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A= 792. mm’

J, = 225759. mm*

J, = 30240. mm*

Yy = 31.36 mm

T,= 2165.N

M, = -1580450. Nmm

X, = 12.mm

u,= -6.mm

v, =-31.36 mm

g, = -Mv/J, = -219.6 N/mm’
X, = 18.mm

y.= 13.mm

v, =-18.36 mm

g, = -Mv/J, = -128.6 N/mm’
.= 31 N/mm?

0, = Vo+31° = 128.7 N/mm’
S = 3879.mm’
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A= 1080. mm’

J, = 276955. mm*
J,= 116640. mm*
Vo= 18.6 mm

T, =-2430. N

M, = 1555200. Nmm
X, = 30.mm

Yo = 54.mm

u,= 6.mm

v, = 354 mm

o, = -Mv/J, = -198.8 N/mm’
X, = 24.mm

y.= 39.mm

v,= 20.4mm

o, = -Mv/J, = -114.6 N/mm’

.= 3.672 N/mm?

0, = Vo’+31° = 114.7 NImm’
S’ = 5022. mm’
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 852 mm’
J, = 238569. mm*
J,= 62064. mm*

Yy = 20.54 mm

T,= 3640. N

M, =-1615250. Nmm
X, = 30.mm

Ym= 53.mm

u,= 6.mm

V, = 32.46 mm

o, =-Mv/J, = 219.8 N/mm’

m

X.= 24.mm

y.= 39.mm

v, = 18.46 mm

o, =-Mv/J, = 125. N/mm’
1, = 5.438 N/mm’

c
0, = Vo’+31° = 125.3 N/mm’
S = 4277. mm®
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C 3 M, flessione da carichi assegnati
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A= 618. mm’
J, = 157731. mm*
J,= 27774. mm*

Yo = 17.48 mm
T,=-1650.N

M, = 1006500. Nmm
X, = 18.mm

Ym = 55.mm

u,= 3. mm

vV, = 37.52 mm

o, = -Mv/J, = -239.4 N/mm’

m

X, = 15.mm

y.= 39.mm

V.= 21.52 mm

o, = -Mv/J, = -137.3 N/mm’
T, = 4.941 N/mm’

c

0, = Vo*+31° = 137.6 N/mm’
S = 2834. mm°®
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 408. mm’

J, = 112717. mm*
J,= 9864. mm*

Yy = 31.65 mm

N = 1365. N
T,=-3120. N

M, = -826800. Nmm
Xn = 12.mm

u,= -3.mm

V., =-31.65 mm

o, = NIA-Mv/J, = -228.8 N/mm’
X, = 15.mm

y.= 47.mm

v, = 15.35mm

o, =N/A-Mv/J, = 116. N/mm’
T,= 10.6 N/mm’

0, = Vo’+31° = 117.4 N/mm®
S’ = 2297. mm’
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L= (xp?) 1EI dx = [13xp? ] 1/E
=(1/3b) 1/EJ = 1/3 b/EJ

L% =[0(1-2xb +X6?) VEI dx = [ x-XIb +1/3 k% ]| 1/ED
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L% = (1-2xb+ ) VEIdx=[ x-xb +1/3 6% ], 1/E
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L% =L (x?) vEIdx = [113 X7 )] 1/ES
=(1/3b) 1/EJ = 1/3 b/EJ

X=1"(1) vesax=[x]" ves
=(2b) VEJ =2 b/EJ

X=1"(1) vesax=[x]" ves
=(2b) 1/EJ =2 b/EJ

120 = ['(-1/2 xib +3/2 x2ib* ) Fb /EI dx + [(xb) © dx
= [-va b +1/2 162 ], Fb /€3 + [12 b ] 0
=(-1/4b+1/2b) Fo 1/EJ + (1/2b) © =3/4 Fb?/EJ

19 = [°(1-5/2 x/b +312 xib* ) Fb 1/EI dx + (-1 +x/b) 6 dx
= [ x-5/4 %10 +1/2 1% | Fb UES + [-x +1/2 x| 0
=(b-5/4b+1/2b) Fo 1/EJ + (-b+1/2b ) 6 =3/4 Fb’/EJ

X
Lec
=(2b-7/4b+1/3b +1/8 b ) Fb 1/EJ = 17/24 Fb’/EJ
b
1%, = ['(5/2 x2b® 172 X*Ib° ) Fb 1/E3 dx = [5/6 x1b* -1/8 X'/ ], Fb 1/E3
=(5/6b-1/8 b ) Fb 1/EJ = 17/24 Fb’/EJ
2b 2b
Lo =[ (2 xib -1/2 b ) Fb WEI dx = [ x%/b -1/6 x°/b* ] Fb 1/E
=(4b-4/3b) Fb 1/EJ = 8/3 Fb’/EJ
2b 2b
L =] (2-12 %0 ) Fb UEI dx = [2 x-1/6 X’0* ] Fb 1/E3
=(4b-4/3b) Fb 1/EJ = 8/3 Fb*/EJ

b
L2 772 x1b + x210* +172 516> ) Fb VEI dx = [2 x -7/ X¥1b +1/3 x¥/b? +1/8 x1b° | Fb 1/E3

@ 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= 1068. mm’
J, = 262174. mm*
J,= 116496. mm*

Yo = 34.79 mm

T,= 3585.N

M, =-1505700. Nmm
Xn = 18. mm

u,= -6.mm

vV, =-34.79 mm

o, = -Mv/J, = -199.8 N/mm’

X, = 24.mm

y.= 15.mm

v, =-19.79 mm

0, = -Mv/J, = -113.7 N/mm’
T, = 5.598 N/mm’

0, = Vo +31° = 114.1 N/mm?
S'= 4913. mm®

12.12.25

ES>08.xxxx.100

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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Schema di calcolo iperstatico

L F Tl F C 3 M, flessione da carichi assegnati

Oé
o
1
<)
-1/2

[

[

[

-1/2

0

-1/2 0 0

C 3 Fb C 3 M, flessione da iperstatica X=1
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-3 b
S i 3 o 3 L= (xp?) 1EI dx = [13xp? ] 1/E
= o o = o
s ° ° e ° < < 2 ° X =(1/3b) 1/EJ = 1/3 b/E
2 = = o @ XX 2,2 2 3,270
X, L% =[0(1-2xb +X6?) VEI dx = [ x-XIb +1/3 k% ]| 1/ED
3 u 2 i =(b-b+1/3b) VEI =13 b/EJ
+ . DN o5 ol e b
I Q Q Q = T T e Xl L% = (1-2xb+ ) VEIdx=[ x-xb +1/3 6% ], 1/E
> o o o o 5 Q Q o T &
= 5 o & S| =(b-b+1/3b) 1/EJ =1/3 b/EJ
s =) g ) \
= | L% =L (x?) vEIdx = [113 X7 )] 1/ES
o] o]
x M =(1/3b) 1/EJ = 1/3 b/EJ
2|loc olo o|loc o|lo ol 4] L 8|« «lo o o 2
= X LZ=["(1) vEIdx=[x] 1EJ
SIS Fo = Jo 0
— —
= =(2b) VEJ =2 b/EJ
L
- R xx _ (2P _ 2b
;X o o o o o o o o % & o o o o o o LGF _ID (1 ) 1/EJ dX B [ X ]0 llEJ
-y =(2b) 1/EJ =2 b/EJ
LL
ol s 1= (- b +2 5% ) Fo WEI dx + [(xib ) 8 dx
NQ N; N|_>|f Nﬁ Nﬁ _ 2 3, 271° 2, 1°
= IR =[-125%m +23 5w ] Fo 1EI +[12X°0] 6
x| O o o o o o o o x ~ ~ o o
s P i L &5 4 =(-12b+2/3b ) Fb 1/EJ + (1/2b) 8 =2/3 FHYE
T Lo
£ 2K S L =1'(1-3xb +2xb* ) Fb EI dx+ [ (-1 +x/b ) 6 dx
b b
% g 3 =[x-312 b +2/3x10° ] Fb 1/EJ +[-x+12x%b ] 0
© ] o o o o o o o o E B o o o o o o o o
2 b =(b-32b+2/3b ) Fo 1/EJ + (-b+1/2b ) 6 =2/3 Fb*/EJ
@ 5 b
o & 8 x Mo 1% = [*(2 -4 xib +2 /0% ) Fb /EJ dx = [2 x -2 b +2/3 b7 | Fb 1/EJ
2 N A N 3| ox x| L g & © G Jo 0
o | [Ny L | ~ N o
8§ 5% 5% Xlo ol § k9 9|3 &3 Se ¢ = =(2b-2b+2/3b ) Fb 1/EJ = 2/3 Fb?/EJ
S =L S|k S Lig gl o X o ' i b
= g ic o & & x 1%, = [ (2% ) Fb 1/E3 dx = [2/3 xib* ] Fb 1/ES
1 = o
= — =
3 = ~Ta g =(2/3b) Fb 1/EJ = 2/3 Fb*/EJ
E X 2 | X Q9| 4 T 5 2b 2b
I I I I B I B I b -1 L = (2 xb 112 X¥b* ) Fb VEI dx = [ %/ -1/6 X'1b* . Fb 1/E3
o _ _ _ 2
£ o ala o|/ca a|la ala a = =8 88 8 =(4b-413b) Fb /EJ =8/3 Fb’/E
O 2b 2b
3 2 5088 B/ 46 2lc 82 6/8 8 1 = ["(2-1/2xi0* ) Fb 1/E3 dx = [2 x-1/6 xi* | Fb 1/E
Sviluppi di calcolo iperstatica =(4b-4/3b) Fb 1/EJ = 8/3 Fb*/EJ
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 996. mm’

J, = 265432. mm*

J, = 60336. mm*

Yo = 34.42 mm

T, = 3500. N

M, =-1540000. Nmm
X, = 12.mm

u,= -6.mm

v, =-34.42 mm

o, = -Mv/J, = -199.7 N/mm’
X, = 18.mm

y.= 15.mm

v, =-19.42 mm

S -
o, = -Mv/J, = -112.6 N/mm’
1, = 5.324 N/mm’

o, =Vo’+3t’ = 113. N/mm’
S = 4845. mm°

12.12.25

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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Schema di calcolo iperstatico
LT Tl F P C 3 M, flessione da carichi assegnati
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C 3 Fb C 3 M, flessione da iperstatica X=1
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=3 b

o 2,2 2 3.2 2

S Jri = i L= 0(xp? ) b? UE dx = [1/3 X ] b2 1/E

s| ° ° ° © X X | % ° % =(13b) b® VEJ =13 bYEJ

E = = o 3 XX _ 2,2 1.2 _ 2 3210 2
=S Lis=J (1 -2xb+ x*0* ) b VEJ dx = [ x - /b +1/3 X°10” ] | b? 1/E
< — _ 2 - 3

2 u =(b-b+1/3b)b* 1/EJ = 1/3 bYEJ

+ 2 = b
o2 2 2 2 = 2 e |45 L% = [(1-2 xtb +xb? ) b 1/ED dx = [ x - x¥b +1/3 xb* | b? 1/E3
) o o o o o o E (‘? ) 3

g & =(b-b+1/3b) b* 1/EJ = 1/3 b%EJ
= 2

L% = (5% ) b 13 dx = [1/3 x¥b* | b7 1/E3

x
Sl o olo oo ol o o 2ol %o o =(1/3b) B> 1EJ = 1/3 bYE]
= o xx _ % 2 _ 2 5

S L= (1) b’ vEIdx = [ x]] b* 1/EI

=(2b) b’ VEI =2 bYEI
@ fi x  [2b > 2,
S|© o/ o oo oo o é © olo o|o o LGF:L(l)b 1/Ede=[X]0b1/EJ
L

=(2b) b* VEJ =2 bYEJ

10 =(xb) Fo? vEI dx+ [ (b)) 8 dx=[12x%b ] Fo? 1€ + [12 X% ] 0

Fb/EJ | Fb’-Fbx | Fb?/EJ-FXb/EJ | b%-2bx+x?

8 Ez o o o o o o o o ->é o o o o o o 2 3
= L =(1v2b) P’ VEJ +(12b) 6 = FbYEJ
X
b b
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2 YV
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Sviluppi di calcolo iperstatica
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 744, mm?

J, = 196439. mm*
J,= 26208. mm*
Yo = 29.79 mm

N = -5460. N

T, =-2080. N

y
-1268800. Nmm

M, =
Xn = 12.mm
u,= -6.mm

vV, =-29.79 mm

o, = NIA-Mv/J, = -199.8 N/mm’
X, = 18.mm

y.= 13.mm

vV, =-16.79 mm

o, = N/A-Mv/J, = -115.8 N/mm?
T, = 3.206 N/mm’

0, = Vo*+31° = 115.9 N/mm’
s’ = 3633. mm°

12.12.25
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C§ Fb C§ M, flessione da iperstatica X=1

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



PROCEDIMENTO E RISULTATI 212317

ES>08.xxxx.147

PROCEDIMENTO E RISULTATI 212317 ES>08.xxxx.147

5 b
S Jri = I L= 0(xp? ) b? UE dx = [1/3 X ] b2 1/E
s ° °© °© °© X X | % ° R = (v3b) b’ VEI = 13 bYE
E = = o 3 XX _J'b( 2,2 1.2 _ 2 3210 2
x Lis=J (1 -2xb+ x*0* ) b VEJ dx = [ x - /b +1/3 X°10” ] | b? 1/E
=
=4 u fi o =(b-b+13b)b> VEI = 1/3 b’EI
[en) o O i
+ Ke) = b
g9 Q Q ) & i ° ||y L% = [(1-2 xtb +xb? ) b 1/ED dx = [ x - x¥b +1/3 xb* | b? 1/E3
~ o o o o :. ? o (‘L‘I'-) :
= & 0 5 =(b-b+1/3b) b* 1/EJ = 1/3 b%EJ
= B N b
= e L% = (5% ) b 13 dx = [1/3 x¥b* | b7 1/E3
x + + _ 2 _ 3
S o olo ol o olo olw X5 v % o o =(1/3b) b* VEI = 13 bYEJ
= o | L= (1) 0 vEIdx = [ x]” 07
o| o 6= X = xobllEJ
u =(2b) b° VEJ =2 bYE]
-
w X 2b 2b
;x © o|lo o|o o|lo o é i © o|lo o|o o Lé); =ID (1 ) b® 1/EJ dx = [ X ]o b® 1/EJ
o 4
3 =(2b) b* VEJ =2 bYEJ
= ~ X0 _J’“( 2 J'h _ 2, 10 o 2. 1b
5 =f(-xb)Fo? UEIdx+ [ (xib) 6 dx=[-1/25b ] Fb? LEI +[12x°b] 6
x 3 . =(-12p) Fo? UEI + (12b) 6 =0
o y x
2| o o|lo o/l o oo o & L-il: o o 3 & o o Xo _J‘h( ) 2 J’”( )
s L ooy LS Leg =) \-1+x/b JFb" 1/EJdx + J (-1 +x/b ) & dx
E < ! b b
o o =[-x+12xb] Fo® VEI +[-x+12x%b] 0
>O & o o
(] = ' =(-b+1/2b)Fb’ /EJ +(-b+1/2b) 8 =0
I Wy b 2b
g ®/ © oo ©o/lo olo ol 5 F|© ©/o oo o LR =[(-2 +2 /b -1/2 %" ) Fb® LEJ dx = [-2 x + x°/b -1/6 x°Ib* | Fb® 1/EJ
= Lo Fe ~Jo o
& S e =(-4b+4b-413b) Fb® LE] =-4/3 Fb’/EJ
g x & % & 2b 2b
5 = 5 o o F % & 7 8 L =[(-12X’10* ) Fb? WEI dx = [-1/6 X*° ] Fb® 1/EY
3 o 5§ L)oo ojo ol U|o o X o9l g X T ) s
> = L § T2 & x = (-413b) Fb> 1/EJ =-4/3 Fb%/EJ
a v o) o & 8
= LL L =
'_S < = : = %
‘E ‘>-<’x © olo olo olo of x X o x| @ alo ol &l o
9 s e e ' e 2
o
o
g 1l @ 2|2 9|l a ol o ala o @ <@ & &/ & &
o ] O LL
3 2 5088 BT % uelo 38 s 88

Sviluppi di calcolo iperstatica
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A= 996. mm’

J, = 298526. mm*

J, = 89712. mm*

Yy = 35.64 mm

T,= 2460. N

M, = -1820400. Nmm
X, = 18.mm

u,= -6.mm

v, =-35.64 mm

G, = -Mv/J, = -217.4 N/mm’
X, = 24.mm

y.= 15.mm

V

Cc

=-20.64 mm

o, = -Mv/J, = -125.9 N/mm’

T

= 3.479 N/mm®

0, =Vo’+31° = 126. N/mm’
S = 5066. mm°
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