T r3/94 X4¢/S- £3/94- X4¢2/S T- q43
0 0 0 0 0 q2oda
0 0+0
0 0 0 0 0 0 qas
ALX+AXe-T) 0 0 0 0 a/x-T aa3
C3/9XE/T 0+0
e/ 0 0 0 0 a/x- a3a
0 0 0 0 Xbe/T+ade- 0 e ag
0 0+0
0 0 0 0 szZ/'[-X:IZ 0 qc daa
0 0 0 0 0 0 ac vo
0 0+0
0 0 0 0 0 0 qc ov
0 0 0 0 0 0 X42/5M-942/S 0 qsr Od
0 0 0 0 | Xbg/T+xd4-ade/T| 0 qvd
0 0+0
0 0 0 0 Xbe/t- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 00’ W | -
Fp=x eoneisiadi 1ad Ad 1NQLILOD oipend
,,,,,,,,, 0 Aﬁ\w
C %| B
\ i |
\ q
| =
\ <,
| | o
\ | &
" \ =
Fe o° | S 77777777777777777777 o \-§
0 0 s
[
S
8
=
f\\
[+]
"
N\
= O S — :
w “ i
1 T i o
; } W

q

Schema di calcolo iperstatico

e

M, flessione da iperstatica X

CED

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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A
XX 2,2 3,.21° 2
%= ) v dx = [13 2]} VED A= 600 mm
148 = 217132. mm

J
o J,= 105558. mm’
L :ﬁ(l -2xib+x10*) VEIdx =[x - x’/b +1/3 b’ | 1/E o J,=-73993 mm*
J
J

=(v3b) VEI =13 b/EJ

, = 254012. mm*

b , = 68678. mm*

LX=1(1) vesax=[x]. Ve a= artg(23,/(3,-3,))/2 = 4624
=(b) 1/EJ = bEJ y c =cosa = .8950

b s =sina = .4461
LX=[(1) veadx=[x]. vEI X, = 35.52mm

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

=(b) LEI = b/EI N= 554?58 -
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,=-972.7N
=(b-b+1/3b) VEJ =13 b/EJ 1 o )'\(Am: 1;8?515:3' Hm
L= [(5m?) 1EI dx = [13 2] 1ES Jo Uy, = -19.25 mm
V,, =-26.25 mm
=(13b) V/EJ =1/3 b/E] mm o x 8 ¥ % 5 - NAMovIMsuld, = 238, Nimm?

1= (-s2xb) Fb UETdx + [[(1) 6 dx=[-5/4x%b] Fb 1/E3 +[x] 6
=(-5/4b)Fb1/E] +(b) 6 =-1/4 FbYEJ

L0 =['(-5/2 +52 b ) Fb 1/EI dx + [ (-1) 6 dx=[-522x +5/4 b ] Fo 1EI +[-x] 0
=(-5/2b+5/4b) Fb 1/E] +(-b )6 =-1/4 FbYEJ

1 = ['(-5/2 +5 x/b -5/2 X¥Ib? ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

1% = ['(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b2 ]| Fb 1/E9
=(-5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25
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AZIONI INTERNE 959538

Cl09.xxxx.065
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PROCEDIMENTO E RISULTATI 959538

Cl109.xxxx.065

PROCEDIMENTO E RISULTATI 959538

Sviluppi di calcolo iperstatica

e

a48/L FFm=x eoneisiadi
r3/axe/s £3/,94ve/Se- I[e10}
LA 0 0/, X€- 0 x4g- a/x a40
C3/aXE/T £3/,94(0+T-)
LIX+AXE-T| 0 0/ X4€-X49+0€- 0 x4€-04€  |a/x+T-| g Od
1 c3/94 X4€+q-¢e- £3/04 | Xde+ade- 1 q3d
£3/9x £3/,94(T+2/E-)
1 c3/94 X4€- r3/04- x4 T- q43
0 0 0 0 0 0 aod
0 0+0
0 0 0 0 0 0 qao
LA/XHAXZ-T| 0 |a/Xbg/T+a/ XS XH2/T| 0 | Xbe/Txdg/T | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 |xXbzT+xde/t-| ax- a3a
0 0 0 0 | xbzi+ade- | 0 de ad
0 0+0
0 0 0 0 Xbe/t-xde 0 de ad
0 0 0 0 0 0 4z vo
0 0+0
0 0 0 0 0 0 az oV
0 0 0 0 0 0 |Xxds/spe-ade | 0 | dsp 09
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend
,,,,,,,,, 0 AX\@
OO OO | |
| |
| |
| =
| <,
| ;
| =
© o° | y 77E 77777777777777777 o \-%
0 0 E
[
s
K
=
f\\
[+]
U
b b
- oHHHHHHHH!HHHHHHHHH!HHH!HHHHHHIHHHH% C :
; EE]
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M, flessione da iperstatica X

CED

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 959538

Cl09.xxxx.065

%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

b
1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3

=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

b
L% = [*(1/2 xb - X207 +1/2 x3/6° ) Fb 1/EJ dx = [1/4 xb -1/3 /b +1/8 x“1b° | Fb 1/E3
[e] e}

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

1o =[(-axb) Fo UEIdx+ [)(1) 6 dx=[-a12x ] Fo1EI +[x] 6

=(32b)FbEI +(b) 6 =-1/2 F’E]
(-3121) (b)

0= (-3+3xb) FoUEIdx+ [(-1) 0 ax=[-3x+32x2m ] FovEI +[-x] 0

=(-3b+32b) Fb U/EJ +(-b) 6 =-1/2 Fb%/EJ

b
1% = [(-3 +6 xtb -3 x/b” ) Fb 1/E dx = [-3 x +3 x%/b - X2 | Fb 1/E3

=(-3b+3b-b) Fb 1/EJ =- Fb*/EJ
10 = ['(-3 %2 ) Fb 1EI dx = [- X702 ] Fb 1/ES
=(-b) Fb 1/EJ =- Fb%EJ

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

26.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

[of

m

AN

——

148

412

418

A= 612.mm’

J, = 230903. mm*
J,= 75448 mm*
J, = 89831.mm’
J, = 271965. mm*
J, = 34385. mm*
a=artg(2J,,/(3,-3,))/2 =
c =cosa = .9095

s =sina = -.4157

Xg = 20.12mm

Y= 32.85mm

N =-1181. N
T,=-590.3 N

M, = 765600. Nmm
X, = 12.mm

Y= 55.mm

u, =-16.59 mm
V= 16.77 mm

-.4288

o,, = NIA-Mcv/J,-Msu/J, = -198.4 N/mm’

26.03.25
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%= ) v dx = [13 2]} VED s A= 570.mm’ )
J,= 215051, mm
=\1 1/EJ =1 E 148 X
(13b) VEI =13 bIEI b T = 47402 mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 J,,= 68907. mm*
J,= 239738. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) A J, = 22715. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = -.3440
c=cosa = .9414
=(b) 1EJ = b/EJ u
( ) . y s = sina = -.3373
LX=[(1) veadx=[x]. vEI x,= 18.28 mm
_ _ Yy = 31.48 mm
(b) 1/EI = bIE b N leeo. N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI / T, =-1147.N
M, = 711140. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
R le X, = 12.mm
L= [(5m?) 1EI dx = [13 2] 1ES Y, = 55.mm
-0 u, =-13.85 mm
=(1/3b) 1/EJ = 1/3 b/EJ m
( ) ) ) ~ © N V,, = 20.02 mm
0= (s5xb)Fo1Esdx+ [(1) 0 dx=[-522xb ] Fo1/E3 +[x] 6 mm 2 S X 3 0, = N/A-Mcv/d,-Msu/d, = -205.4 N/mm?

=(-52b)Fb1/E] +(b) 6 =-3/2 FHYEJ

L0 =[(5+5xb) FoUEI dx + [[(-1) 8 dx=[-5x+512 % ] Fo UE +[-x] 6
=(-5b+52b ) Fb 1/E] +(-b )6 =-3/2 FbYEJ

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

1% = ['(-5 x1b? ) Fb UEJ dx = [-5/3 1% ]| Fb 1/E3
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ
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O,

m

b
%= ) v dx = [13 2]} VED /Z R A= 528 mm’ )
J,= 196705. mm
=\1 1/EJ =1 E 148 X
(13b) VEI =13 bIEI b 7= 27818 mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 J,, = 50102. mm“4
J,= 210450, mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) A J, = 14073. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = -.2677
C =coso = .9644
=(b) 1/EJ = bEJ b y S s = sina = -.2646
LX=[(1) veadx=[x]. vEI x,= 16.64 mm
_ _ Y= 29.89 mm
(b) 1/EI = bIE b N 0301 N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T, = -469.6 N
M, = 693000. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
R le X, = 12.mm
L= [(5m?) 1EI dx = [13 2] 1ES Y, = 55.mm
-0 u.=-11.12 mm
=(1/3b) 1/EJ = 1/3 b/EI m
( ) b b N © © Vi, = 22.99 mm
L= (-12 0% ) Fo wEI dx + ['(1) 0 dx=[-16 ] Fo1Ed +[x] 6 mm 2 SR x 8 0, = N/A-Mcv/d,-Msu/d, = -219.6 N/mm?

=(-/6b)Fb1/E) +(b) 6 =5/6 FbYEJ

10 = [ (-1/2 + xtb 172 X262 ) Fo UEI dx + [2(-1) 8 dx
2 3,.21° b

=[-12x+1/2 %0 -1/6 x°I0* | Fo 1EI +[-x] 6

=(-1/2b+1/2b-1/6b ) Fo 1/EJ + (-b) 6 =5/6 Fb/EJ
1 = ['(-1/2 +1/2 xib +1/2 x2b* -1/2 xIb™ ) Fb 1/EJ dx

b
= [-12 x +1/4 5°1b +1/6 10 -1/8 x"1b° | _ Fb L/E]
=(-12b+1/4b+1/6 b -1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ
b

10 = [(- b +1/2 xib° ) Fb 1/EJ dx = [-1/3 xIb? +1/8 x'1b° ]| Fb 1/E9

=(-1/3b+1/8b ) Fb 1/EJ =-5/24 Fb’/EJ
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%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

120 = [ (12 b -1/2 X%16? ) Fo 1B dx + (1) 8 ax = [1/4 b -1/6 x¥b* ] Fo /ED + [ x] 0

=(vab-1/6b)Fb/EI +(b) 6 =13/12 FbY/ED

L = [ (12 xtb 172 162 ) Fo UEI dx + [(-1) @ dx = [1/4 b -1/6 x* ] Fb 1/E3 +[-x] @

=(1/ab-1/6b)Fb1/EJ +(-b)® =13/12 FbYEJ
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A= 486.mm’

J, = 175218. mm*
J,= 15474. mm*
J, = 33964. mm’
J, = 182139. mm*
J, = 8553. mm*
a=artg(2J,,/(3,-3,))/2 =
c=cosa = .9799

s =sina =-.1997

Xg = 15.22 mm

Y= 28.02mm

N =-858.7 N
T,=-429.3N

M, = 672000. Nmm
X, = 12.mm

Y= 55.mm

U, =-8.545 mm

Vo, = 25.79 mm

-.2010

o, = NIA-Mcv/J,-Msu/d, = -229.1 N/mm’
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PROCEDIMENTO E RISULTATI 212041
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%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ
LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ
120 = [ (12 b -1/2 X%16? ) Fo 1B dx + (1) 8 ax = [1/4 b -1/6 x¥b* ] Fo /ED + [ x] 0
=(vab-1/6b)Fb/EI +(b) 6 =13/12 FbY/ED
L = [ (12 xtb 172 162 ) Fo UEI dx + [(-1) @ dx = [1/4 b -1/6 x* ] Fb 1/E3 +[-x] @
=(1/ab-1/6b)Fb1/EJ +(-b)® =13/12 FbYEJ
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A= 666.mm’

J, = 257974. mm*
J,= 121487. mm’
J,, = -87553. mm*

J, = 300738. mm"*
J, = 78723. mm*
a=artg(2J,,/(3,-3,))/2 =
c =cosa = .8985

s =sina = .4389

Xg = 13.22 mm

Y= 21.26 mm
N=-1677.N
T,=-1290. N

M, = 1240980. Nmm
X, = 18.mm

Y= 55.mm

u,= 19.11 mm
Vi, = 28.22mm
0-m

4544

= N/A-Mcv/J -Msu/d, = -239.4 N/mm’
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O,

m

b
%= ) v dx = [13 2]} VED A= 630.mm’ )
J,= 245181. mm
=\1 1/EJ =1 E 148 X
(113b) EI =13 bIEJ b . J, = 82933. mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 J,,= 65470. mm*
- _ J,= 268304, mm
=(b-b+1/3b) 1/EJb =1/3 b/EJ J,= 59811. mm’
L= _[2(1 ) VEIdx=[x] 1EJ o= artg(2J,,/(3,-J,))/2 = .3395
Cc=cosa = .9429
= = V)
( b ) 1/EJ b/EJ i y s =sina = .3330
LX=[(1) veadx=[x]. vEI Xy = 11.4mm
) ) Yy = 22.3mm
(b) 1/EI = bIE b N = -2290. N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,=-1145.N
M, = 998400. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
R le X, = 18.mm
L =_[Z( x’Ib*) UEJI dx = [13x°b7 ] 1/E] " yo= 55 mm
Jo = 1711 mm

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

418

um
V,, = 28.64 mm
o,, = NIA-Mcv/J,-Msu/J, = -199.2 N/mm’

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3 mm S
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

L= (-v2 ) Fo vEd dx + [2(1) 8 dax=[-1/6x%b° ]  Fb 1/E3 + [ x] 6
=(-6b)Fb1/E) +(b) 6 =5/6 Fb/EJ

1= (-1/2 + xib 172 X%b* ) Fb 1/ET dx + [(-1) 6 dx
= [-v2x +172 b 116 xb* | P 1/ED +[-x] 0
=(-1/2b+1/2b-1/6b ) Fo 1/EJ + (-b ) ® =5/6 Fb’/EJ

122 = [2(-1/2 + xtb -1/2 x2ib* ) Fb 1/EJ dx = [-1/2 x +1/2 x%b -1/6 x¥/b? | Fb 1/EJ
=(-12b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb*/EJ

1% = ['(-1/2 X162 ) Fbo 1E dx = [-1/6 xb ] Fb 1/E3
=(-/6b) Fb L/EJ =-1/6 Fb’/EJ
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Sviluppi di calcolo iperstatica
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T £3/94 |9/,Xd¢/1-Xx4€+q4¢/S- | £3/94 ZXbZ/'['X:|€+CI:IZ/9' T q3d
£3/9x £3/,94(T+9/L-)
T £3/94 a/,X4¢/1-xX4¢- £3/94- ZXbZ/T+X:IZ T- q 43
0 0 0 0 0 0 qod
0 0+0
0 0 0 0 0 0 qasd
ALX+AXe-T) 0 0 0 0 a/x-T qa3z
£3/aXe/T 0+0
e/ 0 0 0 0 a/x- q3a
0 0 0 0 0 0 qc ad
0 0+0
0 0 0 0 0 0 qc ada
0 0 0 0 ZXbZ/T'X:I 0 qec vOo
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0 0 0 0 ZXbZ/T+X:I- 0 qc ov
0 0 0 0 0 0 X4G/5M-04 0 qsp 04
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O,

m

594. mm?

b
%= ) v dx = [13 2]} VED A
J, = 230851. mm*
J, = 53740. mm*
J

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

4
W = -45131. mm \

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EI
LX=1(1) vesax=[x]. Ve a= ang(2, /(3,3 )2 = 2357

c=cosa = .9724

= ( b) VEJ = Db/E] s =sina = .2335

b
LX=[(1) veadx=[x]. vEI x,= 9.727 mm
Yy, = 23.47 mm
=(b) VEJ = bEJ g
(b) b N =-3810. N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,=-2413.N
=(b-b+1/3b) 1/EJ = 1/3 b/EJ M, = 1013460. Nmm
R le X, = 18.mm
L= [(5m?) 1EI dx = [13 2] 1ES \A( ” o'~ 55 mm
-0 U, = 15.41 mm
=(1/3b) 1EJ =13 b/EI m
( ) , \ - © vV, = 28.73 mm
1= (-2 xb-1/2 1> ) Fo WEI dx + (1) 0 dx = [- b -1/6 ] Fo 1/E3 +[x] 6 mm ERL = x @ 6,, = N/A-Mcv/d,-Msu/J, = -208.5 N/mm”

=(-b-1/6b)Fo1/EJ +(b) 6 =-1/6 FbYEJ
10 = ['(-5/2 +3 xib -1/2 x1b* ) Fb EI dx + [(-1) 6 dx
= [-512 x 4372 X1 116 X162 ] Fo 1/E3 +[-x] 0
=(-5/2b+3/2b-1/6b ) Fb /EJ +(-b) 6 =-1/6 Fb’/EJ
1% = ['(-5/2 +5 xib -5/2 X%Ib” ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ
1% = [(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b? ], Fb 1/E9
=(-5/6b) Fb 1/EJ =-5/6 Fb’/EJ
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L/X+A/X2-T| 0 0 0 0 a/%-T aas
C3/AXEIT 0+0
LA1X 0 0 0 0 asx- a3a
0 0 0 0 0 0 az ag
0 0+0
0 0 0 0 0 0 az ad
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 azov 8
I
0 0 0 0 0 0 X4G/GA-0 0 | asrod g
Q.
0 0 0 0 0 0 avea g
0 0+0 3
0 0 0 0 0 0 aavy =
o
XpeI/WWX[| xp+c3/ WW[| WA | B WIN 0 )°W W | - S
Q.
=X eoneisiadi 1ad Ad nNQLILOD oupend é’
@
o N
0 0, el
°l
.
| S
|5
| &
| @
.=
o IS
= o] 9 ol 8
c/T oV~ ©
0 0 9
S
8
=
f\\
[+]
R
N\
I o D T 0 0
w | - j W
! t of [\JN |
+ 5 { | o)
| |
\ -
| [ 11
7 \ s
= | 5
0 g ] ‘ 15
@ T | Q &=
< g o 3 7777777 (=} o é
8 S
b E 8
° .‘_x
o =
s A
8 [+]
"

26.03.25

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

26.03.25

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



PROCEDIMENTO E RISULTATI 240891 Cl09.xxxx.072 PROCEDIMENTO E RISULTATI 240891 Cl09.xxxx.072

O,

m

b
%= ) v dx = [13 2]} VED A= 558 mm’ )
J,= 214685. mm
=(1 1EJ =1 E 148 r x
(1730) 1/E3 = 1/3 bIEJ b 3= 32876, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 J,, = -26875. mm“4
J,= 218575. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) A J, = 28986. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = .1437
c =cosa = .9897
=(b) V&) = bIEI \ y : s =sina = .1432
LX=[(1) veadx=[x]. vEI - X, = 8.226 mm
= = y,= 24.79 mm
() 163 = b/EI b X 2190 N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T, = -1060. N
=(b-b+1/3b) LEI =1/3 b/E] M, = 1090200. Nimm
R le X, = 18.mm
L= [(5m?) 1EI dx = [13 2] 1ES T ? Y, = 55.mm
Jo = 14.
=(1/3b) 1/EJ = 1/3 b/EJ ‘ U mm
b b © ° V= 28.5mm
L= (-12 0% ) Fo wEI dx + ['(1) 0 dx=[-16 ] Fo1Ed +[x] 6 mm 9 o 5 x 8 0, = N/A-Mcv/d,-Msu/d, = -219.9 N/mm?

=(-/6b)Fb1/E) +(b) 6 =5/6 FbYEJ

10 = [ (-1/2 + xtb 172 X262 ) Fo UEI dx + [2(-1) 8 dx
2 3,.21° b

=[-12x+1/2 %0 -1/6 x°I0* | Fo 1EI +[-x] 6

=(-1/2b+1/2b-1/6b ) Fo 1/EJ + (-b) 6 =5/6 Fb/EJ
1 = ['(-1/2 +1/2 xib +1/2 x2b* -1/2 xIb™ ) Fb 1/EJ dx

b
= [-12 x +1/4 5°1b +1/6 10 -1/8 x"1b° | _ Fb L/E]
=(-12b+1/4b+1/6 b -1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ
b

10 = [(- b +1/2 xib° ) Fb 1/EJ dx = [-1/3 xIb? +1/8 x'1b° ]| Fb 1/E9

=(-1/3b+1/8b ) Fb 1/EJ =-5/24 Fb’/EJ
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Sviluppi di calcolo iperstatica

g40v/ET- Fpm=x eonersiadi
C3/AXE/S C3/,04vZ/ET I1e10)
LA7X 0 a/xbz/T+0/,X4- 0 XbZ/T+x4- | ax a4
c3/aXe/T | £3/,94(0+¥2/S-)
JALX+AXZ-T| 0 |/ Xbe/T-0/ X42/T+X42/T+a42/T-| 0 | Xbz/T1-ad42/T |a/x+T-| 9 Od
T r3/94 X4¢/T+a4¢/T- £3/94 | X42/1+a4¢/T- T q3d
£3/9x £3/,94(T+v/T-)
T r3/94 X42/T- £3/94- X42/T T- q43
0 0 0 0 ZXbZ/T+X:|Z/'IZ- 0 q0od
0 0+0
0 0 0 0 ZXbZ/T-X:IZ/T 0 qas
LAIX+AXST| 0 0 0 0 axT| aa3l
C3/9XE/T 0+0
Jx 0 0 0 0 a/x- q3a
0 0 0 0 0 0 ¢ ad
0 0+0
0 0 0 0 0 0 qc daa
0 0 0 0 0 0 ac vo
0 0+0
0 0 0 0 0 0 qc ov
0 0 0 0 0 0 X4G/SM-04 0 qsp 04
0 0 0 0 0 0 ave
0 0+0
0 0 0 0 0 0 qav
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Schema di calcolo iperstatico

=1

, flessione da iperstatica X:
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b
%= ) v dx = [13 2]} VED /# . A= 570.mm’
J,= 215051. mm
=(1 1/EJ = 13 b/E 1% )
(1730) 1/E3 = 1/3 bIEJ b 3,= 35943, mm*
L :ﬁ(l -2xib+x10*) VEIdx =[x - x’/b +1/3 b’ | 1/E 3, = 31999. mm44
J, = 220596. mm
= - + = u
(b-b+1/3b) 1/EJb 1/3 b/EJ J,= 30398. mm*
L= _[2(1 ) VEIdx=[x] 1EJ T . o= artg(2J,,/(3,-3,))/2 = -.1716
c=cosa = .9853
= = y
( b ) VEJ = Db/E] i s = sina =-.1707
LX=[(1) veadx=[x]. vEI Xy = 8.558 mm
= = Vg = 31.48 mm
() 163 = b/EI b N = -1950. N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,=-974.9N
M, = 1090000. N
=(b-b+1/3b) 1/EJ = 1/3 b/EI 1 o " o
) m Xm = 18. mm
L= [(5m?) 1EI dx = [13 2] 1ES lo Up = 14.68 mm
vV, = -29.4 mm
=(1/3b) 1/EJ = 1/3 b/EJ @ o m
(3b) mm S 5 x 8 0,, = NIA-Mcvid,-Msu/J, = 229.6 N/mm”

0= (-12xb) Fb UETdx + [[(1) 6 dx=[-14xib] Fb /€T +[x] 6
=(-14b)Fb1/E) +(b) 6 =3/4 FbYEI

L= (-v2+12 b ) Fo I dx+ [(-1) 6 dx=[-v2x +1/4 b ]  Fo 1EI +[-x] 0
=(-120+1/4b) Fo1/EJ +(-b ) 6 =3/4 FbYEJ

1 = ['(-172 +1/2 xib +1/2 ¥2b* -1/2 xCIb™ ) Fb 1/EJ dx
= [-1/2 x +1/4 X1 +1/6 xIb? 178 X'1b° ], Fb 1/E
=(-12b+1/4b+1/6 b -1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ

10 = [°(- b +1/2 xib° ) Fb 1/ED dx = [-1/3 xIb? +1/8 X6 ]| Fb 1/E9
=(-1/3b+1/8b ) Fb 1/EJ = -5/24 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25



Cl09.xxxx.073 Cl09.xxxx.073

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25



REAZIONI 981176 Cl09.xxxx.074 AZIONI INTERNE 981176 Cl09.xxxx.074

-13/40 T
F '\ /' E N [ERERNRRRRRNNARINNRRRNRRRRNEN) o 1/2
- s = Ny =
13/40F 13/40F = a3 H
33/40Fb 13/40Fb — ! =
12F 1F = \ g
F E —| o \ sk
i ) ] =
v |7 13ia0F 7 1zie || ‘ =
33/40Fb 13/40Fb — [ =
12F 3i2F — S g
S o E
B 13/40 ® 0
O e, e
\
\
A
\
|\
\
\
\
\
1/2F 312F ‘
of o q o & .
53/40F 13/40F | 5 & 2
__53/40 |
Cc D |
Cq—— ——D \ \|
13/40F [
c D \ XX
c \ \
w \ X
& @ ‘ =X
S | 0 A
e = Tele T
S33/40 13/40
3 N
o™ o
(3] —
o (=]
0 0
oN o
| \© |
\ \
\ \
\ [
\ \
\ \
\ \
\ \
N \ [
& \ \
— | |
1/2Fb é | |
\ [
A B | |
A / B | |
\ \
1/2Fb }
F |
B
\
0

o
CHED w 112

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25



Cl109.xxxx.074

PROCEDIMENTO E RISULTATI 981176

Cl109.xxxx.074

PROCEDIMENTO E RISULTATI 981176

g40v/ET- =X eoneisiadi
£3/9Xe/S £3/,04v2/ET felo
Al 0 arxbe/T+a/,X4- 0 XDZ/T+xd- asx a4
c3/aXe/T | £3/,94(0+¥2/S-)
LIX+aXe-T| 0 |0/ xbe/T-a/,X42/T+X42/T+a42/T-| 0 Xbem-adg/t jax+1-| 904
1 £3/94 X42/T+04¢/T- £3/94 | X42/T+942/T- T q3d
£3/9x £3/,94(T+v/T-)
1 c3/94 Xde/T- c3/94- X2/t T- q43
0 0 0 0 0 0 q0od
0 0+0
0 0 0 0 0 0 qao
L/ X+A/X2-T| 0 0 0 0 ax-1 aqa3
C3/aXE/T 0+0
LA1X 0 0 0 0 a/x- a3a
0 0 0 0 0 0 gz ag
0 0+0
0 0 0 0 0 0 gz aa
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 az ov
0 0 0 0 0 0 | X40T/SM042/T | O | 95009
0 0 0 0 |Xbzg/T+xd4-ad4e/T| 0 aveg
0 0+0
0 0 0 0 Xbert- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B WIN 0 00’ W | -
FAp=x eaneisiadi 1ad A1d nNQLIUOD oipend

1/2

2T

-1/2

M, flessione da carichi assegnati

CED

q

Schema di calcolo iperstatico

Sviluppi di calcolo iperstatica

e

M, flessione da iperstatica X

CED
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b
%= ) v dx = [13 2]} VED A= 522.mm’ )
- J, = 196305. mm
=(1 1/EJ = 1/3 blE 148 "
(1730) 1/E3 = 1/3 bIEJ b 3,= 26711 mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3,,= -49244. mm*
J, = 209567. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ u
( ) . J, = 13450. mm*
L= _[2(1 ) VEIdx=[x] 1EJ . a=artg(2J,/(J,J,))/2 = .2631
Cc =cosa = .9656
=(b) 1/EJ = b/EJ y
( ) . s =sina = .2600
LX=[(1) veadx=[x]. vEI Xy = 16.03 mm
Y, = 26.29 mm
=(b) 1/EJ = b/EJ P
(b) b N =-549.3 N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,= 845.N
M, = 752895. Nmm
= - = —16 x
(b-b+1/3b) 1/EI =1/3 b/EbJ on > x. = 12.mm
L= [(5m?) 1EI dx = [13 2] 1ES Jo Uy, =-10.73 mm
VvV, =-24.34 mm
=(1/3b) 1/EJ = 1/3 b/EJ N o m
(3b) mm ° S x o 0,, = NIA-Mcvid,-Msu/J, = 239.6 N/mm”

0= (-12xb) Fb UETdx + [[(1) 6 dx=[-14xib] Fb /€T +[x] 6
=(-14b)Fb1/E) +(b) 6 =3/4 FbYEI

L= (-v2+12 b ) Fo I dx+ [(-1) 6 dx=[-v2x +1/4 b ]  Fo 1EI +[-x] 0
=(-120+1/4b) Fo1/EJ +(-b ) 6 =3/4 FbYEJ

1 = ['(-172 +1/2 xib +1/2 ¥2b* -1/2 xCIb™ ) Fb 1/EJ dx
= [-1/2 x +1/4 X1 +1/6 xIb? 178 X'1b° ], Fb 1/E
=(-12b+1/4b+1/6 b -1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ

10 = [°(- b +1/2 xib° ) Fb 1/ED dx = [-1/3 xIb? +1/8 X6 ]| Fb 1/E9
=(-1/3b+1/8b ) Fb 1/EJ = -5/24 Fb’/EJ
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g40T/T- FFpm=x eoneisiadi
r3/axe/s £3/,049/1 1[e10}
LA 0 | a/xbz/T+asxde/e- | 0 | Xbe/Texdere- |oax a40
c3/axe/r | c3nado+s/er)
LIX+aXe-T| 0 | a/xbe/T-xde/e+ad- | 0 | xbe/T-Xd4g/T-04 | a/x+T-| 904
1 £3/94 X4+04- c3/04 X4+04- 1 q3d
£3/9x £3/,94(T+2/1-)
1 c3/94 X4- r3/04- S| T- q43
0 0 0 0 0 0 aoda
0 0+0
0 0 0 0 0 0 aao
JAix+axe-T| 0 |a/xbeg/T+a/,Xd-X42/T| 0 X02/T-xd2m | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 | xbzm+xde/t- | ax- a3a
0 0 0 0 0 0 gz ag
0 0+0
0 0 0 0 0 0 gz aa
0 0 0 0 0 0 4z vo
0 0+0
0 0 0 0 0 0 azov 8
©
0 0 0 0 0 0 X45/GA-04 0 | aspodg g
Q.
0 0 0 0 0 0 avea 5
0 0+0 3
0 0 0 0 0 0 aav g
o
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 00’ COw| - S
Q.
43, =
M=X eonelsiadi tad A1d inguiuod oipend 3
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Schema di calcolo iperstatico

=1

M, flessione da iperstatica X
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O,

m

b
%= ) v dx = [13 2]} VED \< A= 486.mm”
J,= 175218. mm
=\1 1/EJ =1 E 148 X
(13b) VEJ =13 b/EJ b J,= 15474, mm*
L :ﬁ(l -2xib+x10*) VEIdx =[x - x’/b +1/3 b’ | 1/E 3, = -33964. mm44
_ _ J,= 182139, mm
=(b-b+1/3b) 1/EJb =1/3 b/EJ J,= 8553. mm’
L= _[2(1 ) VEIdx=[x] 1EJ , o= artg(2J,/(3,-J,))/2 = .2010
c=cosa = .9799
=(b) vEI = b/EI b y s = sina = .1997
LX=[(1) veadx=[x]. vEI Xy = 14.78 mm
) ) Y= 28.02mm
() 163 = b/EI b N = -910.N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T, = -546.N
M, = 580580. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
R le X, = 18.mm
L= [(5m?) 1EI dx = [13 2] 1ES \ yr= 55 mm
Jo = 8.545 mm

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

130

um
Vi, = 25.79 mm
o,, = NIA-Mcv/J,-Msu/J, = -198.3 N/mm’

412
418

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3 mm ‘
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

o =[(-xb) FovEIdx+ [[(1) 6 dx=[-12xm ] Fb 1/E3 +[x] 6
=(-12b)Fo/E) +(b) 6 =1/2 Fb/EI

0= (-1+xb)FoUEIdx+ [[(-1) 6 dx=[-x+12xm ] FovEI +[-x] 0
=(-b+12b)Fb UEI +(-b) 6 =1/2 FbYEJ

122 = [°(-1 +3/2 b -1/2 X°/6° ) Fb 1/E3 dx = [- x +3/4 x2b -1/8 x*1b° ] Fb 1/E3
=(-b+3/4b-1/8b ) Fb 1/EJ =-3/8 Fb’/EJ

10 = ['(-ar2 X262 +1/2 X*16° ) Fb 1/ED dx = [-1/2 X2 +1/8 x'1b° ] Fb 1/EJ
=(-1/2b+1/8b ) Fb 1/EJ =-3/8 Fb’/E]
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PROCEDIMENTO E RISULTATI 963079

g40z/€T- FFpm=x eoneisiadi
C3/9XE/S C3/,042T/ET fe10)
J1X 0 0 0 0 a/x a40
C3/9XE/T 0+0
LALX+axe T 0 0 0 0 ax+1-| 404
T £3/94|9/,Xd¢/1-X4¢/T| £3/94 ZXbZ/T'X:IZ/T T q3d
£3/9x 3/,94(T+2T/1)
T £3/94|9/,Xd¢/1-X4¢/T|03/94- ZXbZ/I+X:IZ/I' T- q43
0 0 0 0 ZXbZ/T+X:IZ/T- 0 qod
0 0+0
0 0 0 0 ZXbZ/T-X:IZ/'[ 0 qaos
LIX+AXZT| 0 0 0 0 axT| qa3
£3/aXe/T 0+0
LA/ % 0 0 0 0 ax- a3a
0 0 0 0 0 0 qc ad
0 0+0
0 0 0 0 0 0 qc dda
0 0 0 0 0 0 qc vO
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%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

120 = [ (12 b -1/2 X%16? ) Fo 1B dx + (1) 8 ax = [1/4 b -1/6 x¥b* ] Fo /ED + [ x] 0

=(vab-1/6b)Fb/EI +(b) 6 =13/12 FbY/ED

L = [ (12 xtb 172 162 ) Fo UEI dx + [(-1) @ dx = [1/4 b -1/6 x* ] Fb 1/E3 +[-x] @

=(1/ab-1/6b)Fb1/EJ +(-b)® =13/12 FbYEJ
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Yy = 23.47 mm
N =-1145. N
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Sviluppi di calcolo iperstatica

g40v/ET- Fpm=x eonersiadi
C3/AXE/S C3/,04vZ/ET I1e10)
LA7X 0 a/xbz/T+0/,X4- 0 XbZ/T+x4- | ax a4
c3/aXe/T | £3/,94(0+¥2/S-)
JALX+AXZ-T| 0 |/ Xbe/T-0/ X42/T+X42/T+a42/T-| 0 | Xbz/T1-ad42/T |a/x+T-| 9 Od
T r3/94 X4¢/T+a4¢/T- £3/94 | X42/1+a4¢/T- T q3d
£3/9x £3/,94(T+v/T-)
T r3/94 X42/T- £3/94- X42/T T- q43
0 0 0 0 ZXbZ/T+X:|Z/'IZ- 0 q0od
0 0+0
0 0 0 0 ZXbZ/T-X:IZ/T 0 qas
LAIX+AXST| 0 0 0 0 axT| aa3l
C3/9XE/T 0+0
Jx 0 0 0 0 a/x- q3a
0 0 0 0 0 0 ¢ ad
0 0+0
0 0 0 0 0 0 qc daa
0 0 0 0 0 0 ac vo
0 0+0
0 0 0 0 0 0 qc ov
0 0 0 0 0 0 X4G/SM-04 0 qsp 04
0 0 0 0 0 0 ave
0 0+0
0 0 0 0 0 0 qav
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Schema di calcolo iperstatico

=1

, flessione da iperstatica X:
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S

b
%= L(xp*) vEI dx= [13xp°]] 1/E /7\ o A= 696.mm°
J,= 256929. mm
=\1 1/EJ =1 E 48 x
(113b) VEI =13 bIEJ b 3= 134973 mm
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 J,,= 94891 mm"
J,= 308745 mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) ; J, = 83156. mm*
LX=1(1) vesax=[x]. Ve a= arng(2J,/(3,-3)/2 = -.4998
Y c=cosa = .8777
=(b) VEJ = bEJ y
( ) . s =sina = -.4793
LX=[(1) veadx=[x]. vEI Xy = 14.07 mm
_ _ Yy= 35.1mm
() 163 = b/EI b N= 1512 N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,=-755.8 N
=(b-b+1/3b) 1/EJ = 1/3 b/EJ 1 5 My = 1115400, Nmm
- m X = 18. mm
L= [(5m?) 1EI dx = [13 2] 1ES Jo U, = 20.27 mm
V,, =-28.93 mm
=(1/3b) VEJ =13 b/EJ ] 2 "
(113) mm e e = x S 0, = N/A-Mcv/d -Msuld, = 219.9 N/mm”

0= (-12xb) Fb UETdx + [[(1) 6 dx=[-14xib] Fb /€T +[x] 6
=(-14b)Fb1/E) +(b) 6 =3/4 FbYEI

L= (-v2+12 b ) Fo I dx+ [(-1) 6 dx=[-v2x +1/4 b ]  Fo 1EI +[-x] 0
=(-120+1/4b) Fo1/EJ +(-b ) 6 =3/4 FbYEJ

1 = ['(-172 +1/2 xib +1/2 ¥2b* -1/2 xCIb™ ) Fb 1/EJ dx
= [-1/2 x +1/4 X1 +1/6 xIb? 178 X'1b° ], Fb 1/E
=(-12b+1/4b+1/6 b -1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ

10 = [°(- b +1/2 xib° ) Fb 1/ED dx = [-1/3 xIb? +1/8 X6 ]| Fb 1/E9
=(-1/3b+1/8b ) Fb 1/EJ = -5/24 Fb’/EJ
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b -55
%= ) v dx = [13 2]} VED A= 558.mm’ )
J,= 214685. mm
=(1 1/EJ = 13 b/E 148 - )
(13b) VEJ =13 b/EJ b J,= 44581. mm*
L :ﬁ(l -2xib+x10*) VEIdx =[x - x’/b +1/3 b’ | 1/E 3, = -67260. mm44
J, = 238066. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ u
( ) . J, = 21201. mm*
L= _[2(1 ) VEIdx=[x] 1EJ o= artg(2J,,/(J3,-,))/2 = .3346
AV
Cc =cosa = .9446
=(b) 1/EJ = b/EJ y
( ) . s =sina = .3283
LX=[(1) veadx=[x]. vEI Xy = 17.52mm
= = Vg = 24.79 mm
() 163 = b/EI b N = 3620. N
L :ﬁ(l -2 x/b +x*b? ) UEJ dx = [ x - X*Ib +1/3 o ]O 1/EJ T,= 1086.N
M, = 760200. N
=(b-b+1/3b) 1/EJ = 1/3 b/EI 1 o " o
b " > X, = 12.mm
L= [(5m?) 1EI dx = [13 2] 1ES Jo Up = -13.35 mm
vV, = -21.6 mm

3

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

o= fa) o =[]0

=(b)6 = Fb%EJ

= [(1)e ax=[-x] e

=(-b)6 = FbYEJ

418

N/A-Mcv/d -Msu/d, = 228.8 N/mm’

Q
3
1
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PROCEDIMENTO E RISULTATI 218577
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%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

L= (-v2xb) Fo UEIdx+ [)(1) 6 dx=[-w4xb ] FovEd +[x] 8
=(-v4b)Fo/E) +(b) 6 =3/4 Fb/EI

0= (-12+1/2xb ) Fo 1EI dx + [[(-1) 0 dx=[-12x+1/4 x| Fo1Ed +[-x] 6
=(-12b+1/4b) Fo1EJ +(-b )0 =3/4 Fb’/EJ

120 = [*(-1/2 + xtb -1/2 xib* ) Fb 1/EJ dx = [-1/2 x +1/2 xb -1/6 x*/b? | Fb 1/E3
=(-1/2b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ

1 = ['(-172 X162 ) Fbo 1EI dx = [-1/6 xb2 ] Fb 1/E3
=(-1/6b) Fb /EJ =-1/6 Fb’/EJ
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A= 654. mm’

J = 244740. mm*
J,= 92084. mm*

3, = 72222. mm'

J, = 273493. mm*
J, = 63331 mm*
a=artg(2J,,/(3,-3))/2 =
c=cosa = .9291

s =sina = -.3699

Xg = 12.08 mm

Yy = 34.05 mm

N =-1422. N
T,=-711.1N

M, = 1176600. Nmm

X, = 18.mm
u, = 18.09 mm
v, =-29.45 mm
0., = N/A-Mcv/J -Msu/J

-.3789

, = 239.9 N/mm?
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Sviluppi di calcolo iperstatica
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M, flessione da iperstatica X
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S

b
%= ) v dx = [13 2]} VED o A= 612, mm’ )
J,= 230903. mm
=(1 1/EJ = 1/3 b/E 18 ;
(13b) VEJ =13 b/EJ b J,= 59438. mm*
L :ﬁ(l 2 x/b +xX°Ib* ) UEJ dx = [ x - X’Ib +1/3 1o ]0 1/EJ J,, = 51141 mm*
J, = 244998. mm*

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

A J, = 45343. mm*
LX=1(1) vesax=[x]. Ve . a= artg(2J, /(3,-3,))/2 = -.2689
c=cosa = .9641
= = y
(b) 1E3 = b/EY i s = sina = -.2657
LX=[(1) veadx=[x]. vEI Xg = 10.24 mm
- _ Yo = 32.85 mm
(b) 1/EI = bIE b N =-2461. N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,= 3325.N
M, = 959595. N
=(b-b+1/3b) 1/EJ = 1/3 b/EI 1 o " m
) m Xy = 18. mm
L= [(5m?) 1EI dx = [13 2] 1ES Jo Uy = 16.21 mm
V,, =-29.61 mm
=(y3b) VEI =13 bEJ @ @ m
(13b) mm e = x o G,y = N/A-Mcv/d,-Msu/d, = 199. N/mm®

1= (-s2xb) Fb UETdx + [[(1) 6 dx=[-5/4x%b] Fb 1/E3 +[x] 6
=(-5/4b)Fb1/E] +(b) 6 =-1/4 FbYEJ

L0 =['(-5/2 +52 b ) Fb 1/EI dx + [ (-1) 6 dx=[-522x +5/4 b ] Fo 1EI +[-x] 0
=(-5/2b+5/4b) Fb 1/E] +(-b )6 =-1/4 FbYEJ

1 = ['(-5/2 +5 x/b -5/2 X¥Ib? ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

1% = ['(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b2 ]| Fb 1/E9
=(-5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ
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O,

m

b
%= ) v dx = [13 2]} VED A= 558 mm’ )
=(1/3b) 1EJ =13 blEJ Jas > = g;gsfﬁgl‘
) :
Les=J (1-2xb+xb*) VEIdx =] x-x*Ib +13x°/b* | 1/EJ J,, = 26875. mm*
e0 ~ Jo ° xy
J, = 218575. mm*
=(b-b+1/3b) 1/EJ = 1/3 b/EJ u
( ) A J, = 28986. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = -.1437
c =cosa = .9897
=(b) vEI = b/EI b y s = sina = -.1432
LX=[(1) veadx=[x]. vEI —u X, = 21.77 mm
= 24.79
=(b) VEI = b/EI o2 oo 0
i .
La=f(1-2x+xm?*) VEIdx =] x-X*b+1/3x°6° ] 1/EJ T,=-1895.N
FC o o y
=(b-b+1/3b) LEI =1/3 b/E] M, = 1034670. Nmm
R le X, = 12.mm
L= [(5m?) 1EI dx = [13 2] 1ES 7/ Y, = 55.mm
Jo = -14.
=(1/3b) 1/EJ = 1/3 b/EJ ’ U mm
V= 28.5mm

412
124
130

120 = [ (12 b -1/2 X%16? ) Fo 1B dx + (1) 8 ax = [1/4 b -1/6 x¥b* ] Fo /ED + [ x] 0 mm 9
=(vab-1/6b)Fb/EI +(b) 6 =13/12 FbY/ED

o,, = NIA-Mcv/J,-Msu/J, = -209.5 N/mm’

L = [ (12 xtb 172 162 ) Fo UEI dx + [(-1) @ dx = [1/4 b -1/6 x* ] Fb 1/E3 +[-x] @
=(1/ab-1/6b)Fb1/EJ +(-b)® =13/12 FbYEJ
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PROCEDIMENTO E RISULTATI 238903

g40v/ET- =X eoneisiadi
c3/axels £3/,04v2/ET Ie10y
LA7X 0 a/xbz/T+0/,X4- 0 XbZ/T+X4- asx a40
c3/aXe/T | £3/,94(0+¥2/S-)
LIX+aXe-T| 0 |0/ xbe/T-a/,X42/T+X42/T+a42/T-| 0 Xbem-adg/t jax+1-| 904
1 £3/94 X42/T+0-¢/T- r3/04 | xdg/m+ade/t- |1 a3d
£3/9x £3/,94(T+v/T-)
1 /a4 X42/T- r3/94- x42/T T q43
0 0 0 0 0 0 aoda
0 0+0
0 0 0 0 0 0 qao
LQXHA/X2-T) 0 0 0 0 a/x-1 aqa3
C3/aXErT 0+0
JA1X 0 0 0 0 a/x- a3a
0 0 0 0 0 0 gz ag
0 0+0
0 0 0 0 0 0 gz &a
0 0 0 0 0 0 4z vo
0 0+0
0 0 0 0 0 0 azov §
IS
0 0 0 0 0 0 | X4OT/Sp0ade/T | 0 | asr 09 ‘g
Q.
0 0 0 0 |Xbzg/T+xd4-ad4e/T| 0 avd o
0 0+0 3
0 0 0 0 Xbert- 0 agv
o
XpeI/WWX[| xp+c3/ WW[| WA | B WIN 0 00’ w| - 3
Q.
43, =
M=X eonelsiadi 1ad A1d iInguiuod oipend 3
>
n

1/2

2T

-1/2

M, flessione da carichi assegnati

CED

q

Schema di calcolo iperstatico

e

M, flessione da iperstatica X

CED
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%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

0= (-12xb) Fb UETdx + [[(1) 6 dx=[-14xib] Fb /€T +[x] 6
=(-14b)Fb1/E) +(b) 6 =3/4 FbYEI

L= (-v2+12 b ) Fo I dx+ [(-1) 6 dx=[-v2x +1/4 b ]  Fo 1EI +[-x] 0
=(-120+1/4b) Fo1/EJ +(-b ) 6 =3/4 FbYEJ

1 = ['(-172 +1/2 xib +1/2 ¥2b* -1/2 xCIb™ ) Fb 1/EJ dx
= [-1/2 x +1/4 X1 +1/6 xIb? 178 X'1b° ], Fb 1/E
=(-12b+1/4b+1/6 b -1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ

10 = [°(- b +1/2 xib° ) Fb 1/ED dx = [-1/3 xIb? +1/8 X6 ]| Fb 1/E9
=(-1/3b+1/8b ) Fb 1/EJ = -5/24 Fb’/EJ
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Om

48

130
142
148
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= 666. mm’

= 257974, mm"

= 121487. mm*

= 87553. mm*
300738. mm*

= 78723. mm*
a=artg(2J,,/(3,-3,))/2 =
c =cosa = .8985

s =sina = -.4389

A

J
Jy
J
J

X
xy
u

B

Xg = 34.78 mm

Y= 21.26 mm

N =-1500. N

T,= -975.N

M, = 1138500. Nmm
X, = 30.mm

Y= S55.mm

u, =-19.11 mm

vV, = 28.22mm

-.4544

o,, = NIA-Mcv/J,-Msu/d, = -219.5 N/mm’
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T f3/94| 0 |r3/94- 0 T- q43
0 0 0 0 Nxcw\atﬁw\ﬁ- 0 qoda

0 0+0
0 0 0 0 Nx_oN\H-xu_N\._u 0 qaoso
LA+ 0 | 0 0 0 axtT| qa3

C3/9XE/T 0+0
LAl 0 0 0 0 a/x- q3a
0 0 0 0 0 0 qc ad

0 0+0
0 0 0 0 0 0 qc aa
0 0 0 0 0 0 qc vo
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0 0 0 0 0 0 qc oV
0 0 0 0 0 0 X40T/SM-a42/T 0 qsp Od
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[of

m

55

b
%= ) v dx = [13 2]} VED G A= 528 mm’ )
J,= 196705. mm
=(1 1/EJ = 1/3 b/E 48 ’
(113b) EI =13 bIEJ b J,= 27818. mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3, = -50102. mm*

J, = 210450. mm*

=(b-b+1/3b) 1/EJ = 1/3 b/EI J,= 14073. mm*

b U
L= _[2(1 ) VEIdx=[x] 1EJ o= artg(2J,,/(3,-3,))/2 = 2677
c=cosa = .9644
= = y
( b ) VEJ = Db/E] i S =sina = .2646
LX=[(1) veadx=[x]. vEI Xy = 19.36 mm
) ) Yo = 29.89 mm
() 163 = b/EI b N = -1446. N
L =f;(1 2xb+x1b") VEIdx = [ x-x’/b +1/3 b | 1/E M, = 723000. Nmm
> —
=(b-b+1/3b) 1/EI = 1/3 b/EJ ° S,
- Yn= 55.mm
L= [(5m?) 1EI dx = [13 2] 1ES 0 Up = 11.12:mm
= 22.99 mm

m

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

o= fa) o =[]0

=(b)6 = Fb%EJ

= [(1)e ax=[-x] e

=(-b)6 = FbYEJ

418
124
136

N/A-Mcv/d -Msu/d, = -230. N/mm’

m
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Sviluppi di calcolo iperstatica

q48/¢- Fpm=x eonersiadi
r3/axe/s £3/,048/S 11e10}
LA 0 a/,X4e/T- 0 x42/T- a/x CEle)
c3/axe/r | £37,04(0+9/T7)
LIXHAXS-T| 0 | A/ XH2/T-X4+942/T- | 0 X42/1-042/T  |aX+T-| 904
1 £3/04|  x4e/T+ade/T- £3/04 | xde/T+ade/1- | 1T q3d
£3/9x £3/,94(T+v/T-)
1 £3/94 X42/1- r3/94- X4z/1 T a43
0 0 0 0 0 0 aoa
0 0+0
0 0 0 0 0 0 aao
JAix+axe-T| 0 |a/xbeg/T+a/,Xd-X42/T| 0 Xbe/T-xdem | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 | xbzmxdet- | ax- a3a
0 0 0 0 0 0 de agd
0 0+0
0 0 0 0 0 0 de ad
0 0 0 0 0 0 ae vo
0 0+0
0 0 0 0 0 0 e OV
0 0 0 0 0 0 | xd4OT/sp-ad2/T | O | aspod
0 0 0 0 | Xbg/T+xd-ade/t| 0 qvd
0 0+0
0 0 0 0 Xbe/t- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 0’ W | -
Fp=x eoneisiadi 1ad Ad nNQLILOD oupend
,,,,,,,,, 0 Aﬂ\w&
G s N
° °f |
| |
| |
| =
| <,
| | o
| g
o \ =
o o° | S 77777777777777777777 o \-§
0 0 s
[
s
8
=
f\\
[+]
A\J
b
- 0
w ! i
. ] -
; | W

q

Schema di calcolo iperstatico

e

M, flessione da iperstatica X

CED
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O,

m

b
%= ) v dx = [13 2]} VED \< A= 486.mm”
J.= 175218. mm
=\1 1/EJ =1 E 148 X
(13b) VEJ =13 b/EJ b J,= 15474, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3,y = -33964. mm’
_ _ J, = 182139. mm*
=(b-b+1/3b) 1/EJb = 1/3 b/EJ J,= 8553. mm’
L= _[2(1 ) VEIdx=[x] 1EJ , a= artg(2J,,/(3,-J,))/2 = .2010
c=cosa = .9799
=(b) vEI = b/EI b y s = sina = .1997
LX=[(1) veadx=[x]. vEI Xy = 14.78 mm
) ) Y= 28.02mm
(b) 1/EI = bIE b N =-1295. N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,= 740.N
M, = 699300. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
R le X, = 18.mm
L= [(5m?) 1EI dx = [13 2] 1ES \ yr= 55 mm
Jo = 8545 mm

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

um
Vi, = 25.79 mm
o, = NIA-Mcv/J,-Msu/d, = -239.2 N/mm’

412
418
130

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3 mm 2
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

L= (-v2xb) Fo UEIdx+ [)(1) 6 dx=[-w4xb ] FovEd +[x] 8
=(-1/40)Fo 1/E3 +(b) 6 =3/4 Fb’/EJ

0= (-12+1/2xb ) Fo 1EI dx + [[(-1) 0 dx=[-12x+1/4 x| Fo1Ed +[-x] 6
=(-12b+1/4b) Fo1EJ +(-b )0 =3/4 Fb’/EJ

120 = [*(-1/2 + xtb -1/2 xib* ) Fb 1/EJ dx = [-1/2 x +1/2 xb -1/6 x*/b? | Fb 1/E3
=(-1/2b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ

1 = ['(-172 X162 ) Fbo 1EI dx = [-1/6 xb2 ] Fb 1/E3
=(-1/6b) Fb /EJ =-1/6 Fb’/EJ
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Sviluppi di calcolo iperstatica

q40z/€T Fp=x eonersiadi
C3/9XE/S 3/,04¢T/ET- el
JA1,X 0 a/,x42/s- 0 x4e/5- a/x 940
C3/OXET | £3/,04(0+9/5")
JX+AXe-T| 0 |04/, X4¢/S-X45+04¢/S- 0 X4¢2/S-094¢/S  |A/X+T- qod
T £3/94 X4¢2/S+04¢/S- £3/94 | Xd4¢/S+94¢/S- T q3d
£3/9x 3/,94(T+v/S-)
T £3/94 X4¢/S- £3/94- X4¢2/S T- q43
0 0 0 0 0 0 q2oda
0 0+0
0 0 0 0 0 0 qas
ALX+AXe-T) 0 0 0 0 q/%-T qa3
3/9XE/T 0+0
e/ 0 0 0 0 q/x- q3a
0 0 0 0 0 0 qc ag
0 0+0
0 0 0 0 0 0 qc daa
0 0 0 0 ZXbZ/T'X:I 0 ac vo
0 0+0
0 0 0 0 ZXbZ/'lZ+X:i- 0 qc ov
0 0 0 0 0 0 X40T/SM-Q42/T 0 qsp Od
0 0 0 0 | Xbg/T+xd4-ade/T| 0 qvd
0 0+0
0 0 0 0 Xbe/t- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 00’ W | -
Fp=x eoneisiadi 1ad Ad 1NQLILOD oipend
o 0
& %| L
\ il B
\ \
\ \
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\ E
\ g
| | &
% of O o \,‘E
2/S 0 £
OWO §
3
[
5
K
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%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

1= (-s2xb) Fb UETdx + [[(1) 6 dx=[-5/4x%b] Fb 1/E3 +[x] 6
=(-5/4b)Fb1/E] +(b) 6 =-1/4 FbYEJ

L0 =['(-5/2 +52 b ) Fb 1/EI dx + [ (-1) 6 dx=[-522x +5/4 b ] Fo 1EI +[-x] 0

=(-5/2b+5/4b) Fb 1/E] +(-b )6 =-1/4 FbYEJ

1 = ['(-5/2 +5 x/b -5/2 X¥Ib? ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

1% = ['(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b2 ]| Fb 1/E9
=(-5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ
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A= 630.mm’

J, = 245181 mm*

J,= 82933 mm*

J,, = 65470. mm*
& 268304, mm"

u

J, = 59811. mm*
a=artg(2J,,/(3,-3,))/2 =
C =cosa = .9429

s = sina =-.3330

Xg = 30.6 mm

Yy = 22.3mm

N =-2325. N
T,=-1721.N

M, = 997890. Nmm
X, = 24.mm

Y= 55.mm
u,=-17.11 mm

V,, = 28.64 mm

-.3395

o,, = NIA-Mcv/J,-Msu/d, = -199.2 N/mm’
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q40v/.1- Fpm=x eoneisiadi
C3/AXe/s £3/,04ve/LT felol
LA 0 a/,X4e/T- 0 X42/1- asx ado
c3/axe/r | c3/,94(0+9/17)
LIXHAXS-T| 0 | A/ XH2/T-X4+942/T- | 0 X4e/T-042/T  |a/X+T-| 404
1 £3/94 | 9/ X42/T-X4+042/T- | £3/ad | XbZ/T-X4+qde/T-| T q 34
£3/9x £3/,94(T+9/1-)
1 c3/04 a/,x4z/1- r3/94- Xbz/t T- q 43
0 0 0 0 0 0 aoa
0 0+0
0 0 0 0 0 0 aao
JAix+axe-T| 0 |a/xbeg/T+a/,Xd-X42/T| 0 Xe/T-xdem | ax-T aa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 Xbz/T+xde/T- | ax- a3a
0 0 0 0 0 0 az ag
0 0+0
0 0 0 0 0 0 az ad
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 azov 8
I
0 0 0 0 0 0 X4G/GA-0 0 | asrod g
Q.
0 0 0 0 0 0 ava ‘o
0 0+0 3
0 0 0 0 0 0 aav
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O,

m

b
%= ) v dx = [13 2]} VED A= 570.mm’ )
J,= 215051. mm
=\1 1/EJ =1 E 148 X
(113b) EI =13 bIEJ b 3,= 47402, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3,y = -68907. mm’"
J,= 239738 mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) i N J,= 22715. mm*
LX=1(1) vesax=[x]. Ve a= artg(2J, /(3,-3,))/2 = .3440
Cc=cosa = .9414
=(b) vEI = b/EI b y s = sina = .3373
LX=[(1) veadx=[x]. vEI Xy = 23.72mm
) ) Yy = 31.48 mm
() 163 = b/EI b N = -1055. N
2,2 2 3.2
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI \\ Ty=-527.7N
> M, = 731600. N
=(b-b+1/3b) 1/EJ = 1/3 b/EJ ’ o
R le X, = 30.mm
L= [(5m?) 1EI dx = [13 2] 1ES yr= 55 mm
-0

u,= 13.85mm
V,, = 20.02 mm
o,, = NIA-Mcv/J,-Msu/J, = -209.8 N/mm’

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

124
130
142

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3 mm 2 x
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

L= (-v2 ) Fo vEd dx + [2(1) 8 dax=[-1/6x%b° ]  Fb 1/E3 + [ x] 6
=(-6b)Fb1/E) +(b) 6 =5/6 Fb/EJ

1= (-1/2 + xib 172 X%b* ) Fb 1/ET dx + [(-1) 6 dx
= [-v2x +172 b 116 xb* | P 1/ED +[-x] 0
=(-1/2b+1/2b-1/6b ) Fo 1/EJ + (-b ) ® =5/6 Fb’/EJ

122 = [2(-1/2 + xtb -1/2 x2ib* ) Fb 1/EJ dx = [-1/2 x +1/2 x%b -1/6 x¥/b? | Fb 1/EJ
=(-12b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb*/EJ

1% = ['(-1/2 X162 ) Fbo 1E dx = [-1/6 xb ] Fb 1/E3
=(-/6b) Fb L/EJ =-1/6 Fb’/EJ
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Sviluppi di calcolo iperstatica

g40T/T- FFpm=x eoneisiadi
£3/9XE/S £3/,949/T 10}
LA 0 | a/xbz/T+asxde/e- | 0 | Xbe/Texdere- |oax a40
c3/axe/r | c3nado+s/er)
LIX+aXe-T| 0 | a/xbe/T-xde/e+ad- | 0 | xbe/T-Xd4g/T-04 | a/x+T-| 904
1 £3/94 X4+04- c3/04 X4+04- 1 q3d
£3/9x £3/,94(T+2/1-)
1 c3/94 X4- r3/04- S| T- q43
0 0 0 0 0 0 aoda
0 0+0
0 0 0 0 0 0 aao
JAix+axe-T| 0 |a/xbeg/T+a/,Xd-X42/T| 0 X02/T-xd2m | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 | xbzm+xde/t- | ax- a3a
0 0 0 0 0 0 gz ag
0 0+0
0 0 0 0 0 0 gz aa
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 az ov
0 0 0 0 0 0 X45/SA-0d 0 | 95009
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 00’ COw| -
FAp=x eonersiadi 1ad A1d INQLILOD oipend
,,,,,,,,, 0 Aﬂ\w&
o %| ol
| |
| |
| =
| <,
| ;
| =
“ o° | S 77777777777777777777 o \-§
0 0 s
[
s
K
=
f\\
[+]
U
b
u o 1 S T 0
1 - T
+ i W |
= |
|
|
|
= |
— |
o - | of o
< . 0

Schema di calcolo iperstatico

=1

M, flessione da iperstatica X

CED
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O,

m

b
%= ) v dx = [13 2]} VED A= 594. mm’ )
J,= 230851, mm
=\1 1/EJ =1 E lag N x
(1730) 1/E3 = 1/3 bIEJ b 3= 53740, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 = 45131 mm*
J,= 241688. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) A J, = 42903. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = -.2357
c=cosa = .9724
=(b) 1E9 = biEY \ y s = sina = -.2335
LX=[(1) veadx=[x]. vEI . X, = 26.27 mm
_ _ Y= 23.47 mm
() 163 = b/EI b X 1500, N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T, = -900. N
M, = 1089000. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
R le X, = 18.mm
L= [(5m?) 1EI dx = [13 2] 1ES \f/ Y, = 55.mm
Jo

u, =-15.41 mm
vV, = 28.73mm
o,, = NIA-Mcv/J,-Msu/d, = -219.7 N/mm’

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

418
130
136

b
1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3 mm 2 x

=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

o =[(-xb) FovEIdx+ [[(1) 6 dx=[-12xm ] Fb 1/E3 +[x] 6
=(-12b)Fo/E) +(b) 6 =1/2 Fb/EI

0= (-1+xb)FoUEIdx+ [[(-1) 6 dx=[-x+12xm ] FovEI +[-x] 0
=(-b+12b)Fb UEI +(-b) 6 =1/2 FbYEJ

122 = [°(-1 +3/2 b -1/2 X°/6° ) Fb 1/E3 dx = [- x +3/4 x2b -1/8 x*1b° ] Fb 1/E3
=(-b+3/4b-1/8b ) Fb 1/EJ =-3/8 Fb’/EJ

10 = ['(-ar2 X262 +1/2 X*16° ) Fb 1/ED dx = [-1/2 X2 +1/8 x'1b° ] Fb 1/EJ
=(-1/2b+1/8b ) Fb 1/EJ =-3/8 Fb’/E]
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PROCEDIMENTO E RISULTATI 241349

q48/c- =X eonersiadi
r3/axe/s £3/,048/S I[e10}
LA 0 a/,x4e/T- 0 x42/1- asx a4o
c3/axe/r | c3/,94(0+9/17)
JIXHAXST| 0 | A/ XH2/T-X4+942/T- | 0 | Xd2/T-0d2/T |a/X+T-| 0 Dd
1 c3/a4|  x42/T+ad42/T- £3/0d4 | Xdg/T+a42/1-| T q 34
£3/9x £3/,94(T+v/T-)
1 c3/04 X42/1- r3/94- X42/1 T- q 43
0 0 0 0 |xXbeT+xdz/t-| 0 aoa
0 0+0
0 0 0 0 | xbzi-xde;m| o aao
LA/XHAXZ-T| 0 |a/Xbg/T+a/ XS XH2/T| 0 | Xbe/Txdg/T | ax-T qa3
c3/axe/r | £3/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 |xXbeT+xde/-| ax- a3a
0 0 0 0 0 0 qz ag
0 0+0
0 0 0 0 0 0 az ad
0 0 0 0 0 0 az vo
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0 0 0 0 0 0 azov §
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O,

m

%= ) v dx = [13 2]} VED }i\ A= 6l2.mm’
J,= 230903. mm
=(13b) VEJ = 13 bIEJ b {as J;: 25448, mm
Léé :ﬁ(l -2 x/b + X/’ ) 1EJdx = [ X - X’Ib +1/3 X/’ ]0 1/EJ J,, = -89831. mm44
=(b-b+1/3b) 1/EJ = 1/3 b/EI > j _ zgzgsmr:nr?
LX=1(1) vesax=[x]. Ve a=artg(2d,/(3,-3,))/2 = .4288
=(b) 1EI = b/EI y s 15t
L2 =[(2) vE3ax=[x]. 1EI X, = 27.88 mm
=(b) 1/EJ = b/EJ Kl"::ff;f ,r\lnm
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI - " T,=-563.5N
=(b-b+13b) VEI = 1/3 b/EJ I i/lm: eLa0m: Nmm
L =_[Z( Io” ) 1/EJI dx = [1/3 b’ ]z 1/EJ yo= 55 mm
-0 = 16.59 mm

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

130
136
148

um
V= 16.77 mm
o,, = NIA-Mcv/J,-Msu/d, = -228.2 N/mm’

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3 mm < x
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

L= (-v2xb) Fo UEIdx+ [)(1) 6 dx=[-w4xb ] FovEd +[x] 8
=(-1/40)Fo 1/E3 +(b) 6 =3/4 Fb’/EJ

0= (-12+1/2xb ) Fo 1EI dx + [[(-1) 0 dx=[-12x+1/4 x| Fo1Ed +[-x] 6
=(-12b+1/4b) Fo1EJ +(-b )0 =3/4 Fb’/EJ

120 = [*(-1/2 + xtb -1/2 xib* ) Fb 1/EJ dx = [-1/2 x +1/2 xb -1/6 x*/b? | Fb 1/E3
=(-1/2b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ

1 = ['(-172 X162 ) Fbo 1EI dx = [-1/6 xb2 ] Fb 1/E3
=(-1/6b) Fb /EJ =-1/6 Fb’/EJ
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PROCEDIMENTO E RISULTATI 237074

Cl109.xxxx.089

PROCEDIMENTO E RISULTATI 237074

Sviluppi di calcolo iperstatica

q48/¢- Fpm=x eonersiadi
r3/axe/s £3/,048/S 11e10}
LA 0 a/,X4e/T- 0 x42/T- a/x CEle)
c3/axe/r | £37,04(0+9/T7)
LIXHAXS-T| 0 | A/ XH2/T-X4+942/T- | 0 X42/1-042/T  |aX+T-| 904
1 £3/04|  x4e/T+ade/T- £3/04 | xde/T+ade/1- | 1T q3d
£3/9x £3/,94(T+v/T-)
1 £3/94 X42/1- r3/94- X4z/1 T a43
0 0 0 0 0 0 aoa
0 0+0
0 0 0 0 0 0 aao
JAix+axe-T| 0 |a/xbeg/T+a/,Xd-X42/T| 0 Xbe/T-xdem | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 | xbzmxdet- | ax- a3a
0 0 0 0 0 0 de agd
0 0+0
0 0 0 0 0 0 de ad
0 0 0 0 0 0 ae vo
0 0+0
0 0 0 0 0 0 e OV
0 0 0 0 0 0 | xd4OT/sp-ad2/T | O | aspod
0 0 0 0 | Xbg/T+xd-ade/t| 0 qvd
0 0+0
0 0 0 0 Xbe/t- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 0’ W | -
Fp=x eoneisiadi 1ad Ad nNQLILOD oupend
,,,,,,,,, 0 Aﬂ\w&
G s N
° °f |
| |
| |
| =
| <,
| | o
| g
o \ =
o o° | S 77777777777777777777 o \-§
0 0 s
[
s
8
=
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[+]
A\J
b
- 0
w ! i
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; | W
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Schema di calcolo iperstatico

e

M, flessione da iperstatica X

CED

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

26.03.25

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 237074 Cl09.xxxx.089 PROCEDIMENTO E RISULTATI 237074 Cl09.xxxx.089

le
b 55
%= ) v dx = [13 2]} VED /\K\ A= 570.mm’ )
J,= 215051. mm
=\1 1/EJ =1 E 48 X
(v3b) VEI =13 b/E b 3, = 35943, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 Jy = -31999. mm44
J,= 220596, mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) i " J, = 30398. mm*
LX=1(1) vesax=[x]. Ve / a= artg(2J, /(3,-3,))/2 = .1716
c=cosa = .9853
= = y
( b ) VEJ = Db/E] i s =sina = .1707
LX=[(1) veadx=[x]. vEI Xg = 21.44 mm
= = Vg = 31.48 mm
(b) 2E3 = bEI b N<= -870 N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI ? T,=-1523.N
M, = 1126650. N
=(b-b+1/3b) 1/EJ = 1/3 b/EI 1 s " o
- m Xm = 12. mm
L= [(5m?) 1EI dx = [13 2] 1ES Jo Uy, = -14.68 mm
V, = -29.4 mm
=\1/3b ) 1/EJ =1/3 b/EJ o < 1) m
(13b) mm 2 5 x & 8 0, = N/A-Mcv/d -Msuld, = 239.3 N/mm”

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

L= (-v2xb) Fo UEIdx+ [)(1) 6 dx=[-w4xb ] FovEd +[x] 8
=(-1/40)Fo 1/E3 +(b) 6 =3/4 Fb’/EJ

0= (-12+1/2xb ) Fo 1EI dx + [[(-1) 0 dx=[-12x+1/4 x| Fo1Ed +[-x] 6
=(-12b+1/4b) Fo1EJ +(-b )0 =3/4 Fb’/EJ

120 = [*(-1/2 + xtb -1/2 xib* ) Fb 1/EJ dx = [-1/2 x +1/2 xb -1/6 x*/b? | Fb 1/E3
=(-1/2b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ

1 = ['(-172 X162 ) Fbo 1EI dx = [-1/6 xb2 ] Fb 1/E3
=(-1/6b) Fb /EJ =-1/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25
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PROCEDIMENTO E RISULTATI 237960

Cl109.xxxx.090

PROCEDIMENTO E RISULTATI 237960

Sviluppi di calcolo iperstatica

=1

a48/L FFm=x eoneisiadi
r3/axe/s £3/,94ve/Se- I[e10}
LA 0 0/, X€- 0 x4g- a/x a4
C3/aXE/T £3/,94(0+T-)
LIX+AXE-T| 0 0/ X4€-X49+0€- 0 x4€-04€  |a/x+T-| g Od
1 c3/94 X4€+q-¢e- £3/04 | Xde+ade- 1 q3d
£3/9x £3/,94(T+2/E-)
1 c3/94 X4€- r3/04- x4 T- q43
0 0 0 0 0 0 aod
0 0+0
0 0 0 0 0 0 aao
LA/XHAXZ-T| 0 |a/Xbg/T+a/ XS XH2/T| 0 | Xbe/Txdg/T | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 |xXbeT+xde/-| ax- a3a
0 0 0 0 0 0 ge ad
0 0+0
0 0 0 0 0 0 de ad
0 0 0 0 Xbz/1-x4 0 az vo
0 0+0
0 0 0 0 Xbz/T+x4- |0 az oV
0 0 0 0 0 0 X45/5M-04 0 | asro9
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend
° OO <Q
0 %) ol
| |
| |
| |
\ B
| S
| ]
\ K
™ of O ol=
€ 0 e
OWO 8
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[
s
8
=
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w o ] S T 0
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Schema di calcolo iperstatico

M, flessione da iperstatica X

CED

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

26.03.25

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 237960

Cl09.xxxx.090

PROCEDIMENTO E RISULTATI 237960

Cl09.xxxx.090

%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

b
L% = [*(1/2 xb - X207 +1/2 x3/6° ) Fb 1/EJ dx = [1/4 xb -1/3 /b +1/8 x“1b° | Fb 1/E3
[e] e}

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

1o =[(-axb) Fo UEIdx+ [)(1) 6 dx=[-a12x ] Fo1EI +[x] 6
=(-32b)Fo 1/E] +(b) 6 =-1/2 Fb’/EJ

0= (-3+3xb) FoUEIdx+ [(-1) 0 ax=[-3x+32x2m ] FovEI +[-x] 0
=(-3b+32b) Fb U/EJ +(-b) 6 =-1/2 Fb%/EJ

1% = [(-3 +6 xtb -3 x/b” ) Fb 1/E dx = [-3 x +3 x%/b - X2 | Fb 1/E3
=(-3b+3b-b) Fb 1/EJ =- Fb*/EJ

10 = ['(-3 %2 ) Fb 1EI dx = [- X702 ] Fb 1/ES
=(-b) Fb 1/EJ =- Fb%EJ

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

26.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 486.mm’

J, = 175218. mm*
J,= 15474. mm*
J, = 33964. mm’
J, = 182139. mm*
J, = 8553. mm*
a=artg(2J,,/(3,-3,))/2 =
c=cosa = .9799

s =sina =-.1997

Xg = 15.22 mm

Y= 28.02mm

N =-2070. N

T, =-1466. N

M, = 571838. Nmm
X, = 12.mm

Y= 55.mm

U, =-8.545 mm

Vo, = 25.79 mm

-.2010

o,, = NIA-Mcv/J,-Msu/d, = -197.7 N/mm’

26.03.25
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PROCEDIMENTO E RISULTATI 238858

Cl109.xxxx.091

PROCEDIMENTO E RISULTATI 238858

Sviluppi di calcolo iperstatica

q45/€ Fm=x eonersiadi
r3/aXe/s r3a/,94- 11e10}
Jx 0 RETx 0 xd4e/5- arx 940
CI/axer | 3/,94(0+9/5")
JX+AXe-T| 0 |4/, X4¢/S-X45+04¢/S- 0 X4¢/5-04¢/S a/X+T- q o4
T £3/94 |9/,Xd¢/1-Xx4€+q4¢/S- | £3/94 ZXbZ/'['X:I€+CI:IZ/9' T q3d
£3/9x £3/,94(T+9/L-)
T £3/94 a/,X4¢/1-xX4¢- £3/94- ZXbZ/T+X:IZ T- q 43
0 0 0 0 0 0 qod
0 0+0
0 0 0 0 0 0 qasd
ALX+AXe-T) 0 0 0 0 a/x-T qa3z
£3/aXe/T 0+0
e/ 0 0 0 0 a/x- q3a
0 0 0 0 0 0 qc ad
0 0+0
0 0 0 0 0 0 qc ada
0 0 0 0 ZXbZ/T'X:I 0 qec vOo
0 0+0
0 0 0 0 ZXbZ/T+X:I- 0 qc ov
0 0 0 0 0 0 X4G/5M-04 0 qsp 04
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 0’ COw| -
=X eonersiadi 1ad A1d INgLIU0D oipend
0 <0
< Oo| o
\ \
\ \
\ \
\ E
\ 5,
\ K
I | | &
) o O olzs
2IS 0 S
o T T TR 8
3
()
S
g
=
f\\
[+]
L\
N
wdL : = e :
\
\
o \
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\
: \
2 o e P
w < T 0
N

Schema di calcolo iperstatico

=1

M, flessione da iperstatica X

CED

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

26.03.25

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

26.03.25



PROCEDIMENTO E RISULTATI 238858

Cl09.xxxx.091

%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

1= (-2 xb-1/2 1> ) Fo WEI dx + (1) 0 dx = [- b -1/6 ] Fo 1/E3 +[x] 6

=(-b-1/6b)Fo1/EJ +(b) 6 =-1/6 FbYEJ
10 = ['(-5/2 +3 xib -1/2 x1b* ) Fb EI dx + [(-1) 6 dx
= [-512 x 4372 X1 116 X162 ] Fo 1/E3 +[-x] 0
=(-5/2b+3/2b-1/6b ) Fb /EJ +(-b) 6 =-1/6 Fb’/EJ
1% = ['(-5/2 +5 xib -5/2 X%Ib” ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ
1% = [(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b? ], Fb 1/E9
=(-5/6b) Fb 1/EJ =-5/6 Fb’/EJ

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

26.03.25

PROCEDIMENTO E RISULTATI 238858

Cl09.xxxx.091

430

136
148

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

A= 594. mm’

J = 230851. mm*
J,= 70234. mm*
J, = 87513. mm’
J, = 269319. mm*
J, = 31766. mm*
a=artg(2J,,/(3,-3))/2 = -.4142
c=cosa = .9155

s =sina =-.4024

Xg = 28.82mm

Yy = 23.47 mm

N =-1900. N

T,= 3000. N

M, = 798000. Nmm
X, = 36.mm

u,= 16.02 mm

V, = -18.6 mm

O' =

N/A-Mcv/d -Msu/d, = 209.2 N/mm’

26.03.25



Cl09.xxxx.091 Cl09.xxxx.091

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25



REAZIONI 939352

Cl09.xxxx.092

FR \E
37/20F 37/20F
37/20Fb 13/20Fb
5/2F 5/2F
F

w |/ 37/20F
37/20Fb
5/2F

E
*

13/20F

13/20Fb
7/2F

[SIZF 712F
37/20F 13/20F
— —
C D
C D
— —
13/20F 13/20F
1/2F 1/2F
P —
J C F
T
)
D
PL
™
C
—_—
F
[T
™
Fb
_F (&)
\V4
Ag 3B
F
B
F
e
A

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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AZIONI INTERNE 939352

Cl09.xxxx.092
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CED e

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 939352
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PROCEDIMENTO E RISULTATI 939352

Sviluppi di calcolo iperstatica

q40z/€T Fm=x eoneisiadi
C3/aXe/S | £3/,04CT/ET- I1e10)
Jx 0 RETx 0 xdz/5- arx q40
CI/axer | 3/,94(0+9/5")
JX+AXe-T| 0 |04/, X4¢/S-X45+04¢/S- 0 X4¢/S-94¢/S | a/X+T- qod
T £3/94 X4¢/S+04¢/S- (3/94 | X4¢/S+094¢/S- T q3d
£3/9x £3/,94(T+v/S-)
T £3/94 X4¢/S- £3/94- X4¢2/S T- q43
0 0 0 0 ZXbZ/T+X:IZ/T' 0 qod
0 0+0
0 0 0 0 ZXbZ/I-X:IZ/I 0 qas
ALX+AXe-T) 0 0 0 0 a/x-T qa3
3/9XE/T 0+0
e/ 0 0 0 0 a/x- q3a
0 0 0 0 0 0 qc ad
0 0+0
0 0 0 0 0 0 qc ad
0 0 0 0 ZXbZ/T'X:I 0 qc vo
0 0+0
0 0 0 0 ZXbZ/T+X:I- 0 qc oV
0 0 0 0 0 0 X49/9M-04 0 qsp Od
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 0’ COw| -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend
0 <0
Yo }
\
\
K
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o K
I o| O olzs
2/S 0 S
OWO 8
3
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Schema di calcolo iperstatico

=1

M, flessione da iperstatica X

CED

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

26.03.25

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 939352
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PROCEDIMENTO E RISULTATI 939352

Cl09.xxxx.092

%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

1= (-s2xb) Fb UETdx + [[(1) 6 dx=[-5/4x%b] Fb 1/E3 +[x] 6
=(-5/4b)Fb1/E] +(b) 6 =-1/4 FbYEJ

L0 =['(-5/2 +52 b ) Fb 1/EI dx + [ (-1) 6 dx=[-522x +5/4 b ] Fo 1EI +[-x] 0

=(-5/2b+5/4b) Fb 1/E] +(-b )6 =-1/4 FbYEJ

1 = ['(-5/2 +5 x/b -5/2 X¥Ib? ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

1% = ['(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b2 ]| Fb 1/E9
=(-5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

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

26.03.25

<

148

418
430
136

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

= 612. mm’

= 230903. mm*
= 59438. mm*
=-51141. mm*
= 244998. mm*
= 45343. mm*

A
J
J
J
J
J
a=artg(2J,,/(3,-3,))/2 =
c
s
X

X
y
xy
u
v

=cosa = .9641
=sina = .2657
g = 25.76 mm
Yy = 32.85 mm
N =-2294. N
T,= 3100. N
M, = 1055240. Nmm
X, = 18.mm
u,=-16.21 mm
v, =-29.61 mm
0., = N/A-Mcv/J -Msu/J

.2689

, = 219.5 N/mm?

26.03.25
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REAZIONI 987504 Cl09.xxxx.093 AZIONI INTERNE 987504 Cl09.xxxx.093
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25



Cl109.xxxx.093

PROCEDIMENTO E RISULTATI 987504

Cl109.xxxx.093

PROCEDIMENTO E RISULTATI 987504

Sviluppi di calcolo iperstatica

q40z/€T Fp=x eonersiadi
C3/9XE/S 3/,04¢T/ET- el
JA1,X 0 a/,x42/s- 0 x4e/5- a/x 940
C3/OXET | £3/,04(0+9/5")
JX+AXe-T| 0 |04/, X4¢/S-X45+04¢/S- 0 X4¢2/S-094¢/S  |A/X+T- qod
T £3/94 X4¢2/S+04¢/S- £3/94 | Xd4¢/S+94¢/S- T q3d
£3/9x 3/,94(T+v/S-)
T £3/94 X4¢/S- £3/94- X4¢2/S T- q43
0 0 0 0 0 0 q2oda
0 0+0
0 0 0 0 0 0 qas
ALX+AXe-T) 0 0 0 0 q/%-T qa3
3/9XE/T 0+0
e/ 0 0 0 0 q/x- q3a
0 0 0 0 0 0 qc ag
0 0+0
0 0 0 0 0 0 qc daa
0 0 0 0 ZXbZ/T'X:I 0 ac vo
0 0+0
0 0 0 0 ZXbZ/'lZ+X:i- 0 qc ov
0 0 0 0 0 0 X40T/SM-Q42/T 0 qsp Od
0 0 0 0 | Xbg/T+xd4-ade/T| 0 qvd
0 0+0
0 0 0 0 Xbe/t- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 00’ W | -
Fp=x eoneisiadi 1ad Ad 1NQLILOD oipend
o 0
& %| L
\ il B
\ \
\ \
\ -
\ E
\ g
| | &
% of O o \,‘E
2/S 0 £
OWO §
3
[
5
K
=
f\\
[+]
"
A\
b N - 0
; eI

q

Schema di calcolo iperstatico

0

=1

M, flessione da iperstatica X

CED

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

26.03.25

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

26.03.25



PROCEDIMENTO E RISULTATI 987504

Cl09.xxxx.093

PROCEDIMENTO E RISULTATI 987504

Cl09.xxxx.093

%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

1= (-s2xb) Fb UETdx + [[(1) 6 dx=[-5/4x%b] Fb 1/E3 +[x] 6
=(-5/4b)Fb1/E] +(b) 6 =-1/4 FbYEJ

L0 =['(-5/2 +52 b ) Fb 1/EI dx + [ (-1) 6 dx=[-522x +5/4 b ] Fo 1EI +[-x] 0

=(-5/2b+5/4b) Fb 1/E] +(-b )6 =-1/4 FbYEJ

1 = ['(-5/2 +5 x/b -5/2 X¥Ib? ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

1% = ['(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b2 ]| Fb 1/E9
=(-5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

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

26.03.25

148

124
430
142

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

= 558. mm’

= 214685. mm’
= 44581. mm*

= 67260. mm*
= 238066. mm"
= 21200. mm*

A
J
J
J
J
J
a=artg(2J,,/(3,-3))/2 =
c
s
X

X
y
xy
u
v

=cosa = .9446
= sina =-.3283
g = 2448 mm
Y= 24.79 mm
N =-1591. N
T,= 2150. N
M, = 795500. Nmm
X, = 30.mm
u,= 13.35 mm
V, = -21.6 mm
0., = N/A-Mcv/J -Msu/J

-.3346

, = 229.8 N/mm?

26.03.25
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REAZIONI 956343 Cl09.xxxx.094 AZIONI INTERNE 956343 Cl09.xxxx.094
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25



Cl109.xxxx.094

PROCEDIMENTO E RISULTATI 956343

Cl109.xxxx.094

PROCEDIMENTO E RISULTATI 956343

Sviluppi di calcolo iperstatica

=1

a48/L FFm=x eoneisiadi
r3/axe/s £3/,94ve/Se- I[e10}
LA 0 0/, X€- 0 x4g- a/x a4
C3/aXE/T £3/,94(0+T-)
LIX+AXE-T| 0 0/ X4€-X49+0€- 0 x4€-04€  |a/x+T-| g Od
1 c3/94 X4€+q-¢e- £3/04 | Xde+ade- 1 q3d
£3/9x £3/,94(T+2/E-)
1 c3/94 X4€- r3/04- x4 T- q43
0 0 0 0 0 0 aod
0 0+0
0 0 0 0 0 0 aao
LA/XHAXZ-T| 0 |a/Xbg/T+a/ XS XH2/T| 0 | Xbe/Txdg/T | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 |xXbeT+xde/-| ax- a3a
0 0 0 0 0 0 ge ad
0 0+0
0 0 0 0 0 0 de ad
0 0 0 0 Xbz/1-x4 0 az vo
0 0+0
0 0 0 0 Xbz/T+x4- |0 az oV
0 0 0 0 0 0 X45/5M-04 0 | asro9
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend
° OO <Q
0 %) ol
| |
| |
| |
\ B
| S
| ]
\ K
™ of O ol=
€ 0 e
OWO 8
S
[
s
8
=
f\\
[+]
U
b
w o ] S T 0
1 - T
+ i W |
|
|
|
|
= |
|
o B | 0
< T- : 0
w
N

Schema di calcolo iperstatico

M, flessione da iperstatica X

CED

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

26.03.25

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

26.03.25



PROCEDIMENTO E RISULTATI 956343

Cl09.xxxx.094

%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

b
L% = [*(1/2 xb - X207 +1/2 x3/6° ) Fb 1/EJ dx = [1/4 xb -1/3 /b +1/8 x“1b° | Fb 1/E3
[e] e}

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

1o =[(-axb) Fo UEIdx+ [)(1) 6 dx=[-a12x ] Fo1EI +[x] 6
=(-32b)Fo 1/E] +(b) 6 =-1/2 Fb’/EJ

0= (-3+3xb) FoUEIdx+ [(-1) 0 ax=[-3x+32x2m ] FovEI +[-x] 0
=(-3b+32b) Fb U/EJ +(-b) 6 =-1/2 Fb%/EJ

1% = [(-3 +6 xtb -3 x/b” ) Fb 1/E dx = [-3 x +3 x%/b - X2 | Fb 1/E3
=(-3b+3b-b) Fb 1/EJ =- Fb*/EJ

10 = ['(-3 %2 ) Fb 1EI dx = [- X702 ] Fb 1/ES
=(-b) Fb 1/EJ =- Fb%EJ

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

26.03.25

PROCEDIMENTO E RISULTATI 956343

Cl09.xxxx.094

<

148

124
436
142

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

= 654. mm’

= 244740. mm*

= 92084. mm*
=-72222. mm*

= 273493. mm*

= 63331. mm*
=artg(2J,,/(3,-3,))/2 =
=cosa = .9291
=sino = .3699

= 29.92 mm

X
y
xy
u
v

A
J
J
J
J
J
a

[«
S
Xy
Yo = 34.05 mm

N =-2189. N

= 3090. N

M, = 1181930. Nmm
= 24.mm

=-18.09 mm
=-29.45 mm

Ty
X
X
u
\
0

m
m
m
m

.3789

= N/A-Mcv/J -Msu/d, = 239.8 N/mm’

26.03.25
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REAZIONI 212572 Cl09.xxxx.095 AZIONI INTERNE 212572 Cl09.xxxx.095

£_n
19/10F
19/10Fb
3F
F
)
19/10F
19/10Fb
3F
4
%F 3F
19/10F 3/5F et N e L/ = =L
e — = : -
c D ErH = s |2
D = > |
— — = A ‘
13/5F ° H |
el Hw
C ? @ 3 o |
L H |
® = |
H o of
H 0 0
-13/5 ™ \7 77777 — <) N [=)
\ \
|
¢ \ | o
| |
\ \
| |
e \ \
2F » | W |
° > ol = \
3F S } S }
\ \
| |
| |
2 | |
2% \ \
=% \ \
=% | |
X \ \
0 N 0 o of O
L
o
3Fb
A B
A 3F
2F
Ak2ro
v
B
—[—F Tl e CEH ro
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Cl109.xxxx.095

PROCEDIMENTO E RISULTATI 212572

Cl109.xxxx.095

PROCEDIMENTO E RISULTATI 212572

Sviluppi di calcolo iperstatica

q45/€ Fm=x eonersiadi
r3/aXe/s r3a/,94- 11e10}
JA1,X 0 a/,x42/s- 0 xd4e/5- arx 940
CI/axer | 3/,94(0+9/5")
JX+AXe-T| 0 |4/, X4¢/S-X45+04¢/S- 0 X4¢/S-04¢/S a/X+T- qod
T £3/94 |9/,Xd¢/1-Xx4€+q4¢/S- | £3/94 ZXbZ/'['X:|€+CI:IZ/9' T q3d
£3/9x £3/,94(T+9/L-)
T £3/94 a/,X4¢/1-xX4¢- £3/94- ZXbZ/T+X:|Z T- q43
0 0 0 0 0 0 qoda
0 0+0
0 0 0 0 0 0 qas
ALX+AXe-T) 0 0 0 0 a/x-T qa3
3/9XE/T 0+0
e/ 0 0 0 0 qa/x- q3a
0 0 0 0 Xbe/T+ade- 0 de ad
0 0+0
0 0 0 0 ZXbZ/'[-X:IZ 0 qc¢ aa
0 0 0 0 0 0 qc vo
0 0+0
0 0 0 0 0 0 qc ov
0 0 0 0 0 0 X4G/9/ME-Q4€ 0 asp o4
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 0’ COw| -
=X eonersiadi 1ad A1d INgLIU0D oipend
0 m&\w
0 0
(=) o | |
\ \
\ \
| 3
\ )
\ |3
\ K
~ \ kS
BZ/S o | [\} o \'§
0 03
[
S
K
=
f\\
[+]
"
\
N\ I | 0
w . j Wﬁ’
i o
. i

Schema di calcolo iperstatico

=1

o

, flessione da iperstatica X:

CEOm

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

26.03.25

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

26.03.25



PROCEDIMENTO E RISULTATI 212572 Cl09.xxxx.095 PROCEDIMENTO E RISULTATI 212572 Cl09.xxxx.095

b
%= ) v dx = [13 2]} VED > A= 522.mm’ )
J,= 196305. mm
=1 1/EJ =1 E 48 IS X
(1730) 1/E3 = 1/3 bIEJ b 3,= 26711 mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3, = 49244 mm”
J,= 209567. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) . J,= 13450. mm*
L= _[2(1 ) VEIdx=[x] 1EJ a=artg(2J,/(3,-,))/2 = -.2631
€ =cosa = .9656
=(b) VEI = b/EJ y
( ) . u s = sina = -.2600
LX=[(1) veadx=[x]. vEI Xy = 19.97 mm
Y, = 26.29 mm
=(b) VEI = b/EJ g
(b) b N= -966. N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,= -483.N
M, = 626400. N
=(b-b+1/3b) 1/EJ = 1/3 b/EI 1 o " o
- m X, = 24.mm
L= [(5m?) 1EI dx = [13 2] 1ES Jo U, = 10.73 mm
VvV, =-24.34 mm

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

418
124
136

. , a,, = N/A-Mcv/d -Msuld, = 198.4 N/mm?
1= (-2 xb-1/2 1> ) Fo WEI dx + (1) 0 dx = [- b -1/6 ] Fo 1/E3 +[x] 6

=(-b-1/6b)Fo1/EJ +(b) 6 =-1/6 FbYEJ
10 = ['(-5/2 +3 xib -1/2 x1b* ) Fb EI dx + [(-1) 6 dx
= [-512 x 4372 X1 116 X162 ] Fo 1/E3 +[-x] 0
=(-5/2b+3/2b-1/6b ) Fb /EJ +(-b) 6 =-1/6 Fb’/EJ
1% = ['(-5/2 +5 xib -5/2 X%Ib” ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ
1% = [(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b? ], Fb 1/E9
=(-5/6b) Fb 1/EJ =-5/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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AZIONI INTERNE 236599

Cl09.xxxx.096
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Cl109.xxxx.096

PROCEDIMENTO E RISULTATI 236599

Cl109.xxxx.096

PROCEDIMENTO E RISULTATI 236599

Sviluppi di calcolo iperstatica

q40z/eT #Fm=X eonersiad
C3/9XE/S £3/,942T/€T- Ie10)
LA7X 0 a/,x4z/s- 0 X42/5- ax qdo
c3/axe/r | c3/,94(0+9/5-)
LAIXHAXZ-T| 0 |G/, X42/SX4G+042/S-| 0 | Xd2/S-0de2/S |a/X+T- q o4
T r3/94 X42/G+042/S- r3/qd | x42/5+d42/S-| T q3d
£3/9x £3/,94(T+v/S-)
T £3/94 X42/G- r3/94- X42/S T- qd43
0 0 0 0 |xXbeT+xdz/t-| 0 q0d
0 0+0
0 0 0 0 | Xbz/t-xde/m| 0 qao
L/ X+A/X2-T| 0 0 0 0 asx-1 qas
C3/9XE/T 0+0
LA1X 0 0 0 0 arx- g3a
0 0 0 0 | xbzi+ade- | 0 qc ad
0 0+0
0 0 0 0 Xbe/t-xe 0 gz 9d
0 0 0 0 0 0 gz vo
0 0+0
0 0 0 0 0 0 gz ov
0 0 0 0 0 0 | xdS/Spe-qdE| O gsp Od
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend
0 m&\w
0 0
o o ‘ ‘
|
|
E
=
|2
Ei
§ 5
LoZ/g OO | [\) o \§
0 03
()
S
g
=
f\\
[+]
R
A\
+ .
W ™ . T S 0
g e
+ ]

Schema di calcolo iperstatico

=1

o

, flessione da iperstatica X:

CEOm

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

26.03.25

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 236599 Cl09.xxxx.096 PROCEDIMENTO E RISULTATI 236599 Cl09.xxxx.096

L

A= 696 mm’
J = 256929. mm*
J. = 134973. mm*
XX 2,2 2 3,21P Y 4
Leo :ﬁ(l -2 x/b +x°/b ) 1EJdx = [ X -x/b+1/3x°/b ]0 1/EJ J,, =-94891. mm
J, = 308745. mm*
J, = 83156. mm*
a

%= ) v dx = [13 2]} VED

=(13b) VEJ = 13 bIEJ 148

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

= artg(ZJXy/(Jy—Jx))lz = .4998
c=cosa = .8777

LX=1(1) vesax=[x]. Ve

=(b) VEJ = bEJ y
( ) . s =sina = .4793
L= jZ(l ) VEIdx=[x] 1EJ = 33.93 mm
_ _ Yg= 35.1mm
() 163 = b/EI b N = 1529, N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,=-764.7N
=(b-b+1/3b) 1/EJ = 1/3 b/EJ 1 5 My = 1080200 Nmm
- m Xm = 30. mm
L= [(5m?) 1EI dx = [13 2] 1ES do Uy, = -20.27 mm
V,, =-28.93 mm
=(1/3b) 1EJ =13 b/EI g g w m
(113) mm < x s SR 0,, = N/A-Mcv/d,-Msu/d, = 208.9 N/mm”

1= (-s2xb) Fb UETdx + [[(1) 6 dx=[-5/4x%b] Fb 1/E3 +[x] 6
=(-5/4b)Fb1/E] +(b) 6 =-1/4 FbYEJ

L0 =['(-5/2 +52 b ) Fb 1/EI dx + [ (-1) 6 dx=[-522x +5/4 b ] Fo 1EI +[-x] 0
=(-5/2b+5/4b) Fb 1/E] +(-b )6 =-1/4 FbYEJ

1 = ['(-5/2 +5 x/b -5/2 X¥Ib? ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

1% = ['(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b2 ]| Fb 1/E9
=(-5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25
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REAZIONI 239831 Cl09.xxxx.097 AZIONI INTERNE 239831 Cl09.xxxx.097

F Y /\\E

Lg—b
37/20F 37/20F
37/20Fb 13/20Fb
5/2F 5/2F
F E
37/20F vt/ 13120F
"™ 37120Fb 13/20Fb
5/2F 7I2F

8120 -13/20
o= MY
| = = [
37/20F | 13/20F N} . 3 %8 K }
c D B ~ 5 s }
e P } I =) ‘
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c b \ ‘ ‘ E \
T = - o
é 7I12F ~ A ° © °
o)
\
\
|
\
|
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|
\
\
X \
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0 N~ 0 o of 0
12
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% 712F
5/2Fb i 2Fb
B
A A /B
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F
HHF TlF C§ Fb

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25



Cl109.xxxx.097

PROCEDIMENTO E RISULTATI 239831

Cl109.xxxx.097

PROCEDIMENTO E RISULTATI 239831

Sviluppi di calcolo iperstatica

q40z/€T Fp=x eonersiadi
C3/9XE/S 3/,04¢T/ET- el
JA1,X 0 a/,x42/s- x4e/5- a/x 940
C3/OXET | £3/,04(0+9/5")
JX+AXe-T| 0 |04/, X4¢/S-X45+04¢/S- X42/S-04¢/S | A/X+T- qod
T r£3/94 X4¢/5+04¢/S- £3/94 | X4¢/S+04¢/S- T q3d
£3/9x 3/,94(T+v/S-)
T r3/94 X4¢/S- £3/94- X4¢2/S T- q43
0 0 0 0 0 q2oda
0 0+0
0 0 0 0 0 0 qas
ALX+AXe-T) 0 0 0 0 a/x-T aa3
C3/9XE/T 0+0
e/ 0 0 0 0 a/x- a3a
0 0 0 0 Xbe/T+ade- 0 e ag
0 0+0
0 0 0 0 szZ/'[-X:IZ 0 qc daa
0 0 0 0 0 0 ac vo
0 0+0
0 0 0 0 0 0 qc ov
0 0 0 0 0 0 X42/5M-942/S 0 qsr Od
0 0 0 0 | Xbg/T+xd4-ade/T| 0 qvd
0 0+0
0 0 0 0 Xbe/t- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 00’ W | -
Fp=x eoneisiadi 1ad Ad 1NQLILOD oipend
,,,,,,,,, 0 Aﬁ\w
C %| B
\ i |
\ q
| =
\ <,
| | o
\ | &
" \ =
Fe o° | S 77777777777777777777 o \-§
0 0 s
[
S
8
=
f\\
[+]
"
N\
= O S — :
w “ i
1 T i o
; } W

q

Schema di calcolo iperstatico

e

M, flessione da iperstatica X

CED
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PROCEDIMENTO E RISULTATI 239831

Cl09.xxxx.097

%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

1= (-s2xb) Fb UETdx + [[(1) 6 dx=[-5/4x%b] Fb 1/E3 +[x] 6
=(-5/4b)Fb1/E] +(b) 6 =-1/4 FbYEJ

L0 =['(-5/2 +52 b ) Fb 1/EI dx + [ (-1) 6 dx=[-522x +5/4 b ] Fo 1EI +[-x] 0

=(-5/2b+5/4b) Fb 1/E] +(-b )6 =-1/4 FbYEJ

1 = ['(-5/2 +5 x/b -5/2 X¥Ib? ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

1% = ['(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b2 ]| Fb 1/E9
=(-5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

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

m

AN

——

412

418

148

A= 606. mm’

J, = 220278. mm*
J,= 75271 mm*
J, = 87807.mm’
J, = 261647. mm*
J, = 33902. mm*
a=artg(2J,,/(3,-3,))/2 =
c =cosa = .9046

s =sina = -.4262

Xg = 20.17. mm

Y= 32.29 mm

N =-1140. N
T,=-570.2N

M, = 816000. Nmm
X, = 12.mm

Y= 54.mm

u, =-16.64 mm
V,,= 16.16 mm

-.4403

o,, = NIA-Mcv/J,-Msu/J, = -218.2 N/mm’
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AZIONI INTERNE 226461
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PROCEDIMENTO E RISULTATI 226461

Cl109.xxxx.098

PROCEDIMENTO E RISULTATI 226461

Sviluppi di calcolo iperstatica

e

a48/L FFm=x eoneisiadi
r3/axe/s £3/,94ve/Se- I[e10}
LA 0 0/, X€- 0 x4g- a/x a4
C3/aXE/T £3/,94(0+T-)
LIX+AXE-T| 0 0/ X4€-X49+0€- 0 x4€-04€  |a/x+T-| g Od
1 c3/94 X4€+q-¢e- £3/04 | Xde+ade- 1 q3d
£3/9x £3/,94(T+2/E-)
1 c3/94 X4€- r3/04- x4 T- q43
0 0 0 0 0 0 aod
0 0+0
0 0 0 0 0 0 qao
LA/XHAXZ-T| 0 |a/Xbg/T+a/ XS XH2/T| 0 | Xbe/Txdg/T | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 |xXbzT+xde/t-| ax- a3a
0 0 0 0 | xbzi+ade- | 0 de ad
0 0+0
0 0 0 0 Xbe/t-xde 0 de ad
0 0 0 0 0 0 4z vo
0 0+0
0 0 0 0 0 0 az oV
0 0 0 0 0 0 |Xxds/spe-ade | 0 | dsp 09
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend
,,,,,,,,, 0 AX\@
OO OO | |
| |
| |
| =
| <,
| ;
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0 0 E
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M, flessione da iperstatica X

CED
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PROCEDIMENTO E RISULTATI 226461

Cl09.xxxx.098

%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

b
L% = [*(1/2 xb - X207 +1/2 x3/6° ) Fb 1/EJ dx = [1/4 xb -1/3 /b +1/8 x“1b° | Fb 1/E3
[e] e}

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

1o =[(-axb) Fo UEIdx+ [)(1) 6 dx=[-a12x ] Fo1EI +[x] 6
=(-32b)Fo 1/E] +(b) 6 =-1/2 Fb’/EJ

0= (-3+3xb) FoUEIdx+ [(-1) 0 ax=[-3x+32x2m ] FovEI +[-x] 0
=(-3b+32b) Fb U/EJ +(-b) 6 =-1/2 Fb%/EJ

1% = [(-3 +6 xtb -3 x/b” ) Fb 1/E dx = [-3 x +3 x%/b - X2 | Fb 1/E3
=(-3b+3b-b) Fb 1/EJ =- Fb*/EJ

10 = ['(-3 %2 ) Fb 1EI dx = [- X702 ] Fb 1/ES
=(-b) Fb 1/EJ =- Fb%EJ

PROCEDIMENTO E RISULTATI 226461

Cl09.xxxx.098

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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Om
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412
418

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

A= 564.mm’

J, = 205146. mm*
J,= 47319. mm*
J, = 67404. mm’
J, = 230014, mm*
J, = 22451. mm*
a=artg(2J,,/(3,-3,))/2 =
c =cosa = .9382

s =sina = -.3461

Xg = 18.32mm

Yy = 30.94 mm

N =-1020. N
T,=-509.8 N

M, = 775200. Nmm
X, = 12.mm

Y= 54.mm

u, =-13.91 mm
V= 19.45 mm

-.3534

o,, = NIA-Mcv/J,-Msu/d, = -229.6 N/mm’

26.03.25
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AZIONI INTERNE 213451

Cl09.xxxx.099
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PROCEDIMENTO E RISULTATI 213451

Cl109.xxxx.099

PROCEDIMENTO E RISULTATI 213451

Sviluppi di calcolo iperstatica

g40T/6T Fm=x eonersiadi
r3/axe/s r3/,949/6T- 11e101
JA1X 0 a/,x45- 0 xd4G- a/x a40
CI/AXeT | 3/,94(0+€/S")
JX+A/Xe-T) 0 |4/, X45-X40T+0d4S- 0 X49-04S | Q/X+T- qod
T £3/94 X45+04G- £3/04 | Xd4S9+94S- T q3d
£3/9x 3/,94(T+2/5-)
T £3/94 X4G- £3/94- X49 T- q43
0 0 0 0 0 0 a2oa
0 0+0
0 0 0 0 0 0 qaos
ALX+AXe-T) 0 0 0 0 a/x-T qa3
3/9XE/T 0+0
e/ 0 0 0 0 a/x- q3a
0 0 0 0 |xbz/T+ade-| o ge as
0 0+0
0 0 0 0 ZXbZ/'['X:IZ 0 qc aa
0 0 0 0 ZXbZ/I-X:I 0 qc¢ vo
0 0+0
0 0 0 0 ZXbZ/T+X:l- 0 qc oV
0 0 0 0 0 0 |Xdg/spe-qd4e| O qsp Od
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] -
FAp=x eoneisiadi 1ad A1d NQLIUOD oipend
,,,,,,,,, 0 Ai\\@\
0 o] il
\ \
\ \
| ._
\ g
| :8
| E
) of Q ol§
S oL s
0 0 ¢
°
[
S
K
=
f\\
[+]
"
b
~ A
W h+ e S T- 0
i 3 -
+ 1

A

Schema di calcolo iperstatico

-1

0

=1

M, flessione da iperstatica X

CED
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PROCEDIMENTO E RISULTATI 213451 Cl09.xxxx.099 PROCEDIMENTO E RISULTATI 213451

Cl09.xxxx.099

Gm
XX 2,2 3,.21° 154 2
%= ) v dx = [13 2]} VED /Z R A= 522.mm’
J,= 187606. mm
=(1 1/EJ = 1/3 b/E ] »
(1730) 1/E3 = 1/3 bIEJ b a7 3= 27784, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3, = 49043. mm“4
J,= 201455. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) A J, = 13935 mm*
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = -.2752
c=cosa = .9624
=(b) V&) = bIEI . y ! s = sina = -.2718
LX=[(1) veadx=[x]. vEI x,= 16.66 mm
_ _ Y= 29.36 mm
() 163 = b/EI b X 1600, N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T, = -992. N
M, = 714240. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
. 16 X, = 12.mm
L= [(5m?) 1EI dx = [13 2] 1ES Y= 54 mm
-0 u.=-11.18 mm
=(1/3b) 1/EJ = 1/3 b/EJ m
( ) ) ) ~ © ° Vi, = 22.45mm
0= (s5xb)Fo1Esdx+ [(1) 0 dx=[-522xb ] Fo1/E3 +[x] 6 mm 2 52 x 8 0, = N/A-Mcv/d,-Msu/d, = -235.3 N/mm?
=(-52b)Fb1/E] +(b) 6 =-3/2 FHYEJ
b b
L0 =[(5+5xb) FoUEI dx + [[(-1) 8 dx=[-5x+512 % ] Fo UE +[-x] 6
=(-5b+52b ) Fb 1/E] +(-b )6 =-3/2 FbYEJ
b
1% = ['(-5 +10 x/b -5 X%/ ) Fb VEJ 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% = ['(-5 x1b? ) Fb UEJ dx = [-5/3 1% ]| Fb 1/E3
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ
26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25
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AZIONI INTERNE 215080

Cl09.xxxx.100
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PROCEDIMENTO E RISULTATI 215080

Cl109.xxxx.100

PROCEDIMENTO E RISULTATI 215080

g48/e- F =X eonersiadi
r3/axe/s £3/,048/S 11e10}
LA7X 0 a/xbz/T+0/,X4- 0 XbZ/T+X4- a/x a4
c3/aXe/T | £3/,94(0+¥2/S-)
LIX+aXe-T| 0 |0/ xbe/T-a/,X42/T+X42/T+a42/T-| 0 Xbem-adg/t jax+T-| 9 oo
1 c3/04 4/ X42/T-X4+q4e/T- £3/94 | Xbz/T-x4+042/1-| 1T q3d
£3/9x £3/,94(T+9/1-)
1 c3/a4 a/,x4z/1- c3/04- bzt T- q43
0 0 0 0 0 0 a0d
0 0+0
0 0 0 0 0 0 aao
L/X+A/X2-T| 0 0 0 0 a/%-T aas
C3/AXEIT 0+0
LA1X 0 0 0 0 asx- a3a
0 0 0 0 0 0 az ag
0 0+0
0 0 0 0 0 0 az ad
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 azov 8
I
0 0 0 0 0 0 X4G/GA-0 0 | asrod g
Q.
0 0 0 0 0 0 avea g
0 0+0 3
0 0 0 0 0 0 aavy =
o
XpeI/WWX[| xp+c3/ WW[| WA | B WIN 0 )°W W | - S
Q.
=X eoneisiadi 1ad Ad nNQLILOD oupend é’
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O,

m

b
%= ) v dx = [13 2]} VED R / A= 480. mm’
5 J, = 167026. mm*
=(1 1/EJ = 1/3 b/E ] »
(13b) VEI =13 bIEI b a1 T = 15456, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 J,,= 33263 mm*
J,= 174004. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) A J, = 8477. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = -.2068
c=cosa = .9787
=(b) 1EJ = b/EJ
( ) . y u s = sina = -.2053
LX=[(1) veadx=[x]. vEI x,= 15.23mm
_ _ Y= 27.51 mm
(b) 1/EI = bIE b N lava N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,=-661.9 N
M, = 562400. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
. 16 X, = 12.mm
L= [(5m?) 1EI dx = [13 2] 1ES / Y= 54 mm
-0 u,, =-8.595 mm
=(1/3b) 1/EJ = 1/3 b/EJ m
( ) V,, = 25.26 mm

412
418
130

L= (-12 0% ) Fo wEI dx + ['(1) 0 dx=[-16 ] Fo1Ed +[x] 6 mm ° 0, = NIA-Mcvid,-Msu/d, = -199.7 Nimm?

=(-/6b)Fb1/E) +(b) 6 =5/6 FbYEJ

10 = [ (-1/2 + xtb 172 X262 ) Fo UEI dx + [2(-1) 8 dx
2 3,.21° b

=[-12x+1/2 %0 -1/6 x°I0* | Fo 1EI +[-x] 6

=(-1/2b+1/2b-1/6b ) Fo 1/EJ + (-b) 6 =5/6 Fb/EJ
1 = ['(-1/2 +1/2 xib +1/2 x2b* -1/2 xIb™ ) Fb 1/EJ dx

b
= [-12 x +1/4 5°1b +1/6 10 -1/8 x"1b° | _ Fb L/E]
=(-12b+1/4b+1/6 b -1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ
b

10 = [(- b +1/2 xib° ) Fb 1/EJ dx = [-1/3 xIb? +1/8 x'1b° ]| Fb 1/E9

=(-1/3b+1/8b ) Fb 1/EJ =-5/24 Fb’/EJ
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%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ
LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ
120 = [ (12 b -1/2 X%16? ) Fo 1B dx + (1) 8 ax = [1/4 b -1/6 x¥b* ] Fo /ED + [ x] 0
=(vab-1/6b)Fb/EI +(b) 6 =13/12 FbY/ED
L = [ (12 xtb 172 162 ) Fo UEI dx + [(-1) @ dx = [1/4 b -1/6 x* ] Fb 1/E3 +[-x] @
=(1/ab-1/6b)Fb1/EJ +(-b)® =13/12 FbYEJ
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A= 660. mm’

J, = 246224, mm*
J,= 120837. mm’
J,, = -85387. mm*

J, = 289462. mm*
J, = 77600. mm*
a=artg(2J,,/(3,-3,))/2 =
c=cosa = .8921

s =sina = .4518

Xg = 13.31 mm

Yy = 20.83 mm

N =-2290. N
T,=-1145.N

M, = 1049600. Nmm
X, = 18.mm

Y= 54.mm

u,= 19.17 mm
V= 27.48 mm
0-m

4687

= N/A-Mcv/J -Msu/d, = -209.5 N/mm?
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O,

m

b
%= ) v dx = [13 2]} VED A= 624.mm’ )
J,= 234015. mm
=(1 1/EJ = 1/3 b/E ] »
(1730) 1/E3 = 1/3 bIEJ b a7 4 3= 82488, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3,, = -63875. mm"
J,= 257348. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) A J, = 59155. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = .3502
c=cosa = .9393
=(b) 1EJ = b/EJ v
( ) . y s =sina = .3431
LX=[(1) veadx=[x]. vEI x,= 11.48 mm
_ _ Y= 21.86 mm
() 163 = b/EI b X paro N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T, = -1830. N
M, = 1070550. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
. 16 X, = 18.mm
L= [(5m?) 1EI dx = [13 2] 1ES ” Y= 54 mm
-0

u,= 17.15mm
V, = 27.96 mm
o,, = NIA-Mcv/J,-Msu/d, = -219.6 N/mm’

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

418

120 = [ (12 b -1/2 X%16? ) Fo 1B dx + (1) 8 ax = [1/4 b -1/6 x¥b* ] Fo /ED + [ x] 0 mm o e

=(vab-1/6b)Fb/EI +(b) 6 =13/12 FbY/ED
L = [ (12 xtb 172 162 ) Fo UEI dx + [(-1) @ dx = [1/4 b -1/6 x* ] Fb 1/E3 +[-x] @
=(1/ab-1/6b)Fb1/EJ +(-b)® =13/12 FbYEJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25



Cl09.xxxx.102 Cl09.xxxx.102

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25



REAZIONI 247897 Cl09.xxxx.103 AZIONI INTERNE 247897 Cl09.xxxx.103

F Y [ E
37/40F 37/40F -37/40 -37/40
37/40Fb 17/40Fb T 0
D F kH — g
=
L [s2)
o
- s
(VI>
F -3/40 ‘
— \
37/40F i
37/40Fb i
F [
4 \
E \
\ \
b/ 37140F | " ‘
17/40Fb | 2 2 \
S\
F | |
\ \
37/40F | I
0 \ X !
¢} \ 28 \
\ A \
E | =% |
B \ =3 \
3/40F ‘ 0 N 0 !
o - e —_—_— —
c— —> —[—r e
3/40F
C
w
37140 1740
= =
X =
[32] —
c
o o
0 0
o o
[ \o |
\ \
\ \
\ \
\ \
\ \
\ \
\ \
\ \
\ \
L | |
Fb \ \
6 \ \
\ \
A B }
\
\
\
\ v
of 0 0
A C3 Fb

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25



Cl109.xxxx.103

PROCEDIMENTO E RISULTATI 247897

Cl109.xxxx.103
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O,

m

b
%= ) v dx = [13 2]} VED A= 588 mm’ )
J,= 220324. mm
=(1 1/EJ = 13 b/E : )
(13b) VEJ =13 b/EJ b a7 < J, = 53448. mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 J,,= 44061 mm*
J,= 231238. mm
=(b-b+1/3b) 1/EJ =1/3 b/EJ v
( ) . J,= 42533. mm*
L= _[2(1 ) VEIdx=[x] 1EJ o= artg(2J,/(3,-J,))/2 = .2429
¢ =cosa = .9707
=(b) VEI = b/EJ b y u s =sina = .2405
LX=[(1) veadx=[x]. vEI Xy = 9.796 mm
- — Yy = 23.01 mm
(b) 1/EI = bIE b N =-2012. N
L :ﬁ(l -2 x/b +x*b? ) UEJ dx = [ x - X*Ib +1/3 o ]O 1/EJ T, =-1006. N
M, = 1102500. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
. 16 X, = 18.mm
L =_[Z( x’Ib*) UEJI dx = [13x°b7 ] 1/E] B yo= 54 mm
Jo = 15.42 mm

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

um
V= 28.11 mm
o, = NIA-Mcv/J,-Msu/d, = -229.6 N/mm’

118

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3 mm e
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

L= (-v2 ) Fo vEd dx + [2(1) 8 dax=[-1/6x%b° ]  Fb 1/E3 + [ x] 6
=(-6b)Fb1/E) +(b) 6 =5/6 Fb/EJ

1= (-1/2 + xib 172 X%b* ) Fb 1/ET dx + [(-1) 6 dx
= [-v2x +172 b 116 xb* | P 1/ED +[-x] 0
=(-1/2b+1/2b-1/6b ) Fo 1/EJ + (-b ) ® =5/6 Fb’/EJ

122 = [2(-1/2 + xtb -1/2 x2ib* ) Fb 1/EJ dx = [-1/2 x +1/2 x%b -1/6 x¥/b? | Fb 1/EJ
=(-12b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb*/EJ

1% = ['(-1/2 X162 ) Fbo 1E dx = [-1/6 xb ] Fb 1/E3
=(-/6b) Fb L/EJ =-1/6 Fb’/EJ
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Sviluppi di calcolo iperstatica

q45/€ Fm=x eonersiadi
r3/aXe/s r3a/,94- 11e10}
Jx 0 RETx 0 xd4e/5- arx 940
CI/axer | 3/,94(0+9/5")
JX+AXe-T| 0 |4/, X4¢/S-X45+04¢/S- 0 X4¢/5-04¢/S a/X+T- q o4
T £3/94 |9/,Xd¢/1-Xx4€+q4¢/S- | £3/94 ZXbZ/'['X:I€+CI:IZ/9' T q3d
£3/9x £3/,94(T+9/L-)
T £3/94 a/,X4¢/1-xX4¢- £3/94- ZXbZ/T+X:|Z T- q 43
0 0 0 0 0 0 qod
0 0+0
0 0 0 0 0 0 qasd
ALX+AXe-T) 0 0 0 0 a/x-T qa3z
£3/aXe/T 0+0
e/ 0 0 0 0 a/x- q3a
0 0 0 0 0 0 qc ad
0 0+0
0 0 0 0 0 0 qc ada
0 0 0 0 ZXbZ/T'X:I 0 qec vOo
0 0+0
0 0 0 0 ZXbZ/T+X:I- 0 qc ov
0 0 0 0 0 0 X4G/5M-04 0 qsp 04
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 0’ COw| -
=X eonersiadi 1ad A1d INgLIU0D oipend
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O,

m

552. mm?

b
%= ) v dx = [13 2]} VED A
J, = 204861. mm"
J, = 32692. mm*
J

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

Y 4
Wy = -26245. mm s

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EI
U= (1) vEIde=[x]" VEI o= artg(23,,/(3,-3,))/2 = 1480

c=cosa = .9891

= ( b) VEJ = Db/E] s=sina = .1474

b
LX=[(1) veadx=[x]. vEI o %,= 8.283mm
Yy, = 24.32 mm
=(b) VEJ = bEJ g
(b) b N =-3390. N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T, = 2147, N
=(b-b+1/3b) 1/EJ = 1/3 b/EJ M, = 1137910. Nmm
. 16 X, = 18.mm
L= [(5m?) 1EI dx = [13 2] 1ES T P w2 54 mm
0 U, = 13.99 mm
=(1/3b) 1EJ =13 b/EI \ N
( ) vV, = 27.93 mm

418
130

o,, = NIA-Mcv/J,-Msu/J, = -238.2 N/mm’

1= (-2 xb-1/2 1> ) Fo WEI dx + (1) 0 dx = [- b -1/6 ] Fo 1/E3 +[x] 6 mm "
=(-b-1/6b)Fo1/EJ +(b) 6 =-1/6 FbYEJ
10 = ['(-5/2 +3 xib -1/2 x1b* ) Fb EI dx + [(-1) 6 dx
= [-512 x 4372 X1 116 X162 ] Fo 1/E3 +[-x] 0
=(-5/2b+3/2b-1/6b ) Fb /EJ +(-b) 6 =-1/6 Fb’/EJ
1% = ['(-5/2 +5 xib -5/2 X%Ib” ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ
1% = [(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b? ], Fb 1/E9
=(-5/6b) Fb 1/EJ =-5/6 Fb’/EJ
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PROCEDIMENTO E RISULTATI 247861

Cl109.xxxx.105

PROCEDIMENTO E RISULTATI 247861

g48/e- F =X eonersiadi
r3/axe/s £3/,048/S 11e10}
LA7X 0 a/xbz/T+0/,X4- 0 XbZ/T+X4- a/x a4
c3/aXe/T | £3/,94(0+¥2/S-)
LIX+aXe-T| 0 |0/ xbe/T-a/,X42/T+X42/T+a42/T-| 0 Xbem-adg/t jax+T-| 9 oo
1 c3/04 4/ X42/T-X4+q4e/T- £3/94 | Xbz/T-x4+042/1-| 1T q3d
£3/9x £3/,94(T+9/1-)
1 c3/a4 a/,x4z/1- c3/04- bzt T- q43
0 0 0 0 0 0 a0d
0 0+0
0 0 0 0 0 0 aao
L/X+A/X2-T| 0 0 0 0 a/%-T aas
C3/AXEIT 0+0
LA1X 0 0 0 0 asx- a3a
0 0 0 0 0 0 az ag
0 0+0
0 0 0 0 0 0 az ad
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 azov 8
I
0 0 0 0 0 0 X4G/GA-0 0 | asrod g
Q.
0 0 0 0 0 0 avea g
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o
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b
%= ) v dx = [13 2]} VED /# R A= 564. mm’ )
J,= 205146. mm
=\ 1/EJ =1 E a7 x
(1730) 1/E3 = 1/3 bIEJ b 3= 35737, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 J,,= 31198 mm"
J,= 210708. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) A J, = 30175. mm*
]
L= ﬁ(l ) VEIdx=[x] 1EJ . a= artg(23, /(3,-3,))/2 = -.1764
c =cosa = .9845
=(b) 1EJ = b/EJ y
( ) . s =sina =-.1755
LX=[(1) veadx=[x]. vEI X, = 8.617 mm
_ _ Yy = 30.94 mm
() 163 = b/EI b SN
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,= -720. N
=(b-b+1/3b) LEI =1/3 b/E] 16 . M, = 917700. Nmm
m X, = 18.mm
XX _J’b 2,2 _ 3,21° o
Lsx=J (5%m?) wEIdx = [1/3 507 ] 1/ES Jo U, = 14.67 mm
V., =-28.81 mm
=(1/3b) 1/EJ = 1/3 b/EJ B 3 m
( ) mm = S—x 9 a,, = N/A-Mcv/d -Msu/d, = 199.3 N/mm?

L= (-12 0% ) Fo wEI dx + ['(1) 0 dx=[-16 ] Fo1Ed +[x] 6
=(-/6b)Fb1/E) +(b) 6 =5/6 FbYEJ

10 = [ (-1/2 + xtb 172 X262 ) Fo UEI dx + [2(-1) 8 dx
= [-12 x +172 1o 116 62 ] Fo 1/E3 +[-x] 6
=(-1/2b+1/2b-1/6b ) Fo 1/EJ + (-b) 6 =5/6 Fb/EJ

1 = ['(-1/2 +1/2 xib +1/2 x2b* -1/2 xIb™ ) Fb 1/EJ dx
= [-1/2 x +1/4 xC1b +1/6 x1b? -1/8 x1b° | Fb 1/E
=(-12b+1/4b+1/6 b -1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ

10 = [(- b +1/2 xib° ) Fb 1/EJ dx = [-1/3 xIb? +1/8 x'1b° ]| Fb 1/E9
=(-1/3b+1/8b ) Fb 1/EJ =-5/24 Fb’/EJ
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PROCEDIMENTO E RISULTATI 237766

Cl109.xxxx.106

PROCEDIMENTO E RISULTATI 237766

Sviluppi di calcolo iperstatica

g40v/ET- Fpm=x eonersiadi
C3/AXE/S C3/,04vZ/ET I1e10)
LA7X 0 a/xbz/T+0/,X4- 0 XbZ/T+x4- | ax a4
c3/aXe/T | £3/,94(0+¥2/S-)
JALX+AXZ-T| 0 |/ Xbe/T-0/ X42/T+X42/T+a42/T-| 0 | Xbz/T1-ad42/T |a/x+T-| 9 Od
T r3/94 X4¢/T+a4¢/T- £3/94 | X42/1+a4¢/T- T q3d
£3/9x £3/,94(T+v/T-)
T r3/94 X42/T- £3/94- X42/T T- q43
0 0 0 0 ZXbZ/T+X:|Z/'IZ- 0 q0od
0 0+0
0 0 0 0 ZXbZ/T-X:IZ/T 0 qas
LAIX+AXST| 0 0 0 0 axT| aa3l
C3/9XE/T 0+0
Jx 0 0 0 0 a/x- q3a
0 0 0 0 0 0 ¢ ad
0 0+0
0 0 0 0 0 0 qc daa
0 0 0 0 0 0 ac vo
0 0+0
0 0 0 0 0 0 qc ov
0 0 0 0 0 0 X4G/SM-04 0 qsp 04
0 0 0 0 0 0 ave
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B WIN 0 W W] -
=X eonersiadi 1ad Ad nNQLIUOD oupend
o N
0 0, |
°|
-
i
)
| &
| ©
=
& -2
= of 9 ol 8
2/T oV ©
0 0 9
S
8
=
f\\
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A
N\
~ F e S 1- 0
L - T
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+ ]
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Schema di calcolo iperstatico

=1

, flessione da iperstatica X:
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b
%= ) v dx = [13 2]} VED A= 516.mm’ )
< J,= 187256. mm
=(a 1/EJ = 1/3 blE 14 ’
(113b) EI =13 bIEJ b 3,= 26687. mm*
L :ﬁ(l 2 x/b +xX°Ib* ) UEJ dx = [ x - X’Ib +1/3 1o ]0 1/EJ 3, = -48223. mm44
J,= 200625, mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) i J,= 13317. mm*
LX=1(1) vesax=[x]. Ve . a= artg(2J, /(3,-3,))/2 = .2704
c=cosa = .9637
= = y
( b ) VEJ = Db/E] i s =sina = .2672
LX=[(1) veadx=[x]. vEI Xy = 16.05 mm
) ) Yy= 25.8mm
( b ) VEJ = Db/EJ X N =-948.1N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,= -474.N
M, = 636000. Nmm
— _ = 16 X
=(b-b+1/3b) VEJ =13 b/EbJ o > X, = 12.mm
L= [(5m?) 1EI dx = [13 2] 1ES Jo Uy, =-10.79 mm
V,, =-23.78 mm
=(1/3b) 1EJ =13 b/EI 8 @ < m
(113) mm 2 SR x @ 0, = N/A-Mcv/d -Msuld, = 208.5 N/mm”

0= (-12xb) Fb UETdx + [[(1) 6 dx=[-14xib] Fb /€T +[x] 6
=(-14b)Fb1/E) +(b) 6 =3/4 FbYEI

L= (-v2+12 b ) Fo I dx+ [(-1) 6 dx=[-v2x +1/4 b ]  Fo 1EI +[-x] 0
=(-120+1/4b) Fo1/EJ +(-b ) 6 =3/4 FbYEJ

1 = ['(-172 +1/2 xib +1/2 ¥2b* -1/2 xCIb™ ) Fb 1/EJ dx
= [-1/2 x +1/4 X1 +1/6 xIb? 178 X'1b° ], Fb 1/E
=(-12b+1/4b+1/6 b -1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ

10 = [°(- b +1/2 xib° ) Fb 1/ED dx = [-1/3 xIb? +1/8 X6 ]| Fb 1/E9
=(-1/3b+1/8b ) Fb 1/EJ = -5/24 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25



Cl09.xxxx.106 Cl09.xxxx.106

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25



REAZIONI 988213 Cl09.xxxx.107 AZIONI INTERNE 988213 Cl09.xxxx.107

-13/40 T
F '\ /' E N [ERERNRRRRRNNARINNRRRNRRRRNEN) o 1/2
- s = Ny =
13/40F 13/40F = a3 H
33/40Fb 13/40Fb — ! =
12F 1F = \ g
F E —| o \ sk
i ) ] =
v |7 13ia0F 7 1zie || ‘ =
33/40Fb 13/40Fb — [ =
12F 3i2F — S g
S o E
B 13/40 ® 0
O e, e
\
\
A
\
|\
\
\
\
\
1/2F 312F ‘
of o q o & .
53/40F 13/40F | 5 & 2
__53/40 |
Cc D |
Cq—— ——D \ \|
13/40F [
c D \ XX
c \ \
w \ X
& @ ‘ =X
S | 0 A
e = Tele T
S33/40 13/40
3 N
o™ o
(3] —
o (=]
0 0
oN o
| \© |
\ \
\ \
\ [
\ \
\ \
\ \
\ \
N \ [
& \ \
— | |
1/2Fb é | |
\ [
A B | |
A / B | |
\ \
1/2Fb }
F |
B
\
0

o
CHED w 112

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25



Cl109.xxxx.107

PROCEDIMENTO E RISULTATI 988213
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PROCEDIMENTO E RISULTATI 988213

g40v/ET- =X eoneisiadi
£3/9Xe/S £3/,04v2/ET felo
Al 0 arxbe/T+a/,X4- 0 XDZ/T+xd- asx a4
c3/aXe/T | £3/,94(0+¥2/S-)
LIX+aXe-T| 0 |0/ xbe/T-a/,X42/T+X42/T+a42/T-| 0 Xbem-adg/t jax+1-| 904
1 £3/94 X42/T+04¢/T- £3/94 | X42/T+942/T- T q3d
£3/9x £3/,94(T+v/T-)
1 c3/94 Xde/T- c3/94- X2/t T- q43
0 0 0 0 0 0 q0od
0 0+0
0 0 0 0 0 0 qao
L/ X+A/X2-T| 0 0 0 0 ax-1 aqa3
C3/aXE/T 0+0
LA1X 0 0 0 0 a/x- a3a
0 0 0 0 0 0 gz ag
0 0+0
0 0 0 0 0 0 gz aa
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 az ov
0 0 0 0 0 0 | X40T/SM042/T | O | 95009
0 0 0 0 |Xbzg/T+xd4-ad4e/T| 0 aveg
0 0+0
0 0 0 0 Xbert- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B WIN 0 00’ W | -
FAp=x eaneisiadi 1ad A1d nNQLIUOD oipend

1/2

2T

-1/2

M, flessione da carichi assegnati

CED

q

Schema di calcolo iperstatico

Sviluppi di calcolo iperstatica

e

M, flessione da iperstatica X

CED
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O,

m

b
%= ) v dx = [13 2]} VED \< A= 480.mm"
J,= 167026. mm
=(1 1/EJ = 13 b/E : )
(13b) VEJ =13 b/EJ b a7 J,= 15456. mm*
L :ﬁ(l -2xib+x10*) VEIdx =[x - x’/b +1/3 b’ | 1/E 3, = -33263. mm44
_ _ J,= 174004. mm
=(b-b+1/3b) 1/EJb =1/3 b/EJ J,= 8477. mm’
L= _[2(1 ) VEIdx=[x] 1EJ ) o= artg(2J,,/(3,-J,))/2 = .2068
c =cosa = .9787
=(b) vEI = b/EI b y s = sina = .2053
LX=[(1) veadx=[x]. vEI Xy = 14.77 mm
Yy, = 27.51 mm
=(b) 163 = b/EJ g
(b) b N'= -500. N
L :ﬁ(l -2 x/b +x*b? ) UEJ dx = [ x - X*Ib +1/3 o ]O 1/EJ T,=-3835N
M, = 623040. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
. 16 X, = 18.mm
L= [(5m?) 1EI dx = [13 2] 1ES \ yr= 54 mm
Jo = 8.595 mm

=(1/3b) 1/EJ = 1/3 b/EJ
0= (-12xb) Fb UETdx + [[(1) 6 dx=[-14xib] Fb /€T +[x] 6 mm °

um
V,, = 25.26 mm
o, = NIA-Mcv/J,-Msu/d, = -219.4 N/mm’

412
418
130

=(-14b)Fb1/E) +(b) 6 =3/4 FbYEI
b b

LY = f;(-llz +1/2 x/b ) Fb 1/EJ dx + _[Z(-l )6 dx=[-12x+1axb] FoUEI +[-x] 6

=(-120+1/4b) Fo1/EJ +(-b ) 6 =3/4 FbYEJ
1 = ['(-172 +1/2 xib +1/2 ¥2b* -1/2 xCIb™ ) Fb 1/EJ dx

b
= [-1/2 x +1/4 5%1b +1/6 x°/b* -1/8 x'1b° | | Fb L/EJ
=(-12b+1/4b+1/6 b -1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ
b

10 = [°(- b +1/2 xib° ) Fb 1/ED dx = [-1/3 xIb? +1/8 X6 ]| Fb 1/E9

=(-1/3b+1/8b ) Fb 1/EJ = -5/24 Fb’/EJ
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0 0 0 0 0 0 gz ag
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0 0 0 0 0 0 gz aa
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©
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%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

b
L% = [*(1/2 xb - X207 +1/2 x3/6° ) Fb 1/EJ dx = [1/4 xb -1/3 /b +1/8 x“1b° | Fb 1/E3
[e] e}

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

o =[(-xb) FovEIdx+ [[(1) 6 dx=[-12xm ] Fb 1/E3 +[x] 6

=(-12b)Fo/E) +(b) 6 =1/2 Fb/EI

0= (-1+xb)FoUEIdx+ [[(-1) 6 dx=[-x+12xm ] FovEI +[-x] 0

=(-b+12b)Fb UEI +(-b) 6 =1/2 FbYEJ

b
122 = [°(-1 +3/2 b -1/2 X°/6° ) Fb 1/E3 dx = [- x +3/4 x2b -1/8 x*1b° ] Fb 1/E3

=(-b+3/4b-1/8b ) Fb 1/EJ =-3/8 Fb’/EJ

b
10 = ['(-ar2 X262 +1/2 X*16° ) Fb 1/ED dx = [-1/2 X2 +1/8 x'1b° ] Fb 1/EJ

=(-1/2b +1/8b ) Fb 1/EJ =-3/8 Fb’/EJ
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A= 588 mm’

J = 220324. mm*

J,= 70110. mm*

J,, = -85615. mm*

J, = 259108. mm*

J, = 31327. mm*
a=artg(2J,,/(3,-3,))/2 =
c=cosa = .9109

s =sina = .4126

Xg = 19.22 mm

Yy = 23.01 mm

N= -672.N

T,= 1120.N

M, = 837760. Nmm
X, = 12.mm

u, =-16.08 mm

v, =-17.98 mm

0., = N/A-Mcv/J -Msu/J

4253

, = 229.2 N/mm?
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%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

120 = [ (12 b -1/2 X%16? ) Fo 1B dx + (1) 8 ax = [1/4 b -1/6 x¥b* ] Fo /ED + [ x] 0

=(vab-1/6b)Fb/EI +(b) 6 =13/12 FbY/ED

L = [ (12 xtb 172 162 ) Fo UEI dx + [(-1) @ dx = [1/4 b -1/6 x* ] Fb 1/E3 +[-x] @

=(1/ab-1/6b)Fb1/EJ +(-b)® =13/12 FbYEJ
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A= 690. mm’

J = 245079. mm*
J,= 134213. mm"
Jy = 92417. mm’

J, = 297413. mm*
J, = 81879. mm*
a=artg(2J,,/(3,-3,))/2 =
c =cosa = .8702

s =sina =-.4928

Xg = 14.17 mm

Yy = 34.51 mm

N =-1467. N
T,=-733.4N

M, = 1180800. Nmm

X, = 18.mm
u,= 20.34 mm
v, =-28.14 mm
0,,, = N/A-Mcv/J -Msu/J

-.5153

, = 239.6 N/mm?
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Sviluppi di calcolo iperstatica

g40v/ET- Fpm=x eonersiadi
C3/AXE/S C3/,04vZ/ET I1e10)
LA7X 0 a/xbz/T+0/,X4- 0 XbZ/T+x4- | ax a4
c3/aXe/T | £3/,94(0+¥2/S-)
JALX+AXZ-T| 0 |/ Xbe/T-0/ X42/T+X42/T+a42/T-| 0 | Xbz/T1-ad42/T |a/x+T-| 9 Od
T r3/94 X4¢/T+a4¢/T- £3/94 | X42/1+a4¢/T- T q3d
£3/9x £3/,94(T+v/T-)
T r3/94 X42/T- £3/94- X42/T T- q43
0 0 0 0 ZXbZ/T+X:|Z/'IZ- 0 q0od
0 0+0
0 0 0 0 ZXbZ/T-X:IZ/T 0 qas
LAIX+AXST| 0 0 0 0 axT| aa3l
C3/9XE/T 0+0
Jx 0 0 0 0 a/x- q3a
0 0 0 0 0 0 ¢ ad
0 0+0
0 0 0 0 0 0 qc daa
0 0 0 0 0 0 ac vo
0 0+0
0 0 0 0 0 0 qc ov
0 0 0 0 0 0 X4G/SM-04 0 qsp 04
0 0 0 0 0 0 ave
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B WIN 0 W W] -
=X eonersiadi 1ad Ad nNQLIUOD oupend
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Schema di calcolo iperstatico

=1

, flessione da iperstatica X:
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b
%= ) v dx = [13 2]} VED A= 552.mm’ )
B J,= 204861. mm
=(1 1/EJ = 1/3 b/E 147 *
(113b) VEI =13 bIEJ b 3= 44525, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 J,, = -65837. mm‘:
J,= 228430. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) ; J, = 20956. mm*
LX=1(1) vesax=[x]. Ve a= artg(2J,,/(3,-J,))/2 = .3438
U
c=cosa = .9415
=(b) 1EJ = b/EJ y
( ) \ s =sina = .3370
LX=[(1) veadx=[x]. vEI X, = 17.54 mm
_ _ Yy = 24.32mm
() 163 = b/EI b N = 1574 N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,=-787.1N
=(b-b+1/3b) 1/EJ = 1/3 b/EJ 1 o My = 858800 Nmm
. m > X, = 12.mm
L= [(5m?) 1EI dx = [13 2] 1ES Jo Uy, =-13.41 mm
V., =-21.02 mm
=(1/3b) VEJ =13 b/EJ 8§ 03 g "
(13b) mm 2 S x 3 0, = NIA-Mcv/d,-Msu/d, = 199.4 N/mm”

0= (-12xb) Fb UETdx + [[(1) 6 dx=[-14xib] Fb /€T +[x] 6
=(-14b)Fb1/E) +(b) 6 =3/4 FbYEI

L= (-v2+12 b ) Fo I dx+ [(-1) 6 dx=[-v2x +1/4 b ]  Fo 1EI +[-x] 0
=(-120+1/4b) Fo1/EJ +(-b ) 6 =3/4 FbYEJ

1 = ['(-172 +1/2 xib +1/2 ¥2b* -1/2 xCIb™ ) Fb 1/EJ dx
= [-1/2 x +1/4 X1 +1/6 xIb? 178 X'1b° ], Fb 1/E
=(-12b+1/4b+1/6 b -1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ

10 = [°(- b +1/2 xib° ) Fb 1/ED dx = [-1/3 xIb? +1/8 X6 ]| Fb 1/E9
=(-1/3b+1/8b ) Fb 1/EJ = -5/24 Fb’/EJ
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%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

Le=[()e ax=[x]e
=(b)e = FbEJ

L= (1) e ax=[-x]"6

FE o o

=(-b)6 = FbYEJ
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= 648. mm’

= 233472. mm*
= 91566. mm*
, = 70365. mm’
= 262446, mm*

= 62591. mm’

A
‘]X
‘]V
JX
JU

JV
a
=cosa = .9247
=sina = -.3808
- 12.17 mm

Yy = 33.47 mm

N = 7600. N

T,= 2280.N

M, = 934800. Nmm
= 18.mm

u

m= 18.14 mm
v, =-28.73 mm

Cc
S
X
X

= artg(23,,/(3,-3,))/2 = -.3906

a,, = N/A-Mcv/d -Msuld, = 209.5 N/mm?
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PROCEDIMENTO E RISULTATI 961156

q48/c- =X eonersiadi
r3/axe/s £3/,048/S I[e10}
LA 0 a/,x4e/T- 0 x42/1- asx a4o
c3/axe/r | c3/,94(0+9/17)
JIXHAXST| 0 | A/ XH2/T-X4+942/T- | 0 | Xd2/T-0d2/T |a/X+T-| 0 Dd
1 c3/a4|  x42/T+ad42/T- £3/0d4 | Xdg/T+a42/1-| T q 34
£3/9x £3/,94(T+v/T-)
1 c3/04 X42/1- r3/94- X42/1 T- q 43
0 0 0 0 |xXbeT+xdz/t-| 0 aoa
0 0+0
0 0 0 0 | xbzi-xde;m| o aao
LA/XHAXZ-T| 0 |a/Xbg/T+a/ XS XH2/T| 0 | Xbe/Txdg/T | ax-T qa3
c3/axe/r | £3/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 |xXbeT+xde/-| ax- a3a
0 0 0 0 0 0 qz ag
0 0+0
0 0 0 0 0 0 az ad
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 azov §
©
0 0 0 0 0 0 X-4G/GM -0 0 | asprod g
Q.
0 0 0 0 0 0 ava g
0 0+0 3
0 0 0 0 0 0 aav 4
o
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] - S
Q.
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%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

L= (-v2xb) Fo UEIdx+ [)(1) 6 dx=[-w4xb ] FovEd +[x] 8
=(-v4b)Fo/E) +(b) 6 =3/4 Fb/EI

0= (-12+1/2xb ) Fo 1EI dx + [[(-1) 0 dx=[-12x+1/4 x| Fo1Ed +[-x] 6
=(-12b+1/4b) Fo1EJ +(-b )0 =3/4 Fb’/EJ

120 = [*(-1/2 + xtb -1/2 xib* ) Fb 1/EJ dx = [-1/2 x +1/2 xb -1/6 x*/b? | Fb 1/E3
=(-1/2b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ

1 = ['(-172 X162 ) Fbo 1EI dx = [-1/6 xb2 ] Fb 1/E3
=(-1/6b) Fb /EJ =-1/6 Fb’/EJ

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

26.03.25

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

A= 606. mm’

J = 220278. mm*
J,= 59103. mm*

J,y = 49845. mm’*

J, = 234447. mm*
J, = 44934. mm*
a=artg(2J,,/(3,-3))/2 =
c=cosa = .9619

s =sina =-.2734

Xg = 10.31 mm

Yy = 32.29 mm

N =-2039. N
T,=-1020. N

M, = 1026000. Nmm

X, = 18.mm
u,= 16.23 mm
v, =-28.96 mm
0., = N/A-Mcv/J -Msu/J

-.2770

, = 219.9 N/mm?
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PROCEDIMENTO E RISULTATI 959354

Sviluppi di calcolo iperstatica

q40z/€T Fm=x eoneisiadi
C3/aXe/S | £3/,04CT/ET- I1e10)
Jx 0 RETx 0 xdz/5- arx q40
CI/axer | 3/,94(0+9/5")
JX+AXe-T| 0 |04/, X4¢/S-X45+04¢/S- 0 X4¢/S-94¢/S | a/X+T- qod
T £3/94 X4¢/S+04¢/S- (3/94 | X4¢/S+094¢/S- T q3d
£3/9x £3/,94(T+v/S-)
T £3/94 X4¢/S- £3/94- X4¢2/S T- q43
0 0 0 0 ZXbZ/T+X:IZ/T' 0 qod
0 0+0
0 0 0 0 ZXbZ/I-X:IZ/I 0 qas
ALX+AXe-T) 0 0 0 0 a/x-T qa3
3/9XE/T 0+0
e/ 0 0 0 0 a/x- q3a
0 0 0 0 0 0 qc ad
0 0+0
0 0 0 0 0 0 qc ad
0 0 0 0 ZXbZ/T'X:I 0 qc vo
0 0+0
0 0 0 0 ZXbZ/T+X:I- 0 qc oV
0 0 0 0 0 0 X49/9M-04 0 qsp Od
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 0’ COw| -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend
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Schema di calcolo iperstatico

=1

M, flessione da iperstatica X
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%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

1= (-s2xb) Fb UETdx + [[(1) 6 dx=[-5/4x%b] Fb 1/E3 +[x] 6
=(-5/4b)Fb1/E] +(b) 6 =-1/4 FbYEJ

L0 =['(-5/2 +52 b ) Fb 1/EI dx + [ (-1) 6 dx=[-522x +5/4 b ] Fo 1EI +[-x] 0

=(-5/2b+5/4b) Fb 1/E] +(-b )6 =-1/4 FbYEJ

1 = ['(-5/2 +5 x/b -5/2 X¥Ib? ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

1% = ['(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b2 ]| Fb 1/E9
=(-5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ
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A= 552. mm?
J, = 204861. mm*
J.= 32692. mm’

4
= 26245. mm

J, = 208773. mm*
J, = 28780. mm*
a=artg(2J,,/(3,-3,))/2 =
c=cosa = .9891

s =sina = -.1474

Xg = 21.72 mm

Y= 24.32mm

N =-3025. N
T,=-2239.N

M, = 1096870. Nmm
X, = 12.mm

Y= 54.mm

u, =-13.99 mm

Vi, = 27.93 mm

-.1480

o, = NIA-Mcv/J,-Msu/d, = -229.2 N/mm’
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PROCEDIMENTO E RISULTATI 241822 Cl09.xxxx.114 PROCEDIMENTO E RISULTATI 241822 Cl09.xxxx.114

O,

m

b
%= ) v dx = [13 2]} VED A= 660. mm’ )
J,= 246224. mm
=(1 1/EJ = 1/3 blE : )
(1/3b) 1/EJ =1/3 bIEJ X 4 N J,= 120837. mm"*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3, = 85387.mm"
J, = 289462. mm
=(b-b+1/3b) 1/EJ =1/3 b/EJ N
( ) i J < 77600. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = -.4687
c=cosa = .8921
=(b) VEJ = b/EJ b y s = sina = -.4518
LX=[(1) veadx=[x]. vEI Xy = 34.69 mm
) ) Yy = 20.83 mm
() 163 = b/EI b N = -2269. N
%
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T, =-1745.N
M, = 1202310. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
. 16 X, = 30.mm
L= [(5m?) 1EI dx = [13 2] 1ES yr= 54 mm
Jo U, =-19.17 mm
=(1/3b) VEJ =13 b/EI "
( ) vV, = 27.48 mm

130

120 = [ (12 b -1/2 X%16? ) Fo 1B dx + (1) 8 ax = [1/4 b -1/6 x¥b* ] Fo /ED + [ x] 0 mm 9 X
=(vab-1/6b)Fb/EI +(b) 6 =13/12 FbY/ED

N ©
S— g, = N/A-Mcv/d -Msu/J, = -239.4 N/mm®

L = [ (12 xtb 172 162 ) Fo UEI dx + [(-1) @ dx = [1/4 b -1/6 x* ] Fb 1/E3 +[-x] @
=(1/ab-1/6b)Fb1/EJ +(-b)® =13/12 FbYEJ
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PROCEDIMENTO E RISULTATI 241748

g40v/ET- =X eoneisiadi
£3/9Xe/S £3/,04v2/ET felo
Al 0 arxbe/T+a/,X4- 0 XDZ/T+xd- asx a4
c3/aXe/T | £3/,94(0+¥2/S-)
LIX+aXe-T| 0 |0/ xbe/T-a/,X42/T+X42/T+a42/T-| 0 Xbem-adg/t jax+1-| 904
1 £3/94 X42/T+04¢/T- £3/94 | X42/T+942/T- T q3d
£3/9x £3/,94(T+v/T-)
1 c3/94 Xde/T- c3/94- X2/t T- q43
0 0 0 0 0 0 q0od
0 0+0
0 0 0 0 0 0 qao
L/ X+A/X2-T| 0 0 0 0 ax-1 aqa3
C3/aXE/T 0+0
LA1X 0 0 0 0 a/x- a3a
0 0 0 0 0 0 gz ag
0 0+0
0 0 0 0 0 0 gz aa
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 az ov
0 0 0 0 0 0 | X40T/SM042/T | O | 95009
0 0 0 0 |Xbzg/T+xd4-ad4e/T| 0 aveg
0 0+0
0 0 0 0 Xbert- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B WIN 0 00’ W | -
FAp=x eaneisiadi 1ad A1d nNQLIUOD oipend

1/2

2T

-1/2

M, flessione da carichi assegnati

CED

q

Schema di calcolo iperstatico

Sviluppi di calcolo iperstatica

e

M, flessione da iperstatica X

CED
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O,

m

b
%= ) v dx = [13 2]} VED < A= 522.mm’ )
J,= 187606. mm
=(1 1/EJ = 13 b/E : )
(13b) VEJ =13 b/EJ b a7 J,= 27784 mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3,,= -49043. mm*
J,= 201455. mm
=(b-b+1/3b) 1/EJ =1/3 b/EJ v
( ) . J, = 13935. mm*
L= _[2(1 ) VEIdx=[x] 1EJ u o= artg(2J,,/(3,-,))/2 = .2752
c=cosa = .9624
= ( b) 1/EJ = b/EJ i y s =sina = .2718
LX=[(1) veadx=[x]. vEI Xy = 19.34 mm
) ) Y= 29.36 mm
() 163 = b/EI b N= -645. N
L :ﬁ(l -2 x/b +x*b? ) UEJ dx = [ x - X*Ib +1/3 o ]O 1/EJ T,=-419.3N
M, = 606623. N
=(b-b+1/3b) 1/EJ =1/3 b/EJ s x mm
- 16 Xn,= 24.mm
L= [(5m?) 1EI dx = [13 2] 1ES yr= 54 mm
Jo = 11.18 mm

=(1/3b) VEJ =13 b/EI
0= (-12xb) Fb UETdx + [[(1) 6 dx=[-14xib] Fb /€T +[x] 6 mm 7 *

um
V= 22.45mm
o, = NIA-Mcv/J,-Msu/J, = -198.5 N/mm’

418
124
136

=(-14b)Fb1/E) +(b) 6 =3/4 FbYEI
b b

LY = f;(-llz +1/2 x/b ) Fb 1/EJ dx + _[Z(-l )6 dx=[-12x+1axb] FoUEI +[-x] 6

=(-120+1/4b) Fo1/EJ +(-b ) 6 =3/4 FbYEJ
1 = ['(-172 +1/2 xib +1/2 ¥2b* -1/2 xCIb™ ) Fb 1/EJ dx

b
= [-1/2 x +1/4 5%1b +1/6 x°/b* -1/8 x'1b° | | Fb L/EJ
=(-12b+1/4b+1/6 b -1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ
b

10 = [°(- b +1/2 xib° ) Fb 1/ED dx = [-1/3 xIb? +1/8 X6 ]| Fb 1/E9

=(-1/3b+1/8b ) Fb 1/EJ = -5/24 Fb’/EJ
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PROCEDIMENTO E RISULTATI 240551

Cl09.xxxx.116

%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

Le=[()e ax=[x]e
=(b)e = FbEJ

L= (1) e ax=[-x]"6

FE o o

=(-b)6 = FbYEJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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\<
{47

418
130

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

A= 480. mm’

J = 167026. mm*
J, = 15456. mm*
J,, =-33263. mm*
J, = 174004, mm*
J,= 8477. mm*

a= artg(2J,,/(3,-J))/2 = .2068
c =cosa = .9787

s =sina = .2053

Xg = 14.77 mm

Y= 27.51 mm

N = 3200. N

T,= 960.N

M, = 576000. Nmm
X, = 12.mm

u. =-8.365 mm

m

Vv, =-26.36 mm

a,, = N/A-Mcv/d -Msu/d, = 208.8 N/mm?
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PROCEDIMENTO E RISULTATI 984797

Cl09.xxxx.117

PROCEDIMENTO E RISULTATI 984797

Sviluppi di calcolo iperstatica

q48/¢- Fpm=x eonersiadi
r3/axe/s £3/,048/S 11e10}
LA 0 a/,X4e/T- 0 x42/T- a/x CEle)
c3/axe/r | £37,04(0+9/T7)
LIXHAXS-T| 0 | A/ XH2/T-X4+942/T- | 0 X42/1-042/T  |aX+T-| 904
1 £3/04|  x4e/T+ade/T- £3/04 | xde/T+ade/1- | 1T q3d
£3/9x £3/,94(T+v/T-)
1 £3/94 X42/1- r3/94- X4z/1 T a43
0 0 0 0 0 0 aoa
0 0+0
0 0 0 0 0 0 aao
JAix+axe-T| 0 |a/xbeg/T+a/,Xd-X42/T| 0 Xbe/T-xdem | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 | xbzmxdet- | ax- a3a
0 0 0 0 0 0 de agd
0 0+0
0 0 0 0 0 0 de ad
0 0 0 0 0 0 ae vo
0 0+0
0 0 0 0 0 0 e OV
0 0 0 0 0 0 | xd4OT/sp-ad2/T | O | aspod
0 0 0 0 | Xbg/T+xd-ade/t| 0 qvd
0 0+0
0 0 0 0 Xbe/t- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 0’ W | -
Fp=x eoneisiadi 1ad Ad nNQLILOD oupend
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b
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w ! i
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q

Schema di calcolo iperstatico

e

M, flessione da iperstatica X

CED
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PROCEDIMENTO E RISULTATI 984797 Cl09.xxxx.117

%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

L= (-v2xb) Fo UEIdx+ [)(1) 6 dx=[-w4xb ] FovEd +[x] 8
=(-v4b)Fo/E) +(b) 6 =3/4 Fb/EI

0= (-12+1/2xb ) Fo 1EI dx + [[(-1) 0 dx=[-12x+1/4 x| Fo1Ed +[-x] 6
=(-12b+1/4b) Fo1EJ +(-b )0 =3/4 Fb’/EJ

120 = [*(-1/2 + xtb -1/2 xib* ) Fb 1/EJ dx = [-1/2 x +1/2 xb -1/6 x*/b? | Fb 1/E3
=(-1/2b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ

1 = ['(-172 X162 ) Fbo 1EI dx = [-1/6 xb2 ] Fb 1/E3
=(-1/6b) Fb /EJ =-1/6 Fb’/EJ

PROCEDIMENTO E RISULTATI 984797

Cl09.xxxx.117

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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124
136
142

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

A= 624.mm’

J, = 234015. mm*
J,= 82488 mm*

J, = 63875. mm’
Jo= 257348. mm*
J, = 59155. mm*
a=artg(2J,,/(3,-3,))/2 =
c=cosa = .9393

s =sina = -.3431

Xg = 30.52 mm

Y= 21.86 mm

N =-1680. N

T,= 960.N

M, = 1075200. Nmm
X, = 24.mm

Y= 54.mm

u, =-17.15 mm

V, = 27.96 mm

-.3502

o,, = NIA-Mcv/J,-Msu/d, = -219.4 N/mm’

26.03.25
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PROCEDIMENTO E RISULTATI 280859

Cl09.xxxx.118

PROCEDIMENTO E RISULTATI 280859

Sviluppi di calcolo iperstatica

q40z/€T Fp=x eonersiadi
C3/9XE/S 3/,04¢T/ET- el
JA1,X 0 a/,x42/s- 0 x4e/5- a/x 940
C3/OXET | £3/,04(0+9/5")
JX+AXe-T| 0 |04/, X4¢/S-X45+04¢/S- 0 X4¢2/S-094¢/S  |A/X+T- qod
T £3/94 X4¢2/S+04¢/S- £3/94 | Xd4¢/S+94¢/S- T q3d
£3/9x 3/,94(T+v/S-)
T £3/94 X4¢/S- £3/94- X4¢2/S T- q43
0 0 0 0 0 0 q2oda
0 0+0
0 0 0 0 0 0 qas
ALX+AXe-T) 0 0 0 0 q/%-T qa3
3/9XE/T 0+0
e/ 0 0 0 0 q/x- q3a
0 0 0 0 0 0 qc ag
0 0+0
0 0 0 0 0 0 qc daa
0 0 0 0 ZXbZ/T'X:I 0 ac vo
0 0+0
0 0 0 0 ZXbZ/'lZ+X:i- 0 qc ov
0 0 0 0 0 0 X40T/SM-Q42/T 0 qsp Od
0 0 0 0 | Xbg/T+xd4-ade/T| 0 qvd
0 0+0
0 0 0 0 Xbe/t- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 00’ W | -
Fp=x eoneisiadi 1ad Ad 1NQLILOD oipend
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Schema di calcolo iperstatico

0

=1

M, flessione da iperstatica X

CED
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O,

m

b
%= ) v dx = [13 2]} VED A= 564. mm’ )
J,= 205146. mm
=(a 1/EJ = 1/3 blE : )
(13b) VEJ =13 b/EJ b a7 J,= 47319 mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 J,,= 67404 mm*
- _ J,= 230014. mm
=(b-b+1/3b) 1/EJb =1/3 b/EJ N 3,= 22451, mm*
L= _[2(1 ) VEIdx=[x] 1EJ o= artg(2J,/(3,-3,))/2 = .3534
Cc=cosa = .9382
=(b) 1/EJ = bEJ b y s =sina = .3461
LX=[(1) veadx=[x]. vEI Xy = 23.68 mm
) ) Yy = 30.94 mm
() 163 = b/EI b N = -1525. N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,=-1129. N
2 M, = 767380. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
. 16 X, = 30.mm
L= [(5m?) 1EI dx = [13 2] 1ES yr= 54 mm
-0

u,= 13.91 mm
V= 19.45 mm
o,, = NIA-Mcv/J,-Msu/d, = -228.2 N/mm’

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

124
130
142

1= (-s2xb) Fb UETdx + [[(1) 6 dx=[-5/4x%b] Fb 1/E3 +[x] 6 mm 2 x

=(-5/4b)Fb1/E] +(b) 6 =-1/4 FbYEJ

L0 =['(-5/2 +52 b ) Fb 1/EI dx + [ (-1) 6 dx=[-522x +5/4 b ] Fo 1EI +[-x] 0
=(-5/2b+5/4b) Fb 1/E] +(-b )6 =-1/4 FbYEJ

1 = ['(-5/2 +5 x/b -5/2 X¥Ib? ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

1% = ['(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b2 ]| Fb 1/E9
=(-5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25
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PROCEDIMENTO E RISULTATI 241731

q40v/.1- Fpm=x eoneisiadi
C3/AXe/s £3/,04ve/LT felol
LA 0 a/,X4e/T- 0 X42/1- asx ado
c3/axe/r | c3/,94(0+9/17)
LIXHAXS-T| 0 | A/ XH2/T-X4+942/T- | 0 X4e/T-042/T  |a/X+T-| 404
1 £3/94 | 9/ X42/T-X4+042/T- | £3/ad | XbZ/T-X4+qde/T-| T q 34
£3/9x £3/,94(T+9/1-)
1 c3/04 a/,x4z/1- r3/94- Xbz/t T- q 43
0 0 0 0 0 0 aoa
0 0+0
0 0 0 0 0 0 aao
JAix+axe-T| 0 |a/xbeg/T+a/,Xd-X42/T| 0 Xe/T-xdem | ax-T aa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 Xbz/T+xde/T- | ax- a3a
0 0 0 0 0 0 az ag
0 0+0
0 0 0 0 0 0 az ad
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 azov 8
I
0 0 0 0 0 0 X4G/GA-0 0 | asrod g
Q.
0 0 0 0 0 0 ava ‘o
0 0+0 3
0 0 0 0 0 0 aav
o
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 00°W w| - 3
Q.
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%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

L= (-v2 ) Fo vEd dx + [2(1) 8 dax=[-1/6x%b° ]  Fb 1/E3 + [ x] 6
=(-6b)Fb1/E) +(b) 6 =5/6 Fb/EJ

1= (-1/2 + xib 172 X%b* ) Fb 1/ET dx + [(-1) 6 dx
= [-v2x +172 b 116 xb* | P 1/ED +[-x] 0
=(-1/2b+1/2b-1/6b ) Fo 1/EJ + (-b ) ® =5/6 Fb’/EJ

122 = [2(-1/2 + xtb -1/2 x2ib* ) Fb 1/EJ dx = [-1/2 x +1/2 x%b -1/6 x¥/b? | Fb 1/EJ
=(-12b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb*/EJ

1% = ['(-1/2 X162 ) Fbo 1E dx = [-1/6 xb ] Fb 1/E3
=(-/6b) Fb L/EJ =-1/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25

PROCEDIMENTO E RISULTATI 241731

Cl09.xxxx.119

Om

418
130
136

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

A= 588 mm°
J, = 220324. mm*
J = 53448. mm’

<

X, = 44051. mm*

J, = 231238. mm"*

J, = 42533. mm*
a=artg(2J,,/(3,-3,))/2 =
c =cosa = .9707

s = sina = -.2405

Xg = 26.2 mm

Yy = 23.01 mm

N =-1431. N
T,=-7155N

M, = 1152000. Nmm
X, = 18.mm

Y= 54.mm

u, =-15.42 mm

vV, = 28.11 mm

-.2429

o,, = NIA-Mcv/J,-Msu/J, = -238.8 N/mm’
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CIl109.xxxx.120

PROCEDIMENTO E RISULTATI 963097

Cl109.xxxx.120

PROCEDIMENTO E RISULTATI 963097

Sviluppi di calcolo iperstatica

g40T/T- FFpm=x eoneisiadi
£3/9XE/S £3/,949/T 10}
LA 0 | a/xbz/T+asxde/e- | 0 | Xbe/Texdere- |oax a40
c3/axe/r | c3nado+s/er)
LIX+aXe-T| 0 | a/xbe/T-xde/e+ad- | 0 | xbe/T-Xd4g/T-04 | a/x+T-| 904
1 £3/94 X4+04- c3/04 X4+04- 1 q3d
£3/9x £3/,94(T+2/1-)
1 c3/94 X4- r3/04- S| T- q43
0 0 0 0 0 0 aoda
0 0+0
0 0 0 0 0 0 aao
JAix+axe-T| 0 |a/xbeg/T+a/,Xd-X42/T| 0 X02/T-xd2m | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 | xbzm+xde/t- | ax- a3a
0 0 0 0 0 0 gz ag
0 0+0
0 0 0 0 0 0 gz aa
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 az ov
0 0 0 0 0 0 X45/SA-0d 0 | 95009
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 00’ COw| -
FAp=x eonersiadi 1ad A1d INQLILOD oipend
,,,,,,,,, 0 Aﬂ\w&
o %| ol
| |
| |
| =
| <,
| ;
| =
“ o° | S 77777777777777777777 o \-§
0 0 s
[
s
K
=
f\\
[+]
U
b
u o 1 S T 0
1 - T
+ i W |
= |
|
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|
= |
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o - | of o
< . 0

Schema di calcolo iperstatico

=1

M, flessione da iperstatica X

CED

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

26.03.25

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

26.03.25
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Om

%= ) v dx = [13 2]} VED I }i\ A= 606.mm’
J.= 220278. mm
=(1/3b) 1EJ =13 bEI b 1 J; = 75271. mm"*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 J,, = -87807. mm“4
=(b-b+U3b) 1/EJ = 1/3 b/E] > j - gg;gf}nmmr?
LX=1(1) vesax=[x]. Ve a= artg(2J,,/(3,-3,))/2 = .4403
=(b) VEJ = b/EJ y z _ Z;S;: _;19206426
L =f;(1 ) VEIdx=]x ]z 1/EJ X, = 27.83 mm
=(b) 1/EJ = b/EJ yNQ::f;? Nm "
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI ] " T,=-1062. N
=(b-b+13b) VEI = 1/3 b/EJ I )'\(Am: 732090 Nmm
L= [(5m?) 1EI dx = [13 2] 1ES Yn= 54.mm
-0

u,= 16.64 mm
vV, = 16.16 mm
o,, = NJA-Mcv/d,-Msu/d, = -199. N/mm?’

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

130
136
148

b
1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3 mm < x

=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

o =[(-xb) FovEIdx+ [[(1) 6 dx=[-12xm ] Fb 1/E3 +[x] 6
=(-12b)Fo/E) +(b) 6 =1/2 Fb/EI

0= (-1+xb)FoUEIdx+ [[(-1) 6 dx=[-x+12xm ] FovEI +[-x] 0
=(-b+12b)Fb UEI +(-b) 6 =1/2 FbYEJ

122 = [°(-1 +3/2 b -1/2 X°/6° ) Fb 1/E3 dx = [- x +3/4 x2b -1/8 x*1b° ] Fb 1/E3
=(-b+3/4b-1/8b ) Fb 1/EJ =-3/8 Fb’/EJ

10 = ['(-ar2 X262 +1/2 X*16° ) Fb 1/ED dx = [-1/2 X2 +1/8 x'1b° ] Fb 1/EJ
=(-1/2b+1/8b ) Fb 1/EJ =-3/8 Fb’/E]

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

AZIONI INTERNE 211288

Cl09.xxxx.121
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PROCEDIMENTO E RISULTATI 211288

Cl09.xxxx.121

PROCEDIMENTO E RISULTATI 211288

q48/¢- FFm=x eoneisiadi
r3/axe/s £3/,048/S I[e10}
LA 0 a/,x4e/T- 0 x42/1- a/x a40
c3/axe/r | £37,04(0+9/T7)
JIXHAXST| 0 | A/ XH2/T-X4+942/T- | 0 | Xd2/T-0d2/T |a/X+T-| 0 Dd
1 £3/94|  x42/1+942/T- £3/04 | Xde/T+a42/T-| T q3d
£3/9x £3/,94(T+v/T-)
1 c3/94 Xde/T- r3/04-|  Xde/t T- q43
0 0 0 0 |xXbeT+xdz/t-| 0 aod
0 0+0
0 0 0 0 | xbzi-xde;m| o qao
LA/XHAXZ-T| 0 |a/Xbg/T+a/ XS XH2/T| 0 | Xbe/Txdg/T | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 |xXbeT+xde/-| ax- a3a
0 0 0 0 0 0 ge ad
0 0+0
0 0 0 0 0 0 de ad
0 0 0 0 0 0 4z vo
0 0+0
0 0 0 0 0 0 az oV
0 0 0 0 0 0 X45/57-04 0 | aspod
0 0 0 0 0 0 ave
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend

, flessione da carichi assegnati

N
= of 9 <)
2/t oV
0 0
=
Y\
[+]
J
b
o Q
w : Ao
+
o
<
w
N

Schema di calcolo iperstatico

Sviluppi di calcolo iperstatica

-1

=1

0

, flessione da iperstatica X:

CEOm

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

26.03.25

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

26.03.25



PROCEDIMENTO E RISULTATI 211288 Cl09.xxxx.121 PROCEDIMENTO E RISULTATI 211288 Cl09.xxxx.121

XX _r 2,2 _ 3,270 54 \< ) ,
Lss=[ (X'm*) 1EIdx=[13 X" ], V/EI )Y\ A= 564.mm°
J,= 205146. mm
=(1 1/EJ = 1/3 b/E Ja7 x
(13b) VEI =13 bIEI b 3= 35737 mm
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 J,,=-31198. mm*
J, = 210708. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) A u J, = 30175. mm*
[ v
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = .1765
c =cosa = .9845
=(b) 1/EJ = b/EJ y
( ) . s =sina = .1755
LX=[(1) veadx=[x]. vEI X, = 21.38 mm
_ _ Yy = 30.94 mm
() 163 = b/EI b o0 N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI ? T,=-1060. N
=(b-b+1/3b) LEI =1/3 b/E] 16 — M, = 971700. Nmm
) m X, = 12.mm
L= [(5m?) 1EI dx = [13 2] 1ES Jo U, = -14.67 mm
vV, =-28.81 mm
=(1/3b) 1/EJ = 1/3 b/EJ o 3 8 m
( ) mm S S—x 9 2 a,, = N/A-Mcv/d -Msu/d, = 209.9 N/mm?

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

L= (-v2xb) Fo UEIdx+ [)(1) 6 dx=[-w4xb ] FovEd +[x] 8
=(-1/40)Fo 1/E3 +(b) 6 =3/4 Fb’/EJ

0= (-12+1/2xb ) Fo 1EI dx + [[(-1) 0 dx=[-12x+1/4 x| Fo1Ed +[-x] 6
=(-12b+1/4b) Fo1EJ +(-b )0 =3/4 Fb’/EJ

120 = [*(-1/2 + xtb -1/2 xib* ) Fb 1/EJ dx = [-1/2 x +1/2 xb -1/6 x*/b? | Fb 1/E3
=(-1/2b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ

1 = ['(-172 X162 ) Fbo 1EI dx = [-1/6 xb2 ] Fb 1/E3
=(-1/6b) Fb /EJ =-1/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25
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PROCEDIMENTO E RISULTATI 242013

Cl09.xxxx.122

PROCEDIMENTO E RISULTATI 242013

Sviluppi di calcolo iperstatica

q48/¢- Fpm=x eonersiadi
r3/axe/s £3/,048/S 11e10}
LA 0 a/,X4e/T- 0 x42/T- a/x CEle)
c3/axe/r | £37,04(0+9/T7)
LIXHAXS-T| 0 | A/ XH2/T-X4+942/T- | 0 X42/1-042/T  |aX+T-| 904
1 £3/04|  x4e/T+ade/T- £3/04 | xde/T+ade/1- | 1T q3d
£3/9x £3/,94(T+v/T-)
1 £3/94 X42/1- r3/94- X4z/1 T a43
0 0 0 0 0 0 aoa
0 0+0
0 0 0 0 0 0 aao
JAix+axe-T| 0 |a/xbeg/T+a/,Xd-X42/T| 0 Xbe/T-xdem | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 | xbzmxdet- | ax- a3a
0 0 0 0 0 0 de agd
0 0+0
0 0 0 0 0 0 de ad
0 0 0 0 0 0 ae vo
0 0+0
0 0 0 0 0 0 e OV
0 0 0 0 0 0 | xd4OT/sp-ad2/T | O | aspod
0 0 0 0 | Xbg/T+xd-ade/t| 0 qvd
0 0+0
0 0 0 0 Xbe/t- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 0’ W | -
Fp=x eoneisiadi 1ad Ad nNQLILOD oupend
,,,,,,,,, 0 Aﬂ\w&
G s N
° °f |
| |
| |
| =
| <,
| | o
| g
o \ =
o o° | S 77777777777777777777 o \-§
0 0 s
[
s
8
=
f\\
[+]
A\J
b
- 0
w ! i
. ] -
; | W

q

Schema di calcolo iperstatico

e

M, flessione da iperstatica X

CED

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

26.03.25

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 242013

Cl09.xxxx.122

PROCEDIMENTO E RISULTATI 242013

Cl09.xxxx.122

%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

b
L% = [*(1/2 xb - X207 +1/2 x3/6° ) Fb 1/EJ dx = [1/4 xb -1/3 /b +1/8 x“1b° | Fb 1/E3
[e] e}

=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ
L= (-v2xb) Fo UEIdx+ [)(1) 6 dx=[-w4xb ] FovEd +[x] 8
=(-1/40)Fo 1/E3 +(b) 6 =3/4 Fb’/EJ

0= (-12+1/2xb ) Fo 1EI dx + [[(-1) 0 dx=[-12x+1/4 x| Fo1Ed +[-x] 6

=(-12b+1/4b) Fo1EJ +(-b )0 =3/4 Fb’/EJ

120 = [*(-1/2 + xtb -1/2 xib* ) Fb 1/EJ dx = [-1/2 x +1/2 xb -1/6 x*/b? | Fb 1/E3
=(-1/2b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ

1 = ['(-172 X162 ) Fbo 1EI dx = [-1/6 xb2 ] Fb 1/E3
=(-1/6b) Fb /EJ =-1/6 Fb’/EJ

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

26.03.25

Om

>
/ s
a7

412
418
130

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

A= 480.mm’

J, = 167026. mm*
J,= 15456. mm*
J, = 33263.mm’
J, = 174004. mm*
J, = 8477. mm*
a=artg(2J,,/(3,-3,))/2 =
c=cosa = .9787

s =sina = -.2053

Xg = 15.23 mm

Y= 27.51 mm

N =-1374.N

T,= 785.N

M, = 618188. Nmm
X, = 12.mm

Y= 54.mm

U, =-8.595 mm

V,, = 25.26 mm

-.2068

o,, = NIA-Mcv/J,-Msu/d, = -219.4 N/mm’

26.03.25
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PROCEDIMENTO E RISULTATI 248692

Cl09.xxxx.123

PROCEDIMENTO E RISULTATI 248692

Sviluppi di calcolo iperstatica

=1

a48/L FFm=x eoneisiadi
r3/axe/s £3/,94ve/Se- I[e10}
LA 0 0/, X€- 0 x4g- a/x a4
C3/aXE/T £3/,94(0+T-)
LIX+AXE-T| 0 0/ X4€-X49+0€- 0 x4€-04€  |a/x+T-| g Od
1 c3/94 X4€+q-¢e- £3/04 | Xde+ade- 1 q3d
£3/9x £3/,94(T+2/E-)
1 c3/94 X4€- r3/04- x4 T- q43
0 0 0 0 0 0 aod
0 0+0
0 0 0 0 0 0 aao
LA/XHAXZ-T| 0 |a/Xbg/T+a/ XS XH2/T| 0 | Xbe/Txdg/T | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 |xXbeT+xde/-| ax- a3a
0 0 0 0 0 0 ge ad
0 0+0
0 0 0 0 0 0 de ad
0 0 0 0 Xbz/1-x4 0 az vo
0 0+0
0 0 0 0 Xbz/T+x4- |0 az oV
0 0 0 0 0 0 X45/5M-04 0 | asro9
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend
° OO <Q
0 %) ol
| |
| |
| |
\ B
| S
| ]
\ K
™ of O ol=
€ 0 e
OWO 8
S
[
s
8
=
f\\
[+]
U
b
w o ] S T 0
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Schema di calcolo iperstatico

M, flessione da iperstatica X
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PROCEDIMENTO E RISULTATI 248692 Cl09.xxxx.123 PROCEDIMENTO E RISULTATI 248692 Cl09.xxxx.123

b
%= ) v dx = [13 2]} VED A= 588 mm’ )
J,= 220324. mm
=(1 1/EJ = 1/3 blE 147 y ;
(1730) 1/E3 = 1/3 bIEJ b N 3,= 70110. mm*
L :ﬁ(l -2xib+x10*) VEIdx =[x - x’/b +1/3 b’ | 1/E v J,, = 85615. mm*
=(b-b+1/3b) 1/EI =1/3 bIEJ 1, = 280108, mr?
b J, = 31327. mm*
LX=1(1) vesax=[x]. Ve a= arg(2J,,/(J,-J,))/2 = -.4253
c=cosa = .9109
= = y
( b ) VEJ = Db/E] i s = sina = -.4126
LX=[(1) veadx=[x]. vEI Y Xy = 28.78 mm
) ) Yo = 23.01 mm
(b) 1/EI = bIE b N=-1721.N
L :ﬁ(l -2 x/b +x*b? ) UEJ dx = [ x - X*Ib +1/3 o ]O 1/EJ T,= 2430. N
=(b-b+13b) VEI =13 b/EJ 1 o e o N
: m Xy = 36. mm
L= [(5m?) 1EI dx = [13 2] 1ES lo Up = 16.08 mm
vV, =-17.98 mm
=(1/3b) 1EJ =13 b/EI s @ oo m
(113) mm o x R, S 0, = NIA-Mcv/d -Msuld, = 229. N/mm®

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1o =[(-axb) Fo UEIdx+ [)(1) 6 dx=[-a12x ] Fo1EI +[x] 6
=(-32b)Fo 1/E] +(b) 6 =-1/2 Fb’/EJ

0= (-3+3xb) FoUEIdx+ [(-1) 0 ax=[-3x+32x2m ] FovEI +[-x] 0
=(-3b+32b) Fb U/EJ +(-b) 6 =-1/2 Fb%/EJ

1% = [(-3 +6 xtb -3 x/b” ) Fb 1/E dx = [-3 x +3 x%/b - X2 | Fb 1/E3
=(-3b+3b-b) Fb 1/EJ =- Fb*/EJ

10 = ['(-3 %2 ) Fb 1EI dx = [- X702 ] Fb 1/ES
=(-b) Fb 1/EJ =- Fb%EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25
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REAZIONI 237373 Cl09.xxxx.124 AZIONI INTERNE 237373 Cl09.xxxx.124
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Cl09.xxxx.124

PROCEDIMENTO E RISULTATI 237373

Cl109.xxxx.124

PROCEDIMENTO E RISULTATI 237373

Sviluppi di calcolo iperstatica

q45/€ Fm=x eonersiadi
r3/aXe/s r3a/,94- 11e10}
Jx 0 RETx 0 xd4e/5- arx 940
CI/axer | 3/,94(0+9/5")
JX+AXe-T| 0 |4/, X4¢/S-X45+04¢/S- 0 X4¢/5-04¢/S a/X+T- q o4
T £3/94 |9/,Xd¢/1-Xx4€+q4¢/S- | £3/94 ZXbZ/'['X:I€+CI:IZ/9' T q3d
£3/9x £3/,94(T+9/L-)
T £3/94 a/,X4¢/1-xX4¢- £3/94- ZXbZ/T+X:IZ T- q 43
0 0 0 0 0 0 qod
0 0+0
0 0 0 0 0 0 qasd
ALX+AXe-T) 0 0 0 0 a/x-T qa3z
£3/aXe/T 0+0
e/ 0 0 0 0 a/x- q3a
0 0 0 0 0 0 qc ad
0 0+0
0 0 0 0 0 0 qc ada
0 0 0 0 ZXbZ/T'X:I 0 qec vOo
0 0+0
0 0 0 0 ZXbZ/T+X:I- 0 qc ov
0 0 0 0 0 0 X4G/5M-04 0 qsp 04
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 0’ COw| -
=X eonersiadi 1ad A1d INgLIU0D oipend
0 <0
< Oo| o
\ \
\ \
\ \
\ E
\ 5,
\ K
I | | &
) o O olzs
2IS 0 S
o T T TR 8
3
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S
g
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L\
N
wdL : = e :
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2 o e P
w < T 0
N

Schema di calcolo iperstatico

=1

M, flessione da iperstatica X

CED
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PROCEDIMENTO E RISULTATI 237373 Cl09.xxxx.124 PROCEDIMENTO E RISULTATI 237373 Cl09.xxxx.124

b ~54
%= ) v dx = [13 2]} VED /Y\ A= 606. mm’
J, = 220278. mm’
=\1 1/EJ =1 E 47 X
(13b) VEI =13 bIEY X J,= 59103. mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 Jy = -49845. mm44
J,= 234447. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v u
( ) . J,= 44934. mm*
LX=1(1) vesax=[x]. Ve a= artg(2J, /(3,-3,))/2 = .2770
c=cosa = .9619
= = y
( b ) VEJ = Db/E] i s =sina = .2734
LX=[(1) veadx=[x]. vEI Xg = 25.69 mm
- _ Yy = 32.29 mm
(b) 2E3 = bEI b » N =-2109. N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T, = 3330.N
M, = 1117770.N
=(b-b+1/3b) 1/EJ = 1/3 b/EI 1° o " o
A m X, = 18.mm
L= [(5m?) 1EI dx = [13 2] 1ES Jo Uy, = -16.23 mm
=-28.
=(y3b) VEI =13 bEJ o R ) o s g Vi = -28.96 mm

. , a,, = N/A-Mcv/d -Msuld, = 239.7 N/mm?
1= (-2 xb-1/2 1> ) Fo WEI dx + (1) 0 dx = [- b -1/6 ] Fo 1/E3 +[x] 6

=(-b-1/6b)Fo1/EJ +(b) 6 =-1/6 FbYEJ
10 = ['(-5/2 +3 xib -1/2 x1b* ) Fb EI dx + [(-1) 6 dx
= [-512 x 4372 X1 116 X162 ] Fo 1/E3 +[-x] 0
=(-5/2b+3/2b-1/6b ) Fb /EJ +(-b) 6 =-1/6 Fb’/EJ
1% = ['(-5/2 +5 xib -5/2 X%Ib” ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ
1% = [(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b? ], Fb 1/E9
=(-5/6b) Fb 1/EJ =-5/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25
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Cl09.xxxx.125

PROCEDIMENTO E RISULTATI 240726

Cl109.xxxx.125

PROCEDIMENTO E RISULTATI 240726

Sviluppi di calcolo iperstatica

q40z/€T Fm=x eoneisiadi
C3/aXe/S | £3/,04CT/ET- I1e10)
Jx 0 RETx 0 xdz/5- arx q40
CI/axer | 3/,94(0+9/5")
JX+AXe-T| 0 |04/, X4¢/S-X45+04¢/S- 0 X4¢/S-94¢/S | a/X+T- qod
T £3/94 X4¢/S+04¢/S- (3/94 | X4¢/S+094¢/S- T q3d
£3/9x £3/,94(T+v/S-)
T £3/94 X4¢/S- £3/94- X4¢2/S T- q43
0 0 0 0 ZXbZ/T+X:IZ/T' 0 qod
0 0+0
0 0 0 0 ZXbZ/I-X:IZ/I 0 qas
ALX+AXe-T) 0 0 0 0 a/x-T qa3
3/9XE/T 0+0
e/ 0 0 0 0 a/x- q3a
0 0 0 0 0 0 qc ad
0 0+0
0 0 0 0 0 0 qc ad
0 0 0 0 ZXbZ/T'X:I 0 qc vo
0 0+0
0 0 0 0 ZXbZ/T+X:I- 0 qc oV
0 0 0 0 0 0 X49/9M-04 0 qsp Od
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 0’ COw| -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend
0 <0
Yo }
\
\
K
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o K
I o| O olzs
2/S 0 S
OWO 8
3
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sl WWWM |
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Schema di calcolo iperstatico

=1

M, flessione da iperstatica X

CED
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PROCEDIMENTO E RISULTATI 240726

Cl09.xxxx.125

PROCEDIMENTO E RISULTATI 240726

Cl09.xxxx.125

%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

1= (-s2xb) Fb UETdx + [[(1) 6 dx=[-5/4x%b] Fb 1/E3 +[x] 6
=(-5/4b)Fb1/E] +(b) 6 =-1/4 FbYEJ

L0 =['(-5/2 +52 b ) Fb 1/EI dx + [ (-1) 6 dx=[-522x +5/4 b ] Fo 1EI +[-x] 0

=(-5/2b+5/4b) Fb 1/E] +(-b )6 =-1/4 FbYEJ

1 = ['(-5/2 +5 x/b -5/2 X¥Ib? ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

1% = ['(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b2 ]| Fb 1/E9
=(-5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

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

26.03.25

124
430
142

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

= 552. mm’

= 204861. mm’
= 44525. mm*

= 65837. mm*
= 228430. mm*
= 20956. mm"

A
J
J
J
J
J
a=artg(2J,,/(3,-3))/2 =
c
s
X

X
y
xy
u
v

=cosa = .9415
=sina = -.3370
g = 24.46 mm
Yy = 24.32mm
N =-1166. N
T,= 1575.N
M, = 664335. Nmm
X, = 30.mm
u,= 13.41 mm
v, =-21.02 mm
0., = N/A-Mcv/J -Msu/J

-.3438

, = 198.8 N/mm?
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REAZIONI 241067 Cl09.xxxx.126 AZIONI INTERNE 241067 Cl09.xxxx.126
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Cl09.xxxx.126

PROCEDIMENTO E RISULTATI 241067

Cl09.xxxx.126

PROCEDIMENTO E RISULTATI 241067

Sviluppi di calcolo iperstatica

q40z/€T Fp=x eonersiadi
C3/9XE/S 3/,04¢T/ET- el
JA1,X 0 a/,x42/s- 0 x4e/5- a/x 940
C3/OXET | £3/,04(0+9/5")
JX+AXe-T| 0 |04/, X4¢/S-X45+04¢/S- 0 X4¢2/S-094¢/S  |A/X+T- qod
T £3/94 X4¢2/S+04¢/S- £3/94 | Xd4¢/S+94¢/S- T q3d
£3/9x 3/,94(T+v/S-)
T £3/94 X4¢/S- £3/94- X4¢2/S T- q43
0 0 0 0 0 0 q2oda
0 0+0
0 0 0 0 0 0 qas
ALX+AXe-T) 0 0 0 0 q/%-T qa3
3/9XE/T 0+0
e/ 0 0 0 0 q/x- q3a
0 0 0 0 0 0 qc ag
0 0+0
0 0 0 0 0 0 qc daa
0 0 0 0 ZXbZ/T'X:I 0 ac vo
0 0+0
0 0 0 0 ZXbZ/'lZ+X:i- 0 qc ov
0 0 0 0 0 0 X40T/SM-Q42/T 0 qsp Od
0 0 0 0 | Xbg/T+xd4-ade/T| 0 qvd
0 0+0
0 0 0 0 Xbe/t- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 00’ W | -
Fp=x eoneisiadi 1ad Ad 1NQLILOD oipend
o 0
& %| L
\ il B
\ \
\ \
\ -
\ E
\ g
| | &
% of O o \,‘E
2/S 0 £
OWO §
3
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Schema di calcolo iperstatico

0

=1

M, flessione da iperstatica X

CED
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PROCEDIMENTO E RISULTATI 241067 Cl09.xxxx.126 PROCEDIMENTO E RISULTATI 241067 Cl09.xxxx.126

<

b -54
%= ) v dx = [13 2]} VED A= 648. mm’ )
J, = 233472. mm
=\ 1/EJ =1 E a7 X
(113b) EI =13 bIEJ b J,= 91566. mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 . 3,, = -70365. mmz
_ _ J,= 262446, mm
=(b-b+1/3b) 1/EJb =1/3 b/EJ J,= 62591 mm*
L= _[2(1 ) VEIdx=[x] 1EJ o= artg(2J,,/(J,-J,))/2 = .3906
c =cosa = .9247
=(b) 1/EJ = b/EJ y
( ) . s =sina = .3808
LX=[(1) veadx=[x]. vEI Xy = 29.83 mm
= = Ny = 33.47 mm
() 163 = b/EI b N = -1665. N
L :ﬁ(l -2 x/b +x*b? ) UEJ dx = [ x - X*Ib +1/3 o ]O 1/EJ T,= 2250.N
M, = 999000. N
=(b-b+1/3b) 1/EJ = 1/3 b/EI 1° o " o
m X, = 24.mm
XX _J’b 2,2 _ 3,21P _
L= [ (xm*) 1EIdx = [13x°b° ], VEI lo Up, = -18.14 mm
=287
=(y3b) VEI =13 bEJ Vi = -28.73 mm

124
136
142

X X a,, = N/A-Mcv/d -Msu/d, = 208.8 N/mm?
1= (-s2xb) Fb UETdx + [[(1) 6 dx=[-5/4x%b] Fb 1/E3 +[x] 6

=(-5/4b)Fb1/E] +(b) 6 =-1/4 FbYEJ

L0 =['(-5/2 +52 b ) Fb 1/EI dx + [ (-1) 6 dx=[-522x +5/4 b ] Fo 1EI +[-x] 0
=(-5/2b+5/4b) Fb 1/E] +(-b )6 =-1/4 FbYEJ

1 = ['(-5/2 +5 x/b -5/2 X¥Ib? ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

1% = ['(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b2 ]| Fb 1/E9
=(-5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ
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REAZIONI 917806 Cl09.xxxx.127 AZIONI INTERNE 917806 Cl09.xxxx.127
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Cl109.xxxx.127

PROCEDIMENTO E RISULTATI 917806

Cl09.xxxx.127

PROCEDIMENTO E RISULTATI 917806

Sviluppi di calcolo iperstatica

=1

a48/L FFm=x eoneisiadi
r3/axe/s £3/,94ve/Se- I[e10}
LA 0 0/, X€- 0 x4g- a/x a4
C3/aXE/T £3/,94(0+T-)
LIX+AXE-T| 0 0/ X4€-X49+0€- 0 x4€-04€  |a/x+T-| g Od
1 c3/94 X4€+q-¢e- £3/04 | Xde+ade- 1 q3d
£3/9x £3/,94(T+2/E-)
1 c3/94 X4€- r3/04- x4 T- q43
0 0 0 0 0 0 aod
0 0+0
0 0 0 0 0 0 aao
LA/XHAXZ-T| 0 |a/Xbg/T+a/ XS XH2/T| 0 | Xbe/Txdg/T | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 |xXbeT+xde/-| ax- a3a
0 0 0 0 0 0 ge ad
0 0+0
0 0 0 0 0 0 de ad
0 0 0 0 Xbz/1-x4 0 az vo
0 0+0
0 0 0 0 Xbz/T+x4- |0 az oV
0 0 0 0 0 0 X45/5M-04 0 | asro9
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend
° OO <Q
0 %) ol
| |
| |
| |
\ B
| S
| ]
\ K
™ of O ol=
€ 0 e
OWO 8
S
[
s
8
=
f\\
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U
b
w o ] S T 0
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Schema di calcolo iperstatico

M, flessione da iperstatica X

CED

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 917806

Cl09.xxxx.127

PROCEDIMENTO E RISULTATI 917806

Cl09.xxxx.127

%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

b
L% = [*(1/2 xb - X207 +1/2 x3/6° ) Fb 1/EJ dx = [1/4 xb -1/3 /b +1/8 x“1b° | Fb 1/E3
[e] e}

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

1o =[(-axb) Fo UEIdx+ [)(1) 6 dx=[-a12x ] Fo1EI +[x] 6
=(-32b)Fo 1/E] +(b) 6 =-1/2 Fb’/EJ

0= (-3+3xb) FoUEIdx+ [(-1) 0 ax=[-3x+32x2m ] FovEI +[-x] 0
=(-3b+32b) Fb U/EJ +(-b) 6 =-1/2 Fb%/EJ

1% = [(-3 +6 xtb -3 x/b” ) Fb 1/E dx = [-3 x +3 x%/b - X2 | Fb 1/E3
=(-3b+3b-b) Fb 1/EJ =- Fb*/EJ

10 = ['(-3 %2 ) Fb 1EI dx = [- X702 ] Fb 1/ES
=(-b) Fb 1/EJ =- Fb%EJ

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

26.03.25

418
124
136

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

= 516. mm’
= 187256. mm*
= 26687. mm’

= 48223. mm*

= 200625. mm*
= 13317. mm*
=artg(2J,,/(3,-3,))/2 =
= cosa = .9637
=sina = -.2672

- 19.95 mm
Yy = 25.8mm

N =-1041. N
T,= 1470.N

M, = 666400. Nmm
X, = 24.mm

u,= 10.79 mm
Vm
Gm

‘]X
‘]y
xy
u
JV

A
J

J

a
c
s
X

=-23.78 mm
= N/A-Mcv/J -Msu/J

-.2704

, = 218.4 N/mm?

26.03.25
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PROCEDIMENTO E RISULTATI 237731

Cl109.xxxx.128

PROCEDIMENTO E RISULTATI 237731

Sviluppi di calcolo iperstatica

q45/€ Fm=x eonersiadi
r3/aXe/s r3a/,94- 11e10}
JA1,X 0 a/,x42/s- 0 xd4e/5- arx 940
CI/axer | 3/,94(0+9/5")
JX+AXe-T| 0 |4/, X4¢/S-X45+04¢/S- 0 X4¢/S-04¢/S a/X+T- qod
T £3/94 |9/,Xd¢/1-Xx4€+q4¢/S- | £3/94 ZXbZ/'['X:|€+CI:IZ/9' T q3d
£3/9x £3/,94(T+9/L-)
T £3/94 a/,X4¢/1-xX4¢- £3/94- ZXbZ/T+X:|Z T- q43
0 0 0 0 0 0 qoda
0 0+0
0 0 0 0 0 0 qas
ALX+AXe-T) 0 0 0 0 a/x-T qa3
3/9XE/T 0+0
e/ 0 0 0 0 qa/x- q3a
0 0 0 0 Xbe/T+ade- 0 de ad
0 0+0
0 0 0 0 ZXbZ/'[-X:IZ 0 qc¢ aa
0 0 0 0 0 0 qc vo
0 0+0
0 0 0 0 0 0 qc ov
0 0 0 0 0 0 X4G/9/ME-Q4€ 0 asp o4
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 0’ COw| -
=X eonersiadi 1ad A1d INgLIU0D oipend
0 m&\w
0 0
(=) o | |
\ \
\ \
| 3
\ )
\ |3
\ K
~ \ kS
BZ/S o | [\} o \'§
0 03
[
S
K
=
f\\
[+]
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N\ I | 0
w . j Wﬁ’
i o
. i

Schema di calcolo iperstatico

=1

o

, flessione da iperstatica X:

CEOm

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

26.03.25

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

26.03.25



PROCEDIMENTO E RISULTATI 237731 Cl09.xxxx.128 PROCEDIMENTO E RISULTATI 237731 Cl09.xxxx.128

L

b
%= ) v dx = [13 2]} VED A= 690 mm?
J = 245079. mm*
J. = 134213. mm*
><><_Jb 2,2 _ 2 3,21P v 4
LSS = (1-2xb +x°b*) VEIdx = [ x-xb +13x%b% ] 1/EI 3, = -92417. mm
J, = 297413. mm*
J, = 81879. mm*
a

=(1/3b) 1/EJ = 1/3 b/EJ Ja7

=(b-b+1/3b) 1/EJ = 1/3 b/EJ
LX=1(1) vesax=[x]. Ve

\Y

= artg(2J, /(3,-3))/2 = 5153

c=cosa = .8702
= = y
( b ) VEJ = Db/E] i s =sina = .4928
LX=[(1) veadx=[x]. vEI X, = 33.83mm
i ) Yy = 34.51 mm
(b) 1/EI = bIE b N =-1476. N
%= [0(1 -2 xb +xb* ) VEI dx = [ x - xb +1/3 b7 ] 1/E3 T,=-737.9N
=(b-b+1/3b) 1/EJ = 1/3 b/EJ * 5 s o
\ m Xm = 30. mm
L= [(5m?) 1EI dx = [13 2] 1ES do Uy, = -20.34 mm
VvV, =-28.14 mm

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

430

142
148

. , a,, = N/A-Mcv/d -Msuld, = 227.6 N/mm?
1= (-2 xb-1/2 1> ) Fo WEI dx + (1) 0 dx = [- b -1/6 ] Fo 1/E3 +[x] 6

=(-b-1/6b)Fo1/EJ +(b) 6 =-1/6 FbYEJ
10 = ['(-5/2 +3 xib -1/2 x1b* ) Fb EI dx + [(-1) 6 dx
= [-512 x 4372 X1 116 X162 ] Fo 1/E3 +[-x] 0
=(-5/2b+3/2b-1/6b ) Fb /EJ +(-b) 6 =-1/6 Fb’/EJ
1% = ['(-5/2 +5 xib -5/2 X%Ib” ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ
1% = [(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b? ], Fb 1/E9
=(-5/6b) Fb 1/EJ =-5/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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AZIONI INTERNE 248146

Cl09.xxxx.129
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= = ® \
~E= Q H2 |
SE= g = Ha |
= " ? =k |
= |
e [ - |
e ananllis 0 0
-53/20 -5REa ™ ~ o o
\
o
|
|
\ ; .

\

\

|

\ | |

\ |

o A Lo A olo &
HHF TlF C§ Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25



Cl109.xxxx.129

PROCEDIMENTO E RISULTATI 248146

Cl109.xxxx.129

PROCEDIMENTO E RISULTATI 248146

Sviluppi di calcolo iperstatica

q40z/eT #Fm=X eonersiad
C3/9XE/S £3/,942T/€T- Ie10)
LA7X 0 a/,x4z/s- 0 X42/5- ax qdo
c3/axe/r | c3/,94(0+9/5-)
LAIXHAXZ-T| 0 |G/, X42/SX4G+042/S-| 0 | Xd2/S-0de2/S |a/X+T- q o4
T r3/94 X42/G+042/S- r3/qd | x42/5+d42/S-| T q3d
£3/9x £3/,94(T+v/S-)
T £3/94 X42/G- r3/94- X42/S T- qd43
0 0 0 0 |xXbeT+xdz/t-| 0 q0d
0 0+0
0 0 0 0 | Xbz/t-xde/m| 0 qao
L/ X+A/X2-T| 0 0 0 0 asx-1 qas
C3/9XE/T 0+0
LA1X 0 0 0 0 arx- g3a
0 0 0 0 | xbzi+ade- | 0 qc ad
0 0+0
0 0 0 0 Xbe/t-xe 0 gz 9d
0 0 0 0 0 0 gz vo
0 0+0
0 0 0 0 0 0 gz ov
0 0 0 0 0 0 | xdS/Spe-qdE| O gsp Od
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend
0 m&\w
0 0
o o ‘ ‘
|
|
E
=
|2
Ei
§ 5
LoZ/g OO | [\) o \§
0 03
()
S
g
=
f\\
[+]
R
A\
+ .
W ™ . T S 0
g e
+ ]

Schema di calcolo iperstatico

=1

o

, flessione da iperstatica X:

CEOm

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

26.03.25

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

26.03.25



PROCEDIMENTO E RISULTATI 248146

Cl09.xxxx.129

PROCEDIMENTO E RISULTATI 248146

Cl09.xxxx.129

%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

1= (-s2xb) Fb UETdx + [[(1) 6 dx=[-5/4x%b] Fb 1/E3 +[x] 6
=(-5/4b)Fb1/E] +(b) 6 =-1/4 FbYEJ

L0 =['(-5/2 +52 b ) Fb 1/EI dx + [ (-1) 6 dx=[-522x +5/4 b ] Fo 1EI +[-x] 0

=(-5/2b+5/4b) Fb 1/E] +(-b )6 =-1/4 FbYEJ

1 = ['(-5/2 +5 x/b -5/2 X¥Ib? ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

1% = ['(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b2 ]| Fb 1/E9
=(-5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

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

26.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 570.mm’

J, = 203061. mm*
J,= 67683. mm*
J, = 79827.mm’
J, = 240034, mm*
J, = 30710. mm*
a=artg(2J,,/(3,-3,))/2 =
c=cosa = .9074

s =sina =-.4203

Xg = 19.55 mm

Yy = 30.95 mm

N =-1046. N
T,=-523.2N

M, = 819000. Nmm
X, = 12.mm

Yn= 53.mm
u,=-16.11 mm

V,, = 16.83 mm

-.4337

o,, = NIA-Mcv/J,-Msu/d, = -234.6 N/mm’

26.03.25
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5/2F 7I2F

8120 -13/20
o= MY
| = = [
37/20F | 13/20F N} . 3 %8 K }
c D B ~ 5 s }
e P } I =) ‘
— ‘
c b \ ‘ ‘ E \
T = - o
é 7I12F ~ A ° © °
o)
\
\
|
\
|
- o oi 3,
|
\
\
X \
% \
X |
] \
0 N~ 0 o of 0
12
(TN
% 712F
5/2Fb i 2Fb
B
A A /B
lIZFﬁ
F
HHF TlF C§ Fb
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PROCEDIMENTO E RISULTATI 218352

Cl109.xxxx.130

PROCEDIMENTO E RISULTATI 218352

Sviluppi di calcolo iperstatica

q40z/€T Fp=x eonersiadi
C3/9XE/S 3/,04¢T/ET- el
JA1,X 0 a/,x42/s- x4e/5- a/x 940
C3/OXET | £3/,04(0+9/5")
JX+AXe-T| 0 |04/, X4¢/S-X45+04¢/S- X42/S-04¢/S | A/X+T- qod
T r£3/94 X4¢/5+04¢/S- £3/94 | X4¢/S+04¢/S- T q3d
£3/9x 3/,94(T+v/S-)
T r3/94 X4¢/S- £3/94- X4¢2/S T- q43
0 0 0 0 0 q2oda
0 0+0
0 0 0 0 0 0 qas
ALX+AXe-T) 0 0 0 0 a/x-T aa3
C3/9XE/T 0+0
e/ 0 0 0 0 a/x- a3a
0 0 0 0 Xbe/T+ade- 0 e ag
0 0+0
0 0 0 0 szZ/'[-X:IZ 0 qc daa
0 0 0 0 0 0 ac vo
0 0+0
0 0 0 0 0 0 qc ov
0 0 0 0 0 0 X42/5M-942/S 0 qsr Od
0 0 0 0 | Xbg/T+xd4-ade/T| 0 qvd
0 0+0
0 0 0 0 Xbe/t- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 00’ W | -
Fp=x eoneisiadi 1ad Ad 1NQLILOD oipend
,,,,,,,,, 0 Aﬁ\w
C %| B
\ i |
\ q
| =
\ <,
| | o
\ | &
" \ =
Fe o° | S 77777777777777777777 o \-§
0 0 s
[
S
8
=
f\\
[+]
"
N\
= O S — :
w “ i
1 T i o
; } W

q

Schema di calcolo iperstatico

e

M, flessione da iperstatica X

CED

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

26.03.25

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 218352

Cl09.xxxx.130

%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

1= (-s2xb) Fb UETdx + [[(1) 6 dx=[-5/4x%b] Fb 1/E3 +[x] 6
=(-5/4b)Fb1/E] +(b) 6 =-1/4 FbYEJ

L0 =['(-5/2 +52 b ) Fb 1/EI dx + [ (-1) 6 dx=[-522x +5/4 b ] Fo 1EI +[-x] 0

=(-5/2b+5/4b) Fb 1/E] +(-b )6 =-1/4 FbYEJ

1 = ['(-5/2 +5 x/b -5/2 X¥Ib? ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

1% = ['(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b2 ]| Fb 1/E9
=(-5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

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

26.03.25

PROCEDIMENTO E RISULTATI 218352
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Om

47

412
418

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

A= 534.mm’
J, = 189011. mm*
Jy

= 42681. mm*
J, = 61197. mm’
J, = 211231. mm*
J, = 20461. mm*
a=artg(2J,,/(3,-3,))/2 =
c =cosa = .9400
s =sina =-.3413

Xg = 17.83 mm

Y= 29.67 mm

N =-1521. N
T,=-760.3N

M, = 629000. Nmm
X, = 12.mm

Yn= 53.mm

u, =-13.44 mm

Vi, = 19.94 mm

-.3483

o,, = NIA-Mcv/J,-Msu/d, = -199.7 N/mm’

26.03.25
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AZIONI INTERNE 218194

Cl09.xxxx.131
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PROCEDIMENTO E RISULTATI 218194

Sviluppi di calcolo iperstatica

e

a48/L FFm=x eoneisiadi
r3/axe/s £3/,94ve/Se- I[e10}
LA 0 0/, X€- 0 x4g- a/x a40
C3/aXE/T £3/,94(0+T-)
LIX+AXE-T| 0 0/ X4€-X49+0€- 0 x4€-04€  |a/x+T-| g Od
1 c3/94 X4€+q-¢e- £3/04 | Xde+ade- 1 q3d
£3/9x £3/,94(T+2/E-)
1 c3/94 X4€- r3/04- x4 T- q43
0 0 0 0 0 0 aod
0 0+0
0 0 0 0 0 0 qao
LA/XHAXZ-T| 0 |a/Xbg/T+a/ XS XH2/T| 0 | Xbe/Txdg/T | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 |xXbzT+xde/t-| ax- a3a
0 0 0 0 | xbzi+ade- | 0 de ad
0 0+0
0 0 0 0 Xbe/t-xde 0 de ad
0 0 0 0 0 0 4z vo
0 0+0
0 0 0 0 0 0 az oV
0 0 0 0 0 0 |Xxds/spe-ade | 0 | dsp 09
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend
,,,,,,,,, 0 AX\@
OO OO | |
| |
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M, flessione da iperstatica X
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%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

b
L% = [*(1/2 xb - X207 +1/2 x3/6° ) Fb 1/EJ dx = [1/4 xb -1/3 /b +1/8 x“1b° | Fb 1/E3
[e] e}

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

1o =[(-axb) Fo UEIdx+ [)(1) 6 dx=[-a12x ] Fo1EI +[x] 6
=(-32b)Fo 1/E] +(b) 6 =-1/2 Fb’/EJ

0= (-3+3xb) FoUEIdx+ [(-1) 0 ax=[-3x+32x2m ] FovEI +[-x] 0
=(-3b+32b) Fb U/EJ +(-b) 6 =-1/2 Fb%/EJ

1% = [(-3 +6 xtb -3 x/b” ) Fb 1/E dx = [-3 x +3 x%/b - X2 | Fb 1/E3
=(-3b+3b-b) Fb 1/EJ =- Fb*/EJ

10 = ['(-3 %2 ) Fb 1EI dx = [- X702 ] Fb 1/ES
=(-b) Fb 1/EJ =- Fb%EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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A= 498 mm’

J, = 172946. mm*
J,= 25275. mm*
J, = 44583. mm’
J, = 185362. mm*
J, = 12859. mm*
a=artg(2J,,/(3,-3,))/2 =
c=cosa = .9633

s =sina = -.2683
Xg= 16.3mm

Yy = 28.2mm
N=-1342.N
T,=-670.8 N

M, = 600000. Nmm
X, = 12.mm

Yn= 53.mm

U, = -10.8 mm
Vi, = 22.74 mm
0-m

-.2716

= N/A-Mcv/J -Msu/J, = -208.8 N/mm?
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PROCEDIMENTO E RISULTATI 218622

Sviluppi di calcolo iperstatica

g40T/6T Fm=x eonersiadi
r3/axe/s r3/,949/6T- 11e101
JA1X 0 a/,x45- 0 xd4G- a/x a40
CI/AXeT | 3/,94(0+€/S")
JX+A/Xe-T) 0 |4/, X45-X40T+0d4S- 0 X49-04S | Q/X+T- qod
T £3/94 X45+04G- £3/04 | Xd4S9+94S- T q3d
£3/9x 3/,94(T+2/5-)
T £3/94 X4G- £3/94- X49 T- q43
0 0 0 0 0 0 a2oa
0 0+0
0 0 0 0 0 0 qaos
ALX+AXe-T) 0 0 0 0 a/x-T qa3
3/9XE/T 0+0
e/ 0 0 0 0 a/x- q3a
0 0 0 0 |xbz/T+ade-| o ge as
0 0+0
0 0 0 0 ZXbZ/'['X:IZ 0 qc aa
0 0 0 0 ZXbZ/I-X:I 0 qc¢ vo
0 0+0
0 0 0 0 ZXbZ/T+X:l- 0 qc oV
0 0 0 0 0 0 |Xdg/spe-qd4e| O qsp Od
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] -
FAp=x eoneisiadi 1ad A1d NQLIUOD oipend
,,,,,,,,, 0 Ai\\@\
0 o] il
\ \
\ \
| ._
\ g
| :8
| E
) of Q ol§
S oL s
0 0 ¢
°
[
S
K
=
f\\
[+]
"
b
~ A
W h+ e S T- 0
i 3 -
+ 1

A

Schema di calcolo iperstatico

-1

0

=1

M, flessione da iperstatica X
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

26.03.25

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

26.03.25



PROCEDIMENTO E RISULTATI 218622
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%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

0= (s5xb)Fo1Esdx+ [(1) 0 dx=[-522xb ] Fo1/E3 +[x] 6
=(-52b)Fb1/E] +(b) 6 =-3/2 FHYEJ

L0 =[(5+5xb) FoUEI dx + [[(-1) 8 dx=[-5x+512 % ] Fo UE +[-x] 6
=(-5b+52b ) Fb 1/E] +(-b )6 =-3/2 FbYEJ

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

1% = ['(-5 x1b? ) Fb UEJ dx = [-5/3 1% ]| Fb 1/E3
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

PROCEDIMENTO E RISULTATI 218622

Cl09.xxxx.132
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= 462. mm°

= 154395, mm*

= 14346. mm*

= 30456. mm*

= 160731. mm*

= 8010. mm*
=artg(2J,,/(3,-3,))/2 =
c=cosa = .9790

s =sina =-.2037

X
Yy
xy
u
v

A
J
J
J
J
J
a

Xg= 15.mm

Yy = 26.5mm

N =-2150. N
T,=-1333.N

M, = 586520. Nmm
X, = 12.mm

Yn= 53.mm

U, =-8.335mm

V,, = 25.33 mm

-.2051

o,, = NIA-Mcv/J,-Msu/d, = -219.5 N/mm’
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PROCEDIMENTO E RISULTATI 214029

Cl09.xxxx.133

PROCEDIMENTO E RISULTATI 214029

g48/e- F =X eonersiadi
r3/axe/s £3/,048/S 11e10}
LA7X 0 a/xbz/T+0/,X4- 0 XbZ/T+X4- a/x a4
c3/aXe/T | £3/,94(0+¥2/S-)
LIX+aXe-T| 0 |0/ xbe/T-a/,X42/T+X42/T+a42/T-| 0 Xbem-adg/t jax+T-| 9 oo
1 c3/04 4/ X42/T-X4+q4e/T- £3/94 | Xbz/T-x4+042/1-| 1T q3d
£3/9x £3/,94(T+9/1-)
1 c3/a4 a/,x4z/1- c3/04- bzt T- q43
0 0 0 0 0 0 a0d
0 0+0
0 0 0 0 0 0 aao
L/X+A/X2-T| 0 0 0 0 a/%-T aas
C3/AXEIT 0+0
LA1X 0 0 0 0 asx- a3a
0 0 0 0 0 0 az ag
0 0+0
0 0 0 0 0 0 az ad
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 azov 8
I
0 0 0 0 0 0 X4G/GA-0 0 | asrod g
Q.
0 0 0 0 0 0 avea g
0 0+0 3
0 0 0 0 0 0 aavy =
o
XpeI/WWX[| xp+c3/ WW[| WA | B WIN 0 )°W W | - S
Q.
=X eoneisiadi 1ad Ad nNQLILOD oupend é’
@
o N
0 0, el
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O,

m

b
%= ) v dx = [13 2]} VED A= 642. mm’
J, = 226469. mm*
=\1 1/EJ =1 E H47 M
(13b) VEI =13 bIEI b 7= 120007, mm
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 - 3, =-62782. mm*
J,= 271657. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ u
( ) A J, = 74819. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = .4997
° c=cosa = .8777
=(b) V&) = bIEI X y s =sina = .4791
LX=[(1) veadx=[x]. vEI X, = 13.43mm
_ _ Yo = 19.91 mm
(b) 1/EI = bIE b N 1060 N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,=-983.9N
=(b-b+1/3b) LEI =1/3 b/E] M, = 1056000. Nmm
) 16 X, = 18.mm
L= [(5m?) 1EI dx = [13 2] 1ES 7 Yu= 53.mm
-0 u, = 19.87 mm
=(1/3b) 1/EJ = 1/3 b/EJ m
( ) b b © © vV, = 26.85 mm
L= (-12 0% ) Fo wEI dx + ['(1) 0 dx=[-16 ] Fo1Ed +[x] 6 mm o oo 3 x ¥ 5, = N/A-Mcvid,-Msuld, = -229. N/mm’

=(-/6b)Fb1/E) +(b) 6 =5/6 FbYEJ

10 = [ (-1/2 + xtb 172 X262 ) Fo UEI dx + [2(-1) 8 dx
2 3,.21° b

=[-12x+1/2 %0 -1/6 x°I0* | Fo 1EI +[-x] 6

=(-1/2b+1/2b-1/6b ) Fo 1/EJ + (-b) 6 =5/6 Fb/EJ
1 = ['(-1/2 +1/2 xib +1/2 x2b* -1/2 xIb™ ) Fb 1/EJ dx

b
= [-12 x +1/4 5°1b +1/6 10 -1/8 x"1b° | _ Fb L/E]
=(-12b+1/4b+1/6 b -1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ
b

10 = [(- b +1/2 xib° ) Fb 1/EJ dx = [-1/3 xIb? +1/8 x'1b° ]| Fb 1/E9

=(-1/3b+1/8b ) Fb 1/EJ =-5/24 Fb’/EJ
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PROCEDIMENTO E RISULTATI 209692

g40z/€T- FFpm=x eoneisiadi
C3/9XE/S C3/,042T/ET fe10)
J1X 0 0 0 0 a/x a40
C3/9XE/T 0+0
LALX+axe T 0 0 0 0 ax+1-| 404
T £3/94|9/,Xd¢/1-X4¢/T| £3/94 ZXbZ/T'X:IZ/T T q3d
£3/9x 3/,94(T+2T/1)
T £3/94|9/,Xd¢/1-X4¢/T|03/94- ZXbZ/I+X:IZ/I' T- q43
0 0 0 0 ZXbZ/T+X:IZ/T- 0 qod
0 0+0
0 0 0 0 ZXbZ/T-X:IZ/'[ 0 qaos
LIX+AXZT| 0 0 0 0 axT| qa3
£3/aXe/T 0+0
LA/ % 0 0 0 0 ax- a3a
0 0 0 0 0 0 qc ad
0 0+0
0 0 0 0 0 0 qc dda
0 0 0 0 0 0 qc vO
0 0+0
0 0 0 0 0 0 azov 8
I
0 0 0 0 0 0 X4G/GA-0 0 | asro9 ‘g
o
0 0 0 0 0 0 ava o
0 0+0 (_Cj
0 0 0 0 0 0 qav
o
Xpe/WNX[ | xpe+03 /WYW[| W o' "N 0 ()°W W | - =
Q.
Fp=x eoneisiadi 1ad A1d INQLILOD oipend 2’
7
,,,,,,,,,, 0 m
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E
2
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=
2
B
o Q, | ©
o o i I
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8
=
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[of

m

b
%= ) v dx = [13 2]} VED A= 606. mm’ )
J,= 215454, mm
=(1 1/EJ = 1/3 b/E 147 x
(13b) VEI =13 bIEI b ) 3= 81888, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3,,=-62420. mm*
J,= 240083. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) A J, = 57259. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = .3758
c =cosa = .9302
=(b) 1EJ = b/EJ o
(b) X y s = sina = .3670
LX=[(1) veadx=[x]. vEI x,= 11.55mm
_ _ Y= 20.92 mm
() 163 = b/EI b N 878 N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,=-939.1N
M, = 1071000. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
A 16 X, = 18.mm
L= [(5m?) 1EI dx = [13 2] 1ES ” Y, = 53.mm
Jo = 17.77 mm

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

um
V= 27.48 mm
o, = NIA-Mcv/J,-Msu/d, = -239.1 N/mm’

418

120 = [ (12 b -1/2 X%16? ) Fo 1B dx + (1) 8 ax = [1/4 b -1/6 x¥b* ] Fo /ED + [ x] 0 mmo o e

=(vab-1/6b)Fb/EI +(b) 6 =13/12 FbY/ED
L = [ (12 xtb 172 162 ) Fo UEI dx + [(-1) @ dx = [1/4 b -1/6 x* ] Fb 1/E3 +[-x] @
=(1/ab-1/6b)Fb1/EJ +(-b)® =13/12 FbYEJ
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J,= 203061. mm
=\1 1/EJ =1 E H47 M
(1730) 1/E3 = 1/3 bIEJ b . 3= 52950, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3,, = -43600. mm"
J,= 214806. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) A J, = 41205. mm*
LX={(1) vEJax=[x] 1EJ a= artg(2J,/(J,-))/2 = .2631
EF o 0 xy' \My “x
Cc =cosa = .9656
=(b) V&) = bIEI \ Y e s = sina = .2601
LX=[(1) veadx=[x]. vEI X, = 9.821 mm
_ _ Yy = 22.05 mm
() 163 = b/EI b N lea6 N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T, = -1220. N
M, = 872300. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
A 16 X, = 18.mm
L= [(5m?) 1EI dx = [13 2] 1ES \5( ” Y, = 53.mm
Jo

u,= 15.95mm
V= 27.76 mm
o, = NIA-Mcv/J,-Msu/d, = -199.4 N/mm’

=(1/3b) 1/EJ = 1/3 b/EJ
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120 = [ (12 b -1/2 X%16? ) Fo 1B dx + (1) 8 ax = [1/4 b -1/6 x¥b* ] Fo /ED + [ x] 0 mm R
=(vab-1/6b)Fb/EI +(b) 6 =13/12 FbY/ED

L = [ (12 xtb 172 162 ) Fo UEI dx + [(-1) @ dx = [1/4 b -1/6 x* ] Fb 1/E3 +[-x] @
=(1/ab-1/6b)Fb1/EJ +(-b)® =13/12 FbYEJ
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b
%= ) v dx = [13 2]} VED A= 534.mm’ )
J,= 189011. mm
=(1 1/EJ = 1/3 b/E 147 9 x
(13b) VEI =13 bIEI b 7= 32196 mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 J,, = -26635. mm"
J,= 193412. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) A J, = 27796. mm*
= x=| x o= artg - =.
Lr=J (1) vEId , UEd 23, /(3,-3))/2 = 1637
Cc =cosa = .9866
=(b) 1EJ = b/EJ
(b) X y u s =sina = .1630
LX=[(1) veadx=[x]. vEI - X, = 8.258 mm
_ _ Y= 23.33 mm
(b) 1/EI = bIE b X lam6 N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,=-693.2 N
M, = 914500. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
) 16 X, = 18.mm
L= [(5m?) 1EI dx = [13 2] 1ES \V ” Y, = 53.mm
-0 = 1445 mm

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

118

um
V,, = 27.68 mm
0-m

b
1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3 mm ‘ = N/A-Mcv/d -Msuld, = -209.2 N/mm®

=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

L= (-v2 ) Fo vEd dx + [2(1) 8 dax=[-1/6x%b° ]  Fb 1/E3 + [ x] 6
=(-6b)Fb1/E) +(b) 6 =5/6 Fb/EJ

1= (-1/2 + xib 172 X%b* ) Fb 1/ET dx + [(-1) 6 dx
= [-v2x +172 b 116 xb* | P 1/ED +[-x] 0
=(-1/2b+1/2b-1/6b ) Fo 1/EJ + (-b ) ® =5/6 Fb’/EJ

122 = [2(-1/2 + xtb -1/2 x2ib* ) Fb 1/EJ dx = [-1/2 x +1/2 x%b -1/6 x¥/b? | Fb 1/EJ
=(-12b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb*/EJ

1% = ['(-1/2 X162 ) Fbo 1E dx = [-1/6 xb ] Fb 1/E3
=(-/6b) Fb L/EJ =-1/6 Fb’/EJ
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XX 2,2 3,210 2

%= ) v dx = [13 2]} VED J\ s A= Ssdmm
laz J,= 189011. mm

=1 1/EJ = 1/3 b/E )
(113b) EI =13 bIEJ b J,= 32196. mm*
L :ﬁ(l -2xib+x10*) VEIdx =[x - x’/b +1/3 b’ | 1/E 3, = 26635. mm44
J,= 193412. mm

= - + = u
(b-b+1/3b) 1/EJ = 1/3 b/EJ 3,= 27796. mm*

LX=1(1) vesax=[x]. Ve — o= artg(2d, /(3,-3))/2 = -.1637
Cc =cosa = .9866

=(b) 1/EJ = b/EJI y
( ) . s =sina =-.1630
L =f;(1 ) VEIdx=[x] 1EJ X, = 8.258 mm
- - Yo = 29.67 mm
() 163 = b/EI b O
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,= 2490. N
=(b-b+1/3b) 1/EJ =1/3 b/EJ 16 . M, = 977740. Nmm
b m X, = 18.mm
L =_[Z( x’Ib*) UEJI dx = [13x°b7 ] 1/E] o u, = 14.45 mm
v, =-27.68 mm
=(1/3b) 1/EJ = 1/3 b/EJ @ o m
( ) mm —= TR a,, = N/A-Mcv/d,-Msu/d, = 218. N/mm’

1= (-2 xb-1/2 1> ) Fo WEI dx + (1) 0 dx = [- b -1/6 ] Fo 1/E3 +[x] 6
=(-b-1/6b)Fo1/EJ +(b) 6 =-1/6 FbYEJ
10 = ['(-5/2 +3 xib -1/2 x1b* ) Fb EI dx + [(-1) 6 dx
= [-512 x 4372 X1 116 X162 ] Fo 1/E3 +[-x] 0
=(-5/2b+3/2b-1/6b ) Fb /EJ +(-b) 6 =-1/6 Fb’/EJ
1% = ['(-5/2 +5 xib -5/2 X%Ib” ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ
1% = [(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b? ], Fb 1/E9
=(-5/6b) Fb 1/EJ =-5/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25



Cl09.xxxx.137 Cl09.xxxx.137

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25



REAZIONI 239853

Cl09.xxxx.138

F Y [ E
3/8F “3/8F
7/8Fb 3/8Fb
F
F E
3/8F < 3/8F
7/8Fb 3/8Fb
F F
IF F
11/8F 3/8F
e
c D
Cq—— ——D
3/8F

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

AZIONI INTERNE 239853

Cl09.xxxx.138

%HF

CED e
26.03.25

-3/8 -3/8
< e (T
-
- 3/8
(LTI Ereereees
\ \
\
| R
RS
o‘ S
‘ G
\
\
\
\
\
‘ 2
‘ X
\ X
\ o N
o'/ 38y
™~ o
S (=)
0 0
777777777 o
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
‘ v
0 0

e

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

@ 0
i E
‘ g
! —
| =
‘ s
| =
I -
ol =]
= 0 g
2
1S %\ IS
0 \

26.03.25



CIl109.xxxx.138

PROCEDIMENTO E RISULTATI 239853

Cl109.xxxx.138

PROCEDIMENTO E RISULTATI 239853

g48/e- F =X eonersiadi
r3/axe/s £3/,048/S 11e10}
LA7X 0 a/xbz/T+0/,X4- 0 XbZ/T+X4- a/x a4
c3/aXe/T | £3/,94(0+¥2/S-)
LIX+aXe-T| 0 |0/ xbe/T-a/,X42/T+X42/T+a42/T-| 0 Xbem-adg/t jax+T-| 9 oo
1 c3/04 4/ X42/T-X4+q4e/T- £3/94 | Xbz/T-x4+042/1-| 1T q3d
£3/9x £3/,94(T+9/1-)
1 c3/a4 a/,x4z/1- c3/04- bzt T- q43
0 0 0 0 0 0 a0d
0 0+0
0 0 0 0 0 0 aao
L/X+A/X2-T| 0 0 0 0 a/%-T aas
C3/AXEIT 0+0
LA1X 0 0 0 0 asx- a3a
0 0 0 0 0 0 az ag
0 0+0
0 0 0 0 0 0 az ad
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 azov 8
I
0 0 0 0 0 0 X4G/GA-0 0 | asrod g
Q.
0 0 0 0 0 0 avea g
0 0+0 3
0 0 0 0 0 0 aavy =
o
XpeI/WWX[| xp+c3/ WW[| WA | B WIN 0 )°W W | - S
Q.
=X eoneisiadi 1ad Ad nNQLILOD oupend é’
@
o N
0 0, el
°l
.
| S
|5
| &
| @
.=
o IS
= o] 9 ol 8
c/T oV~ ©
0 0 9
S
8
=
f\\
[+]
R
N\
I o D T 0 0
w | - j W
! t of [\JN |
+ 5 { | o)
| |
\ -
| [ 11
7 \ s
= | 5
0 g ] ‘ 15
@ T | Q &=
< g o 3 7777777 (=} o é
8 S
b E 8
° .‘_x
o =
s A
8 [+]
"

26.03.25

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

26.03.25

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



PROCEDIMENTO E RISULTATI 239853 Cl09.xxxx.138 PROCEDIMENTO E RISULTATI 239853 Cl09.xxxx.138

b
%= ) v dx = [13 2]} VED A= 498 mm’ )
laz < J,= 172946. mm
=(a 1/EJ = 1/3 blE ’
(1730) 1/E3 = 1/3 bIEJ b 3,= 25275, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3,,= -44583. mm*
J,= 185362. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ u
( ) . J,= 12859. mm*
LX=1(1) vesax=[x]. Ve a= artg(2J, /(3,-3,))/2 = .2716
\\)
) ) v c=cosa = .9633
( b ) 1/EJ b/EJ i s =sina = .2683
LX=[(1) veadx=[x]. vEI Xy = 16.3mm
) ) Yg= 24.8mm
() 163 = b/EI b N =-912.3 N
L :ﬁ(l -2 x/b +x*b? ) UEJ dx = [ x - X*Ib +1/3 o ]O 1/EJ T, =-456.2 N
=(b-b+1/3b) 1/EJ = 1/3 b/EJ 1 o s o,
) m > X, = 12.mm
L= [(5m?) 1EI dx = [13 2] 1ES Jo Uy = -10.8 mm
V,, =-22.74 mm
=(13b) 1/EJ =153 b/EJ 8@ g m
(13b) mm 2 SEE x o 0, = NIA-Mcv/d -Msuld, = 229.4 N/mm’

L= (-12 0% ) Fo wEI dx + ['(1) 0 dx=[-16 ] Fo1Ed +[x] 6
=(-/6b)Fb1/E) +(b) 6 =5/6 FbYEJ

10 = [ (-1/2 + xtb 172 X262 ) Fo UEI dx + [2(-1) 8 dx
= [-12 x +172 1o 116 62 ] Fo 1/E3 +[-x] 6
=(-1/2b+1/2b-1/6b ) Fo 1/EJ + (-b) 6 =5/6 Fb/EJ

1 = ['(-1/2 +1/2 xib +1/2 x2b* -1/2 xIb™ ) Fb 1/EJ dx
= [-1/2 x +1/4 xC1b +1/6 x1b? -1/8 x1b° | Fb 1/E
=(-12b+1/4b+1/6 b -1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ

10 = [(- b +1/2 xib° ) Fb 1/EJ dx = [-1/3 xIb? +1/8 x'1b° ]| Fb 1/E9
=(-1/3b+1/8b ) Fb 1/EJ =-5/24 Fb’/EJ
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PROCEDIMENTO E RISULTATI 216073

Cl109.xxxx.139

PROCEDIMENTO E RISULTATI 216073

Sviluppi di calcolo iperstatica

g40v/ET- Fpm=x eonersiadi
C3/AXE/S C3/,04vZ/ET I1e10)
LA7X 0 a/xbz/T+0/,X4- 0 XbZ/T+x4- | ax a4
c3/aXe/T | £3/,94(0+¥2/S-)
JALX+AXZ-T| 0 |/ Xbe/T-0/ X42/T+X42/T+a42/T-| 0 | Xbz/T1-ad42/T |a/x+T-| 9 Od
T r3/94 X4¢/T+a4¢/T- £3/94 | X42/1+a4¢/T- T q3d
£3/9x £3/,94(T+v/T-)
T r3/94 X42/T- £3/94- X42/T T- q43
0 0 0 0 ZXbZ/T+X:|Z/'IZ- 0 q0od
0 0+0
0 0 0 0 ZXbZ/T-X:IZ/T 0 qas
LAIX+AXST| 0 0 0 0 axT| aa3l
C3/9XE/T 0+0
Jx 0 0 0 0 a/x- q3a
0 0 0 0 0 0 ¢ ad
0 0+0
0 0 0 0 0 0 qc daa
0 0 0 0 0 0 ac vo
0 0+0
0 0 0 0 0 0 qc ov
0 0 0 0 0 0 X4G/SM-04 0 qsp 04
0 0 0 0 0 0 ave
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B WIN 0 W W] -
=X eonersiadi 1ad Ad nNQLIUOD oupend
o N
0 0, |
°|
-
i
)
| &
| ©
=
& -2
= of 9 ol 8
2/T oV ©
0 0 9
S
8
=
f\\
[+]
A
N\
~ F e S 1- 0
L - T
. W
+ ]

-1

0

A

Schema di calcolo iperstatico

=1

, flessione da iperstatica X:

CEOm
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O,

m

b
%= ) v dx = [13 2]} VED \ A= 462. mm’
< 4
J,= 154395 mm
=(1 1/EJ = 1/3 b/E 147 x
(1730) 1/E3 = 1/3 bIEJ b 3= 14346, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 J,, = -30456. mm"
J,= 160731. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) A J, = 8010. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = .2051
u ¢ =cosa = .9790
=(b) 1E9 = biEY X y s = sina = .2037
LX=[(1) veadx=[x]. vEI x,= 15.mm
_ _ Yy = 26.5mm
(b) 1/EI = bIE b X om0 N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,=-411.4N
M, = 644000. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
b 16 > X, = 18.mm
L= [(5m?) 1EI dx = [13 2] 1ES \ Y, = 53.mm
-0 = 8.335mm

=(1/3b) 1/EJ = 1/3 b/EJ
0= (-12xb) Fb UETdx + [[(1) 6 dx=[-14xib] Fb /€T +[x] 6 mm 9

um
V,, = 25.33mm
o,, = NIA-Mcv/J,-Msu/d, = -237.7 N/mm’

412
418
130

=(-14b)Fb1/E) +(b) 6 =3/4 FbYEI
b b

LY = f;(-llz +1/2 x/b ) Fb 1/EJ dx + _[Z(-l )6 dx=[-12x+1axb] FoUEI +[-x] 6

=(-120+1/4b) Fo1/EJ +(-b ) 6 =3/4 FbYEJ
1 = ['(-172 +1/2 xib +1/2 ¥2b* -1/2 xCIb™ ) Fb 1/EJ dx

b
= [-1/2 x +1/4 5%1b +1/6 x°/b* -1/8 x'1b° | | Fb L/EJ
=(-12b+1/4b+1/6 b -1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ
b

10 = [°(- b +1/2 xib° ) Fb 1/ED dx = [-1/3 xIb? +1/8 X6 ]| Fb 1/E9

=(-1/3b+1/8b ) Fb 1/EJ = -5/24 Fb’/EJ
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PROCEDIMENTO E RISULTATI 960451
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PROCEDIMENTO E RISULTATI 960451

g40v/ET- =X eoneisiadi
£3/9Xe/S £3/,04v2/ET felo
Al 0 arxbe/T+a/,X4- 0 XDZ/T+xd- asx a4
c3/aXe/T | £3/,94(0+¥2/S-)
LIX+aXe-T| 0 |0/ xbe/T-a/,X42/T+X42/T+a42/T-| 0 Xbem-adg/t jax+1-| 904
1 £3/94 X42/T+04¢/T- £3/94 | X42/T+942/T- T q3d
£3/9x £3/,94(T+v/T-)
1 c3/94 Xde/T- c3/94- X2/t T- q43
0 0 0 0 0 0 q0od
0 0+0
0 0 0 0 0 0 qao
L/ X+A/X2-T| 0 0 0 0 ax-1 aqa3
C3/aXE/T 0+0
LA1X 0 0 0 0 a/x- a3a
0 0 0 0 0 0 gz ag
0 0+0
0 0 0 0 0 0 gz aa
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 az ov
0 0 0 0 0 0 | X40T/SM042/T | O | 95009
0 0 0 0 |Xbzg/T+xd4-ad4e/T| 0 aveg
0 0+0
0 0 0 0 Xbert- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B WIN 0 00’ W | -
FAp=x eaneisiadi 1ad A1d nNQLIUOD oipend

1/2

2T

-1/2

M, flessione da carichi assegnati

CED

q

Schema di calcolo iperstatico

Sviluppi di calcolo iperstatica

e

M, flessione da iperstatica X

CED
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%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

0= (-12xb) Fb UETdx + [[(1) 6 dx=[-14xib] Fb /€T +[x] 6
=(-14b)Fb1/E) +(b) 6 =3/4 FbYEI

L= (-v2+12 b ) Fo I dx+ [(-1) 6 dx=[-v2x +1/4 b ]  Fo 1EI +[-x] 0
=(-120+1/4b) Fo1/EJ +(-b ) 6 =3/4 FbYEJ

1 = ['(-172 +1/2 xib +1/2 ¥2b* -1/2 xCIb™ ) Fb 1/EJ dx
= [-1/2 x +1/4 X1 +1/6 xIb? 178 X'1b° ], Fb 1/E
=(-12b+1/4b+1/6 b -1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ

10 = [°(- b +1/2 xib° ) Fb 1/ED dx = [-1/3 xIb? +1/8 X6 ]| Fb 1/E9
=(-1/3b+1/8b ) Fb 1/EJ = -5/24 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25
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A= 570. mm’

J = 203061. mm*

J,= 67683. mm’

J,, =-79827. mm*

J, = 240034, mm*

J, = 30710. mm*
a=artg(2J,,/(3,-3,))/2 =
c=cosa = .9074

s =sina = .4203

Xg = 19.55 mm

Yy = 22.05 mm

N= -754.N

T,= 1160. N

M, = 708180. Nmm
X, = 12.mm
u,=-16.11 mm

v, =-16.83 mm

0., = N/A-Mcv/J -Msu/J

4337

, = 199.9 N/mm?

26.03.25
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PROCEDIMENTO E RISULTATI 249262
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PROCEDIMENTO E RISULTATI 249262

Sviluppi di calcolo iperstatica

g40T/T- FFpm=x eoneisiadi
£3/9XE/S £3/,949/T 10}
LA 0 | a/xbz/T+asxde/e- | 0 | Xbe/Texdere- |oax a40
c3/axe/r | c3nado+s/er)
LIX+aXe-T| 0 | a/xbe/T-xde/e+ad- | 0 | xbe/T-Xd4g/T-04 | a/x+T-| 904
1 £3/94 X4+04- c3/04 X4+04- 1 q3d
£3/9x £3/,94(T+2/1-)
1 c3/94 X4- r3/04- S| T- q43
0 0 0 0 0 0 aoda
0 0+0
0 0 0 0 0 0 aao
JAix+axe-T| 0 |a/xbeg/T+a/,Xd-X42/T| 0 X02/T-xd2m | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 | xbzm+xde/t- | ax- a3a
0 0 0 0 0 0 gz ag
0 0+0
0 0 0 0 0 0 gz aa
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 az ov
0 0 0 0 0 0 X45/SA-0d 0 | 95009
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 00’ COw| -
FAp=x eonersiadi 1ad A1d INQLILOD oipend
,,,,,,,,, 0 Aﬂ\w&
o %| ol
| |
| |
| =
| <,
| ;
| =
“ o° | S 77777777777777777777 o \-§
0 0 s
[
s
K
=
f\\
[+]
U
b
u o 1 S T 0
1 - T
+ i W |
= |
|
|
|
= |
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o - | of o
< . 0

Schema di calcolo iperstatico

=1

M, flessione da iperstatica X

CED
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Cl09.xxxx.141

%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

b
L% = [*(1/2 xb - X207 +1/2 x3/6° ) Fb 1/EJ dx = [1/4 xb -1/3 /b +1/8 x“1b° | Fb 1/E3
[e] e}

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

o =[(-xb) FovEIdx+ [[(1) 6 dx=[-12xm ] Fb 1/E3 +[x] 6
=(-12b)Fo/E) +(b) 6 =1/2 Fb/EI

0= (-1+xb)FoUEIdx+ [[(-1) 6 dx=[-x+12xm ] FovEI +[-x] 0
=(-b+12b)Fb UEI +(-b) 6 =1/2 FbYEJ

122 = [°(-1 +3/2 b -1/2 X°/6° ) Fb 1/E3 dx = [- x +3/4 x2b -1/8 x*1b° ] Fb 1/E3
=(-b+3/4b-1/8b ) Fb 1/EJ =-3/8 Fb’/EJ

10 = ['(-ar2 X262 +1/2 X*16° ) Fb 1/ED dx = [-1/2 X2 +1/8 x'1b° ] Fb 1/EJ
=(-1/2b+1/8b ) Fb UEJ = -3/8 FbY/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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= 642. mm’
= 226469. mm*
= 120007. mm*
= 82782. mm*
= 271657. mm*
= 74819. mm*
=artg(2J,,/(3,-3,))/2 =
=cosa = .8777
sina = -.4791
- 13.43 mm
Yy = 33.09 mm
N =-1350. N
T,= 2250.N
M, = 990000. Nmm
X, = 18.mm
u, = 19.87 mm
Vm
Gm

‘]X
‘]y
xy
u
JV

A
J

J

a
c
s
X

=-26.85 mm
= N/A-Mcv/J -Msu/J

-.4997

, = 209.7 N/mm?
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PROCEDIMENTO E RISULTATI 939660

g40z/€T- FFpm=x eoneisiadi
C3/9XE/S C3/,042T/ET fe10)
J1X 0 0 0 0 a/x a40
C3/9XE/T 0+0
LALX+axe T 0 0 0 0 ax+1-| 404
T £3/94|9/,Xd¢/1-X4¢/T| £3/94 ZXbZ/T'X:IZ/T T q3d
£3/9x 3/,94(T+2T/1)
T £3/94|9/,Xd¢/1-X4¢/T|03/94- ZXbZ/I+X:IZ/I' T- q43
0 0 0 0 ZXbZ/T+X:IZ/T- 0 qod
0 0+0
0 0 0 0 ZXbZ/T-X:IZ/'[ 0 qaos
LIX+AXZT| 0 0 0 0 axT| qa3
£3/aXe/T 0+0
LA/ % 0 0 0 0 ax- a3a
0 0 0 0 0 0 qc ad
0 0+0
0 0 0 0 0 0 qc dda
0 0 0 0 0 0 qc vO
0 0+0
0 0 0 0 0 0 azov 8
I
0 0 0 0 0 0 X4G/GA-0 0 | asro9 ‘g
o
0 0 0 0 0 0 ava o
0 0+0 (_Cj
0 0 0 0 0 0 qav
o
Xpe/WNX[ | xpe+03 /WYW[| W o' "N 0 ()°W W | - =
Q.
Fp=x eoneisiadi 1ad A1d INQLILOD oipend 2’
7
,,,,,,,,,, 0 m
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E
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B
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b
%= ) v dx = [13 2]} VED A= 534 mm’ )
laz J,= 189011. mm
=(1 1/EJ = 1/3 b/E ;
(13b) VEJ =13 b/EJ b J,= 42681. mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3, = -61197. mm*

J, = 211231. mm*
A J, = 20461. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = .3483

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

- - y c =cosa = .9400
( b ) VEJ = Db/E] i s =sina = .3413
L =f;(1 ) VEIdx=[x] 1EJ X, = 17.83 mm
i ) Yo = 23.33 mm
(b) 1/EI = bIE b N =-1440. N
%= [0(1 -2 xb +xb* ) VEI dx = [ x - xb +1/3 b7 ] 1/E3 T,= -720.N
=(b-b+13b) VEI =1/3 bIEJ P’ 5 e
- m » Xn = 12. mm
L= [(5m?) 1EI dx = [13 2] 1ES -0 Uy, = -13.44 mm
; . N N vV, =-19.94 mm
=(v3b) VEI =13 bIEJ mm ° 3 9 x 4 0, = NIA-Mcv/d,-Msu/d, = 219, N/mm®

120 = [ (12 b -1/2 X%16? ) Fo 1B dx + (1) 8 ax = [1/4 b -1/6 x¥b* ] Fo /ED + [ x] 0
=(vab-1/6b)Fb/EI +(b) 6 =13/12 FbY/ED

L = [ (12 xtb 172 162 ) Fo UEI dx + [(-1) @ dx = [1/4 b -1/6 x* ] Fb 1/E3 +[-x] @
=(1/ab-1/6b)Fb1/EJ +(-b)® =13/12 FbYEJ
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PROCEDIMENTO E RISULTATI 986254

Cl109.xxxx.143

PROCEDIMENTO E RISULTATI 986254

Sviluppi di calcolo iperstatica

g40v/ET- Fpm=x eonersiadi
C3/AXE/S C3/,04vZ/ET I1e10)
LA7X 0 a/xbz/T+0/,X4- 0 XbZ/T+x4- | ax a4
c3/aXe/T | £3/,94(0+¥2/S-)
JALX+AXZ-T| 0 |/ Xbe/T-0/ X42/T+X42/T+a42/T-| 0 | Xbz/T1-ad42/T |a/x+T-| 9 Od
T r3/94 X4¢/T+a4¢/T- £3/94 | X42/1+a4¢/T- T q3d
£3/9x £3/,94(T+v/T-)
T r3/94 X42/T- £3/94- X42/T T- q43
0 0 0 0 ZXbZ/T+X:|Z/'IZ- 0 q0od
0 0+0
0 0 0 0 ZXbZ/T-X:IZ/T 0 qas
LAIX+AXST| 0 0 0 0 axT| aa3l
C3/9XE/T 0+0
Jx 0 0 0 0 a/x- q3a
0 0 0 0 0 0 ¢ ad
0 0+0
0 0 0 0 0 0 qc daa
0 0 0 0 0 0 ac vo
0 0+0
0 0 0 0 0 0 qc ov
0 0 0 0 0 0 X4G/SM-04 0 qsp 04
0 0 0 0 0 0 ave
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B WIN 0 W W] -
=X eonersiadi 1ad Ad nNQLIUOD oupend
o N
0 0, |
°|
-
i
)
| &
| ©
=
& -2
= of 9 ol 8
2/T oV ©
0 0 9
S
8
=
f\\
[+]
A
N\
~ F e S 1- 0
L - T
. W
+ ]

-1

0

A

Schema di calcolo iperstatico
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S

PROCEDIMENTO E RISULTATI 986254 Cl09.xxxx.143

b
%= ) v dx = [13 2]} VED . A= 606. mm’ )
laz J,= 215454 mm
=(1 1/EJ =13 bIE "
(v3b) VEI =13 b/E b 3, = 81888, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 Joy = 62420. mm44
J,= 240083, mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) . J,= 57259. mm*
LX=1(1) vesax=[x]. Ve a= artg(2J, /(3,-3,))/2 = -.3758
u c=cosa = .9302
=(b) VEJ = bEJ Y
( ) . s = sina =-.3670
LX=[(1) veadx=[x]. vEI Xy = 11.55 mm
_ _ Yy = 32.08 mm
(b) 2E3 = bEI b N = -1968. N
L :ﬁ(l -2 x/b +x*b? ) UEJ dx = [ x - X*Ib +1/3 o ]O 1/EJ T,=-983.9 N
M, = 1056000. N
=(b-b+1/3b) 1/EJ = 13 b/EJ 1 o " o
- m = 18. mm
L= [(5m?) 1EI dx = [13 2] 1ES Jo = 17.77 mm

Xm
um
V,, =-27.48 mm
Gm

=(v3b) vEY =113 bIEY = N/A-Mcv/d,-Msu/d, = 229.5 N/mm’

0= (-12xb) Fb UETdx + [[(1) 6 dx=[-14xib] Fb /€T +[x] 6
=(-14b)Fb1/E) +(b) 6 =3/4 FbYEI

L= (-v2+12 b ) Fo I dx+ [(-1) 6 dx=[-v2x +1/4 b ]  Fo 1EI +[-x] 0
=(-120+1/4b) Fo1/EJ +(-b ) 6 =3/4 FbYEJ

418

1 = ['(-172 +1/2 xib +1/2 ¥2b* -1/2 xCIb™ ) Fb 1/EJ dx
b
= [-1/2 x +1/4 5%1b +1/6 x°/b* -1/8 x'1b° | | Fb L/EJ
=(-12b+1/4b+1/6 b -1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ
b
10 = [°(- b +1/2 xib° ) Fb 1/ED dx = [-1/3 xIb? +1/8 X6 ]| Fb 1/E9
=(-1/3b+1/8b ) Fb 1/EJ = -5/24 Fb’/EJ
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q45/¢- FFpm=x eoneisiadi
£3/aXe/S r3a/,094 1[e10}

X 0 | o0 0 0 a/x )

C3/aXE/T 0+0
LLX+AXZT) 0 | 0 0 0 ax+T-|  9od
T r3/94) o0 |r3/94 0 T q3d

£3/9X £3/,04(1+0)

T f3/94| 0 |r3/94- 0 T- q43
0 0 0 0 Nxcw\atﬁw\ﬁ- 0 qoda

0 0+0
0 0 0 0 Nx_oN\H-xu_N\._u 0 qaoso
LA+ 0 | 0 0 0 axtT| qa3

C3/9XE/T 0+0
LAl 0 0 0 0 a/x- q3a
0 0 0 0 0 0 qc ad

0 0+0
0 0 0 0 0 0 qc aa
0 0 0 0 0 0 qc vo

0 0+0
0 0 0 0 0 0 qc oV
0 0 0 0 0 0 X40T/SM-a42/T 0 qsp Od
0 0 0 0 |Xbg/T+xd4-0de/t| 0 qvd

0 0+0
0 0 0 0 Xbez/T- 0 qav
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S

b
%= ) v dx = [13 2]} VED . A= 570.mm’ )
laz J,= 203061. mm
=(1 1/EJ =13 bIE i
(v3b) VEI =13 b/E b 3, = 52950. mm’
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 Jy = 43600. mm44
J,= 214806. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) . J,= 41205. mm*
LX=1(1) vesax=[x]. Ve a= artg(2J, /(3,-3,))/2 = -.2631
u
Cc =cosa = .9656
=(b) VEJ = bEJ Y
( ) . s = sina =-.2601
LX=[(1) veadx=[x]. vEI Xg = 9.821 mm
- _ Yo = 30.95 mm
(b) vEI = bIEI b N= 6620. N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,= 1986.N
M, = 1012860. N
=(b-b+1/3b) 1/EJ = 13 b/EJ 1 o " o
) m = 18. mm
L= [(5m?) 1EI dx = [13 2] 1ES Jo = 15.95mm

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

o= fa) o =[]0

=(b)6 = Fb%EJ

= [(1)e ax=[-x] e

=(-b)6 = FbYEJ

418

Xm

um

v, =-27.76 mm

a,, = N/A-Mcv/d,-Msu/d, = 240. N/mm’
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PROCEDIMENTO E RISULTATI 236686
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PROCEDIMENTO E RISULTATI 236686

q48/¢- FFm=x eoneisiadi
r3/axe/s £3/,048/S I[e10}
LA 0 a/,x4e/T- 0 x42/1- a/x a40
c3/axe/r | £37,04(0+9/T7)
JIXHAXST| 0 | A/ XH2/T-X4+942/T- | 0 | Xd2/T-0d2/T |a/X+T-| 0 Dd
1 £3/94|  x42/1+942/T- £3/04 | Xde/T+a42/T-| T q3d
£3/9x £3/,94(T+v/T-)
1 c3/94 Xde/T- r3/04-|  Xde/t T- q43
0 0 0 0 |xXbeT+xdz/t-| 0 aod
0 0+0
0 0 0 0 | xbzi-xde;m| o qao
LA/XHAXZ-T| 0 |a/Xbg/T+a/ XS XH2/T| 0 | Xbe/Txdg/T | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 |xXbeT+xde/-| ax- a3a
0 0 0 0 0 0 ge ad
0 0+0
0 0 0 0 0 0 de ad
0 0 0 0 0 0 4z vo
0 0+0
0 0 0 0 0 0 az oV
0 0 0 0 0 0 X45/57-04 0 | aspod
0 0 0 0 0 0 ave
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend

, flessione da carichi assegnati

N
= of 9 <)
2/t oV
0 0
=
Y\
[+]
J
b
o Q
w : Ao
+
o
<
w
N

Schema di calcolo iperstatico

Sviluppi di calcolo iperstatica

-1

=1

0

, flessione da iperstatica X:
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O,

m

b
%= ) v dx = [13 2]} VED A= s36mm
J,= 189011. mm
=(1 1/EJ = 1/3 blE 147 x
(113b) EI =13 bIEJ b 3 = 22196,
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 = 26635, mm”
J, = 193412. mm
=(b-b+1/3b) 1/EJ =1/3 b/EJ u
( ) . J,= 27796. mm’
L= _[2(1 ) VEIdx=[x] 1EJ o= artg(23,/(3,-3,))/2 = - 1637
Cc =cosa = .9866
=(b) 1/EJ = b/EJI
( ) . y s = sina =-.1630
L =f;(1 ) VEIdx=[x] 1EJ [ X,= 21.74mm
- - Yo = 23.33 mm
() 163 = b/EI b S e n
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,= 7066 N
=(b-b+1/3b) 1/EJ =1/3 b/EJ M, = 869000. Nmm
A 16 X, = 12.mm
L= [(5m?) 1EI dx = [13 2] 1ES 7/ yo= 53.mm
Jo u, = -14.45 mm
=(13b) VEI =1/3 b/EJ / m
( ) b ~ < ° vV, = 27.68 mm
LX =Jz(1/2 x°Ib? -112 x°b* ) Fb 1EJ dx = [1/6 x’1b” -1/8 x'1b° ] Fb 1/E] mm ° < x 8 @ 0,, = N/A-Mcv/d,-Msu/d, = -199. N/mm”

=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

L= (-v2xb) Fo UEIdx+ [)(1) 6 dx=[-w4xb ] FovEd +[x] 8
=(-1/40)Fo 1/E3 +(b) 6 =3/4 Fb’/EJ

0= (-12+1/2xb ) Fo 1EI dx + [[(-1) 0 dx=[-12x+1/4 x| Fo1Ed +[-x] 6
=(-12b+1/4b) Fo1EJ +(-b )0 =3/4 Fb’/EJ

120 = [*(-1/2 + xtb -1/2 xib* ) Fb 1/EJ dx = [-1/2 x +1/2 xb -1/6 x*/b? | Fb 1/E3
=(-1/2b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ

1 = ['(-172 X162 ) Fbo 1EI dx = [-1/6 xb2 ] Fb 1/E3
=(-1/6b) Fb /EJ =-1/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25



Cl09.xxxx.145 Cl09.xxxx.145

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25



REAZIONI 212930

Cl09.xxxx.146

FR \E
37/20F 37/20F
37/20Fb 13/20Fb
5/2F 5/2F
F

w |/ 37/20F
37/20Fb
5/2F

E
*

13/20F

13/20Fb
7/2F

[SIZF 712F
37/20F 13/20F
— —
C D
C D
— —
13/20F 13/20F
1/2F 1/2F
P —
J C F
T
)
D
PL
™
C
—_—
F
[T
™
Fb
_F (&)
\V4
Ag 3B
F
B
F
e
A

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

26.03.25

AZIONI INTERNE 212930

Cl09.xxxx.146

-37/20

-5/2
7/2

-13/20 -18220

4
3

el

L7

—[—F e

o o
<o

v
of 0 0%

37/20
-13/20

CED e

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

5/2

-37/20

- 1320

s

%

N

go

26.03.25



Cl09.xxxx.146

PROCEDIMENTO E RISULTATI 212930
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PROCEDIMENTO E RISULTATI 212930

Sviluppi di calcolo iperstatica

q40z/€T Fm=x eoneisiadi
C3/aXe/S | £3/,04CT/ET- I1e10)
Jx 0 RETx 0 xdz/5- arx q40
CI/axer | 3/,94(0+9/5")
JX+AXe-T| 0 |04/, X4¢/S-X45+04¢/S- 0 X4¢/S-94¢/S | a/X+T- qod
T £3/94 X4¢/S+04¢/S- (3/94 | X4¢/S+094¢/S- T q3d
£3/9x £3/,94(T+v/S-)
T £3/94 X4¢/S- £3/94- X4¢2/S T- q43
0 0 0 0 ZXbZ/T+X:IZ/T' 0 qod
0 0+0
0 0 0 0 ZXbZ/I-X:IZ/I 0 qas
ALX+AXe-T) 0 0 0 0 a/x-T qa3
3/9XE/T 0+0
e/ 0 0 0 0 a/x- q3a
0 0 0 0 0 0 qc ad
0 0+0
0 0 0 0 0 0 qc ad
0 0 0 0 ZXbZ/T'X:I 0 qc vo
0 0+0
0 0 0 0 ZXbZ/T+X:I- 0 qc oV
0 0 0 0 0 0 X49/9M-04 0 qsp Od
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 0’ COw| -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend
0 <0
Yo }
\
\
K
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o K
I o| O olzs
2/S 0 S
OWO 8
3
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S
8
=
f\\
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Schema di calcolo iperstatico

=1
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O,

m

b
%= ) v dx = [13 2]} VED A= 642. mm’ )
J,= 226469. mm
=(1 1/EJ = 1/3 b/E I ’
(1/3b) VEJ =1/3 b/E] b 3,= 120007. mm"*
R
L :ﬁ(l 2 x/b +xX°Ib* ) UEJ dx = [ x - X’Ib +1/3 1o ]0 1/EJ 3, = 82782. mm*

_ 4
=(b-b+1/3b) L/EJ = 1/3 b/EJ J, = 271657. mm

A J, = 74819. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ ‘/f arg(2J,/(3,-3,))/2 = -.4997

c=cosa = .8777

=(b) V&) = bIEI X y s = sina = -.4791
XX
LX=[(1) veadx=[x]. vEI X, = 34.57 mm
_ _ Yo = 19.91 mm
() 163 = b/EI b X 2900, N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI ¢ T,=-1628.N
M, = 960520. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
A 16 X, = 30.mm
L= [(5m?) 1EI dx = [13 2] 1ES Yu= 53.mm
Jo =-19.87 mm

=(y3b) VEI =13 bEJ
10 =['(-52xb) Fo UEI dx+ ['(1) 0 dx=[-5/4x ] Fb 1/E3 +[x] 6 mm2 i

um
vV, = 26.85 mm
o,, = NJA-Mcv/d,-Msu/d, = -209. N/mm?

4130

=(-5/4b)Fb1/E] +(b) 6 =-1/4 FbYEJ

L0 =['(-5/2 +52 b ) Fb 1/EI dx + [ (-1) 6 dx=[-522x +5/4 b ] Fo 1EI +[-x] 0
=(-5/2b+5/4b) Fb 1/E] +(-b )6 =-1/4 FbYEJ

1 = ['(-5/2 +5 x/b -5/2 X¥Ib? ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

1% = ['(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b2 ]| Fb 1/E9
=(-5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ
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O,

m

b
%= ) v dx = [13 2]} VED < A= 498 mm’ )
J,= 172946, mm
=(1 1/EJ = 1/3 b/E 147 x
(1730) 1/E3 = 1/3 bIEJ b 3= 25275, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3,, = -44583. mm*
J,= 185362. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) A J, = 12859. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ u a= artg(2J, /(3,-3,))/2 = .2716
c=cosa = .9633
=(b) 1EJ = b/EJ
(b) X y s = sina = .2683
LX=[(1) veadx=[x]. vEI X, = 19.7mm
_ _ Yy = 28.2mm
() 163 = b/EI b N 0oL N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,= -785.N
M, = 632710. N
=(b-b+1/3b) LEI =1/3 b/E] ., x mm
A 16 Xn,= 24.mm
L= [(5m?) 1EI dx = [13 2] 1ES Y, = 53.mm
Jo

u,= 10.8 mm
Vo, = 22.74 mm
o, = NIA-Mcv/J,-Msu/d, = -219.4 N/mm’

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

418
124
136

120 = [ (12 b -1/2 X%16? ) Fo 1B dx + (1) 8 ax = [1/4 b -1/6 x¥b* ] Fo /ED + [ x] 0 mm 2 x
=(vab-1/6b)Fb/EI +(b) 6 =13/12 FbY/ED

L = [ (12 xtb 172 162 ) Fo UEI dx + [(-1) @ dx = [1/4 b -1/6 x* ] Fb 1/E3 +[-x] @
=(1/ab-1/6b)Fb1/EJ +(-b)® =13/12 FbYEJ
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PROCEDIMENTO E RISULTATI 247850

g40v/ET- =X eoneisiadi
£3/9Xe/S £3/,04v2/ET felo
Al 0 arxbe/T+a/,X4- 0 XDZ/T+xd- asx a4
c3/aXe/T | £3/,94(0+¥2/S-)
LIX+aXe-T| 0 |0/ xbe/T-a/,X42/T+X42/T+a42/T-| 0 Xbem-adg/t jax+1-| 904
1 £3/94 X42/T+04¢/T- £3/94 | X42/T+942/T- T q3d
£3/9x £3/,94(T+v/T-)
1 c3/94 Xde/T- c3/94- X2/t T- q43
0 0 0 0 0 0 q0od
0 0+0
0 0 0 0 0 0 qao
L/ X+A/X2-T| 0 0 0 0 ax-1 aqa3
C3/aXE/T 0+0
LA1X 0 0 0 0 a/x- a3a
0 0 0 0 0 0 gz ag
0 0+0
0 0 0 0 0 0 gz aa
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 az ov
0 0 0 0 0 0 | X40T/SM042/T | O | 95009
0 0 0 0 |Xbzg/T+xd4-ad4e/T| 0 aveg
0 0+0
0 0 0 0 Xbert- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B WIN 0 00’ W | -
FAp=x eaneisiadi 1ad A1d nNQLIUOD oipend

1/2

2T

-1/2

M, flessione da carichi assegnati

CED

q

Schema di calcolo iperstatico

Sviluppi di calcolo iperstatica

e

M, flessione da iperstatica X
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O,

m

b
%= ) v dx = [13 2]} VED \ A= 462. mm’
< 4
J,= 154395 mm
=(1 1/EJ = 1/3 b/E 147 x
(1730) 1/E3 = 1/3 bIEJ b 3= 14346, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 J,, = -30456. mm"
J,= 160731. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) A J, = 8010. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = .2051
u ¢ =cosa = .9790
=(b) 1E9 = biEY X y s = sina = .2037
LX=[(1) veadx=[x]. vEI x,= 15.mm
_ _ Yy = 26.5mm
(b) 1/EI = bIE b N SN
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,=-3705N
M, = 620730. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
) 16 = X, = 18.mm
L= [(5m?) 1EI dx = [13 2] 1ES \ Y, = 53.mm
-0 = 8.335mm

=(1/3b) 1/EJ = 1/3 b/EJ
0= (-12xb) Fb UETdx + [[(1) 6 dx=[-14xib] Fb /€T +[x] 6 mm 9

um
V,, = 25.33mm
o, = NIA-Mcv/J,-Msu/d, = -228.6 N/mm’

412
418
130

=(-14b)Fb1/E) +(b) 6 =3/4 FbYEI
b b

LY = f;(-llz +1/2 x/b ) Fb 1/EJ dx + _[Z(-l )6 dx=[-12x+1axb] FoUEI +[-x] 6

=(-120+1/4b) Fo1/EJ +(-b ) 6 =3/4 FbYEJ
1 = ['(-172 +1/2 xib +1/2 ¥2b* -1/2 xCIb™ ) Fb 1/EJ dx

b
= [-1/2 x +1/4 5%1b +1/6 x°/b* -1/8 x'1b° | | Fb L/EJ
=(-12b+1/4b+1/6 b -1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ
b

10 = [°(- b +1/2 xib° ) Fb 1/ED dx = [-1/3 xIb? +1/8 X6 ]| Fb 1/E9

=(-1/3b+1/8b ) Fb 1/EJ = -5/24 Fb’/EJ
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O,

m

b
%= ) v dx = [13 2]} VED A= 606. mm’ )
la7 J,= 215454, mm
=(1 1/EJ = 1/3 b/E x
(1730) 1/E3 = 1/3 bIEJ b R 3= 81888, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 ;xy = 62420. mm"
= 240083. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) A J, = 57259. mm*
LX={(1) vEJax=[x] 1EJ a= artg(2J,/(J,-3))/2 = -.3758
EF o 0 xy' \My “x
c =cosa = .9302
=(b) VEJ = b/EJ y
( ) . s = sina =-.3670
LX=[(1) veadx=[x]. vEI X, = 30.45 mm
_ _ v Y= 20.92 mm
() 163 = b/EI b N 1536 N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI M, = 1075200. Nmm
=(b-b+1/3b) LEI =1/3 b/E] 1 Xp = 24.mm
) Y= 53.mm
L= [(5m?) 1EI dx = [13 2] 1ES Jo U, =-17.77 mm

V, = 27.48 mm

=(1/3b) 1/EJ = 1/3 b/EJ
( ) a,, = N/A-Mcv/d -Msuld, = -239.5 N/mm’

o= fa) o =[]0

=(b)6 = Fb%EJ

= [(1)e ax=[-x] e

=(-b)6 = FbYEJ

124
436
142
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Sviluppi di calcolo iperstatica

q48/¢- Fpm=x eonersiadi
r3/axe/s £3/,048/S 11e10}
LA 0 a/,X4e/T- 0 x42/T- a/x CEle)
c3/axe/r | £37,04(0+9/T7)
LIXHAXS-T| 0 | A/ XH2/T-X4+942/T- | 0 X42/1-042/T  |aX+T-| 904
1 £3/04|  x4e/T+ade/T- £3/04 | xde/T+ade/1- | 1T q3d
£3/9x £3/,94(T+v/T-)
1 £3/94 X42/1- r3/94- X4z/1 T a43
0 0 0 0 0 0 aoa
0 0+0
0 0 0 0 0 0 aao
JAix+axe-T| 0 |a/xbeg/T+a/,Xd-X42/T| 0 Xbe/T-xdem | ax-T qa3
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LA1X 0 a/xbz/T-0/,X42/T 0 | xbzmxdet- | ax- a3a
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Schema di calcolo iperstatico

e

M, flessione da iperstatica X
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PROCEDIMENTO E RISULTATI 287951

Cl09.xxxx.150

%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

b
L% = [*(1/2 xb - X207 +1/2 x3/6° ) Fb 1/EJ dx = [1/4 xb -1/3 /b +1/8 x“1b° | Fb 1/E3
[e] e}

=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ
L= (-v2xb) Fo UEIdx+ [)(1) 6 dx=[-w4xb ] FovEd +[x] 8
=(-1/40)Fo 1/E3 +(b) 6 =3/4 Fb’/EJ

0= (-12+1/2xb ) Fo 1EI dx + [[(-1) 0 dx=[-12x+1/4 x| Fo1Ed +[-x] 6

=(-12b+1/4b) Fo1EJ +(-b )0 =3/4 Fb’/EJ

120 = [*(-1/2 + xtb -1/2 xib* ) Fb 1/EJ dx = [-1/2 x +1/2 xb -1/6 x*/b? | Fb 1/E3
=(-1/2b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ

1 = ['(-172 X162 ) Fbo 1EI dx = [-1/6 xb2 ] Fb 1/E3
=(-1/6b) Fb /EJ =-1/6 Fb’/EJ

PROCEDIMENTO E RISULTATI 287951

Cl09.xxxx.150

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

26.03.25

Om

47

130
142

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

A= 534.mm’
J, = 189011. mm*
Jy

= 42681. mm*
J,, = -61197. mm*
J, = 211231. mm*
J, = 20461. mm*
a=artg(2J,,/(3,-3,))/2 =
c =cosa = .9400
s =sina = .3413

Xg = 24.17mm

Y= 29.67 mm

N =-1698. N

T,= 970.N

M, = 628075. Nmm
X, = 30.mm

Yo = 53.mm

u,= 13.44 mm
V= 19.94 mm
0-m

.3483

= N/A-Mcv/J -Msu/d, = -199.7 N/mm?
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PROCEDIMENTO E RISULTATI 213022

Sviluppi di calcolo iperstatica

q40z/€T Fp=x eonersiadi
C3/9XE/S 3/,04¢T/ET- el
JA1,X 0 a/,x42/s- 0 x4e/5- a/x 940
C3/OXET | £3/,04(0+9/5")
JX+AXe-T| 0 |04/, X4¢/S-X45+04¢/S- 0 X4¢2/S-094¢/S  |A/X+T- qod
T £3/94 X4¢2/S+04¢/S- £3/94 | Xd4¢/S+94¢/S- T q3d
£3/9x 3/,94(T+v/S-)
T £3/94 X4¢/S- £3/94- X4¢2/S T- q43
0 0 0 0 0 0 q2oda
0 0+0
0 0 0 0 0 0 qas
ALX+AXe-T) 0 0 0 0 q/%-T qa3
3/9XE/T 0+0
e/ 0 0 0 0 q/x- q3a
0 0 0 0 0 0 qc ag
0 0+0
0 0 0 0 0 0 qc daa
0 0 0 0 ZXbZ/T'X:I 0 ac vo
0 0+0
0 0 0 0 ZXbZ/'lZ+X:i- 0 qc ov
0 0 0 0 0 0 X40T/SM-Q42/T 0 qsp Od
0 0 0 0 | Xbg/T+xd4-ade/T| 0 qvd
0 0+0
0 0 0 0 Xbe/t- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 00’ W | -
Fp=x eoneisiadi 1ad Ad 1NQLILOD oipend
o 0
& %| L
\ il B
\ \
\ \
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\ E
\ g
| | &
% of O o \,‘E
2/S 0 £
OWO §
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[
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K
=
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Schema di calcolo iperstatico

0

=1

M, flessione da iperstatica X

CED
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PROCEDIMENTO E RISULTATI 213022
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%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

1= (-s2xb) Fb UETdx + [[(1) 6 dx=[-5/4x%b] Fb 1/E3 +[x] 6
=(-5/4b)Fb1/E] +(b) 6 =-1/4 FbYEJ

L0 =['(-5/2 +52 b ) Fb 1/EI dx + [ (-1) 6 dx=[-522x +5/4 b ] Fo 1EI +[-x] 0

=(-5/2b+5/4b)Fb1/EJ +(-b ) © =-1/4 Fb’/EJ
( ) (-b)

b
L2 = [°(-5/2 +5 x/b -5/2 X*/b> ) Fb 1/EJ dx = [-5/2 x +5/2 /b 516 x1b* ] Fb 1/E
o o

=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ
1% = ['(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b2 ]| Fb 1/E9
=(-5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

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

26.03.25
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136

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

A= 570.mm’
J, = 203061. mm*
J,= 52950. mm*

, = 43600. mm*
J,= 214806. mm*
J, = 41205. mm*
a=artg(2J,,/(3,-3,))/2 =
Cc =cosa = .9656
s =sina =-.2601

Xg = 26.18 mm

Yy = 22.05 mm

N =-3050. N
T,=-2257.N

M, = 902800. Nmm
X, = 18.mm

Yn= 53.mm

U, =-15.95 mm

V, = 27.76 mm

-.2631

o, = NIA-Mcv/J,-Msu/J, = -208.9 N/mm’
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PROCEDIMENTO E RISULTATI 248640

q40v/.1- Fpm=x eoneisiadi
C3/AXe/s £3/,04ve/LT felol
LA 0 a/,X4e/T- 0 X42/1- asx ado
c3/axe/r | c3/,94(0+9/17)
LIXHAXS-T| 0 | A/ XH2/T-X4+942/T- | 0 X4e/T-042/T  |a/X+T-| 404
1 £3/94 | 9/ X42/T-X4+042/T- | £3/ad | XbZ/T-X4+qde/T-| T q 34
£3/9x £3/,94(T+9/1-)
1 c3/04 a/,x4z/1- r3/94- Xbz/t T- q 43
0 0 0 0 0 0 aoa
0 0+0
0 0 0 0 0 0 aao
JAix+axe-T| 0 |a/xbeg/T+a/,Xd-X42/T| 0 Xe/T-xdem | ax-T aa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 Xbz/T+xde/T- | ax- a3a
0 0 0 0 0 0 az ag
0 0+0
0 0 0 0 0 0 az ad
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 azov 8
I
0 0 0 0 0 0 X4G/GA-0 0 | asrod g
Q.
0 0 0 0 0 0 ava ‘o
0 0+0 3
0 0 0 0 0 0 aav
o
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 00°W w| - 3
Q.
Fp=x eonersiadi 1ad A1d INQLILOD oipend é’
@
o N
0 0, el
°l
I
ks
|5
| &
| @
.=
™ I
= o] 9 ol 8
c/T oV~ ©
0 0 9
S
8
=
f\\
[+]
R
b
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\ e
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D 3 5
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O,

m

b ~53
%= ) v dx = [13 2]} VED A= s70.mm
J,= 203061. mm
=(1/3b) 1/EJ = 1/3 b/EJ 147 x= )i
» L, , U 3, = 67683 mm'
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3,,= 79827, mm*
J,= 240034. mm
=(b-b+1/3b) 1/EJ =1/3 b/EJ N u
( ) ) J, = 30710. mm*
L=L(1) vesax=[x]. 1/E o= artg(23,/(3,-3))2 = 4337
c=cosa = .9074
=(b) /€3 = b/EJ
( ) . y s =sina = .4203
=L1) vEsdx=[x], ves X, = 28.45mm
= 30.95
=(b) 1EJ = b/EJ ﬁg_ o Nmm
. .
L =[°(1 2 xb + 0% ) VEIdx =[x - ¥ +1/35b° ]” 1/E3 ] T = 7737N
(] o % y
=(b-b+1/3b) 1/EJ =1/3 b/EJ M, = 761200. Nmm
b 16 X, = 36.mm
L= [(5m?) 1EI dx = [13 2] 1ES yr= 53 mm
- - -0 u,= 16.11 mm
=(1/3b) 1/EJ = 1/3 b/EJ UnZ e

4130
136
148

b
1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3 mm < x 0,, = N/A-Mcv/d,-Msu/d, = -219. N/mm?

=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

L= (-v2 ) Fo vEd dx + [2(1) 8 dax=[-1/6x%b° ]  Fb 1/E3 + [ x] 6
=(-6b)Fb1/E) +(b) 6 =5/6 Fb/EJ

1= (-1/2 + xib 172 X%b* ) Fb 1/ET dx + [(-1) 6 dx
= [-v2x +172 b 116 xb* | P 1/ED +[-x] 0
=(-1/2b+1/2b-1/6b ) Fo 1/EJ + (-b ) ® =5/6 Fb’/EJ

122 = [2(-1/2 + xtb -1/2 x2ib* ) Fb 1/EJ dx = [-1/2 x +1/2 x%b -1/6 x¥/b? | Fb 1/EJ
=(-12b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb*/EJ

1% = ['(-1/2 X162 ) Fbo 1E dx = [-1/6 xb ] Fb 1/E3
=(-/6b) Fb L/EJ =-1/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25
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PROCEDIMENTO E RISULTATI 237894

Sviluppi di calcolo iperstatica

g40T/T- FFpm=x eoneisiadi
£3/9XE/S £3/,949/T 10}
LA 0 | a/xbz/T+asxde/e- | 0 | Xbe/Texdere- |oax a40
c3/axe/r | c3nado+s/er)
LIX+aXe-T| 0 | a/xbe/T-xde/e+ad- | 0 | xbe/T-Xd4g/T-04 | a/x+T-| 904
1 £3/94 X4+04- c3/04 X4+04- 1 q3d
£3/9x £3/,94(T+2/1-)
1 c3/94 X4- r3/04- S| T- q43
0 0 0 0 0 0 aoda
0 0+0
0 0 0 0 0 0 aao
JAix+axe-T| 0 |a/xbeg/T+a/,Xd-X42/T| 0 X02/T-xd2m | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 | xbzm+xde/t- | ax- a3a
0 0 0 0 0 0 gz ag
0 0+0
0 0 0 0 0 0 gz aa
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 az ov
0 0 0 0 0 0 X45/SA-0d 0 | 95009
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 00’ COw| -
FAp=x eonersiadi 1ad A1d INQLILOD oipend
,,,,,,,,, 0 Aﬂ\w&
o %| ol
| |
| |
| =
| <,
| ;
| =
“ o° | S 77777777777777777777 o \-§
0 0 s
[
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K
=
f\\
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U
b
u o 1 S T 0
1 - T
+ i W |
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|
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|
= |
— |
o - | of o
< . 0

Schema di calcolo iperstatico

=1

M, flessione da iperstatica X

CED
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b
%= ) v dx = [13 2]} VED A\ A= 534.mm’ )
laz J,= 189011. mm
=(1 1/EJ = 1/3 b/E »
(13b) VEI =13 bIEI b 7= 32196 mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 J,,=-26635. mm"
J,= 193412, mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ u
( ) J,= 27796. mm*
XX b u
L= ﬁ(l ) VEIdx=[x] 1EJ — a= artg(2J, /(3,-3,))/2 = .1637
c =cosa = .9866
=(b) L/EJ = b/EJ y
( ) . s =sina = .1630
LX=[(1) veadx=[x]. vEI X, = 21.74 mm
_ _ Yy = 29.67 mm
() 163 = b/EI b SEPTPYIN
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI AT, = 1940.N
=(b-b+1/3b) LEI =1/3 b/E] 1 - M, = 1024320. Nmm
) m X, = 12.mm
L= [(5m?) 1EI dx = [13 2] 1ES Jo U, = -14.45 mm
V., =-27.68 mm
=(1/3b) 1/EJ = 1/3 b/EJ o 3 8 m
( ) mm S S x o 9 a,, = N/A-Mcv/d -Msuld, = 229.3 N/mm?

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

o =[(-xb) FovEIdx+ [[(1) 6 dx=[-12xm ] Fb 1/E3 +[x] 6
=(-12b)Fo/E) +(b) 6 =1/2 Fb/EI

0= (-1+xb)FoUEIdx+ [[(-1) 6 dx=[-x+12xm ] FovEI +[-x] 0
=(-b+12b)Fb UEI +(-b) 6 =1/2 FbYEJ

122 = [°(-1 +3/2 b -1/2 X°/6° ) Fb 1/E3 dx = [- x +3/4 x2b -1/8 x*1b° ] Fb 1/E3
=(-b+3/4b-1/8b ) Fb 1/EJ =-3/8 Fb’/EJ

10 = ['(-ar2 X262 +1/2 X*16° ) Fb 1/ED dx = [-1/2 X2 +1/8 x'1b° ] Fb 1/EJ
=(-1/2b+1/8b ) Fb 1/EJ =-3/8 Fb’/E]
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PROCEDIMENTO E RISULTATI 240451

q48/c- =X eonersiadi
r3/axe/s £3/,048/S I[e10}
LA 0 a/,x4e/T- 0 x42/1- asx a4o
c3/axe/r | c3/,94(0+9/17)
JIXHAXST| 0 | A/ XH2/T-X4+942/T- | 0 | Xd2/T-0d2/T |a/X+T-| 0 Dd
1 c3/a4|  x42/T+ad42/T- £3/0d4 | Xdg/T+a42/1-| T q 34
£3/9x £3/,94(T+v/T-)
1 c3/04 X42/1- r3/94- X42/1 T- q 43
0 0 0 0 |xXbeT+xdz/t-| 0 aoa
0 0+0
0 0 0 0 | xbzi-xde;m| o aao
LA/XHAXZ-T| 0 |a/Xbg/T+a/ XS XH2/T| 0 | Xbe/Txdg/T | ax-T qa3
c3/axe/r | £3/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 |xXbeT+xde/-| ax- a3a
0 0 0 0 0 0 qz ag
0 0+0
0 0 0 0 0 0 az ad
0 0 0 0 0 0 az vo
0 0+0
0 0 0 0 0 0 azov §
©
0 0 0 0 0 0 X-4G/GM -0 0 | asprod g
Q.
0 0 0 0 0 0 ava g
0 0+0 3
0 0 0 0 0 0 aav 4
o
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] - S
Q.
Fp=x eonersiadi 1ad A1d INQLIU0D oipend E’
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%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

b
L% = [*(1/2 xb - X207 +1/2 x3/6° ) Fb 1/EJ dx = [1/4 xb -1/3 /b +1/8 x“1b° | Fb 1/E3
[e] e}

=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ
L= (-v2xb) Fo UEIdx+ [)(1) 6 dx=[-w4xb ] FovEd +[x] 8
=(-1/40)Fo 1/E3 +(b) 6 =3/4 Fb’/EJ

0= (-12+1/2xb ) Fo 1EI dx + [[(-1) 0 dx=[-12x+1/4 x| Fo1Ed +[-x] 6

=(-12b+1/4b) Fo1EJ +(-b )0 =3/4 Fb’/EJ

120 = [*(-1/2 + xtb -1/2 xib* ) Fb 1/EJ dx = [-1/2 x +1/2 xb -1/6 x*/b? | Fb 1/E3
=(-1/2b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ

1 = ['(-172 X162 ) Fbo 1EI dx = [-1/6 xb2 ] Fb 1/E3
=(-1/6b) Fb /EJ =-1/6 Fb’/EJ

PROCEDIMENTO E RISULTATI 240451

Cl09.xxxx.154

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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418
130

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

A= 462. mm’

J, = 154395 mm*
J,= 14346. mm*
J, = 30456. mm’
J, = 160731. mm*
J, = 8010. mm*
a=artg(2J,,/(3,-3,))/2 =
c=cosa = .9790

s =sina =-.2037
Xg= 15.mm

Yy = 26.5mm

N =-1136. N

T,= -568.N

M, = 647700. Nmm
X, = 12.mm

Yn= 53.mm

U, =-8.335mm

V,, = 25.33 mm

-.2051

o,, = NIA-Mcv/J,-Msu/d, = -239.7 N/mm’
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PROCEDIMENTO E RISULTATI 248544

Sviluppi di calcolo iperstatica

q48/¢- Fpm=x eonersiadi
r3/axe/s £3/,048/S 11e10}
LA 0 a/,X4e/T- 0 x42/T- a/x CEle)
c3/axe/r | £37,04(0+9/T7)
LIXHAXS-T| 0 | A/ XH2/T-X4+942/T- | 0 X42/1-042/T  |aX+T-| 904
1 £3/04|  x4e/T+ade/T- £3/04 | xde/T+ade/1- | 1T q3d
£3/9x £3/,94(T+v/T-)
1 £3/94 X42/1- r3/94- X4z/1 T a43
0 0 0 0 0 0 aoa
0 0+0
0 0 0 0 0 0 aao
JAix+axe-T| 0 |a/xbeg/T+a/,Xd-X42/T| 0 Xbe/T-xdem | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 | xbzmxdet- | ax- a3a
0 0 0 0 0 0 de agd
0 0+0
0 0 0 0 0 0 de ad
0 0 0 0 0 0 ae vo
0 0+0
0 0 0 0 0 0 e OV
0 0 0 0 0 0 | xd4OT/sp-ad2/T | O | aspod
0 0 0 0 | Xbg/T+xd-ade/t| 0 qvd
0 0+0
0 0 0 0 Xbe/t- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 0’ W | -
Fp=x eoneisiadi 1ad Ad nNQLILOD oupend
,,,,,,,,, 0 Aﬂ\w&
G s N
° °f |
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| g
o \ =
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Schema di calcolo iperstatico

e

M, flessione da iperstatica X

CED

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

b
L% = [*(1/2 xb - X207 +1/2 x3/6° ) Fb 1/EJ dx = [1/4 xb -1/3 /b +1/8 x“1b° | Fb 1/E3
[e] e}

=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ
L= (-v2xb) Fo UEIdx+ [)(1) 6 dx=[-w4xb ] FovEd +[x] 8
=(-1/40)Fo 1/E3 +(b) 6 =3/4 Fb’/EJ

0= (-12+1/2xb ) Fo 1EI dx + [[(-1) 0 dx=[-12x+1/4 x| Fo1Ed +[-x] 6

=(-12b+1/4b) Fo1EJ +(-b )0 =3/4 Fb’/EJ

120 = [*(-1/2 + xtb -1/2 xib* ) Fb 1/EJ dx = [-1/2 x +1/2 xb -1/6 x*/b? | Fb 1/E3
=(-1/2b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ

1 = ['(-172 X162 ) Fbo 1EI dx = [-1/6 xb2 ] Fb 1/E3
=(-1/6b) Fb /EJ =-1/6 Fb’/EJ

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

26.03.25
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148

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

A= 570. mm’

J = 203061. mm*
J,= 67683. mm’
J, = 79827.mm"
J, = 240034, mm*
J, = 30710. mm*
a=artg(2J,,/(3,-3))/2 =
c =cosa = .9074

s =sina =-.4203

Xg = 28.45mm

Yy = 22.05 mm

N= -735.N
T,=-1286. N

M, = 707438. Nmm

X, = 36.mm
u,= 16.11 mm
v, =-16.83 mm
0., = N/A-Mcv/J -Msu/J

-.4337

, = 199.7 N/mm?
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PROCEDIMENTO E RISULTATI 248181

Sviluppi di calcolo iperstatica

=1

a48/L FFm=x eoneisiadi
r3/axe/s £3/,94ve/Se- I[e10}
LA 0 0/, X€- 0 x4g- a/x a4
C3/aXE/T £3/,94(0+T-)
LIX+AXE-T| 0 0/ X4€-X49+0€- 0 x4€-04€  |a/x+T-| g Od
1 c3/94 X4€+q-¢e- £3/04 | Xde+ade- 1 q3d
£3/9x £3/,94(T+2/E-)
1 c3/94 X4€- r3/04- x4 T- q43
0 0 0 0 0 0 aod
0 0+0
0 0 0 0 0 0 aao
LA/XHAXZ-T| 0 |a/Xbg/T+a/ XS XH2/T| 0 | Xbe/Txdg/T | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 |xXbeT+xde/-| ax- a3a
0 0 0 0 0 0 ge ad
0 0+0
0 0 0 0 0 0 de ad
0 0 0 0 Xbz/1-x4 0 az vo
0 0+0
0 0 0 0 Xbz/T+x4- |0 az oV
0 0 0 0 0 0 X45/5M-04 0 | asro9
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend
° OO <Q
0 %) ol
| |
| |
| |
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| S
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™ of O ol=
€ 0 e
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Schema di calcolo iperstatico

M, flessione da iperstatica X

CED

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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b
%= ) v dx = [13 2]} VED )Y\ A= 570. mm’ )
la7 J,= 203061. mm
=(1 1/EJ = 1/3 b/E x
(13b) VEI =13 bIEI b 3= 52950, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 J,, = -43600. mm"
J,= 214806. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) ; 2 J,= 41205. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = .2631
Cc =cosa = .9656
=(b) L/EJ = b/EJ y
( ) . s =sina = .2601
LX=[(1) veadx=[x]. vEI X, = 26.18 mm
_ _ Yy = 30.95 mm
(b) 2E3 = bEI b N =150 N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T, = 2250.N
=(b-b+1/3b) LEI =1/3 b/E] 1 - M, = 940313. Nmm
m X, = 18.mm
XX _J’b 2,2 _ 3, 21b m =
Lsx=J (5%m?) wEIdx = [1/3 507 ] 1/ES Jo U, = -15.95 mm
V., =-27.76 mm
=(1/3b) 1/EJ = 1/3 b/EJ B s s m
( ) mm ? X S g2 a,, = N/A-Mcv/d -Msuld, = 209.2 N/mm?

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1 = [(1/2 xtb - X¥1b% +1/2 1™ ) Fb 1/EJ dx = [1/4 X¥1b -1/3 X°/b2 +1/8 x'1b° . Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1o =[(-axb) Fo UEIdx+ [)(1) 6 dx=[-a12x ] Fo1EI +[x] 6
=(-32b)Fo 1/E] +(b) 6 =-1/2 Fb’/EJ

0= (-3+3xb) FoUEIdx+ [(-1) 0 ax=[-3x+32x2m ] FovEI +[-x] 0
=(-3b+32b) Fb U/EJ +(-b) 6 =-1/2 Fb%/EJ

1% = [(-3 +6 xtb -3 x/b” ) Fb 1/E dx = [-3 x +3 x%/b - X2 | Fb 1/E3
=(-3b+3b-b) Fb 1/EJ =- Fb*/EJ

10 = ['(-3 %2 ) Fb 1EI dx = [- X702 ] Fb 1/ES
=(-b) Fb 1/EJ =- Fb%EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25
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PROCEDIMENTO E RISULTATI 239858

Sviluppi di calcolo iperstatica

q45/€ Fm=x eonersiadi
r3/aXe/s r3a/,94- 11e10}
Jx 0 RETx 0 xd4e/5- arx 940
CI/axer | 3/,94(0+9/5")
JX+AXe-T| 0 |4/, X4¢/S-X45+04¢/S- 0 X4¢/5-04¢/S a/X+T- q o4
T £3/94 |9/,Xd¢/1-Xx4€+q4¢/S- | £3/94 ZXbZ/'['X:I€+CI:IZ/9' T q3d
£3/9x £3/,94(T+9/L-)
T £3/94 a/,X4¢/1-xX4¢- £3/94- ZXbZ/T+X:IZ T- q 43
0 0 0 0 0 0 qod
0 0+0
0 0 0 0 0 0 qasd
ALX+AXe-T) 0 0 0 0 a/x-T qa3z
£3/aXe/T 0+0
e/ 0 0 0 0 a/x- q3a
0 0 0 0 0 0 qc ad
0 0+0
0 0 0 0 0 0 qc ada
0 0 0 0 ZXbZ/T'X:I 0 qec vOo
0 0+0
0 0 0 0 ZXbZ/T+X:I- 0 qc ov
0 0 0 0 0 0 X4G/5M-04 0 qsp 04
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 0’ COw| -
=X eonersiadi 1ad A1d INgLIU0D oipend
0 <0
< Oo| o
\ \
\ \
\ \
\ E
\ 5,
\ K
I | | &
) o O olzs
2IS 0 S
o T T TR 8
3
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S
g
=
f\\
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L\
N
wdL : = e :
\
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o \
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: \
2 o e P
w < T 0
N

Schema di calcolo iperstatico

=1

M, flessione da iperstatica X

CED

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

1= (-2 xb-1/2 1> ) Fo WEI dx + (1) 0 dx = [- b -1/6 ] Fo 1/E3 +[x] 6
=(-b-1/6b)Fo1/EJ +(b) 6 =-1/6 FbYEJ

10 = ['(-5/2 +3 xib -1/2 x1b* ) Fb EI dx + [(-1) 6 dx
= [-512 x 4372 X1 116 X162 ] Fo 1/E3 +[-x] 0
=(-5/2b+3/2b-1/6b ) Fb /EJ +(-b) 6 =-1/6 Fb’/EJ

1% = ['(-5/2 +5 xib -5/2 X%Ib” ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

1% = [(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b? ], Fb 1/E9
=(-5/6b) Fb 1/EJ =-5/6 Fb’/EJ

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

26.03.25

124
430
142

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

A= 534. mm’

J = 189011. mm*
J,= 42681. mm*
J, = 61197. mm'
J, = 211231. mm*
J,= 20461. mm*

a= artg(2J,,/(3,-3,))/2 = -.3483

Cc =cosa = .9400
s =sina =-.3413

Xg = 24.17 mm

Yy = 23.33 mm

N =-1140. N

T,= 1800. N

M, = 706800. Nmm
X, = 30.mm

u,= 13.44 mm

v, =-19.94 mm

a,, = N/A-Mcv/d -Msu/d, = 219.1 N/mm?

26.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

26.03.25

AZIONI INTERNE 238982

Cl09.xxxx.158

-37/20

-5/2
7/2

-13/20 -18220

4
3

el

L7

—[—F e

o o
<o

v
of 0 0%

37/20
-13/20

CED e

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 238982

Cl109.xxxx.158

PROCEDIMENTO E RISULTATI 238982

Sviluppi di calcolo iperstatica

q40z/€T Fm=x eoneisiadi
C3/aXe/S | £3/,04CT/ET- I1e10)
Jx 0 RETx 0 xdz/5- arx q40
CI/axer | 3/,94(0+9/5")
JX+AXe-T| 0 |04/, X4¢/S-X45+04¢/S- 0 X4¢/S-94¢/S | a/X+T- qod
T £3/94 X4¢/S+04¢/S- (3/94 | X4¢/S+094¢/S- T q3d
£3/9x £3/,94(T+v/S-)
T £3/94 X4¢/S- £3/94- X4¢2/S T- q43
0 0 0 0 ZXbZ/T+X:IZ/T' 0 qod
0 0+0
0 0 0 0 ZXbZ/I-X:IZ/I 0 qas
ALX+AXe-T) 0 0 0 0 a/x-T qa3
3/9XE/T 0+0
e/ 0 0 0 0 a/x- q3a
0 0 0 0 0 0 qc ad
0 0+0
0 0 0 0 0 0 qc ad
0 0 0 0 ZXbZ/T'X:I 0 qc vo
0 0+0
0 0 0 0 ZXbZ/T+X:I- 0 qc oV
0 0 0 0 0 0 X49/9M-04 0 qsp Od
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 0’ COw| -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend
0 <0
Yo }
\
\
K
=)
| &
o K
I o| O olzs
2/S 0 S
OWO 8
3
[
S
8
=
f\\
[+]
L\
N
w v ° I D ) 1 0
+ B °l
\
\
= \
|
; \
sl WWWM |
S (R R A NI

Schema di calcolo iperstatico

=1

M, flessione da iperstatica X

CED

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

26.03.25

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

26.03.25



PROCEDIMENTO E RISULTATI 238982 Cl09.xxxx.158 PROCEDIMENTO E RISULTATI 238982 Cl09.xxxx.158

<

b -53
%= ) v dx = [13 2]} VED A= 606. mm’ )
la7 J,= 215454 mm
=(1 1/EJ = 1/3 b/E »
(1730) 1/E3 = 1/3 bIEJ b 3= s1888. mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3,, = -62420. mm"*
v 4
J,= 240083. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) A J, = 57258. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = .3758
c =cosa = .9302
=(b) L/EJ = b/EJ y
( ) . s =sina = .3670
LX=[(1) veadx=[x]. vEI X, = 30.45 mm
_ _ y, = 32.08 mm
=(b) 1EJ = b/EJ b 4 Iso1 N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T, = 2150.N
=(b-b+1/3b) LEI =1/3 b/E] 1 - M = 1050060. Nmm
) m Xm = 24, mm
L= [(5m?) 1EI dx = [13 2] 1ES Jo U, = -17.77 mm
=-27.4
=(1/3b) 1/EJ = 1/3 b/EJ Vim 8 mm

124
136
142

X X a,, = N/A-Mcv/d -Msuld, = 228.8 N/mm?
1= (-s2xb) Fb UETdx + [[(1) 6 dx=[-5/4x%b] Fb 1/E3 +[x] 6

=(-5/4b)Fb1/E] +(b) 6 =-1/4 FbYEJ

L0 =['(-5/2 +52 b ) Fb 1/EI dx + [ (-1) 6 dx=[-522x +5/4 b ] Fo 1EI +[-x] 0
=(-5/2b+5/4b) Fb 1/E] +(-b )6 =-1/4 FbYEJ

1 = ['(-5/2 +5 x/b -5/2 X¥Ib? ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

1% = ['(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b2 ]| Fb 1/E9
=(-5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25
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REAZIONI 253587 Cl09.xxxx.159 AZIONI INTERNE 253587 Cl09.xxxx.159
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CIl109.xxxx.159

PROCEDIMENTO E RISULTATI 253587

Cl109.xxxx.159

PROCEDIMENTO E RISULTATI 253587

Sviluppi di calcolo iperstatica

q40z/€T Fp=x eonersiadi
C3/9XE/S 3/,04¢T/ET- el
JA1,X 0 a/,x42/s- 0 x4e/5- a/x 940
C3/OXET | £3/,04(0+9/5")
JX+AXe-T| 0 |04/, X4¢/S-X45+04¢/S- 0 X4¢2/S-094¢/S  |A/X+T- qod
T £3/94 X4¢2/S+04¢/S- £3/94 | Xd4¢/S+94¢/S- T q3d
£3/9x 3/,94(T+v/S-)
T £3/94 X4¢/S- £3/94- X4¢2/S T- q43
0 0 0 0 0 0 q2oda
0 0+0
0 0 0 0 0 0 qas
ALX+AXe-T) 0 0 0 0 q/%-T qa3
3/9XE/T 0+0
e/ 0 0 0 0 q/x- q3a
0 0 0 0 0 0 qc ag
0 0+0
0 0 0 0 0 0 qc daa
0 0 0 0 ZXbZ/T'X:I 0 ac vo
0 0+0
0 0 0 0 ZXbZ/'lZ+X:i- 0 qc ov
0 0 0 0 0 0 X40T/SM-Q42/T 0 qsp Od
0 0 0 0 | Xbg/T+xd4-ade/T| 0 qvd
0 0+0
0 0 0 0 Xbe/t- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 00’ W | -
Fp=x eoneisiadi 1ad Ad 1NQLILOD oipend
o 0
& %| L
\ il B
\ \
\ \
\ -
\ E
\ g
| | &
% of O o \,‘E
2/S 0 £
OWO §
3
[
5
K
=
f\\
[+]
"
A\
b N - 0
; eI

q

Schema di calcolo iperstatico

0

=1

M, flessione da iperstatica X

CED

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

26.03.25

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 253587

Cl09.xxxx.159

%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

1= (-s2xb) Fb UETdx + [[(1) 6 dx=[-5/4x%b] Fb 1/E3 +[x] 6
=(-5/4b)Fb1/E] +(b) 6 =-1/4 FbYEJ

L0 =['(-5/2 +52 b ) Fb 1/EI dx + [ (-1) 6 dx=[-522x +5/4 b ] Fo 1EI +[-x] 0

=(-5/2b+5/4b) Fb 1/E] +(-b )6 =-1/4 FbYEJ

1 = ['(-5/2 +5 x/b -5/2 X¥Ib? ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

1% = ['(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b2 ]| Fb 1/E9
=(-5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

PROCEDIMENTO E RISULTATI 253587

Cl09.xxxx.159

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

26.03.25

418
124
136

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

A= 498 mm’
J = 172946. mm*
J,= 25275. mm*

. = 44583 mm*
, = 185362. mm*
J,= 12859. mm*

J
J

a= artg(2J,,/(3,-3))/2 = -.2716

C =cosa = .9633
S =sina = -.2683
X, = 19.7 mm
Yy, = 24.8mm

M, = 699300. Nmm
X = 24.mm

u. = 10.8 mm

V, =-22.74 mm

a,, = N/A-Mcv/d -Msuld, = 238.2 N/mm?

26.03.25
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REAZIONI 212582 Cl09.xxxx.160 AZIONI INTERNE 212582 Cl09.xxxx.160
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Cl109.xxxx.160

PROCEDIMENTO E RISULTATI 212582

Cl109.xxxx.160

PROCEDIMENTO E RISULTATI 212582

Sviluppi di calcolo iperstatica

=1

a48/L FFm=x eoneisiadi
r3/axe/s £3/,94ve/Se- I[e10}
LA 0 0/, X€- 0 x4g- a/x a4
C3/aXE/T £3/,94(0+T-)
LIX+AXE-T| 0 0/ X4€-X49+0€- 0 x4€-04€  |a/x+T-| g Od
1 c3/94 X4€+q-¢e- £3/04 | Xde+ade- 1 q3d
£3/9x £3/,94(T+2/E-)
1 c3/94 X4€- r3/04- x4 T- q43
0 0 0 0 0 0 aod
0 0+0
0 0 0 0 0 0 aao
LA/XHAXZ-T| 0 |a/Xbg/T+a/ XS XH2/T| 0 | Xbe/Txdg/T | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 |xXbeT+xde/-| ax- a3a
0 0 0 0 0 0 ge ad
0 0+0
0 0 0 0 0 0 de ad
0 0 0 0 Xbz/1-x4 0 az vo
0 0+0
0 0 0 0 Xbz/T+x4- |0 az oV
0 0 0 0 0 0 X45/5M-04 0 | asro9
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend
° OO <Q
0 %) ol
| |
| |
| |
\ B
| S
| ]
\ K
™ of O ol=
€ 0 e
OWO 8
S
[
s
8
=
f\\
[+]
U
b
w o ] S T 0
1 - T
+ i W |
|
|
|
|
= |
|
o B | 0
< T- : 0
w
N

Schema di calcolo iperstatico

M, flessione da iperstatica X

CED

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

26.03.25

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 212582
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PROCEDIMENTO E RISULTATI 212582

Cl09.xxxx.160

%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

b
L% = [*(1/2 xb - X207 +1/2 x3/6° ) Fb 1/EJ dx = [1/4 xb -1/3 /b +1/8 x“1b° | Fb 1/E3
[e] e}

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

1o =[(-axb) Fo UEIdx+ [)(1) 6 dx=[-a12x ] Fo1EI +[x] 6

=(32b)FbEI +(b) 6 =-1/2 F’E]
(-3121) (b)

0= (-3+3xb) FoUEIdx+ [(-1) 0 ax=[-3x+32x2m ] FovEI +[-x] 0

=(-3b+32b) Fb U/EJ +(-b) 6 =-1/2 Fb%/EJ

1% = [(-3 +6 xtb -3 x/b” ) Fb 1/E dx = [-3 x +3 x%/b - X2 | Fb 1/E3
=(-3b+3b-b) Fb 1/EJ =- Fb*/EJ

10 = ['(-3 %2 ) Fb 1EI dx = [- X702 ] Fb 1/ES
=(-b) Fb 1/EJ =- Fb%EJ

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

26.03.25

L

430
142
148

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

= 642. mm’

= 226469. mm*

= 120007. mm*
=-82782. mm*

= 271657. mm*

= 74819. mm*
=artg(2J,,/(3,-3,))/2 =
=cosa = .8777
=sina = .4791

Xg = 34.57 mm

Y= 33.09 mm

N =-2571. N

T,= 3630.N

M, = 951363. Nmm
X, = 30.mm
u,=-19.87 mm
Vm
Gm

‘]X
‘]y
xy
u
JV

A
J
J
a
c
s

=-26.85 mm
= N/A-Mcv/J -Msu/J

4997

, = 199.6 N/mm?

26.03.25
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REAZIONI 239499 Cl09.xxxx.161 AZIONI INTERNE 239499 Cl09.xxxx.161
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PROCEDIMENTO E RISULTATI 239499

Cl09.xxxx.161

PROCEDIMENTO E RISULTATI 239499

Sviluppi di calcolo iperstatica

q45/€ Fm=x eonersiadi
r3/aXe/s r3a/,94- 11e10}
JA1,X 0 a/,x42/s- 0 xd4e/5- arx 940
CI/axer | 3/,94(0+9/5")
JX+AXe-T| 0 |4/, X4¢/S-X45+04¢/S- 0 X4¢/S-04¢/S a/X+T- qod
T £3/94 |9/,Xd¢/1-Xx4€+q4¢/S- | £3/94 ZXbZ/'['X:|€+CI:IZ/9' T q3d
£3/9x £3/,94(T+9/L-)
T £3/94 a/,X4¢/1-xX4¢- £3/94- ZXbZ/T+X:|Z T- q43
0 0 0 0 0 0 qoda
0 0+0
0 0 0 0 0 0 qas
ALX+AXe-T) 0 0 0 0 a/x-T qa3
3/9XE/T 0+0
e/ 0 0 0 0 qa/x- q3a
0 0 0 0 Xbe/T+ade- 0 de ad
0 0+0
0 0 0 0 ZXbZ/'[-X:IZ 0 qc¢ aa
0 0 0 0 0 0 qc vo
0 0+0
0 0 0 0 0 0 qc ov
0 0 0 0 0 0 X4G/9/ME-Q4€ 0 asp o4
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 0’ COw| -
=X eonersiadi 1ad A1d INgLIU0D oipend
0 m&\w
0 0
(=) o | |
\ \
\ \
| 3
\ )
\ |3
\ K
~ \ kS
BZ/S o | [\} o \'§
0 03
[
S
K
=
f\\
[+]
"
\
N\ I | 0
w . j Wﬁ’
i o
. i

Schema di calcolo iperstatico

=1

o

, flessione da iperstatica X:

CEOm

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 239499 Cl09.xxxx.161 PROCEDIMENTO E RISULTATI 239499 Cl09.xxxx.161

[of

m
S

b
%= ) v dx = [13 2]} VED /]& S A= 642. mm’ )
J,= 237041, mm
=(1 1/EJ = 1/3 b/E x
(13b) VEI =13 bIEI b laz 3= 82444, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3,,= 95227. mm'.
J,= 282393. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) A J, = 37091. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = -.4445
c=cosa = .9028
=(b) 1EJ = b/EJ v
( ) . y s = sina = -.4300
LX=[(1) veadx=[x]. vEI X, = 20.72mm
= 3354
=(b) VEI = b/EJ Ys o
b % N=-1771.N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,=-885.5N
M, = 831600. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
R le X, = 12.mm
L= [(5m?) 1EI dx = [13 2] 1ES Y, = 55.mm
-0 = -17.1mm

=(1/3b) 1/EJ = 1/3 b/EJ
1= (-2 xb-1/2 1> ) Fo WEI dx + (1) 0 dx = [- b -1/6 ] Fo 1/E3 +[x] 6 mm <

412
418

um
V,, = 15.63 mm
o, = NIA-Mcv/J,-Msu/J, = -209.2 N/mm’

=(-b-1/6b)Fo1/EJ +(b) 6 =-1/6 FbYEJ
10 = ['(-5/2 +3 xib -1/2 x1b* ) Fb EI dx + [(-1) 6 dx
= [-512 x 4372 X1 116 X162 ] Fo 1/E3 +[-x] 0
=(-5/2b+3/2b-1/6b ) Fb /EJ +(-b) 6 =-1/6 Fb’/EJ
1% = ['(-5/2 +5 xib -5/2 X%Ib” ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ
1% = [(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b? ], Fb 1/E9
=(-5/6b) Fb 1/EJ =-5/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

—
2F
3F

2Fb

26.03.25

AZIONI INTERNE 240788

Cl09.xxxx.162

-37/20 il -13/20
e AT 512 = 31120 S
= = ® \
~E= Q H2 |
SE= g = Ha |
= " ? =k |
= |
e [ - |
e ananllis 0 0
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PROCEDIMENTO E RISULTATI 240788

Cl09.xxxx.162

PROCEDIMENTO E RISULTATI 240788

Sviluppi di calcolo iperstatica

q40z/eT #Fm=X eonersiad
C3/9XE/S £3/,942T/€T- Ie10)
LA7X 0 a/,x4z/s- 0 X42/5- ax qdo
c3/axe/r | c3/,94(0+9/5-)
LAIXHAXZ-T| 0 |G/, X42/SX4G+042/S-| 0 | Xd2/S-0de2/S |a/X+T- q o4
T r3/94 X42/G+042/S- r3/qd | x42/5+d42/S-| T q3d
£3/9x £3/,94(T+v/S-)
T £3/94 X42/G- r3/94- X42/S T- qd43
0 0 0 0 |xXbeT+xdz/t-| 0 q0d
0 0+0
0 0 0 0 | Xbz/t-xde/m| 0 qao
L/ X+A/X2-T| 0 0 0 0 asx-1 qas
C3/9XE/T 0+0
LA1X 0 0 0 0 arx- g3a
0 0 0 0 | xbzi+ade- | 0 qc ad
0 0+0
0 0 0 0 Xbe/t-xe 0 gz 9d
0 0 0 0 0 0 gz vo
0 0+0
0 0 0 0 0 0 gz ov
0 0 0 0 0 0 | xdS/Spe-qdE| O gsp Od
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend
0 m&\w
0 0
o o ‘ ‘
|
|
E
=
|2
Ei
§ 5
LoZ/g OO | [\) o \§
0 03
()
S
g
=
f\\
[+]
R
A\
+ .
W ™ . T S 0
g e
+ ]

Schema di calcolo iperstatico

=1

o

, flessione da iperstatica X:

CEOm

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

26.03.25

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

26.03.25



PROCEDIMENTO E RISULTATI 240788

Cl09.xxxx.162

PROCEDIMENTO E RISULTATI 240788
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%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

1= (-s2xb) Fb UETdx + [[(1) 6 dx=[-5/4x%b] Fb 1/E3 +[x] 6
=(-5/4b)Fb1/E] +(b) 6 =-1/4 FbYEJ

L0 =['(-5/2 +52 b ) Fb 1/EI dx + [ (-1) 6 dx=[-522x +5/4 b ] Fo 1EI +[-x] 0

=(-5/2b+5/4b) Fb 1/E] +(-b )6 =-1/4 FbYEJ

1 = ['(-5/2 +5 x/b -5/2 X¥Ib? ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

1% = ['(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b2 ]| Fb 1/E9
=(-5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

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

26.03.25

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

O,

m

S

—

142

412

418

A= 594 mm’

J, = 220965. mm*
J,= 51715. mm*
J, = 73230.mm’
J, = 248250. mm*
J, = 24429. mm*
a=artg(2J,,/(3,-3,))/2 =
c=cosa = .9371

s = sina = -.3492

Xg = 18.76 mm

Y= 32.13 mm

N =-1503. N
T,=-751.3 N

M, = 772800. Nmm
X, = 12.mm

Y= 55.mm

u, =-14.32 mm

V,, = 19.07 mm

-.3567

o,, = NIA-Mcv/J,-Msu/d, = -216.3 N/mm’

26.03.25
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PROCEDIMENTO E RISULTATI 215365
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PROCEDIMENTO E RISULTATI 215365

Sviluppi di calcolo iperstatica

q40z/€T Fp=x eonersiadi
C3/9XE/S 3/,04¢T/ET- el
JA1,X 0 a/,x42/s- x4e/5- a/x 940
C3/OXET | £3/,04(0+9/5")
JX+AXe-T| 0 |04/, X4¢/S-X45+04¢/S- X42/S-04¢/S | A/X+T- qod
T r£3/94 X4¢/5+04¢/S- £3/94 | X4¢/S+04¢/S- T q3d
£3/9x 3/,94(T+v/S-)
T r3/94 X4¢/S- £3/94- X4¢2/S T- q43
0 0 0 0 0 q2oda
0 0+0
0 0 0 0 0 0 qas
ALX+AXe-T) 0 0 0 0 a/x-T aa3
C3/9XE/T 0+0
e/ 0 0 0 0 a/x- a3a
0 0 0 0 Xbe/T+ade- 0 e ag
0 0+0
0 0 0 0 szZ/'[-X:IZ 0 qc daa
0 0 0 0 0 0 ac vo
0 0+0
0 0 0 0 0 0 qc ov
0 0 0 0 0 0 X42/5M-942/S 0 qsr Od
0 0 0 0 | Xbg/T+xd4-ade/T| 0 qvd
0 0+0
0 0 0 0 Xbe/t- 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 00’ W | -
Fp=x eoneisiadi 1ad Ad 1NQLILOD oipend
,,,,,,,,, 0 Aﬁ\w
C %| B
\ i |
\ q
| =
\ <,
| | o
\ | &
" \ =
Fe o° | S 77777777777777777777 o \-§
0 0 s
[
S
8
=
f\\
[+]
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N\
= O S — :
w “ i
1 T i o
; } W

q

Schema di calcolo iperstatico

e

M, flessione da iperstatica X

CED

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 215365
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%= ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) 1/EJ = 1/3 b/EJ

1= (-s2xb) Fb UETdx + [[(1) 6 dx=[-5/4x%b] Fb 1/E3 +[x] 6
=(-5/4b)Fb1/E] +(b) 6 =-1/4 FbYEJ

L0 =['(-5/2 +52 b ) Fb 1/EI dx + [ (-1) 6 dx=[-522x +5/4 b ] Fo 1EI +[-x] 0

=(-5/2b+5/4b) Fb 1/E] +(-b )6 =-1/4 FbYEJ

1 = ['(-5/2 +5 x/b -5/2 X¥Ib? ) Fb 1/EJ dx = [-6/2 x +5/2 x2Ib -5/6 x1b” | Fb 1/EJ
=(-5/2b +5/2b -5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

1% = ['(-5/2 1% ) Fb 1/E3 dx = [-6/6 x*/b2 ]| Fb 1/E9
=(-5/6 b ) Fb 1/EJ =-5/6 Fb’/EJ

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

26.03.25

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

A= 546.mm’

J, = 202107. mm*
J,= 30174. mm*
J, = 53280.mm’
J, = 217279. mm*
J, = 15002. mm*
a=artg(2J,,/(3,-3,))/2 =
c=cosa = .9618

s =sina =-.2739

Xg = 16.98 mm

Yy = 30.47 mm

N =-1319. N
T,=-659.6 N

M, = 737500. Nmm
X, = 12.mm

Y= 55.mm

u, =-11.51 mm
V= 22.23 mm

0., = N/A-Mcv/J -Msu/J

-2774

, =-229.9 N/mm’

26.03.25
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PROCEDIMENTO E RISULTATI 241019

Cl09.xxxx.164

PROCEDIMENTO E RISULTATI 241019

Sviluppi di calcolo iperstatica

e

a48/L FFm=x eoneisiadi
r3/axe/s £3/,94ve/Se- I[e10}
LA 0 0/, X€- 0 x4g- a/x a4
C3/aXE/T £3/,94(0+T-)
LIX+AXE-T| 0 0/ X4€-X49+0€- 0 x4€-04€  |a/x+T-| g Od
1 c3/94 X4€+q-¢e- £3/04 | Xde+ade- 1 q3d
£3/9x £3/,94(T+2/E-)
1 c3/94 X4€- r3/04- x4 T- q43
0 0 0 0 0 0 aod
0 0+0
0 0 0 0 0 0 qao
LA/XHAXZ-T| 0 |a/Xbg/T+a/ XS XH2/T| 0 | Xbe/Txdg/T | ax-T qa3
c3/axe/T | 03/,94(0+v2/T)
LA1X 0 a/xbz/T-0/,X42/T 0 |xXbzT+xde/t-| ax- a3a
0 0 0 0 | xbzi+ade- | 0 de ad
0 0+0
0 0 0 0 Xbe/t-xde 0 de ad
0 0 0 0 0 0 4z vo
0 0+0
0 0 0 0 0 0 az oV
0 0 0 0 0 0 |Xxds/spe-ade | 0 | dsp 09
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] -
Fp=x eonersiadi 1ad A1d INQLIU0D oipend
,,,,,,,,, 0 AX\@
OO OO | |
| |
| |
| =
| <,
| ;
| =
© o° | y 77E 77777777777777777 o \-%
0 0 E
[
s
K
=
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M, flessione da iperstatica X

CED

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 241019
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%= ) v dx = [13 2]} VED
=(13b) VEJ =13 b/EJ

L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3
=(b-b+13b) VEJ =13 b/EJ

LX=1(1) vesax=[x]. Ve
=(b) VEJ = bEJ

LX=[(1) veadx=[x]. vEI
=(b) VEJ = bEJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI
=(b-b+1/3b) VEJ =13 b/EJ

L= [(5m?) 1EI dx = [13 2] 1ES
=(1/3b) VEJ =13 b/EI

1% = [2(1/2 X¥10? -1/2 x1b™ ) Fb UEJ dx = [1/6 1% -1/8 x'1b° ] Fb 1/E3
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

b
L% = [*(1/2 xb - X207 +1/2 x3/6° ) Fb 1/EJ dx = [1/4 xb -1/3 /b +1/8 x“1b° | Fb 1/E3
[e] e}

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

1o =[(-axb) Fo UEIdx+ [)(1) 6 dx=[-a12x ] Fo1EI +[x] 6
=(-32b)Fo 1/E] +(b) 6 =-1/2 Fb’/EJ

0= (-3+3xb) FoUEIdx+ [(-1) 0 ax=[-3x+32x2m ] FovEI +[-x] 0
=(-3b+32b) Fb U/EJ +(-b) 6 =-1/2 Fb%/EJ

1% = [(-3 +6 xtb -3 x/b” ) Fb 1/E dx = [-3 x +3 x%/b - X2 | Fb 1/E3
=(-3b+3b-b) Fb 1/EJ =- Fb*/EJ

10 = ['(-3 %2 ) Fb 1EI dx = [- X702 ] Fb 1/ES
=(-b) Fb 1/EJ =- Fb%EJ

PROCEDIMENTO E RISULTATI 241019

Cl09.xxxx.164

@ 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= 498 mm’

J, = 179663. mm*
J,= 16520. mm*
J, = 35967.mm’
J, = 187241. mm*
J, = 8943. mm*
a=artg(2J,,/(3,-3,))/2 =
c=cosa = .9785

s =sina = -.2061

Xg = 15.43 mm

Y= 28.49 mm

N =-1154. N
T,=-576.9 N

M, = 696600. Nmm
X, = 12.mm

Y= 55.mm

u, =-8.825 mm
V= 25.23mm

-.2076

o,, = NIA-Mcv/J,-Msu/J, = -235.9 N/mm’

26.03.25
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PROCEDIMENTO E RISULTATI 215513

Cl109.xxxx.165

PROCEDIMENTO E RISULTATI 215513

Sviluppi di calcolo iperstatica

g40T/6T Fm=x eonersiadi
r3/axe/s r3/,949/6T- 11e101
JA1X 0 a/,x45- 0 xd4G- a/x a40
CI/AXeT | 3/,94(0+€/S")
JX+A/Xe-T) 0 |4/, X45-X40T+0d4S- 0 X49-04S | Q/X+T- qod
T £3/94 X45+04G- £3/04 | Xd4S9+94S- T q3d
£3/9x 3/,94(T+2/5-)
T £3/94 X4G- £3/94- X49 T- q43
0 0 0 0 0 0 a2oa
0 0+0
0 0 0 0 0 0 qaos
ALX+AXe-T) 0 0 0 0 a/x-T qa3
3/9XE/T 0+0
e/ 0 0 0 0 a/x- q3a
0 0 0 0 |xbz/T+ade-| o ge as
0 0+0
0 0 0 0 ZXbZ/'['X:IZ 0 qc aa
0 0 0 0 ZXbZ/I-X:I 0 qc¢ vo
0 0+0
0 0 0 0 ZXbZ/T+X:l- 0 qc oV
0 0 0 0 0 0 |Xdg/spe-qd4e| O qsp Od
0 0 0 0 0 0 qvd
0 0+0
0 0 0 0 0 0 qav
XpeI/WWX[| xp+c3/ WW[| WA | B W 6 W W] -
FAp=x eoneisiadi 1ad A1d NQLIUOD oipend
,,,,,,,,, 0 Ai\\@\
0 o] il
\ \
\ \
| ._
\ g
| :8
| E
) of Q ol§
S oL s
0 0 ¢
°
[
S
K
=
f\\
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W h+ e S T- 0
i 3 -
+ 1

A

Schema di calcolo iperstatico

-1

0

=1

M, flessione da iperstatica X

CED
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Om

%= ) v dx = [13 2]} VED

=(v3b) VEI =13 b/EJ

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

LX=1(1) vesax=[x]. Ve
=(b) 1EJ = b/EJ

LX=[(1) veadx=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI

=(b-b+1/3b) 1/EJ = 1/3 b/EJ
L= [(5m?) 1EI dx = [13 2] 1ES

=(1/3b) 1/EJ = 1/3 b/EJ
0= (s5xb)Fo1Esdx+ [(1) 0 dx=[-522xb ] Fo1/E3 +[x] 6 mm <

418

=(-52b)Fb1/E] +(b) 6 =-3/2 FHYEJ

L0 =[(5+5xb) FoUEI dx + [[(-1) 8 dx=[-5x+512 % ] Fo UE +[-x] 6
=(-5b+52b ) Fb 1/E] +(-b )6 =-3/2 FbYEJ

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

1% = ['(-5 x1b? ) Fb UEJ dx = [-5/3 1% ]| Fb 1/E3
=(-5/3b ) Fb 1/EJ =-5/3 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 26.03.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 678.mm’

J, = 266093. mm*
J,= 121648. mm’
J,, = -87929. mm*

J, = 307658. mm*
J, = 80083. mm*
a=artg(2J,,/(3,-3,))/2 =
c=cosa = .9041

s =sina = .4274

Xg = 13.19 mm

Y= 21.72 mm

N =-2950. N
T,=-1829. N

M, = 1060820. Nmm
X, = 18.mm

Y= 55.mm

u,= 18.57 mm
V,, = 28.03 mm
0-m

4416

= N/A-Mcv/J -Msu/J, = -196.8 N/mm?
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Om

b
%= ) v dx = [13 2]} VED A= 642. mm’
J, = 252660. mm"
=(1 1/EJ = 13 b/E )
(13b) VEJ =13 b/EJ b Jaz . 3,= 83081 mm*
L= [ (1-2xb +x0* ) UEIdx = [ x- X +1/3 X% ], 1/ES 3 = -65292. mm’
J, = 274886. mm*
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) . J, = 60856. mm*
L= _[2(1 ) VEIdx=[x] 1EJ o= artg(2J,/(3,-J,))/2 = .3281
c =cosa = .9467
= = \\)
(b) 1E3 = bEI b y s=sina = .3222
LX=[(1) veadx=[x]. vEI Xy = 1141 mm
- - Y= 22.77 mm
() 163 = b/EI b N = -1610. N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,= -805. N
M, = 1116000. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
R le X, = 18.mm
L =_[Z( x’Ib*) UEJI dx = [13x°b7 ] 1/E] z yo= 55 mm
Jo U, = 16.62 mm
=(13b) VEJ =13 b/EI "
( ) , ) ° N vV, = 28.39 mm
L= (12°m*) Fo 1Es dx + [2(1) 0 dx=[-v6 0% ] Fb1/EI +[x] 0 mm = ﬁ : a 0, = NIA-Mevid, Msu/d, = -209.8 N/mm”

=(-/6b)Fb1/E) +(b) 6 =5/6 FbYEJ

10 = [ (-1/2 + xtb 172 X262 ) Fo UEI dx + [2(-1) 8 dx
2 3,.21° b

=[-12x+1/2 %0 -1/6 x°I0* | Fo 1EI +[-x] 6

=(-1/2b+1/2b-1/6b ) Fo 1/EJ + (-b) 6 =5/6 Fb/EJ
1 = ['(-1/2 +1/2 xib +1/2 x2b* -1/2 xIb™ ) Fb 1/EJ dx

b
= [-12 x +1/4 5°1b +1/6 10 -1/8 x"1b° | _ Fb L/E]
=(-12b+1/4b+1/6 b -1/8 b ) Fb 1/EJ = -5/24 Fb’/EJ
b

10 = [(- b +1/2 xib° ) Fb 1/EJ dx = [-1/3 xIb? +1/8 x'1b° ]| Fb 1/E9

=(-1/3b+1/8b ) Fb 1/EJ =-5/24 Fb’/EJ
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O,

m

b
%= L(xp*) vEI dx= [13xp°]] 1/E A= 606.mm’
J,= 237644, mm
=(13b) VEJ =13 b/EJ b lar < 7 = 53945, rom*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3,, = -44489. mm’*
J, = 247851 mm*
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) ; J, = 43738. mm*
L= _[2(1 ) VEIdx=[x] 1EJ a= artg(2J,,/(3,-J,))/2 = .2255
c =cosa = .9747
=(b) 1EJ = b/EJ
( ) b y = s =sina = .2236
LX=[(1) veadx=[x]. vEI X, = 9.772mm
o
Yy, = 23.95 mm
=(b) 1EJ = b/EJ g
(0) . N = -1556. N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T,=-7782N
=(b-b+13b) LEJ = 1/3 b/EJ M, = 1148400. Nmm
R le X, = 18.mm
L =_[Z( x’Ib*) UEJI dx = [13x°b7 ] 1/E] \ﬂ( Z yo= 55.mm
-0 u, = 14.96 mm
=(1/3b) 1/EJ =13 b/EJ \ m
( ) b b © ° V,, = 28.43 mm
120 = [ (12 b -1/2 X%16? ) Fo 1B dx + (1) 8 ax = [1/4 b -1/6 x¥b* ] Fo /ED + [ x] 0 mm ERL = x @ 6,, = N/A-Mcv/d,-Msu/J, = -218.8 N/mm”

=(vab-1/6b)Fb/EI +(b) 6 =13/12 FbY/ED
L = [ (12 xtb 172 162 ) Fo UEI dx + [(-1) @ dx = [1/4 b -1/6 x* ] Fb 1/E3 +[-x] @
=(1/ab-1/6b)Fb1/EJ +(-b)® =13/12 FbYEJ
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O,

m

b
%= ) v dx = [13 2]} VED A= 570.mm’ )
< J,= 220745 mm
=(1 1/EJ = 1/3 b/E »
(13b) VEI =13 bIEI b laz 3= 33187, mm*
L% =[2(1-2xb +xb* ) VEIdx=[ x-xb +1/3 %] 1/E3 3,, = -25868. mm"
J,= 224247. mm
=(b-b+1/3b) 1/EJ = 1/3 b/EJ v
( ) A J, = 29685. mm*
L= ﬁ(l ) VEIdx=[x] 1EJ a= artg(2J, /(3,-3,))/2 = .1346
c=cosa = .9910
=(b) 1E9 = biEY \ y . s =sina = .1342
LX=[(1) veadx=[x]. vEI — X, = 8.305mm
_ _ Y= 25.27 mm
(b) 1/EI = bIE b N
%= (1-2xb +xb?) VEI dx = [ x-xb +1/3 b2 ]} V/EI T, = -1340. N
M, = 1219400. N
=(b-b+1/3b) LEI =1/3 b/E] x mm
b 16 Y X, = 18.mm
L= [(5m?) 1EI dx = [13 2] 1ES W Y, = 55.mm
Jo

u,= 13.6 mm
V,, = 28.16 mm
o, = NIA-Mcv/J,-Msu/d, = -229.7 N/mm’

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

418
130

120 = [ (12 b -1/2 X%16? ) Fo 1B dx + (1) 8 ax = [1/4 b -1/6 x¥b* ] Fo /ED + [ x] 0 mm -
=(vab-1/6b)Fb/EI +(b) 6 =13/12 FbY/ED

L = [ (12 xtb 172 162 ) Fo UEI dx + [(-1) @ dx = [1/4 b -1/6 x* ] Fb 1/E3 +[-x] @
=(1/ab-1/6b)Fb1/EJ +(-b)® =13/12 FbYEJ
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