gcercet

€T°€0°/2'SIaN ‘OUB|IN Ip 021UIBY|O ‘ISSOY IUB[DARZ O}opY ©
'| 0IZIUI UOJ BIISIP B BSSAAUOI 3S eAllsod J| Blse g einfeAln)

L I
B X w
[oe] (o2}

I
w
o

81

49

cWW e 3 ep ensep e ‘anel oibBanel) Ns aU0IZas a10LBJUI OIS

"S3SI|Al UOA Ip 8UO0ISU3] €| 8 °1°°0 1U0ISUa) 3] 4 Ul 3Iejodfed

o‘
"“/0 gleWIOU BUOISUS] BWISSEW B| J 8UO0IZaS B||NS 8Ie|j0d[ed

N082T =4 ‘ww0I8=d
ZII  :UOD ‘Wi Ul luoIsusWIp @ eyenodu 8U0IZas B| By 43 aARl) B

" A Ul 3UIBlI0 U0 ZA ISk 8|ed0| ojuawuall ?Ag - #x - ?Ap
‘A'x 1sse 1|Bns auoizaloid ul feunsiw aAIND dlse Ip 1ydued
"g1se 8||au auJaul 1uoize ajjap elonb Iwiwelbelp | areoel |
A "91Se 9||ap 8 'INNNIIS B||9P LB|OJUIA IUOIZE3) 31e|0d[e)
‘ouBasip Ul 99L21Y}9 0SISA ouURY d)ep IUOIZeWloap 3 IydLed
YH=X :8uo0izn|os ul ayonelsiadi luoizeay

14

STAA AN €T°€0° L2 SI9A ‘OUB[IA IPp 001UDBY|0d ‘ISSOY IUe|DARZ OJjOpY ©
4z 4z 4 4€
a4z adz a4
4v e
4 MERENY !
4 3 m |
m dv 4
ady V a4z V
4
4
ad
E 4 V
9 2 v
) o m v
m
4
ad V
4
u;
adz/t
4 V 4
A|ﬂ f a 9
4
adz/t adz/t adz/t
E] 4 E] El
> < L X > R e—
H )/ \a a)/ q
GTO'XXXX"L0XS3 965566 INOIZV3d

vS-
d'H'n'x | q | \>> (0]
NI
m
|
4 4
@a s 7
q
r3="r3
r3="r3
A A 5 v 1 r3=7r3
7 r3=%r3
= r3=%r3
= r3="r3
= r3="r3
= a r3 ="r3
= r3=%r3
= r3=%r3
= pey £3/49- = a/L0-=6-= "9
HA g T a/4-=b-=%%
bl q/4- = b- = IOQ
b a3 =M-='m
4 =¥
U,>h>_> H_|HOI>

STOXXXX"L0ZXS3

VSVYO d3d ASA - A'ld



AZIONI INTERNE 995596 ESZ07.xxxx.015 PROCEDIMENTO E RISULTATI 995596 ES>07.xxxx.015
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@ 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 995596 ESZ07.xxxx.015 PROCEDIMENTO E RISULTATI 995596 ES>07.xxxx.015

Quadro contributi PLV per iperstatica X=H,

- M) M, (X) 6 MM, MO | MM, [[MM/EI+8)dx |[XM, M /EJdx
ABb | © Fb-Fx 0 0 0 0
0+0 0
BAb | © -Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 1/2gx° 0 0 0 0
, 0+0 0
HG b 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 |1/2Fb-Fx+1/2gx°| O 0 0 0
, 0+0 0
BDb | 0 -1/2gx 0 0 0 0
IEb b -Fb+3Fx -Fb/EJ| -Fb’+3Fbx |-FO/EJ| b® . ,
, , , (1/2-1)Fb*/EJ XbYEJ
Elb | -b -2Fb+3Fx Fb/EJ| 2Fb*3Fbx |-FbYEJ| b
ECb | bx 4Fb-4Fx 0 |4Fb*-8Fbx+4Fx’| 0 |b*2bx+x° , ,
, , (4/3+0)Fb¥EJ | 1/3Xb%EJ
CEb -X -4Fx 0 4FxX 0 X
IAb | -b+x 2Fb-Fx 0 |-2F0°+3Fbx-Fx*| 0 |b*2bx+x° . ,
, , (-5/6+0)Fb*/EJ | 1/3XbYEJ
Alb X -Fb-Fx 0 -Fbx-Fx 0 X
totali 0 5/3Xb%EJ
iperstatica X=H, 0

Sviluppi di calcolo iperstatica

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



PROCEDIMENTO E RISULTATI 995596

ES>07.xxxx.015

L= [2(1) 0> eI dx = [ x ]| b 1/EY
=(b) b’ UEI = bYEJ

L= [0(1) b vEI dx = [ x ]| b 1/E
=(b) b’ 1EJ = bYEJ

L% = [2(1 -2 x/b + x2b? ) b* VEI dx = [ x - X% +1/3 X102 ] b 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ

L% = [2(xb? ) b? 1EI dx = [1/3 X702 ] b 1/E
=(1/3b) b* VEJ = 13 bY/EJ

%= [2(1 -2 b + 807 ) b? VEI dx = [ x - x%b +1/3 X702 ] b? 1/E3
=(b-b+1/3b) b* 1/EJ = 1/3 bYEJ

L%%= [2(xé ) b2 1E3 dx = [1/3 0% ] b? 1/E3
=(y3b)b* VEI = 13 b’/EJ

L=['(-1+3xb ) Fo* UEI dx+ [(-1) 0 dx=[-x+32 % |, Fo? 1/E3 +[-x]. 6

=(-b+32b)Fo’ 1/EJ +(-b) 6 =-1/2 FbYEY

1=['(2-3xb ) Fo? UEI dx+ [)(1) 6 dx=[2x-32x¢m ] Fo* 1EI +[x] 8
=(2b-32b)Fb?1EI +(b) 6 =-1/2 FOYE]

122 = [(4 -8 xtb +4 1% ) Fb? UED dx = [4 x -4 X1 +413 x1b* | Fb* 1/E
=(4b-4b+4/3b) Fb® 1/EJ = 4/3 Fb/EJ

1% = [2(4x10? ) Fo? 1/E3 dx = [4/3 xb° | Fb? 1/E
=(4/3b) Fb® 1/EJ = 4/3 FbEJ

L= ['(-2 +3 x/b - xIb? ) Fb? VEI dx = [-2 x +3/2 xb -1/3 xb? | Fb* 1/E
=(-2b+32b-1/3b ) Fb® 1/EJ =-5/6 Fb*/EJ

1= [2(- xtb - xb? ) Fb? UED dx = [-1/2 X% -1/3 xb* | Fb? 1/E
=(-1/2b-1/3b ) Fb’ 1/EJ =-5/6 Fb/EJ

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

A= 1152 mm’

J, = 348030. mm’
J,= 122688. mm*
Yy = 20.63 mm

T, = 2560. N

M, = -2073600. Nmm
X, = 36.mm

Yn= 54.mm

u,= 12.mm

vV, = 33.38 mm

o, =-Mv/J, = 198.9 N/mm’

m

X.= 24.mm

o, =-Mv/J, = 133.3 N/mm’
T, = 3.596 N/mm’

0, = Vo*+31° = 133.5 N/mm’
S = 5867. mm°

12.12.25
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PROCEDIMENTO E RISULTATI 309819
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C 3 M, flessione da iperstatica X=1

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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C 3 M, flessione da carichi assegnati
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PROCEDIMENTO E RISULTATI 309819 ESZ07.xxxx.036 PROCEDIMENTO E RISULTATI 309819 ES>07.xxxx.036

Quadro contributi PLV per iperstatica X=H,

- M) M, (%) ] MM, MB | MM, |[MM/EI+8)dx | [XM, M /EJdx
ABb | 0 1/2Fb-1/2Fx 0 0 0 0
0+0 0
BAbL | © -1/2Fx 0 0 0 0
CDb | 0 |1/2Fb-Fx+1/2gx’| 0 0 0 0
, 0+0 0
DCbh | O -1/2gx 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 1/2Fx 0 0 0 0
0+0 0
HGb | 0 | -1/2Fb+1/2Fx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | O |1/2Fb-Fx+1/2gx’| 0 0 0 0
, 0+0 0
BDb | © -1/2gx 0 0 0 0
IEb b 3Fx -Fb/EJ 3Fbx -FOYEI|  b° . .
, , , (3/2-1)Fb¥EJ XbEJ
Elb | -b -3Fb+3Fx | Fb/EJ 3Fb%-3Fbx -FbYEJ| b
ECb | bx 5Fb-9/2Fx 0 |SFb*19/2Fbx+9/2Fx°| 0 |b*-2bx+x° , ,
, , (7/14+0)FbYEJ | 1/3Xb%EJ
CEb | x | -1/2Fb-9/2Fx 0 1/2Fbx+9/2Fx 0 X
IAb | -b+x Fb-1/2Fx 0 | -Fb*+3/2Fbx-1/2Fx* | 0 |b*2bx+x° , ,
, , (-5/12+0)Fb¥EJ | 1/3XbYEJ
Al b X | -1/2Fb-1/2Fx 0 -1/2Fbx-1/2Fx 0 X
totali 11/6Fb*/EJ 5/3Xb*/EJ
iperstatica X=H, -11/10F

Sviluppi di calcolo iperstatica

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



PROCEDIMENTO E RISULTATI 309819 ESZ07.xxxx.036 PROCEDIMENTO E RISULTATI 309819 ES>07.xxxx.036

>
b +55
L= [2(1) 0> eI dx = [ x ]| b 1/EY A= 1200. mm’
_ 2 . J, = 368598. mm*
=(b)b*LUEI = b /EJb J,= 131904. mm*
L= [0(1) b vEI dx = [ x ]| b 1/E 12 / \ Yg = 34.22mm
3 , o T,= 2560. N
= ( b) b"1/EJ = b'/EJ X u M, = -2252800. Nmm
L% = [2(1 -2 x/b + x2b? ) b* VEI dx = [ x - X% +1/3 X102 ] b 1/E Xp = 12.mm
~ ) ) _ 5 u,= -12. mm
=(b-b+1/3b) b’ 1/EI =1/3 b /EJ y v, = -34.22 mm
L% = [ (¢m* ) b2 183 dx = [1/3 Xb? ] b7 1/E3 N | O, = -MV/J, = -209.1 N/mm’
= 24
=(13b) b? UEJ = 13 bYEI T 12 e m
) y.= 12.mm
%= [2(1 -2 b + 807 ) b? VEI dx = [ x - x%b +1/3 X702 ] b? 1/E3 ] V = -22.22 mm
| O o, = -Mv/J, = -135.8 N/mm’
=(b-b+1 2 1/EJ = 1/3 bYE c u
(b-b+1/3b)b* 1/EI = 1/3 b/bJ ) T, = 3.653 N/mm’
L= 1607 ) b2 1ES dx = [1/3 %% ] b 1/E o, = Vo'+3t = 136, Nimm®
o o

'= 6312. mm°
=(1/3b) b* 1/EJ = 1/3 bYEJ S = 6312.mm

L=["(3xb ) Fo? UEIdx+ [(-1) 8 dx=[32 % ], Fo? 163 +[-x] 6
=(32b) FO*1/E] +(-b) 6 =1/2 FbY/EJ

1= ['(3-3xb ) Fo? UEIdx+ [(1) 6 dx=[3x-32x¢m ] Fo* 1EI +[x] @
=(3b-32b)Fb?1EI +(b) 6 =1/2 FO/EJ

1% = [7(5 -1972 x/b +9/2 x2Ib* ) Fb? 1/EJ dx = [5 x -19/4 X1 +3/2 x/b? ] Fb? 1/E3
=(5b-19/4b+3/2b ) Fb® 1/EJ = 7/4 Fb*/EJ

1% = [2(1/2 x1b +9/2 1% ) Fo? 1/E3 dx = [1/4 X%/ +3/2 xb* | Fb? 1/ES
=(1/4b+32b) Fb> 1/EJ = 7/4 FbY/EJ

1= [°(-1 4872 x/b -1/2 x2Ib* ) Fb® VEJ dx = [- x +3/4 X1 -1/6 x1b? | Fb? 1/E3
=(-b+3/4b-1/6 b ) Fb® 1/EJ =-5/12 Fb’/EJ

1= [2(-1/2 b -1/2 ¥81b* ) Fb? 1/ED dx = [-1/4 X¥1b -1/6 X2 || Fb? 1/E3
=(-1/4b-1/6 b ) Fb’ 1/EJ =-5/12 Fb/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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AZIONI INTERNE 236422 ES>07.xxxx.044 PROCEDIMENTO E RISULTATI 236422 ES>07.xxxx.044
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C 3 Fb C 3 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 236422 ES>07.xxxx.044 PROCEDIMENTO E RISULTATI 236422 ES>07.xxxx.044

Quadro contributi PLV per iperstatica X=H

- M) M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM,M /EIdx
ABb | 0 | -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BAb | © 1/2Fx 0 0 0 0
cbb | © 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | 0 |Fb-3/2Fx+1/2qx°| © 0 0 0
) 0+0 0
HGb | 0 | -1/2Fx-1/2gx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | © 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb | -b -AFb+2Fx  |-Fb/EJ 4Fb*-2Fbx FbYEJ| b , ,
, , , (3+1)Fb’/EJ Xb*/EJ
Elb b 2Fb+2Fx Fb/EJ 2Fb°+2Fbx FbYEJ| b
ECb |-b+x 0 0 0 0 |b*2bx+x’ .
, 0+0 1/3Xb*/EJ
CEb | x 0 0 0 0 X
IAb | bx | 4Fb-5Fx+1/2qx° | 0 |4Fb*-9Fbx+11/2Fx*1/2qx°| 0 |b*-2bx+x’ , .
, , , , | (29/24+0)Fb7/EI| 1/3Xb7/E]
Alb | -x |1/2Fb-4Fx-1/2gx’| O -1/2Fbx+4FX’+1/2qx 0 X
totali 125/24Fb%EJ | 5/3Xb*EJ
iperstatica X=H. -25/8F

Sviluppi di calcolo iperstatica

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

m

b
L= [2(1) 0> eI dx = [ x ]| b 1/EY A= 918 mm’
2 3 J, = 319684. mm*
= 1EJ = bYE u
OLEC b/Jb - J, = 80946. mm*
L= _[2(1) b* VEJ dx = [ x ] b* 1/EI a2 ol ” Y, = 20.95 mm
_ 2 _ s ] T,= 2920.N
=(b) 11 = b X M, = -2248400. Nmm
L% = [2(1 -2 x/b + x2b? ) b* VEI dx = [ x - X% +1/3 X102 ] b 1/E x.= 30.mm
=(b-b+1/3b) b*1/EJ = 1/3 bY/EI y Yn= 55.mm
b u,= 9.mm
L% = 2507 ) b7 /B3 dx = [1/3 xb° | b7 1/ES : Vp = 34.05mm
=-Mv/J, = 239.5 N/mm’
=(1/3b) b* 1/EJ = 1/3 bYEJ I = "MV, mm
b 1 X, = 21.mm
%= [2(1 -2 b + 807 ) b? VEI dx = [ x - x%b +1/3 X702 ] b? 1/E3 ] y.= 41.mm
= 20.05 mm
=(b-b+1 > 1/EJ = 1/3 bJE Ve
(b-b+1730 ) b*1/E) /3b/bJ o, =-Mv/J, = 141. N/mm’
L%%= [2(xé ) b2 1E3 dx = [1/3 0% ] b? 1/E3 Jo t= 10 N/mm?
2 2 2
_ 2 _ 3 N N 0, = V0o +31° = 142.1 N/mm
=(1/3b) b* 1/EJ = 1/3 bYEJ mm 5 SR I T SR - oo

Le=['(a2x) Fo? UEI dx + [2(1) 0 dx=[ax-x2p ] Fo> vEI +[x] 0
=(4b-b)Fp*1/EI +(b) O =4 FbYEI

=Lz +2x ) Fo? UEI dx + [[(-1) 8 ax=[2x+xb ] Fo? 1/E3 +[-x] 6
=(2b+b)Fp?1EI +(-b) 6 =4 FOYEI

1= [(4 -0 b +11/2 x1b” 172 X/ ) Fb® VEJ dx = [4 x 012 X2/ +11/6 x/b2 -1/8 x1b° | Fb* 1/E
=(4b-9/2b+11/6 b-1/8 b ) Fb® 1/EJ = 29/24 Fb*/EJ

10= [*(-1/2 xtb +4 X216 +172 Xb° ) Fb? 1/ED dx = [-1/4 51 +413 1% +1/8 x'1b° | Fb? 1/E

=(-1/4 b +4/3 b +1/8 b ) Fb” 1/EJ = 29/24 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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AZIONI INTERNE 240095 ESZ07.xxxx.061 PROCEDIMENTO E RISULTATI 240095 ES>07.xxxx.061

Ll
D
I——— 1 ® — 1| +
= = LT T
1/2 1/2 5 1/2 5 0 | 0 of 0 1/20 12 l/ZN
= = \ o
H H |
L L] |
e =g = °f E
£ g ] % &1
H H | A C —
B E | X 7
E E \
= 5 \
5 = \
H H |
E E I ° p
° 1 1 =e 5 e ¢
g g | I I : U/‘MMMM
H H |
,, - L
. = q
| 1 | :
H O 0 — 4 3 2
-91/20 S
-
Sch di calcolo i tati
LT Tl F chema di caicolo fperstatico C 3 M, flessione da carichi assegnati
B — 773 BT R
(=] ol 0 0 0 0
S \ of o
| | |
| | |
| | |
| | |
| | |
| | |
| | |
N | | |
: : | | |
g o o o o
' o o ‘ o ‘
| |
| |
| |
| |
| |
o | |
I S | |
o —
(=2
& 41/20 : }
-39/20 A i < of
H \ li 0 0
1 EN
C 3 Fb C 3 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 240095 ESZ07.xxxx.061 PROCEDIMENTO E RISULTATI 240095 ES>07.xxxx.061

Quadro contributi PLV per iperstatica X=H

- M) M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
ABb | © -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BAbL | © 1/2Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCbh | O 0 0 0 0 0
EFb | 0 |-5/2Fb+3Fx-1/2gx}| O 0 0 0
, 0+0 0
FEb | © 2Fx+1/2gx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © Fb-1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb-1/2Fx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 | 1/2Fb-Fx+1/2qx* | © 0 0 0
, 0+0 0
BDb | © -1/2gx 0 0 0 0
IEb | -b -13/2Fb+4Fx | -Fb/EJ 13/2Fb?-4Fbx FbYEJ| b’ , ,
, , , (9/2+1)Fb/EJ Xb*EJ
Elb b 5/2Fb+4Fx Fb/EJ 5/2Fb*+4Fbx Fb¥EJ| b
ECb |-b+x 0 0 0 0 |b*2bx+x° ,
, 0+0 1/3Xb%EJ
CEb | x 0 0 0 0 %
IAb | bx 13/2Fb-7Fx 0 |13/2F0b®-27/2Fbx+7Fx?| 0 |b*2bx+x° , ,
, ,  |(25/12+0)FbY/EI| 1/3Xb/EJ
Alb | x 1/2Fb-7Fx 0 -1/2FbXx+7Fx 0 X
totali 91/12Fb¥EJ | 5/3Xb%EJ
iperstatica X=H. -91/20F

Sviluppi di calcolo iperstatica

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



PROCEDIMENTO E RISULTATI 240095

ES>07.xxxx.061

PROCEDIMENTO E RISULTATI 240095

ES>07.xxxx.061

L= [2(1) 0> eI dx = [ x ]| b 1/EY
=(b)b*1/EJ = bYEJ

L= _[:(1) b® 1/EJ dx = [ x ]z b? 1/EJ
=(b) b’ 1/EI = bYEI

b
L% = [2(1 -2 x/b + x2b? ) b* VEI dx = [ x - X% +1/3 X102 ] b 1/E

=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ
L% = [2(xb? ) b? 1EI dx = [1/3 X702 ] b 1/E
=(1/3b) b* 1/EJ = 1/3 bYEJ

b
%= [2(1 -2 b + 807 ) b? VEI dx = [ x - x%b +1/3 X702 ] b? 1/E3

=(b-b+1/3b) b*1/EJ = 1/3 bYEJ
L%%= [2(xé ) b2 1E3 dx = [1/3 0% ] b? 1/E3
=(1/3b) b* 1/EJ = 1/3 bYEJ

L= ['(132-4 xib ) FO* VEI dx + (1) 0 dx=[1872x 2% ], Fo? /€3 + [ x] 6

=(132b-2b) Fb? 1/EJ +(b) 6 =11/2 FbYEJ

L= 252 +axib ) Fo? UEI dx + [[(-1) 8 ax=[52x+2 % ] Fo?* 1EI +[-x] 8

=(s5;2b+2b) Fb?1/EJ +(-b) 6 =11/2 Fb¥/EJ

b
L= [*(13/2 -27/2 xib +7 516> ) Fb? 1/E dx = [13/2 x -27/4 ¥1b +713 xb* | Fb? 1/E3
o o

=(13/2b-27/4b +7/3b ) Fb* 1/EJ =25/12 Fb’/EJ
10= [°(-1/2 xtb +7 X216 ) Fb? 1/EJ dx = [-1/4 x2b +7/3 x1b? | Fb? 1/E3

=(-1/4b+7/3b) Fb® 1/EJ = 25/12 Fb/EJ

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

12.12.25

m

~54

45

412
418
124
430

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

A= 840. mm

J, = 261182. mm’
J,= 78120. mm*

Yy = 18.55 mm

T,= 3120.N

M, = -1534000. Nmm
X, = 30.mm

Yo = 54.mm

u,= 9.mm

vV, = 3545 mm

o, =-Mv/J, = 208.2 N/mm’

m

X.= 21.mm

o, =-Mv/], = 155.3 N/mm’
1, = 8.671 N/mm’

0, = Vo*+31° = 156.1 N/mm’
S = 4355. mm’®

12.12.25
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AZIONI INTERNE 280947 ESZ07.xxxx.067 PROCEDIMENTO E RISULTATI 280947 ES>07.xxxx.067

LL
D
— i o |
1/2 1/2 EF.' 0 0 N o 67777777776 67777777776
| | H < (=] of
| | H
\ \ | -
| | H
| | H
(=) (=) = o
| | H p b4
= /
‘ ‘ E‘ / A C I vand G
| | H X 7
| | H
| | g\_l' %
H — —
\ \ = = o
| | H = |
| | = | — [
| | H =N ° % \
ol ol Ha =9 g ° F \
| | E‘ E‘g S I EUMMMM }
| | =H = '
H = | L |
\ \ E| = a J |
\ \ = = ‘
0 0H] — 3 3 2 |
I e ]
-11/2 -5/2 -5/12
Schema di calcolo iperstatico
H*>F Tl F P C; M, flessione da carichi assegnati
]
oflo. ___ _ oJo o} T T
\ ol o el o 05} © 0s
| |
| |
| |
| |
| |
| |
| |
| |
| \
[ o —
N o o o o o
[ | o o o
| |
|
|
|
|
|
° \
o X |
S % of A i
& 31/20 0 S |
-29/20 512 . \ ! o °
1 T
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 280947 ESZ07.xxxx.067 PROCEDIMENTO E RISULTATI 280947 ES>07.xxxx.067

Quadro contributi PLV per iperstatica X=H

- M) M, (%) 6 MM, MO | MM, |[MM/EI+6)dx | [XM M /EJdx
ABb | © -1/2Fb+1/2Fx 0 0 0 0
0+0 0
BAbL | © 1/2Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCbh | O 0 0 0 0 0
EFb | 0 |-5/2Fb+3Fx-1/2gx}| O 0 0 0
, 0+0 0
FEb | © 2Fx+1/2gx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | 0 | Fb-3/2Fx+1/2gx° | © 0 0 0
) 0+0 0
HGb | © -1/2Fx-1/2qx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | O 0 0 0 0 0
0+0 0
BDb | © 0 0 0 0 0
IEb | -b -11/2Fb+3Fx  |-Fb/EJ 11/2Fb?-3Fbx FbYEJ| b’ , ,
, , , (4+1)Fb*/EJ Xb%EJ
Elb b 5/2Fb+3Fx Fb/EJ 5/2Fb*+3Fbx Fb¥EJ| b
ECb |-b+x 0 0 0 0 |b*2bx+x° ,
, 0+0 1/3Xb%EJ
CEb | x 0 0 0 0 %
IAb | bx 11/2Fb-6Fx 0 |11/2Fb’-23/2Fbx+6Fx’| 0 |b*2bx+x° , ,
, , (7/4+0)Fb¥EJ | 1/3Xb%EJ
Alb | x 1/2Fb-6Fx 0 -1/2Fbx+6Fx 0 X
totali 27/4Fb%/EJ 5/3Xb*/EJ
iperstatica X=H. -81/20F

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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L= (1) b vEIdx=[ x] b2 T - = 2
Ee=J, x=[x], b LEJ A= 924, mm )
~ 2t s Jaz J,= 296396. mm
=(b)b*1E3 = b /EJb /\ J,= 68112, mm"*
L= [0(1) b vEI dx = [ x ]| b 1/E y,= 30.16 mm
T,= 2880.N
=(b) b’ UEI = bYEJ y
(b) . . M, = -2160000. Nmm
L% = [2(1 -2 x/b + x2b? ) b* VEI dx = [ x - X% +1/3 X102 ] b 1/E Xp= 12.mm
y = -12.
=(b-b+1/3b)b* VEJ = 1/3 bYEI U mm
b Vv, =-30.16 mm
L% = [ (50? ) b2 VEI dx = [13 0% | b2 1/ED G, = -MviJ, = -219.8 Nimm’
o] o
= 24
=(1/3b) b* VEJ = 13 bY/EJ \\% T, X mn
= 10 Y= 10.mm
L= [°(1 -2 x/b + X007 ) b2 VEI dx = [ x - ¥ In? ] b 1 =
n=1J, x/b +x Jdx =] x-x7/b+1/3x7/b" | 'b” 1/EJ s v, =-20.16 mm ,
o 0, = -MV/J, = -146.9 N/mm
=(b-b+1 2 1/EJ = 1/3 bYE c u
(b-b+1/3b)b* 1/EI = 1/3 b/bJ I r = £.029 Nimm?
L= [°(%0? ) b° WEI dx = [1/3 b7 ] b 1/ES 0, = Vo™ +31° = 147.1 N/mm’
° ° mm 2 - 8 & x ¥ S = 4975. mm’

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

L= ['(11/2-3xb ) Fb? VEI dx + (1) 0 dx = [10/2x 312 x%b ] Fb? 1EI + [ x]
=(1212b-32b) Fo’ 1/EJ +(b) 6 =5 FbEJ

1= 252 +3x1b ) Fo? VEI dx + [[(-1) 8 dx=[52x +312 b || Fo? wEd +[-x] 0
=(5/2b+32b) Fb*1/EJ +(-b) 6 =5 FbY/EJ

1= [2(10/2 -23/2 xib +6 X2/ ) Fb? 1/E3 dx = [11/2 x -23/4 X%/ +2 x°/b? ] Fb? 1/E]
=(11/2b-23/4b+2b ) Fb* 1/EJ = 7/4 Fb’/EJ

1X0= [°(-1/2 xtb +6 X212 ) Fb? 1/EJ dx = [-1/4 xb +2 xib* ]| Fb? 1/E3
=(-1/4b+2b) Fb’ 1/EJ = 7/4 FbEJ

@ 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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Quadro contributi PLV per iperstatica X=H

- M) M, (X) 6 MM, MO | MM, |[[M M /EI+6)dx | [XM,M /EIdx
ABb | 0 | -1/2Fx+1/2gx° 0 0 0 0
, 0+0 0
BA b 0 1/2Fx-1/2gx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCb | © 0 0 0 0 0
EFb | © -2Fb+2Fx 0 0 0 0
0+0 0
FEb | © 2Fx 0 0 0 0
FGb | © 1/2gx° 0 0 0 0
, 0+0 0
GFb 0 |-1/2Fb+Fx-1/2gx 0 0 0 0
GHb | © 1/2Fb-1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fx 0 0 0 0
HDb | © 0 0 0 0 0
0+0 0
DHb | © 0 0 0 0 0
DBb | 0 0 0 0 0 0
0+0 0
BDb | 0 0 0 0 0 0
IEb | -b 5Fb+2Fx  |-Fb/EJ| S5Fb’-2Fbx  |FbYEJ| b’ , ,
, , , (4+1)Fb’/EJ Xb*/EJ
Elb b 3Fb+2Fx Fb/EJ| 3Fb’+2Fbx |FbYEJ| b
ECb |-b+x 0 0 0 0 |b*2bx+x’ .
, 0+0 1/3Xb%/EJ
CEb | x 0 0 0 0 X
IAb | bx 5Fb-5Fx 0 |5FB*10Fbx+5Fx’| 0 |b*2bx+x , ,
, , (5/3+0)FbYEJ | 1/3Xb*/EJ
Alb -X -5Fx 0 5Fx 0 X
totali 20/3Fb*/EJ 5/3Xb*/EJ
iperstatica X=H -4F

Sviluppi di calcolo iperstatica
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PROCEDIMENTO E RISULTATI 982088 ESZ07.xxxx.100 PROCEDIMENTO E RISULTATI 982088 ES>07.xxxx.100

>
b
L= [2(1) 0> eI dx = [ x ]| b 1/EY A= 1116, mm?
, = 344933. mm*
,= 113616. mm*

=(b)b*1/EJ = bYEJ

143

J
) J
L= [0(1) b vEI dx = [ x ]| b 1/E / \ Y, = 33.08 mm
T,= 3860. N
=(b) b’ UEI = bYEJ y
(0) . u M, = -2084400. Nmm
L% = [2(1 -2 x/b + x2b? ) b* VEI dx = [ x - X% +1/3 X102 ] b 1/E Xp= 12.mm
= -12.
=(b-b+1/3b) b*1/EJ = 1/3 bY/EJ y U mm
b V,, =-33.08 mm
L% = [2(xb? ) b? 1EI dx = [1/3 X702 ] b 1/E | G, = -Mv/J, = -199.9 N/mm’
= 24
=(13b) b2 VEJ =1/3 bYE] ojr, Xe mm
) 11 y.= 11.mm
L= [°(1 -2 xb + X207 ) b2 UET dx = [ x - /b +1/3 b ] b? 1/E v, = -22.08 mm
’ ’ P’ o = -Mv/J, = -133.4 N/mm’
m =-Mv/J, =-133.
=(b-b+1 2 1/EJ = 1/3 bYE Oc u
(b-b+1/3b)b* 1/EI = 1/3 b/bJ s t= 5.415 N
L%%= [2(xé ) b2 1E3 dx = [1/3 0% ] b? 1/E3 L oo ) 0, = Vo*+31° = 133.8 NImm’
mm 2 - °_@ x5 s’ = 5806. mm°

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

Le=['(52xb) Fo? UEI dx + [(1) 8 dx=[5x-x2b ] Fo> 1EI +[x] 0
=(5b-b)Fb?1/EJ +(b) 6 =5 FbYE

L= ['(3+2xb ) Fo? UEI dx + [[(-1) 8 ax=[3x+x2b] Fo? 1/E3 +[-x] 6
=(3b+b)Fp?1EI +(-b) 6 =5 FbYED

1= [(5-10 x/b +5 xib* ) Fb? 1/EJ dx = [5 x -5 xb +5/3 X/ || Fb? 1/E3
=(5b-5b+5/3b ) Fb® 1/EJ =5/3 Fb/EJ

1= [°(5 X%/ ) Fb? 1/E3 dx = [5/3 xb* | Fb? 1/E
=(5/3b) Fb® 1/EJ =5/3 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



gcerct

d¢

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

(ET)>
Et 1%

w

4/t

(O]

q4¢/1

4z/T V
H

dviee

av
q4v/L
dviee

3 M
dav/ee v av/S

qdv/6T qdv/L

q4 qde/t

dvez /1| advis
90

qde/t

-

1 M

qde/t

\/<

<N

421
=

4¢/T

42/T
a )/

gzt
Aen

H Y/

L a

STAANAY
N e owiw
© ()] o o<} N
or
I — z1k
A
81 67
2199
a5-
d‘H‘n‘x

ST°S0°/2'SIaN ‘OuR|IN Ip 021UDB)I0d ‘ISSOY IUBSARZ 0J|I0pY @
*| 01ZIUI UOD BAIS3P © BSSAAUOD 3s eANisod J| eise g einjeaind
4 e 3 ep ensap e ‘anel oibBanel) NS auoIzas a10L3jUI OqWaT
"S3SI|Al UOA Ip 8U0ISUd) | 8 °1°°0 1U0ISUa) 3] 4 Ul 3Iejodfed

Y0 gleWIOU BUOISUS] BWISSEW B| 3 8U0IZas B||NsS a1ej0de)d
NOSTT =d ‘Wwozg=q

:U0D ‘W Ul lUoISusWIp 8 erenodu sUoIZas e| By 43 aAel) e

" A Ul 3UIBlI0 U0 ZA ISk 8|ed0| ojuawuall “Ag - #x - ?Ap
"21SE 9||au auJa1UI IUoIZe 3|jap ejonb lwwelbelp | asenoel |
"3]SE 3||ap & .INNNJIS B||3P LIRJOdUIA IUOIZEea) a1e|0d[e)
‘oubasIp ul 82ed1YJd 0SISA ouURY S1ep IUOIZeWIoap a IydLeD
Fa=X :auoiznjos ul syoneisiadi luoizeay

GETXXXX"L0ZXSH

V.G1¥¢ INOIZV3d

q | \>>.e
NI
|
=
q
r3="r3
r3="r3
v 1 r3="r3
7 r3=%r3
r3=%r3
r3="r3
r3="r3
a r3 ="r3
r3=%r3
r3=%r3
r3/49- = q/1o-=9-= "9
g T g/4- =b-=7D
g/4-=b-=%%
b a4- = M- =M
4-=*p
b A'NA 4- ="

GETXXXX"L0ZXS3

VSVYO d3d ASA - A'ld
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Schema di calcolo iperstatico
TUETF Tl e C 3 M, flessione da carichi assegnati
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C 3 Fb C 3 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 241574 ESZ07.xxxx.135 PROCEDIMENTO E RISULTATI 241574 ES>07.xxxx.135

Quadro contributi PLV per iperstatica X=W,

M M, (%) ] MM, M, 0 MM, | MM /EJ+B)dx | [XM M, /Eddx
AB b 0 1/2Fb-1/2Fx 0 0 0 0
0+0 0
BA Db 0 -1/2Fx 0 0 0 0
cDb | © 0 0 0 0 0
0+0 0
DCbhb | © 0 0 0 0 0
EFb 0 |-5/2Fb+3Fx-1/2gx°| 0 0 0 0
, 0+0 0
FEb 0 2Fx+1/2gx 0 0 0 0
FGb | © 0 0 0 0 0
0+0 0
GFb | © 0 0 0 0 0
GHb | © 1/2Fx 0 0 0 0
0+0 0
HGb | © -1/2Fb+1/2Fx 0 0 0 0
HDb | © 1/2Fb 0 0 0 0
0+0 0
DHb | © -1/2Fb 0 0 0 0
DBb | 0 | 1/2Fb-Fx+1/2qx* | 0 0 0 0
, 0+0 0
BDb | © -1/2gx 0 0 0 0
IEb 1 -AFb+4Fx -Fb/EJ -4Fb+4Fx -Fb/EJ 1 ,
(-2-1)Fb¥EJ Xb/EJ
Elb -1 4Fx Fb/EJ -4Fx -Fb/EJ 1
ECb | 1-x/b| 5/2Fb-7/2Fx 0 | 5/2Fb-6Fx+7/2Fx’lb | 0 |1-2x/b+x/b’ ,
, ) (2/3+0)Fb%/EJ 1/3Xb/EJ
CEb | -xb Fb-7/2Fx 0 -Fx+7/2Fx%/b 0 x*Ib
IAb |-1+x/b AFD-7/2Fx 0 |-4Fb+15/2Fx-7/2Fx°b| 0 |1-2x/b+x/b° ,
, , , |(-17/12+0)Fb*/EJ|  1/3XbIEJ
Alb | xb -1/2Fb-7/2Fx 0 -1/2Fx-7/2Fx%lb 0 x*/b
totali -15/4Fb/EJ 5/3Xb/EJ
iperstatica X=W¢, 9/4Fb

Sviluppi di calcolo iperstatica
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PROCEDIMENTO E RISULTATI 241574 ESZ07.xxxx.135 PROCEDIMENTO E RISULTATI 241574 ES>07.xxxx.135

L¥=['(1) vesax=[x] 1 i A= 1020. mm?
lag ’ J, = 360241. mm*

b J, = 74448. mm*
=[(1) vesax=[x] e Y, = 29.65mm
X
\
X

=(b) 1/EJ = b/EJ

T

9
=(b) 1/EJ = b/EJ y 340. N

<

=-2419000. Nmm
= 12. mm

= -12. mm

=-29.65 mm

= -Mv/J, = -199.1 N/mm’

.= 24.mm
412 \\/ Y. = 48. mm

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

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

=(v3b) VEI =13 b/EJ

b
L= [2(1 -2 b + 0% ) 1EI dx = [ x-xb +1/3x8p% ] 1/E3 v, = 18.35 mm
On o, =-Mv/J, = 123.2 Nimm’
= - 1 1/E =1 E ’ Y
(b-b+13b) VEI =13 b/bJ I r = 5.456 Njmm?
L= [2(?) vEI dx = [13 X2 ]] V/E N 0w - 0, =Vo"+31" = 123.6 N/mm”
mm 2 - © 9 x 3 S’ = 6662. mm®

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

Lo=['(-4+axib ) FouEIdx + [[(-1) 6 dx=[-4x+2x%b ] Fo1/E3 +[-x] 6
=(-4b+2b)Fb1/EJ +(-b) 6 =-3 FbYEJ

L= [2(-axb ) Fo I dx+ [((1) 6 dx=[-2xm ] Fo /€3 +[x] 6
=(2b)Fb1E) +(b) 6 =-3 FHYEJ

12 = [*(5/2 -6 xib +7/2 X%1b% ) Fb 1/EJ dx = [5/2 x -3 X%/ +7/6 xIb” ] Fb 1/EJ
=(5/2b-3b+7/6b ) Fb 1/EJ = 2/3 Fb’/EJ

10 = [2(- xib +7/2 x2b* ) Fb 1/EJ dx = [-1/2 xb +7/6 x°1b? ]| Fb 1/E3
=(-12b+7/6 b ) Fb 1/EJ = 2/3 Fb’/EJ

10= [°(-4 +15/2 xib -7/2 X¥Ib? ) Fb 1/EJ dx = [-4 x +15/4 X%/b 716 x°Ib? ], Fb 1/E3
=(-4b+15/4b-7/6 b)) Fb 1/EJ =-17/12 Fb’/EJ

1= [2(-1/2 b -712 ¥%1b? ) Fb 1/EJ dx = [-1/4 X1 -716 X*1b? ] Fbo 1/E3
=(-1/4b-7/6 b ) Fb 1/EJ =-17/12 Fb’/EJ
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