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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
DE = ∫

o

b(3/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/2 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
ED = ∫

o

b(3/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/2 b ) Fb 1/EJ  = 1/4  Fb2/EJ
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A =  118.8 mm2

Ju =  57498. mm4

Jv =  2333. mm4

Jt =  87.98 mm4

yo = -16.09 mm
yg =  22.09 mm
N =  -270. N
Ty =  -675. N
Mx = -378000. Nmm
xm =    12. mm
ym =    54. mm
vm =  31.91 mm
σm = N/A-Mv/Ju =  207.5 N/mm2

yc =     2. mm
uc =   -12. mm
vc = -20.09 mm
σc = N/A-Mv/Ju =  207.5 N/mm2

τc = TS*/tJu =  8.091 N/mm2

τg = TS*/tJu =  8.091 N/mm2

tc =   270. mm
σo = √σ2+3τ2 =   208. N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
DE = ∫

o

b(3/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/2 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
ED = ∫

o

b(3/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/2 b ) Fb 1/EJ  = 1/4  Fb2/EJ
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A =   162. mm2

Ju =  89755. mm4

Jv =  9072. mm4

Jt =  134.6 mm4

yo =  11.06 mm
yg =   30.6 mm
N =  -820. N
Ty = -1025. N
Mx = -625250. Nmm
xm =     6. mm
um =   -12. mm
vm =  -30.6 mm
σm = N/A-Mv/Ju = -218.2 N/mm2

xc =    18. mm
vc =  -30.6 mm
σc = N/A-Mv/Ju = -218.2 N/mm2

τc = TS*/tJu =   15.1 N/mm2

τg = TS*/tJu =   15.1 N/mm2

tc =   410. mm
σo = √σ2+3τ2 =  219.8 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8

A
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D
E F

mm 0 6 18 30 36x

0
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3 x/b -2 x2/b2 ) Fb 1/EJ dx = [3/2 x2/b -2/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/2 b -2/3 b ) Fb 1/EJ  = 5/6  Fb2/EJ

LXo
CB = ∫

o

b(1 + x/b -2 x2/b2 ) Fb 1/EJ dx = [ x +1/2 x2/b -2/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/2 b -2/3 b ) Fb 1/EJ  = 5/6  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 +5/2 x/b -2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +5/4 x2/b -2/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +5/4 b -2/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(3/2 x/b -2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -2/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -2/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ
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A =  183.6 mm2

Ju =  100190. mm4

Jv =  18662. mm4

Jt =   158. mm4

yo =  14.65 mm
yg =  33.35 mm
N =  -340. N
Ty = -1020. N
Mx = -673200. Nmm
xm =    12. mm
um =   -12. mm
vm = -33.35 mm
σm = N/A-Mv/Ju =  -226. N/mm2

xc =    24. mm
vc = -33.35 mm
σc = N/A-Mv/Ju =  -226. N/mm2

τc = TS*/tJu =  14.67 N/mm2

τg = TS*/tJu =  14.67 N/mm2

tc =   340. mm
σo = √σ2+3τ2 =  227.4 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3 x/b -2 x2/b2 ) Fb 1/EJ dx = [3/2 x2/b -2/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/2 b -2/3 b ) Fb 1/EJ  = 5/6  Fb2/EJ

LXo
CB = ∫

o

b(1 + x/b -2 x2/b2 ) Fb 1/EJ dx = [ x +1/2 x2/b -2/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/2 b -2/3 b ) Fb 1/EJ  = 5/6  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 +5/2 x/b -2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +5/4 x2/b -2/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +5/4 b -2/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(3/2 x/b -2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -2/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -2/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ

CI02.xxxx.004PROCEDIMENTO E RISULTATI 959720
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A =  112.8 mm2

Ju =  44158. mm4

Jv =  2333. mm4

Jt =  85.98 mm4

yo = -14.07 mm
yg =   19.4 mm
N =  -190. N
Ty =  -570. N
Mx = -359100. Nmm
xm =    12. mm
ym =    48. mm
vm =   28.6 mm
σm = N/A-Mv/Ju =  230.9 N/mm2

yc =     2. mm
uc =   -12. mm
vc =  -17.4 mm
σc = N/A-Mv/Ju =  230.9 N/mm2

τc = TS*/tJu =  7.973 N/mm2

τg = TS*/tJu =  7.973 N/mm2

tc =   190. mm
σo = √σ2+3τ2 =  231.3 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8

A
B

C

D
E F

mm 0 6 12 18 24x

0

48

y

σc,τc

σm

u

v



CI02.xxxx.004

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

CI02.xxxx.004

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



CI02.xxxx.005REAZIONI 213350

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

F

2F

F

3F
5/2Fb

A B

27/10F

6F
5/2Fb

27/10F

6F
1/5Fb

B

C

27/10F
6/5Fb

27/10F
6/5Fb

C D

27/10F

F
6/5Fb

27/10F

F
3/2Fb

D

E

F

F

Fb

E

F

FF
Fb

FG

F

G

A

F

2F
Fb

F

2F

F

B

27/10F

F

27/10F
1/2Fb

B E

CI02.xxxx.005AZIONI INTERNE 213350

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

-1 -1

-6

-27/10

1

√2/2

0

1 -2

27/10 27/10

 F

-2 -3

27
/1

0

0

-2
7/

10

√2/2
-1

0 -1

1 0

 F

0
-5/2

-5
/2

1/
5

6/5 6/5

6/
5

-3
/2

0

1

0
-1

0
0

1
0

0 1/2

 Fb



C
I0

2.
xx

xx
.0

05
P

R
O

C
E

D
IM

E
N

T
O

 E
 R

IS
U

LT
A

T
I 2

13
35

0

@
 A

do
lfo

 Z
av

el
an

i R
os

si
, P

ol
ite

cn
ic

o 
di

 M
ila

no
, v

er
s.

27
.0

3.
13

20
.0

3.
25

A
B C

D

E

F

G

W

F

F

W

W

X

X

q
q

S
ch

em
a 

di
 c

al
co

lo
 ip

er
st

at
ic

o

0
-5

/2

-5/2 -1

0
0

0
-3/2

0

1

0
-1

0 0

1 0 0
1/

2

M
o 

fle
ss

io
ne

 d
a 

ca
ric

hi
 a

ss
eg

na
ti

0
0

0
-1

-1
-1

-1
0

0

0

0
0 0 0

0 0 0
0

M
x 

fle
ss

io
ne

 d
a 

ip
er

st
at

ic
a 

X
=

1

C
I0

2.
xx

xx
.0

05
P

R
O

C
E

D
IM

E
N

T
O

 E
 R

IS
U

LT
A

T
I 2

13
35

0

@
 A

do
lfo

 Z
av

el
an

i R
os

si
, P

ol
ite

cn
ic

o 
di

 M
ila

no
, v

er
s.

27
.0

3.
13

20
.0

3.
25

Q
ua

dr
o 

co
nt

rib
ut

i P
LV

 p
er

 ip
er

st
at

ic
a 

X
=

W
C

D

→
M

x(
x)

M
o(

x)
M

xM
o

M
xM

x
∫M

xM
o/

E
Jd

x
∫X

M
xM

x/
E

Jd
x

A
B

 b
0

-2
F

x-
1/

2q
x2

0
0

0
0

B
A

 b
0

5/
2F

b-
3F

x+
1/

2q
x2

0
0

B
C

 b
-x

/b
-5

/2
F

b+
3/

2F
x

5/
2F

x-
3/

2F
x2 /b

x2 /b
2

3/
4F

b2 /E
J

1/
3X

b/
E

J
C

B
 b

1-
x/

b
F

b+
3/

2F
x

F
b+

1/
2F

x-
3/

2F
x2 /b

1-
2x

/b
+

x2 /b
2

C
D

 b
-1

0
0

1
0

X
b/

E
J

D
C

 b
1

0
0

1

D
E

 b
-1

+
x/

b
-3

/2
F

x
3/

2F
x-

3/
2F

x2 /b
1-

2x
/b

+
x2 /b

2

1/
4F

b2 /E
J

1/
3X

b/
E

J
E

D
 b

x/
b

3/
2F

b-
3/

2F
x

3/
2F

x-
3/

2F
x2 /b

x2 /b
2

E
F

 √
2b

0
√2

/2
F

x
0

0
0

0

F
G

 b
0

-F
x

0
0

0
0

G
F

 b
0

F
b-

F
x

0
0

G
A

 b
0

0
0

0
0

0
A

G
 b

0
0

0
0

F
B

 b
0

F
b-

F
x

0
0

0
0

B
F

 b
0

-F
x

0
0

B
E

 b
0

F
x-

1/
2q

x2
0

0
0

0
E

B
 b

0
-1

/2
F

b+
1/

2q
x2

0
0

B
E

el
on

ga
zi

on
e 

as
ta

  N
1B

E
ε B

E
L B

E
F

b2 /E
J

to
ta

li
2F

b2 /E
J

5/
3X

b/
E

J

ip
er

st
at

ic
a 

X
=

W
C

D
-6

/5
F

b

S
vi

lu
pp

i d
i c

al
co

lo
 ip

er
st

at
ic

a



CI02.xxxx.005PROCEDIMENTO E RISULTATI 213350

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
DE = ∫

o

b(3/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/2 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
ED = ∫

o

b(3/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/2 b ) Fb 1/EJ  = 1/4  Fb2/EJ
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A =   156. mm2

Ju =  69701. mm4

Jv =  9072. mm4

Jt =  132.6 mm4

yo =  9.705 mm
yg =  27.32 mm
N =  -300. N
Ty =  -900. N
Mx = -502500. Nmm
xm =     6. mm
um =   -12. mm
vm = -27.32 mm
σm = N/A-Mv/Ju = -198.9 N/mm2

xc =    18. mm
vc = -27.32 mm
σc = N/A-Mv/Ju = -198.9 N/mm2

τc = TS*/tJu =  15.24 N/mm2

τg = TS*/tJu =  15.24 N/mm2

tc =   300. mm
σo = √σ2+3τ2 =  200.6 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx = [1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 +1/2 x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x +1/4 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b +1/4 b -1/3 b ) Fb 1/EJ  = 5/12  Fb2/EJ

LXo
ED = ∫

o

b(3/2 x/b - x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/3 b ) Fb 1/EJ  = 5/12  Fb2/EJ
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A =  177.6 mm2

Ju =  77813. mm4

Jv =  18662. mm4

Jt =   156. mm4

yo =  12.83 mm
yg =  29.84 mm
N =  -740. N
Ty =  -740. N
Mx = -532800. Nmm
xm =    12. mm
um =   -12. mm
vm = -29.84 mm
σm = N/A-Mv/Ju = -208.5 N/mm2

xc =    24. mm
vc = -29.84 mm
σc = N/A-Mv/Ju = -208.5 N/mm2

τc = TS*/tJu =  12.26 N/mm2

τg = TS*/tJu =  12.26 N/mm2

tc =   370. mm
σo = √σ2+3τ2 =  209.6 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ = [1/4 x2/b ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (1/4 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -3/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/E

        = (1/2 b -1/4 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -3/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 +1/2 x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x +1/4 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b +1/4 b -1/3 b ) Fb 1/EJ  = 5/12  Fb2/EJ

LXo
ED = ∫

o

b(3/2 x/b - x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/3 b ) Fb 1/EJ  = 5/12  Fb2/EJ
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A =  106.8 mm2

Ju =  32824. mm4

Jv =  2333. mm4

Jt =  83.98 mm4

yo = -12.09 mm
yg =  16.75 mm
N =  -420. N
Ty =  -420. N
Mx = -285600. Nmm
xm =    12. mm
ym =    42. mm
vm =  25.25 mm
σm = N/A-Mv/Ju =  215.7 N/mm2

yc =     2. mm
uc =   -12. mm
vc = -14.75 mm
σc = N/A-Mv/Ju =  215.7 N/mm2

τc = TS*/tJu =  6.978 N/mm2

τg = TS*/tJu =  6.978 N/mm2

tc =   210. mm
σo = √σ2+3τ2 =  216.1 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
DE = ∫

o

b(3/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/2 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
ED = ∫

o

b(3/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/2 b ) Fb 1/EJ  = 1/4  Fb2/EJ

CI02.xxxx.008PROCEDIMENTO E RISULTATI 237991
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A =   150. mm2

Ju =  52430. mm4

Jv =  9072. mm4

Jt =  130.6 mm4

yo =  8.376 mm
yg =  24.02 mm
N =  -270. N
Ty =  -675. N
Mx = -486000. Nmm
xm =     6. mm
um =   -12. mm
vm = -24.02 mm
σm = N/A-Mv/Ju = -224.5 N/mm2

xc =    18. mm
vc = -24.02 mm
σc = N/A-Mv/Ju = -224.5 N/mm2

τc = TS*/tJu =  13.36 N/mm2

τg = TS*/tJu =  13.36 N/mm2

tc =   270. mm
σo = √σ2+3τ2 =  225.7 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3 x/b -2 x2/b2 ) Fb 1/EJ dx = [3/2 x2/b -2/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/2 b -2/3 b ) Fb 1/EJ  = 5/6  Fb2/EJ

LXo
CB = ∫

o

b(1 + x/b -2 x2/b2 ) Fb 1/EJ dx = [ x +1/2 x2/b -2/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/2 b -2/3 b ) Fb 1/EJ  = 5/6  Fb2/EJ

LXo
DE = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  = 7/24  Fb2/EJ

LXo
ED = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  = 7/24  Fb2/EJ

CI02.xxxx.009PROCEDIMENTO E RISULTATI 937106

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  171.6 mm2

Ju =  58532. mm4

Jv =  18662. mm4

Jt =   154. mm4

yo =  11.05 mm
yg =  26.29 mm
N =  -460. N
Ty =  -690. N
Mx = -524400. Nmm
xm =    12. mm
um =   -12. mm
vm = -26.29 mm
σm = N/A-Mv/Ju = -238.2 N/mm2

xc =    24. mm
vc = -26.29 mm
σc = N/A-Mv/Ju = -238.2 N/mm2

τc = TS*/tJu =  13.39 N/mm2

τg = TS*/tJu =  13.39 N/mm2

tc =   230. mm
σo = √σ2+3τ2 =  239.3 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8

A
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
DE = ∫

o

b(3/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/2 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
ED = ∫

o

b(3/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/2 b ) Fb 1/EJ  = 1/4  Fb2/EJ

CI02.xxxx.010PROCEDIMENTO E RISULTATI 214074
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A =  100.8 mm2

Ju =  23384. mm4

Jv =  2333. mm4

Jt =  81.98 mm4

yo = -10.14 mm
yg =  14.14 mm
N =  -250. N
Ty =  -625. N
Mx = -212500. Nmm
xm =    12. mm
ym =    36. mm
vm =  21.86 mm
σm = N/A-Mv/Ju =  196.1 N/mm2

yc =     2. mm
uc =   -12. mm
vc = -12.14 mm
σc = N/A-Mv/Ju =  196.1 N/mm2

τc = TS*/tJu =  12.62 N/mm2

τg = TS*/tJu =  12.62 N/mm2

tc =   250. mm
σo = √σ2+3τ2 =  197.4 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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A =   144. mm2

Ju =  37830. mm4

Jv =  9072. mm4

Jt =  128.6 mm4

yo =  7.071 mm
yg =   20.7 mm
N =  360.6 N
Ty =  1082. N
Mx =  377400. Nmm
xm =     6. mm
um =   -12. mm
vm =  -20.7 mm
σm = N/A-Mv/Ju =   209. N/mm2

xc =    18. mm
vc =  -20.7 mm
σc = N/A-Mv/Ju =   209. N/mm2

τc = TS*/tJu =  25.57 N/mm2

τg = TS*/tJu =  25.57 N/mm2

tc =   510. mm
σo = √σ2+3τ2 =  213.7 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8

A
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E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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A =  165.6 mm2

Ju =  42227. mm4

Jv =  18662. mm4

Jt =   152. mm4

yo =  9.304 mm
yg =   22.7 mm
N =  353.6 N
Ty =  1061. N
Mx =  400000. Nmm
xm =    12. mm
um =   -12. mm
vm =  -22.7 mm
σm = N/A-Mv/Ju =  217.1 N/mm2

xc =    24. mm
vc =  -22.7 mm
σc = N/A-Mv/Ju =  217.1 N/mm2

τc = TS*/tJu =  24.63 N/mm2

τg = TS*/tJu =  24.63 N/mm2

tc =   500. mm
σo = √σ2+3τ2 =  221.3 N/mm2
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 +2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x + x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b + b -1/2 b ) Fb 1/EJ  = 0

LXo
ED = ∫

o

b( x/b -3/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b ) Fb 1/EJ  = 0
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A =  165.6 mm2

Ju =  42227. mm4

Jv =  18662. mm4

Jt =   152. mm4

yo = -9.304 mm
yg =   13.3 mm
N =  -390. N
Ty =  -975. N
Mx = -429000. Nmm
xm =    12. mm
ym =    36. mm
um =   -12. mm
vm =   22.7 mm
σm = N/A-Mv/Ju =  228.2 N/mm2

xc =    24. mm
yc =    36. mm
vc =   22.7 mm
σc = N/A-Mv/Ju =  228.2 N/mm2

τc = TS*/tJu =  22.64 N/mm2

τg = TS*/tJu =  22.64 N/mm2

tc =   390. mm
σo = √σ2+3τ2 =  231.6 N/mm2

t=1.8 t=1.8
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t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 +2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x + x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b + b -1/2 b ) Fb 1/EJ  = 0

LXo
ED = ∫

o

b( x/b -3/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b ) Fb 1/EJ  = 0
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A =  106.8 mm2

Ju =  32824. mm4

Jv =  2333. mm4

Jt =  83.98 mm4

yo =  12.09 mm
yg =  25.25 mm
N =  -220. N
Ty =  -550. N
Mx = -308000. Nmm
xm =    12. mm
vm = -25.25 mm
σm = N/A-Mv/Ju =  -239. N/mm2

yc =     3. mm
uc =   -12. mm
vc = -22.25 mm
σc = N/A-Mv/Ju =  -239. N/mm2

τc = TS*/tJu =  9.138 N/mm2

τg = TS*/tJu =  9.138 N/mm2

tc =   220. mm
σo = √σ2+3τ2 =  239.5 N/mm2

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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A =  112.8 mm2

Ju =  44158. mm4

Jv =  2333. mm4

Jt =  85.98 mm4

yo =  14.07 mm
yg =   28.6 mm
N =  -220. N
Ty =  -550. N
Mx = -294800. Nmm
xm =    12. mm
vm =  -28.6 mm
σm = N/A-Mv/Ju = -192.9 N/mm2

yc =     3. mm
uc =   -12. mm
vc =  -25.6 mm
σc = N/A-Mv/Ju = -192.9 N/mm2

τc = TS*/tJu =  7.693 N/mm2

τg = TS*/tJu =  7.693 N/mm2

tc =   220. mm
σo = √σ2+3τ2 =  193.3 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

CI02.xxxx.016PROCEDIMENTO E RISULTATI 242046

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =   150. mm2

Ju =  52430. mm4

Jv =  9072. mm4

Jt =  130.6 mm4

yo = -8.376 mm
yg =  17.98 mm
N =  -360. N
Ty =  -900. N
Mx = -460800. Nmm
xm =     6. mm
ym =    42. mm
um =   -12. mm
vm =  24.02 mm
σm = N/A-Mv/Ju =  208.7 N/mm2

xc =    18. mm
yc =    42. mm
vc =  24.02 mm
σc = N/A-Mv/Ju =  208.7 N/mm2

τc = TS*/tJu =  17.82 N/mm2

τg = TS*/tJu =  17.82 N/mm2

tc =   360. mm
σo = √σ2+3τ2 =   211. N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A
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E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx = [1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ

LXo
ED = ∫

o

b( x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ
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A =  118.8 mm2

Ju =  57498. mm4

Jv =  2333. mm4

Jt =  87.98 mm4

yo =  16.09 mm
yg =  31.91 mm
N =  -600. N
Ty =  -450. N
Mx = -387000. Nmm
xm =    12. mm
vm = -31.91 mm
σm = N/A-Mv/Ju = -219.8 N/mm2

yc =     3. mm
uc =   -12. mm
vc = -28.91 mm
σc = N/A-Mv/Ju = -219.8 N/mm2

τc = TS*/tJu =  5.394 N/mm2

τg = TS*/tJu =  5.394 N/mm2

tc =   300. mm
σo = √σ2+3τ2 =   220. N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ = [1/4 x2/b ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (1/4 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -3/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/E

        = (1/2 b -1/4 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -3/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ

LXo
ED = ∫

o

b( x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ

CI02.xxxx.018PROCEDIMENTO E RISULTATI 236530

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  171.6 mm2

Ju =  58532. mm4

Jv =  18662. mm4

Jt =   154. mm4

yo = -11.05 mm
yg =  15.71 mm
N =  -960. N
Ty =  -720. N
Mx = -518400. Nmm
xm =    12. mm
ym =    42. mm
um =   -12. mm
vm =  26.29 mm
σm = N/A-Mv/Ju =  227.2 N/mm2

xc =    24. mm
yc =    42. mm
vc =  26.29 mm
σc = N/A-Mv/Ju =  227.2 N/mm2

τc = TS*/tJu =  13.97 N/mm2

τg = TS*/tJu =  13.97 N/mm2

tc =   480. mm
σo = √σ2+3τ2 =  228.5 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A

B
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E F

mm 0 12 24 36 48x
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CI02.xxxx.019PROCEDIMENTO E RISULTATI 984261

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

CI02.xxxx.019PROCEDIMENTO E RISULTATI 984261

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =   156. mm2

Ju =  69701. mm4

Jv =  9072. mm4

Jt =  132.6 mm4

yo = -9.705 mm
yg =  20.68 mm
N =  -360. N
Ty =  -720. N
Mx = -612000. Nmm
xm =     6. mm
ym =    48. mm
um =   -12. mm
vm =  27.32 mm
σm = N/A-Mv/Ju =  237.6 N/mm2

xc =    18. mm
yc =    48. mm
vc =  27.32 mm
σc = N/A-Mv/Ju =  237.6 N/mm2

τc = TS*/tJu =  12.19 N/mm2

τg = TS*/tJu =  12.19 N/mm2

tc =   360. mm
σo = √σ2+3τ2 =  238.5 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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CI02.xxxx.020PROCEDIMENTO E RISULTATI 248835

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

CI02.xxxx.020PROCEDIMENTO E RISULTATI 248835

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  100.8 mm2

Ju =  23384. mm4

Jv =  2333. mm4

Jt =  81.98 mm4

yo =  10.14 mm
yg =  21.86 mm
N =  -300. N
Ty =  -600. N
Mx = -204000. Nmm
xm =    12. mm
vm = -21.86 mm
σm = N/A-Mv/Ju = -193.7 N/mm2

yc =     3. mm
uc =   -12. mm
vc = -18.86 mm
σc = N/A-Mv/Ju = -193.7 N/mm2

τc = TS*/tJu =  12.11 N/mm2

τg = TS*/tJu =  12.11 N/mm2

tc =   300. mm
σo = √σ2+3τ2 =  194.8 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
DE = ∫

o

b(3/2 x/b -2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx = [3/4 x2/b -2/3 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (3/4 b -2/3 b +1/8 b ) Fb 1/EJ  = 5/24  Fb2/EJ

LXo
ED = ∫

o

b( x/b -1/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx = [1/2 x2/b -1/6 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b -1/8 b ) Fb 1/EJ  = 5/24  Fb2/EJ
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A =  183.6 mm2

Ju =  100190. mm4

Jv =  18662. mm4

Jt =   158. mm4

yo = -14.65 mm
yg =  20.65 mm
N =  -920. N
Ty = -1150. N
Mx = -644000. Nmm
xm =    12. mm
ym =    54. mm
um =   -12. mm
vm =  33.35 mm
σm = N/A-Mv/Ju =  209.4 N/mm2

xc =    24. mm
yc =    54. mm
vc =  33.35 mm
σc = N/A-Mv/Ju =  209.4 N/mm2

τc = TS*/tJu =  16.54 N/mm2

τg = TS*/tJu =  16.54 N/mm2

tc =   460. mm
σo = √σ2+3τ2 =  211.3 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
DE = ∫

o

b(3/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/2 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
ED = ∫

o

b(3/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/2 b ) Fb 1/EJ  = 1/4  Fb2/EJ
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A =   144. mm2

Ju =  37830. mm4

Jv =  9072. mm4

Jt =  128.6 mm4

yo = -7.071 mm
yg =   15.3 mm
N =  -820. N
Ty = -1025. N
Mx = -410000. Nmm
xm =     6. mm
ym =    36. mm
um =   -12. mm
vm =   20.7 mm
σm = N/A-Mv/Ju =  218.6 N/mm2

xc =    18. mm
yc =    36. mm
vc =   20.7 mm
σc = N/A-Mv/Ju =  218.6 N/mm2

τc = TS*/tJu =  24.23 N/mm2

τg = TS*/tJu =  24.23 N/mm2

tc =   410. mm
σo = √σ2+3τ2 =  222.6 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A
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E F

mm 0 6 18 30 36x
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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A =  177.6 mm2

Ju =  77813. mm4

Jv =  18662. mm4

Jt =   156. mm4

yo = -12.83 mm
yg =  18.16 mm
N =  367.7 N
Ty =  1103. N
Mx =  603200. Nmm
xm =    12. mm
ym =    48. mm
um =   -12. mm
vm =  29.84 mm
σm = N/A-Mv/Ju = -229.2 N/mm2

xc =    24. mm
yc =    48. mm
vc =  29.84 mm
σc = N/A-Mv/Ju = -229.2 N/mm2

τc = TS*/tJu =  18.27 N/mm2

τg = TS*/tJu =  18.27 N/mm2

tc =   520. mm
σo = √σ2+3τ2 =  231.4 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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A =   162. mm2

Ju =  89755. mm4

Jv =  9072. mm4

Jt =  134.6 mm4

yo = -11.06 mm
yg =   23.4 mm
N =  353.6 N
Ty =  1061. N
Mx =  710000. Nmm
xm =     6. mm
ym =    54. mm
um =   -12. mm
vm =   30.6 mm
σm = N/A-Mv/Ju = -239.9 N/mm2

xc =    18. mm
yc =    54. mm
vc =   30.6 mm
σc = N/A-Mv/Ju = -239.9 N/mm2

τc = TS*/tJu =  15.62 N/mm2

τg = TS*/tJu =  15.62 N/mm2

tc =   500. mm
σo = √σ2+3τ2 =  241.4 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A
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D
E F

mm 0 6 18 30 36x

0

54

y

σc,τc

σm

u

v



CI02.xxxx.024

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

CI02.xxxx.024

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



CI02.xxxx.025REAZIONI 238759

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

2F

5/2F

2F

5/2F
5/2Fb

A B

47/20F

11/2F
5/2Fb

47/20F

11/2F
3/20Fb

B

C

47/20F

F
17/20Fb

47/20F
27/20Fb

C D

47/20F

F
27/20Fb

47/20F

F
Fb

D

E

F

F

2F

2Fb

E

F

FF
Fb

FG

F

G

A

2F

3F
2Fb

2F

3F

F

B

47/20F
B E

CI02.xxxx.025AZIONI INTERNE 238759

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

-2

-1
1/

2

-47/20 -47/20

1

√2/2

√2/2

0

1 -3

47/20

 F

-5/2

47
/2

0

1 0

-4
7/

20

√2/2

3√2/2

-1

0 -2

0

 F

0
-5/2

-5
/2

-3
/2

0

17/20 27/20

27
/2

0
-1

0

2

0
-1

0
0

2
0

0 0

 Fb



C
I0

2.
xx

xx
.0

25
P

R
O

C
E

D
IM

E
N

T
O

 E
 R

IS
U

LT
A

T
I 2

38
75

9

@
 A

do
lfo

 Z
av

el
an

i R
os

si
, P

ol
ite

cn
ic

o 
di

 M
ila

no
, v

er
s.

27
.0

3.
13

20
.0

3.
25

A
B C

D

E

F

G

W

F

F

W

W

X

X

q

q

S
ch

em
a 

di
 c

al
co

lo
 ip

er
st

at
ic

o

0
-5

/2

-5/2 -1

0
1/

2

1/2
-1

0

2

0
-1

0 0

2 0 0
0

M
o 

fle
ss

io
ne

 d
a 

ca
ric

hi
 a

ss
eg

na
ti

0
0

0
-1

-1
-1

-1
0

0

0

0
0 0 0

0 0 0
0

M
x 

fle
ss

io
ne

 d
a 

ip
er

st
at

ic
a 

X
=

1

C
I0

2.
xx

xx
.0

25
P

R
O

C
E

D
IM

E
N

T
O

 E
 R

IS
U

LT
A

T
I 2

38
75

9

@
 A

do
lfo

 Z
av

el
an

i R
os

si
, P

ol
ite

cn
ic

o 
di

 M
ila

no
, v

er
s.

27
.0

3.
13

20
.0

3.
25

Q
ua

dr
o 

co
nt

rib
ut

i P
LV

 p
er

 ip
er

st
at

ic
a 

X
=

W
C

D

→
M

x(
x)

M
o(

x)
M

xM
o

M
xM

x
∫M

xM
o/

E
Jd

x
∫X

M
xM

x/
E

Jd
x

A
B

 b
0

-5
/2

F
x

0
0

0
0

B
A

 b
0

5/
2F

b-
5/

2F
x

0
0

B
C

 b
-x

/b
-5

/2
F

b+
3/

2F
x

5/
2F

x-
3/

2F
x2 /b

x2 /b
2

3/
4F

b2 /E
J

1/
3X

b/
E

J
C

B
 b

1-
x/

b
F

b+
3/

2F
x

F
b+

1/
2F

x-
3/

2F
x2 /b

1-
2x

/b
+

x2 /b
2

C
D

 b
-1

F
x-

1/
2q

x2
-F

x+
1/

2F
x2 /b

1
-1

/3
F

b2 /E
J

X
b/

E
J

D
C

 b
1

-1
/2

F
b+

1/
2q

x2
-1

/2
F

b+
1/

2F
x2 /b

1

D
E

 b
-1

+
x/

b
1/

2F
b-

3/
2F

x
-1

/2
F

b+
2F

x-
3/

2F
x2 /b

1-
2x

/b
+

x2 /b
2

0
1/

3X
b/

E
J

E
D

 b
x/

b
F

b-
3/

2F
x

F
x-

3/
2F

x2 /b
x2 /b

2

E
F

 √
2b

0
√2

/2
F

x+
1/

2q
x2

0
0

0
0

F
G

 b
0

-F
x

0
0

0
0

G
F

 b
0

F
b-

F
x

0
0

G
A

 b
0

0
0

0
0

0
A

G
 b

0
0

0
0

F
B

 b
0

2F
b-

2F
x

0
0

0
0

B
F

 b
0

-2
F

x
0

0

B
E

 b
0

0
0

0
0

0
E

B
 b

0
0

0
0

B
E

el
on

ga
zi

on
e 

as
ta

  N
1B

E
ε B

E
L B

E
F

b2 /E
J

to
ta

li
17

/1
2F

b2 /E
J

5/
3X

b/
E

J

ip
er

st
at

ic
a 

X
=

W
C

D
-1

7/
20

F
b

S
vi

lu
pp

i d
i c

al
co

lo
 ip

er
st

at
ic

a



CI02.xxxx.025PROCEDIMENTO E RISULTATI 238759

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 +2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x + x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b + b -1/2 b ) Fb 1/EJ  = 0

LXo
ED = ∫

o

b( x/b -3/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b ) Fb 1/EJ  = 0
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A =  117.8 mm2

Ju =  55131. mm4

Jv =  2333. mm4

Jt =  87.65 mm4

yo = -15.75 mm
yg =  21.64 mm
N =  -380. N
Ty =  -475. N
Mx = -356250. Nmm
xm =    12. mm
ym =    53. mm
vm =  31.36 mm
σm = N/A-Mv/Ju =  199.4 N/mm2

yc =     2. mm
uc =   -12. mm
vc = -19.64 mm
σc = N/A-Mv/Ju =  199.4 N/mm2

τc = TS*/tJu =  5.836 N/mm2

τg = TS*/tJu =  5.836 N/mm2

tc =   190. mm
σo = √σ2+3τ2 =  199.7 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 +2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x + x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b + b -1/2 b ) Fb 1/EJ  = 0

LXo
ED = ∫

o

b( x/b -3/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b ) Fb 1/EJ  = 0
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A =   161. mm2

Ju =  86214. mm4

Jv =  9072. mm4

Jt =  134.3 mm4

yo =  10.83 mm
yg =  30.06 mm
N =  -580. N
Ty =  -725. N
Mx = -580000. Nmm
xm =     6. mm
um =   -12. mm
vm = -30.06 mm
σm = N/A-Mv/Ju = -205.8 N/mm2

xc =    18. mm
vc = -30.06 mm
σc = N/A-Mv/Ju = -205.8 N/mm2

τc = TS*/tJu =  10.92 N/mm2

τg = TS*/tJu =  10.92 N/mm2

tc =   290. mm
σo = √σ2+3τ2 =  206.7 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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A =  182.6 mm2

Ju =  96241. mm4

Jv =  18662. mm4

Jt =  157.6 mm4

yo =  14.34 mm
yg =  32.77 mm
N =  -740. N
Ty =  -925. N
Mx = -629000. Nmm
xm =    12. mm
um =   -12. mm
vm = -32.77 mm
σm = N/A-Mv/Ju = -218.2 N/mm2

xc =    24. mm
vc = -32.77 mm
σc = N/A-Mv/Ju = -218.2 N/mm2

τc = TS*/tJu =  13.61 N/mm2

τg = TS*/tJu =  13.61 N/mm2

tc =   370. mm
σo = √σ2+3τ2 =  219.5 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8

A
B

C

D
E F

mm 0 12 24 36 48x

0

53

y

σc,τcσm

u

v
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

CI02.xxxx.028PROCEDIMENTO E RISULTATI 225153

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  111.8 mm2

Ju =  42133. mm4

Jv =  2333. mm4

Jt =  85.65 mm4

yo = -13.74 mm
yg =  18.96 mm
N =  -440. N
Ty =  -550. N
Mx = -347600. Nmm
xm =    12. mm
ym =    47. mm
vm =  28.04 mm
σm = N/A-Mv/Ju =  227.4 N/mm2

yc =     2. mm
uc =   -12. mm
vc = -16.96 mm
σc = N/A-Mv/Ju =  227.4 N/mm2

τc = TS*/tJu =  7.906 N/mm2

τg = TS*/tJu =  7.906 N/mm2

tc =   220. mm
σo = √σ2+3τ2 =  227.8 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8

A
B
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D
E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx = [1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ

LXo
ED = ∫

o

b( x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ
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A =   155. mm2

Ju =  66633. mm4

Jv =  9072. mm4

Jt =  132.3 mm4

yo =  9.482 mm
yg =  26.77 mm
N =   297. N
Ty =   693. N
Mx =  581000. Nmm
xm =     6. mm
um =   -12. mm
vm = -26.77 mm
σm = N/A-Mv/Ju =  235.4 N/mm2

xc =    18. mm
vc = -26.77 mm
σc = N/A-Mv/Ju =  235.4 N/mm2

τc = TS*/tJu =  12.03 N/mm2

τg = TS*/tJu =  12.03 N/mm2

tc =   280. mm
σo = √σ2+3τ2 =  236.3 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ = [1/4 x2/b ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (1/4 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -3/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/E

        = (1/2 b -1/4 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -3/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ

LXo
ED = ∫

o

b( x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ

CI02.xxxx.030PROCEDIMENTO E RISULTATI 240664

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  176.6 mm2

Ju =  74388. mm4

Jv =  18662. mm4

Jt =  155.6 mm4

yo =  12.53 mm
yg =  29.25 mm
N =  477.3 N
Ty =  1114. N
Mx =  495000. Nmm
xm =    12. mm
um =   -12. mm
vm = -29.25 mm
σm = N/A-Mv/Ju =  197.3 N/mm2

xc =    24. mm
vc = -29.25 mm
σc = N/A-Mv/Ju =  197.3 N/mm2

τc = TS*/tJu =  18.92 N/mm2

τg = TS*/tJu =  18.92 N/mm2

tc =   450. mm
σo = √σ2+3τ2 =   200. N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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E F

mm 0 12 24 36 48x
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

CI02.xxxx.031PROCEDIMENTO E RISULTATI 238723

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  105.8 mm2

Ju =  31122. mm4

Jv =  2333. mm4

Jt =  83.65 mm4

yo = -11.76 mm
yg =  16.31 mm
N =  219.2 N
Ty =  657.6 N
Mx =  260400. Nmm
xm =    12. mm
ym =    41. mm
vm =  24.69 mm
σm = N/A-Mv/Ju = -204.5 N/mm2

yc =     2. mm
uc =   -12. mm
vc = -14.31 mm
σc = N/A-Mv/Ju = -204.5 N/mm2

τc = TS*/tJu =  11.27 N/mm2

τg = TS*/tJu =  11.27 N/mm2

tc =   310. mm
σo = √σ2+3τ2 =  205.4 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8

A
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E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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A =   149. mm2

Ju =  49815. mm4

Jv =  9072. mm4

Jt =  130.3 mm4

yo =  8.157 mm
yg =  23.47 mm
N =  353.6 N
Ty =  1061. N
Mx =  460000. Nmm
xm =     6. mm
um =   -12. mm
vm = -23.47 mm
σm = N/A-Mv/Ju =  219.1 N/mm2

xc =    18. mm
vc = -23.47 mm
σc = N/A-Mv/Ju =  219.1 N/mm2

τc = TS*/tJu =  21.59 N/mm2

τg = TS*/tJu =  21.59 N/mm2

tc =   500. mm
σo = √σ2+3τ2 =  222.3 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
DE = ∫

o

b(3/2 x/b -2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx = [3/4 x2/b -2/3 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (3/4 b -2/3 b +1/8 b ) Fb 1/EJ  = 5/24  Fb2/EJ

LXo
ED = ∫

o

b( x/b -1/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx = [1/2 x2/b -1/6 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b -1/8 b ) Fb 1/EJ  = 5/24  Fb2/EJ
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A =  170.6 mm2

Ju =  55611. mm4

Jv =  18662. mm4

Jt =  153.6 mm4

yo =  10.75 mm
yg =  25.69 mm
N = -1140. N
Ty =  -950. N
Mx = -475000. Nmm
xm =    12. mm
um =   -12. mm
vm = -25.69 mm
σm = N/A-Mv/Ju = -226.1 N/mm2

xc =    24. mm
vc = -25.69 mm
σc = N/A-Mv/Ju = -226.1 N/mm2

τc = TS*/tJu =  18.96 N/mm2

τg = TS*/tJu =  18.96 N/mm2

tc =   380. mm
σo = √σ2+3τ2 =  228.5 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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D

E F

mm 0 12 24 36 48x

0

41

y

σc,τcσm

u

v



CI02.xxxx.033

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

CI02.xxxx.033

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



CI02.xxxx.034REAZIONI 218343

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

F

3F

F

3F
3Fb

A B

59/20F

6F
3Fb

59/20F

6F
1/20Fb

B

C

59/20F

F
19/20Fb

59/20F
29/20Fb

C D

59/20F

F
29/20Fb

59/20F

F
3/2Fb

D

E

F

F

Fb

E

F

FF
Fb

FG

F

G

A

F

2F
Fb

F

2F

F

B

59/20F

F

59/20F
1/2Fb

B E

CI02.xxxx.034AZIONI INTERNE 218343

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

-1

-6

-59/20 -59/20

1

√2/2

0

1 -2

59/20 59/20

 F

-3

59
/2

0

1 0

-5
9/

20

√2/2
-1

0 -1

1 0

 F

0
-3

-3
-1

/2
0

19/20 29/20

29
/2

0
-3

/2

0

1

0
-1

0
0

1
0

0 1/2

 Fb



C
I0

2.
xx

xx
.0

34
P

R
O

C
E

D
IM

E
N

T
O

 E
 R

IS
U

LT
A

T
I 2

18
34

3

@
 A

do
lfo

 Z
av

el
an

i R
os

si
, P

ol
ite

cn
ic

o 
di

 M
ila

no
, v

er
s.

27
.0

3.
13

20
.0

3.
25

A
B C

D

E

F

G

W

F

F

W

W

X

X

qq

S
ch

em
a 

di
 c

al
co

lo
 ip

er
st

at
ic

o

0
-3

-3 -1

0
1/

2

1/2
-3/2

0

1

0
-1

0 0

1 0 0
1/

2

M
o 

fle
ss

io
ne

 d
a 

ca
ric

hi
 a

ss
eg

na
ti

0
0

0
-1

-1
-1

-1
0

0

0

0
0 0 0

0 0 0
0

M
x 

fle
ss

io
ne

 d
a 

ip
er

st
at

ic
a 

X
=

1

C
I0

2.
xx

xx
.0

34
P

R
O

C
E

D
IM

E
N

T
O

 E
 R

IS
U

LT
A

T
I 2

18
34

3

@
 A

do
lfo

 Z
av

el
an

i R
os

si
, P

ol
ite

cn
ic

o 
di

 M
ila

no
, v

er
s.

27
.0

3.
13

20
.0

3.
25

Q
ua

dr
o 

co
nt

rib
ut

i P
LV

 p
er

 ip
er

st
at

ic
a 

X
=

W
C

D

→
M

x(
x)

M
o(

x)
M

xM
o

M
xM

x
∫M

xM
o/

E
Jd

x
∫X

M
xM

x/
E

Jd
x

A
B

 b
0

-3
F

x
0

0
0

0
B

A
 b

0
3F

b-
3F

x
0

0

B
C

 b
-x

/b
-3

F
b+

2F
x

3F
x-

2F
x2 /b

x2 /b
2

5/
6F

b2 /E
J

1/
3X

b/
E

J
C

B
 b

1-
x/

b
F

b+
2F

x
F

b+
F

x-
2F

x2 /b
1-

2x
/b

+
x2 /b

2

C
D

 b
-1

F
x-

1/
2q

x2
-F

x+
1/

2F
x2 /b

1
-1

/3
F

b2 /E
J

X
b/

E
J

D
C

 b
1

-1
/2

F
b+

1/
2q

x2
-1

/2
F

b+
1/

2F
x2 /b

1

D
E

 b
-1

+
x/

b
1/

2F
b-

2F
x

-1
/2

F
b+

5/
2F

x-
2F

x2 /b
1-

2x
/b

+
x2 /b

2

1/
12

F
b2 /E

J
1/

3X
b/

E
J

E
D

 b
x/

b
3/

2F
b-

2F
x

3/
2F

x-
2F

x2 /b
x2 /b

2

E
F

 √
2b

0
√2

/2
F

x
0

0
0

0

F
G

 b
0

-F
x

0
0

0
0

G
F

 b
0

F
b-

F
x

0
0

G
A

 b
0

0
0

0
0

0
A

G
 b

0
0

0
0

F
B

 b
0

F
b-

F
x

0
0

0
0

B
F

 b
0

-F
x

0
0

B
E

 b
0

F
x-

1/
2q

x2
0

0
0

0
E

B
 b

0
-1

/2
F

b+
1/

2q
x2

0
0

B
E

el
on

ga
zi

on
e 

as
ta

  N
1B

E
ε B

E
L B

E
F

b2 /E
J

to
ta

li
19

/1
2F

b2 /E
J

5/
3X

b/
E

J

ip
er

st
at

ic
a 

X
=

W
C

D
-1

9/
20

F
b

S
vi

lu
pp

i d
i c

al
co

lo
 ip

er
st

at
ic

a



CI02.xxxx.034PROCEDIMENTO E RISULTATI 218343

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3 x/b -2 x2/b2 ) Fb 1/EJ dx = [3/2 x2/b -2/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/2 b -2/3 b ) Fb 1/EJ  = 5/6  Fb2/EJ

LXo
CB = ∫

o

b(1 + x/b -2 x2/b2 ) Fb 1/EJ dx = [ x +1/2 x2/b -2/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/2 b -2/3 b ) Fb 1/EJ  = 5/6  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 +5/2 x/b -2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +5/4 x2/b -2/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +5/4 b -2/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(3/2 x/b -2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -2/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -2/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ
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A =   99.8 mm2

Ju =  21986. mm4

Jv =  2333. mm4

Jt =  81.65 mm4

yo = -9.824 mm
yg =  13.71 mm
N =  -180. N
Ty =  -540. N
Mx = -248400. Nmm
xm =    12. mm
ym =    35. mm
vm =  21.29 mm
σm = N/A-Mv/Ju =  238.7 N/mm2

yc =     2. mm
uc =   -12. mm
vc = -11.71 mm
σc = N/A-Mv/Ju =  238.7 N/mm2

τc = TS*/tJu =  11.29 N/mm2

τg = TS*/tJu =  11.29 N/mm2

tc =   180. mm
σo = √σ2+3τ2 =  239.5 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3 x/b -2 x2/b2 ) Fb 1/EJ dx = [3/2 x2/b -2/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/2 b -2/3 b ) Fb 1/EJ  = 5/6  Fb2/EJ

LXo
CB = ∫

o

b(1 + x/b -2 x2/b2 ) Fb 1/EJ dx = [ x +1/2 x2/b -2/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/2 b -2/3 b ) Fb 1/EJ  = 5/6  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 +5/2 x/b -2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +5/4 x2/b -2/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +5/4 b -2/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(3/2 x/b -2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -2/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -2/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ
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A =   143. mm2

Ju =  35649. mm4

Jv =  9072. mm4

Jt =  128.3 mm4

yo =  6.857 mm
yg =  20.14 mm
N =  -230. N
Ty =  -690. N
Mx = -338100. Nmm
xm =     6. mm
um =   -12. mm
vm = -20.14 mm
σm = N/A-Mv/Ju = -192.7 N/mm2

xc =    18. mm
vc = -20.14 mm
σc = N/A-Mv/Ju = -192.7 N/mm2

τc = TS*/tJu =  16.84 N/mm2

τg = TS*/tJu =  16.84 N/mm2

tc =   230. mm
σo = √σ2+3τ2 =  194.8 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 +2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x + x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b + b -1/2 b ) Fb 1/EJ  = 0

LXo
ED = ∫

o

b( x/b -3/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b ) Fb 1/EJ  = 0
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A =  164.6 mm2

Ju =  39791. mm4

Jv =  18662. mm4

Jt =  151.6 mm4

yo =  9.018 mm
yg =  22.09 mm
N =  -280. N
Ty =  -700. N
Mx = -364000. Nmm
xm =    12. mm
um =   -12. mm
vm = -22.09 mm
σm = N/A-Mv/Ju = -203.8 N/mm2

xc =    24. mm
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τc = TS*/tJu =  16.79 N/mm2

τg = TS*/tJu =  16.79 N/mm2
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 +2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x + x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b + b -1/2 b ) Fb 1/EJ  = 0

LXo
ED = ∫

o

b( x/b -3/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b ) Fb 1/EJ  = 0
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A =  164.6 mm2

Ju =  39791. mm4

Jv =  18662. mm4

Jt =  151.6 mm4

yo = -9.018 mm
yg =  12.91 mm
N =  -280. N
Ty =  -700. N
Mx = -392000. Nmm
xm =    12. mm
ym =    35. mm
um =   -12. mm
vm =  22.09 mm
σm = N/A-Mv/Ju =  215.9 N/mm2

xc =    24. mm
yc =    35. mm
vc =  22.09 mm
σc = N/A-Mv/Ju =  215.9 N/mm2

τc = TS*/tJu =  16.79 N/mm2

τg = TS*/tJu =  16.79 N/mm2

tc =   280. mm
σo = √σ2+3τ2 =  217.9 N/mm2

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 +2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x + x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b + b -1/2 b ) Fb 1/EJ  = 0

LXo
ED = ∫

o

b( x/b -3/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b ) Fb 1/EJ  = 0
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A =  105.8 mm2

Ju =  31122. mm4

Jv =  2333. mm4

Jt =  83.65 mm4

yo =  11.76 mm
yg =  24.69 mm
N =  -320. N
Ty =  -400. N
Mx = -280000. Nmm
xm =    12. mm
vm = -24.69 mm
σm = N/A-Mv/Ju = -225.1 N/mm2

yc =     3. mm
uc =   -12. mm
vc = -21.69 mm
σc = N/A-Mv/Ju = -225.1 N/mm2

τc = TS*/tJu =  6.853 N/mm2

τg = TS*/tJu =  6.853 N/mm2

tc =   160. mm
σo = √σ2+3τ2 =  225.4 N/mm2

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 +2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x + x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b + b -1/2 b ) Fb 1/EJ  = 0

LXo
ED = ∫

o

b( x/b -3/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b ) Fb 1/EJ  = 0
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A =  111.8 mm2

Ju =  42133. mm4

Jv =  2333. mm4

Jt =  85.65 mm4

yo =  13.74 mm
yg =  28.04 mm
N =  -340. N
Ty =  -425. N
Mx = -352750. Nmm
xm =    12. mm
vm = -28.04 mm
σm = N/A-Mv/Ju = -237.8 N/mm2

yc =     3. mm
uc =   -12. mm
vc = -25.04 mm
σc = N/A-Mv/Ju = -237.8 N/mm2

τc = TS*/tJu =  6.109 N/mm2

τg = TS*/tJu =  6.109 N/mm2

tc =   170. mm
σo = √σ2+3τ2 =   238. N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 +2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x + x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b + b -1/2 b ) Fb 1/EJ  = 0

LXo
ED = ∫

o

b( x/b -3/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b ) Fb 1/EJ  = 0
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A =   149. mm2

Ju =  49815. mm4

Jv =  9072. mm4

Jt =  130.3 mm4

yo = -8.157 mm
yg =  17.53 mm
N =  -440. N
Ty = -1320. N
Mx = -429000. Nmm
xm =     6. mm
ym =    41. mm
um =   -12. mm
vm =  23.47 mm
σm = N/A-Mv/Ju =  199.2 N/mm2

xc =    18. mm
yc =    41. mm
vc =  23.47 mm
σc = N/A-Mv/Ju =  199.2 N/mm2

τc = TS*/tJu =  26.87 N/mm2

τg = TS*/tJu =  26.87 N/mm2

tc =   440. mm
σo = √σ2+3τ2 =  204.5 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 +2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x + x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b + b -1/2 b ) Fb 1/EJ  = 0

LXo
ED = ∫

o

b( x/b -3/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b ) Fb 1/EJ  = 0
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A =  117.8 mm2

Ju =  55131. mm4

Jv =  2333. mm4

Jt =  87.65 mm4

yo =  15.75 mm
yg =  31.36 mm
N =  -260. N
Ty =  -780. N
Mx = -357500. Nmm
xm =    12. mm
vm = -31.36 mm
σm = N/A-Mv/Ju = -205.6 N/mm2

yc =     3. mm
uc =   -12. mm
vc = -28.36 mm
σc = N/A-Mv/Ju = -205.6 N/mm2

τc = TS*/tJu =  9.583 N/mm2

τg = TS*/tJu =  9.583 N/mm2

tc =   260. mm
σo = √σ2+3τ2 =  206.2 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CD = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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A =  170.6 mm2

Ju =  55611. mm4

Jv =  18662. mm4

Jt =  153.6 mm4

yo = -10.75 mm
yg =  15.31 mm
N = -1060. N
Ty = -1060. N
Mx = -487600. Nmm
xm =    12. mm
ym =    41. mm
um =   -12. mm
vm =  25.69 mm
σm = N/A-Mv/Ju =   219. N/mm2

xc =    24. mm
yc =    41. mm
vc =  25.69 mm
σc = N/A-Mv/Ju =   219. N/mm2

τc = TS*/tJu =  21.16 N/mm2

τg = TS*/tJu =  21.16 N/mm2

tc =   530. mm
σo = √σ2+3τ2 =  222.1 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A

B

C

D

E F

mm 0 12 24 36 48x

0

41

y

σc,τc

σm

u

v



CI02.xxxx.042

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

CI02.xxxx.042

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



CI02.xxxx.043REAZIONI 239692

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

2F

2F

2F

2F
2Fb

A B

17/20F

9/2F
2Fb

17/20F

9/2F
23/20Fb

B

C

17/20F

1/2F
3/20Fb

17/20F

1/2F
3/20Fb

C D

17/20F

3/2F
3/20Fb

17/20F

3/2F
Fb

D

E

3/
2F

3/
2F

3/2Fb

E

F

FF
Fb

FG

F

G

A

F

5/2F
3/2Fb

2F

5/2F

F

B

17/20F
B E

CI02.xxxx.043AZIONI INTERNE 239692

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

-2

-9
/2

-17/20 -17/20

3/
2

3√2/4

0

1

-5
/2

-5
/2

17/20

 F

-2

17
/2

0

1/2
-1/2

-1
7/

20

3√2/4
-1

0

-1
-2

0

 F

0
-2

-2
-2

3/
20

-3/20 -3/20

-3
/2

0
-1

0

3/2

0
-1

0
0

3/
2

0

0 0

 Fb



C
I0

2.
xx

xx
.0

43
P

R
O

C
E

D
IM

E
N

T
O

 E
 R

IS
U

LT
A

T
I 2

39
69

2

@
 A

do
lfo

 Z
av

el
an

i R
os

si
, P

ol
ite

cn
ic

o 
di

 M
ila

no
, v

er
s.

27
.0

3.
13

20
.0

3.
25

A
B C

D

E

F

G

W

F

F

W

W

X

X

q

q

S
ch

em
a 

di
 c

al
co

lo
 ip

er
st

at
ic

o

0
-2

-2 -1

0
0

0
-1

0

3/
2

0
-1

0 0

3/2 0 0
0

M
o 

fle
ss

io
ne

 d
a 

ca
ric

hi
 a

ss
eg

na
ti

0
0

0
-1

-1
-1

-1
0

0

0

0
0 0 0

0 0 0
0

M
x 

fle
ss

io
ne

 d
a 

ip
er

st
at

ic
a 

X
=

1

C
I0

2.
xx

xx
.0

43
P

R
O

C
E

D
IM

E
N

T
O

 E
 R

IS
U

LT
A

T
I 2

39
69

2

@
 A

do
lfo

 Z
av

el
an

i R
os

si
, P

ol
ite

cn
ic

o 
di

 M
ila

no
, v

er
s.

27
.0

3.
13

20
.0

3.
25

Q
ua

dr
o 

co
nt

rib
ut

i P
LV

 p
er

 ip
er

st
at

ic
a 

X
=

W
C

D

→
M

x(
x)

M
o(

x)
M

xM
o

M
xM

x
∫M

xM
o/

E
Jd

x
∫X

M
xM

x/
E

Jd
x

A
B

 b
0

-2
F

x
0

0
0

0
B

A
 b

0
2F

b-
2F

x
0

0

B
C

 b
-x

/b
-2

F
b+

F
x

2F
x-

F
x2 /b

x2 /b
2

2/
3F

b2 /E
J

1/
3X

b/
E

J
C

B
 b

1-
x/

b
F

b+
F

x
F

b-
F

x2 /b
1-

2x
/b

+
x2 /b

2

C
D

 b
-1

1/
2F

x-
1/

2q
x2

-1
/2

F
x+

1/
2F

x2 /b
1

-1
/1

2F
b2 /E

J
X

b/
E

J
D

C
 b

1
-1

/2
F

x+
1/

2q
x2

-1
/2

F
x+

1/
2F

x2 /b
1

D
E

 b
-1

+
x/

b
-F

x
F

x-
F

x2 /b
1-

2x
/b

+
x2 /b

2

1/
6F

b2 /E
J

1/
3X

b/
E

J
E

D
 b

x/
b

F
b-

F
x

F
x-

F
x2 /b

x2 /b
2

E
F

 √
2b

0
3√

2/
4F

x
0

0
0

0

F
G

 b
0

-F
x

0
0

0
0

G
F

 b
0

F
b-

F
x

0
0

G
A

 b
0

0
0

0
0

0
A

G
 b

0
0

0
0

F
B

 b
0

3/
2F

b-
F

x-
1/

2q
x2

0
0

0
0

B
F

 b
0

-2
F

x+
1/

2q
x2

0
0

B
E

 b
0

0
0

0
0

0
E

B
 b

0
0

0
0

C
D

el
on

ga
zi

on
e 

as
ta

  N
1C

D
ε C

D
L C

D
-F

b2 /E
J

to
ta

li
-1

/4
F

b2 /E
J

5/
3X

b/
E

J

ip
er

st
at

ic
a 

X
=

W
C

D
3/

20
F

b

S
vi

lu
pp

i d
i c

al
co

lo
 ip

er
st

at
ic

a



CI02.xxxx.043PROCEDIMENTO E RISULTATI 239692

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CD = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/4 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -13/12  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/4 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -13/12  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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A =   155. mm2

Ju =  66633. mm4

Jv =  9072. mm4

Jt =  132.3 mm4

yo = -9.482 mm
yg =  20.23 mm
N = -1020. N
Ty = -1020. N
Mx = -581400. Nmm
xm =     6. mm
ym =    47. mm
um =   -12. mm
vm =  26.77 mm
σm = N/A-Mv/Ju =   227. N/mm2

xc =    18. mm
yc =    47. mm
vc =  26.77 mm
σc = N/A-Mv/Ju =   227. N/mm2

τc = TS*/tJu =  17.71 N/mm2

τg = TS*/tJu =  17.71 N/mm2

tc =   510. mm
σo = √σ2+3τ2 =  229.1 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 +2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x + x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b + b -1/2 b ) Fb 1/EJ  = 0

LXo
ED = ∫

o

b( x/b -3/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b ) Fb 1/EJ  = 0
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A =   99.8 mm2

Ju =  21986. mm4

Jv =  2333. mm4

Jt =  81.65 mm4

yo =  9.824 mm
yg =  21.29 mm
N =  -210. N
Ty =  -525. N
Mx = -241500. Nmm
xm =    12. mm
vm = -21.29 mm
σm = N/A-Mv/Ju = -235.9 N/mm2

yc =     3. mm
uc =   -12. mm
vc = -18.29 mm
σc = N/A-Mv/Ju = -235.9 N/mm2

τc = TS*/tJu =  10.98 N/mm2

τg = TS*/tJu =  10.98 N/mm2

tc =   210. mm
σo = √σ2+3τ2 =  236.7 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 +2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x + x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b + b -1/2 b ) Fb 1/EJ  = 0

LXo
ED = ∫

o

b( x/b -3/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b ) Fb 1/EJ  = 0
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A =  182.6 mm2

Ju =  96241. mm4

Jv =  18662. mm4

Jt =  157.6 mm4

yo = -14.34 mm
yg =  20.23 mm
N =  -310. N
Ty =  -775. N
Mx = -581250. Nmm
xm =    12. mm
ym =    53. mm
um =   -12. mm
vm =  32.77 mm
σm = N/A-Mv/Ju =  196.2 N/mm2

xc =    24. mm
yc =    53. mm
vc =  32.77 mm
σc = N/A-Mv/Ju =  196.2 N/mm2

τc = TS*/tJu =   11.4 N/mm2

τg = TS*/tJu =   11.4 N/mm2

tc =   310. mm
σo = √σ2+3τ2 =  197.2 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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Quadro contributi PLV per iperstatica X=WCD

→ Mx(x) Mo(x) MxMo MxMx ∫MxMo/EJdx ∫XMxMx/EJdx

AB b 0 -3Fx 0 0
0 0

BA b 0 3Fb-3Fx 0 0

BC b -x/b -3Fb+2Fx 3Fx-2Fx2/b x2/b2

5/6Fb2/EJ 1/3Xb/EJ
CB b 1-x/b Fb+2Fx Fb+Fx-2Fx2/b 1-2x/b+x2/b2

CD b -1 Fx-1/2qx2 -Fx+1/2Fx2/b 1
-1/3Fb2/EJ Xb/EJ

DC b 1 -1/2Fb+1/2qx2 -1/2Fb+1/2Fx2/b 1

DE b -1+x/b 1/2Fb-2Fx+1/2qx2 -1/2Fb+5/2Fx-5/2Fx2/b+1/2qx3/b 1-2x/b+x2/b2

1/24Fb2/EJ 1/3Xb/EJ
ED b x/b Fb-Fx-1/2qx2 Fx-Fx2/b-1/2qx3/b x2/b2

EF √2b 0 √2/2Fx 0 0 0 0

FG b 0 -Fx 0 0
0 0

GF b 0 Fb-Fx 0 0

GA b 0 0 0 0
0 0

AG b 0 0 0 0

FB b 0 Fb-Fx 0 0
0 0

BF b 0 -Fx 0 0

BE b 0 0 0 0
0 0

EB b 0 0 0 0

CD elongazione asta  N1CDεCDLCD -Fb2/EJ

totali -11/24Fb2/EJ 5/3Xb/EJ

iperstatica X=WCD 11/40Fb

CI02.xxxx.046PROCEDIMENTO E RISULTATI 939051
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Sviluppi di calcolo iperstatica
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3 x/b -2 x2/b2 ) Fb 1/EJ dx = [3/2 x2/b -2/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/2 b -2/3 b ) Fb 1/EJ  = 5/6  Fb2/EJ

LXo
CB = ∫

o

b(1 + x/b -2 x2/b2 ) Fb 1/EJ dx = [ x +1/2 x2/b -2/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/2 b -2/3 b ) Fb 1/EJ  = 5/6  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 +5/2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx

        = [-1/2 x +5/4 x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +5/4 b -5/6 b +1/8 b ) Fb 1/EJ  = 1/24  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b -1/8 b ) Fb 1/EJ  = 1/24  Fb2/EJ
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A =   143. mm2

Ju =  35649. mm4

Jv =  9072. mm4

Jt =  128.3 mm4

yo = -6.857 mm
yg =  14.86 mm
N =  -480. N
Ty =  -720. N
Mx = -374400. Nmm
xm =     6. mm
ym =    35. mm
um =   -12. mm
vm =  20.14 mm
σm = N/A-Mv/Ju =  208.2 N/mm2

xc =    18. mm
yc =    35. mm
vc =  20.14 mm
σc = N/A-Mv/Ju =  208.2 N/mm2

τc = TS*/tJu =  17.58 N/mm2

τg = TS*/tJu =  17.58 N/mm2

tc =   240. mm
σo = √σ2+3τ2 =  210.4 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
DE = ∫

o

b(3/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/2 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
ED = ∫

o

b(3/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/2 b ) Fb 1/EJ  = 1/4  Fb2/EJ
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A =  176.6 mm2

Ju =  74388. mm4

Jv =  18662. mm4

Jt =  155.6 mm4

yo = -12.53 mm
yg =  17.75 mm
N =  -300. N
Ty =  -900. N
Mx = -555000. Nmm
xm =    12. mm
ym =    47. mm
um =   -12. mm
vm =  29.25 mm
σm = N/A-Mv/Ju =  216.5 N/mm2

xc =    24. mm
yc =    47. mm
vc =  29.25 mm
σc = N/A-Mv/Ju =  216.5 N/mm2

τc = TS*/tJu =  15.29 N/mm2

τg = TS*/tJu =  15.29 N/mm2

tc =   300. mm
σo = √σ2+3τ2 =  218.1 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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A =   161. mm2

Ju =  86214. mm4

Jv =  9072. mm4

Jt =  134.3 mm4

yo = -10.83 mm
yg =  22.94 mm
N =  -370. N
Ty =  -925. N
Mx = -666000. Nmm
xm =     6. mm
ym =    53. mm
um =   -12. mm
vm =  30.06 mm
σm = N/A-Mv/Ju =  229.9 N/mm2

xc =    18. mm
yc =    53. mm
vc =  30.06 mm
σc = N/A-Mv/Ju =  229.9 N/mm2

τc = TS*/tJu =  13.93 N/mm2

τg = TS*/tJu =  13.93 N/mm2

tc =   370. mm
σo = √σ2+3τ2 =  231.1 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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A =  119.8 mm2

Ju =  59924. mm4

Jv =  2333. mm4

Jt =  88.32 mm4

yo = -16.43 mm
yg =  22.54 mm
N =  -220. N
Ty =  -550. N
Mx = -431200. Nmm
xm =    12. mm
ym =    55. mm
vm =  32.46 mm
σm = N/A-Mv/Ju =  231.7 N/mm2

yc =     2. mm
uc =   -12. mm
vc = -20.54 mm
σc = N/A-Mv/Ju =  231.7 N/mm2

τc = TS*/tJu =  6.435 N/mm2

τg = TS*/tJu =  6.435 N/mm2

tc =   220. mm
σo = √σ2+3τ2 =   232. N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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A =   163. mm2

Ju =  93375. mm4

Jv =  9072. mm4

Jt =   135. mm4

yo =  11.28 mm
yg =  31.14 mm
N = -1100. N
Ty = -1375. N
Mx = -572000. Nmm
xm =     6. mm
um =   -12. mm
vm = -31.14 mm
σm = N/A-Mv/Ju = -197.5 N/mm2

xc =    18. mm
vc = -31.14 mm
σc = N/A-Mv/Ju = -197.5 N/mm2

τc = TS*/tJu =  19.81 N/mm2

τg = TS*/tJu =  19.81 N/mm2

tc =   550. mm
σo = √σ2+3τ2 =  200.5 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

CI02.xxxx.051PROCEDIMENTO E RISULTATI 215399

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  184.6 mm2

Ju =  104229. mm4

Jv =  18662. mm4

Jt =  158.3 mm4

yo =  14.95 mm
yg =  33.94 mm
N = -1080. N
Ty = -1350. N
Mx = -615600. Nmm
xm =    12. mm
um =   -12. mm
vm = -33.94 mm
σm = N/A-Mv/Ju = -206.3 N/mm2

xc =    24. mm
vc = -33.94 mm
σc = N/A-Mv/Ju = -206.3 N/mm2

τc = TS*/tJu =  18.99 N/mm2

τg = TS*/tJu =  18.99 N/mm2

tc =   540. mm
σo = √σ2+3τ2 =  208.9 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 +2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x + x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b + b -1/2 b ) Fb 1/EJ  = 0

LXo
ED = ∫

o

b( x/b -3/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b ) Fb 1/EJ  = 0

CI02.xxxx.052PROCEDIMENTO E RISULTATI 253104

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  113.8 mm2

Ju =  46239. mm4

Jv =  2333. mm4

Jt =  86.32 mm4

yo = -14.41 mm
yg =  19.85 mm
N =  -250. N
Ty =  -750. N
Mx = -343750. Nmm
xm =    12. mm
ym =    49. mm
vm =  29.15 mm
σm = N/A-Mv/Ju =  214.5 N/mm2

yc =     2. mm
uc =   -12. mm
vc = -17.85 mm
σc = N/A-Mv/Ju =  214.5 N/mm2

τc = TS*/tJu =  10.21 N/mm2

τg = TS*/tJu =  10.21 N/mm2

tc =   250. mm
σo = √σ2+3τ2 =  215.2 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 +2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x + x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b + b -1/2 b ) Fb 1/EJ  = 0

LXo
ED = ∫

o

b( x/b -3/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b ) Fb 1/EJ  = 0

CI02.xxxx.053PROCEDIMENTO E RISULTATI 215440

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =   157. mm2

Ju =  72847. mm4

Jv =  9072. mm4

Jt =   133. mm4

yo =  9.929 mm
yg =  27.87 mm
N =  -400. N
Ty = -1200. N
Mx = -590000. Nmm
xm =     6. mm
um =   -12. mm
vm = -27.87 mm
σm = N/A-Mv/Ju = -228.3 N/mm2

xc =    18. mm
vc = -27.87 mm
σc = N/A-Mv/Ju = -228.3 N/mm2

τc = TS*/tJu =  19.83 N/mm2

τg = TS*/tJu =  19.83 N/mm2

tc =   400. mm
σo = √σ2+3τ2 =  230.8 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8

A
B

C

D
E F

mm 0 6 18 30 36x
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx = [1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ

LXo
ED = ∫

o

b( x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ

CI02.xxxx.054PROCEDIMENTO E RISULTATI 986991

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  178.6 mm2

Ju =  81324. mm4

Jv =  18662. mm4

Jt =  156.3 mm4

yo =  13.13 mm
yg =  30.43 mm
N = -1280. N
Ty = -1280. N
Mx = -614400. Nmm
xm =    12. mm
um =   -12. mm
vm = -30.43 mm
σm = N/A-Mv/Ju =  -237. N/mm2

xc =    24. mm
vc = -30.43 mm
σc = N/A-Mv/Ju =  -237. N/mm2

τc = TS*/tJu =  20.69 N/mm2

τg = TS*/tJu =  20.69 N/mm2

tc =   640. mm
σo = √σ2+3τ2 =  239.7 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8

A
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C

D
E F

mm 0 12 24 36 48x

0
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ = [1/4 x2/b ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (1/4 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -3/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/E

        = (1/2 b -1/4 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -3/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ

LXo
ED = ∫

o

b( x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ

CI02.xxxx.055PROCEDIMENTO E RISULTATI 215079

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  107.8 mm2

Ju =  34579. mm4

Jv =  2333. mm4

Jt =  84.32 mm4

yo = -12.41 mm
yg =  17.19 mm
N =  -600. N
Ty =  -600. N
Mx = -274500. Nmm
xm =    12. mm
ym =    43. mm
vm =  25.81 mm
σm = N/A-Mv/Ju =  199.3 N/mm2

yc =     2. mm
uc =   -12. mm
vc = -15.19 mm
σc = N/A-Mv/Ju =  199.3 N/mm2

τc = TS*/tJu =  9.673 N/mm2

τg = TS*/tJu =  9.673 N/mm2

tc =   300. mm
σo = √σ2+3τ2 =   200. N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8

A

B

C

D

E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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A =   151. mm2

Ju =  55120. mm4

Jv =  9072. mm4

Jt =   131. mm4

yo =  8.596 mm
yg =  24.58 mm
N =  -350. N
Ty =  -875. N
Mx = -455000. Nmm
xm =     6. mm
um =   -12. mm
vm = -24.58 mm
σm = N/A-Mv/Ju = -205.2 N/mm2

xc =    18. mm
vc = -24.58 mm
σc = N/A-Mv/Ju = -205.2 N/mm2

τc = TS*/tJu =  16.85 N/mm2

τg = TS*/tJu =  16.85 N/mm2

tc =   350. mm
σo = √σ2+3τ2 =  207.2 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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A =  172.6 mm2

Ju =  61535. mm4

Jv =  18662. mm4

Jt =  154.3 mm4

yo =  11.34 mm
yg =  26.88 mm
N =  -360. N
Ty =  -900. N
Mx = -496800. Nmm
xm =    12. mm
um =   -12. mm
vm = -26.88 mm
σm = N/A-Mv/Ju = -219.1 N/mm2

xc =    24. mm
vc = -26.88 mm
σc = N/A-Mv/Ju = -219.1 N/mm2

τc = TS*/tJu =  16.98 N/mm2

τg = TS*/tJu =  16.98 N/mm2

tc =   360. mm
σo = √σ2+3τ2 =  221.1 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8

A
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D

E F

mm 0 12 24 36 48x
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
DE = ∫

o

b(3/2 x/b -2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx = [3/4 x2/b -2/3 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (3/4 b -2/3 b +1/8 b ) Fb 1/EJ  = 5/24  Fb2/EJ

LXo
ED = ∫

o

b( x/b -1/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx = [1/2 x2/b -1/6 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b -1/8 b ) Fb 1/EJ  = 5/24  Fb2/EJ
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A =  101.8 mm2

Ju =  24830. mm4

Jv =  2333. mm4

Jt =  82.32 mm4

yo = -10.46 mm
yg =  14.57 mm
N =  -320. N
Ty =  -480. N
Mx = -252000. Nmm
xm =    12. mm
ym =    37. mm
vm =  22.43 mm
σm = N/A-Mv/Ju =  224.4 N/mm2

yc =     2. mm
uc =   -12. mm
vc = -12.57 mm
σc = N/A-Mv/Ju =  224.4 N/mm2

τc = TS*/tJu =  9.364 N/mm2

τg = TS*/tJu =  9.364 N/mm2

tc =   160. mm
σo = √σ2+3τ2 =   225. N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx = [1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 +1/2 x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x +1/4 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b +1/4 b -1/3 b ) Fb 1/EJ  = 5/12  Fb2/EJ

LXo
ED = ∫

o

b(3/2 x/b - x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/3 b ) Fb 1/EJ  = 5/12  Fb2/EJ
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A =   145. mm2

Ju =  40083. mm4

Jv =  9072. mm4

Jt =   129. mm4

yo =  7.287 mm
yg =  21.26 mm
N =  -660. N
Ty =  -660. N
Mx = -435600. Nmm
xm =     6. mm
um =   -12. mm
vm = -21.26 mm
σm = N/A-Mv/Ju = -235.6 N/mm2

xc =    18. mm
vc = -21.26 mm
σc = N/A-Mv/Ju = -235.6 N/mm2

τc = TS*/tJu =  15.12 N/mm2

τg = TS*/tJu =  15.12 N/mm2

tc =   330. mm
σo = √σ2+3τ2 =   237. N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ = [1/4 x2/b ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (1/4 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -3/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/E

        = (1/2 b -1/4 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -3/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 +1/2 x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x +1/4 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b +1/4 b -1/3 b ) Fb 1/EJ  = 5/12  Fb2/EJ

LXo
ED = ∫

o

b(3/2 x/b - x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/3 b ) Fb 1/EJ  = 5/12  Fb2/EJ
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A =  166.6 mm2

Ju =  44743. mm4

Jv =  18662. mm4

Jt =  152.3 mm4

yo =  9.592 mm
yg =   23.3 mm
N = -1060. N
Ty = -1060. N
Mx = -371000. Nmm
xm =    12. mm
um =   -12. mm
vm =  -23.3 mm
σm = N/A-Mv/Ju = -199.5 N/mm2

xc =    24. mm
vc =  -23.3 mm
σc = N/A-Mv/Ju = -199.5 N/mm2

τc = TS*/tJu =  23.84 N/mm2

τg = TS*/tJu =  23.84 N/mm2

tc =   530. mm
σo = √σ2+3τ2 =  203.8 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx = [1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ

LXo
ED = ∫

o

b( x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ
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A =  166.6 mm2

Ju =  44743. mm4

Jv =  18662. mm4

Jt =  152.3 mm4

yo = -9.592 mm
yg =   13.7 mm
N = -1460. N
Ty = -1095. N
Mx = -416100. Nmm
xm =    12. mm
ym =    37. mm
um =   -12. mm
vm =   23.3 mm
σm = N/A-Mv/Ju =  207.9 N/mm2

xc =    24. mm
yc =    37. mm
vc =   23.3 mm
σc = N/A-Mv/Ju =  207.9 N/mm2

τc = TS*/tJu =  24.63 N/mm2

τg = TS*/tJu =  24.63 N/mm2

tc =   730. mm
σo = √σ2+3τ2 =  212.2 N/mm2

t=1.8 t=1.8

t=
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t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ = [1/4 x2/b ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (1/4 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -3/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/E

        = (1/2 b -1/4 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -3/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ

LXo
ED = ∫

o

b( x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ
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A =  107.8 mm2

Ju =  34579. mm4

Jv =  2333. mm4

Jt =  84.32 mm4

yo =  12.41 mm
yg =  25.81 mm
N =  -760. N
Ty =  -570. N
Mx = -279300. Nmm
xm =    12. mm
vm = -25.81 mm
σm = N/A-Mv/Ju = -215.5 N/mm2

yc =     3. mm
uc =   -12. mm
vc = -22.81 mm
σc = N/A-Mv/Ju = -215.5 N/mm2

τc = TS*/tJu =  9.189 N/mm2

τg = TS*/tJu =  9.189 N/mm2

tc =   380. mm
σo = √σ2+3τ2 =  216.1 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx = [1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ

LXo
ED = ∫

o

b( x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ
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A =  113.8 mm2

Ju =  46239. mm4

Jv =  2333. mm4

Jt =  86.32 mm4

yo =  14.41 mm
yg =  29.15 mm
N =  254.6 N
Ty =   594. N
Mx =  354000. Nmm
xm =    12. mm
vm = -29.15 mm
σm = N/A-Mv/Ju =  225.4 N/mm2

yc =     3. mm
uc =   -12. mm
vc = -26.15 mm
σc = N/A-Mv/Ju =  225.4 N/mm2

τc = TS*/tJu =  8.088 N/mm2

τg = TS*/tJu =  8.088 N/mm2

tc =   240. mm
σo = √σ2+3τ2 =  225.8 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ = [1/4 x2/b ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (1/4 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -3/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/E

        = (1/2 b -1/4 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -3/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ

LXo
ED = ∫

o

b( x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ

CI02.xxxx.064PROCEDIMENTO E RISULTATI 241668

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =   151. mm2

Ju =  55120. mm4

Jv =  9072. mm4

Jt =   131. mm4

yo = -8.596 mm
yg =  18.42 mm
N =  403.1 N
Ty =  940.5 N
Mx =  541500. Nmm
xm =     6. mm
ym =    43. mm
um =   -12. mm
vm =  24.58 mm
σm = N/A-Mv/Ju = -238.8 N/mm2

xc =    18. mm
yc =    43. mm
vc =  24.58 mm
σc = N/A-Mv/Ju = -238.8 N/mm2

τc = TS*/tJu =  18.11 N/mm2

τg = TS*/tJu =  18.11 N/mm2

tc =   380. mm
σo = √σ2+3τ2 =  240.8 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A
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D

E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CD = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

CI02.xxxx.065PROCEDIMENTO E RISULTATI 959538

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  119.8 mm2

Ju =  59924. mm4

Jv =  2333. mm4

Jt =  88.32 mm4

yo =  16.43 mm
yg =  32.46 mm
N =  -460. N
Ty =  -460. N
Mx = -358800. Nmm
xm =    12. mm
vm = -32.46 mm
σm = N/A-Mv/Ju = -198.2 N/mm2

yc =     3. mm
uc =   -12. mm
vc = -29.46 mm
σc = N/A-Mv/Ju = -198.2 N/mm2

τc = TS*/tJu =  5.382 N/mm2

τg = TS*/tJu =  5.382 N/mm2

tc =   230. mm
σo = √σ2+3τ2 =  198.4 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CD = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/4 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -13/12  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/4 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -13/12  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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A =  172.6 mm2

Ju =  61535. mm4

Jv =  18662. mm4

Jt =  154.3 mm4

yo = -11.34 mm
yg =  16.12 mm
N =  -740. N
Ty =  -740. N
Mx = -481000. Nmm
xm =    12. mm
ym =    43. mm
um =   -12. mm
vm =  26.88 mm
σm = N/A-Mv/Ju =  205.8 N/mm2

xc =    24. mm
yc =    43. mm
vc =  26.88 mm
σc = N/A-Mv/Ju =  205.8 N/mm2

τc = TS*/tJu =  13.97 N/mm2

τg = TS*/tJu =  13.97 N/mm2

tc =   370. mm
σo = √σ2+3τ2 =  207.3 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A
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E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx = [1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ

LXo
ED = ∫

o

b( x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ

CI02.xxxx.067PROCEDIMENTO E RISULTATI 239141

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =   157. mm2

Ju =  72847. mm4

Jv =  9072. mm4

Jt =   133. mm4

yo = -9.929 mm
yg =  21.13 mm
N = -1000. N
Ty = -1000. N
Mx = -585000. Nmm
xm =     6. mm
ym =    49. mm
um =   -12. mm
vm =  27.87 mm
σm = N/A-Mv/Ju =  217.4 N/mm2

xc =    18. mm
yc =    49. mm
vc =  27.87 mm
σc = N/A-Mv/Ju =  217.4 N/mm2

τc = TS*/tJu =  16.53 N/mm2

τg = TS*/tJu =  16.53 N/mm2

tc =   500. mm
σo = √σ2+3τ2 =  219.3 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ = [1/4 x2/b ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (1/4 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -3/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/E

        = (1/2 b -1/4 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -3/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ

LXo
ED = ∫

o

b( x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ
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A =  101.8 mm2

Ju =  24830. mm4

Jv =  2333. mm4

Jt =  82.32 mm4

yo =  10.46 mm
yg =  22.43 mm
N =  -520. N
Ty =  -520. N
Mx = -245700. Nmm
xm =    12. mm
vm = -22.43 mm
σm = N/A-Mv/Ju =  -227. N/mm2

yc =     3. mm
uc =   -12. mm
vc = -19.43 mm
σc = N/A-Mv/Ju =  -227. N/mm2

τc = TS*/tJu =  10.14 N/mm2

τg = TS*/tJu =  10.14 N/mm2

tc =   260. mm
σo = √σ2+3τ2 =  227.7 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A

B

C

D

E F

mm 0 6 12 18 24x

0

37

y

σc,τcσm
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx = [1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ

LXo
ED = ∫

o

b( x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ

CI02.xxxx.069PROCEDIMENTO E RISULTATI 212041

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  184.6 mm2

Ju =  104229. mm4

Jv =  18662. mm4

Jt =  158.3 mm4

yo = -14.95 mm
yg =  21.06 mm
N = -1020. N
Ty =  -765. N
Mx = -749700. Nmm
xm =    12. mm
ym =    55. mm
um =   -12. mm
vm =  33.94 mm
σm = N/A-Mv/Ju =  238.6 N/mm2

xc =    24. mm
yc =    55. mm
vc =  33.94 mm
σc = N/A-Mv/Ju =  238.6 N/mm2

τc = TS*/tJu =  10.76 N/mm2

τg = TS*/tJu =  10.76 N/mm2

tc =   510. mm
σo = √σ2+3τ2 =  239.3 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A
B
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D
E F

mm 0 12 24 36 48x

0
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ = [1/4 x2/b ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (1/4 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -3/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/E

        = (1/2 b -1/4 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -3/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ

LXo
ED = ∫

o

b( x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ

CI02.xxxx.070PROCEDIMENTO E RISULTATI 216391

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =   145. mm2

Ju =  40083. mm4

Jv =  9072. mm4

Jt =   129. mm4

yo = -7.287 mm
yg =  15.74 mm
N = -1500. N
Ty = -1125. N
Mx = -393750. Nmm
xm =     6. mm
ym =    37. mm
um =   -12. mm
vm =  21.26 mm
σm = N/A-Mv/Ju =  198.5 N/mm2

xc =    18. mm
yc =    37. mm
vc =  21.26 mm
σc = N/A-Mv/Ju =  198.5 N/mm2

τc = TS*/tJu =  25.77 N/mm2

τg = TS*/tJu =  25.77 N/mm2

tc =   750. mm
σo = √σ2+3τ2 =  203.4 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A

B

C

D

E F

mm 0 6 18 30 36x
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Quadro contributi PLV per iperstatica X=WCD

→ Mx(x) Mo(x) MxMo MxMx ∫MxMo/EJdx ∫XMxMx/EJdx

AB b 0 -2Fx 0 0
0 0

BA b 0 2Fb-2Fx 0 0

BC b -x/b -2Fb+Fx 2Fx-Fx2/b x2/b2

2/3Fb2/EJ 1/3Xb/EJ
CB b 1-x/b Fb+Fx Fb-Fx2/b 1-2x/b+x2/b2

CD b -1 -1/2Fx 1/2Fx 1
1/4Fb2/EJ Xb/EJ

DC b 1 1/2Fb-1/2Fx 1/2Fb-1/2Fx 1

DE b -1+x/b -1/2Fb-Fx+1/2qx2 1/2Fb+1/2Fx-3/2Fx2/b+1/2qx3/b 1-2x/b+x2/b2

3/8Fb2/EJ 1/3Xb/EJ
ED b x/b Fb-1/2qx2 Fx-1/2qx3/b x2/b2

EF √2b 0 3√2/4Fx 0 0 0 0

FG b 0 -Fx 0 0
0 0

GF b 0 Fb-Fx 0 0

GA b 0 0 0 0
0 0

AG b 0 0 0 0

FB b 0 3/2Fb-Fx-1/2qx2 0 0
0 0

BF b 0 -2Fx+1/2qx2 0 0

BE b 0 0 0 0
0 0

EB b 0 0 0 0

BE elongazione asta  N1BEεBELBE Fb2/EJ

totali 55/24Fb2/EJ 5/3Xb/EJ

iperstatica X=WCD -11/8Fb

CI02.xxxx.071PROCEDIMENTO E RISULTATI 939077

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

Sviluppi di calcolo iperstatica
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx = [1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 +1/2 x/b -3/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx

        = [1/2 x +1/4 x2/b -1/2 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/2 b +1/4 b -1/2 b +1/8 b ) Fb 1/EJ  = 3/8  Fb2/EJ

LXo
ED = ∫

o

b( x/b -1/2 x3/b3 ) Fb 1/EJ dx = [1/2 x2/b -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/8 b ) Fb 1/EJ  = 3/8  Fb2/EJ

CI02.xxxx.071PROCEDIMENTO E RISULTATI 939077

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  178.6 mm2

Ju =  81324. mm4

Jv =  18662. mm4

Jt =  156.3 mm4

yo = -13.13 mm
yg =  18.57 mm
N = -1740. N
Ty = -1160. N
Mx = -580000. Nmm
xm =    12. mm
ym =    49. mm
um =   -12. mm
vm =  30.43 mm
σm = N/A-Mv/Ju =  207.3 N/mm2

xc =    24. mm
yc =    49. mm
vc =  30.43 mm
σc = N/A-Mv/Ju =  207.3 N/mm2

τc = TS*/tJu =  18.75 N/mm2

τg = TS*/tJu =  18.75 N/mm2

tc =   580. mm
σo = √σ2+3τ2 =  209.8 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A
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D
E F

mm 0 12 24 36 48x
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Quadro contributi PLV per iperstatica X=WCD

→ Mx(x) Mo(x) MxMo MxMx ∫MxMo/EJdx ∫XMxMx/EJdx

AB b 0 -2Fx 0 0
0 0

BA b 0 2Fb-2Fx 0 0

BC b -x/b -2Fb+Fx 2Fx-Fx2/b x2/b2

2/3Fb2/EJ 1/3Xb/EJ
CB b 1-x/b Fb+Fx Fb-Fx2/b 1-2x/b+x2/b2

CD b -1 -1/2Fx 1/2Fx 1
1/4Fb2/EJ Xb/EJ

DC b 1 1/2Fb-1/2Fx 1/2Fb-1/2Fx 1

DE b -1+x/b -1/2Fb-Fx+1/2qx2 1/2Fb+1/2Fx-3/2Fx2/b+1/2qx3/b 1-2x/b+x2/b2

3/8Fb2/EJ 1/3Xb/EJ
ED b x/b Fb-1/2qx2 Fx-1/2qx3/b x2/b2

EF √2b 0 3√2/4Fx 0 0 0 0

FG b 0 -Fx 0 0
0 0

GF b 0 Fb-Fx 0 0

GA b 0 0 0 0
0 0

AG b 0 0 0 0

FB b 0 3/2Fb-Fx-1/2qx2 0 0
0 0

BF b 0 -2Fx+1/2qx2 0 0

BE b 0 0 0 0
0 0

EB b 0 0 0 0

CD elongazione asta  N1CDεCDLCD -Fb2/EJ

totali 7/24Fb2/EJ 5/3Xb/EJ

iperstatica X=WCD -7/40Fb

CI02.xxxx.072PROCEDIMENTO E RISULTATI 240891

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

Sviluppi di calcolo iperstatica
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ = [1/4 x2/b ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (1/4 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -3/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/E

        = (1/2 b -1/4 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -3/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 +1/2 x/b -3/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx

        = [1/2 x +1/4 x2/b -1/2 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/2 b +1/4 b -1/2 b +1/8 b ) Fb 1/EJ  = 3/8  Fb2/EJ

LXo
ED = ∫

o

b( x/b -1/2 x3/b3 ) Fb 1/EJ dx = [1/2 x2/b -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/8 b ) Fb 1/EJ  = 3/8  Fb2/EJ

CI02.xxxx.072PROCEDIMENTO E RISULTATI 240891

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =   163. mm2

Ju =  93375. mm4

Jv =  9072. mm4

Jt =   135. mm4

yo = -11.28 mm
yg =  23.86 mm
N = -1650. N
Ty = -1100. N
Mx = -682000. Nmm
xm =     6. mm
ym =    55. mm
um =   -12. mm
vm =  31.14 mm
σm = N/A-Mv/Ju =  217.4 N/mm2

xc =    18. mm
yc =    55. mm
vc =  31.14 mm
σc = N/A-Mv/Ju =  217.4 N/mm2

τc = TS*/tJu =  15.85 N/mm2

τg = TS*/tJu =  15.85 N/mm2

tc =   550. mm
σo = √σ2+3τ2 =  219.1 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A
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E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
DE = ∫

o

b(3/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/2 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
ED = ∫

o

b(3/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/2 b ) Fb 1/EJ  = 1/4  Fb2/EJ
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A =  116.8 mm2

Ju =  52822. mm4

Jv =  2333. mm4

Jt =  87.32 mm4

yo = -15.41 mm
yg =  21.19 mm
N =  -250. N
Ty =  -625. N
Mx = -393750. Nmm
xm =    12. mm
ym =    52. mm
vm =  30.81 mm
σm = N/A-Mv/Ju =  227.5 N/mm2

yc =     2. mm
uc =   -12. mm
vc = -19.19 mm
σc = N/A-Mv/Ju =  227.5 N/mm2

τc = TS*/tJu =  7.874 N/mm2

τg = TS*/tJu =  7.874 N/mm2

tc =   250. mm
σo = √σ2+3τ2 =  227.9 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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A =   160. mm2

Ju =  82754. mm4

Jv =  9072. mm4

Jt =   134. mm4

yo =   10.6 mm
yg =  29.51 mm
N =  -480. N
Ty =  -960. N
Mx = -652800. Nmm
xm =     6. mm
um =   -12. mm
vm = -29.51 mm
σm = N/A-Mv/Ju = -235.8 N/mm2

xc =    18. mm
vc = -29.51 mm
σc = N/A-Mv/Ju = -235.8 N/mm2

τc = TS*/tJu =  14.79 N/mm2

τg = TS*/tJu =  14.79 N/mm2

tc =   480. mm
σo = √σ2+3τ2 =  237.2 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8

A
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D
E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

CI02.xxxx.075PROCEDIMENTO E RISULTATI 216487

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  181.6 mm2

Ju =  92380. mm4

Jv =  18662. mm4

Jt =  157.3 mm4

yo =  14.04 mm
yg =  32.19 mm
N =  -380. N
Ty =  -760. N
Mx = -554800. Nmm
xm =    12. mm
um =   -12. mm
vm = -32.19 mm
σm = N/A-Mv/Ju = -195.4 N/mm2

xc =    24. mm
vc = -32.19 mm
σc = N/A-Mv/Ju = -195.4 N/mm2

τc = TS*/tJu =  11.44 N/mm2

τg = TS*/tJu =  11.44 N/mm2

tc =   380. mm
σo = √σ2+3τ2 =  196.4 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8

A
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D
E F

mm 0 12 24 36 48x
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

CI02.xxxx.076PROCEDIMENTO E RISULTATI 963079

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  110.8 mm2

Ju =  40163. mm4

Jv =  2333. mm4

Jt =  85.32 mm4

yo = -13.41 mm
yg =  18.52 mm
N =  155.6 N
Ty =  466.7 N
Mx =  299200. Nmm
xm =    12. mm
ym =    46. mm
vm =  27.48 mm
σm = N/A-Mv/Ju = -203.3 N/mm2

yc =     2. mm
uc =   -12. mm
vc = -16.52 mm
σc = N/A-Mv/Ju = -203.3 N/mm2

τc = TS*/tJu =  6.898 N/mm2

τg = TS*/tJu =  6.898 N/mm2

tc =   220. mm
σo = √σ2+3τ2 =  203.7 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8

A
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E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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A =   154. mm2

Ju =  63641. mm4

Jv =  9072. mm4

Jt =   132. mm4

yo =   9.26 mm
yg =  26.23 mm
N =  254.6 N
Ty =  763.7 N
Mx =  525600. Nmm
xm =     6. mm
um =   -12. mm
vm = -26.23 mm
σm = N/A-Mv/Ju =  218.3 N/mm2

xc =    18. mm
vc = -26.23 mm
σc = N/A-Mv/Ju =  218.3 N/mm2

τc = TS*/tJu =   13.6 N/mm2

τg = TS*/tJu =   13.6 N/mm2

tc =   360. mm
σo = √σ2+3τ2 =  219.5 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 +2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x + x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b + b -1/2 b ) Fb 1/EJ  = 0

LXo
ED = ∫

o

b( x/b -3/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b ) Fb 1/EJ  = 0
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A =  175.6 mm2

Ju =  71048. mm4

Jv =  18662. mm4

Jt =  155.3 mm4

yo =  12.23 mm
yg =  28.66 mm
N =  -290. N
Ty =  -725. N
Mx = -558250. Nmm
xm =    12. mm
um =   -12. mm
vm = -28.66 mm
σm = N/A-Mv/Ju = -226.8 N/mm2

xc =    24. mm
vc = -28.66 mm
σc = N/A-Mv/Ju = -226.8 N/mm2

τc = TS*/tJu =  12.63 N/mm2

τg = TS*/tJu =  12.63 N/mm2

tc =   290. mm
σo = √σ2+3τ2 =  227.9 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 +2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x + x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b + b -1/2 b ) Fb 1/EJ  = 0

LXo
ED = ∫

o

b( x/b -3/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b ) Fb 1/EJ  = 0

CI02.xxxx.079PROCEDIMENTO E RISULTATI 218577

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  104.8 mm2

Ju =  29473. mm4

Jv =  2333. mm4

Jt =  83.32 mm4

yo = -11.43 mm
yg =  15.88 mm
N =  -160. N
Ty =  -400. N
Mx = -288000. Nmm
xm =    12. mm
ym =    40. mm
vm =  24.12 mm
σm = N/A-Mv/Ju =  234.2 N/mm2

yc =     2. mm
uc =   -12. mm
vc = -13.88 mm
σc = N/A-Mv/Ju =  234.2 N/mm2

τc = TS*/tJu =  7.071 N/mm2

τg = TS*/tJu =  7.071 N/mm2

tc =   160. mm
σo = √σ2+3τ2 =  234.5 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

CI02.xxxx.080PROCEDIMENTO E RISULTATI 986307

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =   148. mm2

Ju =  47272. mm4

Jv =  9072. mm4

Jt =   130. mm4

yo =  7.938 mm
yg =  22.92 mm
N =  -530. N
Ty = -1325. N
Mx = -402800. Nmm
xm =     6. mm
um =   -12. mm
vm = -22.92 mm
σm = N/A-Mv/Ju = -198.9 N/mm2

xc =    18. mm
vc = -22.92 mm
σc = N/A-Mv/Ju = -198.9 N/mm2

τc = TS*/tJu =  27.75 N/mm2

τg = TS*/tJu =  27.75 N/mm2

tc =   530. mm
σo = √σ2+3τ2 =  204.6 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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A =  169.6 mm2

Ju =  52772. mm4

Jv =  18662. mm4

Jt =  153.3 mm4

yo =  10.46 mm
yg =  25.09 mm
N =  -530. N
Ty = -1325. N
Mx = -434600. Nmm
xm =    12. mm
um =   -12. mm
vm = -25.09 mm
σm = N/A-Mv/Ju = -209.8 N/mm2

xc =    24. mm
vc = -25.09 mm
σc = N/A-Mv/Ju = -209.8 N/mm2

τc = TS*/tJu =  27.22 N/mm2

τg = TS*/tJu =  27.22 N/mm2

tc =   530. mm
σo = √σ2+3τ2 =   215. N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8

A
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C

D

E F
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40
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx = [1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ

LXo
ED = ∫

o

b( x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ
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A =   98.8 mm2

Ju =  20638. mm4

Jv =  2333. mm4

Jt =  81.32 mm4

yo = -9.506 mm
yg =  13.28 mm
N =  -780. N
Ty =  -585. N
Mx = -222300. Nmm
xm =    12. mm
ym =    34. mm
vm =  20.72 mm
σm = N/A-Mv/Ju =  215.3 N/mm2

yc =     2. mm
uc =   -12. mm
vc = -11.28 mm
σc = N/A-Mv/Ju =  215.3 N/mm2

τc = TS*/tJu =  12.68 N/mm2

τg = TS*/tJu =  12.68 N/mm2

tc =   390. mm
σo = √σ2+3τ2 =  216.4 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ = [1/4 x2/b ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (1/4 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -3/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/E

        = (1/2 b -1/4 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -3/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ

LXo
ED = ∫

o

b( x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ
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A =   142. mm2

Ju =  33538. mm4

Jv =  9072. mm4

Jt =   128. mm4

yo =  6.643 mm
yg =  19.59 mm
N = -1220. N
Ty =  -915. N
Mx = -375150. Nmm
xm =     6. mm
um =   -12. mm
vm = -19.59 mm
σm = N/A-Mv/Ju = -227.7 N/mm2

xc =    18. mm
vc = -19.59 mm
σc = N/A-Mv/Ju = -227.7 N/mm2

τc = TS*/tJu =  23.08 N/mm2

τg = TS*/tJu =  23.08 N/mm2

tc =   610. mm
σo = √σ2+3τ2 =  231.2 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
DE = ∫

o

b(3/2 x/b -2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx = [3/4 x2/b -2/3 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (3/4 b -2/3 b +1/8 b ) Fb 1/EJ  = 5/24  Fb2/EJ

LXo
ED = ∫

o

b( x/b -1/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx = [1/2 x2/b -1/6 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b -1/8 b ) Fb 1/EJ  = 5/24  Fb2/EJ
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A =  163.6 mm2

Ju =  37433. mm4

Jv =  18662. mm4

Jt =  151.3 mm4

yo =  8.733 mm
yg =  21.49 mm
N =  -740. N
Ty =  -925. N
Mx = -407000. Nmm
xm =    12. mm
um =   -12. mm
vm = -21.49 mm
σm = N/A-Mv/Ju = -238.2 N/mm2

xc =    24. mm
vc = -21.49 mm
σc = N/A-Mv/Ju = -238.2 N/mm2

τc = TS*/tJu =  22.94 N/mm2

τg = TS*/tJu =  22.94 N/mm2

tc =   370. mm
σo = √σ2+3τ2 =  241.5 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3 x/b -2 x2/b2 ) Fb 1/EJ dx = [3/2 x2/b -2/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/2 b -2/3 b ) Fb 1/EJ  = 5/6  Fb2/EJ

LXo
CB = ∫

o

b(1 + x/b -2 x2/b2 ) Fb 1/EJ dx = [ x +1/2 x2/b -2/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/2 b -2/3 b ) Fb 1/EJ  = 5/6  Fb2/EJ

LXo
DE = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  = 7/24  Fb2/EJ

LXo
ED = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  = 7/24  Fb2/EJ
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A =  163.6 mm2

Ju =  37433. mm4

Jv =  18662. mm4

Jt =  151.3 mm4

yo = -8.733 mm
yg =  12.51 mm
N =  -480. N
Ty =  -720. N
Mx = -345600. Nmm
xm =    12. mm
ym =    34. mm
um =   -12. mm
vm =  21.49 mm
σm = N/A-Mv/Ju =  195.5 N/mm2

xc =    24. mm
yc =    34. mm
vc =  21.49 mm
σc = N/A-Mv/Ju =  195.5 N/mm2

τc = TS*/tJu =  17.86 N/mm2

τg = TS*/tJu =  17.86 N/mm2

tc =   240. mm
σo = √σ2+3τ2 =  197.9 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
DE = ∫

o

b(3/2 x/b -2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx = [3/4 x2/b -2/3 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (3/4 b -2/3 b +1/8 b ) Fb 1/EJ  = 5/24  Fb2/EJ

LXo
ED = ∫

o

b( x/b -1/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx = [1/2 x2/b -1/6 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b -1/8 b ) Fb 1/EJ  = 5/24  Fb2/EJ

CI02.xxxx.086PROCEDIMENTO E RISULTATI 248282

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  104.8 mm2

Ju =  29473. mm4

Jv =  2333. mm4

Jt =  83.32 mm4

yo =  11.43 mm
yg =  24.12 mm
N =  -320. N
Ty =  -400. N
Mx = -240000. Nmm
xm =    12. mm
vm = -24.12 mm
σm = N/A-Mv/Ju = -199.5 N/mm2

yc =     3. mm
uc =   -12. mm
vc = -21.12 mm
σc = N/A-Mv/Ju = -199.5 N/mm2

τc = TS*/tJu =  7.071 N/mm2

τg = TS*/tJu =  7.071 N/mm2

tc =   160. mm
σo = √σ2+3τ2 =  199.9 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
DE = ∫

o

b(3/2 x/b -2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx = [3/4 x2/b -2/3 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (3/4 b -2/3 b +1/8 b ) Fb 1/EJ  = 5/24  Fb2/EJ

LXo
ED = ∫

o

b( x/b -1/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx = [1/2 x2/b -1/6 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b -1/8 b ) Fb 1/EJ  = 5/24  Fb2/EJ

CI02.xxxx.087PROCEDIMENTO E RISULTATI 963092

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  110.8 mm2

Ju =  40163. mm4

Jv =  2333. mm4

Jt =  85.32 mm4

yo =  13.41 mm
yg =  27.48 mm
N =  -510. N
Ty =  -425. N
Mx = -310250. Nmm
xm =    12. mm
vm = -27.48 mm
σm = N/A-Mv/Ju = -216.9 N/mm2

yc =     3. mm
uc =   -12. mm
vc = -24.48 mm
σc = N/A-Mv/Ju = -216.9 N/mm2

τc = TS*/tJu =  6.282 N/mm2

τg = TS*/tJu =  6.282 N/mm2

tc =   170. mm
σo = √σ2+3τ2 =  217.2 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25
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CI02.xxxx.088PROCEDIMENTO E RISULTATI 241349

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

Quadro contributi PLV per iperstatica X=WCD

→ Mx(x) Mo(x) MxMo MxMx ∫MxMo/EJdx ∫XMxMx/EJdx

AB b 0 -3Fx 0 0
0 0

BA b 0 3Fb-3Fx 0 0

BC b -x/b -3Fb+2Fx 3Fx-2Fx2/b x2/b2

5/6Fb2/EJ 1/3Xb/EJ
CB b 1-x/b Fb+2Fx Fb+Fx-2Fx2/b 1-2x/b+x2/b2

CD b -1 Fx-1/2qx2 -Fx+1/2Fx2/b 1
-1/3Fb2/EJ Xb/EJ

DC b 1 -1/2Fb+1/2qx2 -1/2Fb+1/2Fx2/b 1

DE b -1+x/b 1/2Fb-2Fx+1/2qx2 -1/2Fb+5/2Fx-5/2Fx2/b+1/2qx3/b 1-2x/b+x2/b2

1/24Fb2/EJ 1/3Xb/EJ
ED b x/b Fb-Fx-1/2qx2 Fx-Fx2/b-1/2qx3/b x2/b2

EF √2b 0 √2/2Fx 0 0 0 0

FG b 0 -Fx 0 0
0 0

GF b 0 Fb-Fx 0 0

GA b 0 0 0 0
0 0

AG b 0 0 0 0

FB b 0 Fb-Fx 0 0
0 0

BF b 0 -Fx 0 0

BE b 0 0 0 0
0 0

EB b 0 0 0 0

CD elongazione asta  N1CDεCDLCD -Fb2/EJ

totali -11/24Fb2/EJ 5/3Xb/EJ

iperstatica X=WCD 11/40Fb

CI02.xxxx.088PROCEDIMENTO E RISULTATI 241349

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

Sviluppi di calcolo iperstatica



CI02.xxxx.088PROCEDIMENTO E RISULTATI 241349

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3 x/b -2 x2/b2 ) Fb 1/EJ dx = [3/2 x2/b -2/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/2 b -2/3 b ) Fb 1/EJ  = 5/6  Fb2/EJ

LXo
CB = ∫

o

b(1 + x/b -2 x2/b2 ) Fb 1/EJ dx = [ x +1/2 x2/b -2/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/2 b -2/3 b ) Fb 1/EJ  = 5/6  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 +5/2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx

        = [-1/2 x +5/4 x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +5/4 b -5/6 b +1/8 b ) Fb 1/EJ  = 1/24  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b -1/8 b ) Fb 1/EJ  = 1/24  Fb2/EJ

CI02.xxxx.088PROCEDIMENTO E RISULTATI 241349

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =   148. mm2

Ju =  47272. mm4

Jv =  9072. mm4

Jt =   130. mm4

yo = -7.938 mm
yg =  17.08 mm
N =  -460. N
Ty =  -690. N
Mx = -469200. Nmm
xm =     6. mm
ym =    40. mm
um =   -12. mm
vm =  22.92 mm
σm = N/A-Mv/Ju =  224.4 N/mm2

xc =    18. mm
yc =    40. mm
vc =  22.92 mm
σc = N/A-Mv/Ju =  224.4 N/mm2

τc = TS*/tJu =  14.45 N/mm2

τg = TS*/tJu =  14.45 N/mm2

tc =   230. mm
σo = √σ2+3τ2 =  225.8 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
DE = ∫

o

b(3/2 x/b -2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx = [3/4 x2/b -2/3 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (3/4 b -2/3 b +1/8 b ) Fb 1/EJ  = 5/24  Fb2/EJ

LXo
ED = ∫

o

b( x/b -1/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx = [1/2 x2/b -1/6 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b -1/8 b ) Fb 1/EJ  = 5/24  Fb2/EJ
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A =  116.8 mm2

Ju =  52822. mm4

Jv =  2333. mm4

Jt =  87.32 mm4

yo =  15.41 mm
yg =  30.81 mm
N =  -340. N
Ty =  -510. N
Mx = -395250. Nmm
xm =    12. mm
vm = -30.81 mm
σm = N/A-Mv/Ju = -233.4 N/mm2

yc =     3. mm
uc =   -12. mm
vc = -27.81 mm
σc = N/A-Mv/Ju = -233.4 N/mm2

τc = TS*/tJu =  6.425 N/mm2

τg = TS*/tJu =  6.425 N/mm2

tc =   170. mm
σo = √σ2+3τ2 =  233.7 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A
B

C

D
E F

mm 0 6 12 18 24x

0

52

y

σc,τcσm

u

v
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Quadro contributi PLV per iperstatica X=WCD

→ Mx(x) Mo(x) MxMo MxMx ∫MxMo/EJdx ∫XMxMx/EJdx

AB b 0 -2Fx 0 0
0 0

BA b 0 2Fb-2Fx 0 0

BC b -x/b -2Fb+Fx 2Fx-Fx2/b x2/b2

2/3Fb2/EJ 1/3Xb/EJ
CB b 1-x/b Fb+Fx Fb-Fx2/b 1-2x/b+x2/b2

CD b -1 -1/2Fx 1/2Fx 1
1/4Fb2/EJ Xb/EJ

DC b 1 1/2Fb-1/2Fx 1/2Fb-1/2Fx 1

DE b -1+x/b -1/2Fb-Fx+1/2qx2 1/2Fb+1/2Fx-3/2Fx2/b+1/2qx3/b 1-2x/b+x2/b2

3/8Fb2/EJ 1/3Xb/EJ
ED b x/b Fb-1/2qx2 Fx-1/2qx3/b x2/b2

EF √2b 0 3√2/4Fx 0 0 0 0

FG b 0 -Fx 0 0
0 0

GF b 0 Fb-Fx 0 0

GA b 0 0 0 0
0 0

AG b 0 0 0 0

FB b 0 3/2Fb-Fx-1/2qx2 0 0
0 0

BF b 0 -2Fx+1/2qx2 0 0

BE b 0 0 0 0
0 0

EB b 0 0 0 0

BE elongazione asta  N1BEεBELBE Fb2/EJ

totali 55/24Fb2/EJ 5/3Xb/EJ

iperstatica X=WCD -11/8Fb
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Sviluppi di calcolo iperstatica
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx = [1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 +1/2 x/b -3/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx

        = [1/2 x +1/4 x2/b -1/2 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/2 b +1/4 b -1/2 b +1/8 b ) Fb 1/EJ  = 3/8  Fb2/EJ

LXo
ED = ∫

o

b( x/b -1/2 x3/b3 ) Fb 1/EJ dx = [1/2 x2/b -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/8 b ) Fb 1/EJ  = 3/8  Fb2/EJ
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A =  169.6 mm2

Ju =  52772. mm4

Jv =  18662. mm4

Jt =  153.3 mm4

yo = -10.46 mm
yg =  14.91 mm
N = -1740. N
Ty = -1160. N
Mx = -440800. Nmm
xm =    12. mm
ym =    40. mm
um =   -12. mm
vm =  25.09 mm
σm = N/A-Mv/Ju =  199.4 N/mm2

xc =    24. mm
yc =    40. mm
vc =  25.09 mm
σc = N/A-Mv/Ju =  199.4 N/mm2

τc = TS*/tJu =  23.83 N/mm2

τg = TS*/tJu =  23.83 N/mm2

tc =   580. mm
σo = √σ2+3τ2 =  203.6 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A

B

C

D

E F

mm 0 12 24 36 48x

0

40

y
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Quadro contributi PLV per iperstatica X=WCD

→ Mx(x) Mo(x) MxMo MxMx ∫MxMo/EJdx ∫XMxMx/EJdx

AB b 0 -2Fx 0 0
0 0

BA b 0 2Fb-2Fx 0 0

BC b -x/b -2Fb+Fx 2Fx-Fx2/b x2/b2

2/3Fb2/EJ 1/3Xb/EJ
CB b 1-x/b Fb+Fx Fb-Fx2/b 1-2x/b+x2/b2

CD b -1 -1/2Fx 1/2Fx 1
1/4Fb2/EJ Xb/EJ

DC b 1 1/2Fb-1/2Fx 1/2Fb-1/2Fx 1

DE b -1+x/b -1/2Fb-Fx+1/2qx2 1/2Fb+1/2Fx-3/2Fx2/b+1/2qx3/b 1-2x/b+x2/b2

3/8Fb2/EJ 1/3Xb/EJ
ED b x/b Fb-1/2qx2 Fx-1/2qx3/b x2/b2

EF √2b 0 3√2/4Fx 0 0 0 0

FG b 0 -Fx 0 0
0 0

GF b 0 Fb-Fx 0 0

GA b 0 0 0 0
0 0

AG b 0 0 0 0

FB b 0 3/2Fb-Fx-1/2qx2 0 0
0 0

BF b 0 -2Fx+1/2qx2 0 0

BE b 0 0 0 0
0 0

EB b 0 0 0 0

CD elongazione asta  N1CDεCDLCD -Fb2/EJ

totali 7/24Fb2/EJ 5/3Xb/EJ

iperstatica X=WCD -7/40Fb
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Sviluppi di calcolo iperstatica
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ = [1/4 x2/b ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (1/4 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -3/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/E

        = (1/2 b -1/4 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -3/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 +1/2 x/b -3/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx

        = [1/2 x +1/4 x2/b -1/2 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/2 b +1/4 b -1/2 b +1/8 b ) Fb 1/EJ  = 3/8  Fb2/EJ

LXo
ED = ∫

o

b( x/b -1/2 x3/b3 ) Fb 1/EJ dx = [1/2 x2/b -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/8 b ) Fb 1/EJ  = 3/8  Fb2/EJ
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A =   154. mm2

Ju =  63641. mm4

Jv =  9072. mm4

Jt =   132. mm4

yo =  -9.26 mm
yg =  19.77 mm
N = -1710. N
Ty = -1140. N
Mx = -535800. Nmm
xm =     6. mm
ym =    46. mm
um =   -12. mm
vm =  26.23 mm
σm = N/A-Mv/Ju =  209.7 N/mm2

xc =    18. mm
yc =    46. mm
vc =  26.23 mm
σc = N/A-Mv/Ju =  209.7 N/mm2

τc = TS*/tJu =  20.29 N/mm2

τg = TS*/tJu =  20.29 N/mm2

tc =   570. mm
σo = √σ2+3τ2 =  212.6 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A

B

C

D

E F

mm 0 6 18 30 36x

0

46

y
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u
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [5/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/2 b ) Fb 1/EJ  = 3/4  Fb2/EJ

LXo
DE = ∫

o

b(3/2 x/b -2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx = [3/4 x2/b -2/3 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (3/4 b -2/3 b +1/8 b ) Fb 1/EJ  = 5/24  Fb2/EJ

LXo
ED = ∫

o

b( x/b -1/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx = [1/2 x2/b -1/6 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b -1/8 b ) Fb 1/EJ  = 5/24  Fb2/EJ
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A =   98.8 mm2

Ju =  20638. mm4

Jv =  2333. mm4

Jt =  81.32 mm4

yo =  9.506 mm
yg =  20.72 mm
N =  -440. N
Ty =  -550. N
Mx = -209000. Nmm
xm =    12. mm
vm = -20.72 mm
σm = N/A-Mv/Ju = -214.3 N/mm2

yc =     3. mm
uc =   -12. mm
vc = -17.72 mm
σc = N/A-Mv/Ju = -214.3 N/mm2

τc = TS*/tJu =  11.93 N/mm2

τg = TS*/tJu =  11.93 N/mm2

tc =   220. mm
σo = √σ2+3τ2 =  215.2 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A

B

C

D

E F

mm 0 6 12 18 24x
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx = [5/4 x2/b -2/3 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (5/4 b -2/3 b +1/8 b ) Fb 1/EJ  = 17/24  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx = [ x -1/6 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = ( b -1/6 b -1/8 b ) Fb 1/EJ  = 17/24  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

CI02.xxxx.093PROCEDIMENTO E RISULTATI 987504

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  181.6 mm2

Ju =  92380. mm4

Jv =  18662. mm4

Jt =  157.3 mm4

yo = -14.04 mm
yg =  19.82 mm
N =  -840. N
Ty = -1050. N
Mx = -661500. Nmm
xm =    12. mm
ym =    52. mm
um =   -12. mm
vm =  32.19 mm
σm = N/A-Mv/Ju =  225.8 N/mm2

xc =    24. mm
yc =    52. mm
vc =  32.19 mm
σc = N/A-Mv/Ju =  225.8 N/mm2

τc = TS*/tJu =   15.8 N/mm2

τg = TS*/tJu =   15.8 N/mm2

tc =   420. mm
σo = √σ2+3τ2 =  227.5 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A
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D
E F

mm 0 12 24 36 48x
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx = [5/4 x2/b -2/3 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (5/4 b -2/3 b +1/8 b ) Fb 1/EJ  = 17/24  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx = [ x -1/6 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = ( b -1/6 b -1/8 b ) Fb 1/EJ  = 17/24  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

CI02.xxxx.094PROCEDIMENTO E RISULTATI 956343

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =   142. mm2

Ju =  33538. mm4

Jv =  9072. mm4

Jt =   128. mm4

yo = -6.643 mm
yg =  14.41 mm
N =  -760. N
Ty =  -950. N
Mx = -418000. Nmm
xm =     6. mm
ym =    34. mm
um =   -12. mm
vm =  19.59 mm
σm = N/A-Mv/Ju =  238.8 N/mm2

xc =    18. mm
yc =    34. mm
vc =  19.59 mm
σc = N/A-Mv/Ju =  238.8 N/mm2

τc = TS*/tJu =  23.97 N/mm2

τg = TS*/tJu =  23.97 N/mm2

tc =   380. mm
σo = √σ2+3τ2 =  242.3 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx = [5/4 x2/b -2/3 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (5/4 b -2/3 b +1/8 b ) Fb 1/EJ  = 17/24  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx = [ x -1/6 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = ( b -1/6 b -1/8 b ) Fb 1/EJ  = 17/24  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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A =  175.6 mm2

Ju =  71048. mm4

Jv =  18662. mm4

Jt =  155.3 mm4

yo = -12.23 mm
yg =  17.34 mm
N =  -930. N
Ty =  -775. N
Mx = -496000. Nmm
xm =    12. mm
ym =    46. mm
um =   -12. mm
vm =  28.66 mm
σm = N/A-Mv/Ju =  194.8 N/mm2

xc =    24. mm
yc =    46. mm
vc =  28.66 mm
σc = N/A-Mv/Ju =  194.8 N/mm2

τc = TS*/tJu =   13.5 N/mm2

τg = TS*/tJu =   13.5 N/mm2

tc =   310. mm
σo = √σ2+3τ2 =  196.2 N/mm2
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx = [5/4 x2/b -2/3 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (5/4 b -2/3 b +1/8 b ) Fb 1/EJ  = 17/24  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx = [ x -1/6 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = ( b -1/6 b -1/8 b ) Fb 1/EJ  = 17/24  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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A =   160. mm2

Ju =  82754. mm4

Jv =  9072. mm4

Jt =   134. mm4

yo =  -10.6 mm
yg =  22.49 mm
N =  -930. N
Ty =  -775. N
Mx = -604500. Nmm
xm =     6. mm
ym =    52. mm
um =   -12. mm
vm =  29.51 mm
σm = N/A-Mv/Ju =  209.8 N/mm2

xc =    18. mm
yc =    52. mm
vc =  29.51 mm
σc = N/A-Mv/Ju =  209.8 N/mm2

τc = TS*/tJu =  11.94 N/mm2

τg = TS*/tJu =  11.94 N/mm2

tc =   310. mm
σo = √σ2+3τ2 =  210.8 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx = [3/2 x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (3/2 b -5/6 b +1/8 b ) Fb 1/EJ  = 19/24  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/3 b -1/8 b ) Fb 1/EJ  = 19/24  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 +2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x + x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b + b -1/2 b ) Fb 1/EJ  = 0

LXo
ED = ∫

o

b( x/b -3/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b ) Fb 1/EJ  = 0
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A =  120.8 mm2

Ju =  62410. mm4

Jv =  2333. mm4

Jt =  88.65 mm4

yo = -16.77 mm
yg =  22.99 mm
N =  -300. N
Ty =  -450. N
Mx = -405000. Nmm
xm =    12. mm
ym =    56. mm
vm =  33.01 mm
σm = N/A-Mv/Ju =  211.7 N/mm2

yc =     2. mm
uc =   -12. mm
vc = -20.99 mm
σc = N/A-Mv/Ju =  211.7 N/mm2

τc = TS*/tJu =  5.141 N/mm2

τg = TS*/tJu =  5.141 N/mm2

tc =   150. mm
σo = √σ2+3τ2 =  211.9 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8

A
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E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx = [3/2 x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (3/2 b -5/6 b +1/8 b ) Fb 1/EJ  = 19/24  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/3 b -1/8 b ) Fb 1/EJ  = 19/24  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 +2 x/b -3/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x + x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b + b -1/2 b ) Fb 1/EJ  = 0

LXo
ED = ∫

o

b( x/b -3/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/2 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b ) Fb 1/EJ  = 0
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A =   164. mm2

Ju =  97076. mm4

Jv =  9072. mm4

Jt =  135.3 mm4

yo =  11.51 mm
yg =  31.69 mm
N =  -480. N
Ty =  -720. N
Mx = -684000. Nmm
xm =     6. mm
um =   -12. mm
vm = -31.69 mm
σm = N/A-Mv/Ju = -226.2 N/mm2

xc =    18. mm
vc = -31.69 mm
σc = N/A-Mv/Ju = -226.2 N/mm2

τc = TS*/tJu =  10.15 N/mm2

τg = TS*/tJu =  10.15 N/mm2

tc =   240. mm
σo = √σ2+3τ2 =  226.9 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx = [5/4 x2/b -2/3 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (5/4 b -2/3 b +1/8 b ) Fb 1/EJ  = 17/24  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx = [ x -1/6 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = ( b -1/6 b -1/8 b ) Fb 1/EJ  = 17/24  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

CI02.xxxx.099PROCEDIMENTO E RISULTATI 213451
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A =  185.6 mm2

Ju =  108358. mm4

Jv =  18662. mm4

Jt =  158.6 mm4

yo =  15.26 mm
yg =  34.52 mm
N =  -580. N
Ty =  -870. N
Mx = -725000. Nmm
xm =    12. mm
um =   -12. mm
vm = -34.52 mm
σm = N/A-Mv/Ju = -234.1 N/mm2

xc =    24. mm
vc = -34.52 mm
σc = N/A-Mv/Ju = -234.1 N/mm2

τc = TS*/tJu =  11.97 N/mm2

τg = TS*/tJu =  11.97 N/mm2

tc =   290. mm
σo = √σ2+3τ2 =   235. N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx = [5/4 x2/b -2/3 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (5/4 b -2/3 b +1/8 b ) Fb 1/EJ  = 17/24  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx = [ x -1/6 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = ( b -1/6 b -1/8 b ) Fb 1/EJ  = 17/24  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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A =  114.8 mm2

Ju =  48377. mm4

Jv =  2333. mm4

Jt =  86.65 mm4

yo = -14.74 mm
yg =   20.3 mm
N =  -560. N
Ty =  -840. N
Mx = -329000. Nmm
xm =    12. mm
ym =    50. mm
vm =   29.7 mm
σm = N/A-Mv/Ju =  197.1 N/mm2

yc =     2. mm
uc =   -12. mm
vc =  -18.3 mm
σc = N/A-Mv/Ju =  197.1 N/mm2

τc = TS*/tJu =  11.14 N/mm2

τg = TS*/tJu =  11.14 N/mm2

tc =   280. mm
σo = √σ2+3τ2 =  198.1 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b -3/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx = [ x2/b -1/2 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = ( b -1/2 b +1/8 b ) Fb 1/EJ  = 5/8  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x3/b3 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/8 b ) Fb 1/EJ  = 5/8  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ = [1/4 x2/b ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (1/4 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -3/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/E

        = (1/2 b -1/4 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -3/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ

LXo
ED = ∫

o

b( x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b ) Fb 1/EJ  = 1/3  Fb2/EJ
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A =   158. mm2

Ju =  76071. mm4

Jv =  9072. mm4

Jt =  133.3 mm4

yo =  10.15 mm
yg =  28.42 mm
N = -1560. N
Ty = -1040. N
Mx = -530400. Nmm
xm =     6. mm
um =   -12. mm
vm = -28.42 mm
σm = N/A-Mv/Ju =  -208. N/mm2

xc =    18. mm
vc = -28.42 mm
σc = N/A-Mv/Ju =  -208. N/mm2

τc = TS*/tJu =  16.78 N/mm2

τg = TS*/tJu =  16.78 N/mm2

tc =   520. mm
σo = √σ2+3τ2 =   210. N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx = [5/4 x2/b -2/3 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (5/4 b -2/3 b +1/8 b ) Fb 1/EJ  = 17/24  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx = [ x -1/6 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = ( b -1/6 b -1/8 b ) Fb 1/EJ  = 17/24  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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A =  179.6 mm2

Ju =  84922. mm4

Jv =  18662. mm4

Jt =  156.6 mm4

yo =  13.43 mm
yg =  31.01 mm
N =  -840. N
Ty = -1050. N
Mx = -588000. Nmm
xm =    12. mm
um =   -12. mm
vm = -31.01 mm
σm = N/A-Mv/Ju = -219.4 N/mm2

xc =    24. mm
vc = -31.01 mm
σc = N/A-Mv/Ju = -219.4 N/mm2

τc = TS*/tJu =  16.57 N/mm2

τg = TS*/tJu =  16.57 N/mm2

tc =   420. mm
σo = √σ2+3τ2 =  221.3 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8

A
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D
E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(5/2 x/b -2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx = [5/4 x2/b -2/3 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (5/4 b -2/3 b +1/8 b ) Fb 1/EJ  = 17/24  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx = [ x -1/6 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = ( b -1/6 b -1/8 b ) Fb 1/EJ  = 17/24  Fb2/EJ

LXo
DE = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b( x/b - x2/b2 ) Fb 1/EJ dx = [1/2 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/3 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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A =  108.8 mm2

Ju =  36386. mm4

Jv =  2333. mm4

Jt =  84.65 mm4

yo = -12.74 mm
yg =  17.63 mm
N =  -460. N
Ty =  -575. N
Mx = -310500. Nmm
xm =    12. mm
ym =    44. mm
vm =  26.37 mm
σm = N/A-Mv/Ju =  220.8 N/mm2

yc =     2. mm
uc =   -12. mm
vc = -15.63 mm
σc = N/A-Mv/Ju =  220.8 N/mm2

τc = TS*/tJu =     9. N/mm2

τg = TS*/tJu =     9. N/mm2

tc =   230. mm
σo = √σ2+3τ2 =  221.3 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx = [3/2 x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (3/2 b -5/6 b +1/8 b ) Fb 1/EJ  = 19/24  Fb2/EJ

LXo
CB = ∫

o

b(1 +1/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx = [ x +1/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = ( b +1/4 b -1/3 b -1/8 b ) Fb 1/EJ  = 19/24  Fb2/EJ

LXo
DE = ∫

o

b(3/2 x/b -2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx = [3/4 x2/b -2/3 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (3/4 b -2/3 b +1/8 b ) Fb 1/EJ  = 5/24  Fb2/EJ

LXo
ED = ∫

o

b( x/b -1/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx = [1/2 x2/b -1/6 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/6 b -1/8 b ) Fb 1/EJ  = 5/24  Fb2/EJ

CI02.xxxx.104PROCEDIMENTO E RISULTATI 237065

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =   152. mm2

Ju =  57885. mm4

Jv =  9072. mm4

Jt =  131.3 mm4

yo =  8.817 mm
yg =  25.13 mm
N =  -900. N
Ty =  -900. N
Mx = -522000. Nmm
xm =     6. mm
um =   -12. mm
vm = -25.13 mm
σm = N/A-Mv/Ju = -232.5 N/mm2

xc =    18. mm
vc = -25.13 mm
σc = N/A-Mv/Ju = -232.5 N/mm2

τc = TS*/tJu =  16.88 N/mm2

τg = TS*/tJu =  16.88 N/mm2

tc =   300. mm
σo = √σ2+3τ2 =  234.3 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8

A
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E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
DE = ∫

o

b(1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/6 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/6 b ) Fb 1/EJ  = 1/12  Fb2/EJ

CI02.xxxx.105PROCEDIMENTO E RISULTATI 247861

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  173.6 mm2

Ju =  64622. mm4

Jv =  18662. mm4

Jt =  154.6 mm4

yo =  11.64 mm
yg =  27.47 mm
N =  -490. N
Ty =  -735. N
Mx = -463050. Nmm
xm =    12. mm
um =   -12. mm
vm = -27.47 mm
σm = N/A-Mv/Ju = -199.7 N/mm2

xc =    24. mm
vc = -27.47 mm
σc = N/A-Mv/Ju = -199.7 N/mm2

τc = TS*/tJu =   13.5 N/mm2

τg = TS*/tJu =   13.5 N/mm2

tc =   490. mm
σo = √σ2+3τ2 =  201.1 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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CI02.xxxx.106PROCEDIMENTO E RISULTATI 237766

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
DE = ∫

o

b(1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/6 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/6 b ) Fb 1/EJ  = 1/12  Fb2/EJ

CI02.xxxx.106PROCEDIMENTO E RISULTATI 237766

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  102.8 mm2

Ju =  26327. mm4

Jv =  2333. mm4

Jt =  82.65 mm4

yo = -10.79 mm
yg =  15.01 mm
Ty =  -420. N
Mx = -239400. Nmm
xm =    12. mm
ym =    38. mm
vm =  22.99 mm
σm = -Mv/Ju =  209.1 N/mm2

yc =     2. mm
uc =   -12. mm
vc = -13.01 mm
σc = -Mv/Ju =  209.1 N/mm2

τc = TS*/tJu =  7.923 N/mm2

τg = TS*/tJu =  7.923 N/mm2

tc =   280. mm
σo = √σ2+3τ2 =  209.5 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
DE = ∫

o

b(1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/6 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/6 b ) Fb 1/EJ  = 1/12  Fb2/EJ
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A =   146. mm2

Ju =  42407. mm4

Jv =  9072. mm4

Jt =  129.3 mm4

yo =  7.503 mm
yg =  21.81 mm
N =  240.4 N
Ty =  721.2 N
Mx =  414800. Nmm
xm =     6. mm
um =   -12. mm
vm = -21.81 mm
σm = N/A-Mv/Ju =   215. N/mm2

xc =    18. mm
vc = -21.81 mm
σc = N/A-Mv/Ju =   215. N/mm2

τc = TS*/tJu =  16.03 N/mm2

τg = TS*/tJu =  16.03 N/mm2

tc =   340. mm
σo = √σ2+3τ2 =  216.8 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
DE = ∫

o

b(1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/6 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/6 b ) Fb 1/EJ  = 1/12  Fb2/EJ
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A =  167.6 mm2

Ju =  47339. mm4

Jv =  18662. mm4

Jt =  152.6 mm4

yo =   9.88 mm
yg =   23.9 mm
N =  247.5 N
Ty =  742.5 N
Mx =  448000. Nmm
xm =    12. mm
um =   -12. mm
vm =  -23.9 mm
σm = N/A-Mv/Ju =  227.6 N/mm2

xc =    24. mm
vc =  -23.9 mm
σc = N/A-Mv/Ju =  227.6 N/mm2

τc = TS*/tJu =  16.19 N/mm2

τg = TS*/tJu =  16.19 N/mm2

tc =   350. mm
σo = √σ2+3τ2 =  229.4 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8

A
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D

E F

mm 0 12 24 36 48x

0
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 +3/2 x/b - x2/b2 ) Fb 1/EJ dx = [-1/2 x +3/4 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +3/4 b -1/3 b ) Fb 1/EJ  = -1/12  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x/b - x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/3 b ) Fb 1/EJ  = -1/12  Fb2/EJ
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A =  167.6 mm2

Ju =  47339. mm4

Jv =  18662. mm4

Jt =  152.6 mm4

yo =  -9.88 mm
yg =   14.1 mm
Ty =  -680. N
Mx = -462400. Nmm
xm =    12. mm
ym =    38. mm
um =   -12. mm
vm =   23.9 mm
σm = -Mv/Ju =  233.4 N/mm2

xc =    24. mm
yc =    38. mm
vc =   23.9 mm
σc = -Mv/Ju =  233.4 N/mm2

τc = TS*/tJu =  14.83 N/mm2

τg = TS*/tJu =  14.83 N/mm2

tc =   340. mm
σo = √σ2+3τ2 =  234.8 N/mm2

t=1.8 t=1.8
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t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 +3/2 x/b - x2/b2 ) Fb 1/EJ dx = [-1/2 x +3/4 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +3/4 b -1/3 b ) Fb 1/EJ  = -1/12  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x/b - x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/3 b ) Fb 1/EJ  = -1/12  Fb2/EJ
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A =  108.8 mm2

Ju =  36386. mm4

Jv =  2333. mm4

Jt =  84.65 mm4

yo =  12.74 mm
yg =  26.37 mm
N =  -320. N
Ty =  -640. N
Mx = -268800. Nmm
xm =    12. mm
vm = -26.37 mm
σm = N/A-Mv/Ju = -197.7 N/mm2

yc =     3. mm
uc =   -12. mm
vc = -23.37 mm
σc = N/A-Mv/Ju = -197.7 N/mm2

τc = TS*/tJu =  10.02 N/mm2

τg = TS*/tJu =  10.02 N/mm2

tc =   320. mm
σo = √σ2+3τ2 =  198.5 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
DE = ∫

o

b(1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/6 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/6 b ) Fb 1/EJ  = 1/12  Fb2/EJ
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A =  114.8 mm2

Ju =  48377. mm4

Jv =  2333. mm4

Jt =  86.65 mm4

yo =  14.74 mm
yg =   29.7 mm
Ty =  -660. N
Mx = -336600. Nmm
xm =    12. mm
vm =  -29.7 mm
σm = -Mv/Ju = -206.7 N/mm2

yc =     3. mm
uc =   -12. mm
vc =  -26.7 mm
σc = -Mv/Ju = -206.7 N/mm2

τc = TS*/tJu =  8.753 N/mm2

τg = TS*/tJu =  8.753 N/mm2

tc =   330. mm
σo = √σ2+3τ2 =  207.2 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A
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E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
DE = ∫

o

b(1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/6 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/6 b ) Fb 1/EJ  = 1/12  Fb2/EJ
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A =   152. mm2

Ju =  57885. mm4

Jv =  9072. mm4

Jt =  131.3 mm4

yo = -8.817 mm
yg =  18.87 mm
Ty = -1000. N
Mx = -500000. Nmm
xm =     6. mm
ym =    44. mm
um =   -12. mm
vm =  25.13 mm
σm = -Mv/Ju =   217. N/mm2

xc =    18. mm
yc =    44. mm
vc =  25.13 mm
σc = -Mv/Ju =   217. N/mm2

τc = TS*/tJu =  18.75 N/mm2

τg = TS*/tJu =  18.75 N/mm2

tc =   500. mm
σo = √σ2+3τ2 =  219.5 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b( x/b ) Fb 1/EJ dx = [1/2 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
CB = ∫

o

b(1 - x/b ) Fb 1/EJ dx = [ x -1/2 x2/b ]
o

b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx = [1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x/b ) Fb 1/EJ dx = [1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

CI02.xxxx.113PROCEDIMENTO E RISULTATI 959354

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  120.8 mm2

Ju =  62410. mm4

Jv =  2333. mm4

Jt =  88.65 mm4

yo =  16.77 mm
yg =  33.01 mm
Ty =  -620. N
Mx = -421600. Nmm
xm =    12. mm
vm = -33.01 mm
σm = -Mv/Ju =  -223. N/mm2

yc =     3. mm
uc =   -12. mm
vc = -30.01 mm
σc = -Mv/Ju =  -223. N/mm2

τc = TS*/tJu =  7.083 N/mm2

τg = TS*/tJu =  7.083 N/mm2

tc =   310. mm
σo = √σ2+3τ2 =  223.3 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A
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E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
DE = ∫

o

b(1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/6 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/6 b ) Fb 1/EJ  = 1/12  Fb2/EJ

CI02.xxxx.114PROCEDIMENTO E RISULTATI 241822

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  173.6 mm2

Ju =  64622. mm4

Jv =  18662. mm4

Jt =  154.6 mm4

yo = -11.64 mm
yg =  16.53 mm
Ty =  -720. N
Mx = -556800. Nmm
xm =    12. mm
ym =    44. mm
um =   -12. mm
vm =  27.47 mm
σm = -Mv/Ju =  236.7 N/mm2

xc =    24. mm
yc =    44. mm
vc =  27.47 mm
σc = -Mv/Ju =  236.7 N/mm2

τc = TS*/tJu =  13.22 N/mm2

τg = TS*/tJu =  13.22 N/mm2

tc =   480. mm
σo = √σ2+3τ2 =  237.8 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
DE = ∫

o

b(1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/6 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/6 b ) Fb 1/EJ  = 1/12  Fb2/EJ

CI02.xxxx.115PROCEDIMENTO E RISULTATI 241748

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =   158. mm2

Ju =  76071. mm4

Jv =  9072. mm4

Jt =  133.3 mm4

yo = -10.15 mm
yg =  21.58 mm
Ty =  -570. N
Mx = -532000. Nmm
xm =     6. mm
ym =    50. mm
um =   -12. mm
vm =  28.42 mm
σm = -Mv/Ju =  198.7 N/mm2

xc =    18. mm
yc =    50. mm
vc =  28.42 mm
σc = -Mv/Ju =  198.7 N/mm2

τc = TS*/tJu =  9.199 N/mm2

τg = TS*/tJu =  9.199 N/mm2

tc =   380. mm
σo = √σ2+3τ2 =  199.4 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
DE = ∫

o

b( x/b -3/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx = [1/2 x2/b -1/2 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/8 b ) Fb 1/EJ  = 1/8  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x/b -1/2 x3/b3 ) Fb 1/EJ dx = [1/4 x2/b -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/8 b ) Fb 1/EJ  = 1/8  Fb2/EJ
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A =  102.8 mm2

Ju =  26327. mm4

Jv =  2333. mm4

Jt =  82.65 mm4

yo =  10.79 mm
yg =  22.99 mm
N =  -400. N
Ty =  -400. N
Mx = -228000. Nmm
xm =    12. mm
vm = -22.99 mm
σm = N/A-Mv/Ju =  -203. N/mm2

yc =     3. mm
uc =   -12. mm
vc = -19.99 mm
σc = N/A-Mv/Ju =  -203. N/mm2

τc = TS*/tJu =  7.546 N/mm2

τg = TS*/tJu =  7.546 N/mm2

tc =   200. mm
σo = √σ2+3τ2 =  203.4 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A
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E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
DE = ∫

o

b( x/b -3/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx = [1/2 x2/b -1/2 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/8 b ) Fb 1/EJ  = 1/8  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x/b -1/2 x3/b3 ) Fb 1/EJ dx = [1/4 x2/b -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/8 b ) Fb 1/EJ  = 1/8  Fb2/EJ
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A =  185.6 mm2

Ju =  108358. mm4

Jv =  18662. mm4

Jt =  158.6 mm4

yo = -15.26 mm
yg =  21.48 mm
Ty =  -760. N
Mx = -684000. Nmm
xm =    12. mm
ym =    56. mm
um =   -12. mm
vm =  34.52 mm
σm = -Mv/Ju =  217.9 N/mm2

xc =    24. mm
yc =    56. mm
vc =  34.52 mm
σc = -Mv/Ju =  217.9 N/mm2

τc = TS*/tJu =  10.46 N/mm2

τg = TS*/tJu =  10.46 N/mm2

tc =   380. mm
σo = √σ2+3τ2 =  218.6 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A
B
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E F
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0
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
DE = ∫

o

b(1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/6 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/6 b ) Fb 1/EJ  = 1/12  Fb2/EJ

CI02.xxxx.118PROCEDIMENTO E RISULTATI 280859
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A =   146. mm2

Ju =  42407. mm4

Jv =  9072. mm4

Jt =  129.3 mm4

yo = -7.503 mm
yg =  16.19 mm
Ty =  -690. N
Mx = -441600. Nmm
xm =     6. mm
ym =    38. mm
um =   -12. mm
vm =  21.81 mm
σm = -Mv/Ju =  227.1 N/mm2

xc =    18. mm
yc =    38. mm
vc =  21.81 mm
σc = -Mv/Ju =  227.1 N/mm2

τc = TS*/tJu =  15.33 N/mm2

τg = TS*/tJu =  15.33 N/mm2

tc =   460. mm
σo = √σ2+3τ2 =  228.7 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
DE = ∫

o

b(1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/6 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/6 b ) Fb 1/EJ  = 1/12  Fb2/EJ
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A =  179.6 mm2

Ju =  84922. mm4

Jv =  18662. mm4

Jt =  156.6 mm4

yo = -13.43 mm
yg =  18.99 mm
Ty =  -735. N
Mx = -654150. Nmm
xm =    12. mm
ym =    50. mm
um =   -12. mm
vm =  31.01 mm
σm = -Mv/Ju =  238.9 N/mm2

xc =    24. mm
yc =    50. mm
vc =  31.01 mm
σc = -Mv/Ju =  238.9 N/mm2

τc = TS*/tJu =   11.6 N/mm2

τg = TS*/tJu =   11.6 N/mm2

tc =   490. mm
σo = √σ2+3τ2 =  239.7 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A
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E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b( x/b ) Fb 1/EJ dx = [1/2 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
CB = ∫

o

b(1 - x/b ) Fb 1/EJ dx = [ x -1/2 x2/b ]
o

b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

CI02.xxxx.120PROCEDIMENTO E RISULTATI 963097

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =   164. mm2

Ju =  97076. mm4

Jv =  9072. mm4

Jt =  135.3 mm4

yo = -11.51 mm
yg =  24.31 mm
N = -1890. N
Ty = -1080. N
Mx =  572400. Nmm
xm =     6. mm
ym =    56. mm
um =   -12. mm
vm =  31.69 mm
σm = N/A-Mv/Ju = -198.4 N/mm2

xc =    18. mm
yc =    56. mm
vc =  31.69 mm
σc = N/A-Mv/Ju = -198.4 N/mm2

τc = TS*/tJu =  15.23 N/mm2

τg = TS*/tJu =  15.23 N/mm2

tc =   540. mm
σo = √σ2+3τ2 =  200.1 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A
B
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D
E F

mm 0 6 18 30 36x
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b( x/b ) Fb 1/EJ dx = [1/2 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
CB = ∫

o

b(1 - x/b ) Fb 1/EJ dx = [ x -1/2 x2/b ]
o

b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

CI02.xxxx.121PROCEDIMENTO E RISULTATI 211288

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  116.2 mm2

Ju =  58038. mm4

Jv =  1856. mm4

Jt =  84.43 mm4

yo = -15.56 mm
yg =  23.24 mm
N =  233.3 N
Ty =   700. N
Mx =  376200. Nmm
xm =    11. mm
ym =    55. mm
vm =  31.76 mm
σm = N/A-Mv/Ju = -203.9 N/mm2

xc =    11. mm
vc = -23.24 mm
σc = N/A-Mv/Ju =  152.6 N/mm2

τc = TS*/tJu =   11.1 N/mm2

τg = TS*/tJu =   11.1 N/mm2

tc =   330. mm
σo = √σ2+3τ2 =  153.9 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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0

55

y

σc,τc

σm

u

v



CI02.xxxx.121

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

CI02.xxxx.121

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



CI02.xxxx.122REAZIONI 242013

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

F

3/2F

F

3/2F
3/2Fb

A B

23/20F

4F
3/2Fb

23/20F

4F
7/20Fb

B

C

23/20F

F
13/20Fb

23/20F
23/20Fb

C D

23/20F

F
23/20Fb

23/20F

F

D

E

F

F

Fb

E

F

3/2F3/2F
3/2Fb

FG

3/2F
1/2Fb

F

3/2F
Fb

G

A

F

5/2F
Fb

F

5/2F

F

B

23/20F
B E

CI02.xxxx.122AZIONI INTERNE 242013

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

-1

-4

-23/20 -23/20

1

√2/2

0

3/
2

3/
2

-5
/2

23/20

 F

-3/2

23
/2

0

1 0

-2
3/

20

√2/2
-3/2

0
-1

-1

0

 F

0
-3/2

-3
/2

-7
/2

0

13/20 23/20

23
/2

0
0

0

1

0
-3/2

-1
/2

-1

1
0

0 0

 Fb



C
I0

2.
xx

xx
.1

22
P

R
O

C
E

D
IM

E
N

T
O

 E
 R

IS
U

LT
A

T
I 2

42
01

3

@
 A

do
lfo

 Z
av

el
an

i R
os

si
, P

ol
ite

cn
ic

o 
di

 M
ila

no
, v

er
s.

27
.0

3.
13

20
.0

3.
25

A
B C

D

E

F

G

W

F

F

W W

X

X

q

q

0
-3

/2

-3/2 -1

0
1/

2

1/20

0

1

0
-3

/2

-1/2 -1

1 0 0
0

M
o 

fle
ss

io
ne

 d
a 

ca
ric

hi
 a

ss
eg

na
ti

0
0

0
-1

-1
-1

-1
0

0

0

0
0 0 0

0 0 0
0

M
x 

fle
ss

io
ne

 d
a 

ip
er

st
at

ic
a 

X
=

1

C
I0

2.
xx

xx
.1

22
P

R
O

C
E

D
IM

E
N

T
O

 E
 R

IS
U

LT
A

T
I 2

42
01

3

@
 A

do
lfo

 Z
av

el
an

i R
os

si
, P

ol
ite

cn
ic

o 
di

 M
ila

no
, v

er
s.

27
.0

3.
13

20
.0

3.
25

Q
ua

dr
o 

co
nt

rib
ut

i P
LV

 p
er

 ip
er

st
at

ic
a 

X
=

W
C

D

→
M

x(
x)

M
o(

x)
M

xM
o

M
xM

x
∫M

xM
o/

E
Jd

x
∫X

M
xM

x/
E

Jd
x

A
B

 b
0

-3
/2

F
x

0
0

0
0

B
A

 b
0

3/
2F

b-
3/

2F
x

0
0

B
C

 b
-x

/b
-3

/2
F

b+
1/

2F
x

3/
2F

x-
1/

2F
x2 /b

x2 /b
2

7/
12

F
b2 /E

J
1/

3X
b/

E
J

C
B

 b
1-

x/
b

F
b+

1/
2F

x
F

b-
1/

2F
x-

1/
2F

x2 /b
1-

2x
/b

+
x2 /b

2

C
D

 b
-1

F
x-

1/
2q

x2
-F

x+
1/

2F
x2 /b

1
-1

/3
F

b2 /E
J

X
b/

E
J

D
C

 b
1

-1
/2

F
b+

1/
2q

x2
-1

/2
F

b+
1/

2F
x2 /b

1

D
E

 b
-1

+
x/

b
1/

2F
b-

1/
2F

x
-1

/2
F

b+
F

x-
1/

2F
x2 /b

1-
2x

/b
+

x2 /b
2

-1
/6

F
b2 /E

J
1/

3X
b/

E
J

E
D

 b
x/

b
-1

/2
F

x
-1

/2
F

x2 /b
x2 /b

2

E
F

 √
2b

0
√2

/2
F

x
0

0
0

0

F
G

 b
0

-3
/2

F
x

0
0

0
0

G
F

 b
0

3/
2F

b-
3/

2F
x

0
0

G
A

 b
0

-1
/2

F
b-

1/
2q

x2
0

0
0

0
A

G
 b

0
F

b-
F

x+
1/

2q
x2

0
0

F
B

 b
0

F
b-

F
x

0
0

0
0

B
F

 b
0

-F
x

0
0

B
E

 b
0

0
0

0
0

0
E

B
 b

0
0

0
0

B
E

el
on

ga
zi

on
e 

as
ta

  N
1B

E
ε B

E
L B

E
F

b2 /E
J

to
ta

li
13

/1
2F

b2 /E
J

5/
3X

b/
E

J

ip
er

st
at

ic
a 

X
=

W
C

D
-1

3/
20

F
b

S
vi

lu
pp

i d
i c

al
co

lo
 ip

er
st

at
ic

a



CI02.xxxx.122PROCEDIMENTO E RISULTATI 242013

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

CI02.xxxx.122PROCEDIMENTO E RISULTATI 242013

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  159.4 mm2

Ju =  91280. mm4

Jv =  7969. mm4

Jt =  131.1 mm4

yo =  10.08 mm
yg =  30.61 mm
N =  -690. N
Ty = -1035. N
Mx = -641700. Nmm
xm =     5. mm
um =   -12. mm
vm = -30.61 mm
σm = N/A-Mv/Ju = -219.5 N/mm2

xc =    17. mm
vc = -30.61 mm
σc = N/A-Mv/Ju = -219.5 N/mm2

τc = TS*/tJu =  14.99 N/mm2

τg = TS*/tJu =  14.99 N/mm2

tc =   690. mm
σo = √σ2+3τ2 =   221. N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

CI02.xxxx.123PROCEDIMENTO E RISULTATI 248692
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A =   181. mm2

Ju =  102600. mm4

Jv =  16674. mm4

Jt =  154.4 mm4

yo =  14.64 mm
yg =  33.52 mm
N =  -680. N
Ty = -1020. N
Mx = -683400. Nmm
xm =    11. mm
um =   -12. mm
vm = -33.52 mm
σm = N/A-Mv/Ju =  -227. N/mm2

xc =    23. mm
vc = -33.52 mm
σc = N/A-Mv/Ju =  -227. N/mm2

τc = TS*/tJu =  14.39 N/mm2

τg = TS*/tJu =  14.39 N/mm2

tc =   680. mm
σo = √σ2+3τ2 =  228.4 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b( x/b ) Fb 1/EJ dx = [1/2 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
CB = ∫

o

b(1 - x/b ) Fb 1/EJ dx = [ x -1/2 x2/b ]
o

b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

CI02.xxxx.124PROCEDIMENTO E RISULTATI 237373
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A =  110.2 mm2

Ju =  44775. mm4

Jv =  1856. mm4

Jt =  82.43 mm4

yo = -13.66 mm
yg =   20.5 mm
Ty =  -585. N
Mx = -374400. Nmm
xm =    11. mm
ym =    49. mm
vm =   28.5 mm
σm = -Mv/Ju =  238.3 N/mm2

yc =     2. mm
uc =   -11. mm
vc =  -18.5 mm
σc = -Mv/Ju =  238.3 N/mm2

τc = TS*/tJu =  8.044 N/mm2

τg = TS*/tJu =  8.044 N/mm2

tc =   390. mm
σo = √σ2+3τ2 =  238.7 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8

A
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E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b( x/b ) Fb 1/EJ dx = [1/2 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
CB = ∫

o

b(1 - x/b ) Fb 1/EJ dx = [ x -1/2 x2/b ]
o

b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

CI02.xxxx.125PROCEDIMENTO E RISULTATI 240726

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  153.4 mm2

Ju =  71202. mm4

Jv =  7969. mm4

Jt =  129.1 mm4

yo =  8.875 mm
yg =  27.37 mm
Ty =  -750. N
Mx = -517500. Nmm
xm =     5. mm
um =   -12. mm
vm = -27.37 mm
σm = -Mv/Ju =  -199. N/mm2

xc =    17. mm
vc = -27.37 mm
σc = -Mv/Ju =  -199. N/mm2

τc = TS*/tJu =  12.46 N/mm2

τg = TS*/tJu =  12.46 N/mm2

tc =   500. mm
σo = √σ2+3τ2 =  200.1 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8

A
B

C

D
E F

mm 0 5 17 29 34x

0
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CI02.xxxx.126PROCEDIMENTO E RISULTATI 241067

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b +1/6 b ) Fb 1/EJ  = 5/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -3/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [ x -3/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -3/4 b +1/6 b ) Fb 1/EJ  = 5/12  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx = [1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

CI02.xxxx.126PROCEDIMENTO E RISULTATI 241067

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =   175. mm2

Ju =  80057. mm4

Jv =  16674. mm4

Jt =  152.4 mm4

yo =  12.86 mm
yg =  30.04 mm
Ty =  -765. N
Mx = -558450. Nmm
xm =    11. mm
um =   -12. mm
vm = -30.04 mm
σm = -Mv/Ju = -209.6 N/mm2

xc =    23. mm
vc = -30.04 mm
σc = -Mv/Ju = -209.6 N/mm2

τc = TS*/tJu =   12.4 N/mm2

τg = TS*/tJu =   12.4 N/mm2

tc =   510. mm
σo = √σ2+3τ2 =  210.7 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8

A
B

C

D
E F

mm 0 11 23 35 46x

0
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b +1/6 b ) Fb 1/EJ  = 5/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -3/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [ x -3/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -3/4 b +1/6 b ) Fb 1/EJ  = 5/12  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ = [1/4 x2/b ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (1/4 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -3/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/E

        = (1/2 b -1/4 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -3/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

CI02.xxxx.127PROCEDIMENTO E RISULTATI 917806

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  104.2 mm2

Ju =  33478. mm4

Jv =  1856. mm4

Jt =  80.43 mm4

yo = -11.78 mm
yg =  17.79 mm
Ty =  -420. N
Mx = -289800. Nmm
xm =    11. mm
ym =    43. mm
vm =  25.21 mm
σm = -Mv/Ju =  218.3 N/mm2

yc =     2. mm
uc =   -11. mm
vc = -15.79 mm
σc = -Mv/Ju =  218.3 N/mm2

τc = TS*/tJu =  6.833 N/mm2

τg = TS*/tJu =  6.833 N/mm2

tc =   280. mm
σo = √σ2+3τ2 =  218.6 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b( x/b ) Fb 1/EJ dx = [1/2 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
CB = ∫

o

b(1 - x/b ) Fb 1/EJ dx = [ x -1/2 x2/b ]
o

b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

CI02.xxxx.128PROCEDIMENTO E RISULTATI 237731

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  147.4 mm2

Ju =  53868. mm4

Jv =  7969. mm4

Jt =  127.1 mm4

yo =  7.686 mm
yg =  24.13 mm
Ty =  -460. N
Mx = -503700. Nmm
xm =     5. mm
um =   -12. mm
vm = -24.13 mm
σm = -Mv/Ju = -225.6 N/mm2

xc =    17. mm
vc = -24.13 mm
σc = -Mv/Ju = -225.6 N/mm2

τc = TS*/tJu =    8.9 N/mm2

τg = TS*/tJu =    8.9 N/mm2

tc =   460. mm
σo = √σ2+3τ2 =  226.1 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8

A
B

C

D
E F

mm 0 5 17 29 34x

0

43

y

σc,τcσm

u

v



CI02.xxxx.128

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

CI02.xxxx.128

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



CI02.xxxx.129REAZIONI 248146

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

F

F

F

F
Fb

A B

3/10F

4F
Fb

3/10F

4F
13/10Fb

B

C

3/10F
3/10Fb

3/10F
3/10Fb

C D

3/10F

F
3/10Fb

3/10F

F

D

E

F

F

Fb

E

F

2FF
3/2Fb

FG

F
1/2Fb

F

F
Fb

G

A

F

3F
Fb

F

3F

F

B

3/10F
B E

CI02.xxxx.129AZIONI INTERNE 248146

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

-1

-4

3/10

1

√2/2

001
1

-3

-3/10

 F

-1

-3
/1

0

0

3/
10

√2/2
-2-1

0
-1

-1

0

 F

0
-1

-1
-1

3/
10

-3/10 -3/10

-3
/1

0
0

0

1

0
-3/2

-1
/2

-1

1
0

0 0

 Fb



C
I0

2.
xx

xx
.1

29
P

R
O

C
E

D
IM

E
N

T
O

 E
 R

IS
U

LT
A

T
I 2

48
14

6

@
 A

do
lfo

 Z
av

el
an

i R
os

si
, P

ol
ite

cn
ic

o 
di

 M
ila

no
, v

er
s.

27
.0

3.
13

20
.0

3.
25

A
B C

D

E

F

G

W

F

F

W W

X

X

q

q

S
ch

em
a 

di
 c

al
co

lo
 ip

er
st

at
ic

o

0
-1

-1 -1

0
0

00

0

1

0
-3

/2

-1/2 -1

1 0 0
0

M
o 

fle
ss

io
ne

 d
a 

ca
ric

hi
 a

ss
eg

na
ti

0
0

0
-1

-1
-1

-1
0

0

0

0
0 0 0

0 0 0
0

M
x 

fle
ss

io
ne

 d
a 

ip
er

st
at

ic
a 

X
=

1

C
I0

2.
xx

xx
.1

29
P

R
O

C
E

D
IM

E
N

T
O

 E
 R

IS
U

LT
A

T
I 2

48
14

6

@
 A

do
lfo

 Z
av

el
an

i R
os

si
, P

ol
ite

cn
ic

o 
di

 M
ila

no
, v

er
s.

27
.0

3.
13

20
.0

3.
25

Q
ua

dr
o 

co
nt

rib
ut

i P
LV

 p
er

 ip
er

st
at

ic
a 

X
=

W
C

D

→
M

x(
x)

M
o(

x)
M

xM
o

M
xM

x
∫M

xM
o/

E
Jd

x
∫X

M
xM

x/
E

Jd
x

A
B

 b
0

-F
x

0
0

0
0

B
A

 b
0

F
b-

F
x

0
0

B
C

 b
-x

/b
-F

b
F

x
x2 /b

2

1/
2F

b2 /E
J

1/
3X

b/
E

J
C

B
 b

1-
x/

b
F

b
F

b-
F

x
1-

2x
/b

+
x2 /b

2

C
D

 b
-1

0
0

1
0

X
b/

E
J

D
C

 b
1

0
0

1

D
E

 b
-1

+
x/

b
0

0
1-

2x
/b

+
x2 /b

2

0
1/

3X
b/

E
J

E
D

 b
x/

b
0

0
x2 /b

2

E
F

 √
2b

0
√2

/2
F

x
0

0
0

0

F
G

 b
0

-2
F

x+
1/

2q
x2

0
0

0
0

G
F

 b
0

3/
2F

b-
F

x-
1/

2q
x2

0
0

G
A

 b
0

-1
/2

F
b-

1/
2q

x2
0

0
0

0
A

G
 b

0
F

b-
F

x+
1/

2q
x2

0
0

F
B

 b
0

F
b-

F
x

0
0

0
0

B
F

 b
0

-F
x

0
0

B
E

 b
0

0
0

0
0

0
E

B
 b

0
0

0
0

C
D

el
on

ga
zi

on
e 

as
ta

  N
1C

D
ε C

D
L C

D
-F

b2 /E
J

to
ta

li
-1

/2
F

b2 /E
J

5/
3X

b/
E

J

ip
er

st
at

ic
a 

X
=

W
C

D
3/

10
F

b

S
vi

lu
pp

i d
i c

al
co

lo
 ip

er
st

at
ic

a



CI02.xxxx.129PROCEDIMENTO E RISULTATI 248146

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b( x/b ) Fb 1/EJ dx = [1/2 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
CB = ∫

o

b(1 - x/b ) Fb 1/EJ dx = [ x -1/2 x2/b ]
o

b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

CI02.xxxx.129PROCEDIMENTO E RISULTATI 248146
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A =   169. mm2

Ju =  60580. mm4

Jv =  16674. mm4

Jt =  150.4 mm4

yo =  11.11 mm
yg =  26.54 mm
Ty =  -470. N
Mx = -542850. Nmm
xm =    11. mm
um =   -12. mm
vm = -26.54 mm
σm = -Mv/Ju = -237.8 N/mm2

xc =    23. mm
vc = -26.54 mm
σc = -Mv/Ju = -237.8 N/mm2

τc = TS*/tJu =  8.894 N/mm2

τg = TS*/tJu =  8.894 N/mm2

tc =   470. mm
σo = √σ2+3τ2 =  238.3 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
DE = ∫

o

b(1/2 x/b - x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx = [1/4 x2/b -1/3 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/3 b +1/8 b ) Fb 1/EJ  = 1/24  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx = [1/6 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/6 b -1/8 b ) Fb 1/EJ  = 1/24  Fb2/EJ
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A =   98.2 mm2

Ju =  24038. mm4

Jv =  1856. mm4

Jt =  78.43 mm4

yo = -9.943 mm
yg =  15.11 mm
Ty =  -615. N
Mx = -215250. Nmm
xm =    11. mm
ym =    37. mm
vm =  21.89 mm
σm = -Mv/Ju =   196. N/mm2

yc =     2. mm
uc =   -11. mm
vc = -13.11 mm
σc = -Mv/Ju =   196. N/mm2

τc = TS*/tJu =   12.1 N/mm2

τg = TS*/tJu =   12.1 N/mm2

tc =   410. mm
σo = √σ2+3τ2 =  197.1 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
DE = ∫

o

b(1/2 x/b - x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx = [1/4 x2/b -1/3 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/3 b +1/8 b ) Fb 1/EJ  = 1/24  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx = [1/6 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/6 b -1/8 b ) Fb 1/EJ  = 1/24  Fb2/EJ
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A =  141.4 mm2

Ju =  39168. mm4

Jv =  7969. mm4

Jt =  125.1 mm4

yo =  6.518 mm
yg =  20.85 mm
N = -1320. N
Ty =  -990. N
Mx = -376200. Nmm
xm =     5. mm
um =   -12. mm
vm = -20.85 mm
σm = N/A-Mv/Ju = -209.6 N/mm2

xc =    17. mm
vc = -20.85 mm
σc = N/A-Mv/Ju = -209.6 N/mm2

τc = TS*/tJu =  22.77 N/mm2

τg = TS*/tJu =  22.77 N/mm2

tc =   660. mm
σo = √σ2+3τ2 =  213.3 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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E F
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0

37

y

σc,τcσm

u

v



CI02.xxxx.131

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

CI02.xxxx.131

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



CI02.xxxx.132REAZIONI 218622

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

2F

3/2F

2F

3/2F
3/2Fb

A B

3/2F

13/2F
3/2Fb

3/2F

13/2F

B

C

3/2F
Fb

3/2F
Fb

C D

3/2F

F
Fb

3/2F

F
1/2Fb

D

E

F

F

2F

2Fb

E

F

2F2F
2Fb

FG

2F
Fb

2F
Fb

G

A

2F

4F
2Fb

2F

4F

F

B

3/2F

F

3/2F
1/2Fb

B E

CI02.xxxx.132AZIONI INTERNE 218622

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

-2

-1
3/

2

-3/2

1

√2/2

√2/2

0

2 -4

3/2 3/2

 F

-3/2

3/
2

0

-3
/2

√2/2

3√2/2

-2

0 -2

1 0

 F

0
-3/2

-3
/2

0

1 1

1
-1

/2

0

2

0
-2

-1
-1

2
0

0 1/2

 Fb



C
I0

2.
xx

xx
.1

32
P

R
O

C
E

D
IM

E
N

T
O

 E
 R

IS
U

LT
A

T
I 2

18
62

2

@
 A

do
lfo

 Z
av

el
an

i R
os

si
, P

ol
ite

cn
ic

o 
di

 M
ila

no
, v

er
s.

27
.0

3.
13

20
.0

3.
25

A
B C

D

E

F

G

W

F

F

W W

X

X

q

q

S
ch

em
a 

di
 c

al
co

lo
 ip

er
st

at
ic

o

0
-3

/2

-3/2 -1

0
0

0
-1/2

0

2

0
-2

-1 -1

2 0 0
1/

2

M
o 

fle
ss

io
ne

 d
a 

ca
ric

hi
 a

ss
eg

na
ti

0
0

0
-1

-1
-1

-1
0

0

0

0
0 0 0

0 0 0
0

M
x 

fle
ss

io
ne

 d
a 

ip
er

st
at

ic
a 

X
=

1

C
I0

2.
xx

xx
.1

32
P

R
O

C
E

D
IM

E
N

T
O

 E
 R

IS
U

LT
A

T
I 2

18
62

2

@
 A

do
lfo

 Z
av

el
an

i R
os

si
, P

ol
ite

cn
ic

o 
di

 M
ila

no
, v

er
s.

27
.0

3.
13

20
.0

3.
25

Q
ua

dr
o 

co
nt

rib
ut

i P
LV

 p
er

 ip
er

st
at

ic
a 

X
=

W
C

D

→
M

x(
x)

M
o(

x)
M

xM
o

M
xM

x
∫M

xM
o/

E
Jd

x
∫X

M
xM

x/
E

Jd
x

A
B

 b
0

-3
/2

F
x

0
0

0
0

B
A

 b
0

3/
2F

b-
3/

2F
x

0
0

B
C

 b
-x

/b
-3

/2
F

b+
1/

2F
x

3/
2F

x-
1/

2F
x2 /b

x2 /b
2

7/
12

F
b2 /E

J
1/

3X
b/

E
J

C
B

 b
1-

x/
b

F
b+

1/
2F

x
F

b-
1/

2F
x-

1/
2F

x2 /b
1-

2x
/b

+
x2 /b

2

C
D

 b
-1

0
0

1
0

X
b/

E
J

D
C

 b
1

0
0

1

D
E

 b
-1

+
x/

b
-1

/2
F

x
1/

2F
x-

1/
2F

x2 /b
1-

2x
/b

+
x2 /b

2

1/
12

F
b2 /E

J
1/

3X
b/

E
J

E
D

 b
x/

b
1/

2F
b-

1/
2F

x
1/

2F
x-

1/
2F

x2 /b
x2 /b

2

E
F

 √
2b

0
√2

/2
F

x+
1/

2q
x2

0
0

0
0

F
G

 b
0

-2
F

x
0

0
0

0
G

F
 b

0
2F

b-
2F

x
0

0

G
A

 b
0

-F
b

0
0

0
0

A
G

 b
0

F
b

0
0

F
B

 b
0

2F
b-

2F
x

0
0

0
0

B
F

 b
0

-2
F

x
0

0

B
E

 b
0

F
x-

1/
2q

x2
0

0
0

0
E

B
 b

0
-1

/2
F

b+
1/

2q
x2

0
0

B
E

el
on

ga
zi

on
e 

as
ta

  N
1B

E
ε B

E
L B

E
F

b2 /E
J

to
ta

li
5/

3F
b2 /E

J
5/

3X
b/

E
J

ip
er

st
at

ic
a 

X
=

W
C

D
-F

b

S
vi

lu
pp

i d
i c

al
co

lo
 ip

er
st

at
ic

a



CI02.xxxx.132PROCEDIMENTO E RISULTATI 218622

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
DE = ∫

o

b(1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/6 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/6 b ) Fb 1/EJ  = 1/12  Fb2/EJ
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A =   163. mm2

Ju =  44052. mm4

Jv =  16674. mm4

Jt =  148.4 mm4

yo =  9.404 mm
yg =  22.99 mm
N =  346.5 N
Ty =  1039. N
Mx =  411600. Nmm
xm =    11. mm
um =   -12. mm
vm = -22.99 mm
σm = N/A-Mv/Ju =   217. N/mm2

xc =    23. mm
vc = -22.99 mm
σc = N/A-Mv/Ju =   217. N/mm2

τc = TS*/tJu =  23.44 N/mm2

τg = TS*/tJu =  23.44 N/mm2

tc =   490. mm
σo = √σ2+3τ2 =  220.7 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
DE = ∫

o

b(1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/6 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/6 b ) Fb 1/EJ  = 1/12  Fb2/EJ
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A =   163. mm2

Ju =  44052. mm4

Jv =  16674. mm4

Jt =  148.4 mm4

yo = -9.404 mm
yg =  14.01 mm
N = -1840. N
Ty =  -920. N
Mx =  414000. Nmm
xm =    11. mm
ym =    37. mm
um =   -12. mm
vm =  22.99 mm
σm = N/A-Mv/Ju = -227.4 N/mm2

xc =    23. mm
yc =    37. mm
vc =  22.99 mm
σc = N/A-Mv/Ju = -227.4 N/mm2

τc = TS*/tJu =  20.75 N/mm2

τg = TS*/tJu =  20.75 N/mm2

tc =   460. mm
σo = √σ2+3τ2 =  230.2 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b( x/b ) Fb 1/EJ dx = [1/2 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
CB = ∫

o

b(1 - x/b ) Fb 1/EJ dx = [ x -1/2 x2/b ]
o

b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

CI02.xxxx.134PROCEDIMENTO E RISULTATI 209692

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  104.2 mm2

Ju =  33478. mm4

Jv =  1856. mm4

Jt =  80.43 mm4

yo =  11.78 mm
yg =  25.21 mm
N =  190.9 N
Ty =  572.8 N
Mx =  307800. Nmm
xm =    11. mm
vm = -25.21 mm
σm = N/A-Mv/Ju =  233.7 N/mm2

yc =     3. mm
uc =   -11. mm
vc = -22.21 mm
σc = N/A-Mv/Ju =  233.7 N/mm2

τc = TS*/tJu =  9.318 N/mm2

τg = TS*/tJu =  9.318 N/mm2

tc =   270. mm
σo = √σ2+3τ2 =  234.2 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b( x/b ) Fb 1/EJ dx = [1/2 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
CB = ∫

o

b(1 - x/b ) Fb 1/EJ dx = [ x -1/2 x2/b ]
o

b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

CI02.xxxx.135PROCEDIMENTO E RISULTATI 218087

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  110.2 mm2

Ju =  44775. mm4

Jv =  1856. mm4

Jt =  82.43 mm4

yo =  13.66 mm
yg =   28.5 mm
N =  155.6 N
Ty =  466.7 N
Mx =  303600. Nmm
xm =    11. mm
vm =  -28.5 mm
σm = N/A-Mv/Ju =  194.7 N/mm2

yc =     3. mm
uc =   -11. mm
vc =  -25.5 mm
σc = N/A-Mv/Ju =  194.7 N/mm2

τc = TS*/tJu =  6.417 N/mm2

τg = TS*/tJu =  6.417 N/mm2

tc =   220. mm
σo = √σ2+3τ2 =   195. N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

CI02.xxxx.136PROCEDIMENTO E RISULTATI 240414

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  147.4 mm2

Ju =  53868. mm4

Jv =  7969. mm4

Jt =  127.1 mm4

yo = -7.686 mm
yg =  18.87 mm
N =  254.6 N
Ty =  763.7 N
Mx =  468000. Nmm
xm =     5. mm
ym =    43. mm
um =   -12. mm
vm =  24.13 mm
σm = N/A-Mv/Ju = -207.9 N/mm2

xc =    17. mm
yc =    43. mm
vc =  24.13 mm
σc = N/A-Mv/Ju = -207.9 N/mm2

τc = TS*/tJu =  14.78 N/mm2

τg = TS*/tJu =  14.78 N/mm2

tc =   360. mm
σo = √σ2+3τ2 =  209.4 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A

B

C

D

E F

mm 0 5 17 29 34x

0

43

y

σc,τc

σm

u

v



CI02.xxxx.136

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

CI02.xxxx.136

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



CI02.xxxx.137REAZIONI 241556

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

2F

3/2F

2F

3/2F
3/2Fb

A B

1/20F

11/2F
3/2Fb

1/20F

11/2F
31/20Fb

B

C

1/20F

F
11/20Fb

1/20F
1/20Fb

C D

1/20F

F
1/20Fb

1/20F

F

D

E

F

F

2F

2Fb

E

F

2F2F
2Fb

FG

2F
Fb

2F
Fb

G

A

2F

4F
2Fb

2F

4F

F

B

1/20F
B E

CI02.xxxx.137AZIONI INTERNE 241556

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

-2

-1
1/

2

1/20 1/20

1

√2/2

√2/2

0

2 -4

-1/20

 F

-3/2

-1
/2

0

1 0

1/
20

√2/2

3√2/2

-2

0 -2

0

 F

0
-3/2

-3
/2

-3
1/

20

-11/20 -1/20

-1
/2

0
0

0

2

0
-2

-1
-1

2
0

0 0

 Fb



C
I0

2.
xx

xx
.1

37
P

R
O

C
E

D
IM

E
N

T
O

 E
 R

IS
U

LT
A

T
I 2

41
55

6

@
 A

do
lfo

 Z
av

el
an

i R
os

si
, P

ol
ite

cn
ic

o 
di

 M
ila

no
, v

er
s.

27
.0

3.
13

20
.0

3.
25

A
B C

D

E

F

G

W

F

F

W W

X

X

q

q

0
-3

/2

-3/2 -1

0
1/

2

1/20

0

2

0
-2

-1 -1

2 0 0
0

M
o 

fle
ss

io
ne

 d
a 

ca
ric

hi
 a

ss
eg

na
ti

0
0

0
-1

-1
-1

-1
0

0

0

0
0 0 0

0 0 0
0

M
x 

fle
ss

io
ne

 d
a 

ip
er

st
at

ic
a 

X
=

1

C
I0

2.
xx

xx
.1

37
P

R
O

C
E

D
IM

E
N

T
O

 E
 R

IS
U

LT
A

T
I 2

41
55

6

@
 A

do
lfo

 Z
av

el
an

i R
os

si
, P

ol
ite

cn
ic

o 
di

 M
ila

no
, v

er
s.

27
.0

3.
13

20
.0

3.
25

Q
ua

dr
o 

co
nt

rib
ut

i P
LV

 p
er

 ip
er

st
at

ic
a 

X
=

W
C

D

→
M

x(
x)

M
o(

x)
M

xM
o

M
xM

x
∫M

xM
o/

E
Jd

x
∫X

M
xM

x/
E

Jd
x

A
B

 b
0

-3
/2

F
x

0
0

0
0

B
A

 b
0

3/
2F

b-
3/

2F
x

0
0

B
C

 b
-x

/b
-3

/2
F

b+
1/

2F
x

3/
2F

x-
1/

2F
x2 /b

x2 /b
2

7/
12

F
b2 /E

J
1/

3X
b/

E
J

C
B

 b
1-

x/
b

F
b+

1/
2F

x
F

b-
1/

2F
x-

1/
2F

x2 /b
1-

2x
/b

+
x2 /b

2

C
D

 b
-1

F
x-

1/
2q

x2
-F

x+
1/

2F
x2 /b

1
-1

/3
F

b2 /E
J

X
b/

E
J

D
C

 b
1

-1
/2

F
b+

1/
2q

x2
-1

/2
F

b+
1/

2F
x2 /b

1

D
E

 b
-1

+
x/

b
1/

2F
b-

1/
2F

x
-1

/2
F

b+
F

x-
1/

2F
x2 /b

1-
2x

/b
+

x2 /b
2

-1
/6

F
b2 /E

J
1/

3X
b/

E
J

E
D

 b
x/

b
-1

/2
F

x
-1

/2
F

x2 /b
x2 /b

2

E
F

 √
2b

0
√2

/2
F

x+
1/

2q
x2

0
0

0
0

F
G

 b
0

-2
F

x
0

0
0

0
G

F
 b

0
2F

b-
2F

x
0

0

G
A

 b
0

-F
b

0
0

0
0

A
G

 b
0

F
b

0
0

F
B

 b
0

2F
b-

2F
x

0
0

0
0

B
F

 b
0

-2
F

x
0

0

B
E

 b
0

0
0

0
0

0
E

B
 b

0
0

0
0

C
D

el
on

ga
zi

on
e 

as
ta

  N
1C

D
ε C

D
L C

D
-F

b2 /E
J

to
ta

li
-1

1/
12

F
b2 /E

J
5/

3X
b/

E
J

ip
er

st
at

ic
a 

X
=

W
C

D
11

/2
0F

b

S
vi

lu
pp

i d
i c

al
co

lo
 ip

er
st

at
ic

a



CI02.xxxx.137PROCEDIMENTO E RISULTATI 241556

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

CI02.xxxx.137PROCEDIMENTO E RISULTATI 241556

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  116.2 mm2

Ju =  58038. mm4

Jv =  1856. mm4

Jt =  84.43 mm4

yo =  15.56 mm
yg =  31.76 mm
N =  155.6 N
Ty =  466.7 N
Mx =  387200. Nmm
xm =    11. mm
vm = -31.76 mm
σm = N/A-Mv/Ju =  213.2 N/mm2

yc =     3. mm
uc =   -11. mm
vc = -28.76 mm
σc = N/A-Mv/Ju =  213.2 N/mm2

τc = TS*/tJu =  5.516 N/mm2

τg = TS*/tJu =  5.516 N/mm2

tc =   220. mm
σo = √σ2+3τ2 =  213.4 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b( x/b ) Fb 1/EJ dx = [1/2 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
CB = ∫

o

b(1 - x/b ) Fb 1/EJ dx = [ x -1/2 x2/b ]
o

b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

CI02.xxxx.138PROCEDIMENTO E RISULTATI 239853
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A =   169. mm2

Ju =  60580. mm4

Jv =  16674. mm4

Jt =  150.4 mm4

yo = -11.11 mm
yg =  16.46 mm
N =  254.6 N
Ty =  763.7 N
Mx =  525600. Nmm
xm =    11. mm
ym =    43. mm
um =   -12. mm
vm =  26.54 mm
σm = N/A-Mv/Ju = -228.7 N/mm2

xc =    23. mm
yc =    43. mm
vc =  26.54 mm
σc = N/A-Mv/Ju = -228.7 N/mm2

τc = TS*/tJu =  14.45 N/mm2

τg = TS*/tJu =  14.45 N/mm2

tc =   360. mm
σo = √σ2+3τ2 =  230.1 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b( x/b ) Fb 1/EJ dx = [1/2 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
CB = ∫

o

b(1 - x/b ) Fb 1/EJ dx = [ x -1/2 x2/b ]
o

b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ
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A =  153.4 mm2

Ju =  71202. mm4

Jv =  7969. mm4

Jt =  129.1 mm4

yo = -8.875 mm
yg =  21.63 mm
N =  254.6 N
Ty =  763.7 N
Mx =  626400. Nmm
xm =     5. mm
ym =    49. mm
um =   -12. mm
vm =  27.37 mm
σm = N/A-Mv/Ju = -239.2 N/mm2

xc =    17. mm
yc =    49. mm
vc =  27.37 mm
σc = N/A-Mv/Ju = -239.2 N/mm2

τc = TS*/tJu =  12.68 N/mm2

τg = TS*/tJu =  12.68 N/mm2

tc =   360. mm
σo = √σ2+3τ2 =  240.2 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b +1/6 b ) Fb 1/EJ  = 5/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -3/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [ x -3/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -3/4 b +1/6 b ) Fb 1/EJ  = 5/12  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx = [1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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A =   98.2 mm2

Ju =  24038. mm4

Jv =  1856. mm4

Jt =  78.43 mm4

yo =  9.943 mm
yg =  21.89 mm
N =  254.6 N
Ty =   594. N
Mx =  210000. Nmm
xm =    11. mm
vm = -21.89 mm
σm = N/A-Mv/Ju =  193.8 N/mm2

yc =     3. mm
uc =   -11. mm
vc = -18.89 mm
σc = N/A-Mv/Ju =  193.8 N/mm2

τc = TS*/tJu =  11.68 N/mm2

τg = TS*/tJu =  11.68 N/mm2

tc =   240. mm
σo = √σ2+3τ2 =  194.9 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b +1/6 b ) Fb 1/EJ  = 5/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -3/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [ x -3/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -3/4 b +1/6 b ) Fb 1/EJ  = 5/12  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ = [1/4 x2/b ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (1/4 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -3/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/E

        = (1/2 b -1/4 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -3/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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A =   181. mm2

Ju =  102600. mm4

Jv =  16674. mm4

Jt =  154.4 mm4

yo = -14.64 mm
yg =  21.48 mm
N =  477.3 N
Ty =  1114. N
Mx =  641250. Nmm
xm =    11. mm
ym =    55. mm
um =   -12. mm
vm =  33.52 mm
σm = N/A-Mv/Ju = -206.8 N/mm2

xc =    23. mm
yc =    55. mm
vc =  33.52 mm
σc = N/A-Mv/Ju = -206.8 N/mm2

τc = TS*/tJu =  15.72 N/mm2

τg = TS*/tJu =  15.72 N/mm2

tc =   450. mm
σo = √σ2+3τ2 =  208.6 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b( x/b ) Fb 1/EJ dx = [1/2 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
CB = ∫

o

b(1 - x/b ) Fb 1/EJ dx = [ x -1/2 x2/b ]
o

b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ
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A =  141.4 mm2

Ju =  39168. mm4

Jv =  7969. mm4

Jt =  125.1 mm4

yo = -6.518 mm
yg =  16.15 mm
N = -2025. N
Ty =  -900. N
Mx =  378000. Nmm
xm =     5. mm
ym =    37. mm
um =   -12. mm
vm =  20.85 mm
σm = N/A-Mv/Ju = -215.6 N/mm2

xc =    17. mm
yc =    37. mm
vc =  20.85 mm
σc = N/A-Mv/Ju = -215.6 N/mm2

τc = TS*/tJu =   20.7 N/mm2

τg = TS*/tJu =   20.7 N/mm2

tc =   450. mm
σo = √σ2+3τ2 =  218.6 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b( x/b ) Fb 1/EJ dx = [1/2 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
CB = ∫

o

b(1 - x/b ) Fb 1/EJ dx = [ x -1/2 x2/b ]
o

b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

CI02.xxxx.143PROCEDIMENTO E RISULTATI 986254

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =   175. mm2

Ju =  80057. mm4

Jv =  16674. mm4

Jt =  152.4 mm4

yo = -12.86 mm
yg =  18.96 mm
N = -2205. N
Ty =  -980. N
Mx =  578200. Nmm
xm =    11. mm
ym =    49. mm
um =   -12. mm
vm =  30.04 mm
σm = N/A-Mv/Ju = -229.6 N/mm2

xc =    23. mm
yc =    49. mm
vc =  30.04 mm
σc = N/A-Mv/Ju = -229.6 N/mm2

τc = TS*/tJu =  15.89 N/mm2

τg = TS*/tJu =  15.89 N/mm2

tc =   490. mm
σo = √σ2+3τ2 =  231.2 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A
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D
E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
DE = ∫

o

b(1/2 x/b - x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx = [1/4 x2/b -1/3 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/3 b +1/8 b ) Fb 1/EJ  = 1/24  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx = [1/6 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/6 b -1/8 b ) Fb 1/EJ  = 1/24  Fb2/EJ

CI02.xxxx.144PROCEDIMENTO E RISULTATI 214984

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  159.4 mm2

Ju =  91280. mm4

Jv =  7969. mm4

Jt =  131.1 mm4

yo = -10.08 mm
yg =  24.39 mm
N = -1880. N
Ty =  -940. N
Mx =  676800. Nmm
xm =     5. mm
ym =    55. mm
um =   -12. mm
vm =  30.61 mm
σm = N/A-Mv/Ju = -238.7 N/mm2

xc =    17. mm
yc =    55. mm
vc =  30.61 mm
σc = N/A-Mv/Ju = -238.7 N/mm2

τc = TS*/tJu =  13.62 N/mm2

τg = TS*/tJu =  13.62 N/mm2

tc =   470. mm
σo = √σ2+3τ2 =  239.9 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
DE = ∫

o

b(1/2 x/b - x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx = [1/4 x2/b -1/3 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/3 b +1/8 b ) Fb 1/EJ  = 1/24  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx = [1/6 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (1/6 b -1/8 b ) Fb 1/EJ  = 1/24  Fb2/EJ

CI02.xxxx.145PROCEDIMENTO E RISULTATI 236686

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  115.2 mm2

Ju =  55687. mm4

Jv =  1856. mm4

Jt =   84.1 mm4

yo = -15.24 mm
yg =  22.78 mm
N =  162.6 N
Ty =  487.9 N
Mx =  349600. Nmm
xm =    11. mm
ym =    54. mm
vm =  31.22 mm
σm = N/A-Mv/Ju = -194.6 N/mm2

yc =     2. mm
uc =   -11. mm
vc = -20.78 mm
σc = N/A-Mv/Ju = -194.6 N/mm2

τc = TS*/tJu =  5.908 N/mm2

τg = TS*/tJu =  5.908 N/mm2

tc =   230. mm
σo = √σ2+3τ2 =  194.8 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 +3/2 x/b - x2/b2 ) Fb 1/EJ dx = [-1/2 x +3/4 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +3/4 b -1/3 b ) Fb 1/EJ  = -1/12  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x/b - x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/3 b ) Fb 1/EJ  = -1/12  Fb2/EJ
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A =  158.4 mm2

Ju =  87739. mm4

Jv =  7969. mm4

Jt =  130.8 mm4

yo =  9.881 mm
yg =  30.07 mm
N =  -370. N
Ty =  -740. N
Mx = -599400. Nmm
xm =     5. mm
um =   -12. mm
vm = -30.07 mm
σm = N/A-Mv/Ju = -207.8 N/mm2

xc =    17. mm
vc = -30.07 mm
σc = N/A-Mv/Ju = -207.8 N/mm2

τc = TS*/tJu =  10.96 N/mm2

τg = TS*/tJu =  10.96 N/mm2

tc =   370. mm
σo = √σ2+3τ2 =  208.6 N/mm2

t=1.8 t=1.8t=
1
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A
B

C

D
E F

mm 0 5 17 29 34x

0

54

y

σc,τcσm

u

v



CI02.xxxx.146

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

CI02.xxxx.146

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25



CI02.xxxx.147REAZIONI 960326

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

F

2F

F

2F
2Fb

A B

11/20F

6F
2Fb

11/20F

6F
29/20Fb

B

C

11/20F

F
9/20Fb

11/20F
1/20Fb

C D

11/20F

F
1/20Fb

11/20F

F
1/2Fb

D

E

F

F

Fb

E

F

2F2F
2Fb

FG

2F
Fb

2F
Fb

G

A

F

3F
Fb

F

3F

F

B

11/20F

F

11/20F
1/2Fb

B E

CI02.xxxx.147AZIONI INTERNE 960326

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

-1

-6

-11/20 -11/20

1

√2/2

0

2 -3

11/20 11/20

 F

-2

11
/2

0

1 0

-1
1/

20

√2/2
-2

0 -1

1 0

 F

0
-2

-2
-2

9/
20

-9/20
1/20

1/
20

-1
/2

0

1

0
-2

-1
-1

1
0

0 1/2

 Fb



C
I0

2.
xx

xx
.1

47
P

R
O

C
E

D
IM

E
N

T
O

 E
 R

IS
U

LT
A

T
I 9

60
32

6

@
 A

do
lfo

 Z
av

el
an

i R
os

si
, P

ol
ite

cn
ic

o 
di

 M
ila

no
, v

er
s.

27
.0

3.
13

20
.0

3.
25

A
B C

D

E

F

G

W

F

F

W W

X

X

qq

0
-2

-2 -1

0
1/

2

1/2
-1/2

0

1

0
-2

-1 -1

1 0 0
1/

2

M
o 

fle
ss

io
ne

 d
a 

ca
ric

hi
 a

ss
eg

na
ti

0
0

0
-1

-1
-1

-1
0

0

0

0
0 0 0

0 0 0
0

M
x 

fle
ss

io
ne

 d
a 

ip
er

st
at

ic
a 

X
=

1

C
I0

2.
xx

xx
.1

47
P

R
O

C
E

D
IM

E
N

T
O

 E
 R

IS
U

LT
A

T
I 9

60
32

6

@
 A

do
lfo

 Z
av

el
an

i R
os

si
, P

ol
ite

cn
ic

o 
di

 M
ila

no
, v

er
s.

27
.0

3.
13

20
.0

3.
25

Q
ua

dr
o 

co
nt

rib
ut

i P
LV

 p
er

 ip
er

st
at

ic
a 

X
=

W
C

D

→
M

x(
x)

M
o(

x)
M

xM
o

M
xM

x
∫M

xM
o/

E
Jd

x
∫X

M
xM

x/
E

Jd
x

A
B

 b
0

-2
F

x
0

0
0

0
B

A
 b

0
2F

b-
2F

x
0

0

B
C

 b
-x

/b
-2

F
b+

F
x

2F
x-

F
x2 /b

x2 /b
2

2/
3F

b2 /E
J

1/
3X

b/
E

J
C

B
 b

1-
x/

b
F

b+
F

x
F

b-
F

x2 /b
1-

2x
/b

+
x2 /b

2

C
D

 b
-1

F
x-

1/
2q

x2
-F

x+
1/

2F
x2 /b

1
-1

/3
F

b2 /E
J

X
b/

E
J

D
C

 b
1

-1
/2

F
b+

1/
2q

x2
-1

/2
F

b+
1/

2F
x2 /b

1

D
E

 b
-1

+
x/

b
1/

2F
b-

F
x

-1
/2

F
b+

3/
2F

x-
F

x2 /b
1-

2x
/b

+
x2 /b

2

-1
/1

2F
b2 /E

J
1/

3X
b/

E
J

E
D

 b
x/

b
1/

2F
b-

F
x

1/
2F

x-
F

x2 /b
x2 /b

2

E
F

 √
2b

0
√2

/2
F

x
0

0
0

0

F
G

 b
0

-2
F

x
0

0
0

0
G

F
 b

0
2F

b-
2F

x
0

0

G
A

 b
0

-F
b

0
0

0
0

A
G

 b
0

F
b

0
0

F
B

 b
0

F
b-

F
x

0
0

0
0

B
F

 b
0

-F
x

0
0

B
E

 b
0

F
x-

1/
2q

x2
0

0
0

0
E

B
 b

0
-1

/2
F

b+
1/

2q
x2

0
0

C
D

el
on

ga
zi

on
e 

as
ta

  N
1C

D
ε C

D
L C

D
-F

b2 /E
J

to
ta

li
-3

/4
F

b2 /E
J

5/
3X

b/
E

J

ip
er

st
at

ic
a 

X
=

W
C

D
9/

20
F

b

S
vi

lu
pp

i d
i c

al
co

lo
 ip

er
st

at
ic

a



CI02.xxxx.147PROCEDIMENTO E RISULTATI 960326

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 +3/2 x/b - x2/b2 ) Fb 1/EJ dx = [-1/2 x +3/4 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +3/4 b -1/3 b ) Fb 1/EJ  = -1/12  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x/b - x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/3 b ) Fb 1/EJ  = -1/12  Fb2/EJ

CI02.xxxx.147PROCEDIMENTO E RISULTATI 960326

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =   180. mm2

Ju =  98625. mm4

Jv =  16674. mm4

Jt =  154.1 mm4

yo =  14.34 mm
yg =  32.94 mm
N =  -370. N
Ty =  -740. N
Mx = -636400. Nmm
xm =    11. mm
um =   -12. mm
vm = -32.94 mm
σm = N/A-Mv/Ju = -214.6 N/mm2

xc =    23. mm
vc = -32.94 mm
σc = N/A-Mv/Ju = -214.6 N/mm2

τc = TS*/tJu =  10.68 N/mm2

τg = TS*/tJu =  10.68 N/mm2

tc =   370. mm
σo = √σ2+3τ2 =  215.4 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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E F

mm 0 11 23 35 46x
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ
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A =  109.2 mm2

Ju =  42758. mm4

Jv =  1856. mm4

Jt =   82.1 mm4

yo = -13.34 mm
yg =  20.04 mm
Ty =  -420. N
Mx = -340200. Nmm
xm =    11. mm
ym =    48. mm
vm =  27.96 mm
σm = -Mv/Ju =  222.4 N/mm2

yc =     2. mm
uc =   -11. mm
vc = -18.04 mm
σc = -Mv/Ju =  222.4 N/mm2

τc = TS*/tJu =  5.931 N/mm2

τg = TS*/tJu =  5.931 N/mm2

tc =   280. mm
σo = √σ2+3τ2 =  222.7 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ
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A =  152.4 mm2

Ju =  68126. mm4

Jv =  7969. mm4

Jt =  128.8 mm4

yo =  8.676 mm
yg =  26.83 mm
N =  -470. N
Ty =  -705. N
Mx = -599250. Nmm
xm =     5. mm
um =   -12. mm
vm = -26.83 mm
σm = N/A-Mv/Ju = -239.1 N/mm2

xc =    17. mm
vc = -26.83 mm
σc = N/A-Mv/Ju = -239.1 N/mm2

τc = TS*/tJu =    12. N/mm2

τg = TS*/tJu =    12. N/mm2

tc =   470. mm
σo = √σ2+3τ2 =   240. N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8

A
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E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ
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A =   174. mm2

Ju =  76601. mm4

Jv =  16674. mm4

Jt =  152.1 mm4

yo =  12.57 mm
yg =  29.46 mm
N =  403.1 N
Ty =  1209. N
Mx =  513000. Nmm
xm =    11. mm
um =   -12. mm
vm = -29.46 mm
σm = N/A-Mv/Ju =  199.6 N/mm2

xc =    23. mm
vc = -29.46 mm
σc = N/A-Mv/Ju =  199.6 N/mm2

τc = TS*/tJu =  20.09 N/mm2

τg = TS*/tJu =  20.09 N/mm2

tc =   570. mm
σo = √σ2+3τ2 =  202.6 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

CI02.xxxx.151PROCEDIMENTO E RISULTATI 213022

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  103.2 mm2

Ju =  31779. mm4

Jv =  1856. mm4

Jt =   80.1 mm4

yo = -11.47 mm
yg =  17.34 mm
N = -1160. N
Ty =  -580. N
Mx =  255200. Nmm
xm =    11. mm
ym =    42. mm
vm =  24.66 mm
σm = N/A-Mv/Ju = -209.3 N/mm2

yc =     2. mm
uc =   -11. mm
vc = -15.34 mm
σc = N/A-Mv/Ju = -209.3 N/mm2

τc = TS*/tJu =  9.723 N/mm2

τg = TS*/tJu =  9.723 N/mm2

tc =   290. mm
σo = √σ2+3τ2 =   210. N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ
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A =  146.4 mm2

Ju =  51238. mm4

Jv =  7969. mm4

Jt =  126.8 mm4

yo =   7.49 mm
yg =  23.58 mm
Ty =  -980. N
Mx = -470400. Nmm
xm =     5. mm
um =   -12. mm
vm = -23.58 mm
σm = -Mv/Ju = -216.5 N/mm2

xc =    17. mm
vc = -23.58 mm
σc = -Mv/Ju = -216.5 N/mm2

τc = TS*/tJu =  19.48 N/mm2

τg = TS*/tJu =  19.48 N/mm2

tc =   490. mm
σo = √σ2+3τ2 =  219.1 N/mm2

t=1.8 t=1.8t=
1
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ
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A =   168. mm2

Ju =  57624. mm4

Jv =  16674. mm4

Jt =  150.1 mm4

yo =  10.83 mm
yg =  25.95 mm
Ty =  -980. N
Mx = -509600. Nmm
xm =    11. mm
um =   -12. mm
vm = -25.95 mm
σm = -Mv/Ju = -229.5 N/mm2

xc =    23. mm
vc = -25.95 mm
σc = -Mv/Ju = -229.5 N/mm2

τc = TS*/tJu =  19.07 N/mm2

τg = TS*/tJu =  19.07 N/mm2

tc =   490. mm
σo = √σ2+3τ2 =  231.9 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b( x/b ) Fb 1/EJ dx = [1/2 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
CB = ∫

o

b(1 - x/b ) Fb 1/EJ dx = [ x -1/2 x2/b ]
o

b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
CD = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ
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A =   97.2 mm2

Ju =  22637. mm4

Jv =  1856. mm4

Jt =   78.1 mm4

yo =  -9.64 mm
yg =  14.67 mm
Ty =  -540. N
Mx = -253800. Nmm
xm =    11. mm
ym =    36. mm
vm =  21.33 mm
σm = -Mv/Ju =  239.2 N/mm2

yc =     2. mm
uc =   -11. mm
vc = -12.67 mm
σc = -Mv/Ju =  239.2 N/mm2

τc = TS*/tJu =  10.99 N/mm2

τg = TS*/tJu =  10.99 N/mm2

tc =   270. mm
σo = √σ2+3τ2 =  239.9 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b( x/b ) Fb 1/EJ dx = [1/2 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
CB = ∫

o

b(1 - x/b ) Fb 1/EJ dx = [ x -1/2 x2/b ]
o

b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
CD = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/4 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -13/12  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/4 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -13/12  Fb2/EJ
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A =  140.4 mm2

Ju =  36966. mm4

Jv =  7969. mm4

Jt =  124.8 mm4

yo =  6.325 mm
yg =  20.31 mm
Ty =  -700. N
Mx = -357000. Nmm
xm =     5. mm
um =   -12. mm
vm = -20.31 mm
σm = -Mv/Ju = -196.1 N/mm2

xc =    17. mm
vc = -20.31 mm
σc = -Mv/Ju = -196.1 N/mm2

τc = TS*/tJu =  16.61 N/mm2

τg = TS*/tJu =  16.61 N/mm2

tc =   350. mm
σo = √σ2+3τ2 =  198.2 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ
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A =   162. mm2

Ju =  41576. mm4

Jv =  16674. mm4

Jt =  148.1 mm4

yo =  9.123 mm
yg =   22.4 mm
Ty =  -540. N
Mx = -388800. Nmm
xm =    11. mm
um =   -12. mm
vm =  -22.4 mm
σm = -Mv/Ju = -209.5 N/mm2

xc =    23. mm
vc =  -22.4 mm
σc = -Mv/Ju = -209.5 N/mm2

τc = TS*/tJu =  12.57 N/mm2

τg = TS*/tJu =  12.57 N/mm2

tc =   360. mm
σo = √σ2+3τ2 =  210.6 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8

A
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E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

CI02.xxxx.157PROCEDIMENTO E RISULTATI 239858
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A =   162. mm2

Ju =  41576. mm4

Jv =  16674. mm4

Jt =  148.1 mm4

yo = -9.123 mm
yg =   13.6 mm
Ty =  -525. N
Mx = -399000. Nmm
xm =    11. mm
ym =    36. mm
um =   -12. mm
vm =   22.4 mm
σm = -Mv/Ju =   215. N/mm2

xc =    23. mm
yc =    36. mm
vc =   22.4 mm
σc = -Mv/Ju =   215. N/mm2

τc = TS*/tJu =  12.22 N/mm2

τg = TS*/tJu =  12.22 N/mm2

tc =   350. mm
σo = √σ2+3τ2 =   216. N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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Quadro contributi PLV per iperstatica X=WCD

→ Mx(x) Mo(x) MxMo MxMx ∫MxMo/EJdx ∫XMxMx/EJdx

AB b 0 -2Fx 0 0
0 0

BA b 0 2Fb-2Fx 0 0

BC b -x/b -2Fb+Fx 2Fx-Fx2/b x2/b2

2/3Fb2/EJ 1/3Xb/EJ
CB b 1-x/b Fb+Fx Fb-Fx2/b 1-2x/b+x2/b2

CD b -1 Fx-1/2qx2 -Fx+1/2Fx2/b 1
-1/3Fb2/EJ Xb/EJ

DC b 1 -1/2Fb+1/2qx2 -1/2Fb+1/2Fx2/b 1

DE b -1+x/b 1/2Fb-Fx+1/2qx2 -1/2Fb+3/2Fx-3/2Fx2/b+1/2qx3/b 1-2x/b+x2/b2

-1/8Fb2/EJ 1/3Xb/EJ
ED b x/b -1/2qx2 -1/2qx3/b x2/b2

EF √2b 0 √2/2Fx 0 0 0 0

FG b 0 -2Fx 0 0
0 0

GF b 0 2Fb-2Fx 0 0

GA b 0 -Fb 0 0
0 0

AG b 0 Fb 0 0

FB b 0 Fb-Fx 0 0
0 0

BF b 0 -Fx 0 0

BE b 0 0 0 0
0 0

EB b 0 0 0 0

BE elongazione asta  N1BEεBELBE Fb2/EJ

totali 29/24Fb2/EJ 5/3Xb/EJ

iperstatica X=WCD -29/40Fb

CI02.xxxx.158PROCEDIMENTO E RISULTATI 238982

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

Sviluppi di calcolo iperstatica
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 +3/2 x/b -3/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx

        = [-1/2 x +3/4 x2/b -1/2 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +3/4 b -1/2 b +1/8 b ) Fb 1/EJ  = -1/8  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x3/b3 ) Fb 1/EJ dx = [-1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (-1/8 b ) Fb 1/EJ  = -1/8  Fb2/EJ

CI02.xxxx.158PROCEDIMENTO E RISULTATI 238982

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  103.2 mm2

Ju =  31779. mm4

Jv =  1856. mm4

Jt =   80.1 mm4

yo =  11.47 mm
yg =  24.66 mm
N =  -400. N
Ty =  -400. N
Mx = -288000. Nmm
xm =    11. mm
vm = -24.66 mm
σm = N/A-Mv/Ju = -227.4 N/mm2

yc =     3. mm
uc =   -11. mm
vc = -21.66 mm
σc = N/A-Mv/Ju = -227.4 N/mm2

τc = TS*/tJu =  6.705 N/mm2

τg = TS*/tJu =  6.705 N/mm2

tc =   200. mm
σo = √σ2+3τ2 =  227.7 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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Quadro contributi PLV per iperstatica X=WCD

→ Mx(x) Mo(x) MxMo MxMx ∫MxMo/EJdx ∫XMxMx/EJdx

AB b 0 -2Fx 0 0
0 0

BA b 0 2Fb-2Fx 0 0

BC b -x/b -2Fb+Fx 2Fx-Fx2/b x2/b2

2/3Fb2/EJ 1/3Xb/EJ
CB b 1-x/b Fb+Fx Fb-Fx2/b 1-2x/b+x2/b2

CD b -1 Fx-1/2qx2 -Fx+1/2Fx2/b 1
-1/3Fb2/EJ Xb/EJ

DC b 1 -1/2Fb+1/2qx2 -1/2Fb+1/2Fx2/b 1

DE b -1+x/b 1/2Fb-Fx+1/2qx2 -1/2Fb+3/2Fx-3/2Fx2/b+1/2qx3/b 1-2x/b+x2/b2

-1/8Fb2/EJ 1/3Xb/EJ
ED b x/b -1/2qx2 -1/2qx3/b x2/b2

EF √2b 0 √2/2Fx 0 0 0 0

FG b 0 -2Fx 0 0
0 0

GF b 0 2Fb-2Fx 0 0

GA b 0 -Fb 0 0
0 0

AG b 0 Fb 0 0

FB b 0 Fb-Fx 0 0
0 0

BF b 0 -Fx 0 0

BE b 0 0 0 0
0 0

EB b 0 0 0 0

CD elongazione asta  N1CDεCDLCD -Fb2/EJ

totali -19/24Fb2/EJ 5/3Xb/EJ

iperstatica X=WCD 19/40Fb
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Sviluppi di calcolo iperstatica
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(2 x/b - x2/b2 ) Fb 1/EJ dx = [ x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CB = ∫

o

b(1 - x2/b2 ) Fb 1/EJ dx = [ x -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/3 b ) Fb 1/EJ  = 2/3  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 +3/2 x/b -3/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx

        = [-1/2 x +3/4 x2/b -1/2 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +3/4 b -1/2 b +1/8 b ) Fb 1/EJ  = -1/8  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x3/b3 ) Fb 1/EJ dx = [-1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (-1/8 b ) Fb 1/EJ  = -1/8  Fb2/EJ
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A =  109.2 mm2

Ju =  42758. mm4

Jv =  1856. mm4

Jt =   82.1 mm4

yo =  13.34 mm
yg =  27.96 mm
N =  -420. N
Ty =  -420. N
Mx = -357000. Nmm
xm =    11. mm
vm = -27.96 mm
σm = N/A-Mv/Ju = -237.3 N/mm2

yc =     3. mm
uc =   -11. mm
vc = -24.96 mm
σc = N/A-Mv/Ju = -237.3 N/mm2

τc = TS*/tJu =  5.931 N/mm2

τg = TS*/tJu =  5.931 N/mm2

tc =   210. mm
σo = √σ2+3τ2 =  237.5 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
DE = ∫

o

b(1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/6 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/6 b ) Fb 1/EJ  = 1/12  Fb2/EJ
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A =  146.4 mm2

Ju =  51238. mm4

Jv =  7969. mm4

Jt =  126.8 mm4

yo =  -7.49 mm
yg =  18.42 mm
Ty = -1080. N
Mx = -432000. Nmm
xm =     5. mm
ym =    42. mm
um =   -12. mm
vm =  23.58 mm
σm = -Mv/Ju =  198.8 N/mm2

xc =    17. mm
yc =    42. mm
vc =  23.58 mm
σc = -Mv/Ju =  198.8 N/mm2

τc = TS*/tJu =  21.47 N/mm2

τg = TS*/tJu =  21.47 N/mm2

tc =   540. mm
σo = √σ2+3τ2 =  202.3 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A
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E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
DE = ∫

o

b(1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/6 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b -1/6 b ) Fb 1/EJ  = 1/12  Fb2/EJ

CI02.xxxx.161PROCEDIMENTO E RISULTATI 239499

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  115.2 mm2

Ju =  55687. mm4

Jv =  1856. mm4

Jt =   84.1 mm4

yo =  15.24 mm
yg =  31.22 mm
Ty =  -660. N
Mx = -369600. Nmm
xm =    11. mm
vm = -31.22 mm
σm = -Mv/Ju = -207.2 N/mm2

yc =     3. mm
uc =   -11. mm
vc = -28.22 mm
σc = -Mv/Ju = -207.2 N/mm2

τc = TS*/tJu =  7.992 N/mm2

τg = TS*/tJu =  7.992 N/mm2

tc =   330. mm
σo = √σ2+3τ2 =  207.7 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A
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E F
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b( x/b ) Fb 1/EJ dx = [1/2 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
CB = ∫

o

b(1 - x/b ) Fb 1/EJ dx = [ x -1/2 x2/b ]
o

b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

CI02.xxxx.162PROCEDIMENTO E RISULTATI 240788

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =   168. mm2

Ju =  57624. mm4

Jv =  16674. mm4

Jt =  150.1 mm4

yo = -10.83 mm
yg =  16.05 mm
Ty = -1005. N
Mx = -482400. Nmm
xm =    11. mm
ym =    42. mm
um =   -12. mm
vm =  25.95 mm
σm = -Mv/Ju =  217.2 N/mm2

xc =    23. mm
yc =    42. mm
vc =  25.95 mm
σc = -Mv/Ju =  217.2 N/mm2

τc = TS*/tJu =  19.55 N/mm2

τg = TS*/tJu =  19.55 N/mm2

tc =   670. mm
σo = √σ2+3τ2 =  219.9 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b( x/b ) Fb 1/EJ dx = [1/2 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
CB = ∫

o

b(1 - x/b ) Fb 1/EJ dx = [ x -1/2 x2/b ]
o

b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

CI02.xxxx.163PROCEDIMENTO E RISULTATI 215365

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =  152.4 mm2

Ju =  68126. mm4

Jv =  7969. mm4

Jt =  128.8 mm4

yo = -8.676 mm
yg =  21.17 mm
Ty = -1005. N
Mx = -582900. Nmm
xm =     5. mm
ym =    48. mm
um =   -12. mm
vm =  26.83 mm
σm = -Mv/Ju =  229.6 N/mm2

xc =    17. mm
yc =    48. mm
vc =  26.83 mm
σc = -Mv/Ju =  229.6 N/mm2

τc = TS*/tJu =   17.1 N/mm2

τg = TS*/tJu =   17.1 N/mm2

tc =   670. mm
σo = √σ2+3τ2 =  231.5 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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CI02.xxxx.164PROCEDIMENTO E RISULTATI 241019
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b( x/b ) Fb 1/EJ dx = [1/2 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
CB = ∫

o

b(1 - x/b ) Fb 1/EJ dx = [ x -1/2 x2/b ]
o

b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

CI02.xxxx.164PROCEDIMENTO E RISULTATI 241019

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =   97.2 mm2

Ju =  22637. mm4

Jv =  1856. mm4

Jt =   78.1 mm4

yo =   9.64 mm
yg =  21.33 mm
N =  183.8 N
Ty =  551.5 N
Mx =  244400. Nmm
xm =    11. mm
vm = -21.33 mm
σm = N/A-Mv/Ju =  232.2 N/mm2

yc =     3. mm
uc =   -11. mm
vc = -18.33 mm
σc = N/A-Mv/Ju =  232.2 N/mm2

τc = TS*/tJu =  11.23 N/mm2

τg = TS*/tJu =  11.23 N/mm2

tc =   260. mm
σo = √σ2+3τ2 =   233. N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A
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E F
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CI02.xxxx.165PROCEDIMENTO E RISULTATI 215513

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b( x/b ) Fb 1/EJ dx = [1/2 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
CB = ∫

o

b(1 - x/b ) Fb 1/EJ dx = [ x -1/2 x2/b ]
o

b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

CI02.xxxx.165PROCEDIMENTO E RISULTATI 215513

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 20.03.25

A =   180. mm2

Ju =  98625. mm4

Jv =  16674. mm4

Jt =  154.1 mm4

yo = -14.34 mm
yg =  21.06 mm
N =  275.8 N
Ty =  827.3 N
Mx =  592800. Nmm
xm =    11. mm
ym =    54. mm
um =   -12. mm
vm =  32.94 mm
σm = N/A-Mv/Ju = -196.5 N/mm2

xc =    23. mm
yc =    54. mm
vc =  32.94 mm
σc = N/A-Mv/Ju = -196.5 N/mm2

τc = TS*/tJu =  11.94 N/mm2

τg = TS*/tJu =  11.94 N/mm2

tc =   390. mm
σo = √σ2+3τ2 =  197.5 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/6 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ
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A =  140.4 mm2

Ju =  36966. mm4

Jv =  7969. mm4

Jt =  124.8 mm4

yo = -6.325 mm
yg =  15.69 mm
Ty =  -700. N
Mx = -378000. Nmm
xm =     5. mm
ym =    36. mm
um =   -12. mm
vm =  20.31 mm
σm = -Mv/Ju =  207.7 N/mm2

xc =    17. mm
yc =    36. mm
vc =  20.31 mm
σc = -Mv/Ju =  207.7 N/mm2

τc = TS*/tJu =  16.61 N/mm2

τg = TS*/tJu =  16.61 N/mm2

tc =   350. mm
σo = √σ2+3τ2 =  209.6 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A

B

C

D

E F

mm 0 5 17 29 34x
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(3/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (3/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -1/2 x/b -1/2 x2/b2 ) Fb 1/EJ dx = [ x -1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -1/4 b -1/6 b ) Fb 1/EJ  = 7/12  Fb2/EJ

LXo
CD = ∫

o

b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DC = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx + 1   (-1)  1  Fb2/EJ

        = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + 1   (-1)  1  Fb2/EJ

        = (-1/2 b +1/6 b ) Fb 1/EJ  + 1   (-1)  1  Fb2/EJ = -4/3  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ
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A =   174. mm2

Ju =  76601. mm4

Jv =  16674. mm4

Jt =  152.1 mm4

yo = -12.57 mm
yg =  18.54 mm
Ty =  -740. N
Mx = -562400. Nmm
xm =    11. mm
ym =    48. mm
um =   -12. mm
vm =  29.46 mm
σm = -Mv/Ju =  216.3 N/mm2

xc =    23. mm
yc =    48. mm
vc =  29.46 mm
σc = -Mv/Ju =  216.3 N/mm2

τc = TS*/tJu =   12.3 N/mm2

τg = TS*/tJu =   12.3 N/mm2

tc =   370. mm
σo = √σ2+3τ2 =  217.4 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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LXX
BC = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
CD = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DC = ∫

o

b(1 )  1/EJ dx = [ x ]
o

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
DE = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ 

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

LXX
ED = ∫

o

b( x2/b2 )  1/EJ dx = [1/3 x3/b2 ]
o

b
  1/EJ 

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

LXo
BC = ∫

o

b(1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/4 b +1/6 b ) Fb 1/EJ  = 5/12  Fb2/EJ

LXo
CB = ∫

o

b(1 -3/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [ x -3/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = ( b -3/4 b +1/6 b ) Fb 1/EJ  = 5/12  Fb2/EJ

LXo
CD = ∫

o

b(1/2 x/b ) Fb 1/EJ dx = [1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DC = ∫

o

b(1/2 -1/2 x/b ) Fb 1/EJ dx = [1/2 x -1/4 x2/b ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/4 b ) Fb 1/EJ  = 1/4  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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A =  158.4 mm2

Ju =  87739. mm4

Jv =  7969. mm4

Jt =  130.8 mm4

yo = -9.881 mm
yg =  23.93 mm
Ty =  -720. N
Mx = -655200. Nmm
xm =     5. mm
ym =    54. mm
um =   -12. mm
vm =  30.07 mm
σm = -Mv/Ju =  224.5 N/mm2

xc =    17. mm
yc =    54. mm
vc =  30.07 mm
σc = -Mv/Ju =  224.5 N/mm2

τc = TS*/tJu =  10.66 N/mm2

τg = TS*/tJu =  10.66 N/mm2

tc =   360. mm
σo = √σ2+3τ2 =  225.3 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A
B

C

D
E F

mm 0 5 17 29 34x

0

54

y

σc,τc

σm

u

v
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