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PROCEDIMENTO E RISULTATI 236761

ESZ05.xxxx.007

Quadro contributi PLV per iperstatica X=V,

PROCEDIMENTO E RISULTATI 236761 ES>05.xxxx.007

- M M,(x) MM, MM, | [MM/Eddx |[XM M, /Eddx
AB b 0 |-1/2Fb+Fx-1/29x° 0 0
0 0
BAD 0 1/2gx> 0 0
BChb 0 0 0 0
0 0
CBb 0 0 0 0
CDvV2b | O 0 0 0 0 0
DE b 0 0 0 0
0 0
ED b 0 0 0 0
EF 2b 0 0 0 0
0 0
FE 2b 0 0 0 0
GAb |-b+x 1/2Fb-Fx -1/2Fb*+3/2Fbx-Fx | b%-2bx+x* , ,
, , -1/12Fb%EJ | 1/3XbYEJ
AG b X 1/2Fb-Fx 1/2Fbx-Fx X
FH b 0 -1/2gx° 0 0
, 0 0
HF b 0 | 1/2Fb-Fx+1/2gx 0 0
HI b b-x -Fb -Fb’+Fbx b’-2bx+x* , ,
, -1/2Fb*EJ | 1/3XbYEJ
IHb -X Fb -Fbx X
HG b -b 1/2Fb -1/2Fb’ b , ,
, , -1/2Fb*/EJ Xb%/EJ
GHb b -1/2Fb -1/2Fb b
HG elongazione asta N,,c€clyc -Fb%/EJ
A molla nodo -V, ,(V,,+XV,,)/K, -1/2Fb%EJ | 1/4Xb%/EJ
totali -31/12Fb*/EJ | 23/12Xb%*EJ
iperstatica X=V, 31/23F

Sviluppi di calcolo iperstatica

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

12.12.25

L% = [2(1-2 b + xb? ) b VEI dx = [ x - x¥b +1/3 X% ] b? 1/E3
=(b-b+1/3b) b*1/EJ = 1/3 bYEJ

L% = [2( ) b2 1E3 dx = [1/3 b7 ] b? 1/E3
=(1/3b) b* 1/EJ = 1/3 bEJ

%= (1 -2 xtb + b7 ) b 1/ED dx = [ x - x2b +1/3 xb* | b? 1/E3
=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ

%= [ (50? ) b 13 dx = [1/3 xb* | b7 1/E3
=(1/3b) b* 1/EJ = 1/3 bYEJ

L% =[0(1) b* vEI dx = [ x ]| b 1/E
=(b)b*VEJ = bYEJ

L =[0(1) b eI dx = [ x ] b* 1/E
=(b) b’ VEJ = bYEJ

1%, = [2(-1/2 +872 xJb - X¥1b% ) Fo? 1/E3 dx = [-1/2 x +3/4 X¥Ib -1/3 x1b? ] Fb? 1/E3
=(-1/2b+3/4b-1/3b ) Fb® 1/EJ =-1/12 Fb¥/EJ

1 = [*(1/2 xib - X216 ) Fb? 1E dx = [1/4 %21 -1/3 x1b* | Fb? 1/E
=(1/4b-1/3b) Fb® 1/EJ =-1/12 Fb/EJ

L= J0(-1 + x/b ) Fb* VEJ dx = [- x +1/2 X%Ib ] Fb? 1/E
=(-b+1/2b) Fb’ 1/EJ =-1/2 Fb/EJ

L= (- xib ) Fb? VEI dx = [-1/2 ¥1b || Fb? 1/E
=(-1/2b) Fb® VEJ =-1/2 Fb%EJ

0= (-12) Fo? VBT dx -1 (1) (-1) Fo¥EI = [-12x ] Fb? 1/EJ -1 (-1) (-1) FbYE
=(-1/2b) FO® 1/EJ -1 (-1) (-1) Fb*/EJ =-3/2 Fb*EJ

L6, =[0(-12) Fo* UEJ dx - 1 (1) (1) FbYEd = [-12x]) Fb2 VEJ -1 (-1) (-1) FbYED
=(-12b) Fb® 1EJ -1 (-1) (-1) FbY/EI=-3/2 Fb%EJ

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



PROCEDIMENTO E RISULTATI 236761

ESZ05.xxxx.007

ES>05.xxxx.007

0‘I’|'\
=1.8 Df=1.8
142 E E—%_—_5d F

o

mm o ©

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

A= 106.8 mm’

J, = 32824. mm*

J,= 2333. mm*

J, = 83.98 mm*

Y, =-12.09 mm

Yy = 16.75 mm

T,= 930.N

M, =-283650. Nmm

X, = 12.mm

Y= 42.mm

vV, = 25.25mm

0, = -Mv/J, = 218.2 N/mm’
y.= 2.mm

u, = -12. mm

v, =-14.75 mm

o, =-Mv/J, = 218.2 N/mm?

1,=TSJ, = 15.45 N/mm’
1,=TS/J, = 15.45 N/mm”
t.= 930. mm

0, = Vo*+31° = 219.8 N/mm’

12.12.25

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

12.12.25



G¢eret €T'€0°LZ'SI9A ‘OUB(IN 1P 021UJBYI|0d ‘ISSOY IUB|aABRZ O}|opY ©
dv/€ dv/e
qdv/e
H El
4v/T 4v/T
Q4€2/8T  qd426/56
|\ d€e/8T  dee/8T
d
4€2/8T
q49v/€T
d
—_—
El
a4 E170
dee/1y S
5
dv/T
q4e/1
o]
STOXXXX'G0ZXSH 969566 INOIZV3d

gcercet

€T°€0°/Z'SIaA ‘Oue|I\ Ip 001UDBNI0d ‘ISSOY IUB[SARZ 0J|0pY ©
"'OH eise ns ereubasse 3 voy10ads eolwie) suoizebuolg

g e v ep ensap e ‘anel oibBane.) NS auoizas aI0Lajul OquiaT
"S3SI\ UOA Ip 3uoIsua) | @ °1°0 1uoIsua) 3] 4 Ul a1ejod[eDd

or "o gleWIOU BUOISUS) BWISSEW €| Y 8U0IZ3S B||NS 3Je|0d[ed
N00S =4 ‘WwwT9 =09

:U0D ‘W Ul lUoISUSWIpP 8 erenodu aUOIZas e| ey gy aAel] e
" A U1 3UIBlI0 U0D ZA eIse 8|ed0| ojuawall “Ag - #x - ?Ap
‘A'X 1sse 11Bns auoizaloid ul feunsiw aAIND dlse Ip 1ydued
"g1se 8||au aulaiul 1uoize ajjap elonb (wiwellbelp | a1eoel |
"91Se 9||ap 8 'INNNIIS B||9P LB|OJUIA IUOIZE3) 31e|0d[e)
‘ouBasip Ul 99L21YJ9 0SISA ouURY d)ep IUOIZeWloap 3 IydLed
'A=X :8uoizn|os ul ayoneisiadi luoizeay

ww

o] — A 8y~
03 ="°r3 r3="r3 a/4-=b-="b
3 =°"r3 (3 ="r3 r3="r3 Q/4-=b-=
r3="r3 r3=3 L3y =" a4-=M-='Mm
r3="r3 (3 =%r3 (3/4,0- = 10- =13 4-=°A
d‘H'n'x W q q W q W /M [0
NE
b /// A
-
[5) 1
v
1]
q
b
q
3 4 7
b'ANA

STOXXXX'G0ZXSH

VSVYO d3d ASA - A'ld



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

T=x eonejsiadi ep auoissaly ﬂ H w ad ﬂ H w

1- 1- £2/81-

€¢/8T-

-
26/56-

o

o
©
<
?%WWWWWWWW
S plE

L
S =2
[EREnnnnannRannRaaRRaanRansnanany
K H
£
F
.Lm
=E
“H
H
£
neubasse 1youed ep auoissal °W | E¢/Tv- €2/8T- i
ooelsiadi 0j0d[ed Ip BWAYIS =]
=l
] =
5 =L
. ="
= |
=l
0 =
H_THL
b
\ T
H w
= °
H v
1]
|
[
a H ”
o ol
[
|
[
vIT !
NARR AR AR AR R AR R AR R AR R AR ARR AR AR AR AR RRAARN
3 Z;

4

STOXXXX'G0ZXSH 969566 [LV1TNSIY 3 OLNINIdID0dd STOXXXX'G0ZXSH 969966 ANH3LNI INOIZV




PROCEDIMENTO E RISULTATI 995596

ES>05.xxxx.015

Quadro contributi PLV per iperstatica X=V,

PROCEDIMENTO E RISULTATI 995596

ES>05.xxxx.015

- M M,(x) MM, MM,  |[M M /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+1/2gx 0 0
CDV2b | 0 | 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 |-b+x Fb-2Fx -Fb*+3Fbx-2Fx’ bZ-2bx+x* . .
, , -1/6Fb%EJ | 1/3XbYEJ
AG b X Fb-2Fx Fbx-2Fx X
FHb 0 -3/4Fx 0 0
0 0
HF b 0 3/4Fb-3/4Fx 0 0
HI b b-x |-3/2Fb+Fx-1/2qx*|-3/2Fb*+5/2Fbx-3/2Fx*+1/2qx° | b*-2bx+X* . .
, , , -5/8Fb%/EJ | 1/3XbEJ
IHb -X Fb+1/2gx -Fbx-1/2gx X
HG b -b | 3/4Fb+1/4Fx -3/4Fb’-1/4Fbx b . ,
, , -7/8Fb°/EJ XbYEJ
GHb b -Fb+1/4Fx -Fb“+1/4Fbx b
HG elongazione asta N,,c€clyc -Fb%EJ
A molla nodo -V, ,(V,,+XV,,)/K, -3/4Fb%/EJ | 1/4Xb%EJ
totali -41/12Fb*/EJ| 23/12Xb*/EJ
iperstatica X=V, 41/23F
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25

Sviluppi di calcolo iperstatica

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

12.12.25



PROCEDIMENTO E RISULTATI 995596 ES>05.xxxx.015 PROCEDIMENTO E RISULTATI 995596 ES>05.xxxx.015

b
L% = [2(1-2 b +x8b? ) b? VEI dx = [ x - x%b +1/3 X°/b? ] b? 1/E3

>
=(b-b+1 > 1/EJ = 13 bYE -1, B =1,
(b-b+1/3b)b* VEI =13 b/bJ . LN =T Az 112.8 mm?
L% = [2(x¢ ) b2 13 dx = [1/3 0% ] b? 1/E3 3,= 44156, mm'
J, = 2333. mm
=(3b) b* 1/EJ = 1/3 bYEJ v
( ) ) J,= 85.98 mm*
L= (1 -2 xtb + % ) b 1/E3 dx = [ x - x2b +1/3 xb* | b7 1/E3 y, = 14.07 mm
— _ 2 - 3 Yy= 28.6 mm
(b-b+1/3b)b°1/EI =13 b /bEJ u N s N
%= [ (5% ) b 13 dx = [1/3 b* | b7 1/E3 T,= 500.N
M, = -305000. N
=(13b) b2 1EI = 13 bYE] y x mm
b X, = 12.mm
L =_[Z(1) b* VEJ dx = [ x ] b” 1/EI v, = -28.6 mm
—(b) b’ 1E = bYE a,, = N/A-Mv/J, = -198.6 N/mm’
b y.= 3. mm
L% =[0(1) b vEI dx = [ x ]| b* 1/EY u = -12.mm
V.= -25.6 mm
=(b) b’ 1EI = bYEJ T c
(0) i Ll 6, = NIA-Mv/J, = -198.6 N/mm?
1%, = [0(-1 43 x/b -2 X262 ) Fb? 1/EJ dx = [- x +312 xb -2/3 xb* | Fb? 1/E] Jo E = = 1. =TSTJ, = 6.994 N/mm’
D =TSJ, = 6.994 N/mm’
=(-b+3/2b-2/3b ) Fb* L/EJ =-1/6 FbY/EJ Ta u mm
t. = 500. mm

0, =vo’+31° = 199. N/mm’

L = [*(xb -2 16 ) Fb? 1E dx = [1/2 x21b -213 x1b? | Fb? 1/E mm ° e
=(1/2b-2/3b) Fb* 1/EJ = -1/6 Fb*/EJ
1= [ (812 +5/2 xib -3/2 xCIb? +1/2 xIb° ) Fb? 1/EJ dx
= [-312 x +5/4 x2Ib -1/2 X6 +1/8 x'Ib° | Fb? 1/E3
=(-312b +5/4b-1/2b +1/8 b ) Fb® 1/EJ =-5/8 Fb*/EJ
10= (- xtb -1/2 Xb° ) Fb? 1/ED dx = [-1/2 xb -1/8 x'b° | Fb? 1/ES
=(-1/2b-1/8b ) Fb* 1/EJ =-5/8 Fh%/EJ
LY = ﬁ(-3/4 -1/4 x/b ) Fb* /EJ dx -1 (-1) (-1) Fb%EJ
=[-3a x-1/8 leb]z Fb?1/EJ -1 (-1) (-1) FbY/EJ
=(-3/4b-1/8b ) Fo> 1/EJ -1 (-1) (-1) Fb¥/EJ = -15/8 Fb*/EJ
LY = JZ(-l +1/4 x/b ) Fb* 1/EJ dx -1 (-1) (-1) Fb*/EJ
=[-x+18 xIb ]z Fb? 1/EJ -1 (-1) (-1) FbY/EJ
=(-b+1/8b) Fb’ 1/EJ -1 (-1) (-1) Fb¥EJ =-15/8 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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PROCEDIMENTO E RISULTATI 238395

ES>05.xxxx.027

PROCEDIMENTO E RISULTATI 238395 ES>05.xxxx.027

Quadro contributi PLV per iperstatica X=V,

L% = [2(1-2 b + xb? ) b VEI dx = [ x - x¥b +1/3 X% ] b? 1/E3
=(b-b+1/3b) b*1/EJ = 1/3 bYEJ
L% = [2( ) b2 1E3 dx = [1/3 b7 ] b? 1/E3
=(1/3b) b* 1/EJ = 1/3 bEJ
%= (1 -2 xtb + b7 ) b 1/ED dx = [ x - x2b +1/3 xb* | b? 1/E3
=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ
%= [ (50? ) b 13 dx = [1/3 xb* | b7 1/E3
=(1/3b) b* 1/EJ = 1/3 bYEJ
L% =[0(1) b* vEI dx = [ x ]| b 1/E
=(b)b*VEJ = bYEJ
L =[0(1) b eI dx = [ x ] b* 1/E
=(b) b’ VEJ = bYEJ
1, = [2(-1/2 +5/2 x1b -2 x2Ib* ) Fb? 1/EJ dx = [-1/2 x +5/4 x2Ib -2/3 X°1b? ]| Fb? 1/
=(-1/2b+5/4b-2/3b) Fb® 1/EJ = 1/12 Fb’/EJ
1 = [2(3/2 xib -2 x1b* ) Fb2 1/EJ dx = [3/4 X% -2/3 x°Ib2 ]| Fbo? 1/E3
=(3/4b-2/3b) Fb* 1/EJ = 1/12 Fb¥/EJ
LY, =JZ(-1/2 ) Fo® VEJ dx -1 (-1) (-1) Fb%Ed = [-1/2x ]2 Fb® 1/EJ -1 (-1) (-1) Fb¥/EJ
=(-12b) Fb* UVEJ -1 (-1) (-1) FbYEJ =-3/2 Fb*/EJ
L%, =f;(-1/2 ) Fo® VEJ dx -1 (-1) (-1) Fb*/Ed = [-1/2x ]b Fb? 1/EJ -1 (-1) (-1) FbY/EJ
=(-12b) Fb® 1VEJ -1 (-1) (-1) Fb’/EJ=-3/2 Fb%EJ

- M M, (X) MM, MM,  [[MM/Eddx |[XM, M /Eddx
AB b 0 |-3/2Fb+2Fx-1/2qx° 0 0
0 0
BAD 0 Fx+1/2gx° 0 0
BChb 0 Fx 0 0
0 0
CBb 0 -Fb+Fx 0 0
CDvV2b | O Fb-v2/2Fx 0 0 0 0
DE b 0 0 0 0
0 0
EDb 0 0 0 0
EF 2b 0 -Fx+1/20x%° 0 0
0 0
FE 2b 0 Fx-1/20x%° 0 0
GAb |-b+x 1/2Fb-2Fx -1/2Fb*+5/2Fbx-2Fx? | b*-2bx+x° , ,
, , 1/12Fb*EJ | 1/3XbYEJ
AG b X 3/2Fb-2Fx 3/2Fbx-2Fx X
FHb 0 -1/2Fx 0 0
0 0
HF b 0 1/2Fb-1/2Fx 0 0
Hi b b-x 0 0 b’-2x+x* ,
, 0 1/3Xb*/EJ
IHb -X 0 0 X
HG b -b 1/2Fb -1/2Fb° b , ,
, , -1/2Fb*EJ Xb*/EJ
GHb b -1/2Fb -1/2Fb b
HG elongazione asta N,,c€clyc -Fb*/EJ
A molla nodo -V, ,(V,,+XV,,)/K, -Fb*/EJ 1/4Xb*EJ
totali -29/12Fb*/EJ| 23/12Xb%EJ
iperstatica X=V, 29/23F

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 RISULTAT] 238395

ES>05.xxxx.027

ES>05.xxxx.027
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412
124

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

A= 182.6 mm’
J, = 96241, mm*
J,= 18662. mm*
J, = 157.6 mm*

Y, = 14.34 mm

= 32.77 mm

= 1120.N
=-638400. Nmm

< '@

12. mm

-12. mm
=-32.77 mm
=-MV/J, = -217.4 N/mm®
= 24.mm
=-32.77 mm
o, = -Mv/J, = -217.4 N/mm’
1, = TSI, = 16.47 NImm’
1,=TS/J, = 16.47 NImm”
t.= 560. mm

C

0, = Vo*+31° = 219.2 N/mm’

Y
T
MX
Xm
um
Vm
Om
XC
VC

12.12.25

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

12.12.25
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PROCEDIMENTO E RISULTATI 309819

ES>05.xxxx.036

PROCEDIMENTO E RISULTATI 309819

Quadro contributi PLV per iperstatica X=V,

ES>05.xxxx.036

- M M,(x) MM, MM,  [[MM/Eddx |[XM,M /EJdx
ABb 0 |-Fb+3/2Fx-1/2gx° 0 0
0 0
BAD 0 | 1/2Fx+1/2gx° 0 0
BCb 0 1/2Fx 0 0
0 0
CBb 0 -1/2Fb+1/2Fx 0 0
CcDvV2b | 0 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 b-x | -5/2Fb+3/2Fx |-5/2Fb*+4Fbx-3/2Fx* | b*-2bx+x> , ,
, , -Fb*/EJ 1/3Xb*/EJ
AGDb -X Fb+3/2Fx -Fbx-3/2Fx X
FH b 0 -1/2gx° 0 0
, 0 0
HF b 0 | 1/2Fb-Fx+1/2qx 0 0
HI b -b+x 2Fb-2Fx -2Fb*+4Fbx-2Fx° | b*-2bx+x° , ,
, , -2/3FbYEJ | 1/3XbYEJ
IHb X -2Fx -2FX X
HG b b -5/2Fb -5/2Fb° b’ , ,
, , -5/2Fb*/EJ Xb*/EJ
GHb b 5/2Fb -5/2Fb b
HG elongazione asta N,,c€clyc Fb*/EJ
A molla nodo -V, ,(V,,+XV,,)/K, 1/4Xb*EJ
totali -19/6Fb¥EJ | 23/12Xb%YEJ
iperstatica X=V, 38/23F
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

12.12.25

b
L% = [2(1-2 b + xb? ) b VEI dx = [ x - x¥b +1/3 X% ] b? 1/E3

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

L% = [2( ) b2 1E3 dx = [1/3 b7 ] b? 1/E3

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

b
%= (1 -2 xtb + b7 ) b 1/ED dx = [ x - x2b +1/3 xb* | b? 1/E3

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

%= [ (50? ) b 13 dx = [1/3 xb* | b7 1/E3

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

L% =[0(1) b* vEI dx = [ x ]| b 1/E

=(b)b*VEJ = bYEJ

L =[0(1) b eI dx = [ x ] b* 1/E

=(b) b’ VEJ = bYEJ

b
1, = [2(-5/2 +4 x/b -3/2 x2Ib* ) Fb® 1/EJ dx = [-5/2 x +2 x2Ib -1/2 /% | Fb? 1/

=(-5/2b+2b-1/2b ) Fb® 1/EJ = - Fb’/EJ

b
L =f;(- x/b -3/2 x*Ib” ) Fb® VEJ dx = [-1/2 x%/b -1/2 X1 ]| Fb® 1/E

=(-12b-1/2b ) Fb® 1/EJ =- FbY/EJ

b
1= [0(-2 +4 xtb -2 x2b* ) Fb? 1/E3 dx = [-2 x +2 X¥Ib -2/3 x°/b2 ]| Fb? 1/E3

=(-2b+2b-2/3b ) Fb® VEJ =-2/3 Fb’/EJ

1= [0(-2 %% ) Fb® UED dx = [-2/3 X2 ]| Fb? 1/E3

=(-2/3b) Fb> 1/EJ =-2/3 Fb%EJ

LY, =ﬁ(-5/2 )Fo® VEJdx +1 (-1) (-1) FbY/EJ = [-5/2 x ]Z Fb’ 1/EJ +1 (-1) (-1) Fb*/EJ

=(-5/2b) Fb® 1/EJ +1 (-1) (-1) Fb*/EJ =-3/2 Fb%/EJ

b
LY = j:(-slz )Fo’ VEJdx+1 (-1) (-1) Fo’/EJ=[-5/2x ] Fb’ LEJ +1 (1) (-1) FbYEJ

=(-5/2b) Fb® 1/EJ +1 (-1) (-1) FbY/EJI =-3/2 FbY/EJ

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

12.12.25



PROCEDIMENTO E RISULTATI 309819

ES>05.xxxx.036

ES>05.xxxx.036
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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

= 22.09 mm

= 1170.N
=-374400. Nmm

< '@

12. mm

-12. mm
=-22.09 mm
= -Mv/J, = -207.9 N/mm®
= 24.mm
=-22.09 mm
o, = -Mv/J, = -207.9 N/mm’
1, = TS, = 28.06 N/mm’
1,=TS/tJ, = 28.06 N/mm”
t.= 780. mm

C

0, = Vo*+31° = 213.5 N/mm’

Y
T
MX
Xm
um
Vm
Om
XC
VC

12.12.25

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

12.12.25
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PROCEDIMENTO E RISULTATI 236422

ES>05.xxxx.044

Quadro contributi PLV per iperstatica X=V,

PROCEDIMENTO E RISULTATI 236422 ES>05.xxxx.044

L% = [2(1-2 b + xb? ) b VEI dx = [ x - x¥b +1/3 X% ] b? 1/E3
=(b-b+1/3b) b*1/EJ = 1/3 bYEJ
L% = [2( ) b2 1E3 dx = [1/3 b7 ] b? 1/E3
=(1/3b) b* 1/EJ = 1/3 bEJ
%= (1 -2 xtb + b7 ) b 1/ED dx = [ x - x2b +1/3 xb* | b? 1/E3
=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ
%= [ (50? ) b 13 dx = [1/3 xb* | b7 1/E3
=(1/3b) b* 1/EJ = 1/3 bYEJ
L% =[0(1) b* vEI dx = [ x ]| b 1/E
=(b)b*VEJ = bYEJ
L =[0(1) b eI dx = [ x ] b* 1/E
=(b) b’ VEJ = bYEJ
L, = [2(1/2 -1/2 xib? ) Fb? UEI dx = [1/2 x -1/6 xb | Fb? 1/ES
=(1/2b-1/6 b ) Fb® 1/EJ = 1/3 Fb%/EJ
1 = [*(xb 172 X216 ) Fo? 1E dx = [1/2 x21b -1/6 x1b? | Fb? 1/E
=(1/2b-1/6 b)) Fb* 1/EJ = 1/3 Fb¥/EJ
LY = jj(l/z ) Fb® VEJ dx -1 (-1) (-1) Fb%EJ=[1/2x ]: Fb> 1/EJ -1 (-1) (-1) Fb¥/EJ
=(1/2b) FO® /EJ -1 (-1) (-1) Fb¥EJ =-1/2 Fb*/EJ
LY = j:(1/2 ) Fb® VEJ dx -1 (-1) (-1) Fb%EJ=[1/2x ]b Fb? 1/EJ -1 (-1) (-1) Fb¥/EJ
=(12b) FO® /EJ -1 (-1) (-1) FbYEJ =-1/2 Fb’/EJ

- M M,(x) MM, MM,  |[M M /Eddx | [XM,M /EJdx
AB b 0 |-Fb+3/2Fx-1/29x° 0 0
0 0
BAD 0 | 1/2Fx+1/2gx° 0 0
BChb 0 1/2Fx 0 0
0 0
CBb 0 | -1/2Fb+1/2Fx 0 0
CDV2b | 0 | 1/2Fb-v2/4Fx 0 0 0 0
DE b 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  |[-b+x| -1/2Fb-1/2Fx |1/2Fb*-1/2Fx*|b*2bx+x* , .
, , 1/3FbYEJ | 1/3Xb%/EJ
AG b X Fb-1/2Fx Fbx-1/2Fx X
FH b 0 -1/2gx° 0 0
, 0 0
HF b 0 | 1/2Fb-Fx+1/2qx 0 0
Hi b b-x 0 0 b%-2bx+x° .
, 0 1/3Xb%EJ
Hb X 0 0 X
HG b -b -1/2Fb 1/2Fb° b’ , ,
, , 1/2Fb*/EJ Xb%/EJ
GHb b 1/2Fb 1/2Fb b
HG elongazione asta N,,c€clyc -Fb%/EJ
A molla nodo -V, ,(V,,+XV,,)/K, -1/2Fb%E] | 1/4Xb%EJ
totali -2/3Fb*EJ | 23/12XbYEJ
iperstatica X=V, 8/23F

Sviluppi di calcolo iperstatica

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

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



PROCEDIMENTO E RISULTATI 236422

ES>05.xxxx.044

t=1.8 B 1=1.8
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 99.8 mm’
J, = 21986. mm*
J,= 2333. mm*
J,= 81.65 mm*
Y, = 9.824 mm
Yo = 21.29 mm
T,= 885.N

M, =-247800. Nmm
X, = 12.mm
v

m = -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

C

0, = Vo*+31° = 242.1 N/mm’

12.12.25

ES>05.xxxx.044

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

12.12.25
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PROCEDIMENTO E RISULTATI 237351 ES>05.xxxx.055 PROCEDIMENTO E RISULTATI 237351 ES>05.xxxx.055

b
Quadro contributi PLV per iperstatica X=V, Lo =IS(1 -2xlb + 10" ) b” VEJ dx = [ x - X’Ib +1/3 x’1b” ] | b? 1/E
- MK M, (X) MM, MM,  [JMM/Eddx | [XM M /Eddx =(b-b+1/3b) b*1/EJ = 1/3 bYEJ
b
ABb | 0 “Fb+Fx 0 0 . . L% = [2( ) b2 1E3 dx = [1/3 b7 ] b? 1/E3
BAD 0 Fx 0 0 =(1/3b) b* 1/EJ = 1/3 bEJ
b
BCb 0 Fx 0 0 %= (1 -2 xtb + b7 ) b 1/ED dx = [ x - x2b +1/3 xb* | b? 1/E3
0 0
CBb 0 -Fb+Fx 0 0 =(b-b+1/3b) b* 1/EJ = 1/3 b%EJ
b
CDV2b | 0 | 2Fb-3v2/4Fx 0 0 0 0 L= [(30% ) b2 1ES dx = [1/3 0% ] b 1/E
o o
DE b 0 | 1/2Fb-1/2Fx 0 0 =(1/3b) b* 1/EJ = 1/3 bYEJ
0 0 XX _ r 2 _ b 2
EDb 0 -1/2Fx 0 0 L =J.(1) b* vEIdx = [ x]_ b* 1/E
EF2b | 0 Fx+1/20%° 0 0 =(b)b*VEJ = bYEJ
2 0 0 XX 2 b 2
FE2b | 0 Fx-1/20% 0 0 L =[0(1) b eI dx = [ x ] b* 1/E
GAb  |-b+x Fb-2Fx -Fb*+3Fbx-2Fx" | b*-2bx+x’ =(b) b’ VEJ = bYEJ
-1/6Fb*EJ | 1/3Xb%EJ b
AG b X Fb-2Fx Fbx-2Fx’ X’ 1, = [2(-1 43 xib 2 X162 ) Fb? 1/EJ dx = [- x +312 xb -2/3 xb* | Fb? 1/E
FH b 0 0 0 0 =(-b+32b-2/3b ) Fb® 1/EJ =-1/6 Fb’/EJ
0 0 Xo _ 2,2 2 _ 2 3,210 -, 2
HF b 0 0 0 0 L =J (xb -2%0* ) Fo® 1E3 dx = [1/2 /b -213 X*1b* ] | Fb? 1/ED
HI b b-x 0 0 b?-2bx+x* , =(1/2b-2/3b) Fb* 1/EJ =-1/6 Fb/EJ
, 0 1/3Xb*/EJ y N ,
IHb X 0 0 X LY, =jj(-3/2 x/b +1/2 X’I0> ) Fb® 1/EJ dx - 1 (-1) (-1) FbY/EJ
b
HG b b | 32Fx-12q¢ | -3/2Fbx+1/2FX° b? , , = [-314 X'1b +1/6 x’i* || Fb? L/EJ -1 (-1) (-1) FbYE]
o L, |-7nerpEI| XxbYEd , \ ,
GHb b |-Fb+1/2Fx+1/20X° |-Fo*+1/2Fbx+1/2FX°| b =(-3/4b+1/6b ) Fb? 1/EJ -1 (-1) (-1) Fb¥EJ =-19/12 FbYEJ
HG elongazione asta Ny,c&,cLie -Fb*/EJ LY = ﬁ(-l +1/2 x/b +1/2 X’Ib® ) Fb> VEJ dx - 1 (-1) (-1) Fb¥EJ
b
A molla nodo -V, ,(V,,+XV,,)/K, -3/4Fb%EJ | 1/4Xb*EJ =[-x+va b +1/6 X’1b* ] Fb* L/EJ -1 (-1) (-1) FbYEJ
totali -5/2Fb¥EJ | 23/12XbYEJ =(-b+1/4b+1/6 b ) Fb’ 1/EJ -1 (-1) (-1) FbY/EJ = -19/12 Fb*/EJ
iperstatica X=V, 30/23F

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 237351

ES>05.xxxx.055

@ 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,=-254.6 N

M, = 264000. Nmm
X, = 12.mm
Yo = 43.mm

vV, = 25.81 mm

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

u,= -12. mm

v, =-15.19 mm

o, = NIA-MV/J,, = -197.8 N/mm®
1,=TS/tJ, = 4.104 N/mm’
1,= TS/, = 4.104 N/mm”

t.= 240. mm

(9

0, =Vo*+31° = 198. N/mm’

12.12.25

ES>05.xxxx.055

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

12.12.25
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PROCEDIMENTO E RISULTATI 238072

ESZ05.xxxx.065

Quadro contributi PLV per iperstatica X=V,

PROCEDIMENTO E RISULTATI 238072

- M M,(x) MM, MM,  [[MM/Eddx |[XM, M /EJdx
AB b 0 |-1/2Fb+Fx-1/29x° 0 0
0 0
BAD 0 1/2gx> 0 0
BChb 0 0 0 0
0 0
CBb 0 0 0 0
CDvV2b | O 0 0 0 0 0
DE b 0 0 0 0
0 0
EDb 0 0 0 0
EF 2b 0 0 0 0
0 0
FE 2b 0 0 0 0
GAb |-b+x 12Fb-Fx  |-1/2Fb*+3/2Fbx-Fx* | b%-2bx+x° , ,
, , |-V12FbYEI| 1/3Xb%/EJ
AG b X 1/2Fb-Fx 1/2Fbx-Fx X
FHb 0 Fb-Fx 0 0
0 0
HF b 0 -Fx 0 0
Hi b b-x 0 0 b’-2bx+x* ,
, 0 1/3Xb*/EJ
Hb X 0 0 X
HG b -b Fx-1/29x° -Fbx+1/2FxX° b , .
, , , , -1/3Fb*/EJ Xb*/EJ
GHb b -1/2Fb+1/2qx -1/2Fb"+1/2Fx b
HG elongazione asta N,,c€clyc -Fb*/EJ
A molla nodo -V, ,(V,,+XV,,)/K, -1/2Fb%EJ | 1/4Xb*EJ
totali -23/12Fb*/EJ| 23/12Xb%EJ
iperstatica X=V, F

Sviluppi di calcolo iperstatica

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

L% = [2(1-2 b + xb? ) b VEI dx = [ x - x¥b +1/3 X% ] b? 1/E3
=(b-b+1/3b) b*1/EJ = 1/3 bYEJ

L% = [2( ) b2 1E3 dx = [1/3 b7 ] b? 1/E3
=(1/3b) b* 1/EJ = 1/3 bEJ

%= (1 -2 xtb + b7 ) b 1/ED dx = [ x - x2b +1/3 xb* | b? 1/E3
=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ

%= [ (50? ) b 13 dx = [1/3 xb* | b7 1/E3
=(1/3b) b* 1/EJ = 1/3 bYEJ

L% =[0(1) b* vEI dx = [ x ]| b 1/E
=(b)b*VEJ = bYEJ

L =[0(1) b eI dx = [ x ] b* 1/E
=(b) b’ VEJ = bYEJ

1%, = [2(-1/2 +872 xJb - X¥1b% ) Fo? 1/E3 dx = [-1/2 x +3/4 X¥Ib -1/3 x1b? ] Fb? 1/E3
=(-1/2b+3/4b-1/3b ) Fb® 1/EJ =-1/12 Fb¥/EJ

1 = [*(1/2 xib - X216 ) Fb? 1E dx = [1/4 %21 -1/3 x1b* | Fb? 1/E
=(1/4b-1/3b) Fb® 1/EJ =-1/12 Fb/EJ

LY = jj( xIb +1/2 X’ ) Fb® 1/EJ dx - 1 (-1) (-1) Fb*/EJ
= [-172 X’1b +1/6 1o ]z Fb? 1/EJ -1 (-1) (-1) Fb¥/EJ
=(-12b+1/6b) Fb’ 1/EJ -1 (-1) (-1) Fb¥EJ = -4/3 Fb’/EJ

LY = ﬁ(-l/z +1/2 10> ) Fb® L/EJ dx -1 (-1) (-1) FbY/EJ
=[-172 x +1/6 X’1b? ]Z Fb? 1/EJ -1 (-1) (-1) Fb*/EJ
=(-1/2b+1/6 b)) FO® 1EJ -1 (-1) (-1) Fb*/EJ =-4/3 Fh*EJ

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

ES>05.xxxx.065



PROCEDIMENTO E RISULTATI 238072

ESZ05.xxxx.065

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

A= 119.8 mm’

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

J, = 88.32mm*

Y, = 16.43 mm

Yy = 32.46 mm

T,= -520.N

M, = 364000. Nmm
X, = 12.mm

V., =-32.46 mm

o, =-Mv/J, = 197.2 N/mm’
y.= 3.mm

u,= -12. mm

vV, =-29.46 mm

o, =-Mv/J, = 197.2 N/mm’
1, =TS, = 6.084 N/mm’
1,=TS/tJ, = 6.084 N/mm”
t.= 520. mm

C

0, = Vo*+31° = 197.4 N/mm’

12.12.25

ES>05.xxxx.065

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

12.12.25
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PROCEDIMENTO E RISULTATI 238991

ES>05.xxxx.080

Quadro contributi PLV per iperstatica X=V,

PROCEDIMENTO E RISULTATI 238991 ES>05.xxxx.080

- M M, (X) MM, MM, | [MM/EIdx |[XM M, /Eddx
AB b 0 0 0 0
0 0
BADb 0 0 0 0
BCb 0 0 0 0
0 0
CBb 0 0 0 0
CcDv2b | 0O ~V2/4Fx 0 0 0 0
DE b 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 |-b+x Fb-Fx -Fb*+2Fbx-FX°  |b%2bx+x° , ,
, , -1/3Fb*EJ | 1/3Xb°/EJ
AG b X -Fx -Fx X
FH b 0 1/2Fx-1/2gx° 0 0
0 0
HF b 0 | -12Fx+1/29%° 0 0
Hi b b-x 0 0 b%-2bx+x* ,
, 0 1/3Xb%/EJ
IHb X 0 0 X
HG b -b 3/2Fx-1/2gx° -3/2Fbx+1/2Fx° b? , ,
o , , -7/12Fb%EJ Xb*EJ
GHb b |-Fb+1/2Fx+1/2gx” |-Fb"+1/2Fbx+1/2Fx b
HG elongazione asta N,,c€clyc -Fb%EJ
A molla nodo -V, ,(V,,+XV,,)/K, -1/4Fb%/EJ | 1/4Xb*EJ
totali -13/6Fb%EJ | 23/12Xb%/EJ
iperstatica X=V, 26/23F
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

12.12.25

L% = [2(1-2 b + xb? ) b VEI dx = [ x - x¥b +1/3 X% ] b? 1/E3
=(b-b+1/3b) b*1/EJ = 1/3 bYEJ

L% = [2( ) b2 1E3 dx = [1/3 b7 ] b? 1/E3
=(1/3b) b* 1/EJ = 1/3 bEJ

%= (1 -2 xtb + b7 ) b 1/ED dx = [ x - x2b +1/3 xb* | b? 1/E3
=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ

%= [ (50? ) b 13 dx = [1/3 xb* | b7 1/E3
=(1/3b) b* 1/EJ = 1/3 bYEJ

L% =[0(1) b* vEI dx = [ x ]| b 1/E
=(b)b*VEJ = bYEJ

L =[0(1) b eI dx = [ x ] b* 1/E
=(b) b’ VEJ = bYEJ

L, = [2(-1 +2 xib - xib? ) Fb? VEI dx = [- x + xb -1/3 xb | Fb? 1/E
=(-b+b-1/3b) Fb* 1/EJ =-1/3 Fh%EJ

L = (- %62 ) Fo? 1/E3 ax = [-1/3 xp* | Fb? 1/E
=(-1/3b) Fb? 1/EJ =-1/3 Fb%EJ

L = JZ(-3/2 x/b +1/2 X’I0> ) Fb® 1/EJ dx - 1 (-1) (-1) FbY/EJ
= [-314 xib +1/6 X162 ]] Fb? 1/ED -1 (-1) (1) FbY/EJ
=(-3/4b+1/6b ) Fb’ 1/EJ -1 (-1) (-1) Fb¥EJ =-19/12 Fb*/EJ

Lay, = ﬁ(-l +1/2 x/b +1/2 X’Ib® ) Fb> VEJ dx - 1 (-1) (-1) Fb¥EJ
= [- x +1/4 °Ib +1/6 X*Ib® ]Z Fb®1/EJ -1 (-1) (-1) Fb*/EJ
=(-b+1/4b+1/6 b ) Fb’ 1/EJ -1 (-1) (-1) FbY/EJ = -19/12 Fb*/EJ

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



PROCEDIMENTO E RISULTATI 238991

ES>05.xxxx.080

ES>05.xxxx.080

>
t=1.8 Di=1.8
777777777 ———————— ¢
u
o, o O, Te
18 LM =18
A J c
B
[ee) o w0
© — X (52 ™

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

A= 148 mm’

J, = 47272. mm*

J,= 9072. mm*

J = 130.mm*

Y, = 7.938 mm

Yo = 22.92 mm

T,=-1210. N

M, = 411400. Nmm

Xn = 6.mm

u,= -12. mm

V,, =-22.92 mm

o, =-Mv/J, = 199.5 N/mm’
X, = 18. mm

vV, =-22.92 mm

o, =-Mv/J, = 199.5 N/mm’

1, = TSI, = 25.34 NImm’
1,=TS/J, = 25.34 NImm”
t. = 2420. mm

0, = Vo*+31° = 204.2 N/mm’

12.12.25

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

12.12.25
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PROCEDIMENTO E RISULTATI 955615

ES>05.xxxx.096

Quadro contributi PLV per iperstatica X=V,

PROCEDIMENTO E RISULTATI 955615 ES>05.xxxx.096

- M M, (X) MM, MM, | [MM/EIdx |[XM M, /Eddx
AB b 0 0 0 0
0 0
BADb 0 0 0 0
BCb 0 Fb 0 0
0 0
CBb 0 -Fb 0 0
CcDv2b | 0O Fb-v2/4Fx 0 0 0 0
DE b 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 |-b+x Fb-Fx -Fb*+2Fbx-FX°  |b%2bx+x° , ,
, , -1/3Fb*EJ | 1/3Xb°/EJ
AG b X -Fx -Fx X
FH b 0 1/2Fx-1/2gx° 0 0
0 0
HF b 0 | -12Fx+1/29%° 0 0
Hi b b-x 0 0 b%-2bx+x* ,
, 0 1/3Xb%/EJ
IHb X 0 0 X
HG b -b 3/2Fx-1/2gx° -3/2Fbx+1/2Fx° b? , ,
o , , -7/12Fb%EJ Xb*EJ
GHb b |-Fb+1/2Fx+1/2gx” |-Fb"+1/2Fbx+1/2Fx b
HG elongazione asta N,,c€clyc -Fb%EJ
A molla nodo -V, ,(V,,+XV,,)/K, -1/4Fb%/EJ | 1/4Xb*EJ
totali -13/6Fb%EJ | 23/12Xb%/EJ
iperstatica X=V, 26/23F
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

12.12.25

L% = [2(1-2 b + xb? ) b VEI dx = [ x - x¥b +1/3 X% ] b? 1/E3
=(b-b+1/3b) b*1/EJ = 1/3 bYEJ

L% = [2( ) b2 1E3 dx = [1/3 b7 ] b? 1/E3
=(1/3b) b* 1/EJ = 1/3 bEJ

%= (1 -2 xtb + b7 ) b 1/ED dx = [ x - x2b +1/3 xb* | b? 1/E3
=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ

%= [ (50? ) b 13 dx = [1/3 xb* | b7 1/E3
=(1/3b) b* 1/EJ = 1/3 bYEJ

L% =[0(1) b* vEI dx = [ x ]| b 1/E
=(b)b*VEJ = bYEJ

L =[0(1) b eI dx = [ x ] b* 1/E
=(b) b’ VEJ = bYEJ

L, = [2(-1 +2 xib - xib? ) Fb? VEI dx = [- x + xb -1/3 xb | Fb? 1/E
=(-b+b-1/3b) Fb* 1/EJ =-1/3 Fh%EJ

L = (- %62 ) Fo? 1/E3 ax = [-1/3 xp* | Fb? 1/E
=(-1/3b) Fb? 1/EJ =-1/3 Fb%EJ

L = JZ(-3/2 x/b +1/2 X’I0> ) Fb® 1/EJ dx - 1 (-1) (-1) FbY/EJ
= [-314 xib +1/6 X162 ]] Fb? 1/ED -1 (-1) (1) FbY/EJ
=(-3/4b+1/6b ) Fb’ 1/EJ -1 (-1) (-1) Fb¥EJ =-19/12 Fb*/EJ

Lay, = ﬁ(-l +1/2 x/b +1/2 X’Ib® ) Fb> VEJ dx - 1 (-1) (-1) Fb¥EJ
= [- x +1/4 °Ib +1/6 X*Ib® ]Z Fb®1/EJ -1 (-1) (-1) Fb*/EJ
=(-b+1/4b+1/6 b ) Fb’ 1/EJ -1 (-1) (-1) FbY/EJ = -19/12 Fb*/EJ

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



PROCEDIMENTO E RISULTATI 955615

ES>05.xxxx.096

ES>05.xxxx.096
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

A= 160. mm’

J, = 82754. mm*
J,= 9072. mm*

J, = 134. mm*

Y, = -10.6 mm

Yo = 22.49 mm

N= 297.N

T,= -297.N

M, = 588000. Nmm
X, = 6.mm

Y= 52.mm

u,= -12. mm

V, = 29.51 mm

a,, = N/A-Mv/J, = -207.8 N/mm’
X, = 18.mm

y.= 52.mm

V.= 29.51 mm

a, = N/A-Mv/J,, = -207.8 N/mm?
1, =TS, = 4.575 N/mm’
1,=TS/J, = 4.575 N/mm”
t,= 840. mm

C

0,=vo’+31° = 208. N/mm’

12.12.25

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

12.12.25
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PROCEDIMENTO E RISULTATI 237222 ES>05.xxxx.098 PROCEDIMENTO E RISULTATI 237222 ES>05.xxxx.098

b
Quadro contributi PLV per iperstatica X=V, Lo =IS(1 -2xlb + 10" ) b” VEJ dx = [ x - X’Ib +1/3 x’1b” ] | b? 1/E
M M, (X) MM, MM,  [[MM/Eddx |[XM, M /EJdx =(b-b+1/3b) b* 1/EJ = 1/3 bYEJ
b

AB b 0 |-1/2Fb+Fx-1/2q%° 0 0 L% = [2( ) b2 1E3 dx = [1/3 b7 ] b? 1/E3

0 0
BAD 0 1/2q%° 0 0 =(1/3b) b* 1/EJ = 1/3 bEJ

b

BCb 0 Fb 0 0 %= (1 -2 xtb + b7 ) b 1/ED dx = [ x - x2b +1/3 xb* | b? 1/E3

0 0
CBb 0 -Fb 0 0 =(b-b+1/3b) b* 1/EJ = 1/3 b%EJ

b

CDvV2b | 0 Fb-v2/4Fx 0 0 0 0 %= [ (50? ) b 13 dx = [1/3 xb* | b7 1/E3
DE b 0 | 1/2Fb-1/2Fx 0 0 =(1/3b) b* 1/EJ = 1/3 bYEJ

0 0 XX _ r 2 _ b 2
EDb 0 -1/2Fx 0 0 L =J.(1) b* vEIdx = [ x]_ b* 1/E
EF2b | 0 0 0 0 =(b)b*VEJ = bYEJ

0 0 b
FE2b | 0 0 0 0 L =[0(1) b eI dx = [ x ] b* 1/E
GAb | bx | -32Fb+Fx  |-3/2Fb*+5/2Fbx-FX’ | b*-2bx+X° , , =(b) b’ VEJ = bYEJ

, . |-72F0%Ed | 13Xb°E] § DN, , e 210 2

AG b X 1/2Fb+Fx -1/2Fbx-Fx X 1, = [2(-a/2 +5/2 xJb - X¥1b? ) Fo? 1/E3 dx = [-3/2 x +5/4 X1 -1/3 x1b? | Fb? 1/E3
FH b 0 | 12Fx-1/2q%° 0 0 =(-3/2b+5/4b-1/3b ) Fb® 1/EJ =-7/12 Fb*/EJ

0 0 b
HF b 0 | -1/2Fx+1/2g%° 0 0 L =j2(-1/2 xib -’ ) Fb? 1/E dx = [-1/4 b -1/3 X*/b* | | Fb? 1/E3
HI b -bx 2Fb-2Fx -2Fb*+4Fbx-2Fx* | b?-2bx+x? , , =(-1/4b-1/3b ) Fb® 1/EJ =-7/12 FbY/EJ

, , | -2/3Fb’Ed | 1/3XbYE y N, , 2216 2
IHb X -2Fx -2Fx X 1= [0(-2 +4 xtb -2 x2b* ) Fb? 1/EJ dx = [-2 x +2 X¥1b -2/3 x°/b2 ]| Fb? 1/E3
HG b b | -2Fb+1/2Fx -2Fb*+1/2Fbx b’ , , =(-2b+2b-2/3b ) Fb> 1/EJ =-2/3 Fb¥/EJ
, , | -TaRe’Ed | XbYE y N, e 21b 5
GHb b | 3/2Fb+1/2Fx | -3/2Fb>-1/2Fbx b 1= (-2 xb* ) Fb? 1EI dx = [-2/3 0% ]| Fb? 1/E
HG elongazione asta Ny,c€,cLue Fb/EJ =(-2/3b) Fb* 1EJ =-2/3 Fb%EJ
A molla nodo -V, ,(V,,+XV,,)/k, 1/4Xb%/EJ LY = ﬁ(-z +1/2x/b ) Fb® 1/EJ dx + 1 (-1) (-1) Fb¥EJ
b
totali 2Fb¥EJ | 23/12Xb*/EJ =[-2x+vaxiv] FO? LUEI +1 (-1) (-1) FbUEJ
iperstatica X=V, 24/23F =(-2b+1/4b) Fb’ 1/E] +1 (-1) (-1) Fb*/EJ =-3/4 FbY/EJ

LY = j:(-slz 12 x/b ) Fo® EJ dx + 1 (-1) (-1) FbY/EJ

b
=[-312x-1/4xb ] FO® 1/EJ +1 (-1) (-1) FbYE
Sviluppi di calcolo iperstatica [3/ x -1/ X/b]o b"1/EJ +1 (1) (-1) Fb/EJ

=(-32b-1/4b) Fb> 1/EJ +1 (-1) (-1) Fb¥EJ =-3/4 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



PROCEDIMENTO E RISULTATI 237222

ES>05.xxxx.098

ES>05.xxxx.098

t=1.8 Dt=1.8
-56 EEF—/————— ———————— = |
u
y
Um ‘ﬁ‘ ochc
=1.8 N t=1.8
Jo AE———————4 ¢
B
[ee) o ©0
mm o © — X ) %]

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

A= 164. mm’

J, = 97076. mm*

J, = 9072. mm*
J,= 1353 mm*

Y, = 11.51 mm

Yy = 31.69 mm

N = -800. N

T,= 1600. N

M, = -688000. Nmm
Xn,= 6.mm

u,= -12. mm

V,, =-31.69 mm

o, = NIA-Mv/J, = -229.5 N/mm’
X, = 18.mm

v, =-31.69 mm

a, = N/A-Mv/J,, = -229.5 N/mm?
1, =TS, = 22.56 N/mm’
1,=TS/J, = 22.56 N/mm”

t. = 1600. mm

0, = Vo +31° = 232.8 N/mm’

12.12.25

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

12.12.25
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PROCEDIMENTO E RISULTATI 982088

ES>05.xxxx.100

Quadro contributi PLV per iperstatica X=V,

PROCEDIMENTO E RISULTATI 982088

ES>05.xxxx.100

- M M,(x) MM, MM,  |[M M /Eddx | [XM,M /EJdx
ABb 0 0 0 0
0 0
BAb 0 0 0 0
BCb 0 Fb 0 0
0 0
CBb 0 -Fb 0 0
CDvV2b | 0 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
GAD b-x |-1/2Fb+Fx-1/2gx|-1/2Fb*+3/2Fbx-3/2Fx°+1/2gx° | b*-2bx+x" . .
, , , -1/8Fb*EJ | 1/3Xb%/EJ
AG b -X 1/2gx -1/2gx X
FHb 0 3/2Fx 0 0
0 0
HF b 0 | -3/2Fb+3/2Fx 0 0
HI b -b+x | 5/2Fb-2Fx-1/2gx” | -5/2Fb*+9/2Fbx-3/2Fx*-1/2gx° | b*-2bx+x* . .
, , , , -7/8Fb%EJ | 1/3XbEJ
IHb X -3Fx+1/2gx -3FX +1/2gx X
HG b b -Fb+1/2Fx -Fb®+1/2Fbx b’ . ,
, , -3/4Fb°/EJ XbYEJ
GHb -b | 1/2Fb+1/2Fx -1/2Fb*-1/2Fbx b
HG elongazione asta N,,c€clyc Fb%/EJ
A molla nodo -V, ,(V,,+XV,,)/K, 1/4Xb*EJ
totali -3/4Fb*EJ | 23/12Xb*EJ
iperstatica X=V, 9/23F
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25

Sviluppi di calcolo iperstatica

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

12.12.25



PROCEDIMENTO E RISULTATI 982088 ES>05.xxxx.100

PROCEDIMENTO E RISULTATI 982088

ES>05.xxxx.100

L% = [2(1-2 b +x8b? ) b? VEI dx = [ x - x%b +1/3 X°/b? ] b? 1/E3
=(b-b+1/3b) b*1/EJ = 1/3 bYEJ

L% = [2(x¢ ) b2 13 dx = [1/3 0% ] b? 1/E3
=(1/3b) b* 1/EJ = 1/3 bYEJ

L= (1 -2 xtb + % ) b 1/E3 dx = [ x - x2b +1/3 xb* | b7 1/E3
=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ

%= [ (5% ) b 13 dx = [1/3 b* | b7 1/E3
=(1/3b) b* 1/EJ = 1/3 bYEJ

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

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

1%, = [2(-1/2 4872 x/b 312 x2Ib* +1/2 xIb® ) Fb? 1/EJ dix
= [-1/2 x +314 ¥ 172 X316 +1/8 x'1b° | Fb? 1/E3
=(-1/2b+3/4b-1/2b+1/8 b ) Fb® 1/EJ = -1/8 Fb’/EJ

L = [2(-1/2 1° ) Fb 1/E3 dx = [-1/8 x'1b° ] Fb? 1/E3
=(-/8b) Fb* 1/EJ =-1/8 FbEJ

1= [ (512 +9/2 xib -3/2 x1b” 172 X°Jb° ) Fb® 1/EJ dx
= [-5/2 x +914 xC1b -1/2 X/b -1/8 X'16° ]| Fb? 1/E
=(-5/2b+9/4b-1/2b-1/8 b ) Fb> 1/EJ =-7/8 Fb*/EJ

190= (-3 xb% +1/2 x°Ib* ) Fb? 1/EI dx = [- x¥ib? +1/8 X1 ]| Fb? 1/E
=(-b+1/8b) Fb® 1/EJ =-7/8 Fb’/EJ

L = ﬂ(-1 +1/2 /b ) Fb? /EI dx +1 (-1) (-1) Fb*/EJ
=[-x+14x%p ) Fb2 VED +1 (1) (1) FbYE
=(-b+1/4b) Fb’ 1/EJ +1 (-1) (-1) Fb*EJ=1/4 Fb’/EJ

L% = _[Z(—l/Z /2 x/b ) Fb? VEI dx +1 (-1) (-1) FbY/EJ
=[-v2x-vaxib]) Fo? UEI +1 (1) (-1) FbYEJ
=(-1/2b-1/4b) Fb® 1/EJ +1 (-1) (-1) Fb*EJ = 1/4 Fb’/EJ

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

Gm
t=1.8 Df=1.8
50 E ¢ F

3

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

A= 114.8 mm’

J, = 48377.mm*

J,= 2333. mm*

J,= 86.65 mm*

Y, =-14.74 mm

Yg= 20.3mm

T,= 750.N

M, = 322500. Nmm

X, = 12.mm

Ym = 50.mm

vV, = 29.7 mm

o, = -Mv/J, = -198. N/mm’
y.= 2.mm

u.= -12. mm

V.= -18.3 mm

o, =-Mv/J, = -198. N/mm’
1, =TS, = 9.947 N/mm’
1,=TS/J, = 9.947 NImm”

t. = 500. mm
o, = Vo +31° = 198.8 N/mm’

12.12.25
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PROCEDIMENTO E RISULTATI 237187

ES>05.xxxx.123

Quadro contributi PLV per iperstatica X=V,

- M M, (X) MM, MM, |[MM/Eddx |[XM,M /EJdx

AB b 0 0 0 0

0 0
BAb 0 0 0 0
BChb 0 0 0 0

0 0
CBb 0 0 0 0
CDvV2b | O 0 0 0 0 0
DE b 0 0 0 0

0 0
EDb 0 0 0 0
EF 2b 0 0 0 0

0 0
FE 2b 0 0 0 0
GAb b-x 0 0 b%-2bx+x" ,

, 0 1/3Xb°/EJ

AG b -X 0 0 X
FH b 0 -2Fx-1/2gx° 0 0

0 0
HF b 0 | 5/2Fb-3Fx+1/2gx° 0 0
Hib -b+x 0 0 b*-2ox+x* ,

, 0 1/3Xb*/EJ
Hb X 0 0 X
HG b b |-3/2Fb+2Fx-1/2gx°|-3/2Fb*+2Fbx-1/2Fx*| b’ , ,
, , , -2/3Fb*/EJ Xb*/EJ
GHb -b Fx+1/2gx -Fbx-1/2Fx b
HG elongazione asta N,,c€clyc Fb*/EJ
A molla nodo -V, ,(V,,+XV,,)/K, 1/4Xb*EJ
totali 1/3Fb*EJ | 23/12Xb*/EJ
iperstatica X=V, -4/23F

Sviluppi di calcolo iperstatica

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

12.12.25

PROCEDIMENTO E RISULTATI 237187 ES>05.xxxx.123

L% = [2(1-2 b + xb? ) b VEI dx = [ x - x¥b +1/3 X% ] b? 1/E3
=(b-b+1/3b) b*1/EJ = 1/3 bYEJ
L% = [2( ) b2 1E3 dx = [1/3 b7 ] b? 1/E3
=(1/3b) b* 1/EJ = 1/3 bEJ
%= (1 -2 xtb + b7 ) b 1/ED dx = [ x - x2b +1/3 xb* | b? 1/E3
=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ
%= [ (50? ) b 13 dx = [1/3 xb* | b7 1/E3
=(1/3b) b* 1/EJ = 1/3 bYEJ
L% =[0(1) b* vEI dx = [ x ]| b 1/E
=(b)b*VEJ = bYEJ
L =[0(1) b eI dx = [ x ] b* 1/E
=(b) b’ VEJ = bYEJ
LY = ﬁ(-slz +2 x/b -1/2 X’Ib® ) Fb? /EJ dx + 1 (-1) (-1) Fb*/EJ
= [-3/12 x + ¥°Ib -1/6 X*/b® ]Z Fb? 1/EJ +1 (-1) (-1) Fb*/EJ
=(-32b+b-1/6 b)) Fb’ 1/EJ +1 (-1) (-1) FbY/EJ = 1/3 Fb/EJ
L% = JZ(- x/b -1/2 X’Ib> ) Fo® L/EJ dx + 1 (-1) (-1) Fb*/EJ
= [-1/2 % -1/6 x°ib? || FD? VED +1 (-1) (1) FbY/E
=(-1/2b-1/6b ) Fo? /EJ +1 (-1) (-1) Fb¥/EJ = 1/3 FbY/EJ

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



PROCEDIMENTO E RISULTATI 237187
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Jo AfE——'——c
B

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

A= 181 mm’
J, = 102600. mm*
J,= 16674. mm*
J, = 154.4 mm*

Y, = 14.64 mm

= 33.52 mm
=-1380. N
=-701500. Nmm

< '@

11. mm

-12. mm
=-33.52 mm
= -MV/J, = -229.2 N/mm®
= 23.mm
=-33.52 mm
o, = -Mv/J, = -229.2 N/mm’
1, = TSI, = 19.47 NImm’
1,=TS/J, = 19.47 NImm”
t.= 460. mm

C

0, = Vo*+31° = 231.6 N/mm’

Y
T
MX
Xm
um
Vm
Om
XC
VC

12.12.25

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

12.12.25
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PROCEDIMENTO E RISULTATI 241574 ES>05.xxxx.135 PROCEDIMENTO E RISULTATI 241574 ES>05.xxxx.135

b
Quadro contributi PLV per iperstatica X=V, Lo =IS(1 -2xlb + 10" ) b” VEJ dx = [ x - X’Ib +1/3 x’1b” ] | b? 1/E
M M, (X) MM, MM, | [MM/Eddx |[XM M, /Eddx =(b-b+1/3b) b*1/EJ = 1/3 bYEJ
b
AB b 0 |-1/2Fb+Fx-1/2q%° 0 0 L% = [2( ) b2 1E3 dx = [1/3 b7 ] b? 1/E3
0 0
BAD 0 1/2q%° 0 0 =(1/3b) b* 1/EJ = 1/3 bEJ
b
BCb 0 0 0 0 %= (1 -2 xtb + b7 ) b 1/ED dx = [ x - x2b +1/3 xb* | b? 1/E3
0 0
CBb 0 0 0 0 =(b-b+1/3b) b* 1/EJ = 1/3 b%EJ
b
CDvV2b | 0 0 0 0 0 0 %= [ (50? ) b 13 dx = [1/3 xb* | b7 1/E3
DE b 0 0 0 0 =(1/3b) b* 1/EJ = 1/3 bYEJ
0 0 b
EDb 0 0 0 0 L% =[0(1) b* vEI dx = [ x ]| b 1/E
EF2b | 0 0 0 0 =(b)b*VEJ = bYEJ
0 0 b
FE2b | 0 0 0 0 L =[0(1) b eI dx = [ x ] b* 1/E
GAb | bx | -32Fb+Fx  |-3/2Fb*+5/2Fbx-FX’ | b*-2bx+X° , , =(b) b’ VEJ = bYEJ
, L, | -712FbEd | 13XYE] § DN, , e 210 2
AGb X 1/2Fb+Fx -1/2Fbx-Fx X 1, = [2(-a/2 +5/2 xJb - X¥1b? ) Fo? 1/E3 dx = [-3/2 x +5/4 X1 -1/3 x1b? | Fb? 1/E3
FH b 0 -3Fx 0 0 =(-3/2b+5/4b-1/3b ) Fb® 1/EJ =-7/12 Fb*/EJ
0 0 b
HF b 0 3Fb-3Fx 0 0 L =j2(-1/2 xib -’ ) Fb? 1/E dx = [-1/4 b -1/3 X*/b* | | Fb? 1/E3
Hib | -b+x Fb-Fx -Fb*+2Fbx-FX’ | b®2bx+x’ \ , =(-1/4b-1/3b ) Fb® 1/EJ =-7/12 FbY/EJ
, , | -U3FbYEI | U3XbYE] y SN, , oz g
IHb X -Fx -Fx X L= [*(-1 +2 xtb - b2 ) Fb® UEJ dx = [- x + /b -1/3 xb* | Fb? 1/EJ
o o
HG b b |-3Fb+2Fx-1/2qx” | -3Fb™+2Fbx-1/2Fx | b’ , , =(-b+b-1/3b) Fb> 1/EJ =-1/3 Fb¥/EJ
, , , , | -18/6F0%EY | XbYED y DN, a1
GHb -b | 3/2Fb+Fx+1/29x° | -3/2Fb*-Fbx-1/2FX’| b L= (- %10 ) Fo? 1/E3 dx = [-1/3 xb* | Fb? 1/ES
HG elongazione asta Ny,c€,cLue Fb%/EJ =(-1/3b) Fb® 1VEJ =-1/3 Fb%EJ
A molla nodo -V, ,(V,,+XV,,)/k, 1/4Xb%EJ LY = ﬁ(-s +2x/b -1/2 X’Ib® ) Fb? /EJ dx + 1 (-1) (-1) Fb*/EJ
b
totali -25/12Fb*EJ| 23/12Xb%/EJ =[-8x+x/b-16x0? ]| FO’ LVEJ +1 (-1) (-1) FbY/EJ
iperstatica X=V, 25/23F =(-3b+b-1/6b ) Fb® 1/EJ +1 (-1) (-1) FbY/EJI=-7/6 FbY/EJ

L, = j:(-slz -x/b -1/2 X*/b* ) Fb? VEJ dx + 1 (-1) (-1) Fb¥EJ

b
o . . =[-312 x -1/2 X’Ib -1/6 X*b* | Fb® 1/EJ +1 (1) (-1) Fb¥EJ
Sviluppi di calcolo iperstatica o

=(-3/2b-12b-1/6 b ) Fb? /EJ +1 (-1) (-1) Fb*/EJ=-7/6 FbY/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



PROCEDIMENTO E RISULTATI 241574

ES>05.xxxx.135

49 A e Jc

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

A= 110.2 mm’

J, = 44775. mm*
J,= 1856. mm*
J,= 82.43mm*

Y, = 13.66 mm

Yg= 28.5mm

T,= -480. N

M, = -302400. Nmm
X, = 11.mm

v, = -28.5mm

o, = -Mv/J, = -192.5 N/mm’
y.= 3.mm

u,= -11. mm
V.= -25.5mm

o, = -Mv/J, = -192.5 N/mm’
TC

TQ

tC

=TSJ,= 6.6 N/mm’
=TSTJ, = 6.6 N/mm’
= 160. mm

0, = Vo*+31° = 192.8 N/mm’

12.12.25

ES>05.xxxx.135

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

12.12.25



