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PROCEDIMENTO E RISULTATI 983692 ESX5.xxxx.001 PROCEDIMENTO E RISULTATI 983692 ESX5.xxxx.001

b
L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3 54 A= 118.8 mm’
J, = 57498. mm*
=(b-b+1 1/EJ = 1/3 b/E u
(b-b+1/3b) 1/EI =1/3 b/bJ Y- 2333, mm*
L% =2 (?) vEI dx = [13 X2 ]] V/E] 3= 87.98 mm*
=(13b) 1/EJ = 1/3 b/EJ Yo =-16.09 mm
b Yo = 22.09 mm
L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E T, =-1510. N
M, = -377500. N
=(b-b+1/3b) LEJ = 1/3 b/EJ « = ~377500. Nmm
b y Xn = 12.mm
L= [ (2 ) vEI dx = [13 7)) 1/ES y,= 54 mm
vV, = 31.91 mm
=(13b) 1/EI =1/3 bb/EJ o = ML, = 2095 N
:é = o = o ¢ = .
L =[0(1) vEsdx=[x] 1E] yo=  2.mm
_ _ u, = -12. mm
=(b) 1/EJ = b/EJ - a0gem
XX _J‘h _ b ‘o _ 2
Lor=J,(1) verax=[x], e 0, = -Mv/J, = 209.5 Nimm
Jo T.=TS/tJ, = 18.1 N/mm
=\b 1/EJ = b/EJ c S u
(v) 1, =TS/, = 18.1 N/mm®

t.= 1510. mm

b
10= (- xib + X6 ) Fb 1/EJ dx = [-1/2 x2Ib +1/3 xb* | Fb 1/E
0, = Vo*+31° = 211.8 N/mm’

mm

=(-1/2b+1/3b) Fb 1/EJ =-1/6 Fb*/EJ
b
L= f;(- x/b +x°[b? ) Fb 1/EJ dx = [-1/2 X’Ib +1/3 x*/b” | Fb 1/E
=(-12b+1/3b ) Fb 1/EJ =-1/6 Fb’/EJ
LY = _[2(1/2 -x/b +1/2 X’lb® ) Fb 1/EJ dx -1 (-1) (-1) Fb%/EJ
= [1/2 x-1/2 xb +1/6 X162 ], Fb 1/E3 -1 (1) (-1) FbY/EJ
=(1/2b-1/2b+1/6 b ) Fo 1/EJ -1 (-1) (-1) Fb’/EJ =-5/6 Fb’/EJ
1%, = [ (112 xb% ) Fb UEI dx -1 (-1) (-1) Fb2/EJ = [1/6 X2 ]) Fb 1/EJ -1 (1) (-1) FbYEJ
=(1/6b)Fb 1/EJ -1 (-1) (-1) Fb*/EJ =-5/6 Fb’/EJ
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PROCEDIMENTO E RISULTATI 958002 ES>5.xxxx.002 PROCEDIMENTO E RISULTATI 958002 ESX5.xxxx.002

b = D =
L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3 54 E ——— — =1 A= 162.mm"
J,= 89755. mm
= - ]_ l E = 1 E )
(b-b+13b) VEI =13 b/bJ 3. = 9072. mm*
L% =2 (?) vEI dx = [13 X2 ]] V/E] J,= 134.6 mm"*
=(¥3b) VEJ =13 bEJ Yo = 200 mm
\ Y= 30.6 mm
L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E . T,= 1170.N
M, = -643500. N
=(b-b+1/3b) 1/EJ = 1/3 b/EJ y « 77643509, Nmm
b Xn,= 6.mm
L= [ (2 ) vEI dx = [13 7)) 1/ES Uy = -12.mm
vV, = -30.6 mm
=(1/3b) VEI =13 bb/EJ o, = -MV/J, = -219.4 N/mm?
L% =[0(1) veadx=[x] vEs X, = 18.mm
v, = -30.6 mm
= 1/EJ = E :
(b) vEI = b/EY i s Ooe 0, = -Mv/J, = -219.4 N/mm’
X =[0(1) ve3dx=[x] vEI Jo =t | T 1,= TSI, = 17.23 N/mm’
B 1, =TS, = 17.23 N/mm’
=(b) VEI = b/EJ g u
( ) t.= 1170. mm

418
130
136

b
LS = JZ( xib - x1b° ) Fb 1/EJ dx = [1/2 /b -1/3 x°b” ] _ Fb L/E] mm SR 0, = Vo'+312 = 221.4 N/mm?

=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb’/EJ
b

LS = ﬂ( xib - X16° ) Fb 1/EJ dx = [1/2 /b -1/3 x°b? ] Fb 1/E]

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

1= [2(- xtb + xib* ) Fb 1/E3 dx = [-1/2 xb +1/3 xb* ] Fb 1/E3
=(-12b+1/3b ) Fb LEJ =-1/6 Fb’/EJ

19= (- xib + X6 ) Fb 1/E3 dx = [-1/2 x2Ib +1/3 x1b* | Fb 1/E
=(-12b+1/3b) Fb 1/EJ =-1/6 Fb’/EJ

LY = ﬁ(llz - xlb +1/2 x*I0* ) Fb 1/EJ dx -1 (-1) (-1) Fb*/EJ
=172 x -1/2 ¥%1b +1/6 XIb? ]Z Fb 1/EJ -1 (1) (-1) Fb/EJ
=(1/2b-1/2b+1/6 b ) Fo 1/EJ -1 (-1) (-1) Fb%/EJ =-5/6 Fb’/EJ

b

LY = _[2(1/2 x’Ib*) Fb UEJ dx -1 (-1) (-1) FbY/Ed=[1/6x’0° ] Fb UEJ -1 (-1) (-1) Fb/E

=(1/6b) Fo1/EJ -1 (-1) (-1) Fb¥/EJ=-5/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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PROCEDIMENTO E RISULTATI 981883

ES>5.xxxx.003

L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3
=(b-b+13b) VEJ =1/3 b/EJ

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

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E
=(b-b+1/3b) LEJ =13 b/EI

L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1EJ =13 b/EI

L% =[0(1) veadx=[x] vEs
=(b) VEJ = b/EJ

X =[0(1) ve3dx=[x] vEI

=(b) 1/EJ = b/EJ

b
1%, = [2(1/2 xtb -1/2 x2ib* ) Fb 1/EJ dx = [1/4 xb -1/6 X2 | Fb 1/E3

=(1/4b-1/6 b ) Fb 1/EJ = 1/12 Fb’/EJ

b
LS = Jj(l/z x/b -1/2 x*Ib” ) Fb 1/EJ dx = [1/4 °/b -1/6 X’Ib* ] | Fb 1/EJ

=(1/4b-1/6b) Fb 1/EJ = 1/12 Fb/EJ
b
1= [0(-/2 +1/2 x1b* ) Fb 1/EJ dx = [-1/2 x +1/6 xb* ] Fb 1/E3

=(-12b+1/6 b)) Fb LEJ =-1/3 Fb’/EJ

b
10= (- xib +1/2 %1% ) Fb VEI dx = [-1/2 X1 +1/6 X712 ] Fb 1/E3

=(-12b+1/6b) Fb 1/EJ =-1/3 Fb’/EJ
LY = ﬁ(llz -xlb +1/2 X’Ib® ) Fb 1/EJ dx -1 (-1) (-1) Fb¥/EJ
b
=12 x-1/25°b +1/6 x°Ib? | Fb L/EJ -1 (-1) (-1) Fb/EJ

=(1/2b-1/2b+1/6 b ) Fo 1/EJ -1 (-1) (-1) Fb%/EJ =-5/6 Fb’/EJ

b
LY = _[2(1/2 X’Ib”) Fb UEJ dx -1 (-1) (-1) FbY/Ed=[1/6x’0° ] Fb UEJ -1 (-1) (-1) Fb/E

=(1/6b) Fo1/EJ -1 (-1) (-1) Fb¥/EJ=-5/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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t=1.8 _Pt=1.8
-54 EE——————— e = |
u
y
o, . 0., T
/=1A8 “M =18
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B
N < © ©
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 183.6 mm’

J, = 100190. mm*

J,= 18662. mm*

J,= 158. mm*

Y, = 14.65 mm

Yy = 33.35mm
T,=-1170.N

M, =-690300. Nmm

Xn = 12.mm

u,= -12. mm

vV, =-33.35mm

o, = -Mv/J, = -229.8 N/mm’
X, = 24.mm

vV, =-33.35mm

o, = -Mv/J, = -229.8 N/mm’

1, = TStJ, = 16.83 N/mm’
1,=TS/tJ, = 16.83 N/mm”
t.= 1170. mm

0, = Vo*+31° = 231.6 N/mm’

14.11.23
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PROCEDIMENTO E RISULTATI 225708 ES>5.xxxx.004 PROCEDIMENTO E RISULTATI 225708 ES>5.xxxx.004

Gm
b = Di=
L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3 8 . % . A= 112.8 mm’

J, = 44158. mm*
= - ]_ l E = 1 E )
(b-b+13b) 1/EI =13 b/bJ 3 3= 2333, mm*
L% =2 (?) vEI dx = [13 X2 ]] V/E] 3= 85.98 mm®
=(1/3b) 1/EJ = 1/3 b/EI Yo = -14.07 mm
b Yy = 19.4 mm
L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E T, =-1300. N
M, = -370500. N
=(b-b+1/3b) 1/EJ = 1/3 b/EJ » = ~370500. Rmm
. y X, = 12.mm
L= [ (x°0%) vEIdx =[13 30| 1/EI y = 48.mm
1H o o u m
V,,= 28.6 mm
=(13b) V/EJ =13 b/EI o = -MviJ, = 239.9 N’
XX b
L% =[0(1) veadx=[x] vEs yo= 2.mm
u,= -12. mm
= 1/EJ = E :
(b) /EJ b/Jb V.= -17.4 mm
XX o - — 2
= 0) vevax=[x]; v
Jo A ————— = .= tJ, = . mm
=(b) L/EJ = b/EJ ¢ oo
(b) . 2 1,= TS, = 18.18 N/mm”
10= (- xib + X6 ) Fb 1/EJ dx = [-1/2 x2Ib +1/3 xb* | Fb 1/E « e to= 1300. mm
mm 9 g T xq 0, =Vo’+31° = 242. NiImm’

=(-1/2b+1/3b) Fb 1/EJ =-1/6 Fb*/EJ
b
L= f;(- x/b +x°[b? ) Fb 1/EJ dx = [-1/2 X’Ib +1/3 x*/b” | Fb 1/E
=(-12b+1/3b ) Fb 1/EJ =-1/6 Fb’/EJ
LY = _[2(1/2 -x/b +1/2 X’lb® ) Fb 1/EJ dx -1 (-1) (-1) Fb%/EJ
= [1/2 x-1/2 xb +1/6 X162 ], Fb 1/E3 -1 (1) (-1) FbY/EJ
=(1/2b-1/2b+1/6 b ) Fo 1/EJ -1 (-1) (-1) Fb’/EJ =-5/6 Fb’/EJ
1%, = [ (112 xb% ) Fb UEI dx -1 (-1) (-1) Fb2/EJ = [1/6 X2 ]) Fb 1/EJ -1 (1) (-1) FbYEJ
=(1/6b)Fb 1/EJ -1 (-1) (-1) Fb*/EJ =-5/6 Fb’/EJ
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PROCEDIMENTO E RISULTATI 935230

ES>5.xxxx.005

Quadro contributi PLV per iperstatica X=W,

PROCEDIMENTO E RISULTATI 935230

ESZ5.xxxx.005

- M M, (X) MM, MM, [[MM/Eddx | [XM,M /EJdx
ABb 0 0 0 0
0 0
BA b 0 0 0 0
BCb 0 0 0 0
0 0
CBb 0 0 0 0
CD V2b 0 0 0 0 0 0
DE b 0 0 0 0
0 0
EDDb 0 0 0 0
EF 2b 0 0 0 0
0 0
FE 2b 0 0 0 0
GAb  |-1+x/b 0 0 1-2x/b+xX 1
- 0 1/3Xb/EJ
AG b x/b 0 0 x/b
FH b 0 Fx-1/2gx° 0 0
) 0 0
HF b 0 -1/2Fb+1/2gx 0 0
HI b 1-x/b | 1/2Fb-Fx-1/2gx° | 1/2Fb-3/2Fx+1/2Fx*/b+1/2qx°Ib | 1-2x/b+x/b’ ,
) ) s - 1/24Fb°/EJ 1/3Xb/EJ
IHb -x/b | Fb-2Fx+1/2gx -Fx+2Fx“/b-1/2gx°/b x“/b
HG b -1 0 0 1
0 Xb/EJ
GHb 1 0 0 1
HG elongazione asta N,,c€clyc -Fb*/EJ
A molla Nodo -V, ,(V 4+ XV /K, 1/4XbIEJ
totali -23/24Fb*/EJ| 23/12Xb/EJ
iperstatica X=W, 1/2Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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>
b = D {=
L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3 a8 E ———— — 3 ¢ A= 156.mm"
J,= 69701. mm
= - ]_ l E = 1 E )
(b-b+13b) 1/EI =13 b/bJ 3.= 9072. mm*
L% =2 (?) vEI dx = [13 X2 ]] V/E] J,= 132.6 mm"*
=(¥3b) VEJ =13 bEJ Yo
, Yo = 27.32mm
L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E . T,= 1115.N
M, = 510113. N
=(b-b+1/3b) LEJ =13 b/EI y « = 560m:1 o
XX 2,2 3,270 " :
L= [ (2 ) vEI dx = [13 7)) 1/ES Uy = -12.mm
vV, =-27.32 mm
=(3b) VEI =1/3 b/EJ "
(v3p) k 0, =-Mv/J, = 200. N/mm’
L% =[0(1) veadx=[x] vEs X, = 18.mm
vV, =-27.32 mm
= 1/EJ = E :
(b) VEI = bIEI b on gl 0, =-Mv/J, = 200. N/mm’
L =0(1) vesax=[x]; 1E Jo N e e 1, = TSI, = 18.88 Nimm’
B 1,= TS/, = 18.88 N/mm’
=(b) VEJ = bEJ g u
( ) ° ° © t.= 2230. mm
1= (112 -3/2 b +1/2 x1b? +1/2 X*I6° ) Fb 1/EJ dix mm > e 5 x 8 8 0, = Vo*+31° = 202.6 N/mm’

= [1/2 x -314 X1 +1/6 X¥1b? +1/8 x'1b° | Fb 1/E
=(1/2b-3/4b +1/6 b +1/8 b ) Fb 1/EJ = 1/24 Fb’/EJ

1= [2(- xtb +2 %1% -1/2 6% ) Fb VEJ dx = [-1/2 x2/b +2/3 x*/b? -1/8 x1b° | Fb 1/E3
=(-1/2b+2/3b-1/8 b ) Fb 1/EJ = 1/24 Fb’/EJ
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LA X+0/XZ-T | O/ X4 +% - X< a/x-T qIH
0 0 |xbzrm+xdzit-| o q4H

0 0
0 0 Xbert-xdzim | o q H4
QA | arxd-xd x4-04 a/x qov

c3/aXe/T | £3/,049/T

LI X+A/XE-T | O/ X% Xd- ax+1-|  qvo
0 0 Xbz/1-x4 0 gz 34

0 0
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PROCEDIMENTO E RISULTATI 982683

ES>5.xxxx.006

ESZ5.xxxx.006

L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

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

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1/E] = 1/3 b/EJ

L% =[0(1) veadx=[x] vEs
=(b) 1/EJ = b/EJ

X =[0(1) ve3dx=[x] vEI
=(b) 1/EJ = b/EJ

1, = [2( xib - x2b* ) Fb 1/E3 dx = [1/2 xb -1/3 x*/b? ]| Fb 1/E3
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb’/EJ

1 = [*(x/b - xib* ) Fb 1/EJ dx = [1/2 5 -1/3 X2 ] Fb 1/E
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb*/EJ

1= [2(- xtb + xib* ) Fb 1/E3 dx = [-1/2 xb +1/3 xb* ] Fb 1/E3
=(-12b+1/3b ) Fb LEJ =-1/6 Fb’/EJ

19= (- xib + X6 ) Fb 1/E3 dx = [-1/2 x2Ib +1/3 x1b* | Fb 1/E
=(-12b+1/3b) Fb 1/EJ =-1/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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= 177.6 mm’

= 77813. mm*

= 18662. mm’

= 156. mm*

Y, = 12.83 mm

Yo = 29.84 mm

T,= 840.N

M, = -546000. Nmm

= 12. mm

= -12. mm

=-29.84 mm

= -MV/J, = -209.4 N/mm?
= 24.mm

=-29.84 mm

= -Mv/J, = -209.4 N/mm’
1, = TSI, = 13.91 N/mm’
1,=TStJ, = 13.91 N/mm’
t.= 840.mm

0, = Vo*+31° = 210.8 N/mm’
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PROCEDIMENTO E RISULTATI 934663 ES>5.xxxx.007 PROCEDIMENTO E RISULTATI 934663 ES35.xxxx.007

0‘I'\’!
b =1.8 Dft=1.8
L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3 a2 E ﬁ%} F A= 106.8 mm’

d J, = 32824. mm"
= - ]_ l E = 1 E )
(b-b+1/3b) 1/EI =1/3 b/bJ 1 J,= 2333. mm*
L% =2 (?) vEI dx = [13 X2 ]] V/E] | 3= 83.98 mm*
=(¥3b) VEJ =13 bEJ y, = -12.09 mm
. Yo = 16.75 mm
L= [2(1 -2 xdb +x6* ) 1/ED dx = [ x - xPb +1/3 x°b* | 1/E3 T,= 930.N
M, = -283650. N
=(b-b+1/3b) 1/EJ = 1/3 b/E] e,
- y Xn = 12.mm
XX _ 2,2 _ 3,2 _
L= [ (2 ) vEI dx = [13 7)) 1/ES . Y= 42.mm
vV, = 25.25mm
=(1/3b) 1EJ = 13 b/EJ g, = -MviJ, = 218.2 N/mm?
XX b
L% =[0(1) veadx=[x] vEs o= 2.mm
u, = -12. mm
= 1/EJ = E :
() vEI b/Jb i v, = -14.75 mm
X =[0(1) ve3dx=[x] vEI cis ] vhs 0, = -Mvi3, = 218.2 Nimm’
i i Jo h 7 ¢ T,= TSI, = 15.45 N/mm
=(b) VEI = b/EJ .
(v) b ; 1,= TS, = 15.45 Nimm?
1%, = [2(1/2 xtb -1/2 x2ib* ) Fb 1/EJ dx = [1/4 xb -1/6 X2 | Fb 1/E3 4 e t.= 930.mm
mm 9 7 T x9 0, = Vo’+31° = 219.8 N/mm®

=(1/4b-1/6 b ) Fb 1/EJ = 1/12 Fb’/EJ

1 = [*(1/2 b -1/2 x81b? ) Fb 1/EJ dx = [1/4 b -1/6 x*1b? " Fb 1/E3
=(1/4b-1/6b) Fb 1/EJ = 1/12 Fb/EJ

1= [0(-/2 +1/2 x1b* ) Fb 1/EJ dx = [-1/2 x +1/6 xb* ] Fb 1/E3
=(-12b+1/6 b)) Fb LEJ =-1/3 Fb’/EJ

10= (- xib +1/2 %1% ) Fb VEI dx = [-1/2 X1 +1/6 X712 ] Fb 1/E3
=(-12b+1/6b) Fb 1/EJ =-1/3 Fb’/EJ
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ES>5.xxxx.007 ESZ5.xxxx.007

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23



REAZIONI 982951 ES>5.xxxx.008 AZIONI INTERNE 982951 ESX5.xxxx.008

Cc C
= 0 \
[ \
[ \
\ \
[ \
\ °l
[ \
[ \
\ \
o |
0 0
N
D B & 0
E D
0 0 0
—[t]—¢
s
0
- \
\
\
\
E \
o
\
\
\
\
R |
| 32 512
[
\
[
[
A [ O\
[
\
[
‘ 112 0 0
nlnnninininmmine
Tl e
I A
—_— 0 0
v | /5i2F 112F o ol
Fb \
\
\
\
\
\
\
\
\
o
F S o
\
Fb 1/2Fb [
3/2F ¥\ 1/2F \
N S |
H G |
\
F [\H H_N [ ¢ }E
312F 312F Sk 2
I 1/2Fb\/‘ 1/2Fb 1/2Fb < % 00 00 0
F CE 2z

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23



ECTTVT €T'€0°LZ'SI9A ‘OUB(IN 1P 021UJBYI|0d ‘ISSOY IUB|aABRZ O}|opY © ECTITVT €T'€0°LZ'SIA ‘OUB(IN Ip 021UJB)I|0d ‘ISSOY IUB|SABRZ OJ|opY ©

T=x eonejsiadi ep auoissal | ﬂ H w

0 00 00 :
Q -
0 IR
o 0 T
o
o o
0 0
o
Heubasse (oo ep auolssal "N ﬂHU oopeisiadi 0]09[eD Ip BWaYdS
<o oo g\\\\\\oo,
|
|
|
|
L .
|
]
v /#f
L
i o
o
0 0 |
L a ﬁw - ﬂ? "
_U e}
3 ; Z

800" XXXX"GXSH 196286 ILV1TNSIY 3 OLNINIdID0dd 800" XXXX"GXSH 196286 ILV1TNSIY 3 OLNINIAID0dd



PROCEDIMENTO E RISULTATI 982951

ES>5.xxxx.008

Quadro contributi PLV per iperstatica X=W,

PROCEDIMENTO E RISULTATI 982951

ES>5.xxxx.008

- M M, (X) MM, MM, [[MM/Eddx | [XM,M /EJdx
ABb 0 0 0 0
0 0
BA b 0 0 0 0
BCb 0 0 0 0
0 0
CBb 0 0 0 0
CD V2b 0 0 0 0 0 0
DE b 0 0 0 0
0 0
EDDb 0 0 0 0
EF 2b 0 0 0 0
0 0
FE 2b 0 0 0 0
GAb  |-1+x/b 0 0 1-2x/b+xX 1
- 0 1/3Xb/EJ
AG b x/b 0 0 x/b
FH b 0 Fx-1/2gx° 0 0
) 0 0
HF b 0 -1/2Fb+1/2gx 0 0
HI b 1-x/b | 1/2Fb-Fx-1/2gx° | 1/2Fb-3/2Fx+1/2Fx*/b+1/2qx°Ib | 1-2x/b+x/b’ ,
) ) s - 1/24Fb°/EJ 1/3Xb/EJ
IHb -x/b | Fb-2Fx+1/2gx -Fx+2Fx“/b-1/2gx°/b x“/b
HG b -1 0 0 1
0 Xb/EJ
GHb 1 0 0 1
HG elongazione asta N,,c€clyc -Fb*/EJ
A molla Nodo -V, ,(V 4+ XV /K, 1/4XbIEJ
totali -23/24Fb*/EJ| 23/12Xb/EJ
iperstatica X=W, 1/2Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica

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

14.11.23



PROCEDIMENTO E RISULTATI 982951 ES>5.xxxx.008

PROCEDIMENTO E RISULTATI 982951

ES>5.xxxx.008

L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

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

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1/E] = 1/3 b/EJ

L% =[0(1) veadx=[x] vEs
=(b) 1/EJ = b/EJ

X =[0(1) ve3dx=[x] vEI
=(b) 1/EJ = b/EJ

1= (112 -3/2 b +1/2 x1b? +1/2 X*I6° ) Fb 1/EJ dix
= [1/2 x -314 X1 +1/6 X¥1b? +1/8 x'1b° | Fb 1/E
=(1/2b-3/4b +1/6 b +1/8 b ) Fb 1/EJ = 1/24 Fb’/EJ

1= [2(- xtb +2 %1% -1/2 6% ) Fb VEJ dx = [-1/2 x2/b +2/3 x*/b? -1/8 x1b° | Fb 1/E3
=(-1/2b+2/3b-1/8 b ) Fb 1/EJ = 1/24 Fb’/EJ
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= 501600. Nmm

= 6.mm

= -12. mm
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=-Mv/J, = 229.8 N/mm’
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PROCEDIMENTO E RISULTATI 981069 ESZ5.xxxx.009 PROCEDIMENTO E RISULTAT] 981069 ESZ5.xxxx.009
b = =
L% = [(1-2 x/b + X0 ) VEIdx = [ x - X4 +1/3 b2 ]° 1/ES D I — e A= 171.6 mm?
GA o o = =
J, = 58532. mm*
=(b-b+1/3b) 1/EJ =1/3 b/EbJ 3= 18662, mm"
L% =2 (?) vEI dx = [13 X2 ]] V/E] J,= 154.mm*
=(13b) 1/EJ = 1/3 b/EJ Yo = 11.05mm
) " Yo = 26.29 mm
L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E ,= T780.N
=(b-b+1/3b) 1/EJ =1/3 b/E] y )'\("_: '5132?1% Nmm
XX 2,2 3,270 m- .
L= [ (2 ) vEI dx = [13 7)) 1/ES u,= -12.mm
VvV, =-26.29 mm
=(13b) 1/EI =1/3 bb/EJ o = VD, = -238.2 Nimm?
L% =[0(1) veadx=[x] vEs [ X, = 24.mm
_ _ vV, =-26.29 mm
=(b) vE2 = b1 ) L ¥ e o, = -Mv/J, = -238.2 N/mm’
Léﬁz_[z(l) vEJdx=[x], 1EI Jo A —— . 1, = TSI, = 15.13 N/mm®
=(b) VEJ = bIEJ B 1,=TS/tJ, = 15.13 N/mm”
- - X N . ° B t.= 780.mm
1, = [2( xib - x2b* ) Fb 1/E3 dx = [1/2 xb -1/3 x*/b? ]| Fb 1/E3 mm 2 - S o x 3 0, = Vo*+31° = 239.6 N/mm®

=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb’/EJ
b

LS = ﬂ( xib - X16° ) Fb 1/EJ dx = [1/2 /b -1/3 x°b? ] Fb 1/E]

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

1= [2(- xtb + xib* ) Fb 1/E3 dx = [-1/2 xb +1/3 xb* ] Fb 1/E3
=(-12b+1/3b ) Fb LEJ =-1/6 Fb’/EJ

19= (- xib + X6 ) Fb 1/E3 dx = [-1/2 x2Ib +1/3 x1b* | Fb 1/E
=(-12b+1/3b) Fb 1/EJ =-1/6 Fb’/EJ

LY = ﬁ(llz - xlb +1/2 x*I0* ) Fb 1/EJ dx -1 (-1) (-1) Fb*/EJ
=172 x -1/2 ¥%1b +1/6 XIb? ]Z Fb 1/EJ -1 (1) (-1) Fb/EJ
=(1/2b-1/2b+1/6 b ) Fo 1/EJ -1 (-1) (-1) Fb%/EJ =-5/6 Fb’/EJ

b

LY = _[2(1/2 x’Ib*) Fb UEJ dx -1 (-1) (-1) FbY/Ed=[1/6x’0° ] Fb UEJ -1 (-1) (-1) Fb/E

=(1/6b) Fo1/EJ -1 (-1) (-1) Fb¥/EJ=-5/6 Fb’/EJ
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PROCEDIMENTO E RISULTATI 957564 ES>5.xxxx.010 PROCEDIMENTO E RISULTATI 957564 ES35.xxxx.010

b
L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3 36 . . A= 100.8 mm’
J, = 23384. mm"
=(b-b+1 1/EJ = 1/3 b/E ; v
(b-b+1/3b) 1/EI =1/3 b/bJ Y2 2333,
L% =2 (?) vEI dx = [13 X2 ]] V/E] | J,= 8198 mm*
=(13b) 1/EJ = 1/3 b/EJ Yo =-10.14 mm
b Yy = 14.14 mm
L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E T,= 690.N
M, = -213900. N
=(b-b+1/3b) 1/EJ = 1/3 b/E « = -213900. Nmm
b y Xn = 12.mm
L= [ (2 ) vEI dx = [13 7)) 1/ES y,= 36.mm
u
vV, = 21.86 mm
=(1/3b) 1/E] = 1/3 b/EJ o = ML, = 199.9 Nimim?
XX b
L% =[0(1) veadx=[x] vEs yo=  2.mm
_ _ u, = -12. mm
=(b) 1/EJ = b/EJ i S dptamt
XX b = U ¢ 2
X =[0(1) ve3dx=[x] vEI ie i /s 0, =-Mv/J, = 199.9 N/mm
1 - \ .
_ _ Jo A FE———= [ A —— B e T, =TS /tJ, = 13.93 N/mm
=(b) 1/E3 = b/EJ .
(0) 3 1,=TS/tJ, = 13.93 N/mm”

b
1, = [2( xib - x2b* ) Fb 1/E3 dx = [1/2 xb -1/3 x*/b? ]| Fb 1/E3 t,= 690.mm

0, = Vo*+31° = 201.4 N/mm’

124

mm o ©

2
4118

=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb’/EJ

1 = [*(x/b - xib* ) Fb 1/EJ dx = [1/2 5 -1/3 X2 ] Fb 1/E
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb*/EJ

1= [2(- xtb + xib* ) Fb 1/E3 dx = [-1/2 xb +1/3 xb* ] Fb 1/E3
=(-12b+1/3b ) Fb LEJ =-1/6 Fb’/EJ

19= (- xib + X6 ) Fb 1/E3 dx = [-1/2 x2Ib +1/3 x1b* | Fb 1/E
=(-12b+1/3b) Fb 1/EJ =-1/6 Fb’/EJ
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PROCEDIMENTO E RISULTATI 981323 ES35.xxxx.011 PROCEDIMENTO E RISULTATI 981323 ES35.xxxx.011

>
b =1.8 D=1.8
L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3 36 e =l A= 144 mm’
J, = 37830. mm*
=(b-b+1/3b) 1/EJ = 1/3 b/EJ w® T
- - s 27b J, = 9072. mm4
L% =2 (?) vEI dx = [13 X2 ]] V/E] 3= 128.6 mm
=(1/3b) 1/EJ = 1/3 b/EJ Yo ™ 72'8771 mm
XX 2,2 2 3,21° Yo = -mm
LH,=JZ(1 -2 x/b +x°/b ) 1/EJ dx=[x—x/b +1/3 x°/b ]0 1/EJ u T,= 1500.N
M, = -382500. N
=(b-b+13b) VEJ = 1/3 b/EJ , x = -382500. Nmm
b Xp = 6.mm
L= [ (2 ) vEI dx = [13 7)) 1/ES U= -12.mm
v, = -20.7 mm
=(1/3b) 1EI =1/3 b/EJ m
( ) . o, = -Mv/J, = -209.3 N/mm’
L =_[Z(1) VEYdx=[x], 1/E x,= 18.mm
V.= -20.7 mm
= 1/EJ = bIE i ;
(b) 1/E2 = b3 b S | | Pt 0, = -Mv/J, = -209.3 N/mm?
Léﬁiﬁ(l) VB dx=[x], E o A 7 ¢ 1, = TStJ, = 35.46 N/mm’
— * — 2
- ( b) 1EJ = b/EJ B T,=TS/tJ, = 35.46 N/mm
b © ° ° t.= 750. mm
LS = f;(s/z x/b -3/2 x’Ib” ) Fb 1/EJ dx = [3/4 %/ -1/2 X’Ib* ] | Fb 1/EJ mm 2 © = X e @ 0, = Vo'+31> = 218.1 N/mm?

=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb’/EJ

1 = [2(3/2 b -3/2 x81b? ) Fb 1/EJ dx = [3/4 b -1/2 X2 | Fo 1/E3
=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb/EJ

1= [2(-1/2 +1/2 x1b* ) Fb 1/EJ dx = [-1/2 x +1/6 xb* ] Fb 1/E3
=(-12b+1/6 b ) Fb L/EJ =-1/3 Fb’/EJ

1= (- xib +1/2 %1% ) Fb UEI dx = [-1/2 X% +1/6 X712 ] Fb 1/E3
=(-12b+1/6b) Fb 1/EJ =-1/3 Fb’/EJ
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PROCEDIMENTO E RISULTATI 957790

ES>5.xxxx.012

PROCEDIMENTO E RISULTATI 957790

ES>5.xxxx.012

L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3
=(b-b+13b) VEJ =1/3 b/EJ

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

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E
=(b-b+1/3b) LEJ =13 b/EI

L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1EJ =13 b/EI

L% =[0(1) veadx=[x] vEs
=(b) VEJ = b/EJ

X =[0(1) ve3dx=[x] vEI

=(b) 1/EJ = b/EJ

b
1%, = [2(1/2 xtb -1/2 x2ib* ) Fb 1/EJ dx = [1/4 xb -1/6 X2 | Fb 1/E3

=(1/4b-1/6 b ) Fb 1/EJ = 1/12 Fb’/EJ

b
LS = Jj(l/z x/b -1/2 x*Ib” ) Fb 1/EJ dx = [1/4 °/b -1/6 X’Ib* ] | Fb 1/EJ

=(1/4b-1/6b) Fb 1/EJ = 1/12 Fb/EJ
b
1= [0(-/2 +1/2 x1b* ) Fb 1/EJ dx = [-1/2 x +1/6 xb* ] Fb 1/E3
=(-12b+1/6 b)) Fb LEJ =-1/3 Fb’/EJ

b
10= (- xib +1/2 %1% ) Fb VEI dx = [-1/2 X1 +1/6 X712 ] Fb 1/E3

=(-12b+1/6b) Fb 1/EJ =-1/3 Fb’/EJ
LY = ﬁ(llz -xlb +1/2 X’Ib® ) Fb 1/EJ dx -1 (-1) (-1) Fb¥/EJ
b
=12 x-1/25°b +1/6 x°Ib? | Fb L/EJ -1 (-1) (-1) Fb/EJ

=(1/2b-1/2b+1/6 b ) Fo 1/EJ -1 (-1) (-1) Fb%/EJ =-5/6 Fb’/EJ

b
LY = _[2(1/2 X’Ib”) Fb UEJ dx -1 (-1) (-1) FbY/Ed=[1/6x’0° ] Fb UEJ -1 (-1) (-1) Fb/E

=(1/6b) Fo1/EJ -1 (-1) (-1) Fb¥/EJ=-5/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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A= 165.6 mm’
J, = 42227. mm*
J,= 18662. mm*
J,= 152. mm*
Y, = 9.304 mm
Yg= 22.7mm
T,=-1100. N
M, = -407000. Nmm

= 12. mm

= -12. mm

= -22.7mm

Xm
Un
Vm
Om
Xe
Ve
O

-Mv/J, = -218.7 N/mm’
24. mm

-22.7 mm

-Mv/J, = -218.7 N/mm’

1, = TSI, = 25.54 N/mm’
1,=TStJ, = 25.54 N/mm”
t. = 1100. mm

0, = Vo*+31° = 223.2 N/mm’
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PROCEDIMENTO E RISULTATI 938810 ES>5.xxxx.013 PROCEDIMENTO E RISULTATI 938810 ES>5.xxxx.013

b
LX = J:(l -2xib+ X" ) VEIdx=[ x-x'/b +13 x| 1/EI . A= 165.6 mm?
18 B t=1.8 J = 42227. mm*
=(b-b+1 1/EJ =1/3 b/E 3 A — u :
(b-b+1/3b) 1/EI =1/3 b/bJ % = TR ¢ 2 18662 mn®
L% =2 (?) vEI dx = [13 X2 ]] V/E] i 3= 152 mm"
=(13b) 1/EJ = 1/3 b/EJ i Yo =-9.304 mm
b Vo= 13.3mm
L= jZ(l -2l +x°/b*) VEIdx = [ x- /b +1/3x°0° | 1/EJ T,= 2130. N
M, = -426000. N
=(b-b+1/3b) 1EJ =1/3 b/EJ x = -426000. Nmm
b Xn = 12.mm
L= [ (2 ) vEI dx = [13 7)) 1/ES Y y,= 36.mm
= -12.
=(1/3b) 1/E] = 1/3 b/EJ u U mm
b vV, = 22.7mm
L =J:(l) 1EJ dx = [ X ]0 1/EJ o, =-Mv/J, = 229. N/mm?
=(b) 1/EJ = b/EJ f X, = 24.mm
b i y.= 36.mm
L =0(1) vEsdx=[x] wEI =18 D | R v.= 22.7mm
° ° Jo EfE——-—-—————— - —————————— ] F _ _ 2
- ( b) 1EJ = b/EJ 5 o, = -My/Ju = 229. N/mm
X 1, =TS/tJ, = 49.46 N/mm®
L% = [*(1/2 x/b -1/2 X1 ) Fb /EJ dx = [1/4 /b -1/6 % | Fb 1/E) T =TS = 49.46 N/mm?
o o g u
t, = 2130.
=(1/4b-1/6 b ) Fb 1/EJ = 1/12 Fb’/EJ mm o Sy 8 8 x 2 ° el

) 0, = Vo’+31° = 244.5 NImm’
LS = Jj(l/z x/b -1/2 x*Ib” ) Fb 1/EJ dx = [1/4 °/b -1/6 X’Ib* ] | Fb 1/EJ

=(1/4b-1/6b) Fb 1/EJ = 1/12 Fb/EJ
b
1= [0(-/2 +1/2 x1b* ) Fb 1/EJ dx = [-1/2 x +1/6 xb* ] Fb 1/E3
=(-12b+1/6 b)) Fb LEJ =-1/3 Fb’/EJ
b
10= (- xib +1/2 %1% ) Fb VEI dx = [-1/2 X1 +1/6 X712 ] Fb 1/E3
=(-12b+1/6b) Fb 1/EJ =-1/3 Fb’/EJ
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PROCEDIMENTO E RISULTATI 983005 ES>5.xxxx.014 PROCEDIMENTO E RISULTATI 983005 ES>5.xxxx.014

>
b =1. B t=1.
L = J:(l 2x/b+x°b* ) VEIdx=[ x-x’b +1/3x°Ib* ] L/EI » I — = A= 106.8 mm?
J, = 32824. mm*
=(b-b+1/3b) 1/EJ =1/3 b/EbJ : V' 2338
L% =2 (?) vEI dx = [13 X2 ]] V/E] 3= 83.98 mm*
=(13b) 1/EJ = 1/3 b/EJ Yo = 1209 mm
b Yo = 25.25 mm
L= jZ(l -2l +x°/b*) VEIdx = [ x- /b +1/3x°0° | 1/EJ u T,= 820.N
M, = -307500. N
=(b-b+13b) VEJ = 1/3 b/EJ , x = 307500 Nmm
b Xn = 12.mm
L= [ (2 ) vEI dx = [13 7)) 1/ES v, = -25.25 mm
= -Mv/J, = -236.5 N/mm’
=(1/3b) 1/E] = 1/3 b/EJ O = -MvIJ, mm
b y.= 3. mm
L =_[Z(1) VEYdx=[x], 1/E u = -12.mm
V., =-22.25 mm
= 1/EJ = E. c
(b) vE2 = by b I | P 0, = -Mv/J, = -236.5 N/mm’
L5 =(1) vesax=[x], ves Jo e ‘ T, = TS, = 13.62 N/imm’
=TS1tJ, = 13.62 N/mm®
=(b) 1/EJ = b/EJ b T =TSMJ, = 13.62 N/mm
b ~ © < t.= 410. mm
LS = JZ(3/2 x/b -3/2 x’Ib” ) Fb 1/EJ dx = [3/4 %/ -1/2 X’Ib* ] | Fb 1/EJ mm S e o o9 x4q 0, = Vo*+31° = 237.7 NImm®

=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb’/EJ

1 = [2(3/2 b -3/2 x81b? ) Fb 1/EJ dx = [3/4 b -1/2 X2 | Fo 1/E3
=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb/EJ

1= [2(-1/2 +1/2 x1b* ) Fb 1/EJ dx = [-1/2 x +1/6 xb* ] Fb 1/E3
=(-12b+1/6 b ) Fb L/EJ =-1/3 Fb’/EJ

1= (- xib +1/2 %1% ) Fb UEI dx = [-1/2 X% +1/6 X712 ] Fb 1/E3
=(-12b+1/6b) Fb 1/EJ =-1/3 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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PROCEDIMENTO E RISULTATI 982314 ES>5.xxxx.015 PROCEDIMENTO E RISULTATI 982314 ESX5.xxxx.015

Quadro contributi PLV per iperstatica X=W,

- M M, (X) MM, MM, [[MM/Eddx |[XM,M /EJdx
ABb 0 -Fb+Fx 0 0
0 0
BAb 0 Fx 0 0
BCb 0 Fx-1/2gx° 0 0
, 0 0
CBb 0 |-1/2Fb+1/2qx 0 0
CDV2b | 0 |1/2Fb-v2/8Fx 0 0 0 0
DE b 0 | 1/4Fb-1/4Fx 0 0
0 0
EDb 0 -1/4Fx 0 0
EF 2b 0 0 0 0
0 0
FE 2b 0 0 0 0
GAb |[-1+x/b -Fx Fx-Fx%/b 1-2x/b+x%/b° ,
, ), 1/6Fb*EJ | 1/3Xb/EJ
AG b x/b Fb-Fx Fx-Fx“/b x/b
FHb 0 -3/4Fx 0 0
0 0
HF b 0 | 3/4Fb-3/4Fx 0 0
HI b 1-x/b | -1/2Fb-1/2gx° |-1/2Fb+1/2Fx-1/2Fxlb+1/2qx°/b | 1-2x/b+x’/b* ,
, , , L, |-TI24F0’EI | 1/3XbIE]
IHb -x/b | Fb-Fx+1/2gx -Fx+Fx“/b-1/2gx°/b x“/b
HG b -1 | -1/4Fb+1/4Fx 1/4Fb-1/4Fx 1 ,
1/8Fb?/EJ Xb/EJ
GHb 1 1/4Fx 1/4Fx 1
HG elongazione asta N,,c€clyc -Fb*/EJ
A molla Nodo -V, ,(V 4+ XV /K, -1/2Fb*/EJ 1/4Xb/EJ
totali -3/2Fb%EJ | 23/12Xb/EJ
iperstatica X=W, 18/23Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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PROCEDIMENTO E RISULTATI 982314
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L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

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

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1/E] = 1/3 b/EJ

L% =[0(1) veadx=[x] vEs
=(b) 1/EJ = b/EJ

X =[0(1) ve3dx=[x] vEI
=(b) 1/EJ = b/EJ

1, = [2( xib - x2b* ) Fb 1/E3 dx = [1/2 xb -1/3 x*/b? ]| Fb 1/E3
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb’/EJ

1 = [*(x/b - xib* ) Fb 1/EJ dx = [1/2 5 -1/3 X2 ] Fb 1/E
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb*/EJ

1= [2(-1/2 +1/2 b -1/2 ¥81b? +1/2 x1b° ) Fb 1/EJ dx
= [-1/2 x +1/4 X1 -1/6 X*/b? +1/8 X'1b° ], Fb 1/EJ
=(-12b+1/4b-1/6 b +1/8 b ) Fb 1/EJ = -7/24 Fb’/EJ

L= (- xtb + X202 -1/2 X°16° ) Fo 1/E3 dx = [-1/2 X/ +1/3 xb -1/8 x*/b° ] Fb 1/E3
=(-1/2b+1/3b-1/8b ) Fb 1/EJ =-7/24 Fb*/EJ

LY = ﬁ(1/4 -1/4x/b) Fb VEJdx -1 (-1) (-1) Fb’/EJ
=[1/4 x -1/8 X1 ]: Fb1/EJ -1 (-1) (-1) Fb¥EJ
=(1/4b-1/8b) Fb 1/EJ -1 (-1) (-1) Fb’/EJ =-7/8 FbY/EJ

LY, :_[:(1/4 x/b ) Fb /EJ dx -1 (-1) (-1) Fb%/EJ = [1/8 X’Ib ]z Fb 1/EJ -1 (-1) (-1
=(18b) FO1/EJ -1 (-1) (-1) FbY/EJ=-7/8 Fb’/EJ

) FbYEJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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A= 112.8 mm’

J, = 44158. mm*

J,= 2333. mm*

J,= 85.98 mm*

Y, = 14.07 mm

Yy= 28.6 mm

N= -125.N

T,= 500.N

M, = -305000. Nmm

X, = 12.mm

vV, = -28.6 mm

a,, = N/A-Mv/J, = -198.6 N/mm’
y.= 3.mm

u.= -12. mm

V.= -25.6 mm

a, = N/A-Mv/J, = -198.6 N/mm?
1, =TS, = 6.994 N/mm’
1,=TS/tJ, = 6.994 N/mm”

t. = 500. mm
0, =vo’+31° = 199. N/mm’

14.11.23
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PROCEDIMENTO E RISULTATI 908715

ES>5.xxxx.016

L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

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

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1/E] = 1/3 b/EJ

L% =[0(1) veadx=[x] vEs
=(b) 1/EJ = b/EJ

X =[0(1) ve3dx=[x] vEI
=(b) 1/EJ = b/EJ

1= (1 -2 xtb + b ) Fb VEI dx = [ x - X% +1/3 X2 ], Fb 1/E9
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ

L= 0(xp? ) Fb 1/83 dx = [1/3 x0* | Fb 1/E
=(1/3b) Fb 1/EJ = 1/3 Fb’/EJ

LY = _[2(1/2 -x/b +1/2 X’/b® ) Fb 1/EJ dx -1 (-1) (-1) Fb%/EJ
= [1/2 x-1/2 x2b +1/6 X162 ] Fb 1/E3 -1 (1) (-1) FbY/EJ

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

1%, = [ (1/2 % ) Fb UEI dx -1 (-1) (-1) Fb2/EJ = [1/6 X2 ]" Fb 1/EJ -1 (-1) (-1) FbYEJ

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

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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A= 150. mm’
J, = 52430. mm*
J, = 9072. mm*
J,= 130.6 mm*
Y, =-8.376 mm
Y= 17.98 mm
T, =-1600. N
= -456000. Nmm
X, = 6.mm
Y= 42.mm
u,= -12. mm
vV, = 24.02 mm
o, =-Mv/J, = 208.9 N/mm’
X, = 18.mm
y.= 42.mm
V.= 24.02 mm

[

o, = -Mv/J, = 208.9 N/mm’
=TSJ, = 31.67 N/mm’
TS, = 31.67 N/mm’
t.= 1600. mm

0, =Vo’+3° = 216. NiImm’

c
Te
Tg
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PROCEDIMENTO E RISULTATI 957901

ES>5.xxxx.017

L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

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

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1/E] = 1/3 b/EJ

L% =[0(1) veadx=[x] vEs
=(b) 1/EJ = b/EJ

X =[0(1) ve3dx=[x] vEI
=(b) 1/EJ = b/EJ

1, = [2( xib - x2b* ) Fb 1/E3 dx = [1/2 xb -1/3 x*/b? ]| Fb 1/E3
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb’/EJ

1 = [*(x/b - xib* ) Fb 1/EJ dx = [1/2 5 -1/3 X2 ] Fb 1/E
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb*/EJ

1= J2(1 -2 x/b + X¥1b> ) Fb VEI dx = [ x - x¥Ib +1/3 X°/b? ] Fb 1/E
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ

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

LY = ﬁ(llz -xb +1/2 x*Ib* ) Fb 1/EJ dx -1 (-1) (-1) Fb*/EJ
=[1/2 x -1/2 ¥*1b +1/6 XIb? ]Z Fb 1/EJ -1 (-1) (-1) Fb/EJ
=(1/2b-1/2b+1/6 b ) Fo 1/EJ -1 (-1) (-1) Fb%/EJ =-5/6 Fb’/EJ

LY, =_[:(1/2 0> ) Fb 1/EJ dx -1 (-1) (-1) Fb*/EJ = [1/6 X’Ib? ]2 Fb 1/EJ -1 (-1) (-1) Fb%/EJ
=(/6b)Fb1/EJ -1 (-1) (-1) Fb¥/EJ=-5/6 Fb’/EJ
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A= 118.8 mm’
J, = 57498. mm*
J,= 2333. mm*
J, = 87.98 mm*
Y, = 16.09 mm
Yo = 31.91 mm
T,= 500.N

<

M, =-390000. Nmm
Xn = 12.mm

vV, =-31.91 mm
o, = -Mv/J, = -216.4 N/mm’
y.= 3. mm

u,= -12. mm

vV, =-28.91 mm

o, = -Mv/J, = -216.4 N/mm’
1, = TS, = 5.994 N/mm’
1,=TS/tJ, = 5.994 N/mm”
t. = 500. mm

0, = Vo*+31° = 216.7 N/mm’
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PROCEDIMENTO E RISULTATI 981830 ES>5.xxxx.018 PROCEDIMENTO E RISULTATI 981830 ES>5.xxxx.018

b Om
L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3 i . ¥/=1.s e I A= 171.6 mm’
1T N Ti cric 4
J,= 58532.
=(b-b+1/3b) 1/EJ = 1/3 b/EJ I 1= 18662 224
b v )
L% =2 (?) vEI dx = [13 X2 ]] V/E] f = 154.mm*
=(13b) 1/EJ = 1/3 b/EJ z" f i;(?)i 2::
b 9"
L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E T, = -800. N
M, = -512000. N
=(b-b+1/3b) 1/EJ = 1/3 b/EJ = 5120:1?n m
Lxx_J‘“( 2,2 _ 3,21° y " .
w=[(Xm*) vEIdx =137 ] 1/ED Y= 42.mm
= -12.
=(1/3b) 1EJ = 13 b/EJ u :m - 2 ngmmm
b m”
L = _[:(1) VEI dx = [ x ]0 1/EJ o, =-MvlJ, = 229.9 N/mm’
= 24
=(b) 1/EJ = b/EJ ;C_ 2 22
b L] ¢ X
X =[0(1) ve3dx=[x] vEI ] Vo= 26.29 mm
11, 2
t=1.8 ||l =18 0. =-Mv/J, = 229.9 N/mm
=(b) 13 = b/EJ X b e (o ——————————— JF ch: Ts*/tJ: = 15.52 N/mm>
1%, = [2(1/2 xtb -1/2 x2ib* ) Fb 1/EJ dx = [1/4 xb -1/6 X2 | Fb 1/E3 ’ 1,= TS/, = 15.52 N/mm”
t.= 800. mm
=(1/4b-1/6 b ) Fb 1/EJ = 1/12 Fb’/EJ mm o S S 8 x 3

0, = Vo’+31> = 231.5 N/mm’

o

1 = [*(1/2 b -1/2 x81b? ) Fb 1/EJ dx = [1/4 b -1/6 x*1b? " Fb 1/E3
=(1/4b-1/6b) Fb 1/EJ = 1/12 Fb/EJ

1= 2(1/2 - b +1/2 X162 ) Fb VE dx = [1/2 x -1/2 X1 +1/6 x*/b? ] Fb 1/E3
=(1/2b-1/2b+1/6 b ) Fb 1/EJ = 1/6 Fb’/EJ

L= (12 x2ib* ) Fb 1/EI dx = [1/6 x°Ib? ]| Fb 1/E3
=(1/6b) Fb 1/EJ = 1/6 Fb’/EJ

LY = ﬁ(llz -xlb +1/2 X’Ib® ) Fb 1/EJ dx -1 (-1) (-1) Fb*EJ
=[1/2 x -1/2 ¥*Ib +1/6 XIb? ]Z Fb 1/EJ -1 (-1) (-1) Fb/EJ
=(1/2b-1/2b+1/6 b ) Fo 1/EJ -1 (-1) (-1) Fb¥/EJ =-5/6 Fb’/EJ

L, =_[:(1/2 0> ) Fb 1/EJ dx -1 (-1) (-1) Fb*/EJ = [1/6 X’Ib? ]2 Fb1/EJ -1 (-1) (-1) Fb%EJ
=(1/6b) Fb1/EJ -1 (-1) (-1) Fb¥/EJ=-5/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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PROCEDIMENTO E RISULTATI 982874

ES>5.xxxx.019

L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

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

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1/E] = 1/3 b/EJ

L% =[0(1) veadx=[x] vEs
=(b) 1/EJ = b/EJ

X =[0(1) ve3dx=[x] vEI
=(b) 1/EJ = b/EJ

1= (1 -2 xtb + b ) Fb VEI dx = [ x - X% +1/3 X2 ], Fb 1/E9
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ

L= 0(xp? ) Fb 1/83 dx = [1/3 x0* | Fb 1/E
=(1/3b) Fb 1/EJ = 1/3 Fb’/EJ

LY = _[2(1/2 -x/b +1/2 X’/b® ) Fb 1/EJ dx -1 (-1) (-1) Fb%/EJ
= [1/2 x-1/2 x2b +1/6 X162 ] Fb 1/E3 -1 (1) (-1) FbY/EJ
=(1/2b-1/2b+1/6 b ) Fb 1/EJ -1 (-1) (-1) Fb’/EJ =-5/6 Fb’/EJ

1%, = [ (1/2 % ) Fb UEI dx -1 (-1) (-1) Fb2/EJ = [1/6 X2 ]" Fb 1/EJ -1 (-1) (-1) FbYEJ
=(1/6b)Fb 1/EJ -1 (-1) (-1) Fb*/EJ =-5/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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A= 156. mm’

J, = 69701. mm*
J,= 9072. mm*

J = 132.6 mm*

Y, =-9.705 mm

Yy = 20.68 mm
T,=-1590. N

M, =-612150. Nmm
Xp = 6.mm

Y= 48.mm

u,= -12. mm

v, = 27.32 mm

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

y.= 48.mm

v, = 27.32 mm

0, =-Mv/J, = 240. N/mm’
1,=TSt], = 26.93 N/mm’
1,=TS/J, = 26.93 N/mm”
t,= 1590. mm

0, = Vo’+31° = 244.5 NImm’

14.11.23



ES>5.xxxx.019 ES>5.xxxx.019

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23



REAZIONI 956624 ES>5.xxxx.020 AZIONI INTERNE 956624 ES>5.xxxx.020

“E= 5
<
c
F < ; F
Fb Fb — 12
=
=M .
= <
= <
=
=
= 0 0 0 .
F
«F
F, B —|+|—F
B
B
E
E ; - D 1
F o
E | -
-
F 35/23F
1/2F
b -35/23
d N
A
1/2F A o
35/23Fb
< 35/23F * 7Féll23F
; [T
11/23
Tl e
W |
12/23Fb
[\ 11/23F }
F G ‘
1t BN [ o |
12/23F 12/23F \
12/23Fb 12/23Fb ol
F H o
— —
F F
L/zF 1/2F ||
=
oNE=
Rt i 00 {
-12/23 11
CEH e

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23



ECTTVT €T'€0°LZ'SI9A ‘OUB(IN 1P 021UJBYI|0d ‘ISSOY IUB|aABRZ O}|opY © ECTITVT €T'€0°LZ'SIA ‘OUB(IN Ip 021UJB)I|0d ‘ISSOY IUB|SABRZ OJ|opY ©

T=X eonelsiad ep auoissaly *I ﬂ H w

eonelsiadi ojooed Ip 1ddnjiAs

qdee/et YOA=X eonelsiadi
C3/axer/ez | 03,94 Ie101
CI/AXy/T | 03/,942/T- M(TAX+° AT A- opou ejjow v
£3/,93- OH9H3OMTN| eiSE BUOIZEBUOD OH
T 0 0 T aHD
c3/aX 0
T 0 0 T- q9H
JA1X a/,x4 x4 ax- aHI
CI/aXeT | £3/,04€/T
LLX+A/XZ-T |0/ X4+x42-04|  X4-0d a/x-T aIH
0 0 0 0 NXUN\._”+XH_N\._”- 0 a4dH reubasse 1yagled ep auoissaly °W ﬂHU
0 0 Xbert-xdzim | o q H4
a1 X a/,X4-X4 x4-04 a/x qov
c3/aXeT | £3/,049/T
LLXHAXZT| A/ xdXd X< ax+T-| 9V
0 0 Xbe/T-x4 0 gz 34
0 0
0 0 xbzexd- | 0 | gz43 Eﬁgﬁﬁyf I T
I 0
0 0 0 0 aa3 4 wﬁé%ﬁﬁ
0 0 , ,
0 0 0 0 q3a | N i
<]
0 0 0 0 xdzrepad | 0 | dgrad % s&%% il ) VaPuR
° 0 o v “wp
0 0 x4+04- 0 qgo +
0 0 i i
0 0 x4 0 q0o9
P | H
0 0 <o | ava eI s o7
0 o 0 0 0 0 EEmmmm "
0 0 x4+04- 0 qav
XpeI/WWX[| Xpea/Wnf| W W W W] -

YOa=X eonelsiadi jad Ad hnguIuoo oipend

020" XXXX"GXS3 729956 ILV1INSId 3 OLN3INIdIO0dd 020" XXXX"GXSH 29956 1LV.LINSIY 3 OLNINIAID0Hd



PROCEDIMENTO E RISULTATI 956624

ES>5.xxxx.020

PROCEDIMENTO E RISULTATI 956624

ESZ5.xxxx.020

L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

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

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1/E] = 1/3 b/EJ

L% =[0(1) veadx=[x] vEs
=(b) 1/EJ = b/EJ

X =[0(1) ve3dx=[x] vEI
=(b) 1/EJ = b/EJ

1, = [2( xib - x2b* ) Fb 1/E3 dx = [1/2 xb -1/3 x*/b? ]| Fb 1/E3
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb’/EJ

1 = [*(x/b - xib* ) Fb 1/EJ dx = [1/2 5 -1/3 X2 ] Fb 1/E
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb*/EJ

1= J2(1 -2 x/b + X¥1b> ) Fb VEI dx = [ x - x¥Ib +1/3 X°/b? ] Fb 1/E
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ

1= (5% ) Fb 1E3 dx = [1/3 X2 ]| Fb 1/E9
=(1/3b) Fb 1/EJ = 1/3 Fb’/EJ
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A= 100.8 mm’
J, = 23384. mm*
J,= 2333. mm*
J = 81.98 mm*
Y, = 10.14 mm
Yo = 21.86 mm
T,= 690.N

<

M, =-213900. Nmm
Xn = 12.mm

VvV, =-21.86 mm
o, = -Mv/J, = -199.9 N/mm’
y.= 3. mm

u,= -12. mm

v, =-18.86 mm

o, = -Mv/J, = -199.9 N/mm’
1, = TSI, = 13.93 N/mm’
1,=TS/tJ, = 13.93 N/mm”
t.= 690. mm

0, = Vo*+31° = 201.4 N/mm’
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PROCEDIMENTO E RISULTATI 910789 ES>5.xxxx.021 PROCEDIMENTO E RISULTATI 910789 ESX5.xxxx.021

Gm
b = Bit=
LX = J:(l -2xib+ X" ) VEIdx=[ x-x'/b +13 x| 1/EI . A —m—— A= 183.6 mm?
'35 J, = 100190. mm*
=(b-b+1 1/EJ = 1/3 b/E u
(b-b+1/3b) 1/EI =1/3 b/bJ > 2 18662,
L% =2 (?) vEI dx = [13 X2 ]] V/E] 3= 158.mm"
=(13b) 1/EJ = 1/3 b/EJ Yo =-14.65 mm
b Yy = 20.65 mm
L= jZ(l -2l +x°/b*) VEIdx = [ x- /b +1/3x°0° | 1/EJ T,= 2520. N
M, = - N
=(b-b+1/3b) 1EJ =1/3 b/EJ x = -630000. Nmm
b Xn = 12.mm
L= [ (2 ) vEI dx = [13 7)) 1/ES Y y,= 54 mm
u.= -12. mm
=(1/3b) 1EJ =1/3 b/EJ u m
( ) b vV, = 33.35mm
Lffé =J:(l) 1/EJ dx = [ X ]0 1/EJ o, =-Mv/J, = 209.7 N/mm?
=(b) 1/EJ = b/EJ X, = 24.mm
b y.= 54.mm
L =_[Z(1 ) UEJdx=[x], vEI v, = 33.35mm 2
) o, =-Mv/J, = 209.7 N/mm
=\b) 1/EJ = b/EJ t=1.8 “~|IL=18 c . u
(b) i Jo E e/ — 3 F 1,=TS/t], = 36.24 N/mm’
L% = [*(1/2 x/b -1/2 X1 ) Fb /EJ dx = [1/4 /b -1/6 % | Fb 1/E) R T =TSHI = 36.24 N/mm?
o o g u
- - 2 t.= 2520. mm
=(1/4b-1/6 b ) Fb /EJ = 1/12 Fb/EJ mm . o 3 8 . ® o = dotear = 218.0 NI

1 = [*(1/2 b -1/2 x81b? ) Fb 1/EJ dx = [1/4 b -1/6 x*1b? " Fb 1/E3
=(1/4b-1/6b) Fb 1/EJ = 1/12 Fb/EJ

1= 2(1/2 - b +1/2 X162 ) Fb VE dx = [1/2 x -1/2 X1 +1/6 x*/b? ] Fb 1/E3
=(1/2b-1/2b+1/6 b ) Fb 1/EJ = 1/6 Fb’/EJ

L= (12 x2ib* ) Fb 1/EI dx = [1/6 x°Ib? ]| Fb 1/E3
=(1/6b) Fb 1/EJ = 1/6 Fb’/EJ
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PROCEDIMENTO E RISULTATI 960563 ES>5.xxxx.022 PROCEDIMENTO E RISULTATI 960563 ESX5.xxxx.022

L= [ (1200 + X% ) UEI dx = [ x- X +1/3 x|, V/EI 3 Y — 1 ¢ A= 144.mm’
=(b-b+1/3b) 1/EJ = 1/3 b/EJ * ‘J] : g;?g%’:?

L% =2 (?) vEI dx = [13 X2 ]] V/E] J,= 1286 mm*
=(v3b) 1EI = 1/3 b/EJ z: : Zgglr:mm

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E T,= 1080.N
=(b-b+1/3b) LEJ = 1/3 b/EJ >|\</r|n== '325_’?::{ Nmm

L= [ (2 ) vEI dx = [13 7)) 1/ES Y ) y,= 36.mm
=(1/3b) 1/EJ = 1/3 b/EI \‘j:: 2227 mm’;;

L = _[2(1 ) VEIdx =[x ]Z 1/EJ 0, =-MviJ, = 218.7 N/mm’
=(b) VEJ = b/EJ ¢ ; _ ;2: 22

X =[0(1) ve3dx=[x] vEI ) V.= 20.7mm 2

_ 114 1] =-Mv/J, = .

=(0) Vs = b b p—— Al v e 2553 N

1, = [2( xib - x2b* ) Fb 1/E3 dx = [1/2 xb -1/3 x*/b? ]| Fb 1/E3 3 T = TSI, = 2553 Njmm’

t. = 1080. mm

=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb’/EJ mm o o 3 . 3 8 go  VoPsat = 2231 Nimm?

1 = [*(x/b - xib* ) Fb 1/EJ dx = [1/2 5 -1/3 X2 ] Fb 1/E
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb*/EJ

1= J2(1 -2 x/b + X¥1b> ) Fb VEI dx = [ x - x¥Ib +1/3 X°/b? ] Fb 1/E
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ

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

LY = ﬁ(llz -xb +1/2 x*Ib* ) Fb 1/EJ dx -1 (-1) (-1) Fb*/EJ
=[1/2 x -1/2 ¥*1b +1/6 XIb? ]Z Fb 1/EJ -1 (-1) (-1) Fb/EJ
=(1/2b-1/2b+1/6 b ) Fo 1/EJ -1 (-1) (-1) Fb%/EJ =-5/6 Fb’/EJ

LY, =_[:(1/2 0> ) Fb 1/EJ dx -1 (-1) (-1) Fb*/EJ = [1/6 X’Ib? ]2 Fb1/EJ -1 (-1) (-1) Fb%EJ
=(/6b)Fb1/EJ -1 (-1) (-1) Fb¥/EJ=-5/6 Fb’/EJ
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PROCEDIMENTO E RISULTATI 957348 ES>5.xxxx.023 PROCEDIMENTO E RISULTATI 957348 ES>5.xxxx.023

b L1g Bt=1.8
L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3 148 A S I A= 177.6 mm’ )
. J, = 77813. mm
=(b-b+1/3b) 1/EJ =1/3 b/EbJ Rl 2~ 18662, '
L% =2 (?) vEI dx = [13 X2 ]] V/E] 3= 156.mm"
=(13b) 1/EJ = 1/3 b/EJ Yo =-12.83 mm
b Yy = 18.16 mm
L= jZ(l -2l +x°/b*) VEIdx = [ x- /b +1/3x°0° | 1/EJ T,= 1130. N
M, = - N
=(b-b+1/3b) 1EJ =1/3 b/EJ x = -598900. Nmm
b Xn = 12.mm
L= [ (2 ) vEI dx = [13 7)) 1/ES Y y,= 48.mm
- - u u,= -12. mm
(1730) 1E3 =113 bb/EJ V"= 2084 mm
L =J:(l) 1EJ dx = [ X ]0 1/EJ o, =-MvlJ, = 229.7 NImm’
= 24
=(b) 1/EJ = b/EJ %o mm
b y.= 48.mm
L =_[Z(1 ) UEJdx=[x], vEI 1 v, = 29.84mm
i | 0, = -Mv/J, = 229.7 N/mm’
=\b) 1/EJ = b/EJ t=1.8 ||| =18 c Vi,
(o) . o EC——— — —Z J F 1, =TSHI, = 18.72 NImm’
LS = JZ( xib - x1b° ) Fb 1/EJ dx = [1/2 /b -1/3 x°b” ] _ Fb L/E] D 1,= TS, = 18.72 Nimm’
- - 2 t.= 1130. mm
=(12b-1/3b) Fb UEJ = 1/6 Fb/E mm o o 3 8 « =% o = oar = 2310 Nimm

1 = [*(x/b - xib* ) Fb 1/EJ dx = [1/2 5 -1/3 X2 ] Fb 1/E
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb*/EJ

1= J2(1 -2 x/b + X¥1b> ) Fb VEI dx = [ x - x¥Ib +1/3 X°/b? ] Fb 1/E
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ

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

=1.8 B =18

b
Léf\:f;(l -2xib+ X" ) VEIdx=[ x-x'/b +13 x| 1/EI . A —m—— A= 162. mm>
J, = 89755. mm*
=(b-b+1 1/EJ = 1/3 b/E u
(b-b+13b) VEI =1/3 b/bJ 2 072
L% =2 (?) vEI dx = [13 X2 ]] V/E] 3= 134.6 mm*
=(1/3b) 1/EJ = 1/3 b/EI Yo =-11.06 mm
b Yg= 23.4mm
L= jZ(l -2l +x°/b*) VEIdx = [ x- /b +1/3x°0° | 1/EJ T,= 1460. N
M, =-7 N
=(b-b+1/3b) 1EJ =1/3 b/EJ x = -700800. Nmm
b Xp = 6.mm
L= [ (2 ) vEI dx = [13 7)) 1/ES Y . y,= 54 mm
= -12.
=(v3b) VEJ =1/3 b/EJ I mm
b v, = 30.6 mm
L =J:(l) 1EJ dx = [ X ]0 1/EJ o, =-Mv/, = 238.9 N/mm’
=(b) 1/EJ = b/EJ X, = 18.mm
b y.= 54.mm
L =_[Z(1 ) UEJdx=[x], vEI v.= 30.6mm 2
7 0, = -Mv/J, = 238.9 N/mm
=\b) 1/EJ = b/EJ t=1.8 || =41.8 c Y
(o) o EC—/—— = 1, =TS, = 21.5N/mm’
Xo _ 2, 2 _ 2 30,270 D el 2
L% = [*(3/2 x/b -3/2 16> ) Fb L/EJ dx = [3/4 /b -1/2 % | Fb 1/E) L=TSI = 21.5N/mm
o o g u
- — 2 t,= 730. mm
=(34b-1/2b) Fb UEJ = 1/4 Fb/E mm o e 2= . 8 8 At oal s N

o

1 = [2(3/2 b -3/2 x81b? ) Fb 1/EJ dx = [3/4 b -1/2 X2 | Fo 1/E3
=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb/EJ

1= J0(1/2 - b +1/2 X162 ) Fb VE dx = [1/2 x -1/2 X2/ +1/6 x*/b? ] Fb 1/E3
=(1/2b-1/2b+1/6 b ) Fb 1/EJ =1/6 Fb’/EJ

L= (12 x2b* ) Fb 1/EI dx = [1/6 x°Ib? ], Fb 1/E3
=(1/6b) Fb 1/EJ = 1/6 Fb’/EJ
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L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

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

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1/E] = 1/3 b/EJ

L% =[0(1) veadx=[x] vEs
=(b) 1/EJ = b/EJ

X =[0(1) ve3dx=[x] vEI
=(b) 1/EJ = b/EJ

1%, = [2(1/2 xtb -1/2 x2ib* ) Fb 1/EJ dx = [1/4 xb -1/6 X2 | Fb 1/E3
=(1/4b-1/6 b ) Fb 1/EJ = 1/12 Fb’/EJ

1 = [*(1/2 b -1/2 x81b? ) Fb 1/EJ dx = [1/4 b -1/6 x*1b? " Fb 1/E3
=(1/4b-1/6b) Fb 1/EJ = 1/12 Fb/EJ

1= 2(1/2 - b +1/2 X162 ) Fb VE dx = [1/2 x -1/2 X1 +1/6 x*/b? ] Fb 1/E3
=(1/2b-1/2b+1/6 b ) Fb 1/EJ = 1/6 Fb’/EJ

L= (12 x2ib* ) Fb 1/EI dx = [1/6 x°Ib? ]| Fb 1/E3
=(1/6b) Fb 1/EJ = 1/6 Fb’/EJ

LY = ﬁ(llz -xlb +1/2 X’Ib® ) Fb 1/EJ dx -1 (-1) (-1) Fb*EJ
=[1/2 x -1/2 ¥*Ib +1/6 XIb? ]Z Fb 1/EJ -1 (-1) (-1) Fb/EJ
=(1/2b-1/2b+1/6 b ) Fo 1/EJ -1 (-1) (-1) Fb¥/EJ =-5/6 Fb’/EJ

b
LY = _[2(1/2 X’Ib*) Fb UEJ dx -1 (-1) (-1) FbY/Ed=[1/6x’0° ] Fb UEJ -1 (-1) (-1) Fb/E

=(1/6b) Fb1/EJ -1 (-1) (-1) Fb¥/EJ=-5/6 Fb’/EJ
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A= 117.8 mm’

J, = 55131. mm*

J,= 2333. mm*

J,= 87.65mm*

Y, =-15.75 mm

Yo = 21.64 mm

T,= -520.N

M, = -348400. Nmm

Xn = 12.mm

Y= 53.mm

vV, = 31.36 mm

o, =-Mv/J, = 198.2 N/mm’
y.= 2.mm

u, = -12. mm

Vv, =-19.64 mm

0, =-Mv/J, = 198.2 N/mm?
1,=TSJ, = 6.389 N/mm’
1,=TStJ, = 6.389 N/mm”

t.= 520. mm
0, = Vo*+31° = 198.5 N/mm’
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b
L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3 53 . . A= 161. mm’
J, = 86214. mm*
=(b-b+1 1/EJ = 1/3 b/E u
(b-b+1/3b) 1/EI =1/3 b/bJ Y- o072, mm
L% =2 (?) vEI dx = [13 X2 ]] V/E] J,= 1343 mm*
=(13b) 1/EJ = 1/3 b/EJ Yo = 10.83 mm
b Yy = 30.06 mm
L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E T,= 1670.N
M, = -601200. N
=(b-b+1/3b) 1/EJ = 1/3 b/E y « = -601200. Nmm
b Xp = 6.mm
L= [ (2 ) vEI dx = [13 7)) 1/ES u,= -12.mm
v, =-30.06 mm
=(1/3b) 1EJ = 13 b/EJ m
(v2b) o, = -Mv/J, = -209.6 N/mm’
XX _ _ b _
L __[2(1) VEYdx=[x], 1/E x,= 18.mm
V., =-30.06 mm
= 1/EJ = b/E c
(b) vEa = b3 o, = -Mv/J, = -209.6 N/mm’
XX _ _ b TR 2
Lk —E(l ) Ve dx=[x]; vE o 1, =TS, = 25.15 N/mm

1,=TS/tJ, = 25.15 N/mm”
t. = 1670. mm

o ©

X © @ 0, = Vo’+31° = 214.1 NImm’

=(b) 1/EJ = b/EJ

418

1%, = [2(1/2 xtb -1/2 x2ib* ) Fb 1/EJ dx = [1/4 xb -1/6 X2 | Fb 1/E3 mm > o
=(1/4b-1/6 b ) Fb 1/EJ = 1/12 Fb’/EJ
1 = [*(1/2 b -1/2 x81b? ) Fb 1/EJ dx = [1/4 b -1/6 x*1b? " Fb 1/E3
=(1/4b-1/6b) Fb 1/EJ = 1/12 Fb/EJ
1= 2(1/2 - b +1/2 X162 ) Fb VE dx = [1/2 x -1/2 X1 +1/6 x*/b? ] Fb 1/E3
=(1/2b-1/2b+1/6 b ) Fb 1/EJ = 1/6 Fb’/EJ
L= (12 x2ib* ) Fb 1/EI dx = [1/6 x°Ib? ]| Fb 1/E3
=(1/6b) Fb 1/EJ = 1/6 Fb’/EJ
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PROCEDIMENTO E RISULTATI 956381

ES>5.xxxx.027

L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

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

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1/E] = 1/3 b/EJ

L% =[0(1) veadx=[x] vEs
=(b) 1/EJ = b/EJ

X =[0(1) ve3dx=[x] vEI
=(b) 1/EJ = b/EJ

1%, = [2(3/2 xib 312 x2ib* ) Fb 1/EJ dx = [3/4 xb -1/2 X ] Fb 1/E3
=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb’/EJ

1 = [2(3/2 b -3/2 x81b? ) Fb 1/EJ dx = [3/4 b -1/2 X2 | Fo 1/E3
=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb/EJ

1= J0(1/2 - b +1/2 X162 ) Fb VE dx = [1/2 x -1/2 X2/ +1/6 x*/b? ] Fb 1/E3
=(1/2b-1/2b+1/6 b ) Fb 1/EJ =1/6 Fb’/EJ

L= (12 x2b* ) Fb 1/EI dx = [1/6 x°Ib? ], Fb 1/E3
=(1/6b) Fb 1/EJ = 1/6 Fb’/EJ

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

14.11.23

PROCEDIMENTO E RISULTAT] 956381

ESZ5.xxxx.027

412
124

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

t.= 560. mm

C

0, = Vo’+31° = 219.2 N/mm?

A= 182.6 mm’

J, = 96241 mm*

J,= 18662. mm*

J,= 157.6 mm*

Y, = 14.34 mm

Yo = 32.77 mm

T,= 1120.N

M, = -638400. Nmm

Xn = 12.mm

u,= -12. mm

vV, =-32.77 mm

0,, = -Mv/J, = -217.4 N/mm’

X, = 24.mm

vV, =-32.77 mm

o, = -Mv/J, = -217.4 N/mm’

1, = TSI, = 16.47 N/mm’

1,=TStJ, = 16.47 N/mm”
o

14.11.23
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REAZIONI 983460 ES>5.xxxx.028 AZIONI INTERNE 983460 ES>5.xxxx.028
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PROCEDIMENTO E RISULTATI 983460

ES>5.xxxx.028

Quadro contributi PLV per iperstatica X=W,

PROCEDIMENTO E RISULTATI 983460

ES>5.xxxx.028

- M M, (X) MM, MM, (MM /Eddx | [XM, M /EJdx
AB b 0 -Fb+Fx 0 0
0 0
BAb 0 Fx 0 0
BCb 0 Fx-1/2gx° 0 0
, 0 0
CBb 0 |-1/2Fb+1/2qgx 0 0
CDV2b | 0O |1/2Fb-v2/8Fx 0 0 0 0
DEb 0 | 1/4Fb-1/4Fx 0 0
0 0
EDb 0 -1/4Fx 0 0
EF 2b 0 0 0 0
0 0
FE 2b 0 0 0 0
GAb |[-1+x/b -Fx Fx-Fx%/b 1-2x/b+x°10° ,
, ), 1/6Fb°/EJ | 1/3Xb/EJ
AG b x/b Fb-Fx Fx-Fx“/b x“/b
FHb 0 -3/4Fx 0 0
0 0
HF b 0 | 3/4Fb-3/4Fx 0 0
HI b 1-x/b | 1/2Fb-1/2qx* | 1/2Fb-1/2Fx-1/2Fx*fb+1/2qx°/b | 1-2x/b+x’/b* ,
, , , . 5/24Fb°/EJ |  1/3Xb/EJ
IHb -x/b | -Fx+1/2gx Fx“/b-1/2gx”/b x“/b
HG b -1 | -1/4Fb+1/4Fx 1/4Fb-1/4Fx 1 ,
1/8Fb°/EJ Xb/EJ
GHb 1 1/4Fx 1/4Fx 1
HG elongazione asta N,,c€clyc -Fb’/EJ
A molla Nodo -V, ,(V 4+ XV /K, -1/2Fb%/EJ 1/4XbIEJ
totali -Fb%/EJ | 23/12Xb/EJ
iperstatica X=W, 12/23Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica

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

14.11.23



PROCEDIMENTO E RISULTATI 983460 ES>5.xxxx.028 PROCEDIMENTO E RISULTATI 983460 ES>5.xxxx.028

L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3

O.m
=(b-b+1 1EJ = 1/3 bIE —18 DAL
(b-b+1/3b) LEI =13 b/EJ . _ ,% ] A= 1118 mm?

b
L% =2 (?) vEI dx = [13 X2 ]] V/E] I J, = 42133, mT4
J, = 2333. mm
=(1/3b) 1/EJ =13 b/EJ Y
(v3b) i J,= 85.65 mm*
L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E Y, = -13.74 mm
_ ) _ Yo = 18.96 mm
=(b-b+1/3b) 1/EJ =1/3 b/EJ N= -120. N
L= [ (2 ) vEI dx = [13 7)) 1/ES T,= 480.N
M, = -345600. N
=(1/3b) 1EJ = 13 b/EJ y " m
) X, = 12.mm
L% =[0(1) veadx=[x] vEs u Ym= 47.mm
vV, = 28.04 mm
= 1/EJ = E "
(b) vEs = biEd i o, = NIA-Mv/J, = 228.9 N/mm?
X =[0(1) ve3dx=[x] vEI Ye=  2.mm
u,= -12. mm
=(b) VEJ = b/EJ ¢
( ) X [ v, =-16.96 mm
1, = [2( xib - x2b* ) Fb 1/E3 dx = [1/2 xb -1/3 x*/b? ]| Fb 1/E3 PPN | (VA 0, = NIA-MVIJ, = 2289 Nz/mm2
Jo A J c T,.=TSNJ,= 6.9N/mm
=(12b-1/3b) Fb 1/EJ = 1/6 Fb’/EJ oT 2N
( ) ) B 1,=TS/J,= 6.9 N/mm’
L% = [*(xib - ¥ ) Fb VEI dx = [1/2 X0b -1/3 xb? ]° Fb 1/EI t,= 480.mm
) ° mm o e 8 3 x8

‘ : =Vo?+31° = 229.2 N/mm®
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb*/EJ 0, = Vo +31 mm

1= [2(1/2 172 xtb 172 X212 +1/2 X6 ) Fb 1/EJ dx
= [1/2 x-1/4 x1b -1/6 xIb? +1/8 x'1b° | Fb 1/E
=(1/2b-1/4b-1/6 b +1/8 b ) Fb 1/EJ = 5/24 Fb’/EJ

L0= [ (50? -112 xi6* ) Fb 1/ED dx = [1/3 xIb? -1/8 x1b° | Fb 1/E
=(1/3b-1/8b ) Fb 1/EJ =5/24 Fb’/EJ

LY = ﬁ(1/4 -1/4xb ) Fb 1/EJdx-1 (-1) (-1) Fb?/EJ

b
=[vax-18x'm] FbUEI -1 (-1) (-1) Fb’/EI
=(1/4b-1/8b) Fb 1/EJ -1 (-1) (-1) Fb*/EJ =-7/8 FbY/EJ
b

LY, :_[:(1/4 x/b) Fb UEJ dx -1 (-1) (-1) FbY/EJ=[1/8x"b] Fb1EI -1 (-1) (-1) Fb’/EI

=(1/8b) FO1/EJ -1 (-1) (-1) Fb’/EJ=-7/8 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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PROCEDIMENTO E RISULTATI 963024 ES>5.xxxx.029

PROCEDIMENTO E RISULTATI 963024

ES>5.xxxx.029

L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

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

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1/E] = 1/3 b/EJ

L% =[0(1) veadx=[x] vEs
=(b) 1/EJ = b/EJ

X =[0(1) ve3dx=[x] vEI
=(b) 1/EJ = b/EJ

1, = [2(1/2 xtb -1/2 x16° ) Fb 1/ED dx = [1/4 xb -1/8 x'b° ] Fb 1/
=(1/4b-1/8b) Fb 1/EJ = 1/8 Fb’/EJ

L = [2(x/b 312 X262 +1/2 6% ) Fb VED dx = [1/2 x21b -1/2 xb +1/8 xb° | Fb 1/E3
=(1/2b-1/2b+1/8b ) Fb 1/EJ = 1/8 Fb’/EJ

1= 2(1/2 - b +1/2 X162 ) Fb VE dx = [1/2 x -1/2 X1 +1/6 x*/b? ] Fb 1/E3
=(1/2b-1/2b+1/6 b ) Fb 1/EJ = 1/6 Fb’/EJ

L= (12 xib* ) Fb 1/EI dx = [1/6 x°Ib? ], Fb 1/E3
=(1/6b) Fb 1/EJ = 1/6 Fb’/EJ

LY = ﬁ(1/4 -1/ xib) Fb 1/EJdx-1 (-1) (-1) Fb?/EJ
=[1/4 x-1/8 %I ]Z Fb1/EJ -1 (1) (-1) FbEJ
=(1/4b-1/8b) Fb 1/EJ -1 (-1) (-1) Fb*/EJ =-7/8 FbY/EJ

L, =_[Z(1/4 x/b ) Fb L/EJ dx -1 (-1) (-1) Fb%EJ = [1/8 xIb ]z Fb1/EJ -1 (-1) (-1) Fb%EJ
=(1/8b) FO1/EJ -1 (-1) (-1) Fb¥/EJ=-7/8 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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t=1.8 Dt=1.8

mm o ©

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

A= 155 mm’

J, = 66633. mm*

J,= 9072. mm*

J = 1323 mm*

Y, = 9.482 mm

Yo = 26.77 mm

N=-195.N

T,= 780.N

M, =-592800. Nmm

X, = 6.mm

u,= -12. mm

v, =-26.77 mm

o, = N/A-Mv/J, = -239.5 N/mm’
X, = 18.mm

V. =-26.77 mm

o, = NIA-MV/J,, = -239.5 N/mm®
1, = TSI, = 13.54 N/mm’
1,=TS/J, = 13.54 N/mm”
t.= 780. mm

C

0, = Vo*+31° = 240.6 N/mm’

14.11.23
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PROCEDIMENTO E RISULTATI 981250 ESZ5.xxxx.030 PROCEDIMENTO E RISULTAT] 981250 ESZ5.xxxx.030
b = >
%= [(1-2xb +xb?) VEIdx =] x-x¥b +13 5] 1EI a7 E —— P i E— . A= 176.6 mm?
GA ~ Jo o E = |
J, = 74388. mm*
=(b-b+1/3b) 1/EJ =1/3 b/EbJ %< 18662, mm"
L% =2 (?) vEI dx = [13 X2 ]] V/E] J,= 155.6 mm*
=(13b) 1/EJ = 1/3 b/EJ Yo = 1253 mm
) " Yo = 29.25 mm
L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E T,= -635.N
=(b-b+1/3b) 1EJ = 1/3 b/EJ y M, = 508000. Nmm
b Xn = 12.mm
L= [ (2 ) vEI dx = [13 7)) 1/ES u,= -12.mm
vV, =-29.25 mm
=(13b) 1/EI =1/3 bb/EJ o = MviD, = 1997 Nimm
L% =[0(1) veadx=[x] vEs X, = 24.mm
_ _ vV, =-29.25 mm
=(b) VeI = bIEI ) L | et o, =-Mv/J, = 199.7 N/mm’
X =[0(1) ve3dx=[x] vEI Jo = 1, = TStJ, = 10.79 Nimm?
B 1, =TS, = 10.79 N/mm’
= = g u
(b) 1/E3 = b/EI b ) _ ) ) C'= 1270, mm
1%, = [2(1/2 xtb -1/2 x2ib* ) Fb 1/EJ dx = [1/4 xb -1/6 X2 | Fb 1/E3 mm 2 - S ©_x 3 0, = vo*+31° = 200.6 N/mm®

=(1/4b-1/6 b ) Fb 1/EJ = 1/12 Fb’/EJ
1 = [*(1/2 b -1/2 x81b? ) Fb 1/EJ dx = [1/4 b -1/6 x*1b? " Fb 1/E3
=(1/4b-1/6b) Fb 1/EJ = 1/12 Fb/EJ
LY = _[2(1/2 -x/b +1/2 X’/b* ) Fb 1/EJ dx -1 (-1) (-1) Fb%/EJ
= [1/2 x-1/2 x2b +1/6 X162 ] Fb 1/E3 -1 (1) (-1) FbY/EJ
=(1/2b-1/2b+1/6 b ) Fo 1/EJ -1 (-1) (-1) Fb’/EJ =-5/6 Fb’/EJ
1, = [ (1/2 % ) Fb UEI dx -1 (-1) (-1) Fb2/EJ = [1/6 X2 ]) Fb 1/EJ -1 (-1) (-1) FbYEJ
=(1/6b)Fb 1/EJ -1 (-1) (-1) Fb*/EJ =-5/6 Fb’/EJ
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PROCEDIMENTO E RISULTATI 955612 ES>5.xxxx.031 PROCEDIMENTO E RISULTATI 955612 ESX5.xxxx.031

Gm
b =1.8 Df=1.8
L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3 " e meqtff — ¢ A= 105.8 mm’
d J, = 31122, mm*
=(b-b+1/3b) VEI =1/3 b/EbJ > 3= 2333, mm*
L% =2 (?) vEI dx = [13 X2 ]] V/E] J,= 83.65 mm"*
=(¥3b) VEJ =13 bEJ YoZ o Tomm
\ Yy = 16.31 mm
L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E T,= 690.N
M, = -262200. N
=(b-b+1/3b) 1/EJ = 1/3 b/EJ » 7 7262200, Nmm
: y X, = 12.mm
L= [ (2 ) vEI dx = [13 7)) 1/ES . y,= 41.mm
vV, = 24.69 mm
=(1/3b) 1/EI =1/3 bIEJ "
(v3p) k o, =-Mv/J,= 208. N/mm’
L% =[0(1) veadx=[x] vEs Y= 2.mm
u,= -12. mm
= 1/EJ = E :
() 1€ b/Jb v, =-14.31 mm
X =[0(1) ve3dx=[x] vEI s i || (A 0, =-Mv/J, = 208. N/mm’
* 2
) ) Jo A - 7 ¢ 1,=TSt), = 11.82 N/mm
=(b) VEJ = bEJ .
(b) b 5 1,= TSJ, = 11.82 N/mm”
1%, = [2(3/2 xib 312 x2ib* ) Fb 1/EJ dx = [3/4 xb -1/2 X ] Fb 1/E3 i o t,= 460.mm
mm e e o9 9 x3

=Vo*+31° = 209. N/mm’
=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb’/EJ 0, = Vo'+31 mm

1 = [2(3/2 b -3/2 x81b? ) Fb 1/EJ dx = [3/4 b -1/2 X2 | Fo 1/E3
=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb/EJ
LY = _[2(1/2 -x/b +1/2 X’/b* ) Fb 1/EJ dx -1 (-1) (-1) Fb%/EJ
= [1/2 x-1/2 x2b +1/6 X162 ] Fb 1/E3 -1 (1) (-1) FbY/EJ
=(1/2b-1/2b+1/6 b ) Fb 1/EJ -1 (-1) (-1) Fb’/EJ =-5/6 Fb’/EJ
1%, = [ (1/2 % ) Fb UEI dx -1 (-1) (-1) Fb2/EJ = [1/6 X2 ]" Fb 1/EJ -1 (-1) (-1) FbYEJ
=(1/6b)Fb 1/EJ -1 (-1) (-1) Fb*/EJ =-5/6 Fb’/EJ
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PROCEDIMENTO E RISULTATI 981834 ESZ5.xxxx.032 PROCEDIMENTO E RISULTATI 981834 ESZ5.xxxx.032
>
b = D t=
L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3 @ e — 2 A= 149 mm’
J, = 49815. mm*
=(b-b+1/3b) 1/EJ =1/3 b/EbJ 3= o072 mm
L% =2 (?) vEI dx = [13 X2 ]] V/E] J,= 130.3 mm"
=(13b) 1/EJ = 1/3 b/EJ Yo = 8.157mm
) Yo = 23.47 mm
L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E . T,= 1665.N
=(b-b+1/3b) 1EJ = 1/3 b/EJ y M, = -486200. Nmm
b Xp = 6.mm
L= [ (2 ) vEI dx = [13 7)) 1/ES u,= -12.mm
V,, =-23.47 mm
=(1/3b) 1/E] = 1/3 b/EJ o = Mvid, = -219.7 Nimm?
XX b
L% =[0(1) veadx=[x] vEs x,= 18.mm
_ _ | vV, =-23.47 mm
=(b) VeI = bIEI ) ) T t_l";“ o, = -Mv/J, = -219.7 N/mm’
X =[0(1) ve3dx=[x] vEI Jo fpm——n=s 1,= TS, = 33.89 N/mm?
B 1, =TS, = 33.89 N/mm’
= = g u
(b) 1/E3 = b/EI b ) o C'= 1110, mm
1, = [2( xib - x2b* ) Fb 1/E3 dx = [1/2 xb -1/3 x*/b? ]| Fb 1/E3 mm e e = x & @ 0, = Vo*+31° = 227.4 NImm®

=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb’/EJ

1 = [*(x/b - xib* ) Fb 1/EJ dx = [1/2 5 -1/3 X2 ] Fb 1/E
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb*/EJ

1= [2(-1/2 + xtb 112 X2I62 ) Fb VEJ dx = [-1/2 x +1/2 b -1/6 X°/b? ], Fb 1/E
=(-12b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ

10='(-1/2 xib* ) Fb 1/ED dx = [-1/6 x°Ib? ]| Fb 1/EI
=(-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ

LY = ﬁ(llz - xlb +1/2 x*Ib* ) Fb 1/EJ dx -1 (-1) (-1) Fb*/EJ
=[1/2 x -1/2 ¥*1b +1/6 XIb? ]Z Fb 1/EJ -1 (1) (-1) Fb/EJ
=(1/2b-1/2b+1/6 b ) Fo 1/EJ -1 (-1) (-1) Fb%/EJ =-5/6 Fb’/EJ

L, =_[Z(1/2 0> ) Fb 1/EJ dx -1 (-1) (-1) Fb*/EJ = [1/6 X’Ib? ]2 Fb1/EJ -1 (-1) (-1) Fb¥EJ
=(/6b)Fb1/EJ -1 (-1) (-1) Fb¥/EJ=-5/6 Fb*/EJ
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PROCEDIMENTO E RISULTATI 985914 ESZ5.xxxx.033 PROCEDIMENTO E RISULTATI 985914 ESZ5.xxxx.033
b = =
L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3 o LI — 4 ¢ A= 1706 mm’
J, = 55611. mm*
=(b-b+1/3b) 1/EJ =1/3 b/EbJ ! Y- 18662 mm’
L% =2 (?) vEI dx = [13 X2 ]] V/E] J,= 153.6 mm*
=(13b) 1/EJ = 1/3 b/EJ Yo = 10.75mm
b " Yy = 25.69 mm
L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E T,= -550.N
=(b-b+1/3b) LEJ = 1/3 b/EJ , M, = 495000. Nmm
b Xn = 12.mm
L= [ (2 ) vEI dx = [13 7)) 1/ES u,= -12.mm
Vv, =-25.69 mm
=(1/3b) 1/E] = 1/3 b/EJ o = ML, = 2287 i
XX b
L% =[0(1) veadx=[x] vEs X, = 24.mm
_ _ vV, =-25.69 mm
=(p) 183 = b ) s T t_l";“ o, =-Mv/], = 228.7 N/mm’
Léﬁiﬁ(l) VeI dx=[x], 1EI o A ——— ¢ 1,=TSJ, = 10.98 N/mm’
— * — 2
~(b) 13 = biEg B 1,=TStJ, = 10.98 N/mm

t. = 1100. mm
0, = Vo*+31° = 229.5 N/mm’

412
124

1%, = [2(1/2 xtb -1/2 x2ib* ) Fb 1/EJ dx = [1/4 xb -1/6 X2 | Fb 1/E3 mm o
=(1/4b-1/6 b ) Fb 1/EJ = 1/12 Fb’/EJ
1 = [*(1/2 b -1/2 x81b? ) Fb 1/EJ dx = [1/4 b -1/6 x*1b? " Fb 1/E3
=(1/4b-1/6b) Fb 1/EJ = 1/12 Fb/EJ
LY = _[2(1/2 -x/b +1/2 X’/b* ) Fb 1/EJ dx -1 (-1) (-1) Fb%/EJ
= [1/2 x-1/2 x2b +1/6 X162 ] Fb 1/E3 -1 (1) (-1) FbY/EJ
=(1/2b-1/2b+1/6 b ) Fo 1/EJ -1 (-1) (-1) Fb’/EJ =-5/6 Fb’/EJ
1, = [ (1/2 % ) Fb UEI dx -1 (-1) (-1) Fb2/EJ = [1/6 X2 ]) Fb 1/EJ -1 (-1) (-1) FbYEJ
=(1/6b)Fb 1/EJ -1 (-1) (-1) Fb*/EJ =-5/6 Fb’/EJ
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PROCEDIMENTO E RISULTATI 982204

ESZ5.xxxx.034

Quadro contributi PLV per iperstatica X=W,

PROCEDIMENTO E RISULTATI 982204

ES>5.xxxx.034

- M M, (X) MM, MM, (MM /Eddx | [XM, M /EJdx
AB b 0 |-1/2Fb+1/2Fx 0 0
0 0
BAb 0 1/2Fx 0 0
BCb 0 1/2Fx 0 0
0 0
CBb 0 |-1/2Fb+1/2Fx 0 0
CDV2b | 0O | 1/2Fb-v2/4Fx 0 0 0 0
DEb 0 0 0 0
0 0
EDb 0 0 0 0
EF 2b 0 Fb-1/2Fx 0 0
0 0
FE 2b 0 -1/2Fx 0 0
GAb |-1+x/b|  -1/2Fx 1/2Fx-1/2Fx%/b 1-2x/b+x°10° ,
, ), 1/12Fb’/EJ |  1/3XbIE]
AG b xib | 1/2Fb-1/2Fx 1/2Fx-1/2Fx’/b x’/b
FH b 0 Fx-1/2gx° 0 0
, 0 0
HF b 0 |-1/2Fb+1/2qgx 0 0
HI b 1-x/b | 1/2Fb-1/2qx* | 1/2Fb-1/2Fx-1/2Fx*fb+1/2qx°/b | 1-2x/b+x’/b* ,
, , , . 5/24Fb°/EJ |  1/3Xb/EJ
IHb -x/b | -Fx+1/2gx Fx“/b-1/2gx”/b x“/b
HG b -1 0 0 1
0 Xb/EJ
GHb 1 0 0 1
HG elongazione asta N,,c€clyc -Fb’/EJ
A molla Nodo -V, ,(V 4+ XV /K, -1/4Fb*/EJ 1/4XbIEJ
totali -23/24Fb’/EJ| 23/12Xb/EJ
iperstatica X=W, 1/2Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica

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

14.11.23
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O,
b =18 Di18
L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3 35 e lﬁﬁ —o] - A= 99.8mm’
" J, = 21986. mm*
=(b-b+1 1/EJ =1/3 blE 1 ‘
(b-b+13b) 1/EI =13 b/bJ 3= 2333, mm*
L% =2 (?) vEI dx = [13 X2 ]] V/E] . J,= 81.65 mm"
=(1/3b) 1EJ =13 b/EI Yo _ffif o
XX 2,2 2 3,.27P Yo
L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E T,= -295.N
M, = 247800. N
=(b-b+1/3b) 1/EJ = 1/3 b/EJ « = 247800, Nimm
XX 2,2 3,270 ¢ nZ 2
L= [ (2 ) vEI dx = [13 7)) 1/ES Yn= 35.mm
u
vV, = 21.29 mm
=(3b) VEI =1/3 b/EJ "
(v3p) k 0,, = -Mv/J, = -239.9 N/mm’
L% =[0(1) veadx=[x] vEs Ye=  2.mm
u, = -12. mm
= 1/EJ = E :
(b) vED b/Jb u v =-11.71 mm
X =[0(1) ve3dx=[x] vEI is ol 1 0, = -MV/J, = -239.9 N/mm’
. : \ )
_ ~ Jo N Epp——— [ S — ] ¢ T, =TS/, = 6.17 N/mm
=(b) VEJ = bEJ !
(b) i : 1, =TS/, = 6.17 N/mm®
1%, = [2(1/2 xtb -1/2 x2ib* ) Fb 1/EJ dx = [1/4 xb -1/6 X2 | Fb 1/E3 d - - t,= 590.mm
mm o © F‘| X f\‘l

=Vo?+31° = 240.2 NImm?
=(1/4b-1/6 b ) Fb 1/EJ = 1/12 Fb’/EJ 0, = Vo' +3t mm

1 = [*(1/2 b -1/2 x81b? ) Fb 1/EJ dx = [1/4 b -1/6 x*1b? " Fb 1/E3
=(1/4b-1/6b) Fb 1/EJ = 1/12 Fb/EJ

1= [2(1/2 172 xtb 172 X212 +1/2 X6 ) Fb 1/EJ dx
= [1/2 x-1/4 x1b -1/6 xIb? +1/8 x'1b° | Fb 1/E
=(1/2b-1/4b-1/6 b +1/8 b ) Fb 1/EJ = 5/24 Fb’/EJ

L0= [ (50? -112 xi6* ) Fb 1/ED dx = [1/3 xIb? -1/8 x1b° | Fb 1/E
=(1/3b-1/8b ) Fb 1/EJ =5/24 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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PROCEDIMENTO E RISULTATI 985260

ES>5.xxxx.035

L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

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

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1/E] = 1/3 b/EJ

L% =[0(1) veadx=[x] vEs
=(b) 1/EJ = b/EJ

X =[0(1) ve3dx=[x] vEI
=(b) 1/EJ = b/EJ

1%, = [2(3/2 xib 312 x2ib* ) Fb 1/EJ dx = [3/4 xb -1/2 X ] Fb 1/E3
=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb’/EJ

1 = [2(3/2 b -3/2 x81b? ) Fb 1/EJ dx = [3/4 b -1/2 X2 | Fo 1/E3
=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb/EJ

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

14.11.23

t=1.8 Di=1.8
-35 EpF——--———"——- ~ S — — — |
u
y
O-m T' O-CVTC
18 I =18
Jo AfF——-—— " ——————— - c
B
[ee) o ©
mm < © = X o @

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

A= 143 mm’

J, = 35649. mm*

J,= 9072. mm*

J = 1283 mm*

Y, = 6.857 mm

Yo = 20.14 mm

T,= 780.N

M, = -351000. Nmm

Xp = 6.mm

u,= -12. mm

vV, =-20.14 mm

o, = -Mv/J, = -198.3 N/mm’
X, = 18. mm

v, =-20.14 mm

o, = -Mv/J, = -198.3 N/mm’
1, = TS, = 19.04 N/mm’
1,=TS/tJ, = 19.04 N/mm”
t.= 520. mm

0, = Vo*+31° = 201.1 N/mm’

14.11.23
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PROCEDIMENTO E RISULTATI 932275
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PROCEDIMENTO E RISULTATI 932275

ES>5.xxxx.036

L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

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

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1/E] = 1/3 b/EJ

L% =[0(1) veadx=[x] vEs
=(b) 1/EJ = b/EJ

X =[0(1) ve3dx=[x] vEI
=(b) 1/EJ = b/EJ

1, = [2( xib - x2b* ) Fb 1/E3 dx = [1/2 xb -1/3 x*/b? ]| Fb 1/E3
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb’/EJ

1 = [*(x/b - xib* ) Fb 1/EJ dx = [1/2 5 -1/3 X2 ] Fb 1/E
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb*/EJ

1= [2(-1/2 + xtb 112 X2I62 ) Fb VEJ dx = [-1/2 x +1/2 b -1/6 X°/b? ], Fb 1/E
=(-12b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ

10='(-1/2 xib* ) Fb 1/ED dx = [-1/6 x°Ib? ]| Fb 1/EI
=(-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ

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

14.11.23
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 164.6 mm’

J, = 39791 mm*

J,= 18662. mm*

J,= 151.6 mm*

Y, = 9.018 mm

Yo = 22.09 mm

T,= 1170.N

M, = -374400. Nmm

Xn = 12.mm

u,= -12. mm

vV, =-22.09 mm

o, = -Mv/J, = -207.9 N/mm’
X, = 24.mm

vV, =-22.09 mm

o, = -Mv/J, = -207.9 N/mm’
1, = TStJ, = 28.06 N/mm’
1,=TStJ, = 28.06 N/mm”
t.= 780. mm

0, = Vo*+31° = 213.5 N/mm’

14.11.23
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PROCEDIMENTO E RISULTATI 983995

ES>5.xxxx.037

Quadro contributi PLV per iperstatica X=W,

PROCEDIMENTO E RISULTATI 983995

ESZ5.xxxx.037

- M M, (X) MM, MM, (MM /Eddx | [XM, M /EJdx
AB b 0 |-1/2Fb+1/2Fx 0 0
0 0
BAb 0 1/2Fx 0 0
BCb 0 1/2Fx 0 0
0 0
CBb 0 |-1/2Fb+1/2Fx 0 0
CDV2b | 0O | 1/2Fb-v2/4Fx 0 0 0 0
DEb 0 0 0 0
0 0
EDb 0 0 0 0
EF 2b 0 Fb-1/2Fx 0 0
0 0
FE 2b 0 -1/2Fx 0 0
GAb |-1+x/b|  -1/2Fx 1/2Fx-1/2Fx%/b 1-2x/b+x°10° ,
, ), 1/12Fb’/EJ |  1/3XbIE]
AG b xib | 1/2Fb-1/2Fx 1/2Fx-1/2Fx’/b x’/b
FH b 0 Fx-1/2gx° 0 0
, 0 0
HF b 0 |-1/2Fb+1/2qgx 0 0
HI b 1-x/b | 1/2Fb-1/2qx* | 1/2Fb-1/2Fx-1/2Fx*fb+1/2qx°/b | 1-2x/b+x’/b* ,
, , , . 5/24Fb°/EJ |  1/3Xb/EJ
IHb -x/b | -Fx+1/2gx Fx“/b-1/2gx”/b x“/b
HG b -1 0 0 1
0 Xb/EJ
GHb 1 0 0 1
HG elongazione asta N,,c€clyc -Fb’/EJ
A molla Nodo -V, ,(V 4+ XV /K, -1/4Fb*/EJ 1/4XbIEJ
totali -23/24Fb’/EJ| 23/12Xb/EJ
iperstatica X=W, 1/2Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3

. A= 164.6 mm’
_ _ 18 B =18 J, = 39791 mm*
=(b-b+1/3b) 1/EJ =1/3 b/EbJ 35 S — 3= 18662, mm'
L% =2 (?) vEI dx = [13 X2 ]] V/E] 1 J,= 151.6 mm*
=(13b) 1/EJ = 1/3 b/EJ —— Yo =-9.018 mm
b Yo = 12.91 mm
L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E T,= -385.N
M, = 392700. N
=(b-b+1/3b) LEJ = 1/3 b/EJ = 392700. Nmm
b Xn = 12.mm
L= [ (2 ) vEI dx = [13 7)) 1/ES Y y,= 35.mm
u u,= -12. mm
=(13b) 1/EI =1/3 bb/EJ Ve = 2208 mm
L = _[2(1 ) VEIdx=[x], 1EI 0, =-Mv/J, = -218. N/mm’
= 24
=(b) VEJ = b/EJ f X mm
b o y.= 35.mm
1 =L(1) vesax=[x] 1Ed b e PR——— |1 — 4 ¢ Ve= 2200mm
o, =-Mv/J, = -218. N/mm®
=(b) 1/EJ = b/EJ P eT ot
(0) . 1,=TS/t], = 9.235 N/mm’
1%, = [2(1/2 xtb -1/2 x2ib* ) Fb 1/EJ dx = [1/4 xb -1/6 X2 | Fb 1/E3 1,= TSI, = 9.235 N/mm’
t.= 770.mm
=(1/4b-1/6 b ) Fb /EJ = 1/12 Fb/EJ mm o S 3 3 . 8

) 0, = Vo’+31° = 218.6 N/mm’
LS = Jj(l/z x/b -1/2 x*Ib” ) Fb 1/EJ dx = [1/4 °/b -1/6 X’Ib* ] | Fb 1/EJ

=(1/4b-1/6b) Fb 1/EJ = 1/12 Fb/EJ
1= [2(1/2 172 xtb 172 X212 +1/2 X6 ) Fb 1/EJ dx
b
= [12 x-v/a b -1/6 x°b? +1/8 x'1b° | Fb 1/E
=(1/2b-1/4b-1/6 b +1/8 b ) Fb 1/EJ = 5/24 Fb’/EJ
b
L0= [ (50? -112 xi6* ) Fb 1/ED dx = [1/3 xIb? -1/8 x1b° | Fb 1/E
=(1/3b-1/8b ) Fb 1/EJ =5/24 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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PROCEDIMENTO E RISULTATI 995596 ES>5.xxxx.038 PROCEDIMENTO E RISULTATI 995596 ES>5.xxxx.038

>
b =1.8 B t=1.8
L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3 a1 " [ — 1 ¢ A= 105.8 mm?
J, = 31122. mm*
=(b-b+1/3b) 1/EJ = 1/3 b/EJ i u” j}
XX 2,2 3,27° I I, = 2333 mm4
L% =2 (?) vEI dx = [13 X2 ]] V/E] 3,= 83.65 mm
=(13b) 1/EJ = 1/3 b/EJ Yo = 11.76 mm
b Yy = 24.69 mm
L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E . N= 225 N
T,= 450.N
=(b-b+1/3b) 1/EJ = 1/3 b/EJ y
( ) b y M, = 283500. Nmm
L= [ (2 ) vEI dx = [13 7)) 1/ES x,= 12.mm
V., =-24.69 mm
=(13b) 1/EI =1/3 bb/EJ o < NAMMD, = 227, N
L% =[0(1) veadx=[x] vEs yo= 3.mm
] u,= -12. mm
= 1/EJ = b/E c
(b) &) b/Jb o1 v, =-21.69 mm
X =[0(1) ve3dx=[x] vEI o | P 0, = NIA-MVI, = 227. Nimm”
e dd - r
- _ Jo N e e 1, =TSJ, = 7.71 N/mm
=(b) 1€ = b/EJ . D =TS, = 7.71 N/mm®
1, = [2(1/2 X6 -1/2 X°16° ) Fo 1/E3 dx = [1/6 xb? -1/8 X' ]| Fb 1/E3 A, t,= 450. mm
mm 2 © = e = Vo’+3t° = 227.4 NImm’
=(1/6b-1/8b ) Fb 1/EJ = 1/24 FbY/E] G = VO mm

1 = [2(1/2 xib - X262 +1/2 6% ) Fb VED dx = [1/4 x%1b -1/3 xb +1/8 x1b° | Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1= J0(1-812 /b +1/2 x1* ) Fb 1/EJ dx = [ x -3/4 X%/ +1/8 x'1b° ] Fb 1/E
=(b-3/4b+1/8b) Fb 1/EJ = 3/8 Fb’/EJ

1X0= (312 x2ib? -1/2 Xb° ) Fb 1/E3 dx = [1/2 b -1/8 x*/b° ], Fb 1/E9
=(1/2b-1/8b) Fb 1/EJ =3/8 Fb’/EJ
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PROCEDIMENTO E RISULTATI 982481 ES>5.xxxx.039 PROCEDIMENTO E RISULTATI 982481

ES>5.xxxx.039

b = B t=
L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3 p == =

=(b-b+13b) LEJ =1/3 b/E]
L% =2 (?) vEI dx = [13 X2 ]] V/E]
=(u3b) VEJ =13 b/EI

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E

=(b-b+1/3b) 1/EJ = 1/3 b/EJ
L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1/E] = 1/3 b/EJ
L% =[0(1) veadx=[x] vEs
=(b) 1/EJ = b/EJ

L = _[2(1 ) VEIdx =] x ]Z 1EJ l:llgﬁ:l;' ‘
=(b) VEJ = bEJ ° § ]

b
1, = [2(1/2 X6 -1/2 X°16° ) Fo 1/E3 dx = [1/6 xb? -1/8 X' ]| Fb 1/E3

, mm ° ©
=(1/6b-1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

112
118
J2a

1 = [2(1/2 xib - X262 +1/2 6% ) Fb VED dx = [1/4 x%1b -1/3 xb +1/8 x1b° | Fb 1/E3
=(1/4b-1/3b+1/8b ) Fb 1/EJ = 1/24 Fb’/EJ

1= J0(1-812 /b +1/2 x1* ) Fb 1/EJ dx = [ x -3/4 X%/ +1/8 x'1b° ] Fb 1/E
=(b-3/4b+1/8b) Fb 1/EJ = 3/8 Fb’/EJ

1X0= (312 x2ib? -1/2 Xb° ) Fb 1/E3 dx = [1/2 b -1/8 x*/b° ], Fb 1/E9
=(1/2b-1/8b) Fb 1/EJ =3/8 Fb’/EJ
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A= 111.8 mm’

J, = 42133. mm*
J,= 2333. mm*
J,= 85.65 mm’*

Y, = 13.74 mm

Yo = 28.04 mm

N= 235N

T,= 470.N

M, = 357200. Nmm
X, = 12.mm

v, =-28.04 mm

o, = N/A-Mv/J, = 239.8 N/mm’
y.= 3.mm

u, = -12. mm

vV, =-25.04 mm

c

o, = N/A-MV/J, = 239.8 N/mm’
1, = TSI, = 6.756 N/mm’
1,=TStJ, = 6.756 N/mm”
t.= 470. mm

C

0, = Vo’+31° = 240.1 N/mm’

14.11.23
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PROCEDIMENTO E RISULTATI 980873 ES>5.xxxx.040 PROCEDIMENTO E RISULTATI 980873 ESX5.xxxx.040

b =18 Bt=1.8
L= [ (1200 + X% ) UEI dx = [ x- X +1/3 x|, V/EI L W ——J ¢

A= 149. mm’
o J, = 49815. mm*
=(b-b+1 1/EJ = 1/3 b/E u
(b-b+13b) 1/EI =13 b/bJ I 2 o072,
L% =2 (?) vEI dx = [13 X2 ]] V/E] 3= 130.3 mm*
=(13b) 1/EJ = 1/3 b/EJ Yo =-8.157 mm
b Yo = 17.53 mm
L= jZ(l -2l +x°/b*) VEIdx = [ x- /b +1/3x°0° | 1/EJ T,= 1200. N
M, = -420000. N
=(b-b+1/3b) 1EJ =1/3 b/EJ x = ~420000. Nmm
b Xp = 6.mm
L= [ (2 ) vEI dx = [13 7)) 1/ES Y ) y,= 41.mm
u,= -12. mm
=(13b) 1/EI =1/3 bb/EJ V"= 2247
L =J:(l) 1EJ dx = [ X ]0 1/EJ o, =-Mv/J, = 197.9 N/mm’
=(b) 1/EJ = b/EJ X, = 18.mm
b y.= 41l.mm
L =_[Z(1 ) UEJdx=[x], vEI v, = 23.47 mm 2
i 0, =-Mv/J, = 197.9 N/mm
=(b) VEJ = b/EJ E18 =1 o = "MV,
(o) X o e —————— T ———— J r 1, = TS, = 24.43 Nimm’
L% = [*(3/2 x/b -3/2 16> ) Fb L/EJ dx = [3/4 /b -1/2 % | Fb 1/E) b T =TS = 24.43 N/mm?
o o g u
— — 2 t.= 800. mm
=(3/4b-1/2b ) Fb /EJ = 1/4 Fb/EJ mm 0 e e « 8 8 T s 2024 NI

o

1 = [2(3/2 b -3/2 x81b? ) Fb 1/EJ dx = [3/4 b -1/2 X2 | Fo 1/E3
=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb/EJ
LY = _[2(1/2 -x/b +1/2 X’/b* ) Fb 1/EJ dx -1 (-1) (-1) Fb%/EJ
= [1/2 x-1/2 x2b +1/6 X162 ] Fb 1/E3 -1 (1) (-1) FbY/EJ
=(1/2b-1/2b+1/6 b ) Fb 1/EJ -1 (-1) (-1) Fb’/EJ =-5/6 Fb’/EJ
1%, = [ (1/2 % ) Fb UEI dx -1 (-1) (-1) Fb2/EJ = [1/6 X2 ]" Fb 1/EJ -1 (-1) (-1) FbYEJ
=(1/6b)Fb 1/EJ -1 (-1) (-1) Fb*/EJ =-5/6 Fb’/EJ
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PROCEDIMENTO E RISULTATI 982432 ESX5.xxxx.041 PROCEDIMENTO E RISULTATI 982432 ESX5.xxxx.041

b
LX = J:(l -2xib+ X" ) VEIdx=[ x-x'/b +13 x| 1/EI . A A= 117.8 mm?
J, = 55131. mm*
=(b-b+1 1/EJ =1/3 b/E u
(b-b+13b) VEI =1/3 b/bJ ¥ 2333
L% =2 (?) vEI dx = [13 X2 ]] V/E] 3= 87.65 mm*
=(13b) 1/EJ = 1/3 b/EJ Yo = 15.75mm
b Yy = 31.36 mm
L= jZ(l -2l +x°/b*) VEIdx = [ x- /b +1/3x°0° | 1/EJ T,= 750.N
M, = -367500. N
=(b-b+13b) VEJ = 1/3 b/EJ , x = -367500. Nmm
b Xn = 12.mm
L= [ (2 ) vEI dx = [13 7)) 1/ES v, =-31.36 mm
=-Mv/J, = -209. N/mm?
=(1/3b) 1/E] = 1/3 b/EJ O = -MvIJ, mm
y.= 3. mm

L% =[0(1) veadx=[x] vEs

= -12.mm
=(b) VE) = b/EJ B

UC
vV, =-28.36 mm

o, =-Mv/J, = -209. N/mm’
TC

TQ

=TS, = 9.215 N/mm’
=TS1tJ, = 9.215 N/mm’
t. = 500. mm
<
x o 0, = Vo*+31° = 209.6 N/mm’

X =[0(1) ve3dx=[x] vEI Jo
=(b) VEJ = bEJ

1%, = [2(3/2 xib 312 x2ib* ) Fb 1/EJ dx = [3/4 xb -1/2 X ] Fb 1/E3 mm S
=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb’/EJ

1 = [2(3/2 b -3/2 x81b? ) Fb 1/EJ dx = [3/4 b -1/2 X2 | Fo 1/E3
=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23



ES>5.xxxx.041 ESZ5.xxxx.041

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23



REAZIONI 935192

ES>5.xxxx.042

3/12F
3/2Fb

B
—_—
312F
E—— ——D
312F
E I
v |/ 32F 12/23F
Fb
1/2F
2Fb
¥\ 5I2F
A
1/2F A
12/23Fb
< 12/23F w |/ 45/46F
2Fb
H
47/46Fb
s\ 45/46F
G
1/2F
L H_N [ G
~/ 1/46F 1/46F \_
47/46Fb 47/46Fb
F [ H
— >
1/2F 1/2F
1/2Fb
1/2F 1/2F

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

3/2F
<«

14.11.23

AZIONI INTERNE 935192

ES>5.xxxx.042

‘ga 0
|
N‘E N
= ?
=
=
— 1/2
|
|
o P
E
|
|
0 0 0
%HF
e -3/2
‘g 1/2
£
N‘E
<H
E
B
E
ER |
! -12/23
|
|
o
|
|
T 52
Tl e
0 1
| ol
| |
| |
| |
| |
| |
g |
B 12123 0 o
T
K= °
~E
M=
=
=
=
S = D
?‘% 0 3
-47146 2 -2
CED ro

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

14.11.23



ECTT VT E€T°€0°LTSION ‘OUBJIIN Ip 021UIBN|Od ‘ISSOY IUB|SAEZ OJl0PpY @
eonelsiadi ojooed Ip 1ddnjiAs
a49%/.¥ YOA=X eonelsiadi
c3/axet/ee |031,04ve/Ly- I[e303
CI/AXy/T | C3/,948/6- M(TAX+° AT A- opou ejjow v
3/,04- OH4OH3OHTN| eise suoizeBuole OH
T 0 0 T qHO
r3/ax 0
T 0 0 T- a9H
A1 X a/ X-2/T- X42/1 a/x- aHl
C3/OXET | £3/,049/T-
L XHAIXZ-T | O/ XH2/T-X4+042/T- | Xd2/T+a42/T- | a/X-T aiH
0 0 X42/1-0-2/T 0 q4H
0 0
0 0 X42/1- 0 q H4
A1 X LIRETRET X4z-042 a/x qa9ov
C3/OXe/T | £3/,94E/T
L1 X+0/XZ-T a/, X4g-x42 x4z ax+T-|  qVvo
0 0 Xbz/T-xd42/T 0 gz 34
0 0
0 0 Xbz/T+xdz/e-04 | 0 gz 43
0 0 0 0 aa3
0 0
0 0 0 0 a3a
0 0 0 0 Xdv/epre-a-e/e 0 | azrad
0 0 x4z/e+ade/e- 0 ago
0 0
0 0 x4z/e 0 qodg
0 0 Xbz/T+xde/e 0 qvd
0 0
0 0 Xbz/T-xdg/5+042-| 0 qav
XpeI/WWX[| XpeaWN[|  WN WIN 0’ Ow| -

YOa=X eonelsiadi jad Ad hnguIuoo oipend

CYOXXXX"'GXSH

¢6TSE6 [LVLTNSIY 3 OLNINIdID0dd

ECTT VT

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

T=X eonelsiad ep auoissaly *I ﬂ H w

reubasse 1youed ep suoissay °N ﬂHw

I
<
4
~

T

CYOXXXX"'GXSH ¢6T1SE6 [LVLTNSIY 3 OLNINIAID0dd



PROCEDIMENTO E RISULTATI 935192

ES>5.xxxx.042

L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

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

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1/E] = 1/3 b/EJ

L% =[0(1) veadx=[x] vEs
=(b) 1/EJ = b/EJ

X =[0(1) ve3dx=[x] vEI
=(b) 1/EJ = b/EJ

1%, = [2(2 /b -2 X%b* ) Fb 1/E3 dx = [ X¥Ib 213 xib* ] Fb 1/E3
=(b-2/3b) Fb 1/EJ = 1/3 Fb*/EJ

1 = [2(2 xib -2 x2ib* ) Fb 1/E3 dx = [ X%/ -2/3 xb* | Fb 1/E3
=(b-2/3b) Fb 1/EJ = 1/3 Fb*/EJ

1= [2(-1/2 + xtb -1/2 X162 ) Fb VEJ dx = [-1/2 x +1/2 x1b -1/6 X°Jb? ], Fb 1/E
=(-1/2b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ
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A= 170.6 mm’

J, = 55611. mm*
J,= 18662. mm*
J,= 153.6 mm*

Y, =-10.75 mm

Yo = 15.31 mm

T, = 1400. N

M, = -470400. Nmm
Xn = 12.mm

Y= 41.mm

u,= -12. mm

vV, = 25.69 mm

o, = -Mv/J, = 217.3 NImm’
X, = 24.mm

y.= 41l.mm

vV, = 25.69 mm
o, =-Mv/J, = 217.3 Nimm’

. -

1,=TS/t], = 27.94 N/mm’
1,= TS/, = 27.94 NImm”
t,= 560. mm

0, = Va*+31% = 222.6 N/mm?
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L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3 v
=(b-b+13b) VEJ =1/3 b/EJ

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

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E
=(b-b+1/3b) LEJ =13 b/EI

L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1EJ =13 b/EI

L% =[0(1) veadx=[x] vEs
=(b) VEJ = b/EJ

X =[0(1) ve3dx=[x] vEI

=(b) 1/EJ = b/EJ

1, = [2( xib - x2b* ) Fb 1/E3 dx = [1/2 xb -1/3 x*/b? ]| Fb 1/E3
=(1/2b-1/3b) Fb EJ = 1/6 Fb*/EJ mm
1 = [*(x/b - xib* ) Fb 1/EJ dx = [1/2 5 -1/3 X2 ] Fb 1/E
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb*/EJ
1= [2(-1/2 + xtb 112 X2I62 ) Fb VEJ dx = [-1/2 x +1/2 b -1/6 X°/b? ], Fb 1/E
=(-12b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ
10='(-1/2 xib* ) Fb 1/ED dx = [-1/6 x°Ib? ]| Fb 1/EI
=(-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ
LY = ﬁ(llz - xlb +1/2 x*Ib* ) Fb 1/EJ dx -1 (-1) (-1) Fb*/EJ
=[1/2 x -1/2 ¥*1b +1/6 XIb? ]Z Fb 1/EJ -1 (1) (-1) Fb/EJ
=(1/2b-1/2b+1/6 b ) Fo 1/EJ -1 (-1) (-1) Fb%/EJ =-5/6 Fb’/EJ
L, =_[Z(1/2 0> ) Fb 1/EJ dx -1 (-1) (-1) Fb*/EJ = [1/6 X’Ib? ]2 Fb1/EJ -1 (-1) (-1) Fb¥EJ
=(/6b)Fb1/EJ -1 (-1) (-1) Fb¥/EJ=-5/6 Fb*/EJ
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A= 155 mm’

J, = 66633. mm*
J,= 9072. mm*

J = 132.3mm*

Y, = -9.482 mm

Yo = 20.23 mm

T,= 1650.N

M, =-572000. Nmm
Xp = 6.mm

Y= 47.mm

u,= -12. mm

vV, = 26.77 mm

0, =-Mv/J, = 229.8 N/mm’
X, = 18.mm

y.= 47.mm

V.= 26.77 mm

o, =-Mv/J, = 229.8 Nimm’
1,=TS/t], = 28.64 N/mm’
1,=TS/J, = 28.64 N/mm”
t,= 1100. mm

0, = Vo’+31° = 235.1 NImm®
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= B t=

L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3 35 [ 1 ¢ A= 99.8 mm’
i ~ J, = 21986. mm*
=(b-b+1/3b) 1/EJ =1/3 b/EbJ B 3= 2333 mm

L% =2 (?) vEI dx = [13 X2 ]] V/E] J,= 81.65 mm*
- - Y, = 9.824 mm
=(1/3b) 1/EJ = 1/3 b/EJ b y. = 2129 mm

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E u T,= 885.N
=(b-b+1/3b) 1EJ = 1/3 b/EJ y M, =-247800. Nmm

L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1/E] = 1/3 b/EJ
L% =[0(1) veadx=[x] vEs

=(b) 1/EJ = b/EJ A o
Léﬁz_[z(l) 1/EJ dx:[x]: 1/EJ Jo . ltil'g:iflf ) -
=(b) 1/EJ = b/EJ o
2 © = S x 8

1, = [2( xib - x2b* ) Fb 1/E3 dx = [1/2 xb -1/3 x*/b? ]| Fb 1/E3 mm ‘ ‘
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb’/EJ
1 = [*(x/b - xib* ) Fb 1/EJ dx = [1/2 5 -1/3 X2 ] Fb 1/E
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb*/EJ
1= [2(-1/2 + xtb 112 X2I62 ) Fb VEJ dx = [-1/2 x +1/2 b -1/6 X°/b? ], Fb 1/E
=(-12b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ
10='(-1/2 xib* ) Fb 1/ED dx = [-1/6 x°Ib? ]| Fb 1/EI
=(-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ
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Xn = 12.mm

vV, =-21.29 mm
o, = -Mv/J, = -239.9 N/mm’
y.= 3. mm

u,= -12. mm

vV, =-18.29 mm

o, = -Mv/J, = -239.9 N/mm’
1, = TStJ, = 18.51 N/mm’
1,=TS/tJ, = 18.51 N/mm”
t. = 590. mm

0, = Vo*+31° = 242.1 N/mm’
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PROCEDIMENTO E RISULTATI 957844 ES>5.xxxx.045 PROCEDIMENTO E RISULTATI 957844 ES35.xxxx.045

b L1 B =
L :J:(l 2x/b+x°b* ) VEIdx=[ x-x’b +1/3x°Ib* ] L/EI 53 p e A= 182.6 mm? 4
'S J, = 96241. mm
=(b-b+1 1/EJ =1/3 b/E u
(b-b+1/3b) 1/EI =1/3 b/bJ > 2 18662, mn’
L% =2 (?) vEI dx = [13 X2 ]] V/E] 3= 157.6 mm*
=(13b) 1/EJ = 1/3 b/EJ Yo =-14.34 mm
b Yo = 20.23 mm
L= jZ(l -2l +x°/b*) VEIdx = [ x- /b +1/3x°0° | 1/EJ T,= 1075.N
M, = -576200. N
=(b-b+1/3b) 1EJ =1/3 b/EJ x = -576200. Nmm
b Xn = 12.mm
L= [ (2 ) vEI dx = [13 7)) 1/ES Y y,= 53.mm
— - u u,= -12. mm
(1730) 1E3 =113 bb/EJ V= 3277 mm
L =J:(l) 1EJ dx = [ X ]0 1/EJ o, =-Mv/J, = 196.2 N/mm’
=(b) 1/EJ = b/EJ X, = 24.mm
b y.= 53.mm
L =_[Z(1 ) UEJdx=[x], vEI v, = 32.77 mm 2
T g, =-Mv/J, = 196.2 N/mm
=\b) 1/EJ = b/EJ =18 ~|Lt=18 c . u
(v) . Jo N — J F 1, = TSI, = 15.81 N/mm®
L = [2(2 xtb -2 x> ) Fb 1/EJ dx = [ xb -2/3 x°/b° ] Fb 1/EJ b T =TS = 15.81 N/mm?
o o g u
t.= 430.
=(b-2/3b) Fb 1/EJ = 1/3 Fb*/EJ mm o S 3 8 x % ° o

0, = Vo’+31> = 198.1 N/mm®

o

1 = [2(2 xib -2 x2ib* ) Fb 1/E3 dx = [ X%/ -2/3 xb* | Fb 1/E3
=(b-2/3b) Fb 1/EJ = 1/3 Fb*/EJ

1= [2(-1/2 + xtb -1/2 X162 ) Fb VEJ dx = [-1/2 x +1/2 x1b -1/6 X°Jb? ], Fb 1/E
=(-1/2b+1/2b-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ

10= ' (-1/2 xib* ) Fb 1/ED dx = [-1/6 x°Ib? ]| Fb 1/EI
=(-1/6 b ) Fb 1/EJ =-1/6 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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PROCEDIMENTO E RISULTATI 980874

ES>5.xxxx.046

Quadro contributi PLV per iperstatica X=W,

PROCEDIMENTO E RISULTATI 980874

ES>5.xxxx.046

- M M, (X) MM, MM, [[M M /Eddx | [XM,M /EJdx
AB b 0 -3/2Fb+3/2Fx 0 0
0 0
BAb 0 3/2Fx 0 0
BCb 0 3/2Fx-1/2gx° 0 0
0 0
CBb 0 |-Fb+1/2Fx+1/2gx° 0 0
CDV2b | © Fb-3v2/8Fx 0 0 0 0
DEb 0 1/4Fb-1/4Fx 0 0
0 0
EDb 0 -1/4Fx 0 0
EF 2b 0 Fb-1/2Fx 0 0
0 0
FE 2b 0 -1/2Fx 0 0
GAb |[-1+x/b -3/2Fx 3/12Fx-3/2Fx%/b 1-2x/b+x°1b° ,
, ) 14Fb*IEJ | 1/3XbIEJ
AG b x/b 3/2Fb-3/2Fx 3/2Fx-3/2Fx’/b X%Ib
FHb 0 -3/4Fx 0 0
0 0
HF b 0 3/4Fb-3/4Fx 0 0
HI b 1-x/b | -1/2Fb+Fx-1/2qx° | -1/2Fb+3/2Fx-3/2Fx*Ib+1/20x°/b | 1-2x/b+x*/b* ,
, , - -1/8Fb’/EJ |  1/3Xb/EJ
IHb -x/b 1/2gx -1/2gx°/b x“Ib
HG b -1 -1/4Fb+1/4Fx 1/4Fb-1/4Fx 1 ,
1/8Fb*/EJ Xb/EJ
GHb 1 1/4Fx 1/4Fx 1
HG elongazione asta N,,c€clyc -Fb’/EJ
A molla Nodo -V, ,(V 4+ XV /K, -3/4Fb°/E] 1/4Xb/EJ
totali -3/2Fb%EJ | 23/12Xb/EJ
iperstatica X=W, 18/23Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 980874

ES>5.xxxx.046

L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3
=(b-b+13b) VEJ =1/3 b/EJ

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

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E
=(b-b+1/3b) LEJ =13 b/EI

L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1EJ =13 b/EI

L% =[0(1) veadx=[x] vEs
=(b) VEJ = b/EJ

X =[0(1) ve3dx=[x] vEI

=(b) 1/EJ = b/EJ

b
1%, = [2(3/2 xib 312 x2ib* ) Fb 1/EJ dx = [3/4 xb -1/2 X ] Fb 1/E3

=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb’/EJ

b
LS = Jj(s/z x/b -3/2 x’Ib” ) Fb 1/EJ dx = [3/4 %/b -1/2 X’Ib* ] | Fb 1/EJ

=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb/EJ

1= [0(-1/2 +312 b -312 ¥1b? +1/2 xIb° ) Fb 1/EJ dx
= [-1/2 x +3/4 X1 112 X*/b? +1/8 X'1b° ], Fb 1/E
=(-12b+3/4b-1/2b+1/8 b ) Fb 1/EJ = -1/8 Fb’/EJ

L9= (-2 i* ) Fb 1/EI dx = [-1/8 x'1b* ] Fb 1/EI
=(-1/8b) Fb 1/EJ =-1/8 Fb*/EJ

LY = ﬁ(1/4 -1/4x/b) Fb VEJdx -1 (-1) (-1) Fb?/EJ
=[1/4 x -1/8 X1 ]: Fb1/EJ -1 (-1) (-1) Fb¥EJ
=(1/4b-1/8b) Fb 1/EJ -1 (-1) (-1) Fb’/EJ =-7/8 FbY/EJ

b
LY, :_[2(1/4 x/b) Fb UEJ dx -1 (-1) (-1) FbY/EJ=[1/8x"0] Fb1/EI -1 (-1) (-1) Fb’/EI

=(1/8b) FO1/EJ -1 (-1) (-1) FbY/EJ=-7/8 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= 143 mm’

J, = 35649. mm*
J,= 9072. mm*
J,= 1283 mm*

Y, =-6.857 mm

Yo = 14.86 mm
N=-1275N

T,= 765.N

M, =-367200. Nmm
X,= 6.mm

Yn= 35 mm

u,= -12. mm

vV, = 20.14 mm

o,, = N/A-Mv/J, = 206.6 N/mm®
X, = 18. mm

y.= 35.mm

v, = 20.14 mm

c

o, = N/A-Mv/J, = 206.6 N/mm’
1,=TSJ, = 18.67 N/mm’
1,=TS/tJ, = 18.67 N/mm”
t.= 510. mm

C

0, = Vo’+31° = 209.1 N/mm’

14.11.23



REAZIONI 982377 ESX5.xxxx.047 AZIONI INTERNE 982377 ESX5.xxxx.047

ANARRRRARRAR AR ARR AR AR RN AR ARRRARARRARRR AR RRAARN
1/2

o

=
—
—
=
—
LQL «— —F
-
,,,,,,,,,, —
E /D g
1/2Fb
g12F 1/2F o
N | \n
('
g 26/23F
2F sl
w
g N -26/23
A o
A 3/23F K
2F 5
26/23Fb J”ZF ¥
< 26/23F
H

1/2

323 0 0
1/2F -
3/23Fb e
» I\ 3/23F

G
HN [ G
26/23F  26/23F
v 26/23Fb 3/23Fb
F 3/2F 1/2F
F H

4
1/2F lIZFI

-26/23

-3/23

C 3 Fb -3/23

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23



eCTITVT €T°€0°L2'SIaA ‘Oue[i Ip 021Ud3N|0d ‘ISSOY IUB|aARZ OJ|0pY ©
eonelsiadi ojooed Ip 1ddnjiAs
qdee/e YOA=X eonelsiadi
r3/9xet/ee | 03/,94v/T- 11e1o1
C3/AXP/T (" AX+Y°A)YIA- opou ejjow v
£3/,94- OH9H3OMTN eiSe BUOIZEBUOD oH
T QU XHe/T+x42/T | Xbe/T+xde/T T aHO
£3/9X £3/,94¢T/S
T a/ Xde/T+x4z/e-ad | Xbe/T-xdz/e+a4-|  T- a 9H
JX a/,x4 X4 ax- aHI
3/9XE/T C3/,094€/T

LI X+A/XZ-T| 0/ Xd+X42-0 x<4-04 ax-T qIH
0 0 Nch\H+x”_N\H. 0 q4H

0 0
0 0 Nx_um\._”-xn_m\ﬁ 0 qH4
JAlx 0 0 a/x qov

£3/9Xe/T 0
L X+0/X2-T 0 0 ax+T-| 9V
0 0 0 0 qc 34

0 0
0 0 0 0 ge 43
0 0 X4¢/1- 0 qa3

0 0
0 0 X4¢/T-94¢/T 0 q3da
0 0 0 0 Xd4y/¢M-04 0 deprad
0 0 0 0 q4a0

0 0
0 0 0 0 qod
0 0 0 0 qvd

0 0
0 0 0 0 qav

XpeI/WWX[| Xpea WN[|  WW W 0’ Ow| -

YOa=X eonelsiadi jad Ad hnguIuoo oipend
LYVOXXXX'GZXSH //1€286 11LV1TNSId 3 OLNINIdIO04dd

ECTT VT

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

T=X eonelsiad ep auoissaly *I ﬂ H w

reubasse 1youed ep suoissay °N ﬂHw

LYO"XXXX"'GXSH

/€286 ILV1TNSIY 3 OLNINIAID0dd
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PROCEDIMENTO E RISULTATI 982377

ESZ5.xxxx.047

L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

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

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1/E] = 1/3 b/EJ

L% =[0(1) veadx=[x] vEs
=(b) 1/EJ = b/EJ

X =[0(1) ve3dx=[x] vEI
=(b) 1/EJ = b/EJ

1= (1 -2 xtb + b ) Fb VEI dx = [ x - X% +1/3 X2 ], Fb 1/E9
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ

L= 0(xp? ) Fb 1/83 dx = [1/3 x0* | Fb 1/E
=(1/3b) Fb 1/EJ = 1/3 Fb’/EJ

LY = _[2(1 -3/2 x/b +1/2 X*/b” ) Fb 1/EJ dx - 1 (-1) (-1) Fb%/EJ
=[ x-3/4 XIb +1/6 X/b? ]z Fb 1/EJ -1 (-1) (-1) Fb%EJ
=(b-3/4b+1/6b ) Fo 1/EJ -1 (-1) (-1) Fb’/EJ=-7/12 Fb’/EJ

LY = jZ(l/z x/b +1/2 X°I0> ) Fb 1/EJ dx -1 (-1) (-1) Fb/EJ

1/4 X2/ +1/6 X[b? ]Z Fb1/EJ -1 (-1) (-1) Fb¥EJ

(1/4b+1/6 b)) FO 1/EJ -1 (-1) (-1) Fb%/EJ =-7/12 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 176.6 mm’
J, = 74388. mm*
J,= 18662. mm*
J,= 155.6 mm*
Y, =-12.53 mm
Yo = 17.75 mm
N= 289.9N
T,=-289.9N

M, = 557600. Nmm
Xn, = 12.mm
Y= 47.mm
u,.= -12. mm

m
V, = 29.25 mm
a,, = NIA-Mv/J, = -217.6 N/mm’
X, = 24.mm
y.= 47.mm
V.= 29.25 mm
a, = N/A-Mv/J, = -217.6 N/mm?
1, =TS, = 4.924 N/mm’
1,=TS/J, = 4.924 N/mm”
t.= 820. mm

C
0, =Vo’+31° = 217.8 N/mm’

14.11.23
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PROCEDIMENTO E RISULTATI 982443 ES>5.xxxx.048

PROCEDIMENTO E RISULTATI 982443

ES>5.xxxx.048

L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

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

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1/E] = 1/3 b/EJ

L% =[0(1) veadx=[x] vEs
=(b) 1/EJ = b/EJ

X =[0(1) ve3dx=[x] vEI
=(b) 1/EJ = b/EJ

1, = [2( xib - x2b* ) Fb 1/E3 dx = [1/2 xb -1/3 x*/b? ]| Fb 1/E3
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb’/EJ

1 = [*(x/b - xib* ) Fb 1/EJ dx = [1/2 5 -1/3 X2 ] Fb 1/E
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb*/EJ

1= J2(1 -2 x/b + X¥1b> ) Fb VEI dx = [ x - x¥Ib +1/3 X°/b? ] Fb 1/E
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ

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

LY = ﬁ(l -3/2 x/b +1/2 X’/b® ) Fb 1/EJ dx - 1 (1) (-1) Fb%/EJ
= [ x -3/4 %o +1/6 X°Ib? ]: Fb 1/EJ -1 (-1) (-1) Fb¥/EJ
=(b-3/4b+1/6b) Fb 1/EJ -1 (-1) (-1) Fb¥EJ=-7/12 Fb*/EJ

LY = _[2(1/2 x/b +1/2 x°Ib> ) Fb 1/EJ dx -1 (-1) (-1) Fb/EJ
= [1/4xb +1/6 b2 ] FD 1/E3 -1 (1) (1) FbYEJ
=(1/4b+1/6b) Fb 1/EJ -1 (-1) (-1) Fb*/EJ =-7/12 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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A= 161 mm’
J, = 86214. mm*
J,= 9072. mm*
J, = 1343 mm*
Y, =-10.83 mm
Yo = 22.94 mm
N=-1414 N
T,=-424.3N

M, = 648000. Nmm
X,= 6.mm
Yn= 53.mm
u,= -12. mm

vV, = 30.06 mm

o, = N/A-Mv/J, = -226.8 N/mm’
X, = 18. mm

y.= 53.mm

v, = 30.06 mm

o, = N/A-MV/J,, = -226.8 N/mm®
1,=TSJ, = 6.389 N/mm’
1,=TStJ, = 6.389 N/mm”

t.= 400. mm

C
0, =Vo*+3t° = 227. N/mm’

14.11.23



ES>5.xxxx.048 ES>5.xxxx.048

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23



REAZIONI 911212 ES>5.xxxx.049 AZIONI INTERNE 911212 ESX5.xxxx.049

L L O T O T T LT O T TTITOLT
1/2

SRNRRRRRERRRAR

H N [ G

20/23F  20/23F -1/2 -1/2 -1/2 -1/2
{ 63/46Fb  17/46Fb J —[Fl—
3/2F 1/2F F
c N=
RIS
I8
N
=
2F
B 20/23Fb
20/23F
N
=
e
N
=
ol
3
(2]
©
©o
N3
~
\n
-17/46 -1/2 -1/2
CED ro

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23



eCTITVT €T°€0°LZ'SIaN ‘OUB[IN 1P 021UIBY|O ‘ISSOY IUB[dARZ O}|0PY ©
eonelsiadi ojooed Ip 1ddnjiAs
049%/.T YOA=X eonelsiadi
r3/9xet/ee |03/,94ve/LT- 1e1o1
CI/AXy/T | C3/,948/€- M(TAX+° AT A- opou ejjow v
£3/,94- OH4OH3OHTN| eise auoizeBuole OH
T UXHZT+XHTT | XbE/T+XZIT T aHD
£3/9X £3/,94¢T/S
T 0/, X42/T+x4z/e-a4 | xbe/T-Xdz/e+a4-|  T- q9H
TR a/,x4z/T X4z/T- a/x- qHI
£3/9XE/T £3/,949/T
QO X+0/XZ-T | O/ X4Z/T+X4-042/T|  X2/T-042/T | a/%-T qH
0 0 X4¢/T-94¢/T 0 q4H
0 0
0 0 X42/T- 0 qH4
X a/,X4¢/1-x42/T X4¢/T-94¢/T a/x q oV
£3/9Xe/T £3/,94¢T/T
LI XHU/XST| Al XHZ/T-%e/T x42/1- ax+1-|  qvo
0 0 0 0 qc¢ 34
0 0
0 0 0 0 qe¢ 43
0 0 X42/T- 0 qa3
0 0
0 0 X4¢/T-94¢/T 0 q3da
0 0 0 0 Xdv/eM-ad 0 de¢h ad
0 0 0 0 q4a0
0 0
0 0 0 0 qod
0 0 Xbert 0 qvdg
0 0
0 0 Xbz/T-x4+a42/1-| 0 qav
XpeI/WWX[| Xpea WN[|  WW W 0’ Ow| -

YOa=X eonelsiadi jad Ad hnguIuoo oipend

670" XXXX"'GXSH

¢TZT16 ILV1LTINSIY 3 OLNINIdID0dd

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

T=X eonelsiad ep auoissaly *I ﬂ H w

ECTT VT

00

/o

reubasse 1youed ep suoissay °N ﬂHw

¢/1- 2/T-

3 Z

670" XXXX"GXSH ¢TZ116 ILVLTINSIY 3 OLNINIdIDO0dd



PROCEDIMENTO E RISULTATI 911212 ES>5.xxxx.049

PROCEDIMENTO E RISULTATI 911212

ESZ5.xxxx.049

L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

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

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1/E] = 1/3 b/EJ

L% =[0(1) veadx=[x] vEs
=(b) 1/EJ = b/EJ

X =[0(1) ve3dx=[x] vEI
=(b) 1/EJ = b/EJ

1%, = [2(1/2 xtb -1/2 x2ib* ) Fb 1/EJ dx = [1/4 xb -1/6 X2 | Fb 1/E3
=(1/4b-1/6 b ) Fb 1/EJ = 1/12 Fb’/EJ

1 = [*(1/2 b -1/2 x81b? ) Fb 1/EJ dx = [1/4 b -1/6 x*1b? " Fb 1/E3
=(1/4b-1/6b) Fb 1/EJ = 1/12 Fb/EJ

1= 2(1/2 - b +1/2 X162 ) Fb VE dx = [1/2 x -1/2 X1 +1/6 x*/b? ] Fb 1/E3
=(1/2b-1/2b+1/6 b ) Fb 1/EJ = 1/6 Fb’/EJ

L= (12 x2ib* ) Fb 1/EI dx = [1/6 x°Ib? ]| Fb 1/E3
=(1/6b) Fb 1/EJ = 1/6 Fb’/EJ

LY = ﬁ(l -3/2 x/b +1/2 X’/b® ) Fb 1/EJ dx - 1 (-1) (-1) Fb%/EJ
= [ x -3/4 %o +1/6 X°Ib? ]: Fb 1/EJ -1 (-1) (-1) Fb%/EJ
=(b-3/4b+1/6b ) Fo 1/EJ -1 (-1) (-1) Fb¥EJ =-7/12 Fb/EJ

LY = _[2(1/2 x/b +1/2 x°I0> ) Fb 1/EJ dx -1 (-1) (-1) Fb/EJ
= [1/4 b +1/6 b2 ] Fb 1/E3 -1 (1) (1) FbYEJ
=(1/4b+1/6b) Fb 1/EJ -1 (-1) (-1) Fb*/EJ =-7/12 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

Cc

a, = N/A-Mv/J,, = -173.3 N/mm?
1, =TS, = 16.41 N/mm’
1,=TS/J, = 16.41 N/mm”

t. = 1010. mm

0, =Vo’+31° = 175.6 N/mm’

A= 119.8 mm’

J, = 59924, mm*
J,= 2333. mm*
J,= 88.32mm*

Y, =-16.43 mm

Yo = 22.54 mm

N = -505. N

T,= 1010.N

M, = -449450. Nmm
X, = 12.mm

Yn= 55 mm

vV, = 32.46 mm

o, = NIA-Mv/J, = 239.2 N/mm?
X, = 12.mm

V, =-22.54 mm

14.11.23
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PROCEDIMENTO E RISULTATI 983864 ES>5.xxxx.050

PROCEDIMENTO E RISULTATI 983864

ESZ5.xxxx.050

L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
L% =2 (?) vEI dx = [13 X2 ]] V/E]
=(1/3b) 1/EJ = 1/3 b/EJ
L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1/E] = 1/3 b/EJ
L% =[0(1) veadx=[x] vEs
=(b) 1/EJ = b/EJ
X =[0(1) ve3dx=[x] vEI
=(b) 1/EJ = b/EJ
1= [2(1 2 x/b + X% ) Fb VEI dx = [ x - x¥Ib +1/3 x°/b? ] Fb 1/E
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ
L= 0(xp? ) Fb 1/83 dx = [1/3 x0* | Fb 1/E
=(1/3b) Fb 1/EJ = 1/3 Fb’/EJ
LY = _[2(1 -3/2 x/b +1/2 X*/b” ) Fb 1/EJ dx - 1 (-1) (-1) Fb%/EJ
=[ x-3/4 XIb +1/6 X/b? ]z Fb1/EJ -1 (-1) (-1) Fb¥/EJ
=(b-3/4b+1/6b ) Fo 1/EJ -1 (-1) (-1) Fb’/EJ=-7/12 Fb’/EJ
LY = jZ(l/z x/b +1/2 X°I0> ) Fb 1/EJ dx -1 (-1) (-1) Fb/EJ
[1/4 %10 +1/6 X3/b? ]Z Fb1/EJ -1 (1) (-1) FbEJ
(1/4b+1/6 b)) FO 1/EJ -1 (-1) (-1) Fb%/EJ =-7/12 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

o, o 0T,
Aers M =1s
AfE———"———7c¢
B

o)
b
T

A= 163. mm’

J, = 93375. mm*
J,= 9072. mm*
J= 135 mm*

Y, = 11.28 mm

Yo = 31.14 mm

N= 441.9N
T,=-441.9 N

M, = 587500. Nmm
X, = 6.mm

u,= -12. mm

v, =-31.14 mm

0, = N/A-Mv/J, = 198.7 N/mm’
Xg 18. mm

v, =-31.14 mm

o, = N/A-MV/J, = 198.7 N/mm’
1, = TStJ, = 6.368 N/mm’
1,=TS/tJ, = 6.368 N/mm”
t.= 1250. mm

0, =Vo*+31° = 199. N/mm’

14.11.23
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PROCEDIMENTO E RISULTATI 981822

ESZ5.xxxx.051

L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

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

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1/E] = 1/3 b/EJ

L% =[0(1) veadx=[x] vEs
=(b) 1/EJ = b/EJ

X =[0(1) ve3dx=[x] vEI
=(b) 1/EJ = b/EJ

1, = [2( xib - x2b* ) Fb 1/E3 dx = [1/2 xb -1/3 x*/b? ]| Fb 1/E3
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb’/EJ

1 = [*(x/b - xib* ) Fb 1/EJ dx = [1/2 5 -1/3 X2 ] Fb 1/E
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb*/EJ

1= J2(1 -2 x/b + X¥1b> ) Fb VEI dx = [ x - x¥Ib +1/3 X°/b? ] Fb 1/E
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ

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

LY = ﬁ(llz 12x/b ) Fb VEJdx -1 (-1) (-1) Fb’/EJ
=[12 x -1/4 51 ]Z Fb1/EJ -1 (1) (-1) Fb%EJ
=(1/2b-1/4b) Fb 1/EJ -1 (-1) (-1) Fb/EJ =-3/4 FbY/EJ

LY, =_[:(1/2 x/b ) Fb L/EJ dx -1 (-1) (-1) Fb%EJ = [1/4 xIb ]Z Fb1/EJ -1 (-1) (-1) FbYEJ
=(U4b)FOUEJ -1 (-1) (-1) FbY/EJ=-3/4 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 184.6 mm’

J, = 104229. mm*
J, = 18662. mm*
J, = 158.3 mm*

Y, = 14.95 mm

Yy = 33.94 mm
N=-222.7N
T,=-668.2N

M, = 642600. Nmm
X, = 12.mm

u,= -12. mm

v, =-33.94 mm

o, = N/A-Mv/J, = 208. N/mm®
X, = 24.mm

V, =-33.94 mm

0, = N/A-Mv/J, = 208. N/mm’
1,=TSJ, = 9.399 N/mm’
1,= TSI, = 9.399 N/mm’
t.= 630. mm

0, = Vo*+31° = 208.7 N/mm’

14.11.23
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PROCEDIMENTO E RISULTATI 993593 ES>5.xxxx.052

L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

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

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1/E] = 1/3 b/EJ

L% =[0(1) veadx=[x] vEs
=(b) 1/EJ = b/EJ

X =[0(1) ve3dx=[x] vEI
=(b) 1/EJ = b/EJ

1%, = [2(1/2 xtb -1/2 x2ib* ) Fb 1/EJ dx = [1/4 xb -1/6 X2 | Fb 1/E3
=(1/4b-1/6 b ) Fb 1/EJ = 1/12 Fb’/EJ

1 = [*(1/2 b -1/2 x81b? ) Fb 1/EJ dx = [1/4 b -1/6 x*1b? " Fb 1/E3
=(1/4b-1/6b) Fb 1/EJ = 1/12 Fb/EJ

1= 2(1/2 - b +1/2 X162 ) Fb VE dx = [1/2 x -1/2 X1 +1/6 x*/b? ] Fb 1/E3
=(1/2b-1/2b+1/6 b ) Fb 1/EJ = 1/6 Fb’/EJ

L= (12 x2ib* ) Fb 1/EI dx = [1/6 x°Ib? ]| Fb 1/E3
=(1/6b) Fb 1/EJ = 1/6 Fb’/EJ

LY = ﬁ(llz <1/2x/b ) Fo 1/EJdx -1 (-1) (-1) Fb%/EJ
=[12 x-1/4 51 ]Z Fb1/EJ -1 (1) (-1) FbEJ
=(1/2b-1/4b) Fb 1/EJ -1 (-1) (-1) Fb’/EJ =-3/4 FbY/EJ

L, =_[:(1/2 x/b ) Fb L/EJ dx -1 (-1) (-1) Fb%EJ = [1/4 xIb ]z Fb1/EJ -1 (-1) (-1) Fb%EJ
=(U4b) FOUEJ -1 (-1) (-1) FbY/EJ =-3/4 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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ﬁ
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A= 113.8 mm’
J, = 46239. mm*
J,= 2333. mm*
J, = 86.32 mm*
Y, = -14.41 mm
Yo = 19.85 mm
N= -715.N

T,= 1430.N

M, =-357500. Nmm
X, = 12.mm
Y= 49.mm

vV, = 29.15mm
0, = N/A-Mv/J, = 219.1 N/mm®
y.= 2.mm
u,= -12. mm
v, =-17.85 mm
o, = NIA-MV/J, = 219.1 N/mm’
1,=TS/tJ, = 19.47 N/mm’
o= TSI, = 19.47 N/mm*
t,= 1430. mm
0, = Vo’+31° = 221.7 N/mm’

14.11.23
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PROCEDIMENTO E RISULTATI 910738 ES>5.xxxx.053 PROCEDIMENTO E RISULTATI 910738 ES>5.xxxx.053

Quadro contributi PLV per iperstatica X=W,

- M M, (X) MM, MM, [[MM/Eddx | [XM,M /EJdx
ABb 0 0 0 0
0 0
BAb 0 0 0 0
BCb 0 0 0 0
0 0
CBb 0 0 0 0
CDV2b | © Fb-v2/4Fx 0 0 0 0
DEb 0 1/2Fb-1/2Fx 0 0
0 0
EDb 0 -1/2Fx 0 0
EF 2b 0 0 0 0
0 0
FE 2b 0 0 0 0
GAb |-1+x/b| 1/2Fx-1/2gx° -U2Fx+FXCb-1/2gx% b | 1-2x/b+x*/b’ ,
, , \ ., |-124FD’EI | 1/3XbIE]
AG b x/b -1/2Fx+1/2gx -1/2Fx°/b+1/2qx7/b x/b
FHb 0 3/2Fx 0 0
0 0
HF b 0 -3/2Fb+3/2Fx 0 0
HI b 1-x/b | 2Fb-3/2Fx-1/2qx*| 2Fb-7/2Fx+Fx?/b+1/2gx’/b | 1-2x/b+x°/b’ ,
, , . , ., |17/24Fb°EJ|  1/3Xb/EJ
IHb -x/b -5/2Fx+1/2gx 5/2Fx"/b-1/2qx"/b x“/b
HG b -1 | -1/2Fb+1/2Fx 1/2Fb-1/2Fx 1 ,
1/4Fb°/EJ Xb/EJ
GHb 1 1/2Fx 1/2Fx 1
HG elongazione asta N,,c€clyc -Fb’/EJ
A molla Nodo -V, ,(V 4+ XV /K, -1/8Fb%/EJ 1/4Xb/EJ
totali -5/24Fb°/EJ | 23/12XbIEJ
iperstatica X=W, 5/46Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23



PROCEDIMENTO E RISULTATI 910738 ES>5.xxxx.053 PROCEDIMENTO E RISULTATI 910738 ES>5.xxxx.053

>
b = D {=
%= [(1-2xb +xb?) VEIdx =] x-x¥b +13 5] 1EI 49 E — = . A= 157. mm’
GA ~ Jo o E =
J, = 72847. mm*
=(b-b+1/3b) 1/EJ =1/3 b/EbJ 3= 9072, mm*
L% =2 (?) vEI dx = [13 X2 ]] V/E] J= 133.mm*
=(13b) 1/EJ = 1/3 b/EJ Yo = 9.929 mm
) Yo = 27.87 mm
L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E . ,= 1110.N
M, = 599400. N
=(b-b+1/3b) 1EJ = 1/3 b/EJ y e Sign?:] mm
XX 2,2 3,270 m- i
= X X = X u,= -lz.
L= [ (2 ) vEI dx = [13 7)) 1/ES L= -12.mm
vV, =-27.87 mm
=(13b) 1/EI =13 bIEJ m
(vab) ) o, =-Mv/J, = 229.3 N/mm’
L% =[0(1) veadx=[x] vEs x,= 18.mm
vV, =-27.87 mm
= 1/EJ = b/E c
(b) 13 = biEY ) LT | Pt o, =-Mv/J, = 229.3 N/mm’
X =[0(1) ve3dx=[x] vEI Jo A= T,= TSI, = 18.35 N/mm’
=(b) 1/EJ = b/EJ B 1,= TSI, = 18.35 N/mm’
] ) b - o e t,= 740.mm
1, = [2(-1/2 xtb + xib? -1/2 Xb° ) Fb 1/EJ dx = [-1/4 xb +1/3 x1b? -1/8 x1b° | Fb 1/E mm e S x © 0 0, = vo*+31° = 231.5 N/mm®

=(-1/4b+1/3b-1/8b ) Fb 1/EJ =-1/24 Fb’/EJ
L = [2(-1/2 x10% +1/2 x1b° ) Fb 1/EJ dx = [-1/6 x°Ib? +1/8 x'1b° ] Fb 1/E
=(-1/6 b +1/8 b ) Fb 1/EJ =-1/24 Fb’/EJ
1= [2(2 772 xtb + X216 +1/2 X1 ) Fb 1/ED dx = [2 x -7/4 X¥1b +1/3 x1b® +1/8 x1b° | Fb 1/E3
=(2b-7/4b+1/3b+1/8b ) Fb 1/EJ = 17/24 Fb’/EJ
1X0= (512 x2ib? -1/2 Xb° ) Fb 1/E3 dx = [5/6 xb* -1/8 x'/b° ], Fb 1/E3
=(5/6b-1/8b) Fb 1/EJ = 17/24 Fb’/EJ
LY = ﬁ(llz 12x/b ) Fb VEJdx -1 (-1) (-1) Fb’/EJ
=[12 x-1/4 510 ]Z Fb1/EJ -1 (1) (-1) FbEJ
=(1/2b-1/4b) Fb 1/EJ -1 (-1) (-1) Fb/EJ =-3/4 FbY/EJ
L, =_[:(1/2 x/b ) Fb L/EJ dx -1 (-1) (-1) Fb%/EJ = [1/4 X’Ib ]Z Fb1/EJ -1 (-1) (-1) Fb¥EJ
=(U4b)FOUEJ -1 (-1) (-1) FbY/EJ =-3/4 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23



REAZIONI 983252

ESZ5.xxxx.054

E /D
1/2Fb
gL2F 1/2F
A |
T —
g 60/23F
F
L
N
I:.
A
A —
N 9/23F
F
97/46Fb 1/2F
< 37/23F
H
112F
5/46Fb
s\ 14123F
G
H N [ G
¥/ 37123F 37/23F \_|
g 14/23Fb 5/46Fb
1/2F 1/2F
F /\\H
4
3/2Fb
3/2F 312F

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

1/2F

14.11.23

AZIONI INTERNE 983252
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PROCEDIMENTO E RISULTATI 983252 ES>5.xxxx.054 PROCEDIMENTO E RISULTATI 983252 ES>5.xxxx.054

Quadro contributi PLV per iperstatica X=W,

- M M, (X) MM, MM, [[MM/Eddx | [XM,M /EJdx
ABb 0 0 0 0
0 0
BAb 0 0 0 0
BCb 0 0 0 0
0 0
CBb 0 0 0 0
CDV2b | © Fb-v2/4Fx 0 0 0 0
DEb 0 1/2Fb-1/2Fx 0 0
0 0
EDb 0 -1/2Fx 0 0
EF 2b 0 0 0 0
0 0
FE 2b 0 0 0 0
GAb |-1+x/b| 1/2Fx-1/2gx° -U2Fx+FXCb-1/2gx% b | 1-2x/b+x*/b’ ,
, , \ ., |-124FD’EI | 1/3XbIE]
AG b x/b -1/2Fx+1/2gx -1/2Fx°/b+1/2qx7/b x/b
FHb 0 3/2Fx 0 0
0 0
HF b 0 -3/2Fb+3/2Fx 0 0
HI b 1-x/b | 2Fb-3/2Fx-1/2qx*| 2Fb-7/2Fx+Fx?/b+1/2gx’/b | 1-2x/b+x°/b’ ,
, , . , ., |17/24Fb°EJ|  1/3Xb/EJ
IHb -x/b -5/2Fx+1/2gx 5/2Fx"/b-1/2qx"/b x“/b
HG b -1 | -1/2Fb+1/2Fx 1/2Fb-1/2Fx 1 ,
1/4Fb°/EJ Xb/EJ
GHb 1 1/2Fx 1/2Fx 1
HG elongazione asta N,,c€clyc -Fb’/EJ
A molla Nodo -V, ,(V 4+ XV /K, -1/8Fb%/EJ 1/4Xb/EJ
totali -5/24Fb°/EJ | 23/12XbIEJ
iperstatica X=W, 5/46Fb

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23



PROCEDIMENTO E RISULTATI 983252 ES>5.xxxx.054

L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
L% =2 (?) vEI dx = [13 X2 ]] V/E]
=(1/3b) 1/EJ = 1/3 b/EJ
L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1/E] = 1/3 b/EJ
L% =[0(1) veadx=[x] vEs
=(b) 1/EJ = b/EJ
X =[0(1) ve3dx=[x] vEI
=(b) 1/EJ = b/EJ
1, = [2(-1/2 xtb + xib? -1/2 Xb° ) Fb 1/EJ dx = [-1/4 xb +1/3 x1b? -1/8 x1b° | Fb 1/E
=(-1/4b+1/3b-1/8b ) Fb 1/EJ =-1/24 Fb’/EJ
L = [2(-1/2 x10% +1/2 x1b° ) Fb 1/EJ dx = [-1/6 x°Ib? +1/8 x'1b° ] Fb 1/E
=(-1/6 b +1/8 b ) Fb 1/EJ =-1/24 Fb’/EJ
1= [2(2 772 xtb + X216 +1/2 X1 ) Fb 1/ED dx = [2 x -7/4 X¥1b +1/3 x1b® +1/8 x1b° | Fb 1/E3
=(2b-7/4b+1/3b+1/8b ) Fb 1/EJ = 17/24 Fb’/EJ
1X0= (512 x2ib? -1/2 Xb° ) Fb 1/E3 dx = [5/6 xb* -1/8 x'/b° ], Fb 1/E3
=(5/6b-1/8b) Fb 1/EJ = 17/24 Fb’/EJ
LY = ﬁ(llz 12x/b ) Fb VEJdx -1 (-1) (-1) Fb’/EJ
=[12 x-1/4 510 ]Z Fb1/EJ -1 (1) (-1) FbEJ
=(1/2b-1/4b) Fb 1/EJ -1 (-1) (-1) Fb/EJ =-3/4 FbY/EJ
L, =_[:(1/2 x/b ) Fb L/EJ dx -1 (-1) (-1) Fb%/EJ = [1/4 X’Ib ]Z Fb1/EJ -1 (-1) (-1) Fb¥EJ
=(U4b)FOUEJ -1 (-1) (-1) FbY/EJ =-3/4 Fb’/EJ

ES>5.xxxx.054

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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= 178.6 mm’
= 81324. mm*
= 18662. mm*
= 156.3 mm*
Y, = 13.13 mm
= 30.43 mm
1095. N

A
‘]u
‘]v
‘]t

)

T =
M, = 635100. Nmm

= 12. mm

= -12.mm

=-30.43 mm

=-Mv/J, = 237.6 N/mm’
= 24.mm

=-30.43 mm

=-Mv/J, = 237.6 N/mm?
=TS, = 17.7 N/mm’

=TS, = 17.7 N/mm’

t.= 730. mm

C

0, = Vo’+31° = 239.6 N/mm?

<

Y
X
X
u
v
Om
X
v
o,
1
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m
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PROCEDIMENTO E RISULTATI 958147 ES>5.xxxx.055

L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

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

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1/E] = 1/3 b/EJ

L% =[0(1) veadx=[x] vEs
=(b) 1/EJ = b/EJ

X =[0(1) ve3dx=[x] vEI
=(b) 1/EJ = b/EJ

1, = [2( xib - x2b* ) Fb 1/E3 dx = [1/2 xb -1/3 x*/b? ]| Fb 1/E3
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb’/EJ

1 = [*(x/b - xib* ) Fb 1/EJ dx = [1/2 5 -1/3 X2 ] Fb 1/E
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb*/EJ

1= J2(1 -2 x/b + X¥1b> ) Fb VEI dx = [ x - x¥Ib +1/3 X°/b? ] Fb 1/E
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ

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

LY = ﬁ(l -3/2 x/b +1/2 X’/b® ) Fb 1/EJ dx - 1 (1) (-1) Fb%/EJ
= [ x -3/4 %o +1/6 X°Ib? ]: Fb 1/EJ -1 (-1) (-1) Fb¥/EJ
=(b-3/4b+1/6b) Fb 1/EJ -1 (-1) (-1) Fb¥EJ=-7/12 Fb*/EJ

LY = _[2(1/2 x/b +1/2 x°Ib> ) Fb 1/EJ dx -1 (-1) (-1) Fb/EJ
= [1/4xb +1/6 b2 ] FD 1/E3 -1 (1) (1) FbYEJ
=(1/4b+1/6b) Fb 1/EJ -1 (-1) (-1) Fb*/EJ =-7/12 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

PROCEDIMENTO E RISULTATI 958147
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 107.8 mm’

J, = 34579. mm*
J,= 2333. mm*
J, = 84.32mm*

Y, =-12.41 mm

Yo = 17.19 mm
N=-84.85N
T,=-2546N

M, = 264000. Nmm
X, = 12.mm

Yo = 43.mm

vV, = 25.81 mm

o, = NIA-Mv/J, = -197.8 N/mm’
y.= 2.mm

u,= -12. mm

vV, =-15.19 mm

o, = N/A-Mv/J,, = -197.8 N/mm®
1, =TS, = 4.104 N/mm’
1,=TS/tJ, = 4.104 N/mm”
t.= 240.mm

0, =Vo*+31° = 198. N/mm’

14.11.23
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PROCEDIMENTO E RISULTATI 984273 ES>5.xxxx.056

PROCEDIMENTO E RISULTATI 984273

ESZ5.xxxx.056

L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

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

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1/E] = 1/3 b/EJ

L% =[0(1) veadx=[x] vEs
=(b) 1/EJ = b/EJ

X =[0(1) ve3dx=[x] vEI
=(b) 1/EJ = b/EJ

1, = [2( xib - x2b* ) Fb 1/E3 dx = [1/2 xb -1/3 x*/b? ]| Fb 1/E3
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb’/EJ

1 = [*(x/b - xib* ) Fb 1/EJ dx = [1/2 5 -1/3 X2 ] Fb 1/E
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb*/EJ

1= J2(1 -2 x/b + X¥1b> ) Fb VEI dx = [ x - x¥Ib +1/3 X°/b? ] Fb 1/E
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ

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

LY = ﬁ(llz 12x/b ) Fb VEJdx -1 (-1) (-1) Fb’/EJ
=[12 x -1/4 51 ]Z Fb1/EJ -1 (1) (-1) Fb%EJ
=(1/2b-1/4b) Fb 1/EJ -1 (-1) (-1) Fb/EJ =-3/4 FbY/EJ

LY, =_[:(1/2 x/b ) Fb L/EJ dx -1 (-1) (-1) Fb%EJ = [1/4 xIb ]Z Fb1/EJ -1 (-1) (-1) FbYEJ
=(U4b)FOUEJ -1 (-1) (-1) FbY/EJ=-3/4 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 151 mm’

J, = 55120. mm*
J,= 9072. mm*
J,= 131. mm*

Y, = 8.596 mm

Yo = 24.58 mm
N=-141.4N
T,=-424.3N

M, = 472000. Nmm
X, = 6.mm

u,= -12. mm

v, =-24.58 mm

0, = N/A-Mv/J, = 209.5 N/mm’
Xg 18. mm

vV, =-24.58 mm

o, = N/A-MV/J, = 209.5 N/mm’
1, = TSI, = 8.172 Nimm’
1,= TSI, = 8.172 N/mm’

= 400. mm

0, =Vo*+31° = 210. N/mm’

14.11.23
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PROCEDIMENTO E RISULTATI 866338 ESX5.xxxx.057

L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

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

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1/E] = 1/3 b/EJ

L% =[0(1) veadx=[x] vEs
=(b) 1/EJ = b/EJ

X =[0(1) ve3dx=[x] vEI
=(b) 1/EJ = b/EJ

1%, = [2(3/2 xib 312 x2ib* ) Fb 1/EJ dx = [3/4 xb -1/2 X ] Fb 1/E3
=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb’/EJ

1 = [2(3/2 b -3/2 x81b? ) Fb 1/EJ dx = [3/4 b -1/2 X2 | Fo 1/E3
=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb/EJ

1= J0(1/2 - b +1/2 X162 ) Fb VE dx = [1/2 x -1/2 X2/ +1/6 x*/b? ] Fb 1/E3
=(1/2b-1/2b+1/6 b ) Fb 1/EJ =1/6 Fb’/EJ

L= (12 x2b* ) Fb 1/EI dx = [1/6 x°Ib? ], Fb 1/E3
=(1/6b) Fb 1/EJ = 1/6 Fb’/EJ

LY = ﬁ(llz 12x/b ) Fb VEJdx -1 (-1) (-1) Fb?/EJ
=[12 x -1/4 51 ]Z Fb1/EJ -1 (1) (-1) FbEJ
=(1/2b-1/4b) Fb 1/EJ -1 (-1) (-1) Fb%/EJ =-3/4 FbY/EJ

LY, =_[:(1/2 x/b ) Fb L/EJ dx -1 (-1) (-1) Fb%EJ = [1/4 xIb ]z Fb1/EJ -1 (-1) (-1) Fb¥EJ
=(U4b) FOUEJ -1 (-1) (-1) FbY/EJ =-3/4 Fb’/EJ

ESZ5.xxxx.057

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

PROCEDIMENTO E RISULTATI 866338
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

9 ¢ A= 1726 mm’

J, = 61535. mm*
J,= 18662. mm*

J, = 1543 mm*

Y, = 11.34 mm

Yy = 26.88 mm

N = -265. N

T,= 1060. N

M, = -492900. Nmm

Xn, = 12.mm

u,= -12. mm

V., =-26.88 mm

o,, = N/A-Mv/J, = -216.9 N/mm’
X, = 24.mm

v, =-26.88 mm

o, = NIA-MV/J,, = -216.9 N/mm®
T, =TS, = 20.N/mm’
1,=TS/J,= 20.N/mm?

t.= 530. mm

C

0, = Vo*+31° = 219.6 N/mm’

14.11.23
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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PROCEDIMENTO E RISULTATI 981628 ES>5.xxxx.058

L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

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

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1/E] = 1/3 b/EJ

L% =[0(1) veadx=[x] vEs
=(b) 1/EJ = b/EJ

X =[0(1) ve3dx=[x] vEI
=(b) 1/EJ = b/EJ

1%, = [2(1/2 xtb -1/2 x2ib* ) Fb 1/EJ dx = [1/4 xb -1/6 X2 | Fb 1/E3
=(1/4b-1/6 b ) Fb 1/EJ = 1/12 Fb’/EJ

1 = [*(1/2 b -1/2 x81b? ) Fb 1/EJ dx = [1/4 b -1/6 x*1b? " Fb 1/E3
=(1/4b-1/6b) Fb 1/EJ = 1/12 Fb/EJ

1= 2(1/2 - b +1/2 X162 ) Fb VE dx = [1/2 x -1/2 X1 +1/6 x*/b? ] Fb 1/E3
=(1/2b-1/2b+1/6 b ) Fb 1/EJ = 1/6 Fb’/EJ

L= (12 x2ib* ) Fb 1/EI dx = [1/6 x°Ib? ]| Fb 1/E3
=(1/6b) Fb 1/EJ = 1/6 Fb’/EJ

LY = ﬁ(l -3/2 x/b +1/2 X’/b® ) Fb 1/EJ dx - 1 (-1) (-1) Fb%/EJ
= [ x -3/4 %o +1/6 X°Ib? ]: Fb 1/EJ -1 (-1) (-1) Fb%/EJ
=(b-3/4b+1/6b ) Fo 1/EJ -1 (-1) (-1) Fb¥EJ =-7/12 Fb/EJ

LY = _[2(1/2 x/b +1/2 x°I0> ) Fb 1/EJ dx -1 (-1) (-1) Fb/EJ
= [1/4 b +1/6 b2 ] Fb 1/E3 -1 (1) (1) FbYEJ
=(

1/4b+1/6b ) Fo 1/E] -1 (-1) (-1) Fb’/EJ=-7/12 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

PROCEDIMENTO E RISULTATI 981628
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 101.8 mm’
J, = 24830. mm*
J,= 2333. mm*
J,= 82.32mm*
Y, =-10.46 mm
Yy = 14.57 mm
N = -470.N

T,= 940.N

M, = -258500. Nmm
X, = 12.mm
Yo = 37.mm
vV, = 22.43 mm

o, = NJA-Mv/J, = 228.8 N/mm®
y.= 2.mm

u,= -12. mm

vV, =-12.57 mm

o, = N/A-Mv/J, = 228.8 N/mm’
1, =TS, = 18.34 N/mm’
1,=TS/tJ, = 18.34 N/mm”

t.= 940. mm

0, =Vo*+31° = 231. N/mm’

14.11.23
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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>
b 1=1.8 D =18
L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3 a7 e —— 71 F A= 145.mm’
J, = 40083. mm*
= - ]_ l E = 1 E )
(b-b+1/3b) 1/EI =1/3 b/bJ 3= 9072, mm*
L% =2 (?) vEI dx = [13 X2 ]] V/E] 3= 129.mm*
=(13b) 1/EJ = 1/3 b/EJ Yo~ ;122; mm
XX 2,2 2 3,.27P Yg= £25 M
L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E N= -760. N
u
T,= 1520.N
=(b-b+1/3b) 1/EJ = 1/3 b/EJ y
( ) b y M, = -440800. Nmm
L= [ (2 ) vEI dx = [13 7)) 1/ES X,= 6.mm
u,= -12. mm
=(13b) 1/EI =1/3 bb/EJ v = 21,96 mm
L% =[0(1) veadx=[x] vEs 0, = NIA-MVIJ, = -239. N/mm®
X, = 18.mm
= 1/EJ = b/E c
(b) &) b/Jb o1 v, =-21.26 mm
X =[0(1) ve3dx=[x] vEI s il || S 0, = NIA-MV/J, = -239. N/mm’
=1. =1. * 2
’ B Jo A 7 T, = TSI, = 34.82 N/mm
=(b) 1/EJ = b/EJ .
(0) . B 1,= TS/, = 34.82 N/mm®
L% = [*(1/2 x/b -1/2 X1 ) Fb /EJ dx = [1/4 /b -1/6 % | Fb 1/E) t,= 1520. mm
© © o © 3 X S & 2 2 2
mm ‘ : : ‘ ‘ 0, =Vo™+31" = 246.5 N/mm

=(1/4b-1/6 b ) Fb 1/EJ = 1/12 Fb’/EJ

1 = [*(1/2 b -1/2 x81b? ) Fb 1/EJ dx = [1/4 b -1/6 x*1b? " Fb 1/E3
=(1/4b-1/6b) Fb 1/EJ = 1/12 Fb/EJ

1= 2(1/2 - b +1/2 X162 ) Fb VE dx = [1/2 x -1/2 X1 +1/6 x*/b? ] Fb 1/E3
=(1/2b-1/2b+1/6 b ) Fb 1/EJ = 1/6 Fb’/EJ

L= (12 x2ib* ) Fb 1/EI dx = [1/6 x°Ib? ]| Fb 1/E3
=(1/6b) Fb 1/EJ = 1/6 Fb’/EJ

LY = ﬁ(llz <1/2x/b ) Fo 1/EJdx -1 (-1) (-1) Fb%/EJ
=[12 x-1/4 51 ]Z Fb1/EJ -1 (1) (-1) FbEJ
=(1/2b-1/4b) Fb 1/EJ -1 (-1) (-1) Fb’/EJ =-3/4 FbY/EJ

L, =_[:(1/2 x/b ) Fb L/EJ dx -1 (-1) (-1) Fb%EJ = [1/4 xIb ]z Fb1/EJ -1 (-1) (-1) Fb%EJ
=(U4b) FOUEJ -1 (-1) (-1) FbY/EJ =-3/4 Fb’/EJ
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L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

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

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1/E] = 1/3 b/EJ

L% =[0(1) veadx=[x] vEs
=(b) 1/EJ = b/EJ

X =[0(1) ve3dx=[x] vEI
=(b) 1/EJ = b/EJ

1%, = [2(3/2 xib 312 x2ib* ) Fb 1/EJ dx = [3/4 xb -1/2 X ] Fb 1/E3
=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb’/EJ

1 = [2(3/2 b -3/2 x81b? ) Fb 1/EJ dx = [3/4 b -1/2 X2 | Fo 1/E3
=(3/4b-1/2b) Fb 1/EJ = 1/4 Fb/EJ

1= J0(1/2 - b +1/2 X162 ) Fb VE dx = [1/2 x -1/2 X2/ +1/6 x*/b? ] Fb 1/E3
=(1/2b-1/2b+1/6 b ) Fb 1/EJ =1/6 Fb’/EJ

L= (12 x2b* ) Fb 1/EI dx = [1/6 x°Ib? ], Fb 1/E3
=(1/6b) Fb 1/EJ = 1/6 Fb’/EJ

LY = ﬁ(llz <1/2x/b ) Fo 1/EJdx -1 (-1) (-1) Fb?/EJ
=[12 x -1/4 51 ]Z Fb1/EJ -1 (1) (-1) FbEJ
=(1/2b-1/4b) Fb 1/EJ -1 (-1) (-1) Fb%/EJ =-3/4 FbY/EJ

LY, =_[:(1/2 x/b ) Fb L/EJ dx -1 (-1) (-1) Fb%EJ = [1/4 xIb ]z Fb1/EJ -1 (-1) (-1) Fb¥EJ
=(U4b) FOUEJ -1 (-1) (-1) FbY/EJ =-3/4 Fb’/EJ
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= 166.6 mm?’
= 44743. mm*
= 18662. mm*
= 152.3 mm*
Y, = 9.592 mm
23.3 mm

A
‘]u
‘]v
‘]l

9
N = -405.N

T,= 1620.N
M, = -376650. Nmm
Xn, = 12.mm
= -12. mm
= -23.3mm
= N/A-Mv/J, = -198.5 N/mm’
24. mm
-23.3 mm
= N/A-Mv/J, = -198.5 N/mm’
=TS'1tJ, = 36.44 N/mm’
TS'tJ, = 36.44 N/mm?
.= 810. mm
0, = Vo*+31° = 208.3 N/mm’
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b
LX = J:(l -2xib+ X" ) VEIdx=[ x-x'/b +13 x| 1/EI A= 166.6 mm>
T J, = 44743. mm*
=(b-b+1/3b) LEJ =1/3 b/E] s B =18 u mm,
b 437 N p——— — 0L ] C J, = 18662. mm
L% =2 (?) vEI dx = [13 X2 ]] V/E] gﬁ 3= 152.3 mm*
=(13b) 1/EJ = 1/3 b/EJ Yo =-9.592 mm
b Yo= 13.7mm
L= jZ(l -2l +x°/b*) VEIdx = [ x- /b +1/3x°0° | 1/EJ N =-9075N
T,= 1210.N
= - = y
(b-b+1/3b) 1EJ =1/3 b/EJ VI, = 411400, N
L= [ (2 ) vEI dx = [13 7)) 1/ES y x.= 12.mm
= 37
=(1/3b) 1/EI = 1/3 b/EJ u Yim mm
b u,= -12. mm
L =_[Z(1) VEYdx=[x], 1/E v, = 233mm
— NJ/A- - 2
~(b) VEJ = bEI I )c(;m__ NZ//: r\::;/j 208.8 N/mm
XX b =] c ’
L =_[Z(1 ) UEJdx=[x], vEI s D) i N y.= 37.mm
N s M J Fv,= 233mm
=(b) VEJ = bEJ o
(o) ) P 0, = N/A-Mv/J, = 208.8 N/mm’
L = j‘;( xib - x1b° ) Fb 1/EJ dx = [1/2 /b -1/3 x°b” ] _ Fb L/E] 1, = TSI, = 27.22 Nimm’
=TSItJ, = 27.22 N/mm®
=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb’/EJ Tg u mm
b N < © w = 1210.mm
LSO = ﬂ( xib - X16° ) Fb 1/EJ dx = [1/2 /b -1/3 x°b? ] Fb 1/E] mm < = 8 * xS g =vo3r’= 214. N/mm?

=(1/2b-1/3b) Fb 1/EJ = 1/6 Fb*/EJ
LY = _[:(3/4 -3/4 x/b ) Fb VEJ dx -1 (-1) (-1) Fb’/EJ
b
=[3/ax-3/8 '] FbUEI -1 (-1) (-1) Fb’/EI
=(3/4b-3)8b) Fb 1/EJ -1 (-1) (-1) Fb/EJ =-5/8 Fb’/EJ
1%, = (314 xb) Fo 1/EI dx- 1 (1) (-1) FbYEI=[3/8x%b ] Fb UEJ -1 (-1) (-1) FbYED
=(3/8b)Fb 1/EJ -1 (-1) (-1) Fb’/EJ =-5/8 Fb’/EJ
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>
b =1.8 B t=1.8
L% = [2(1-2 b + b7 ) UEI dx = [ x- b +1/3xb% ] 1/E3 a3 y [ — 9 ¢ A= 107.8 mm’ .
J,= 34579. mm
= - ]_ l E = 1 E )
(b-b+1/3b) 1/EI =1/3 b/bJ i 3= 2333 mm
L% =2 (?) vEI dx = [13 X2 ]] V/E] J,= 8432 mm*
=(13b) 1/EJ = 1/3 b/EJ Yo = 12.41mm
) Yy = 25.81 mm
L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E " N =-487.5 N
T,= 650.N
=(b-b+1/3b) 1/EJ = 1/3 b/EJ y
( ) b y M, =-286000. Nmm
L= [ (2 ) vEI dx = [13 7)) 1/ES x,= 12.mm
V,, =-25.81 mm
=(13b) 1/EI =1/3 bb/EJ o = NIA-MIJ, = -218. Nimm?
L% =[0(1) veadx=[x] vEs .= 3.mm
u,= -12. mm
= 1/EJ = b/E c
(b) &) b/Jb o1 vV, =-22.81 mm
XX — clc _ _ 2
X =[0(1) ve3dx=[x] vEI i j:gnig 0, = ?é%ku‘i - 4—§1Ns/. N/mm
_ _ Jo E —— —— F 'I.'c = u= . mm
=(b) 1/E3 = b/EJ e .
(0) . D 1,= TS/, = 10.48 N/mm”
1, = [2(1/2 xtb -1/2 x16° ) Fb 1/ED dx = [1/4 xb -1/8 x'b° ] Fb 1/ o e . t.= 650. mm
mm e 5 T xq 0, = Vo’+31° = 218.7 N/mm’

=(1/4b-1/8b) Fb 1/EJ = 1/8 Fb’/EJ

L = [2(x/b 312 X262 +1/2 6% ) Fb VED dx = [1/2 x21b -1/2 xb +1/8 xb° | Fb 1/E3
=(1/2b-1/2b+1/8b ) Fb 1/EJ = 1/8 Fb’/EJ

1= 2(1/2 - b +1/2 X162 ) Fb VE dx = [1/2 x -1/2 X1 +1/6 x*/b? ] Fb 1/E3
=(1/2b-1/2b+1/6 b ) Fb 1/EJ = 1/6 Fb’/EJ
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L% =2 (?) vEI dx = [13 X2 ]] V/E]
=(1/3b) 1/EJ = 1/3 b/EJ

L= (1 -2 xb + ) VEI dx = [ x - xb +1/3 %% ], V/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L= [ (2 ) vEI dx = [13 7)) 1/ES
=(1/3b) 1/E] = 1/3 b/EJ

L% =[0(1) veadx=[x] vEs
=(b) 1/EJ = b/EJ

X =[0(1) ve3dx=[x] vEI
=(b) 1/EJ = b/EJ

1= (1 -2 xtb + b ) Fb VEI dx = [ x - X% +1/3 X2 ], Fb 1/E9
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ

L= 0(xp? ) Fb 1/83 dx = [1/3 x0* | Fb 1/E
=(1/3b) Fb 1/EJ = 1/3 Fb’/EJ

LY = _[2(1/2 -x/b +1/2 X’/b® ) Fb 1/EJ dx -1 (-1) (-1) Fb%/EJ
= [1/2 x-1/2 x2b +1/6 X162 ] Fb 1/E3 -1 (1) (-1) FbY/EJ
=(1/2b-1/2b+1/6 b ) Fb 1/EJ -1 (-1) (-1) Fb’/EJ =-5/6 Fb’/EJ

1%, = [ (1/2 % ) Fb UEI dx -1 (-1) (-1) Fb2/EJ = [1/6 X2 ]" Fb 1/EJ -1 (-1) (-1) FbYEJ
=(1/6b)Fb 1/EJ -1 (-1) (-1) Fb*/EJ =-5/6 Fb’/EJ
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 172.6 mm’

J, = 61535. mm*
J,= 18662. mm*

J, = 1543 mm*

Y, =-11.34 mm

Yo = 16.12 mm
T,=-1620. N

M, = 477900. Nmm
Xn = 12.mm

Y= 43.mm

u,= -12. mm

vV, = 26.88 mm

o, = -Mv/J, = -208.8 N/mm’
X, = 24.mm

y.= 43.mm

V.= 26.88 mm

o, = -Mv/J, = -208.8 N/mm’
1,=TS/tJ, = 30.57 N/mm’
1,=TS/J, = 30.57 N/mm”
t,= 1620. mm

0, = Vo’+31° = 215.4 NImm®

14.11.23
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