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

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [*(3/2 x/b -1/2 x2Ib* ) Fb 1/EJ dx = [3/4 xb -1/6 x*/b? || Fb 1/E3
=(3/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1% = [(1 -1/2 xib -1/2 x81b* ) Fb 1/E3 dx = [ x -1/4 X%/ -1/6 xb | Fb 1/E3
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1 =["(xb) Fb /€3 dx = [12 b | Fb 1/E
=(12b) Fb VEJ = 1/2 FO’/EJ

1% =[0(1-xb ) Fb UEI dx = [ x -1/2 b ], Fb 1/E9
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

1% = [2(1 172 xtb -1/2 x2ib* ) Fb 1/EJ dx = [ x -1/4 x%1b -1/6 x/b? ] Fb 1/E3
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb*/EJ

1 = [*(3/2 xtb -1/2 x2b* ) Fb 1/E3 dx = [3/4 xb -1/6 x°1b? ] Fb 1/E
=(3/4b-1/6b) Fb 1/EJ = 7/12 Fb*/EJ
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%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [*(3/2 x/b -1/2 x2Ib* ) Fb 1/EJ dx = [3/4 xb -1/6 x*/b? || Fb 1/E3
=(3/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1% = [(1 -1/2 xib -1/2 x81b* ) Fb 1/E3 dx = [ x -1/4 X%/ -1/6 xb | Fb 1/E3
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

L8 =L (xb) Fo UEIdx+1 (-1) 1 Fb¥EI=[12x%b ] Fb UEJ +1 (-1) 1 FbYEJ
=(12b)Fb 1/EJ +1 (-1) 1 FO/E] =-1/2 Fb’/EJ

12 =[(1-xb) Fo UEI dx +1 (-1) 1 FbYEI=[ x-1/2x%b ]  Fb 1/EJ +1 (-1) 1 FbYE]
=(b-12b)Fb 1/EJ +1 (-1) 1 FbY/EJ=-1/2 Fb’/EJ

1% = [2(1 -1/2 xtb -1/2 x2ib* ) Fb 1/EJ dx = [ x -1/4 x%1b -1/6 x/b? ] Fb 1/E3
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb*/EJ

1 = [*(3/2 xtb -1/2 x2b* ) Fb 1/E3 dx = [3/4 xb -1/6 x°1b? ] Fb 1/E
=(3/4b-1/6b) Fb 1/EJ = 7/12 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25

ES>02.xxxx.002

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

01.12.25



ES>02.xxxx.002 ES>02.xxxx.002

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25



REAZIONI 239148

ES>02.xxxx.003

2
6Fb

6/5F 6/5F
1/2Fb
F
B

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

712F

01.12.25

AZIONI INTERNE 239148

ES>02.xxxx.003

-1
; -0 1 !% Z ‘ummmmmmmmm
i i \
H as ‘
H X !
H \
H = !
H \
H [
H \
= o |
EH :. }O ]
\
H |
H |
H |
H |
H | A
H A \ 2
i ‘ 2 | 2
RRRRRRRRHRRRRRRRRRAN === 6/5 ____o_ 0
3 A LTI — = E
= g 5
9 N= EH =8
' — = =
— = H
— =H =
= S
o oge—— o AT
-6/5 512
—[t]—¢ Tl e
-
(T T T T T T p=—
o —
00
o o o
0 0o {0 1/2
o \%
\
|
\
|
\
|
© IS
“11/5 _ &
CED ro e
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25



S2'2T'T0 €T'€0°LZ"SI9A ‘OUBJIIN IP 021USY|O ‘ISSOY IUB[SARZ OJjopY @
eonelsiadi ojooed Ip 1ddnjiAs
q4S/TT- Pan=x eonelsiadi
£3/9XE/S C3/,94€/TT 11ejol
37,04 384383381\ eise auoizebuole 3q
0 0 Xbet+adzit- |0 qg3
0 0
0 0 Xbe/T-xd 0 q3g
0 0 X4€- 0 gc 49
0 0
0 0 X4€-049 0 gc a4
0 0 0 0 ac oV
0 0
0 0 0 0 qc vo
0 0 x4-q4 0 q49
0 0
0 0 X4- 0 qod
0 0 0 0 Nxcm\atﬁoﬁ\m\ﬁ 0 aspr 43
Ja1X a/ xd+x2/E X4+042/€ ax aa3
C3/AXE/T | 0A,A4CT/ET
LA X+A/Xe-T | O/ Xd+Xd¢/L-94¢/S X4+Q4¢/S- a/xX+1- q3a
T X4¢/S-94¢/S X4¢/S-q4¢/S T q0d
r3/ax (3/,94v/S
T X4¢/S X4¢/S- T- qas
JAX+A/Xe-T| 4/ X4+X4e¢-a4 X4-q4 a/x-T qad
£3/aXe/t (3/,94€/T
LA ar,x4 X4- arx- qod
0 0 0 0 aqvd
0 0
0 0 0 0 qav
Xpe3/WWX[| Xpea/Wnf| W WIN 0’ W] -

pan=x eaneisiadi 1ad A1d INQLIUOD oipend

2/S-

c/e-

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

.

T=x eonejsiadi ep auoissal | ﬂ H w

a

G2er'10
2/S-  neuBesse youeo ep suoissa) ° ﬂHU
- g
[
[
[
[
[
[
[
[
of
o ofo o
=) o o
OO
o
= e LT

N
T

€00 XXXX"¢0ZS3

8Y16EC ILVLTINSIY 3 OLNINIdID0dd

€00'XXXX"¢0ZS3

8Y16EC ILVLTNSIY 3 OLNINIAID0dd



PROCEDIMENTO E RISULTATI 239148 ES>02.xxxx.003

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

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [2(xb* ) Fb 1/E3 dx = [1/3 xib* ] Fb 1/E
=(13b) Fb 1/EJ = 1/3 Fb/EJ

1% = [(1 -2 xib + xib* ) Fb 1/E3 dx = [ x - xb +1/3 xb* ] Fb 1/E3
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ

1% = [2(5/2 b ) Fb 1/E3 dx = [514 xib | Fb 1/E3
=(5/4b) Fb 1/EJ =5/4 Fb’/EJ

1%, = ['(5/2 -5/2 xib ) Fb 1/E3 dx = [5/2 x -5/4 x1b | Fb 1/EJ
=(5/2b-5/4b) Fb 1/EJ =5/4 Fb’/EJ

1% = [*(5/2 712 xtb + xIb? ) Fb 1/EJ dx = [5/2 x -7/4 X¥Ib +1/3 X*/b? || Fb 1/E3
=(52b-7/4b +1/3b ) Fb 1/EJ = 13/12 Fb’/EJ

1 = ["(3/2 xtb + x2ib* ) Fb 1/E3 dx = [3/4 xb +1/3 xb? ] Fb 1/E3
=(3/4b+1/3b) Fb 1/EJ = 13/12 Fb*/EJ
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PROCEDIMENTO E RISULTATI 238207 ES>02.xxxx.004

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

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [2(xb* ) Fb 1/E3 dx = [1/3 xib* ] Fb 1/E
=(13b) Fb 1/EJ = 1/3 Fb/EJ

1% = [(1 -2 xib + xib* ) Fb 1/E3 dx = [ x - xb +1/3 xb* ] Fb 1/E3
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ

1 =[2(5/2xib ) Fo UEI dx+1 (1) 1 Fb2EI = [5/4x%b ]  Fb 1/EJ +1 (1) 1 FbED
=(5/4b)Fo1/EJ +1 (-1) 1 Fb/EJ = 1/4 Fb/EJ

1% = ['(5/2-5/2xib ) Fb 1/EI dx + 1 (-1) 1 FbY/EJ = [5/2x 5/4x%b | Fb UEJ +1 (-1) 1 FbE
=(5/2b-5/4b) Fb 1/EJ +1 (-1) 1 Fb’/EJ=1/4 Fb’/EJ

1% = ['(5/2 712 xtb + x1b? ) Fb 1/EJ dx = [5/2 x -7/4 X1 +1/3 X*/b? || Fb 1/E3
=(52b-7/4b +1/3b ) Fb 1/EJ = 13/12 Fb’/EJ

1 = ["(3/2 xtb + x2ib* ) Fb 1/E3 dx = [3/4 xb +1/3 xb* ] Fb 1/E3
=(3/4b+1/3b) Fb 1/EJ = 13/12 Fb/EJ
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=(b-b+1/3b) 1/EJ = 1/3 b/EJ
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%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [*(3/2 x/b -1/2 x2Ib* ) Fb 1/EJ dx = [3/4 xb -1/6 x*/b? || Fb 1/E3
=(3/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1% = [(1 -1/2 xib -1/2 x81b* ) Fb 1/E3 dx = [ x -1/4 X%/ -1/6 xb | Fb 1/E3
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

L8 =L (xb) Fo UEIdx+1 (-1) 1 Fb¥EI=[12x%b ] Fb UEJ +1 (-1) 1 FbYEJ
=(12b)Fb 1/EJ +1 (-1) 1 FO/E] =-1/2 Fb’/EJ

12 =[(1-xb) Fo UEI dx +1 (-1) 1 FbYEI=[ x-1/2x%b ]  Fb 1/EJ +1 (-1) 1 FbYE]
=(b-12b)Fb 1/EJ +1 (-1) 1 FbY/EJ=-1/2 Fb’/EJ

1% = [2(1 -1/2 xtb -1/2 x2ib* ) Fb 1/EJ dx = [ x -1/4 x%1b -1/6 x/b? ] Fb 1/E3
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb*/EJ

1 = [*(3/2 xtb -1/2 x2b* ) Fb 1/E3 dx = [3/4 xb -1/6 x°1b? ] Fb 1/E
=(3/4b-1/6b) Fb 1/EJ = 7/12 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25

ES>02.xxxx.012

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

01.12.25



ES>02.xxxx.012 ES>02.xxxx.012

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25



REAZIONI 212151 ES>02.xxxx.013 AZIONI INTERNE 212151 ES>02.xxxx.013

c F - . S
A i g 0 RN
3F o g }
\ B =
H =
H =
E =
| B
g = E
g~ @ 23 o S =)
= S | — o
g =
£ =
E
&
H \%
[T a0 19/40 | = 0
2 2 T He
"t - g
-
E =}
© — s
= — °
= i g
) = TNz
J ISF F -59/40 TLF -1
_F
A B
B [ \E
TF 19/40F 19/{1/%FFb( ,
A [ 'B E o
2F 2F v |/ 19/a0F
J 2Fb 3/2Fb
2F 2F 2F
B '7&
< 223/40F
6F
2F 0 1/2
A
o 7
6F
21/40Fb A F
<[\ 9r40F .\i/ I
Fb
c F F
A _ [0 S g
59/40F 59/40F = S
19/40Fb 21/40Fb aEheia0 o
F F CEY w

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25



G2'¢T'10 €T°€0°L2'SIaA ‘Oue[i Ip 021Ud3N|0d ‘ISSOY IUB|aARZ OJ|0pY ©
eonelsiadi ojooed Ip 1ddnjiAs
0q40%/6T- Ppn=x eonersiadi
(3/aXE/S | 03/,a94v2/6T 11e101
£3/,94- 094323991\ ejse suoizebuojd an
0 0 Xbz/T+adz/1-| 0 qg3
0 0
0 0 >De/T-x4 0 q3g
0 0 X4- 0 qe¢ 49
0 0
0 0 X4-q4¢ 0 qe¢ a4
0 0 0 0 qc oV
0 0
0 0 0 0 qc vo
0 0 X4-04 0 q49
0 0
0 0 X4~ 0 q 94
0 0 0 0 X4S/S/Me 0 qsp 43
JA1X a/xbe/T-xdz/e | Xbz/T-adz/e | a/X qa3
3/AXE/T £3/,948/S
L1, x+0/x2-T | A/ xbg/T+0/ x42/€-0d | XbZ/T+x4-04- | a/x+T-| 9 3a
T X4-04 X4-04 T q2d
£3/9X £3/,94¢/1T
T x4 X4- T- qao
LALX+A/Xe-T a/,x4-a4 X4+04 a/x-T qdd
3/9XE/T [3/,94€/C
LA X a/, X4-x42 X4+04g- | a/x- q0o9
0 0 X4¢-q4¢ 0 qva
0 0
0 0 X4¢- 0 qav
Xpe3/ WWX[| xpra /W[ Ww WIN C0°W W] -

pan=x eaneisiadi 1ad A1d INQLIUOD oipend

ETOXXXX"¢0ZS3

TSTZTZ ILV1TNSIY 3 OLNINIdIDO0dd

G2'¢T'10 €T°€0°L2’SIaA ‘oue[i Ip 021Ud3lI|0d ‘ISSOY IUB|aARZ OJj0pY ©
1- T=X eonelsiadi ep auoissaly *IN ﬂ H w
[N [N
o _ olo o
o (S} o
oo
(=}
0 0
6 o . ooyelsiadi 0j0[ed Ip BWaYIS
T-  njeubesse youeo ep suoissal W ﬂHw .
[N ! N
%
N
at
o

ETOXXXX"¢0ZS3

TSTZTZ ILV1TNSIY 3 OLNINIdID0dd



PROCEDIMENTO E RISULTATI 212151 ES>02.xxxx.013

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

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [2(2 xib - xib? ) Fb UEI dx = [ x1b -1/3 5167 ] Fb 1/E3
=(b-1/3b) Fb 1/EJ = 2/3 Fb*/EJ

L = [(1- X6 ) Fb UEI dx = [ x-1/3 x°b? ] Fb 1/E
=(b-1/3b) Fb 1/EJ = 2/3 Fb*/EJ

L =JZ( x/b ) Fb 1/EJdx+1 (-1) 1 Fb%EJ =[1/2 %%/ ]z Fb1/EJ +1 (-1) 1 Fb¥EJ
=(12b)Fb 1/EJ +1 (-1) 1 FO/E] =-1/2 Fb’/EJ

1 =[(1-xb) Fo UEI dx +1 (-1) 1 FbYEI=[ x-1/2xb ]  Fb 1/EJ +1 (-1) 1 FbYE]
=(b-12b)Fb /EJ +1 (-1) 1 Fb’/EJ=-1/2 Fb’/EJ

1% = [2(1 872 X6 +1/2 x3ib° ) Fb 1/ED dx = [ x -1/2 xb? +1/8 x1b° ] Fb 1/E3
=(b-1/2b+1/8b ) Fb 1/EJ =5/8 Fb’/EJ

1 = ["(3/2 xtb -1/2 x1b° ) Fb 1/E3 dx = [3/4 x8b -1/8 x'1b° ] Fb 1/E
=(3/4b-1/8b) Fb 1/EJ =5/8 Fb/EJ
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PROCEDIMENTO E RISULTATI 238578 ES>02.xxxx.014

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

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [*(3/2 x/b -1/2 x2Ib* ) Fb 1/EJ dx = [3/4 xb -1/6 x*/b? || Fb 1/E3
=(3/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1% = [(1 -1/2 xib -1/2 x81b* ) Fb 1/E3 dx = [ x -1/4 X%/ -1/6 xb | Fb 1/E3
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1 =["(xb) Fb /€3 dx = [12 b | Fb 1/E
=(12b) Fb VEJ = 1/2 FO’/EJ

1% =[0(1-xb ) Fb UEI dx = [ x -1/2 b ], Fb 1/E9
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

1% = [2(1 172 xtb -1/2 x2ib* ) Fb 1/EJ dx = [ x -1/4 x%1b -1/6 x/b? ] Fb 1/E3
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb*/EJ

1 = [*(3/2 xtb -1/2 x2b* ) Fb 1/E3 dx = [3/4 xb -1/6 x°1b? ] Fb 1/E
=(3/4b-1/6b) Fb 1/EJ = 7/12 Fb*/EJ
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PROCEDIMENTO E RISULTATI 995596 ES>02.xxxx.015

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

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [*(3/2 x/b -1/2 x2Ib* ) Fb 1/EJ dx = [3/4 xb -1/6 x*/b? || Fb 1/E3
=(3/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1% = [(1 -1/2 xib -1/2 x81b* ) Fb 1/E3 dx = [ x -1/4 X%/ -1/6 xb | Fb 1/E3
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

L8 =L (xb) Fo UEIdx+1 (-1) 1 Fb¥EI=[12x%b ] Fb UEJ +1 (-1) 1 FbYEJ
=(12b)Fb 1/EJ +1 (-1) 1 FO/E] =-1/2 Fb’/EJ

12 =[(1-xb) Fo UEI dx +1 (-1) 1 FbYEI=[ x-1/2x%b ]  Fb 1/EJ +1 (-1) 1 FbYE]
=(b-12b)Fb 1/EJ +1 (-1) 1 FbY/EJ=-1/2 Fb’/EJ

1% = [2(1 -1/2 xtb -1/2 x2ib* ) Fb 1/EJ dx = [ x -1/4 x%1b -1/6 x/b? ] Fb 1/E3
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb*/EJ

1 = [*(3/2 xtb -1/2 x2b* ) Fb 1/E3 dx = [3/4 xb -1/6 x°1b? ] Fb 1/E
=(3/4b-1/6b) Fb 1/EJ = 7/12 Fb*/EJ
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L% =[2(1-2xb +xb? ) VEIdx= [ x- b +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [2(-1/2 x/b +3/2 X¥1% ) Fb 1/E3 dx = [-1/4 x%1b +1/2 x1b* | Fb 1/E3
=(-1/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ

1% = [7(1 -512 xib +3/2 X216 ) Fb VE dx = [ x -5/4 x¢b +1/2 b | Fb 1/E3
=(b-5/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ

1% = [2(5/2 b ) Fb 1/E3 dx = [514 xb | Fb 1/E3
=(5/4b) Fb 1/EJ =5/4 Fb’/EJ

1%, = [°(5/2 -5/2 xib ) Fb 1/E3 dx = [5/2 x -5/4 x¢1b | Fb 1/EJ
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=(1/2b+1/2b) Fb /EJ = Fb’/EJ
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b
%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
L% =[2(1-2xb +xb? ) VEIdx= [ x- b +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ
b
L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ
b
%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
1% = [2(-1/2 x/b +3/2 X¥1% ) Fb 1/E3 dx = [-1/4 x%1b +1/2 x1b* | Fb 1/E3
=(-1/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ
b
L =j2(1 -5/2 xlb +3/2 X’Ib* ) Fb 1/EJ dx = [ x -5/4 x1b +1/2 X’Ib* ] | Fb 1/EJ
=(b-5/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ
b
L = JZ(s/z xib) Fb UEJdx+1 (-1) 1 FbY/EJ=[5/4x'b] Fb1EI +1 (-1) 1 Fb’/EJ
=(5/4b)Fb1/EJ +1 (-1) 1 Fb/EJ = 1/4 Fb/EJ
L = ['(5/2-5/2x/b ) Fb UEI dx + 1 (-1) 1 FbYEJ = [5/2x-5/4x%b |  Fb U/EJ +1 (-1) 1 FbE
DC o o
=(5/2b-5/4b) Fb 1/EJ +1 (-1) 1 Fb’/EJ=1/4 Fb’/EJ
b
L% = [*(5/2 -4 xtb +3/2 216> ) Fb 1/EJ dx = [5/2 x -2 b +1/2 x°/b° | Fb 1/EJ
o] o]
=(512b-2b+1/2b ) Fb 1/EJ = Fb’/EJ
b
1 = ["( b +312 x2ib? ) Fb 1/E3 dx = [1/2 x8b +1/2 b2 ] Fb 1/E3
=(1/2b+1/2b) Fb /EJ = Fb’/EJ
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%=L ) v dx = [13 2]} VED
=(13b) VEJ = 13 bIEJ

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(u3b) VEI =13 bEJ

1% = [*(3/2 x/b -1/2 x2Ib* ) Fb 1/EJ dx = [3/4 xb -1/6 x*/b? || Fb 1/E3
=(3/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1% = [(1 -1/2 xib -1/2 x81b* ) Fb 1/E3 dx = [ x -1/4 X%/ -1/6 xb | Fb 1/E3
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1% = [ (12 xib* ) Fb 1/E3 dx = [1/6 X167 ] Fb 1/E
=(16b) Fb 1/EJ = 1/6 Fb’/EJ

1% = [2(1/2 - xtb +1/2 %1% ) Fb 1/EI dx = [1/2 x 172 X¥1b +1/6 xb* | Fb 1/E
=(1/2b-1/2b+1/6 b ) Fb 1/EJ = 1/6 Fb’/EJ

1% = [*(1/2 -1/2 x2b* ) Fb 1/E3 dx = [1/2 x-1/6 x°Ib? ] Fb 1/E3
=(1/2b-1/6 b ) Fb 1/EJ = 1/3 Fb’/EJ

1 = ["( b 172 X% ) Fb 1/ED dx = [1/2 X% -1/6 xb ] Fb 1/E3
=(1/2b-1/6b ) Fb 1/E) = 1/3 Fb/E]
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b
%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
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=(b) VEJ = b/EJ
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%=L ) v dx = [13 2]} VED
=(1/3b) 1EJ =13 bEI

%=L (1-2xb +x0* ) UEIdx = [ x-xXb +1/3 X% ], 1/ES
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = bEJ

L% =0(1) vEIax=[x]. vEI
=(b) VEJ = bEJ

%=L (1-2xb +x0* ) UEIdx = [ x-xXb +1/3 X% ], 1/EI
=(b-b+13b) LEJ =1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(u3b) VEI =13 bEJ

1% = [*(xb) Fb 1/£3 dx = [1/2 b ], Fb 1/E9
=(12b) Fb 1/EJ = 1/2 Fb*/EJ

L =['(1-xb ) Fb UEI dx = [ x-1/2 b ]| Fb 1/E3
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

1 =["(xb) Fb /€3 dx = [1/2 b | Fb 1/E
=(12b) Fb YEJ = 1/2 FO’/EJ

1% =[0(1-xb ) Fb UEI dx = [ x-1/2 b ], Fb 1/E3
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

L2 =["(1-xb ) Fb 1/E3 dx = [ x-1/2 X%Ib ], Fb 1/E3
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

1 =["(xb ) Fb 1/E3 dx = [1/2 b ] Fb 1/E
=(1/2b) Fb VEJ = 1/2 FO’/EJ
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%=L ) v dx = [13 2]} VED
=(13b) VEJ = 13 bIEJ

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

L% =0(1) vEIdx=[x]] VEI
=(b) 1/EJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(u3b) VEI =13 bEJ

1% = [*(xb) Fb 1/£3 dx = [1/2 b ], Fb 1/E9
=(12b) Fb 1/EJ = 1/2 Fb*/EJ

L =['(1-xb ) Fb UEI dx = [ x-1/2 b ]| Fb 1/E3
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

L8 =[(xb) Fo UEIdx+1 (-1) 1 Fb¥EI=[12x%b ] Fb UEJ +1 (-1) 1 FbYEJ
=(12b)Fb 1EJ +1 (-1) 1 FO/E] =-1/2 Fb’/EJ

12 =[(1-xb) Fo UEI dx +1 (-1) 1 FbYEI=[ x-1/2xb ]  Fb 1/EJ +1 (-1) 1 FbE]
=(b-12b)Fb 1/EJ +1 (-1) 1 Fb’/EJ=-1/2 Fb’/EJ

L2 =["(1-xb ) Fb 1/EI dx = [ x-1/2X%b ], Fb 1/E3
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

1 =["(xb) Fb 1/E3 dx = [1/2 b ] Fb 1/E
=(1/2b) Fb EJ = 1/2 FO’/EJ
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%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

12 = [2(- xtb +2 X216 ) Fb 1/E3 dx = [-1/2 x2Ib +2/3 xib* | Fb 1/E]
=(-1/2b+2/3b) Fb 1/EJ = 1/6 Fb’/EJ

1% = [(1 -3 x1b +2 b7 ) Fb 1/EJ dx = [ x-3/2 x2Ib +2/3 xb% ]| Fb 1/E3J
=(b-312b+2/3b) Fb 1/EJ = 1/6 Fb’/EJ

1 =[2(3xb ) Fb 1/EI dx = [3/2x2b ]| Fb 1/E3
=(3/2b) Fb 1/EJ = 3/2 Fb’/EJ

1% =['(3-3x/b ) Fb 1/EI dx = [3x -3/2 b ]| Fb 1/E9
=(3b-312b) Fb 1/EJ =3/2 Fb*/EJ

1% = [2(3 -5 x/b +2 I ) Fb 1EI dx = [3 x -5/2 X%/ +2/3 x*/b? | Fb 1/E3
=(3b-5/2b+2/3b ) Fb 1/EJ = 7/6 Fb’/EJ

1 = ["( b +2 x2b? ) Fb 1/E3 dx = [1/2 xb +2/3 X6 ]| Fb 1/E3
=(1/2b+2/3b ) Fb 1/E] = 7/6 Fb%/EJ
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%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

12 = [2(- xtb +2 X216 ) Fb 1/E3 dx = [-1/2 x2Ib +2/3 xib* | Fb 1/E]
=(-1/2b+2/3b) Fb 1/EJ = 1/6 Fb’/EJ

1% = [(1 -3 x1b +2 b7 ) Fb 1/EJ dx = [ x-3/2 x2Ib +2/3 xb% ]| Fb 1/E3J
=(b-312b+2/3b) Fb 1/EJ = 1/6 Fb’/EJ

L =j2(3 x/b ) Fb I/EJdx +1 (-1) 1 Fb¥EJ =[3/2x%b ]z Fb1/EJ +1 (-1) 1 Fb¥EJ
=(3/2b) Fb1/EJ +1 (-1) 1 Fb/EJ=1/2 Fb/EJ

1 =[(3-3xb) Fo UEIdx+1 (-1) 1 Fb¥EI=[3x-32x%b ]  Fb 1/E) +1 (-1) 1 FbYE]
=(3b-32b)Fb 1/EJ +1 (-1) 1 Fb’/EJ = 1/2 Fb’/EJ

1% = ['(3 -5 x/b +2 I ) Fb 1EI dx = [3 x -5/2 X%/ +2/3 x*/b* | Fb 1/E3
=(3b-5/2b+2/3b ) Fb 1/EJ = 7/6 Fb’/EJ

1 = ["( b +2 x2b? ) Fb 1/E3 dx = [1/2 x8b +2/3 X6 ]| Fb 1/E3
=(1/2b+2/3b) Fb 1/EJ = 7/6 Fb*/EJ
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%=L ) v dx = [13 2]} VED
=(1/3b) 1EJ =13 bEI

%=L (1-2xb +x0* ) UEIdx = [ x-xXb +1/3 X% ], 1/ES
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = bEJ

L% =0(1) vEIax=[x]. vEI
=(b) VEJ = bEJ

%=L (1-2xb +x0* ) UEIdx = [ x-xXb +1/3 X% ], 1/EI
=(b-b+13b) LEJ =1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(u3b) VEI =13 bEJ

1% = [*(xb) Fb 1/£3 dx = [1/2 b ], Fb 1/E9
=(12b) Fb 1/EJ = 1/2 Fb*/EJ

L =['(1-xb ) Fb UEI dx = [ x-1/2 b ]| Fb 1/E3
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

1 =["(xb) Fb /€3 dx = [1/2 b | Fb 1/E
=(12b) Fb YEJ = 1/2 FO’/EJ

1% =[0(1-xb ) Fb UEI dx = [ x-1/2 b ], Fb 1/E3
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

L2 =["(1-xb ) Fb 1/E3 dx = [ x-1/2 X%Ib ], Fb 1/E3
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

1 =["(xb ) Fb 1/E3 dx = [1/2 b ] Fb 1/E
=(1/2b) Fb VEJ = 1/2 FO’/EJ
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%=L ) v dx = [13 2]} VED
=(13b) VEJ = 13 bIEJ

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

L% =0(1) vEIdx=[x]] VEI
=(b) 1/EJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(u3b) VEI =13 bEJ

1% = [*(xb) Fb 1/£3 dx = [1/2 b ], Fb 1/E9
=(12b) Fb 1/EJ = 1/2 Fb*/EJ

L =['(1-xb ) Fb UEI dx = [ x-1/2 b ]| Fb 1/E3
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

L8 =[(xb) Fo UEIdx+1 (-1) 1 Fb¥EI=[12x%b ] Fb UEJ +1 (-1) 1 FbYEJ
=(12b)Fb 1EJ +1 (-1) 1 FO/E] =-1/2 Fb’/EJ

12 =[(1-xb) Fo UEI dx +1 (-1) 1 FbYEI=[ x-1/2xb ]  Fb 1/EJ +1 (-1) 1 FbE]
=(b-12b)Fb 1/EJ +1 (-1) 1 Fb’/EJ=-1/2 Fb’/EJ

L2 =["(1-xb ) Fb 1/EI dx = [ x-1/2X%b ], Fb 1/E3
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

1 =["(xb) Fb 1/E3 dx = [1/2 b ] Fb 1/E
=(1/2b) Fb EJ = 1/2 FO’/EJ
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PROCEDIMENTO E RISULTATI 212625 ES>02.xxxx.026

%=L ) v dx = [13 2]} VED
=(13b) VEJ = 13 bIEJ

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [*(3/2 x/b -1/2 x2Ib* ) Fb 1/EJ dx = [3/4 xb -1/6 x*/b? || Fb 1/E3
=(3/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1% = [(1 -1/2 xib -1/2 x81b* ) Fb 1/E3 dx = [ x -1/4 X%/ -1/6 xb | Fb 1/E3
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1 =["(xb) Fb /€3 dx = [12 b | Fb 1/E
=(12b) Fb VEJ = 1/2 FO’/EJ

1% =[0(1-xb ) Fb UEI dx = [ x -1/2 b ], Fb 1/E9
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

12 = [2(1 172 x/b - X¥1b? +1/2 Xb° ) Fb 1/EJ dx = [ x -1/4 X¥Ib -1/3 xib® +1/8 xIb* ] Fb 1/E3
=(b-1/4b-1/3b +1/8b ) Fb 1/EJ = 13/24 Fb’/EJ

L = ['( b +1/2 ¥1b? -1/2 1™ ) Fb 1/EJ dx = [1/2 X¥1b +1/6 xIb? -1/8 x'1b° ] Fb 1/E3
=(1/2b+1/6b-1/8b ) Fb 1/EJ = 13/24 Fb’/EJ
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PROCEDIMENTO E RISULTATI 238395 ES>02.xxxx.027

b

%=L ) v dx = [13 2]} VED

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

b

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

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

b

L% =0(1) vEIdx=[x]] VEI

=(b) VEJ = b/EJ

b

L% =0(1) vEIax=[x]. vEI

=(b) 1/EJ = b/EJ

b

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3

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

b

%= ["(50?) v dx = [13 b2 )] VED

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

b

1% = [*(3/2 x/b -1/2 x2Ib* ) Fb 1/EJ dx = [3/4 xb -1/6 x*/b? || Fb 1/E3

=(3/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

b

L =j2(1 -1/2 xlb -1/2 X'Ib® ) Fb L/EJ dx = [ x -1/4 X’/ -1/6 x°/b* | Fb 1/E

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

b

L8 =L (xb) Fo UEIdx+1 (-1) 1 Fb¥EI=[12x%b ] Fb UEJ +1 (-1) 1 FbYEJ

=(12b)Fb 1/EJ +1 (-1) 1 FO/E] =-1/2 Fb’/EJ

b

12 =[(1-xb) Fo UEI dx +1 (-1) 1 FbYEI=[ x-1/2x%b ]  Fb 1/EJ +1 (-1) 1 FbYE]

=(b-12b)Fb 1/EJ +1 (-1) 1 FbY/EJ=-1/2 Fb’/EJ

b
L% = (1 -1/2 xtb - 16 +1/2 X1 ) Fb W/ED dx = [ x -1/4 ¥/ -1/3 X% +1/8 x'1b* | Fb 1/E
o] o]
=(b-1/4b-1/3b +1/8 b ) Fb 1/EJ = 13/24 Fb’/EJ
b
L% = [*(xib +1/2 516> 112 x%/6° ) Fb 1/EJ dx = [1/2 b +1/6 x°/b? -1/8 x“1b° | Fb 1/E3
[e] o
=(1/2b+1/6b-1/8b ) Fb 1/EJ = 13/24 Fb’/EJ
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1% = [2(5/2 b ) Fb 1/E3 dx = [514 xb | Fb 1/E3
=(5/4b) Fb 1/EJ =5/4 Fb’/EJ
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PROCEDIMENTO E RISULTATI 238135 ES>02.xxxx.032

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

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [2(xb* ) Fb 1/E3 dx = [1/3 xib* ] Fb 1/E
=(13b) Fb 1/EJ = 1/3 Fb/EJ

1% = [(1 -2 xib + xib* ) Fb 1/E3 dx = [ x - xb +1/3 xb* ] Fb 1/E3
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ

1 = [(3/2 xib +1/2 X216 ) Fb 1/EJ dx = [3/4 x21b +1/6 x*/b? . Fb 1/E3
=(3/4b+1/6 b ) Fb 1/EJ = 11/12 Fb’/EJ

1% = [2(2 -5/2 xtb +1/2 X%Ib* ) Fb 1/EJ dx = [2 x -5/4 x2b +1/6 xib* ] Fb 1/EJ
=(2b-5/4b+1/6b) Fb 1/EJ = 11/12 Fb’/EJ

12 = [2(2 -3 x/b + x2b* ) Fb 1/EJ dx = [2 x -3/2 x2b +1/3 x1b? | Fb 1/E]
=(2b-3/2b+1/3b ) Fb 1/EJ =5/6 Fb’/EJ

120 = ["( b + %16 ) Fb VEJ dx = [1/2 X¥Ib +1/3 X167 ] Fb 1/E
=(1/2b+1/3b) Fb U/EJ =5/6 FbY/EI
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b
%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
L% =[2(1-2xb +xb? ) VEIdx= [ x- b +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ
b
L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ
b
%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
1% = [2(xb* ) Fb 1/E3 dx = [1/3 xib* ] Fb 1/E
=(13b) Fb 1/EJ = 1/3 Fb/EJ
L = [(1 -2 x/b + X6 ) Fb VEI dx = [ x - /b +1/35%b° ] Fb 1/EJ
cB ~ Jo o
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ
Ly = J:(s/z x/b +1/2 x*I0> ) Fb 1/EJ dx + 1 (-1) 1 Fb’/EJ
b
= [3/4 %0 +1/6 x°b* ] Fb 1/EI +1 (-1) 1 Fb’EJ
=(3/4b+1/6b) Fb 1/EJ +1 (-1) 1 Fb’/EJ =-1/12 Fb*/EJ
1% = ['(2 512 xib +1/2 x2Ib* ) Fb 1/EJ dx + 1 (1) 1 FbYEJ
b
=[2x-5/4 %0 +1/6 X’I° ] _FD 1EJ +1 (-1) 1 Fb’/E
=(2b-5/4b+1/6b ) Fb 1/EJ +1 (-1) 1 Fb’/EJ=-1/12 Fb’/EJ
b
12 = [(2 -3 x1b + xIb* ) Fb 1/E3 dx = [2 x -3/2 x2Ib +1/3 Xb% ] Fb 1/E3
=(2b-3/2b+1/3b ) Fb 1/EJ =5/6 Fb’/EJ
b
12 = ["( b + X% ) Fb UED dx = [1/2 X¥Ib +1/3 X167 ] Fb 1/E
=(1/2b+1/3b) Fb 1/EJ =5/6 Fb’/EJ
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PROCEDIMENTO E RISULTATI 236818 ES>02.xxxx.034

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

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [2(-1/2 x/b +3/2 X¥1% ) Fb 1/E3 dx = [-1/4 x%1b +1/2 x1b* | Fb 1/E3
=(-1/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ

1% = [7(1 -512 xib +3/2 X216 ) Fb VE dx = [ x -5/4 x¢b +1/2 b | Fb 1/E3
=(b-5/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ

1% = [2(5/2 b ) Fb 1/E3 dx = [514 xb | Fb 1/E3
=(5/4b) Fb 1/EJ =5/4 Fb’/EJ

1%, = [°(5/2 -5/2 xib ) Fb 1/E3 dx = [5/2 x -5/4 x¢1b | Fb 1/EJ
=(5/2b-5/4b ) Fb 1/EJ =5/4 Fb’/EJ

12 = [[(5/2 -4 xtb +372 X2J6> ) Fb 1/E3 dx = [5/2 x -2 x2Ib +1/2 x1b* | Fb 1/E3
=(512b-2b+1/2b ) Fb 1/EJ = Fb’/EJ

12 = ["( b +312 ¥21b* ) Fb 1/E3 dx = [1/2 xb +1/2 xb2 ]| Fb 1/E3
=(1/2b+1/2b) Fb /EJ = Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25

ES>02.xxxx.034

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

01.12.25



ES>02.xxxx.034 ES>02.xxxx.034

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25



REAZIONI 210192

ES>02.xxxx.035

G F
AV
T 6Fb
6Fb |
112F &
v (2]
¢ w
11/2F s
=
3F
A B
B —— ——E
3/5F
A /\\B E
3F NES w |t/ 3i5F
1/2Fb Fb
F 712F
B
3/5F
™1 1i2Fb
11/2F
4
712F
8/5Fb
K0\ 3/5F
3 D
11/2F F
1/10Fb A

NN .\i/': ]
c )
c N\ F

"/ 3I5F
9/10Fb
5/2F

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

3/5F \}
8/5Fb
5/2F

01.12.25

AZIONI INTERNE 210192

ES>02.xxxx.035

-1

D o | '}é ‘ummmmmmmmmm
£ X | \
! < |
- == | D
B \ ——
: | =
H | —
H o | E
El E I° =
g w —
H ! —
H ! ——
H I —
| =
5 ) [ == 2
H ‘ e | - P
RO = ———— [ 2 ol — o %
3 3 -3/5 — - g
— E £
— g £
— g i
g N= wH wlf
. ~NE= o oH
—| g £
— g £
— 8 £
= & NNANIRRIANT
—[t]—¢ i Tl e I
B
B
00
0 12 {0 ¢
7777777777 <
3
|
gl ©
SLemo_ P
CHED w -8/5
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25



G¢'¢T'10 €T'€0°LZ'SI9A ‘OUB(IN 1P 021UJBYI|0d ‘ISSOY IUB|aABRZ O}|opY ©
eoleIsiadi 0jooed Ip 1ddnjing
q40T7/6- Pan=x eonelsiadi
r3/aXe/s r3/,94¢/€ lejol
3/,04- 99A939TN g)se auoizebuold an
0 0 0 0 qg3
0 0
0 0 0 0 g3d
0 0 X4€- 0 gc 49
0 0
0 0 X4€-049 0 gc a4
0 0 0 0 ac oV
0 0
0 0 0 0 qc vo
0 0 x4-q4 0 q49
0 0
0 0 X4- 0 q9o4
0 0 0 0 Nx_oN\H+xu_oH\m\§ 0 qsp 43
AX a/,Xde/e+x4 X4¢/e+a4 arx qag
r3/axern r3/,94
LAIX+A/XC-T | A/, X4e/E+XdV-04¢/S | XHC/€+ade/S- | A/X+T- q3a
T X4¢/S-94¢/S X4¢/S-q4¢/S T q0od
£3/9X (3/,94v/S
T X4¢/S X4¢/S- T- qas
LX+A/X-T| a/,Xd4¢/€+Xd4¢/S-04 x4¢/e-q4 ax-1 qdo
r3/axern [3/,94v/T
JA1X a/,Xd4¢/e+X4¢/1- Xd4¢/e-a4¢/T asx- qod
0 0 Xbet+adzit- | 0 qvdg
0 0
0 0 Xbe/T-xd 0 qgav
XpeI/WWX[| Xpea/WN[| W W 0’ W] -

pan=x eaneisiadi 1ad A1d INQLIUOD oipend

G2'¢T'T0
2/S-  neuBesse youeo ep suoissa) ° H
g 0w CHo
N |
[
[
[
[
[
|
e
: N
—_— —_
0 o ot S
o o o
fole2}
o
o

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

1- T=X eanelsiadi ep auoissa) *IN ﬂ H w
KR
0 o[ o o
oo
0 o°

N

GEOXXXX"¢0ZSH

¢6T0T¢ ILV1TNSIY 3 OLNINIdID0dd

GEOXXXX"¢0ZS3

¢6T0T¢ ILV1TNSIY 3 OLNINIdID0dd




PROCEDIMENTO E RISULTATI 210192 ES>02.xxxx.035

b
%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
L% =[2(1-2xb +xb? ) VEIdx= [ x- b +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ
b
L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ
b
%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
1% = [2(-1/2 x/b +3/2 X¥1% ) Fb 1/E3 dx = [-1/4 x%1b +1/2 x1b* | Fb 1/E3
=(-1/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ
b
L =j2(1 -5/2 xlb +3/2 X’Ib* ) Fb 1/EJ dx = [ x -5/4 x1b +1/2 X’Ib* ] | Fb 1/EJ
=(b-5/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ
b
L = JZ(s/z xib) Fb UEJdx+1 (-1) 1 FbY/EJ=[5/4x'b] Fb1EI +1 (-1) 1 Fb’/EJ
=(5/4b)Fb1/EJ +1 (-1) 1 Fb/EJ = 1/4 Fb/EJ
L = ['(5/2-5/2x/b ) Fb UEI dx + 1 (-1) 1 FbYEJ = [5/2x-5/4x%b |  Fb U/EJ +1 (-1) 1 FbE
DC o o
=(5/2b-5/4b) Fb 1/EJ +1 (-1) 1 Fb’/EJ=1/4 Fb’/EJ
b
L% = [*(5/2 -4 xtb +3/2 216> ) Fb 1/EJ dx = [5/2 x -2 b +1/2 x°/b° | Fb 1/EJ
o] o]
=(512b-2b+1/2b ) Fb 1/EJ = Fb’/EJ
b
1 = ["( b +312 x2ib? ) Fb 1/E3 dx = [1/2 x8b +1/2 b2 ] Fb 1/E3
=(1/2b+1/2b) Fb /EJ = Fb’/EJ
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%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [2(-5/2 x/b +712 X¥16 ) Fb 1/E3 dx = [-5/4 x%1b +7/6 x1b* | Fb 1/E
=(-5/4b+7/6 b)) Fb 1/EJ =-1/12 Fb’/EJ

1% = [7(1-912 xib +7/2 X216 ) Fb VED dx = [ x -9/4 xCb +7/6 xb* | Fb 1/E3
=(b-9/4b+7/6b) Fb 1/EJ = -1/12 Fb’/EJ

1% = [2(972 b ) Fb 1/E3 dx = [9/4 xib | Fb 1/E3
=(9/4b) Fb 1/EJ = 9/4 Fb’/EJ

1%, = [*(or2 -9/2 xib ) Fb 1/E3 dx = [9/2 x -9/4 x¢b | Fb 1/EJ
=(9/2b-9/4b) Fb 1/EJ = 9/4 Fb’/EJ

12 = [*(9/2 -8 xtb +772 X2Jb> ) Fb 1/E3 dx = [9/2 x -4 x21b +7/6 x1b* | Fb 1/E3
=(92b-4b+7/6 b ) Fb 1/EJ =5/3 Fb’/EJ

1 = ["( b +712 x21b* ) Fb 1/E3 dx = [1/2 xb +7/6 xb* ]| Fb 1/E3
=(12b+7/6b) Fb 1/EJ =5/3 FbY/E
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b
%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
L% =[2(1-2xb +xb? ) VEIdx= [ x- b +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ
b
L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ
b
%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
1% = [2(-5/2 x/b +712 X¥16 ) Fb 1/E3 dx = [-5/4 x%1b +7/6 x1b* | Fb 1/E
=(-5/4b+7/6 b)) Fb 1/EJ =-1/12 Fb’/EJ
b
L =j2(1 -9/2 xlb +7/2 X°Ib* ) Fb 1/EJ dx = [ x -9/4 x1b +7/6 X’Ib* ] | Fb 1/EJ
=(b-9/4b+7/6b) Fb 1/EJ = -1/12 Fb’/EJ
b
L = JZ(9/2 xib) Fb UEJdx +1 (-1) 1 FbY/EJ=[9/4x’b] Fb1/EI +1 (-1) 1 Fb’/EI
=(9/4b)Fo1/EJ +1 (-1) 1 Fb/EJ=5/4 Fb’/EJ
L = [*(9/2 92 x/b ) Fb UET dx + 1 (-1) 1 FbYEJ = [9/2x-9/4x%b |  Fb U/EJ +1 (-1) 1 FbE
DC o o
=(9/2b-9/4b) Fb 1/EJ +1 (-1) 1 Fb’/EJ=5/4 Fb’/EJ
b
L% = [*(9r2 -8 xtb +7/2 X1 ) Fb 1/EJ dx = [9/2 x -4 /b +7/6 x°/b° | Fb 1/EJ
o] o]
=(92b-4b+7/6 b ) Fb 1/EJ =5/3 Fb’/EJ
b
L = ["( b +712 ¥21b? ) Fb 1/E3 dx = [1/2 xb +7/6 xb* ]| Fb 1/E3
=(1/2b+7/6 b ) Fb 1/EJ =5/3 Fb*/EJ
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%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [2(-1/2 x/b +3/2 X¥1% ) Fb 1/E3 dx = [-1/4 x%1b +1/2 x1b* | Fb 1/E3
=(-1/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ

1% = [7(1 -512 xib +3/2 X216 ) Fb VE dx = [ x -5/4 x¢b +1/2 b | Fb 1/E3
=(b-5/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ

1% = [2(5/2 b ) Fb 1/E3 dx = [514 xb | Fb 1/E3
=(5/4b) Fb 1/EJ =5/4 Fb’/EJ

1%, = [°(5/2 -5/2 xib ) Fb 1/E3 dx = [5/2 x -5/4 x¢1b | Fb 1/EJ
=(5/2b-5/4b ) Fb 1/EJ =5/4 Fb’/EJ

12 = [[(5/2 -4 xtb +372 X2J6> ) Fb 1/E3 dx = [5/2 x -2 x2Ib +1/2 x1b* | Fb 1/E3
=(512b-2b+1/2b ) Fb 1/EJ = Fb’/EJ

12 = ["( b +312 ¥21b* ) Fb 1/E3 dx = [1/2 xb +1/2 xb2 ]| Fb 1/E3
=(1/2b+1/2b) Fb /EJ = Fb’/EJ
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PROCEDIMENTO E RISULTATI 240434 ES>02.xxxx.039

b
%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
L% =[2(1-2xb +xb? ) VEIdx= [ x- b +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ
b
L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ
b
%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
1% = [2(-1/2 x/b +3/2 X¥1% ) Fb 1/E3 dx = [-1/4 x%1b +1/2 x1b* | Fb 1/E3
=(-1/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ
b
L =j2(1 -5/2 xlb +3/2 X’Ib* ) Fb 1/EJ dx = [ x -5/4 x1b +1/2 X’Ib* ] | Fb 1/EJ
=(b-5/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ
b
L = JZ(s/z xib) Fb UEJdx+1 (-1) 1 FbY/EJ=[5/4x'b] Fb1EI +1 (-1) 1 Fb’/EJ
=(5/4b)Fb1/EJ +1 (-1) 1 Fb/EJ = 1/4 Fb/EJ
L = ['(5/2-5/2x/b ) Fb UEI dx + 1 (-1) 1 FbYEJ = [5/2x-5/4x%b |  Fb U/EJ +1 (-1) 1 FbE
DC o o
=(5/2b-5/4b) Fb 1/EJ +1 (-1) 1 Fb’/EJ=1/4 Fb’/EJ
b
L% = [*(5/2 -4 xtb +3/2 216> ) Fb 1/EJ dx = [5/2 x -2 b +1/2 x°/b° | Fb 1/EJ
o] o]
=(512b-2b+1/2b ) Fb 1/EJ = Fb’/EJ
b
1 = ["( b +312 x2ib? ) Fb 1/E3 dx = [1/2 x8b +1/2 b2 ] Fb 1/E3
=(1/2b+1/2b) Fb /EJ = Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25

ES>02.xxxx.039

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

01.12.25
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REAZIONI 238922 ES>02.xxxx.040 AZIONI INTERNE 238922 ES>02.xxxx.040
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PROCEDIMENTO E RISULTATI 238922

ES>02.xxxx.040

Quadro contributi PLV per iperstatica X=W,

PROCEDIMENTO E RISULTATI 238922

ES>02.xxxx.040

I VNES) M, (X) MM, MM, [[M M /Eddx | [XM,M /EJdx
AB b 0 0 0 0
0 0
BAb 0 0 0 0
BCh -x/b -Fx Fx%lb x*/b’ ,
, , ,| U3FBEJ | 1/3Xb/EJ
CBb 1-x/b Fb-Fx Fb-2Fx+Fx“/b 1-2x/b+x"/b
CDb -1 -5/2Fx 5/2Fx 1 ,
5/4Fb*/EJ Xb/EJ
DC b 1 5/2Fb-5/2Fx 5/2Fb-5/2Fx 1
DEb |-1+x/b|-5/2Fb+Fx+1/2qx° | 5/2Fb-7/2Fx+1/2Fxfb+1/2gxIb | 1-2x/b+x /b’ ,
) , , , ., |25/24Fb°EJ| 1/3Xb/EJ
EDDb x/b Fb+2Fx-1/2gx Fx+2Fx“/b-1/2gx°/b x/b
EFV5b | 0 | 7v5/10Fx+1/2gx° 0 0 0 0
FGb 0 -Fx 0 0
0 0
GFb 0 Fb-Fx 0 0
GA 2b 0 0 0 0
0 0
AG 2b 0 0 0 0
FB 2b 0 6Fb-3Fx 0 0
0 0
BF 2b 0 -3Fx 0 0
BE b 0 0 0 0
0 0
EB b 0 0 0 0
BE elongazione asta N, g-€pclpe Fb’/EJ
totali 29/8Fb’/EJ | 5/3Xb/EJ
iperstatica X=W_ -87/40Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25

Sviluppi di calcolo iperstatica

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

01.12.25



PROCEDIMENTO E RISULTATI 238922 ES>02.xxxx.040

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

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [2(xb* ) Fb 1/E3 dx = [1/3 xib* ] Fb 1/E
=(13b) Fb 1/EJ = 1/3 Fb/EJ

1% = [(1 -2 xib + xib* ) Fb 1/E3 dx = [ x - xb +1/3 xb* ] Fb 1/E3
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ

1% = [2(5/2 b ) Fb 1/E3 dx = [514 xib | Fb 1/E3
=(5/4b) Fb 1/EJ =5/4 Fb’/EJ

1%, = ['(5/2 -5/2 xib ) Fb 1/E3 dx = [5/2 x -5/4 x1b | Fb 1/EJ
=(5/2b-5/4b) Fb 1/EJ =5/4 Fb’/EJ

1% = [[(512 712 xtb +1/2 X2Ib* +1/2 xIb* ) Fb 1/EJ dx
= [5/2 x 714 X1 +1/6 X2 +1/8 x'1b° | Fb 1/E
=(5/2b-7/4b+1/6 b +1/8 b ) Fb 1/EJ = 25/24 Fb’/EJ

1 = ['( b +2 x2b? -1/2 xC1b™ ) Fb 1/EJ dx = [1/2 X% +213 xIb® -1/8 x'1b° ], Fb 1/E
=(1/2b+2/3b-1/8b ) Fb 1/EJ = 25/24 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25

ES>02.xxxx.040

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

01.12.25
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PROCEDIMENTO E RISULTATI 956982

ES>02.xxxx.041

Quadro contributi PLV per iperstatica X=W,

PROCEDIMENTO E RISULTATI 956982

ES>02.xxxx.041

I VNES) M, (X) MM, MM, [[M M /Eddx | [XM,M /EJdx
AB b 0 0 0 0
0 0
BAb 0 0 0 0
BCh -x/b -Fx Fx%lb x*/b’ ,
, , ,| U3FBEJ | 1/3Xb/EJ
CBb 1-x/b Fb-Fx Fb-2Fx+Fx“/b 1-2x/b+x"/b
CDb -1 -5/2Fx 5/2Fx 1 ,
5/4Fb*/EJ Xb/EJ
DC b 1 5/2Fb-5/2Fx 5/2Fb-5/2Fx 1
DEb |-1+x/b|-5/2Fb+Fx+1/2qx° | 5/2Fb-7/2Fx+1/2Fxfb+1/2gxIb | 1-2x/b+x /b’ ,
) , , , ., |25/24Fb°EJ| 1/3Xb/EJ
EDDb x/b Fb+2Fx-1/2gx Fx+2Fx“/b-1/2gx°/b x/b
EFV5b | 0 | 7v5/10Fx+1/2gx° 0 0 0 0
FGb 0 -Fx 0 0
0 0
GFb 0 Fb-Fx 0 0
GA 2b 0 0 0 0
0 0
AG 2b 0 0 0 0
FB 2b 0 6Fb-3Fx 0 0
0 0
BF 2b 0 -3Fx 0 0
BE b 0 0 0 0
0 0
EB b 0 0 0 0
CD elongazione asta N,.p€cplcp -Fb’/EJ
totali 13/8Fb%EJ |  5/3Xb/EJ
iperstatica X=W_ -39/40Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25

Sviluppi di calcolo iperstatica

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

01.12.25



PROCEDIMENTO E RISULTATI 956982 ES>02.xxxx.041

b
%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
L% =[2(1-2xb +xb? ) VEIdx= [ x- b +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ
b
L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ
b
%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
1% = [2(xb* ) Fb 1/E3 dx = [1/3 xib* ] Fb 1/E
=(13b) Fb 1/EJ = 1/3 Fb/EJ
Xo _J‘b( 2,2 _ 2 3,21°
Lo = [ (1 -2 %0 + %0 ) Fb VEI dx = [ x - x/b +1/3 X°Ib* ]| Fb 1/EJ
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ
b
LY = J:(s/z x/b) Fb UEJdx+1 (-1) 1 FbY/EJ=[5/4x'b] Fb1/EI +1 (-1) 1 Fb’/EJ
=(5/4b)Fo1/EJ +1 (-1) 1 Fb/EJ = 1/4 Fb/EJ
b
1% = ['(5/2-5/2xib ) Fb 1/EI dx + 1 (-1) 1 FbY/EJ = [5/2x 5/4x%b | Fb UEJ +1 (-1) 1 FbE
=(5/2b-5/4b) Fb 1/EJ +1 (-1) 1 Fb’/EJ=1/4 Fb’/EJ
1% = [[(512 712 xtb +1/2 X2Ib* +1/2 x1b* ) Fb 1/EJ dx
b
= [5/2 x 714 5°1b +1/6 x°Ib? +1/8 x'Ib* ] | Fb 1/E
=(5/2b-7/4b+1/6 b +1/8 b ) Fb 1/EJ = 25/24 Fb*/EJ
b
L2 = [°(xib +2 X% -1/2 X*b* ) Fb U/EJ dx = [1/2 51 +213 xb* -1/8 x*1b* | Fb 1/E
e} o
=(1/2b+2/3b-1/8b ) Fb 1/EJ = 25/24 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25

ES>02.xxxx.041

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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AZIONI INTERNE 211619

ES>02.xxxx.042

(0]

>

F
wof S 2Fb
3F N

ISF
E

E—
B
B /\\E
47/20F 47/20F \___«
1/2Fb
F
[ 'B E
F 47/20F
2Fb >
2F 2F
B
< 47/20F
2Fb
6F

2F
17/20Fb
47/20F

o)

P
2F

6F
7/20Fb A F
x|\ 47/20F
Fb
c F F
cA [\D
47/20F 47/20F
27/20Fb 17/20Fb
F
01.12.25

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

| ° |
H \
H =
= =
5 =
H =
H =
H =
H =
H = 2
1~ =
n =
H =
H =
= =
5 =
H =
H =
H =
El ‘:
H\J\L\L\l\l\l\l\ww\\ 37;{70 47,20
1 ek [T
—
—
Q o~ ;
g
—
T
-47120
o
1/2

CED e

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 211619 ES>02.xxxx.042

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

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [2(2 xib - xib? ) Fb UEI dx = [ x1b -1/3 5167 ] Fb 1/E3
=(b-1/3b) Fb 1/EJ = 2/3 Fb*/EJ

L = [(1- X6 ) Fb UEI dx = [ x-1/3 x°b? ] Fb 1/E
=(b-1/3b) Fb 1/EJ = 2/3 Fb*/EJ

1% = [ (12 xib* ) Fb 1/E3 dx = [1/6 X167 ] Fb 1/E
=(16b) Fb 1/EJ = 1/6 Fb’/EJ

1% = [2(1/2 - xtb +1/2 %1% ) Fb 1/E3 dx = [1/2 x -1/2 X1 +1/6 xb* | Fb 1/E
=(1/2b-1/2b+1/6 b ) Fb 1/EJ = 1/6 Fb’/EJ

1% = [*(1/2 +1/2 xib - xib? ) Fb E dx = [1/2 x +1/4 x2b -1/3 X*/b? | Fb 1/E3
=(1/2b+1/4b-1/3b ) Fb 1/EJ =5/12 Fb’/EJ

1% = ["(3/2 xtb - X¥1b? ) Fb 1/EJ dx = [3/4 X%/ -1/3 xb | Fb 1/E3
=(3/4b-1/3b) Fb 1/EJ =5/12 Fb?/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25

ES>02.xxxx.042

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

01.12.25



ES>02.xxxx.042 ES>02.xxxx.042

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25



REAZIONI 238581

ES>02.xxxx.043 AZIONI INTERNE 238581

(0]
n

F
wof S 2Fb
3F N

i

—
A B
B /\\E
23/20F 23120F \___«
1/2Fb
F
A [ 'B E
F F 23/20F
2Fb ™1 sizrb
2F 2F 2F

2F
7/20Fb
» 1IN\ 23/20F

P
2F

ES>02.xxxx.043

D
6F

17/20Fb A

< 23/20F
Fb
c F F
cA Ja
23/20F 23/20F
3/20Fb 7/20Fb
F

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

- 1
£ 0 AR AR
q \ \
g \ \
q \ \
g \ \
q \ \
H \ \
q \ \
H \ \
q \ \
H 5 \ \ 2
1~ ? ) ° D o)
] o [ [ o
q \ \
q \ \
g \ \
q \ \
H \ \
q \ \
H
q \ \
q \ \
L L L L L T L L T T T T T 3/20 23/20
- sszsuNnnNNRRRRRRN N R R NN >
E —
E —
—— E —
E —
o ~E =X g
' — =R g
E — '
E —
E —
E —
janassaasARRNNRRRINRRRRANRRRRNAN] &«MWWWW
23120 ~23120 M+ e -
o
o
12
o
@
&
120 5
7120

CED e

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

01.12.25



SC'¢T'10 €T'€0°LZ'SI9A ‘OUB(IN 1P 021UJBYI|0d ‘ISSOY IUB|aABRZ O}|opY © STArAN ] €T'€0°LZ'SIA ‘OUB(IN Ip 021UJB)I|0d ‘ISSOY IUB|SABRZ OJ|opY ©

1- T=X eonelsiadi ep auoissaly *IN ﬂ H w
eopessiadi ojooped p iddnpns ¥ %
0 oo 0
o o o
q40z/¢e- Pan=x eonelsiadi
£3/9Xe/s C3/,94v/T 1e1o}
£3/,94- 094323991\ ejse suoizebuojd an
0 0 Xbz/T+ade/t- | o qg3
0 0
0 0 >bet-x4 0 q3g o
0 0 X4- 0 qc¢ 449
0 0 0 0°
0 0 X4-042 0 gged s
0 0 0 0 qc ov 21~ neubesse yoyes ep auoissa) °W ﬂHw X oolyelsIadi 0j02[ed Ip BWaYdS
0 0 KA : N\
0 0 0 0 qc vo N T
0 0 X4-04 0 949 . o
0 0 %
0 0 X4~ 0 q 94
0 0 0 0 X4S/S/Me 0 qsp 43 .
LA 0/, X4-X4Z/g x4-04z/€ ax | aa3 e a v
C3/9XE/T [3/,94¢T/S ©
LA X+A/X2-T | A/, X4-X4Z/T+042/T X4-04¢/1- a/X+T- q3a 7
T a/,X4¢/T+X4-94¢/T NxUN\H+xu_.n_u_N:” T q2od
r£3/9Xx £3/,949/T
T a7, x42/t Xbert- T- aao
LALX+A/Xe-T a/,¥4-04 X4+04 a/x-T qdd
C3/9XE/T r3/,04€/C
LA X a/ X4-x42 x4+042- a/x- q0o9
0 0 X4¢-q4¢ 0 qva
0 0
0 0 xdz- 0 qav o
XpeI/WWX[| Xpea WN[|  WN W C0°W W] - °
N
pan=x eaneisiadi 1ad A1d INQLIUOD oipend El ‘/Q&

EVO0XXXX"¢0ZS3 T18G8EC ILV1TNSIY 3 OLNINIAID0dd EVOXXXX"¢0ZXS3 T18G8EC ILV1TNSIY 3 OLNINIAID0dd



PROCEDIMENTO E RISULTATI 238581 ES>02.xxxx.043

b
%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
L% =[2(1-2xb +xb? ) VEIdx= [ x- b +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ
b
L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ
b
%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
1% = [2(2 xib - xib? ) Fb UEI dx = [ x1b -1/3 5167 ] Fb 1/E3
=(b-1/3b) Fb 1/EJ = 2/3 Fb*/EJ
b
L = [(1- X6 ) Fb UEI dx = [ x-1/3 x°b? ] Fb 1/E
=(b-1/3b) Fb 1/EJ = 2/3 Fb*/EJ
b
L = [2(12x0® ) Fb UEI dx + 1 (-1) 1 FbYEJ = [16 X7 ] Fb UEJ +1 (-1) 1 FbYE
=(U6b)Fb1/EJ +1 (-1) 1 Fb/E] =-5/6 Fb’/EJ
1% = [(1/2 - xib +1/2 16> ) Fo UEI dx + 1 (-1) 1 FbP/EJ
b
=[12x-1/25°b +1/6 x’I0° ] _FD L/EJ +1 (-1) 1 FbY/EJ
=(1/2b-1/2b+1/6 b ) Fo 1/EJ +1 (-1) 1 Fb%/EJ =-5/6 Fb*/EJ
b
1% = [*(1/2 +1/2 x1b - 16> ) Fb 1/EJ dx = [1/2 x +1/4 X7 -1/3 xIb? || Fb 1/E)
o] o
=(1/2b+1/4b-1/3b ) Fb 1/EJ =5/12 Fb’/EJ
b
1 = ["(3/2 xtb - X¥1b? ) Fb 1/EJ dx = [3/4 X%/ -1/3 xb | Fb 1/E3
=(3/4b-1/3b) Fb 1/EJ =5/12 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25

ES>02.xxxx.043

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

01.12.25



ES>02.xxxx.043 ES>02.xxxx.043

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25



REAZIONI 236422 ES>02.xxxx.044 AZIONI INTERNE 236422 ES>02.xxxx.044

c N F
1 ‘
= 0 lo . \
Fb — [ [
F F — — \ \
G F = — | ‘
F 1 |
E — i | |
s T 2Fb — — ! ‘
F F N = — ‘ !
v — — ‘ ‘
— — | |
= £ 2 | =
— — 3 | | S
— — \ [
— — [ [
— — [ [
— — [ [
— — [ [
— — ‘ !
= = T |
EIIIIIIE, S NI = ——
! AN = ?
Q —— Ny X
© == ~ S
Q [
777777 -1
—[F—F Tl e
'8
N
J 1 g
o~
—E ©
(3}
A E
E b 714F
s
3/2F 2F
o OO OO
2F g
3/4Fb S/ZQ \F"
o7, ? |
D |
512F \
1/4Fb
714F
c s 3
— ™
e AD 5/4 3/4
714F 7/4F
5/4Fb 3/4Fb

CED e

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25



SC'¢T'10 €T'€0°LZ'SI9A ‘OUB(IN 1P 021UJBYI|0d ‘ISSOY IUB|aABRZ O}|opY © STArAN ] €T'€0°LZ'SIA ‘OUB(IN Ip 021UJB)I|0d ‘ISSOY IUB|SABRZ OJ|opY ©

T- T=X eonelsiad| ep auoissaly *\ ﬂ H w
,
,
,
,
,
,
eonelsiadi ojooed Ip 1ddnjiAs ,
L o] o 0
,
,
,
,
,
q4v/S- Pan=x eonelsiadi W
,
r3/axe/s  |03/,94¢T/5¢ 110} W
,
£3/,04 389393391\ e)se auoizebuola 3g |
0 0 0 0 qg3 W
0 0 ,
0 0 0 0 q38 ool
,
0 0 X4- 0 qc¢ 449 |
0 0 | 0 ©
0 0 X4-q4¢ 0 qc¢ a4
0 0 NxUN\._”+xn_N. 0 qc oV [ eubasse 1yoLes ep suoissal °W ﬂHw b OONEISIEC 01001E0 P BU2S
0 0 N N N
0 0 ~Xbz/T-042 0 qc vo N m
a
0 0 X4+Q4- 0 q49 wﬁo
0 0
0 0 X4 0 q o4
0 0 0 0 X4G/S/Me 0 qsp 43 &
- Ve
q/x

LA/ a/,X42/T-X4 X4z/T-94 qa3 o 5 2
C3/AXe/T | £3/,04ET ’ ° %Etﬁ

SIX+AXST| Q/Xd2/T-042/T | Xde/T-ade/t- |ax+T-|  93a

T U, X42/T+X4-032/T | Xbe/T+xd-a42/T| T a0d
c3/aX £3/,949/T
T a/,x4z/T Xbz/t- 1- aao

LAX+0/X-T| 4/, X4¢/T-X4¢/T-94 X4¢/1+04 ax-1 qdo
r3/aXern £3/,94¢T/L

BTRS A/ Xde/T-X4e/Ee | Xde/t+ade/e- | ax- | 90d
0 0 xdz/e-adz/e | 0 qva
° ° 0 0 x4e/€- 0 qav e
XpeI/WWX[| Xpea WN[|  WN W C0°W W] - o

é(

Ppn=x eonersiadi 1ad ATd INQLIUOD olpend) 7y

PYOXXXX"¢0ZS3 ¢¢Y9EC ILV1TNSIY 3 OLNINIdID0dd PY0OXXXX"¢0ZS3 ¢¢v9EC ILV1TINSIY 3 OLNINIAID0dd



PROCEDIMENTO E RISULTATI 236422 ES>02.xxxx.044

%=L ) v dx = [13 2]} VED
=(13b) VEJ = 13 bIEJ

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(u3b) VEI =13 bEJ

1% = [*(3/2 x/b -1/2 x2Ib* ) Fb 1/EJ dx = [3/4 xb -1/6 x*/b? || Fb 1/E3
=(3/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1% = [(1 -1/2 xib -1/2 x81b* ) Fb 1/E3 dx = [ x -1/4 X%/ -1/6 xb | Fb 1/E3
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1% = [ (12 xib* ) Fb 1/E3 dx = [1/6 X167 ] Fb 1/E
=(16b) Fb 1/EJ = 1/6 Fb’/EJ

1% = [2(1/2 - xtb +1/2 %1% ) Fb 1/EI dx = [1/2 x 172 X¥1b +1/6 xb* | Fb 1/E
=(1/2b-1/2b+1/6 b ) Fb 1/EJ = 1/6 Fb’/EJ

1% = [*(1/2 -1/2 x2b* ) Fb 1/E3 dx = [1/2 x-1/6 x°Ib? ] Fb 1/E3
=(1/2b-1/6 b ) Fb 1/EJ = 1/3 Fb’/EJ

1 = ["( b 172 X% ) Fb 1/ED dx = [1/2 X% -1/6 xb ] Fb 1/E3
=(1/2b-1/6b ) Fb 1/E) = 1/3 Fb/E]

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25

ES>02.xxxx.044

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

01.12.25



ES>02.xxxx.044 ES>02.xxxx.044

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25



REAZIONI 237273

ES>02.xxxx.045

c N F
Fb
F F
G F
" «J/ F 2Fb
2Fb 2Fb o

—_
A B
Bg »E
11/20F
A /B E
—F F [t/ 11/20F
3/2Fb e =
312F 312F 2F
B
< 11/20F
3/2Fb
5/2F
v
2F
9/20Fb
x|\ 11/20F
4 D
5/2F
19/20Fb
< 11/20F
c
c [ D
11/20F 11/20F
1/20Fb 9/20Fb
F

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

2F

01.12.25

AZIONI INTERNE 237273

ES>02.xxxx.045

<5 o0 | | 1
— e |
— \ \
— \ [
— \ [
— \ [
E= \ [
— [ \
— [ \
g = ! ‘ 2
— = 2\ \ < 2
— o | | s
— [ \
— [ \
— [ \
— [ \
— [ \
— \ \
= I |
= T 11/20 “WHHH‘HHHHHHH 0
-1 iminnanans NNARNNARANRENRNARAI -3/2 = g
o ~E= SR 5
? —— == =
—— H H
—— = =
_— = E
meazEz e RN 0
-11/20 - -1
—[—r [IE3
1 0
N
N
o OO 00
-312 o
o |
i |
|
|
|
|
& o
) X
< =520 3
-9/20
CED

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

-11/20

01.12.25



SC'¢T'10 €T'€0°LZ'SI9A ‘OUB(IN 1P 021UJBYI|0d ‘ISSOY IUB|aABRZ O}|opY © STArAN ] €T'€0°LZ'SIA ‘OUB(IN Ip 021UJB)I|0d ‘ISSOY IUB|SABRZ OJ|opY ©

T- T=X eonelsiad| ep auoissaly *\ ﬂ H w
,
,
,
,
,
,
eonelsiadi ojooed Ip 1ddnjiAs ,
L o] o 0
,
,
,
,
,
q402/T- BPp=x eonersiadi ”
,
r3/9Xe/s | 03,9421/ 110} W
,
£3/,94- 094323991\ ejse suoizebuojd an |
0 0 0 0 qg3 W
0 0 ,
0 0 0 0 q38 ool
,
0 0 X4- 0 qc¢ 449 |
0 0 | 0 ©
0 0 X4-q4¢ 0 qc¢ a4
0 0 NxUN\._”+xn_N. 0 qc ov 1 eubasse 1yoLes ep suoissal °W ﬂHw b OONEISIEC OI0DIE0 1P BLIBUOS
0 0 N N N
0 0 ~Xbz/T-042 0 gz vo N m
a
0 0 X4+Q4- 0 q49 wﬁo
0 0
0 0 X4 0 q o4
0 0 0 0 X49/9M¢ 0 qsp 43 &
- Ve

o]
=
x

LA/ a/,X42/T-X4 X4z/T-94 qa3 o 5 2
C3/AXe/T | £3/,04ET ’ ° %Etﬁ

SIX+AXST| Q/Xd2/T-042/T | Xde/T-ade/t- |ax+T-|  93a

T U, X42/T+X4-032/T | Xbe/T+xd-a42/T| T a0d
c3/aX £3/,949/T
T a/,x4z/T Xbz/t- 1- aao

LAX+0/X-T| 4/, X4¢/T-X4¢/T-94 X4¢/1+04 ax-1 qdo
r3/aXern £3/,94¢T/L

BTRS A/ Xde/T-X4e/Ee | Xde/t+ade/e- | ax- | 90d
0 0 xdz/e-adz/e | 0 qva
° ° 0 0 x4e/€- 0 qav e
XpeI/WWX[| Xpea WN[|  WN W C0°W W] - o

é(

Ppn=x eonersiadi 1ad ATd INQLIUOD olpend) 7y

SY0™XXXX"¢0ZS3 €.2/.E2 11V1TNSIY 3 OLNINIdID0dd SY0"XXXX"¢0ZS3 €.2/.E2 11V1TNSIY 3 OLNINIdID0dd



PROCEDIMENTO E RISULTATI 237273 ES>02.xxxx.045

b
%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
L% =[2(1-2xb +xb? ) VEIdx= [ x- b +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ
b
L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ
b
%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ
L% = [*(3/2 xb -1/2 b7 ) Fb 1/E dx = [3/4 b -1/6 X'1b* ] Fb 1/E
BC o [¢]
=(3/4b-1/6b) Fb 1/EJ =7/12 Fb’/EJ
b
L =j2(1 -1/2 xlb -1/2 X'Ib® ) Fb L/EJ dx = [ x -1/4 X’/ -1/6 x°/b* | Fb 1/E
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ
b
L = [[(12x0® ) Fb UEI dx + 1 (-1) 1 FbYEJ = [16 X7 ]  Fb UEJ +1 (-1) 1 FbYE
=(U6b)Fb1/EJ +1 (-1) 1 Fb/E] =-5/6 Fb’/EJ
1% = [(1/2 - xib +1/2 16> ) Fb UEI dx + 1 (-1) 1 FbP/EJ
b
=[12x-1/25°b +1/6 x’0° ] _Fb L/EJ +1 (-1) 1 FbY/EJ
=(1/2b-1/2b+1/6 b ) Fo 1/EJ +1 (-1) 1 Fb%/EJ =-5/6 Fb*/EJ
b
1% = [*(1/2 -1/2 x2b* ) Fb 1/E3 dx = [1/2 x -1/6 x°Ib? ] Fb 1/E3
=(1/2b-1/6 b)) Fb 1/EJ = 1/3 Fb/EJ
b
1 = [*( b 172 X% ) Fb 1/ED dx = [1/2 X%/ -1/6 xb ] Fb 1/E3
=(1/2b-1/6b) Fb 1/EJ = 1/3 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25

ES>02.xxxx.045

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

01.12.25



ES>02.xxxx.045 ES>02.xxxx.045

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25



REAZIONI 237363 ES>02.xxxx.046 AZIONI INTERNE 237363 ES>02.xxxx.046

2F
ux ||/ 3F 6Fb

|

ok

1
-11/2
444444444464444444444
3

[
[
2
N
m
9/2F
ARARRNR AR AR R RER NN NNRRANR A RRR AR AN RN R NRR SRR AR AR RAE]

o‘\C’VL

i==su=ztadiunisainndnndnnnNns|

TR o O 0
3

2

T

-17/20 -3/2 -5/2
e

7/2F

11/2F
1
3F [T T T o= 1
> (=} ]
A B

—
17/20F ©O
A — ——8B E

3F
B v |t/ 17120F
., Fb
J 17/20F 7I2F

11/2F

17/20F D o o o

PN N S— e "
c N\ /D °

17/20F 17/20F
37/20Fb 3/20Fb
3/2F 5/2F

712F
3/20Fb
11/2F » I\ 17/20F
17/20F
- 2712080

17/20

-3/20

37/20

C 3 b -3/20

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25




G2'¢T'10 €T°€0°L2'SIaA ‘Oue[i Ip 021Ud3N|0d ‘ISSOY IUB|aARZ OJ|0pY ©
eonelsiadi ojooed Ip 1ddnjiAs
qdoz/Le- BPp=x eonersiadi
C3/AXE/S | 03A,a4CT/LE 1e1o}
r3/,94 389393391\ e)se auoizebuola 3g
0 0 0 0 qa3
0 0
0 0 0 0 q3d
0 0 X4€- 0 qc¢ 449
0 0
0 0 X4€-049 0 qc¢ a4
0 0 0 0 qc oV
0 0
0 0 0 0 qc vo
0 0 X4-44 0 q49
0 0
0 0 X4- 0 q 94
0 0 0 0 NxUN\H+xn_odm\§ 0 qsp 43
JA1X a7, x4+x4 X4+04 arx aa3
3/AXE/T £3/,949/S
JAX+AXS-T | O/ Xd+X4E-0d¢ X4+q4¢- a/X+T- q3a
T 4/, X4¢/T+X4¢/S-a4¢ NxUN\H+xu_N\m.Qu_N T qoda
£3/9X (3/,94¢T/TT
T a/,Xd¢/1+Xd¢/e Nx_uN\._”-xn_N\m- T- qas
JLX+A/Xe-T| 4/ Xd+X4g-q4 X4-04 a/x-T q40
3/9XE/T [3/,04€/T
JAX ar,xd X4- q/x- q04
0 0 0 0 qva
0 0
0 0 0 0 qav
Xpe3/ WWX[| xpea/Wnf|  Ww WIN 00’ W] -

pan=x eaneisiadi 1ad A1d INQLIUOD oipend

9Y0"XXXX"¢0ZS3

€9€.LEC ILV1TNSIY 3 OLNINIdID0dd

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

G2'¢T'T0
- heubasse |youed ep dUOISSIY °wW H
9 GRS G
[
[
[
[
[
[
[
[
' of
ke
0 0 0 0
o o o
fole2}
(<)
= S mmemmaannaRAREEL

1- T=X eonelsiadi ep auoissaly *IN ﬂ H w
AN
o _ olo o
o o o
oo
(=}
0 0

N

)

IY0"XXXX"¢0ZS3

€9€LEC ILV1TNSIY 3 OLNINIAID0dd



PROCEDIMENTO E RISULTATI 237363 ES>02.xxxx.046

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

L% =[2(1-2xb +xb? ) VEIdx= [ x- b +1/3 %] 1/E3
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b
%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
L% =[2(1-2xb +xb? ) VEIdx= [ x- b +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ
b
L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ
b
%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
1% = [2(xb* ) Fb 1/E3 dx = [1/3 xib* ] Fb 1/E
=(13b) Fb 1/EJ = 1/3 Fb/EJ
L = [(1 -2 x/b + X6 ) Fb VEI dx = [ x - /b +1/35%b° ] Fb 1/EJ
cB ~ Jo o
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ
Ly = J:(s/z x/b +1/2 x*I0> ) Fb 1/EJ dx + 1 (-1) 1 Fb’/EJ
b
= [3/4 %0 +1/6 x°b* ] Fb 1/EI +1 (-1) 1 Fb’EJ
=(3/4b+1/6b) Fb 1/EJ +1 (-1) 1 Fb’/EJ =-1/12 Fb*/EJ
1% = ['(2 512 xib +1/2 x2Ib* ) Fb 1/EJ dx + 1 (1) 1 FbYEJ
b
=[2x-5/4 %0 +1/6 X’I° ] _FD 1EJ +1 (-1) 1 Fb’/E
=(2b-5/4b+1/6b ) Fb 1/EJ +1 (-1) 1 Fb’/EJ=-1/12 Fb’/EJ
b
12 = [(2 -3 x1b + xIb* ) Fb 1/E3 dx = [2 x -3/2 x2Ib +1/3 Xb% ] Fb 1/E3
=(2b-3/2b+1/3b ) Fb 1/EJ =5/6 Fb’/EJ
b
12 = ["( b + X% ) Fb UED dx = [1/2 X¥Ib +1/3 X167 ] Fb 1/E
=(1/2b+1/3b) Fb 1/EJ =5/6 Fb’/EJ
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%=L ) v dx = [13 2]} VED
=(13b) VEJ = 13 bIEJ

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(u3b) VEI =13 bEJ

1% = [*(3/2 x/b -1/2 x2Ib* ) Fb 1/EJ dx = [3/4 xb -1/6 x*/b? || Fb 1/E3
=(3/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1% = [(1 -1/2 xib -1/2 x81b* ) Fb 1/E3 dx = [ x -1/4 X%/ -1/6 xb | Fb 1/E3
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1% = [ (12 xib* ) Fb 1/E3 dx = [1/6 X167 ] Fb 1/E
=(16b) Fb 1/EJ = 1/6 Fb’/EJ

1% = [2(1/2 - xtb +1/2 %1% ) Fb 1/EI dx = [1/2 x 172 X¥1b +1/6 xb* | Fb 1/E
=(1/2b-1/2b+1/6 b ) Fb 1/EJ = 1/6 Fb’/EJ

1% = [*(1/2 -1/2 x2b* ) Fb 1/E3 dx = [1/2 x-1/6 x°Ib? ] Fb 1/E3
=(1/2b-1/6 b ) Fb 1/EJ = 1/3 Fb’/EJ

1 = ["( b 172 X% ) Fb 1/ED dx = [1/2 X% -1/6 xb ] Fb 1/E3
=(1/2b-1/6b ) Fb 1/E) = 1/3 Fb/E]
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b
%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
L% =[2(1-2xb +xb? ) VEIdx= [ x- b +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ
b
L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ
b
%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ
L% = [*(3/2 xb -1/2 b7 ) Fb 1/E dx = [3/4 b -1/6 X'1b* ] Fb 1/E
BC o [¢]
=(3/4b-1/6b) Fb 1/EJ =7/12 Fb’/EJ
b
L =j2(1 -1/2 xlb -1/2 X'Ib® ) Fb L/EJ dx = [ x -1/4 X’/ -1/6 x°/b* | Fb 1/E
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ
b
L = [[(12x0® ) Fb UEI dx + 1 (-1) 1 FbYEJ = [16 X7 ]  Fb UEJ +1 (-1) 1 FbYE
=(U6b)Fb1/EJ +1 (-1) 1 Fb/E] =-5/6 Fb’/EJ
1% = [(1/2 - xib +1/2 16> ) Fb UEI dx + 1 (-1) 1 FbP/EJ
b
=[12x-1/25°b +1/6 x’0° ] _Fb L/EJ +1 (-1) 1 FbY/EJ
=(1/2b-1/2b+1/6 b ) Fo 1/EJ +1 (-1) 1 Fb%/EJ =-5/6 Fb*/EJ
b
1% = [*(1/2 -1/2 x2b* ) Fb 1/E3 dx = [1/2 x -1/6 x°Ib? ] Fb 1/E3
=(1/2b-1/6 b)) Fb 1/EJ = 1/3 Fb/EJ
b
1 = [*( b 172 X% ) Fb 1/ED dx = [1/2 X%/ -1/6 xb ] Fb 1/E3
=(1/2b-1/6b) Fb 1/EJ = 1/3 Fb*/EJ
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%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [2(-1/2 x/b +3/2 X¥1% ) Fb 1/E3 dx = [-1/4 x%1b +1/2 x1b* | Fb 1/E3
=(-1/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ

1% = [7(1 -512 xib +3/2 X216 ) Fb VE dx = [ x -5/4 x¢b +1/2 b | Fb 1/E3
=(b-5/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ

1% = [2(2 xib +1/2 X162 ) Fb VEI dx = [ X1 +1/6 x1b* | Fb 1/E9
=(b+1/6b ) Fb 1/E] = 7/6 Fb’/EJ

1%, = [*(5/2 -3 xtb +1/2 X2/b* ) Fb 1/EJ dx = [5/2 x -3/2 xb +1/6 x°Ib? ] Fb 1/E3
=(5/2b-312b+1/6 b ) Fb 1/EJ = 7/6 Fb’/EJ

12 = [2(5/2 -4 xtb +872 X2Jb> ) Fb 1/E3 dx = [5/2 x -2 x2Ib +1/2 x1b* | Fb 1/E3
=(512b-2b+1/2b ) Fb 1/EJ = Fb%/EJ

12 = ['( b +312 x2ib* ) Fb 1/E3 dx = [1/2 x8b +1/2 b2 ]| Fb 1/E3
=(1/2b+1/2b) Fb /EJ = Fb’/EJ
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b
%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
L% =[2(1-2xb +xb? ) VEIdx= [ x- b +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ
b
L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ
b
%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
1% = [2(-1/2 x/b +3/2 X¥1% ) Fb 1/E3 dx = [-1/4 x%1b +1/2 x1b* | Fb 1/E3
=(-1/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ
b
L =j2(1 -5/2 xlb +3/2 X’Ib* ) Fb 1/EJ dx = [ x -5/4 x1b +1/2 X’Ib* ] | Fb 1/EJ
=(b-5/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ
1 = [2(2 xib +1/2 /62 ) Fo UEJ dx +1 (1) 1 FbZ/EJ
b
=[%%b +1/6 X’10* ] Fo /EJ +1 (-1) 1 Fb/E
=(b+1/6b) Fb 1/E] +1 (-1) 1 Fb’/EJ=1/6 Fb’/EJ
1% = ['(5/2 -3 xib +1/2 xIb* ) Fb 1/EJ dx + 1 (1) 1 FbYEJ
b
=[5/2x-32x°/b +1/6 x’1b* ] _FD L/EJ +1 (-1) 1 Fb/EJ
=(5/2b-312b+1/6b ) Fo 1/EJ +1 (-1) 1 Fb/EJ=1/6 Fb/EJ
b
12 = [*(5/2 -4 xib +3/2 X¥1b> ) Fb 1/EJ dx = [5/2 x -2 X% +1/2 x1b? ] Fb 1/E3
=(5/2b-2b+1/2b ) Fo 1/E] = FbY/EJ
b
1 = ["( b +312 x2Ib* ) Fb 1/E3 dx = [1/2 xb +1/2 b ]| Fb 1/E3
=(12b+1/2b) Fb 1/EJ = Fb’/EJ
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%=L ) v dx = [13 2]} VED
=(13b) VEJ = 13 bIEJ

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(u3b) VEI =13 bEJ

1% = [*(3/2 x/b -1/2 x2Ib* ) Fb 1/EJ dx = [3/4 xb -1/6 x*/b? || Fb 1/E3
=(3/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1% = [(1 -1/2 xib -1/2 x81b* ) Fb 1/E3 dx = [ x -1/4 X%/ -1/6 xb | Fb 1/E3
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1% = [ (12 xib* ) Fb 1/E3 dx = [1/6 X167 ] Fb 1/E
=(16b) Fb 1/EJ = 1/6 Fb’/EJ

1% = [2(1/2 - xtb +1/2 %1% ) Fb 1/EI dx = [1/2 x 172 X¥1b +1/6 xb* | Fb 1/E
=(1/2b-1/2b+1/6 b ) Fb 1/EJ = 1/6 Fb’/EJ

1% = [*(1/2 -1/2 x2b* ) Fb 1/E3 dx = [1/2 x-1/6 x°Ib? ] Fb 1/E3
=(1/2b-1/6 b ) Fb 1/EJ = 1/3 Fb’/EJ

1 = ["( b 172 X% ) Fb 1/ED dx = [1/2 X% -1/6 xb ] Fb 1/E3
=(1/2b-1/6b ) Fb 1/E) = 1/3 Fb/E]
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b
%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
L% =[2(1-2xb +xb? ) VEIdx= [ x- b +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ
b
L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ
b
%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ
L% = [*(3/2 xb -1/2 b7 ) Fb 1/E dx = [3/4 b -1/6 X'1b* ] Fb 1/E
BC o [¢]
=(3/4b-1/6b) Fb 1/EJ =7/12 Fb’/EJ
b
L =j2(1 -1/2 xlb -1/2 X'Ib® ) Fb L/EJ dx = [ x -1/4 X’/ -1/6 x°/b* | Fb 1/E
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ
b
L = [[(12x0® ) Fb UEI dx + 1 (-1) 1 FbYEJ = [16 X7 ]  Fb UEJ +1 (-1) 1 FbYE
=(U6b)Fb1/EJ +1 (-1) 1 Fb/E] =-5/6 Fb’/EJ
1% = [(1/2 - xib +1/2 16> ) Fb UEI dx + 1 (-1) 1 FbP/EJ
b
=[12x-1/25°b +1/6 x’0° ] _Fb L/EJ +1 (-1) 1 FbY/EJ
=(1/2b-1/2b+1/6 b ) Fo 1/EJ +1 (-1) 1 Fb%/EJ =-5/6 Fb*/EJ
b
1% = [*(1/2 -1/2 x2b* ) Fb 1/E3 dx = [1/2 x -1/6 x°Ib? ] Fb 1/E3
=(1/2b-1/6 b)) Fb 1/EJ = 1/3 Fb/EJ
b
1 = [*( b 172 X% ) Fb 1/ED dx = [1/2 X%/ -1/6 xb ] Fb 1/E3
=(1/2b-1/6b) Fb 1/EJ = 1/3 Fb*/EJ
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ES>02.xxxx.054

Quadro contributi PLV per iperstatica X=W,

I VNES) M, (X) MM, MM,  [[MM/Eddx | [XM,M /EJdx
AB b 0 -2Fx 0 0
0 0
BAb 0 2Fb-2Fx 0 0
BCh -x/b -2Fb+Fx 2Fx-FxC/b X’Io? ,
, , ,| 2/3FDYEJ | 1/3Xb/EJ
CBb 1-x/b Fb+Fx Fb-Fx“/b 1-2x/b+x"/b
CDb -1 -1/2gx° 1/2Fx’Ib 1 ,
, , 1/6Fb°/EJ Xb/EJ
DCb 1 | 1/2Fb-Fx+1/2gx 1/2Fb-Fx+1/2Fx’[b 1
DEb [-1+x/b|-1/2Fb-Fx+1/2qx° | 1/2Fb+1/2Fx-3/2Fx fo+1/2ax°/b | 1-2x/o+X’/b’ ,
, , . 3/8FbY/EJ | 1/3Xb/EJ
EDDb x/b Fb-1/2gx Fx-1/2gx°/b x“/b
EFVSb | 0 2vV5/5Fx 0 0 0 0
FGb 0 -Fx 0 0
0 0
GFb 0 Fb-Fx 0 0
GA 2b 0 0 0 0
0 0
AG 2b 0 0 0 0
FB 2b 0 2Fb-Fx 0 0
0 0
BF 2b 0 -Fx 0 0
BE b 0 0 0 0
0 0
EB b 0 0 0 0
BE elongazione asta N, g-€pclpe Fb’/EJ
totali 53/24Fb*EJ| 5/3Xb/EJ
iperstatica X=W_ -53/40Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25
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%=L ) v dx = [13 2]} VED
=(13b) VEJ = 13 bIEJ

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(u3b) VEI =13 bEJ

1% = [2(2 xib - xib? ) Fb UEI dx = [ x1b -1/3 5167 ] Fb 1/E3
=(b-1/3b) Fb 1/EJ = 2/3 Fb*/EJ

L = [(1- X6 ) Fb UEI dx = [ x-1/3 x°b? ] Fb 1/E
=(b-1/3b) Fb 1/EJ = 2/3 Fb*/EJ

1% = [ (12 xib* ) Fb 1/E3 dx = [1/6 X167 ] Fb 1/E
=(16b) Fb 1/EJ = 1/6 Fb’/EJ

1% = [2(1/2 - xtb +1/2 %1% ) Fb 1/E3 dx = [1/2 x -1/2 X1 +1/6 xb* | Fb 1/E
=(1/2b-1/2b+1/6 b ) Fb 1/EJ = 1/6 Fb’/EJ

1% = [*(1/2 +1/2 xib -3/2 X2Ib* +1/2 xIb* ) Fb 1/EJ dx
= [1/2 x +1/4 xib 172 X2 +1/8 x1b° | Fb 1/E
=(1/2b+1/4b-1/2b +1/8b ) Fb 1/EJ =3/8 Fb?/EJ

1 = ["( b 172 X*16® ) Fb 1/EJ dx = [1/2 b -1/8 x1b° ] Fb 1/E3
=(1/2b-1/8b ) Fb 1/EJ = 3/8 FbY/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25

ES>02.xxxx.054

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

01.12.25



REAZIONI 237351 ES>02.xxxx.055 AZIONI INTERNE 237351 ES>02.xxxx.055

e FAY )
F 0
= b 2Fb =
3F o %
H
H
H
H
H
H
H
= = ©
g 5 5
o o [
H
=
H
=
H
=
H
=
1/8 0
2 = ®
N= = E
= =
= =
= =
o = = I
' = =B
= =
= =
= = ©
N= = g
jea===a===IIRNRINRRNRRENARNRARNRNN 0 @
I —[1]—F oY) ~or8 Tl e 1
3F 0 = =
N
E—
A B \
B—— —F [
8F [
A B E [ o
2F oF 1/8F ‘
2Fb i }
2F 2F 2F |
B [
< 9/8F ‘
2Fb ‘
5F }
[
[
[
[
[
[
[
2F ‘
| o o
3/8Fb 0 0
9/8F — -
D
5F
7/8Fb A F
9/8F
Fb
c F F
c A [ D
v/ ol8F 9/8F @ ©
1/8Fb 3/8Fb N =) @
5 Ty ——
CED ro £

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25



SC'¢T'10 €T'€0°LZ'SI9A ‘OUB(IN 1P 021UJBYI|0d ‘ISSOY IUB|aABRZ O}|opY © STArAN ] €T'€0°LZ'SIA ‘OUB(IN Ip 021UJB)I|0d ‘ISSOY IUB|SABRZ OJ|opY ©

1- T=X eonelsiadi ep auoissaly *IN ﬂ H w
[ [N
o _ olo o
o o o
oo
(=}
0 0
2T euBasse 1youed ep auoissay) °\ l 00ReISIaC 009[ED 1P BUWIALIS
A 1yal I + . b
. | CED .
IN) |
g - X0
£
Qo
o = —
0 0
o [« 8 v
T
7
QN
9
EEER ,Tb
e Y

G0 XXXX"¢0ZS3 TSELEC ILV1TNSIY 3 OLNINIAID0dd G0 XXXX"¢0ZS3 TSELEC ILV1TNSIY 3 OLNINIAID0dd



PROCEDIMENTO E RISULTATI 237351

ES>02.xxxx.055

Quadro contributi PLV per iperstatica X=W,

PROCEDIMENTO E RISULTATI 237351

ES>02.xxxx.055

I VNES) M, (X) MM, MM,  [[MM/Eddx | [XM,M /EJdx
ABb 0 -2Fx 0 0
0 0
BAb 0 2Fb-2Fx 0 0
BCh -x/b -2Fb+Fx 2Fx-FxC/b X’Io? ,
, , ,| 2/3FDYEJ | 1/3Xb/EJ
CBb 1-x/b Fb+Fx Fb-Fx“/b 1-2x/b+x"/b
CDb -1 -1/2gx° 1/2Fx’Ib 1 ,
, , 1/6Fb°/EJ Xb/EJ
DCb 1 | 1/2Fb-Fx+1/2gx 1/2Fb-Fx+1/2Fx’[b 1
DEb [-1+x/b|-1/2Fb-Fx+1/2qx° | 1/2Fb+1/2Fx-3/2Fx fo+1/2ax°/b | 1-2x/o+X’/b’ ,
, , . 3/8FbY/EJ | 1/3Xb/EJ
EDDb x/b Fb-1/2gx Fx-1/2gx°/b x“/b
EFVSb | 0 2vV5/5Fx 0 0 0 0
FGb 0 -Fx 0 0
0 0
GFb 0 Fb-Fx 0 0
GA 2b 0 0 0 0
0 0
AG 2b 0 0 0 0
FB 2b 0 2Fb-Fx 0 0
0 0
BF 2b 0 -Fx 0 0
BE b 0 0 0 0
0 0
EB b 0 0 0 0
CD elongazione asta N,.p€cplcp -Fb’/EJ
totali 5/24Fb’/EJ | 5/3Xb/EJ
iperstatica X=W_ -1/8Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25
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b
%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
L% =[2(1-2xb +xb? ) VEIdx= [ x- b +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ
b
L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ
b
%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
1% = [2(2 xib - xib? ) Fb UEI dx = [ x1b -1/3 5167 ] Fb 1/E3
=(b-1/3b) Fb 1/EJ = 2/3 Fb*/EJ
b
L = [(1- X6 ) Fb UEI dx = [ x-1/3 x°b? ] Fb 1/E
=(b-1/3b) Fb 1/EJ = 2/3 Fb*/EJ
b
L = [2(12x0® ) Fb UEI dx + 1 (-1) 1 FbYEJ = [16 X7 ] Fb UEJ +1 (-1) 1 FbYE
=(U6b)Fb1/EJ +1 (-1) 1 Fb/E] =-5/6 Fb’/EJ
1% = [(1/2 - xib +1/2 16> ) Fo UEI dx + 1 (-1) 1 FbP/EJ
b
=[12x-1/25°b +1/6 x’I0° ] _FD L/EJ +1 (-1) 1 FbY/EJ
=(1/2b-1/2b+1/6 b ) Fo 1/EJ +1 (-1) 1 Fb%/EJ =-5/6 Fb*/EJ
L% = [2(1/2 +1/2 xib -312 X216 +1/2 xIb™ ) Fb 1/EJ dx
b
= [12 x +1/4x1b -1/2 x°1b* +1/8 16 | | Fb 1/EJ
=(1/2b+1/4b-1/2b+1/8b ) Fb 1/E] = 3/8 FbY/EJ
b
1 = ["( b 172 X¥16® ) Fb 1/ED dx = [1/2 X -1/8 x1b° ] Fb 1/E3
=(1/2b-1/8b) Fb 1/EJ =3/8 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25
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PROCEDIMENTO E RISULTATI 238123 ES>02.xxxx.056

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

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [*(3/2 x/b -1/2 x2Ib* ) Fb 1/EJ dx = [3/4 xb -1/6 x*/b? || Fb 1/E3
=(3/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1% = [(1 -1/2 xib -1/2 x81b* ) Fb 1/E3 dx = [ x -1/4 X%/ -1/6 xb | Fb 1/E3
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1 =["(xb) Fb /€3 dx = [12 b | Fb 1/E
=(12b) Fb VEJ = 1/2 FO’/EJ

1% =[0(1-xb ) Fb UEI dx = [ x -1/2 b ], Fb 1/E9
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

1% = [2(1 172 xtb -1/2 x2ib* ) Fb 1/EJ dx = [ x -1/4 x%1b -1/6 x/b? ] Fb 1/E3
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb*/EJ

1 = [*(3/2 xtb -1/2 x2b* ) Fb 1/E3 dx = [3/4 xb -1/6 x°1b? ] Fb 1/E
=(3/4b-1/6b) Fb 1/EJ = 7/12 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25
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%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [*(3/2 x/b -1/2 x2Ib* ) Fb 1/EJ dx = [3/4 xb -1/6 x*/b? || Fb 1/E3
=(3/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1% = [(1 -1/2 xib -1/2 x81b* ) Fb 1/E3 dx = [ x -1/4 X%/ -1/6 xb | Fb 1/E3
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

L8 =L (xb) Fo UEIdx+1 (-1) 1 Fb¥EI=[12x%b ] Fb UEJ +1 (-1) 1 FbYEJ
=(12b)Fb 1/EJ +1 (-1) 1 FO/E] =-1/2 Fb’/EJ

12 =[(1-xb) Fo UEI dx +1 (-1) 1 FbYEI=[ x-1/2x%b ]  Fb 1/EJ +1 (-1) 1 FbYE]
=(b-12b)Fb 1/EJ +1 (-1) 1 FbY/EJ=-1/2 Fb’/EJ

1% = [2(1 -1/2 xtb -1/2 x2ib* ) Fb 1/EJ dx = [ x -1/4 x%1b -1/6 x/b? ] Fb 1/E3
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb*/EJ

1 = [*(3/2 xtb -1/2 x2b* ) Fb 1/E3 dx = [3/4 xb -1/6 x°1b? ] Fb 1/E
=(3/4b-1/6b) Fb 1/EJ = 7/12 Fb*/EJ
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%=L ) v dx = [13 2]} VED
=(1/3b) 1EJ =13 bEI

%=L (1-2xb +x0* ) UEIdx = [ x-xXb +1/3 X% ], 1/ES
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = bEJ

L% =0(1) vEIax=[x]. vEI
=(b) VEJ = bEJ

%=L (1-2xb +x0* ) UEIdx = [ x-xXb +1/3 X% ], 1/EI
=(b-b+13b) LEJ =1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(u3b) VEI =13 bEJ

1% = [*(xb) Fb 1/£3 dx = [1/2 b ], Fb 1/E9
=(12b) Fb 1/EJ = 1/2 Fb*/EJ

L =['(1-xb ) Fb UEI dx = [ x-1/2 b ]| Fb 1/E3
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

1 =["(xb) Fb /€3 dx = [1/2 b | Fb 1/E
=(12b) Fb YEJ = 1/2 FO’/EJ

1% =[0(1-xb ) Fb UEI dx = [ x-1/2 b ], Fb 1/E3
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

L2 =["(1-xb ) Fb 1/E3 dx = [ x-1/2 X%Ib ], Fb 1/E3
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

1 =["(xb ) Fb 1/E3 dx = [1/2 b ] Fb 1/E
=(1/2b) Fb VEJ = 1/2 FO’/EJ
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PROCEDIMENTO E RISULTATI 240138 ES>02.xxxx.059

%=L ) v dx = [13 2]} VED
=(13b) VEJ = 13 bIEJ

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

L% =0(1) vEIdx=[x]] VEI
=(b) 1/EJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(u3b) VEI =13 bEJ

1% = [*(xb) Fb 1/£3 dx = [1/2 b ], Fb 1/E9
=(12b) Fb 1/EJ = 1/2 Fb*/EJ

L =['(1-xb ) Fb UEI dx = [ x-1/2 b ]| Fb 1/E3
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

L8 =[(xb) Fo UEIdx+1 (-1) 1 Fb¥EI=[12x%b ] Fb UEJ +1 (-1) 1 FbYEJ
=(12b)Fb 1EJ +1 (-1) 1 FO/E] =-1/2 Fb’/EJ

12 =[(1-xb) Fo UEI dx +1 (-1) 1 FbYEI=[ x-1/2xb ]  Fb 1/EJ +1 (-1) 1 FbE]
=(b-12b)Fb 1/EJ +1 (-1) 1 Fb’/EJ=-1/2 Fb’/EJ

L2 =["(1-xb ) Fb 1/EI dx = [ x-1/2X%b ], Fb 1/E3
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

1 =["(xb) Fb 1/E3 dx = [1/2 b ] Fb 1/E
=(1/2b) Fb EJ = 1/2 FO’/EJ
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PROCEDIMENTO E RISULTATI 237067 ES>02.xxxx.060

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

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [2(-1/2 x/b +3/2 X¥1% ) Fb 1/E3 dx = [-1/4 x%1b +1/2 x1b* | Fb 1/E3
=(-1/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ

1% = [7(1 -512 xib +3/2 X216 ) Fb VE dx = [ x -5/4 x¢b +1/2 b | Fb 1/E3
=(b-5/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ

1% = [2(5/2 b ) Fb 1/E3 dx = [514 xb | Fb 1/E3
=(5/4b) Fb 1/EJ =5/4 Fb’/EJ

1%, = [°(5/2 -5/2 xib ) Fb 1/E3 dx = [5/2 x -5/4 x¢1b | Fb 1/EJ
=(5/2b-5/4b ) Fb 1/EJ =5/4 Fb’/EJ

12 = [[(5/2 -4 xtb +372 X2J6> ) Fb 1/E3 dx = [5/2 x -2 x2Ib +1/2 x1b* | Fb 1/E3
=(512b-2b+1/2b ) Fb 1/EJ = Fb’/EJ

12 = ["( b +312 ¥21b* ) Fb 1/E3 dx = [1/2 xb +1/2 xb2 ]| Fb 1/E3
=(1/2b+1/2b) Fb /EJ = Fb’/EJ
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PROCEDIMENTO E RISULTATI 240095 ES>02.xxxx.061

b
%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
L% =[2(1-2xb +xb? ) VEIdx= [ x- b +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ
b
L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ
b
%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
1% = [2(-1/2 x/b +3/2 X¥1% ) Fb 1/E3 dx = [-1/4 x%1b +1/2 x1b* | Fb 1/E3
=(-1/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ
b
L =j2(1 -5/2 xlb +3/2 X’Ib* ) Fb 1/EJ dx = [ x -5/4 x1b +1/2 X’Ib* ] | Fb 1/EJ
=(b-5/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ
b
L = JZ(s/z xib) Fb UEJdx+1 (-1) 1 FbY/EJ=[5/4x'b] Fb1EI +1 (-1) 1 Fb’/EJ
=(5/4b)Fb1/EJ +1 (-1) 1 Fb/EJ = 1/4 Fb/EJ
L = ['(5/2-5/2x/b ) Fb UEI dx + 1 (-1) 1 FbYEJ = [5/2x-5/4x%b |  Fb U/EJ +1 (-1) 1 FbE
DC o o
=(5/2b-5/4b) Fb 1/EJ +1 (-1) 1 Fb’/EJ=1/4 Fb’/EJ
b
L% = [*(5/2 -4 xtb +3/2 216> ) Fb 1/EJ dx = [5/2 x -2 b +1/2 x°/b° | Fb 1/EJ
o] o]
=(512b-2b+1/2b ) Fb 1/EJ = Fb’/EJ
b
1 = ["( b +312 x2ib? ) Fb 1/E3 dx = [1/2 x8b +1/2 b2 ] Fb 1/E3
=(1/2b+1/2b) Fb /EJ = Fb’/EJ
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%=L ) v dx = [13 2]} VED
=(13b) VEJ = 13 bIEJ

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(u3b) VEI =13 bEJ

1% = [*(3/2 x/b -1/2 x2Ib* ) Fb 1/EJ dx = [3/4 xb -1/6 x*/b? || Fb 1/E3
=(3/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1% = [(1 -1/2 xib -1/2 x81b* ) Fb 1/E3 dx = [ x -1/4 X%/ -1/6 xb | Fb 1/E3
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1% = [ (12 xib* ) Fb 1/E3 dx = [1/6 X167 ] Fb 1/E
=(16b) Fb 1/EJ = 1/6 Fb’/EJ

1% = [2(1/2 - xtb +1/2 %1% ) Fb 1/EI dx = [1/2 x 172 X¥1b +1/6 xb* | Fb 1/E
=(1/2b-1/2b+1/6 b ) Fb 1/EJ = 1/6 Fb’/EJ

1% = [*(1/2 -1/2 x2b* ) Fb 1/E3 dx = [1/2 x-1/6 x°Ib? ] Fb 1/E3
=(1/2b-1/6 b ) Fb 1/EJ = 1/3 Fb’/EJ

1 = ["( b 172 X% ) Fb 1/ED dx = [1/2 X% -1/6 xb ] Fb 1/E3
=(1/2b-1/6b ) Fb 1/E) = 1/3 Fb/E]
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b
%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
L% =[2(1-2xb +xb? ) VEIdx= [ x- b +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ
b
L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ
b
%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ
L% = [*(3/2 xb -1/2 b7 ) Fb 1/E dx = [3/4 b -1/6 X'1b* ] Fb 1/E
BC o [¢]
=(3/4b-1/6b) Fb 1/EJ =7/12 Fb’/EJ
b
L =j2(1 -1/2 xlb -1/2 X'Ib® ) Fb L/EJ dx = [ x -1/4 X’/ -1/6 x°/b* | Fb 1/E
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ
b
L = [[(12x0® ) Fb UEI dx + 1 (-1) 1 FbYEJ = [16 X7 ]  Fb UEJ +1 (-1) 1 FbYE
=(U6b)Fb1/EJ +1 (-1) 1 Fb/E] =-5/6 Fb’/EJ
1% = [(1/2 - xib +1/2 16> ) Fb UEI dx + 1 (-1) 1 FbP/EJ
b
=[12x-1/25°b +1/6 x’0° ] _Fb L/EJ +1 (-1) 1 FbY/EJ
=(1/2b-1/2b+1/6 b ) Fo 1/EJ +1 (-1) 1 Fb%/EJ =-5/6 Fb*/EJ
b
1% = [*(1/2 -1/2 x2b* ) Fb 1/E3 dx = [1/2 x -1/6 x°Ib? ] Fb 1/E3
=(1/2b-1/6 b)) Fb 1/EJ = 1/3 Fb/EJ
b
1 = [*( b 172 X% ) Fb 1/ED dx = [1/2 X%/ -1/6 xb ] Fb 1/E3
=(1/2b-1/6b) Fb 1/EJ = 1/3 Fb*/EJ
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%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

12 = [2(- xtb +2 X216 ) Fb 1/E3 dx = [-1/2 x2Ib +2/3 xib* | Fb 1/E]
=(-1/2b+2/3b) Fb 1/EJ = 1/6 Fb’/EJ

1% = [(1 -3 x1b +2 b7 ) Fb 1/EJ dx = [ x-3/2 x2Ib +2/3 xb% ]| Fb 1/E3J
=(b-312b+2/3b) Fb 1/EJ = 1/6 Fb’/EJ

1 =[2(3xb ) Fb 1/EI dx = [3/2x2b ]| Fb 1/E3
=(3/2b) Fb 1/EJ = 3/2 Fb’/EJ

1% =['(3-3x/b ) Fb 1/EI dx = [3x -3/2 b ]| Fb 1/E9
=(3b-312b) Fb 1/EJ =3/2 Fb*/EJ

1% = [2(3 -5 x/b +2 I ) Fb 1EI dx = [3 x -5/2 X%/ +2/3 x*/b? | Fb 1/E3
=(3b-5/2b+2/3b ) Fb 1/EJ = 7/6 Fb’/EJ

1 = ["( b +2 x2b? ) Fb 1/E3 dx = [1/2 xb +2/3 X6 ]| Fb 1/E3
=(1/2b+2/3b ) Fb 1/E] = 7/6 Fb%/EJ
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%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

12 = [2(- xtb +2 X216 ) Fb 1/E3 dx = [-1/2 x2Ib +2/3 xib* | Fb 1/E]
=(-1/2b+2/3b) Fb 1/EJ = 1/6 Fb’/EJ

1% = [(1 -3 x1b +2 b7 ) Fb 1/EJ dx = [ x-3/2 x2Ib +2/3 xb% ]| Fb 1/E3J
=(b-312b+2/3b) Fb 1/EJ = 1/6 Fb’/EJ

L =j2(3 x/b ) Fb I/EJdx +1 (-1) 1 Fb¥EJ =[3/2x%b ]z Fb1/EJ +1 (-1) 1 Fb¥EJ
=(3/2b) Fb1/EJ +1 (-1) 1 Fb/EJ=1/2 Fb/EJ

1 =[(3-3xb) Fo UEIdx+1 (-1) 1 Fb¥EI=[3x-32x%b ]  Fb 1/E) +1 (-1) 1 FbYE]
=(3b-32b)Fb 1/EJ +1 (-1) 1 Fb’/EJ = 1/2 Fb’/EJ

1% = ['(3 -5 x/b +2 I ) Fb 1EI dx = [3 x -5/2 X%/ +2/3 x*/b* | Fb 1/E3
=(3b-5/2b+2/3b ) Fb 1/EJ = 7/6 Fb’/EJ

1 = ["( b +2 x2b? ) Fb 1/E3 dx = [1/2 x8b +2/3 X6 ]| Fb 1/E3
=(1/2b+2/3b) Fb 1/EJ = 7/6 Fb*/EJ
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PROCEDIMENTO E RISULTATI 982506 ES>02.xxxx.070

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

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [2(-1/2 x/b +3/2 X¥1% ) Fb 1/E3 dx = [-1/4 x%1b +1/2 x1b* | Fb 1/E3
=(-1/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ

1% = [7(1 -512 xib +3/2 X216 ) Fb VE dx = [ x -5/4 x¢b +1/2 b | Fb 1/E3
=(b-5/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ

1 =[2(3xb ) Fb 1/EI dx = [3/2x2b ], Fb 1/E3
=(3/2b) Fb 1/EJ = 3/2 Fb’/EJ

1% =['(3-3x/b ) Fb 1/EI dx = [3x -3/2 b ]| Fb 1/E9
=(3b-312b) Fb 1/EJ =3/2 Fb*/EJ

12 = [7(3 -0/2 xtb +3/2 X2Ib> ) Fb 1/E3 dx = [3 x -0/4 x2/b +1/2 x1b* | Fb 1/E3
=(3b-9/4b+1/2b ) Fb 1/EJ =5/4 Fb’/EJ

1% = [*(3/2 xtb +8/2 X¥1b% ) Fb 1/EJ dx = [3/4 X% +1/2 x1b? ] Fb 1/E
=(3/4b+1/2b) Fb 1/EJ = 5/4 Fb’/EJ
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PROCEDIMENTO E RISULTATI 961051 ES>02.xxxx.071

b
%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
L% =[2(1-2xb +xb? ) VEIdx= [ x- b +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ
b
L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ
b
%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
1% = [2(-1/2 x/b +3/2 X¥1% ) Fb 1/E3 dx = [-1/4 x%1b +1/2 x1b* | Fb 1/E3
=(-1/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ
b
L =j2(1 -5/2 xlb +3/2 X’Ib* ) Fb 1/EJ dx = [ x -5/4 x1b +1/2 X’Ib* ] | Fb 1/EJ
=(b-5/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ
b
L =j2(3 xlb) Fb UEJdx+1 (-1) 1 FbY/EJ=[3/2x"b] Fb1/EI +1 (-1) 1 Fb’/EJ
=(3/2b) Fb1/EJ +1 (-1) 1 Fb/EJ=1/2 Fb/EJ
b
1 =[(3-3xb) Fo UEIdx+1 (-1) 1 Fb¥EI=[3x-312xX%b ]  Fb 1/EJ +1 (-1) 1 FbYE]
=(3b-322b)Fb 1/EJ +1 (-1) 1 Fb’/EJ = 1/2 Fb’/EJ
b
L% = [°(3 -9/2 xtb +3/2 X1 ) Fb 1/EJ dx = [3x -9/4 /b +1/2 x°/b° | Fb 1/EJ
o] o]
=(3b-9/4b+1/2b ) Fb 1/EJ =5/4 Fb’/EJ
b
1 = [*(3/2 xtb +8/2 X¥1b? ) Fb 1/EJ dx = [3/4 X¥1b +1/2 x1b? ] Fb 1/E
=(3/4b+1/2b) Fb 1/EJ = 5/4 Fb’/EJ
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PROCEDIMENTO E RISULTATI 957197 ES>02.xxxx.072

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

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

12 = [2(- xtb +2 X216 ) Fb 1/E3 dx = [-1/2 x2Ib +2/3 xib* | Fb 1/E]
=(-1/2b+2/3b) Fb 1/EJ = 1/6 Fb’/EJ

1% = [(1 -3 x1b +2 b7 ) Fb 1/EJ dx = [ x-3/2 x2Ib +2/3 xb% ]| Fb 1/E3J
=(b-312b+2/3b) Fb 1/EJ = 1/6 Fb’/EJ

1 =[2(3xb ) Fb 1/EI dx = [3/2x2b ]| Fb 1/E3
=(3/2b) Fb 1/EJ = 3/2 Fb’/EJ

1% =['(3-3x/b ) Fb 1/EI dx = [3x -3/2 b ]| Fb 1/E9
=(3b-312b) Fb 1/EJ =3/2 Fb*/EJ

1% = [2(3 -5 x/b +2 I ) Fb 1EI dx = [3 x -5/2 X%/ +2/3 x*/b? | Fb 1/E3
=(3b-5/2b+2/3b ) Fb 1/EJ = 7/6 Fb’/EJ

1 = ["( b +2 x2b? ) Fb 1/E3 dx = [1/2 xb +2/3 X6 ]| Fb 1/E3
=(1/2b+2/3b ) Fb 1/E] = 7/6 Fb%/EJ
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PROCEDIMENTO E RISULTATI 984792 ES>02.xxxx.073

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

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

12 = [2(- xtb +2 X216 ) Fb 1/E3 dx = [-1/2 x2Ib +2/3 xib* | Fb 1/E]
=(-1/2b+2/3b) Fb 1/EJ = 1/6 Fb’/EJ

1% = [(1 -3 x1b +2 b7 ) Fb 1/EJ dx = [ x-3/2 x2Ib +2/3 xb% ]| Fb 1/E3J
=(b-312b+2/3b) Fb 1/EJ = 1/6 Fb’/EJ

L =j2(3 x/b ) Fb I/EJdx +1 (-1) 1 Fb¥EJ =[3/2x%b ]z Fb1/EJ +1 (-1) 1 Fb¥EJ
=(3/2b) Fb1/EJ +1 (-1) 1 Fb/EJ=1/2 Fb/EJ

1 =[(3-3xb) Fo UEIdx+1 (-1) 1 Fb¥EI=[3x-32x%b ]  Fb 1/E) +1 (-1) 1 FbYE]
=(3b-32b)Fb 1/EJ +1 (-1) 1 Fb’/EJ = 1/2 Fb’/EJ

1% = ['(3 -5 x/b +2 I ) Fb 1EI dx = [3 x -5/2 X%/ +2/3 x*/b* | Fb 1/E3
=(3b-5/2b+2/3b ) Fb 1/EJ = 7/6 Fb’/EJ

1 = ["( b +2 x2b? ) Fb 1/E3 dx = [1/2 x8b +2/3 X6 ]| Fb 1/E3
=(1/2b+2/3b) Fb 1/EJ = 7/6 Fb*/EJ
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PROCEDIMENTO E RISULTATI 237525 ES>02.xxxx.081

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

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

12 = [2(- xtb +2 X216 ) Fb 1/E3 dx = [-1/2 x2Ib +2/3 xib* | Fb 1/E]
=(-1/2b+2/3b) Fb 1/EJ = 1/6 Fb’/EJ

1% = [(1 -3 x1b +2 b7 ) Fb 1/EJ dx = [ x-3/2 x2Ib +2/3 xb% ]| Fb 1/E3J
=(b-312b+2/3b) Fb 1/EJ = 1/6 Fb’/EJ

L =j2(3 x/b ) Fb I/EJdx +1 (-1) 1 Fb¥EJ =[3/2x%b ]z Fb1/EJ +1 (-1) 1 Fb¥EJ
=(3/2b) Fb1/EJ +1 (-1) 1 Fb/EJ=1/2 Fb/EJ

1 =[(3-3xb) Fo UEIdx+1 (-1) 1 Fb¥EI=[3x-32x%b ]  Fb 1/E) +1 (-1) 1 FbYE]
=(3b-32b)Fb 1/EJ +1 (-1) 1 Fb’/EJ = 1/2 Fb’/EJ

1% = ['(3 -5 x/b +2 I ) Fb 1EI dx = [3 x -5/2 X%/ +2/3 x*/b* | Fb 1/E3
=(3b-5/2b+2/3b ) Fb 1/EJ = 7/6 Fb’/EJ

1 = ["( b +2 x2b? ) Fb 1/E3 dx = [1/2 x8b +2/3 X6 ]| Fb 1/E3
=(1/2b+2/3b) Fb 1/EJ = 7/6 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25

ES>02.xxxx.081

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

01.12.25
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PROCEDIMENTO E RISULTATI 252216

ES>02.xxxx.082

Quadro contributi PLV per iperstatica X=W,

I VNES) M,(x) MM, MM, [[MM/Eddx | [XM,M /EJdx
AB b 0 1/2Fx 0 0
0 0
BAb 0 -1/2Fb+1/2Fx 0 0
BChb x/b 1/2Fb-3/2Fx -1/2Fx+3/2Fx%/b X°Ib’ ,
, , | VAFD/EY | 1/3Xb/E
CBb 1-x/b Fb-3/2Fx Fb-5/2Fx+3/2Fx’/b | 1-2x/b+x’/b
CDb -1 -3Fx 3Fx 1 ,
3/2Fb%/EJ Xb/EJ
DC b 1 3Fb-3Fx 3Fb-3Fx 1
DEb  |-1+x/b|-3Fb+3/2Fx+1/2gx’ | 3Fb-9/2Fx+Fx’Ib+1/2qx’ /b | 1-2x/b+x /b ,
, , , ., |29/24Fb°EJ| 1/3Xb/EJ
EDDb x/b Fb+5/2Fx-1/2gx Fx+5/2Fx"/b-1/2qx"/b x“/b
EFvVSb | 0 4V/5/5Fx 0 0 0 0
FGb 0 -Fx 0 0
0 0
GFb 0 Fb-Fx 0 0
GA 2b 0 0 0 0
0 0
AG 2b 0 0 0 0
FB 2b 0 AFb-Fx-1/2gx° 0 0
0 0
BF 2b 0 -3Fx+1/2gx° 0 0
BEb 0 0 0 0
0 0
EB b 0 0 0 0
BE elongazione asta N, g-€pclpe Fb’/EJ
totali 95/24Fb°/EJ|  5/3Xb/EJ
iperstatica X=W_ -19/8Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25

PROCEDIMENTO E RISULTATI 252216

ES>02.xxxx.082

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 252216 ES>02.xxxx.082

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

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [2(-1/2 x/b +3/2 X¥1% ) Fb 1/E3 dx = [-1/4 x%1b +1/2 x1b* | Fb 1/E3
=(-1/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ

1% = [7(1 -512 xib +3/2 X216 ) Fb VE dx = [ x -5/4 x¢b +1/2 b | Fb 1/E3
=(b-5/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ

1 =[2(3xb ) Fb 1/EI dx = [3/2x2b ], Fb 1/E3
=(3/2b) Fb 1/EJ = 3/2 Fb’/EJ

1% =['(3-3x/b ) Fb 1/EI dx = [3x -3/2 b ]| Fb 1/E9
=(3b-312b) Fb 1/EJ =3/2 Fb*/EJ

12 = [2(3 -0/2 xtb + x2Ib* +1/2 51 ) Fb VEI dx = [3 x -0/4 xX¥Ib +1/3 x¥/b? +1/8 x'1b° | Fb 1/E3
=(3b-9/4b+1/3b +1/8b ) Fb 1/EJ = 29/24 Fb’/EJ

L2 = ['( b +512 x21b? -1/2 1™ ) Fb 1/EJ dx = [1/2 X¥1b +516 xIb? -1/8 x'1b° ] Fb 1/E3
=(1/2b+5/6 b-1/8b ) Fb 1/EJ =29/24 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25

ES>02.xxxx.082

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 236511

ES>02.xxxx.083

Quadro contributi PLV per iperstatica X=W,

PROCEDIMENTO E RISULTATI 236511

ES>02.xxxx.083

I VNES) M,(x) MM, MM, [[MM/Eddx | [XM,M /EJdx
AB b 0 1/2Fx 0 0
0 0
BAb 0 -1/2Fb+1/2Fx 0 0
BChb x/b 1/2Fb-3/2Fx -1/2Fx+3/2Fx%/b X°Ib’ ,
, , | VAFD/EY | 1/3Xb/E
CBb 1-x/b Fb-3/2Fx Fb-5/2Fx+3/2Fx’/b | 1-2x/b+x’/b
CDb -1 -3Fx 3Fx 1 ,
3/2Fb%/EJ Xb/EJ
DC b 1 3Fb-3Fx 3Fb-3Fx 1
DEb  |-1+x/b|-3Fb+3/2Fx+1/2gx’ | 3Fb-9/2Fx+Fx’Ib+1/2qx’ /b | 1-2x/b+x /b ,
, , , ., |29/24Fb°EJ| 1/3Xb/EJ
EDDb x/b Fb+5/2Fx-1/2gx Fx+5/2Fx"/b-1/2qx"/b x“/b
EFvVSb | 0 4V/5/5Fx 0 0 0 0
FGb 0 -Fx 0 0
0 0
GFb 0 Fb-Fx 0 0
GA 2b 0 0 0 0
0 0
AG 2b 0 0 0 0
FB 2b 0 AFb-Fx-1/2gx° 0 0
0 0
BF 2b 0 -3Fx+1/2gx° 0 0
BEb 0 0 0 0
0 0
EB b 0 0 0 0
CD elongazione asta N,.p€cplcp -Fb’/EJ
totali 47/24Fb°/EJ|  5/3Xb/EJ
iperstatica X=W_ -47/40Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25

Sviluppi di calcolo iperstatica

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 236511 ES>02.xxxx.083

b
%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
L% =[2(1-2xb +xb? ) VEIdx= [ x- b +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ
b
L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ
b
%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
1% = [2(-1/2 x/b +3/2 X¥1% ) Fb 1/E3 dx = [-1/4 x%1b +1/2 x1b* | Fb 1/E3
=(-1/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ
b
L =j2(1 -5/2 xlb +3/2 X’Ib* ) Fb 1/EJ dx = [ x -5/4 x1b +1/2 X’Ib* ] | Fb 1/EJ
=(b-5/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ
b
L =j2(3 xlb) Fb UEJdx+1 (-1) 1 FbY/EJ=[3/2x"b] Fb1/EI +1 (-1) 1 Fb’/EJ
=(3/2b) Fb1/EJ +1 (-1) 1 Fb/EJ=1/2 Fb/EJ
b
1 =[(3-3xb) Fo UEIdx+1 (-1) 1 Fb¥EI=[3x-312xX%b ]  Fb 1/EJ +1 (-1) 1 FbYE]
=(3b-322b)Fb 1/EJ +1 (-1) 1 Fb’/EJ = 1/2 Fb’/EJ
b
L% = [°(3-9/2 xtb + X% +1/2 xb° ) Fb 1/E dx = [3 x -9/4 x/b +1/3 /% +1/8 x'1b° | Fb 1/E
o] e}
=(3b-9/4b+1/3b +1/8b ) Fb 1/EJ = 29/24 Fb’/EJ
b
L% = [*( b +5/2 516> 112 x%/b° ) Fb 1/EJ dx = [1/2 b +5/6 x°/b? -1/8 x“1b° | Fb 1/E3
[e] o
=(1/2b+5/6 b-1/8b ) Fb 1/EJ =29/24 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25

ES>02.xxxx.083

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 236427 ES>02.xxxx.084

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

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [*(3/2 x/b -1/2 x2Ib* ) Fb 1/EJ dx = [3/4 xb -1/6 x*/b? || Fb 1/E3
=(3/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1% = [(1 -1/2 xib -1/2 x81b* ) Fb 1/E3 dx = [ x -1/4 X%/ -1/6 xb | Fb 1/E3
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1 =["(xb) Fb /€3 dx = [12 b | Fb 1/E
=(12b) Fb VEJ = 1/2 FO’/EJ

1% =[0(1-xb ) Fb UEI dx = [ x -1/2 b ], Fb 1/E9
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

1% = [2(1 172 xtb -1/2 x2ib* ) Fb 1/EJ dx = [ x -1/4 x%1b -1/6 x/b? ] Fb 1/E3
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb*/EJ

1 = [*(3/2 xtb -1/2 x2b* ) Fb 1/E3 dx = [3/4 xb -1/6 x°1b? ] Fb 1/E
=(3/4b-1/6b) Fb 1/EJ = 7/12 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25

ES>02.xxxx.084

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 237813 ES>02.xxxx.085

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

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [*(3/2 x/b -1/2 x2Ib* ) Fb 1/EJ dx = [3/4 xb -1/6 x*/b? || Fb 1/E3
=(3/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1% = [(1 -1/2 xib -1/2 x81b* ) Fb 1/E3 dx = [ x -1/4 X%/ -1/6 xb | Fb 1/E3
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

L8 =L (xb) Fo UEIdx+1 (-1) 1 Fb¥EI=[12x%b ] Fb UEJ +1 (-1) 1 FbYEJ
=(12b)Fb 1/EJ +1 (-1) 1 FO/E] =-1/2 Fb’/EJ

12 =[(1-xb) Fo UEI dx +1 (-1) 1 FbYEI=[ x-1/2x%b ]  Fb 1/EJ +1 (-1) 1 FbYE]
=(b-12b)Fb 1/EJ +1 (-1) 1 FbY/EJ=-1/2 Fb’/EJ

1% = [2(1 -1/2 xtb -1/2 x2ib* ) Fb 1/EJ dx = [ x -1/4 x%1b -1/6 x/b? ] Fb 1/E3
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb*/EJ

1 = [*(3/2 xtb -1/2 x2b* ) Fb 1/E3 dx = [3/4 xb -1/6 x°1b? ] Fb 1/E
=(3/4b-1/6b) Fb 1/EJ = 7/12 Fb*/EJ
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PROCEDIMENTO E RISULTATI 237504 ES>02.xxxx.086 ES>02.xxxx.086

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

%=L (1-2xb +x0* ) UEIdx = [ x-xXb +1/3 X% ], 1/ES
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = bEJ

L% =0(1) vEIax=[x]. vEI
=(b) VEJ = bEJ

%=L (1-2xb +x0* ) UEIdx = [ x-xXb +1/3 X% ], 1/EI
=(b-b+13b) LEJ =1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(u3b) VEI =13 bEJ

1% = [*(xb) Fb 1/£3 dx = [1/2 b ], Fb 1/E9
=(12b) Fb 1/EJ = 1/2 Fb*/EJ

L =['(1-xb ) Fb UEI dx = [ x-1/2 b ]| Fb 1/E3
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

1 =["(xb) Fb /€3 dx = [1/2 b | Fb 1/E
=(12b) Fb YEJ = 1/2 FO’/EJ

1% =[0(1-xb ) Fb UEI dx = [ x-1/2 b ], Fb 1/E3
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

L2 =["(1-xb ) Fb 1/E3 dx = [ x-1/2 X%Ib ], Fb 1/E3
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

1 =["(xb ) Fb 1/E3 dx = [1/2 b ] Fb 1/E
=(1/2b) Fb VEJ = 1/2 FO’/EJ
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PROCEDIMENTO E RISULTATI 237785 ES>02.xxxx.087

%=L ) v dx = [13 2]} VED
=(13b) VEJ = 13 bIEJ

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

L% =0(1) vEIdx=[x]] VEI
=(b) 1/EJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(u3b) VEI =13 bEJ

1% = [*(xb) Fb 1/£3 dx = [1/2 b ], Fb 1/E9
=(12b) Fb 1/EJ = 1/2 Fb*/EJ

L =['(1-xb ) Fb UEI dx = [ x-1/2 b ]| Fb 1/E3
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

L8 =[(xb) Fo UEIdx+1 (-1) 1 Fb¥EI=[12x%b ] Fb UEJ +1 (-1) 1 FbYEJ
=(12b)Fb 1EJ +1 (-1) 1 FO/E] =-1/2 Fb’/EJ

12 =[(1-xb) Fo UEI dx +1 (-1) 1 FbYEI=[ x-1/2xb ]  Fb 1/EJ +1 (-1) 1 FbE]
=(b-12b)Fb 1/EJ +1 (-1) 1 Fb’/EJ=-1/2 Fb’/EJ

L2 =["(1-xb ) Fb 1/EI dx = [ x-1/2X%b ], Fb 1/E3
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

1 =["(xb) Fb 1/E3 dx = [1/2 b ] Fb 1/E
=(1/2b) Fb EJ = 1/2 FO’/EJ
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PROCEDIMENTO E RISULTATI 236384 ES>02.xxxx.088

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

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [2(-1/2 x/b +3/2 X¥1% ) Fb 1/E3 dx = [-1/4 x%1b +1/2 x1b* | Fb 1/E3
=(-1/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ

1% = [7(1 -512 xib +3/2 X216 ) Fb VE dx = [ x -5/4 x¢b +1/2 b | Fb 1/E3
=(b-5/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ

1% = [2(5/2 b ) Fb 1/E3 dx = [514 xb | Fb 1/E3
=(5/4b) Fb 1/EJ =5/4 Fb’/EJ

1%, = [°(5/2 -5/2 xib ) Fb 1/E3 dx = [5/2 x -5/4 x¢1b | Fb 1/EJ
=(5/2b-5/4b ) Fb 1/EJ =5/4 Fb’/EJ

12 = [[(5/2 -4 xtb +372 X2J6> ) Fb 1/E3 dx = [5/2 x -2 x2Ib +1/2 x1b* | Fb 1/E3
=(512b-2b+1/2b ) Fb 1/EJ = Fb’/EJ

12 = ["( b +312 ¥21b* ) Fb 1/E3 dx = [1/2 xb +1/2 xb2 ]| Fb 1/E3
=(1/2b+1/2b) Fb /EJ = Fb’/EJ
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=(b-b+1/3b) 1/EJ = 1/3 b/EJ

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ
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=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
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1% = [*(3/2 x/b -1/2 x2Ib* ) Fb 1/EJ dx = [3/4 xb -1/6 x*/b? || Fb 1/E3
=(3/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ
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=(16b) Fb 1/EJ = 1/6 Fb’/EJ

1% = [2(1/2 - xtb +1/2 %1% ) Fb 1/EI dx = [1/2 x 172 X¥1b +1/6 xb* | Fb 1/E
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%=L ) v dx = [13 2]} VED
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b
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=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
L% =0(1) vEIdx=[x]] VEI
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b
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BC o [¢]
=(3/4b-1/6b) Fb 1/EJ =7/12 Fb’/EJ
b
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b
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1% = [(1/2 - xib +1/2 16> ) Fb UEI dx + 1 (-1) 1 FbP/EJ
b
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b
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1 = [*( b 172 X% ) Fb 1/ED dx = [1/2 X%/ -1/6 xb ] Fb 1/E3
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PROCEDIMENTO E RISULTATI 210483 ES>02.xxxx.093

%=L ) v dx = [13 2]} VED
=(13b) VEJ = 13 bIEJ

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

L% =0(1) vEIdx=[x]] VEI
=(b) 1/EJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(u3b) VEI =13 bEJ

1% = [*(xb) Fb 1/£3 dx = [1/2 b ], Fb 1/E9
=(12b) Fb 1/EJ = 1/2 Fb*/EJ

L =['(1-xb ) Fb UEI dx = [ x-1/2 b ]| Fb 1/E3
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

L8 =[(xb) Fo UEIdx+1 (-1) 1 Fb¥EI=[12x%b ] Fb UEJ +1 (-1) 1 FbYEJ
=(12b)Fb 1EJ +1 (-1) 1 FO/E] =-1/2 Fb’/EJ

12 =[(1-xb) Fo UEI dx +1 (-1) 1 FbYEI=[ x-1/2xb ]  Fb 1/EJ +1 (-1) 1 FbE]
=(b-12b)Fb 1/EJ +1 (-1) 1 Fb’/EJ=-1/2 Fb’/EJ

L2 =["(1-xb ) Fb 1/EI dx = [ x-1/2X%b ], Fb 1/E3
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

1 =["(xb) Fb 1/E3 dx = [1/2 b ] Fb 1/E
=(1/2b) Fb EJ = 1/2 FO’/EJ
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%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

12 = [2(- xtb +2 X216 ) Fb 1/E3 dx = [-1/2 x2Ib +2/3 xib* | Fb 1/E]
=(-1/2b+2/3b) Fb 1/EJ = 1/6 Fb’/EJ

1% = [(1 -3 x1b +2 b7 ) Fb 1/EJ dx = [ x-3/2 x2Ib +2/3 xb% ]| Fb 1/E3J
=(b-312b+2/3b) Fb 1/EJ = 1/6 Fb’/EJ

1 =[2(3xb ) Fb 1/EI dx = [3/2x2b ]| Fb 1/E3
=(3/2b) Fb 1/EJ = 3/2 Fb’/EJ

1% =['(3-3x/b ) Fb 1/EI dx = [3x -3/2 b ]| Fb 1/E9
=(3b-312b) Fb 1/EJ =3/2 Fb*/EJ

1% = [2(3 -5 x/b +2 I ) Fb 1EI dx = [3 x -5/2 X%/ +2/3 x*/b? | Fb 1/E3
=(3b-5/2b+2/3b ) Fb 1/EJ = 7/6 Fb’/EJ

1 = ["( b +2 x2b? ) Fb 1/E3 dx = [1/2 xb +2/3 X6 ]| Fb 1/E3
=(1/2b+2/3b ) Fb 1/E] = 7/6 Fb%/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25

ES>02.xxxx.094

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

01.12.25



ES>02.xxxx.094 ES>02.xxxx.094

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25



REAZIONI 238443 ES>02.xxxx.095 AZIONI INTERNE 238443 ES>02.xxxx.095

G T ffffffffff = N —
I F y 4Fb 0 O [
S T SEE
S |l122F = s } }
= \ |
[ [
[ [
[ [
[ [
| |
S [ [ &
[ [
[ [
[ [
[ [
[ [
[ [
~ [ [
S [ [
M S e, | =
3 ——  9/10 — NNy E =
~ —— o% oé
= = 2 5k
—— 9/10 — HH —
IsndinisssisnianinndEninndsnal _3
X [ 15 -
<
J l 777777777
o
——E
A E <%
3F 9/10F
I ~e
F 4F
4F o
19/10Fb 0 1
v\ 9/10F o
4 D
9/2F G N\ E
1/10Fb
s\ 9/10F
-5 Fb
c 1/2F 312F
cA\ [ Db °
"7 9i10F 9/10F T 5
'\i 11/10Fb 19/10Fb =
3F 3F
E

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25



SC'¢T'10 €T'€0°LZ'SI9A ‘OUB(IN 1P 021UJBYI|0d ‘ISSOY IUB|aABRZ O}|opY © STArAN ] €T'€0°LZ'SIA ‘OUB(IN Ip 021UJB)I|0d ‘ISSOY IUB|SABRZ OJ|opY ©

1- T=X eonelsiadi ep auoissaly *IN ﬂ H w
eopeisiadi ojooeo 1p lddnppns ¥ %
0 oo 0
o o o
Qq40T/TT- BPp=x eonersiadi
3/9XE/S £3/,949/TT 1[elol
£3/,94- 99A939TN g)se auoizebuold an
0 0 0 0 qa3
0 0
0 0 0 0 q3g oo
0 0 DT T+xde- 0 qzc 49
0 0 0 0°
0 0 Xbei-xs-ady | 0 zad s
0 0 0 0 0 0 qc ov g peuesseyoues ep auoissa) °W ﬂHw \ oolyelsIadi 0j02[ed Ip BWaYdS
& o~ Ry \
0 0 0 0 qc vo W +
0 0 Xbe-xdz/1-a4| 0 q49 | ¢ = mWr wﬁu
0 0 ,
0 0 Xbz/T+xde/e- | 0 q9od
0 0 0 0 X4G/SMp 0 qsp 43
JA1X q/ X4g+x4 x4z+04 a/x aa3 B S EE— 5 8 v
C3/aXE/T £3/,949/L ° e e 0
JLX+0/X2-T |0/ X4g+X4G-04€ |  Xdz+ade-  |ax+T-|  g3a 7
T X4€-04¢ X4€-q4¢ T qoda
£3/9X £3/,94¢/€
T X4€ X4€- T- qas
L X+0/XE-T | O/ Xdg+x4e-04 x4z-04 axT| 9€d
C3/9XE/T £3/,949/1
Jax a/ x4z+x4- x4z-04 a/x- q0g
0 0 X4+04- 0 qva
0 0
0 0 X4 0 qav IS 5
Xpe3/ WWX[| xpea /W[ Ww WIN )’ W] - .
= SemasazanmRnRERINNRNINEN]
®pp=x eoneisiadi jad A1d nnquiuod oupend 0 e T-

G60"XXXX"¢0ZS3 EYY8EC ILVLTINSIY 3 OLNINIAID0dd G60"XXXX"¢0ZS3 EYY8EC ILVLTINSIY 3 OLNINIAID0dd



PROCEDIMENTO E RISULTATI 238443 ES>02.xxxx.095

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

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

12 = [2(- xtb +2 X216 ) Fb 1/E3 dx = [-1/2 x2Ib +2/3 xib* | Fb 1/E]
=(-1/2b+2/3b) Fb 1/EJ = 1/6 Fb’/EJ

1% = [(1 -3 x1b +2 b7 ) Fb 1/EJ dx = [ x-3/2 x2Ib +2/3 xb% ]| Fb 1/E3J
=(b-312b+2/3b) Fb 1/EJ = 1/6 Fb’/EJ

L =j2(3 x/b ) Fb I/EJdx +1 (-1) 1 Fb¥EJ =[3/2x%b ]z Fb1/EJ +1 (-1) 1 Fb¥EJ
=(3/2b) Fb1/EJ +1 (-1) 1 Fb/EJ=1/2 Fb/EJ

1 =[(3-3xb) Fo UEIdx+1 (-1) 1 Fb¥EI=[3x-32x%b ]  Fb 1/E) +1 (-1) 1 FbYE]
=(3b-32b)Fb 1/EJ +1 (-1) 1 Fb’/EJ = 1/2 Fb’/EJ

1% = ['(3 -5 x/b +2 I ) Fb 1EI dx = [3 x -5/2 X%/ +2/3 x*/b* | Fb 1/E3
=(3b-5/2b+2/3b ) Fb 1/EJ = 7/6 Fb’/EJ

1 = ["( b +2 x2b? ) Fb 1/E3 dx = [1/2 x8b +2/3 X6 ]| Fb 1/E3
=(1/2b+2/3b) Fb 1/EJ = 7/6 Fb*/EJ
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%=L ) v dx = [13 2]} VED
=(13b) VEJ = 13 bIEJ

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [*(3/2 x/b -1/2 x2Ib* ) Fb 1/EJ dx = [3/4 xb -1/6 x*/b? || Fb 1/E3
=(3/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1% = [(1 -1/2 xib -1/2 x81b* ) Fb 1/E3 dx = [ x -1/4 X%/ -1/6 xb | Fb 1/E3
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1 =["(xb) Fb /€3 dx = [12 b | Fb 1/E
=(12b) Fb VEJ = 1/2 FO’/EJ

1% =[0(1-xb ) Fb UEI dx = [ x -1/2 b ], Fb 1/E9
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

12 = [2(1 172 x/b - X¥1b? +1/2 Xb° ) Fb 1/EJ dx = [ x -1/4 X¥Ib -1/3 xib® +1/8 xIb* ] Fb 1/E3
=(b-1/4b-1/3b +1/8b ) Fb 1/EJ = 13/24 Fb’/EJ

L = ['( b +1/2 ¥1b? -1/2 1™ ) Fb 1/EJ dx = [1/2 X¥1b +1/6 xIb? -1/8 x'1b° ] Fb 1/E3
=(1/2b+1/6b-1/8b ) Fb 1/EJ = 13/24 Fb’/EJ
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%=L ) v dx = [13 2]} VED

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

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

b

L% =0(1) vEIdx=[x]] VEI

=(b) VEJ = b/EJ

b

L% =0(1) vEIax=[x]. vEI

=(b) 1/EJ = b/EJ

b

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3

=(b-b+1/3b) 1/EJ = 1/3 b/EJ
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%= ["(50?) v dx = [13 b2 )] VED

=(1/3b) 1/EJ = 1/3 b/EJ
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1% = [*(3/2 x/b -1/2 x2Ib* ) Fb 1/EJ dx = [3/4 xb -1/6 x*/b? || Fb 1/E3

=(3/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

b

L =j2(1 -1/2 xlb -1/2 X'Ib® ) Fb L/EJ dx = [ x -1/4 X’/ -1/6 x°/b* | Fb 1/E

=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ
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L8 =L (xb) Fo UEIdx+1 (-1) 1 Fb¥EI=[12x%b ] Fb UEJ +1 (-1) 1 FbYEJ

=(12b)Fb 1/EJ +1 (-1) 1 FO/E] =-1/2 Fb’/EJ
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12 =[(1-xb) Fo UEI dx +1 (-1) 1 FbYEI=[ x-1/2x%b ]  Fb 1/EJ +1 (-1) 1 FbYE]

=(b-12b)Fb 1/EJ +1 (-1) 1 FbY/EJ=-1/2 Fb’/EJ

b
L% = (1 -1/2 xtb - 16 +1/2 X1 ) Fb W/ED dx = [ x -1/4 ¥/ -1/3 X% +1/8 x'1b* | Fb 1/E
o] o]
=(b-1/4b-1/3b +1/8 b ) Fb 1/EJ = 13/24 Fb’/EJ
b
L% = [*(xib +1/2 516> 112 x%/6° ) Fb 1/EJ dx = [1/2 b +1/6 x°/b? -1/8 x“1b° | Fb 1/E3
[e] o
=(1/2b+1/6b-1/8b ) Fb 1/EJ = 13/24 Fb’/EJ
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%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [2(2 xib - xib? ) Fb UEI dx = [ x1b -1/3 5167 ] Fb 1/E3
=(b-1/3b) Fb 1/EJ = 2/3 Fb*/EJ

L = [(1- X6 ) Fb UEI dx = [ x-1/3 x°b? ] Fb 1/E
=(b-1/3b) Fb 1/EJ = 2/3 Fb*/EJ

L =JZ( x/b ) Fb 1/EJdx+1 (-1) 1 Fb%EJ =[1/2 %%/ ]z Fb1/EJ +1 (-1) 1 Fb¥EJ
=(12b)Fb 1/EJ +1 (-1) 1 FO/E] =-1/2 Fb’/EJ

1 =[(1-xb) Fo UEI dx +1 (-1) 1 FbYEI=[ x-1/2xb ]  Fb 1/EJ +1 (-1) 1 FbYE]
=(b-12b)Fb /EJ +1 (-1) 1 Fb’/EJ=-1/2 Fb’/EJ

1% = [2(1 872 X6 +1/2 x3ib° ) Fb 1/ED dx = [ x -1/2 xb? +1/8 x1b° ] Fb 1/E3
=(b-1/2b+1/8b ) Fb 1/EJ =5/8 Fb’/EJ
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%=L ) v dx = [13 2]} VED
=(13b) VEJ = 13 bIEJ

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [*(3/2 x/b -1/2 x2Ib* ) Fb 1/EJ dx = [3/4 xb -1/6 x*/b? || Fb 1/E3
=(3/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1% = [(1 -1/2 xib -1/2 x81b* ) Fb 1/E3 dx = [ x -1/4 X%/ -1/6 xb | Fb 1/E3
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1 =["(xb) Fb /€3 dx = [12 b | Fb 1/E
=(12b) Fb VEJ = 1/2 FO’/EJ
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=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

12 = [2(1 172 x/b - X¥1b? +1/2 Xb° ) Fb 1/EJ dx = [ x -1/4 X¥Ib -1/3 xib® +1/8 xIb* ] Fb 1/E3
=(b-1/4b-1/3b +1/8b ) Fb 1/EJ = 13/24 Fb’/EJ

L = ['( b +1/2 ¥1b? -1/2 1™ ) Fb 1/EJ dx = [1/2 X¥1b +1/6 xIb? -1/8 x'1b° ] Fb 1/E3
=(1/2b+1/6b-1/8b ) Fb 1/EJ = 13/24 Fb’/EJ
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b

%=L ) v dx = [13 2]} VED

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

b

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

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

b

L% =0(1) vEIdx=[x]] VEI

=(b) VEJ = b/EJ

b

L% =0(1) vEIax=[x]. vEI

=(b) 1/EJ = b/EJ
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%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3

=(b-b+1/3b) 1/EJ = 1/3 b/EJ
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%= ["(50?) v dx = [13 b2 )] VED

=(1/3b) 1/EJ = 1/3 b/EJ
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1% = [*(3/2 x/b -1/2 x2Ib* ) Fb 1/EJ dx = [3/4 xb -1/6 x*/b? || Fb 1/E3

=(3/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25
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PROCEDIMENTO E RISULTATI 237281

ES>02.xxxx.101

Quadro contributi PLV per iperstatica X=W,

PROCEDIMENTO E RISULTATI 237281

ES>02.xxxx.101

I VNES) M, (X) MM, MM, [[M M /Eddx | [XM,M /EJdx
AB b 0 0 0 0
0 0
BAb 0 0 0 0
BCh -x/b -Fx Fx%lb x*/b’ ,
, , ,| U3FBEJ | 1/3Xb/EJ
CBb 1-x/b Fb-Fx Fb-2Fx+Fx“/b 1-2x/b+x"/b
CDb -1 -5/2Fx 5/2Fx 1 ,
5/4Fb*/EJ Xb/EJ
DC b 1 5/2Fb-5/2Fx 5/2Fb-5/2Fx 1
DEb |-1+x/b|-5/2Fb+Fx+1/2qx° | 5/2Fb-7/2Fx+1/2Fxfb+1/2gxIb | 1-2x/b+x /b’ ,
) , , , ., |25/24Fb°EJ| 1/3Xb/EJ
EDDb x/b Fb+2Fx-1/2gx Fx+2Fx“/b-1/2gx°/b x/b
EFV5b | 0 | 7v5/10Fx+1/2gx° 0 0 0 0
FGb 0 -Fx 0 0
0 0
GFb 0 Fb-Fx 0 0
GA 2b 0 0 0 0
0 0
AG 2b 0 0 0 0
FB 2b 0 6Fb-3Fx 0 0
0 0
BF 2b 0 -3Fx 0 0
BE b 0 0 0 0
0 0
EB b 0 0 0 0
BE elongazione asta N, g-€pclpe Fb’/EJ
totali 29/8Fb’/EJ | 5/3Xb/EJ
iperstatica X=W_ -87/40Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25

Sviluppi di calcolo iperstatica

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

01.12.25



PROCEDIMENTO E RISULTATI 237281 ES>02.xxxx.101

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

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [2(xb* ) Fb 1/E3 dx = [1/3 xib* ] Fb 1/E
=(13b) Fb 1/EJ = 1/3 Fb/EJ

1% = [(1 -2 xib + xib* ) Fb 1/E3 dx = [ x - xb +1/3 xb* ] Fb 1/E3
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ

1% = [2(5/2 b ) Fb 1/E3 dx = [514 xib | Fb 1/E3
=(5/4b) Fb 1/EJ =5/4 Fb’/EJ

1%, = ['(5/2 -5/2 xib ) Fb 1/E3 dx = [5/2 x -5/4 x1b | Fb 1/EJ
=(5/2b-5/4b) Fb 1/EJ =5/4 Fb’/EJ

1% = [[(512 712 xtb +1/2 X2Ib* +1/2 xIb* ) Fb 1/EJ dx
= [5/2 x 714 X1 +1/6 X2 +1/8 x'1b° | Fb 1/E
=(5/2b-7/4b+1/6 b +1/8 b ) Fb 1/EJ = 25/24 Fb’/EJ

1 = ['( b +2 x2b? -1/2 xC1b™ ) Fb 1/EJ dx = [1/2 X% +213 xIb® -1/8 x'1b° ], Fb 1/E
=(1/2b+2/3b-1/8b ) Fb 1/EJ = 25/24 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25

ES>02.xxxx.101

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

01.12.25
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AZIONI INTERNE 236508
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PROCEDIMENTO E RISULTATI 236508

ES>02.xxxx.102

Quadro contributi PLV per iperstatica X=W,

PROCEDIMENTO E RISULTATI 236508

ES>02.xxxx.102

I VNES) M, (X) MM, MM, [[M M /Eddx | [XM,M /EJdx
AB b 0 0 0 0
0 0
BAb 0 0 0 0
BCh -x/b -Fx Fx%lb x*/b’ ,
, , ,| U3FBEJ | 1/3Xb/EJ
CBb 1-x/b Fb-Fx Fb-2Fx+Fx“/b 1-2x/b+x"/b
CDb -1 -5/2Fx 5/2Fx 1 ,
5/4Fb*/EJ Xb/EJ
DC b 1 5/2Fb-5/2Fx 5/2Fb-5/2Fx 1
DEb |-1+x/b|-5/2Fb+Fx+1/2qx° | 5/2Fb-7/2Fx+1/2Fxfb+1/2gxIb | 1-2x/b+x /b’ ,
) , , , ., |25/24Fb°EJ| 1/3Xb/EJ
EDDb x/b Fb+2Fx-1/2gx Fx+2Fx“/b-1/2gx°/b x/b
EFV5b | 0 | 7v5/10Fx+1/2gx° 0 0 0 0
FGb 0 -Fx 0 0
0 0
GFb 0 Fb-Fx 0 0
GA 2b 0 0 0 0
0 0
AG 2b 0 0 0 0
FB 2b 0 6Fb-3Fx 0 0
0 0
BF 2b 0 -3Fx 0 0
BE b 0 0 0 0
0 0
EB b 0 0 0 0
CD elongazione asta N,.p€cplcp -Fb’/EJ
totali 13/8Fb%EJ |  5/3Xb/EJ
iperstatica X=W_ -39/40Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25

Sviluppi di calcolo iperstatica

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

01.12.25



PROCEDIMENTO E RISULTATI 236508 ES>02.xxxx.102

b
%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
L% =[2(1-2xb +xb? ) VEIdx= [ x- b +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ
b
L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ
b
%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
1% = [2(xb* ) Fb 1/E3 dx = [1/3 xib* ] Fb 1/E
=(13b) Fb 1/EJ = 1/3 Fb/EJ
Xo _J‘b( 2,2 _ 2 3,21°
Lo = [ (1 -2 %0 + %0 ) Fb VEI dx = [ x - x/b +1/3 X°Ib* ]| Fb 1/EJ
=(b-b+1/3b) Fb 1/EJ = 1/3 Fb’/EJ
b
LY = J:(s/z x/b) Fb UEJdx+1 (-1) 1 FbY/EJ=[5/4x'b] Fb1/EI +1 (-1) 1 Fb’/EJ
=(5/4b)Fo1/EJ +1 (-1) 1 Fb/EJ = 1/4 Fb/EJ
b
1% = ['(5/2-5/2xib ) Fb 1/EI dx + 1 (-1) 1 FbY/EJ = [5/2x 5/4x%b | Fb UEJ +1 (-1) 1 FbE
=(5/2b-5/4b) Fb 1/EJ +1 (-1) 1 Fb’/EJ=1/4 Fb’/EJ
1% = [[(512 712 xtb +1/2 X2Ib* +1/2 x1b* ) Fb 1/EJ dx
b
= [5/2 x 714 5°1b +1/6 x°Ib? +1/8 x'Ib* ] | Fb 1/E
=(5/2b-7/4b+1/6 b +1/8 b ) Fb 1/EJ = 25/24 Fb*/EJ
b
L2 = [°(xib +2 X% -1/2 X*b* ) Fb U/EJ dx = [1/2 51 +213 xb* -1/8 x*1b* | Fb 1/E
e} o
=(1/2b+2/3b-1/8b ) Fb 1/EJ = 25/24 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25

ES>02.xxxx.102

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

01.12.25
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PROCEDIMENTO E RISULTATI 236538

ES>02.xxxx.103

Quadro contributi PLV per iperstatica X=W,

I VNES) M, (X) MM, MM,  [[MM/Eddx | [XM,M /EJdx
AB b 0 -2Fx 0 0
0 0
BAb 0 2Fb-2Fx 0 0
BCh -x/b -2Fb+Fx 2Fx-FxC/b X’Io? ,
, , ,| 2/3FDYEJ | 1/3Xb/EJ
CBb 1-x/b Fb+Fx Fb-Fx“/b 1-2x/b+x"/b
CDb -1 -1/2gx° 1/2Fx’Ib 1 ,
, , 1/6Fb°/EJ Xb/EJ
DCb 1 | 1/2Fb-Fx+1/2gx 1/2Fb-Fx+1/2Fx’[b 1
DEb [-1+x/b|-1/2Fb-Fx+1/2qx° | 1/2Fb+1/2Fx-3/2Fx fo+1/2ax°/b | 1-2x/o+X’/b’ ,
, , . 3/8FbY/EJ | 1/3Xb/EJ
EDDb x/b Fb-1/2gx Fx-1/2gx°/b x“/b
EFVSb | 0 2vV5/5Fx 0 0 0 0
FGb 0 -Fx 0 0
0 0
GFb 0 Fb-Fx 0 0
GA 2b 0 0 0 0
0 0
AG 2b 0 0 0 0
FB 2b 0 2Fb-Fx 0 0
0 0
BF 2b 0 -Fx 0 0
BE b 0 0 0 0
0 0
EB b 0 0 0 0
BE elongazione asta N, g-€pclpe Fb’/EJ
totali 53/24Fb*EJ| 5/3Xb/EJ
iperstatica X=W_ -53/40Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25

PROCEDIMENTO E RISULTATI 236538

ES>02.xxxx.103

Sviluppi di calcolo iperstatica

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

01.12.25



PROCEDIMENTO E RISULTATI 236538 ES>02.xxxx.103

%=L ) v dx = [13 2]} VED
=(13b) VEJ = 13 bIEJ

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(u3b) VEI =13 bEJ

1% = [2(2 xib - xib? ) Fb UEI dx = [ x1b -1/3 5167 ] Fb 1/E3
=(b-1/3b) Fb 1/EJ = 2/3 Fb*/EJ

L = [(1- X6 ) Fb UEI dx = [ x-1/3 x°b? ] Fb 1/E
=(b-1/3b) Fb 1/EJ = 2/3 Fb*/EJ

1% = [ (12 xib* ) Fb 1/E3 dx = [1/6 X167 ] Fb 1/E
=(16b) Fb 1/EJ = 1/6 Fb’/EJ

1% = [2(1/2 - xtb +1/2 %1% ) Fb 1/E3 dx = [1/2 x -1/2 X1 +1/6 xb* | Fb 1/E
=(1/2b-1/2b+1/6 b ) Fb 1/EJ = 1/6 Fb’/EJ

1% = [*(1/2 +1/2 xib -3/2 X2Ib* +1/2 xIb* ) Fb 1/EJ dx
= [1/2 x +1/4 xib 172 X2 +1/8 x1b° | Fb 1/E
=(1/2b+1/4b-1/2b +1/8b ) Fb 1/EJ =3/8 Fb?/EJ

1 = ["( b 172 X*16® ) Fb 1/EJ dx = [1/2 b -1/8 x1b° ] Fb 1/E3
=(1/2b-1/8b ) Fb 1/EJ = 3/8 FbY/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25

ES>02.xxxx.103

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

01.12.25
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PROCEDIMENTO E RISULTATI 236835

ES>02.xxxx.104

Quadro contributi PLV per iperstatica X=W,

PROCEDIMENTO E RISULTATI 236835

ES>02.xxxx.104

I VNES) M, (X) MM, MM,  [[MM/Eddx | [XM,M /EJdx
ABb 0 -2Fx 0 0
0 0
BAb 0 2Fb-2Fx 0 0
BCh -x/b -2Fb+Fx 2Fx-FxC/b X’Io? ,
, , ,| 2/3FDYEJ | 1/3Xb/EJ
CBb 1-x/b Fb+Fx Fb-Fx“/b 1-2x/b+x"/b
CDb -1 -1/2gx° 1/2Fx’Ib 1 ,
, , 1/6Fb°/EJ Xb/EJ
DCb 1 | 1/2Fb-Fx+1/2gx 1/2Fb-Fx+1/2Fx’[b 1
DEb [-1+x/b|-1/2Fb-Fx+1/2qx° | 1/2Fb+1/2Fx-3/2Fx fo+1/2ax°/b | 1-2x/o+X’/b’ ,
, , . 3/8FbY/EJ | 1/3Xb/EJ
EDDb x/b Fb-1/2gx Fx-1/2gx°/b x“/b
EFVSb | 0 2vV5/5Fx 0 0 0 0
FGb 0 -Fx 0 0
0 0
GFb 0 Fb-Fx 0 0
GA 2b 0 0 0 0
0 0
AG 2b 0 0 0 0
FB 2b 0 2Fb-Fx 0 0
0 0
BF 2b 0 -Fx 0 0
BE b 0 0 0 0
0 0
EB b 0 0 0 0
CD elongazione asta N,.p€cplcp -Fb’/EJ
totali 5/24Fb’/EJ | 5/3Xb/EJ
iperstatica X=W_ -1/8Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25

Sviluppi di calcolo iperstatica

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

01.12.25



PROCEDIMENTO E RISULTATI 236835 ES>02.xxxx.104 PROCEDIMENTO E RISULTATI 236835 ES>02.xxxx.104

b
%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
L% =[2(1-2xb +xb? ) VEIdx= [ x- b +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ
b
L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ
b
%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
1% = [2(2 xib - xib? ) Fb UEI dx = [ x1b -1/3 5167 ] Fb 1/E3
=(b-1/3b) Fb 1/EJ = 2/3 Fb*/EJ
b
L = [(1- X6 ) Fb UEI dx = [ x-1/3 x°b? ] Fb 1/E
=(b-1/3b) Fb 1/EJ = 2/3 Fb*/EJ
b
L = [2(12x0® ) Fb UEI dx + 1 (-1) 1 FbYEJ = [16 X7 ] Fb UEJ +1 (-1) 1 FbYE
=(U6b)Fb1/EJ +1 (-1) 1 Fb/E] =-5/6 Fb’/EJ
1% = [(1/2 - xib +1/2 16> ) Fo UEI dx + 1 (-1) 1 FbP/EJ
b
=[12x-1/25°b +1/6 x’I0° ] _FD L/EJ +1 (-1) 1 FbY/EJ
=(1/2b-1/2b+1/6 b ) Fo 1/EJ +1 (-1) 1 Fb%/EJ =-5/6 Fb*/EJ
L% = [2(1/2 +1/2 xib -312 X216 +1/2 xIb™ ) Fb 1/EJ dx
b
= [12 x +1/4x1b -1/2 x°1b* +1/8 16 | | Fb 1/EJ
=(1/2b+1/4b-1/2b+1/8b ) Fb 1/E] = 3/8 FbY/EJ
b
1 = ["( b 172 X¥16® ) Fb 1/ED dx = [1/2 X -1/8 x1b° ] Fb 1/E3
=(1/2b-1/8b) Fb 1/EJ =3/8 Fb’/EJ
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%=L ) v dx = [13 2]} VED
=(13b) VEJ = 13 bIEJ

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [*(3/2 x/b -1/2 x2Ib* ) Fb 1/EJ dx = [3/4 xb -1/6 x*/b? || Fb 1/E3
=(3/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1% = [(1 -1/2 xib -1/2 x81b* ) Fb 1/E3 dx = [ x -1/4 X%/ -1/6 xb | Fb 1/E3
=(b-1/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

1 =["(xb) Fb /€3 dx = [12 b | Fb 1/E
=(12b) Fb VEJ = 1/2 FO’/EJ

1% =[0(1-xb ) Fb UEI dx = [ x -1/2 b ], Fb 1/E9
=(b-1/2b) Fb 1/EJ = 1/2 Fb*/EJ

12 = [2(1 172 x/b - X¥1b? +1/2 Xb° ) Fb 1/EJ dx = [ x -1/4 X¥Ib -1/3 xib® +1/8 xIb* ] Fb 1/E3
=(b-1/4b-1/3b +1/8b ) Fb 1/EJ = 13/24 Fb’/EJ

L = ['( b +1/2 ¥1b? -1/2 1™ ) Fb 1/EJ dx = [1/2 X¥1b +1/6 xIb? -1/8 x'1b° ] Fb 1/E3
=(1/2b+1/6b-1/8b ) Fb 1/EJ = 13/24 Fb’/EJ
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b

%=L ) v dx = [13 2]} VED

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

b

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

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

b

L% =0(1) vEIdx=[x]] VEI

=(b) VEJ = b/EJ

b

L% =0(1) vEIax=[x]. vEI

=(b) 1/EJ = b/EJ

b

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3

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

b

%= ["(50?) v dx = [13 b2 )] VED

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

b

1% = [*(3/2 x/b -1/2 x2Ib* ) Fb 1/EJ dx = [3/4 xb -1/6 x*/b? || Fb 1/E3

=(3/4b-1/6 b ) Fb 1/EJ = 7/12 Fb’/EJ

b

L =j2(1 -1/2 xlb -1/2 X'Ib® ) Fb L/EJ dx = [ x -1/4 X’/ -1/6 x°/b* | Fb 1/E

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

b

L8 =L (xb) Fo UEIdx+1 (-1) 1 Fb¥EI=[12x%b ] Fb UEJ +1 (-1) 1 FbYEJ

=(12b)Fb 1/EJ +1 (-1) 1 FO/E] =-1/2 Fb’/EJ

b

12 =[(1-xb) Fo UEI dx +1 (-1) 1 FbYEI=[ x-1/2x%b ]  Fb 1/EJ +1 (-1) 1 FbYE]

=(b-12b)Fb 1/EJ +1 (-1) 1 FbY/EJ=-1/2 Fb’/EJ

b
L% = (1 -1/2 xtb - 16 +1/2 X1 ) Fb W/ED dx = [ x -1/4 ¥/ -1/3 X% +1/8 x'1b* | Fb 1/E
o] o]
=(b-1/4b-1/3b +1/8 b ) Fb 1/EJ = 13/24 Fb’/EJ
b
L% = [*(xib +1/2 516> 112 x%/6° ) Fb 1/EJ dx = [1/2 b +1/6 x°/b? -1/8 x“1b° | Fb 1/E3
[e] o
=(1/2b+1/6b-1/8b ) Fb 1/EJ = 13/24 Fb’/EJ
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PROCEDIMENTO E RISULTATI 983430

ES>02.xxxx.107

Quadro contributi PLV per iperstatica X=W,

I VNES) M,(x) MM, MM, [[MM/Eddx | [XM,M /EJdx
AB b 0 1/2Fx 0 0
0 0
BAb 0 -1/2Fb+1/2Fx 0 0
BChb x/b 1/2Fb-3/2Fx -1/2Fx+3/2Fx%/b X°Ib’ ,
, , | VAFD/EY | 1/3Xb/E
CBb 1-x/b Fb-3/2Fx Fb-5/2Fx+3/2Fx’/b | 1-2x/b+x’/b
CDb -1 -3Fx 3Fx 1 ,
3/2Fb%/EJ Xb/EJ
DC b 1 3Fb-3Fx 3Fb-3Fx 1
DEb  |-1+x/b|-3Fb+3/2Fx+1/2gx’ | 3Fb-9/2Fx+Fx’Ib+1/2qx’ /b | 1-2x/b+x /b ,
, , , ., |29/24Fb°EJ| 1/3Xb/EJ
EDDb x/b Fb+5/2Fx-1/2gx Fx+5/2Fx"/b-1/2qx"/b x“/b
EFvVSb | 0 4V/5/5Fx 0 0 0 0
FGb 0 -Fx 0 0
0 0
GFb 0 Fb-Fx 0 0
GA 2b 0 0 0 0
0 0
AG 2b 0 0 0 0
FB 2b 0 AFb-Fx-1/2gx° 0 0
0 0
BF 2b 0 -3Fx+1/2gx° 0 0
BEb 0 0 0 0
0 0
EB b 0 0 0 0
BE elongazione asta N, g-€pclpe Fb’/EJ
totali 95/24Fb°/EJ|  5/3Xb/EJ
iperstatica X=W_ -19/8Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25
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%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ

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

L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ

L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ

%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ

%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ

1% = [2(-1/2 x/b +3/2 X¥1% ) Fb 1/E3 dx = [-1/4 x%1b +1/2 x1b* | Fb 1/E3
=(-1/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ

1% = [7(1 -512 xib +3/2 X216 ) Fb VE dx = [ x -5/4 x¢b +1/2 b | Fb 1/E3
=(b-5/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ

1 =[2(3xb ) Fb 1/EI dx = [3/2x2b ], Fb 1/E3
=(3/2b) Fb 1/EJ = 3/2 Fb’/EJ

1% =['(3-3x/b ) Fb 1/EI dx = [3x -3/2 b ]| Fb 1/E9
=(3b-312b) Fb 1/EJ =3/2 Fb*/EJ

12 = [2(3 -0/2 xtb + x2Ib* +1/2 51 ) Fb VEI dx = [3 x -0/4 xX¥Ib +1/3 x¥/b? +1/8 x'1b° | Fb 1/E3
=(3b-9/4b+1/3b +1/8b ) Fb 1/EJ = 29/24 Fb’/EJ

L2 = ['( b +512 x21b? -1/2 1™ ) Fb 1/EJ dx = [1/2 X¥1b +516 xIb? -1/8 x'1b° ] Fb 1/E3
=(1/2b+5/6 b-1/8b ) Fb 1/EJ =29/24 Fb’/EJ
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Quadro contributi PLV per iperstatica X=W,

PROCEDIMENTO E RISULTATI 237985

ES>02.xxxx.108

I VNES) M,(x) MM, MM, [[MM/Eddx | [XM,M /EJdx
AB b 0 1/2Fx 0 0
0 0
BAb 0 -1/2Fb+1/2Fx 0 0
BChb x/b 1/2Fb-3/2Fx -1/2Fx+3/2Fx%/b X°Ib’ ,
, , | VAFD/EY | 1/3Xb/E
CBb 1-x/b Fb-3/2Fx Fb-5/2Fx+3/2Fx’/b | 1-2x/b+x’/b
CDb -1 -3Fx 3Fx 1 ,
3/2Fb%/EJ Xb/EJ
DC b 1 3Fb-3Fx 3Fb-3Fx 1
DEb  |-1+x/b|-3Fb+3/2Fx+1/2gx’ | 3Fb-9/2Fx+Fx’Ib+1/2qx’ /b | 1-2x/b+x /b ,
, , , ., |29/24Fb°EJ| 1/3Xb/EJ
EDDb x/b Fb+5/2Fx-1/2gx Fx+5/2Fx"/b-1/2qx"/b x“/b
EFvVSb | 0 4V/5/5Fx 0 0 0 0
FGb 0 -Fx 0 0
0 0
GFb 0 Fb-Fx 0 0
GA 2b 0 0 0 0
0 0
AG 2b 0 0 0 0
FB 2b 0 AFb-Fx-1/2gx° 0 0
0 0
BF 2b 0 -3Fx+1/2gx° 0 0
BEb 0 0 0 0
0 0
EB b 0 0 0 0
CD elongazione asta N,.p€cplcp -Fb’/EJ
totali 47/24Fb°/EJ|  5/3Xb/EJ
iperstatica X=W_ -47/40Fb
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25
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b
%=L ) v dx = [13 2]} VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
L% =[2(1-2xb +xb? ) VEIdx= [ x- b +1/3 %] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
L% =0(1) vEIdx=[x]] VEI
=(b) VEJ = b/EJ
b
L% =0(1) vEIax=[x]. vEI
=(b) 1/EJ = b/EJ
b
%= (1 -2 xb +x0? ) UEI dx= [ x- b +1/3 0% ] 1/E3
=(b-b+1/3b) 1/EJ = 1/3 b/EJ
b
%= ["(50?) v dx = [13 b2 )] VED
=(1/3b) 1/EJ = 1/3 b/EJ
b
1% = [2(-1/2 x/b +3/2 X¥1% ) Fb 1/E3 dx = [-1/4 x%1b +1/2 x1b* | Fb 1/E3
=(-1/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ
b
L =j2(1 -5/2 xlb +3/2 X’Ib* ) Fb 1/EJ dx = [ x -5/4 x1b +1/2 X’Ib* ] | Fb 1/EJ
=(b-5/4b+1/2b) Fb 1/EJ = 1/4 Fb’/EJ
b
L =j2(3 xlb) Fb UEJdx+1 (-1) 1 FbY/EJ=[3/2x"b] Fb1/EI +1 (-1) 1 Fb’/EJ
=(3/2b) Fb1/EJ +1 (-1) 1 Fb/EJ=1/2 Fb/EJ
b
1 =[(3-3xb) Fo UEIdx+1 (-1) 1 Fb¥EI=[3x-312xX%b ]  Fb 1/EJ +1 (-1) 1 FbYE]
=(3b-322b)Fb 1/EJ +1 (-1) 1 Fb’/EJ = 1/2 Fb’/EJ
b
L% = [°(3-9/2 xtb + X% +1/2 xb° ) Fb 1/E dx = [3 x -9/4 x/b +1/3 /% +1/8 x'1b° | Fb 1/E
o] e}
=(3b-9/4b+1/3b +1/8b ) Fb 1/EJ = 29/24 Fb’/EJ
b
L% = [*( b +5/2 516> 112 x%/b° ) Fb 1/EJ dx = [1/2 b +5/6 x°/b? -1/8 x“1b° | Fb 1/E3
[e] o
=(1/2b+5/6 b-1/8b ) Fb 1/EJ =29/24 Fb’/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25

ES>02.xxxx.108

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

01.12.25



REAZIONI 309494 ES>02.xxxx.109 AZIONI INTERNE 309494 ES>02.xxxx.109

,,,,,,,,,,, 2 32
g f 1° 0 | \
F
eoh X 3 | |
= ||72F 3 ‘ ‘
i [ [
i [ [
i [ [
i [ [
[ [
S S % e ¥ g
S | | o
[ [
i [ [
i [ [
| [ [
| [ [
| [ [
i
[ [
(IS 4si40 HHHHHHHHHHHHHH‘H 0
> maaaRaas) HuuuummmNE -3/2 g
= ¢
g 5
1} — 3
' — 3
= g
T T L
SR I TR
-83/40 1
IwzF " —[—r Tl e
N
R
N B
Bg L E
3/40F
A /4 B E §
2F CoF £/ a3ia0F o
3/2Fb o =Y
312F 3/2) 2F
B
< 83/40F
3/2Fb
5F
!
2F o o
23/40Fb 0o 0
< 83/40F o
D
S A F
23/40Fb
¥\ 83/40F
Fb
c 1/2F 3/2F 5 °
cA\ [\D i i
> <+ (3] ™
83/40F 83/40F N o~
63/40Fb 23/40Fb T/' 63/40 23040
F F

CED e

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.12.25



GZ'¢T'T0 €T°€0°L2'SISA ‘OUB[I\l Ip 021UJ8)I|0d ‘ISSOY IUR|BARZ 0)|0PpY ©
eonelsiadi ojooed Ip 1ddnjiAs
q40t7/€9- BPp=x eonersiadi
£3/aXe/s £3/,948/T¢ lejol
£3/,94 384383381\ eise auoizebuole 3q
0 0 0 0 qd3
0 0
0 0 0 0 q3d
0 0 X4- 0 gc 49
0 0
0 0 X4-q4¢ 0 gc a4
0 0 0 0 ac OV
0 0
0 0 0