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qWB = -W = -Fb
pDB = -q = -F/b
qEF = -q = -F/b
εAB = -αT = -b2F/EJ
θEF = -θ = -αT/b = -bF/EJ
EJAB = EJ
EJBC = EJ
EJAC = EJ
EJDB = EJ
EJDE = EJ
EJCD = EJ
EJEF = EJ
EJFC = EJ

Reazioni iperstatiche in soluzione:  X=WFC

Carichi e deformazioni date hanno verso efficace in disegno.
Calcolare reazioni vincolari della struttura e delle aste.
Tracciare i diagrammi quotati delle azioni interne nelle aste.
JYZ - xYZ - θYZ  riferimento locale asta YZ con origine in Y.
La trave BC ha la sezione riportata e dimensioni in mm, con:
b = 700 mm,  F = 460 N
Calcolare sulla sezione B la massima tensione normale σm.
Calcolare in * le tensioni σc,τc e la tensione di von Mises.
Lembo inferiore sezione su tratteggio trave, a destra da B a C
Elongazione termica specifica ε assegnata su asta AB.
Curvatura θ asta EF positiva se convessa a destra con inizio E.
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LXX
DE = ∫

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
ED = ∫

o

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

b
  1/EJ 

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

LXX
EF = ∫

o

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

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
FE = ∫

o

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

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
FC = ∫

o

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

b
  1/EJ 

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

LXX
CF = ∫

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
DE = ∫

o

b(5/2 x2/b2 ) Fb 1/EJ dx = [5/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (5/6 b ) Fb 1/EJ  = 5/6  Fb2/EJ

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

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

LXo
EF = ∫

o

b(5/2 -2 x/b -1/2 x2/b2 ) Fb 1/EJ dx +  ∫
o

b(1 ) θ  dx

        = [5/2 x - x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ  + [ x ]

o

b
 θ  

        = (5/2 b - b -1/6 b ) Fb 1/EJ  + ( b ) θ   = 7/3  Fb2/EJ

LXo
FE = ∫

o

b(3 x/b -1/2 x2/b2 ) Fb 1/EJ dx +  ∫
o

b(-1 ) θ  dx = [3/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ  + [- x ]

o

b
 θ  

        = (3/2 b -1/6 b ) Fb 1/EJ  + (- b ) θ   = 7/3  Fb2/EJ
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A =   750. mm2

Ju =  156599. mm4

Jv =  74826. mm4

yg =  14.69 mm
N = -1234. N
Ty = -617.2 N
Mx =  966000. Nmm
xm =    24. mm
ym =    53. mm
um =     3. mm
vm =  38.31 mm
σm = N/A-Mv/Ju =  -238. N/mm2

xc =    21. mm
yc =    37. mm
vc =  22.31 mm
σc = N/A-Mv/Ju = -139.3 N/mm2

τc =  1.911 N/mm2

σo = √σ2+3τ2 =  139.3 N/mm2

S* =  2910. mm3mm 0 18 24 42x
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LXX
DE = ∫

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
ED = ∫

o

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

b
  1/EJ 

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

LXX
EF = ∫

o

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

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
FE = ∫

o

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

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
FC = ∫

o

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

b
  1/EJ 

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

LXX
CF = ∫

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
DE = ∫

o

b(-5/2 x2/b2 ) Fb 1/EJ dx = [-5/6 x3/b2 ]
o

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

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

LXo
EF = ∫

o

b(-5/2 +5/2 x/b ) Fb 1/EJ dx +  ∫
o

b(-1 ) θ  dx = [-5/2 x +5/4 x2/b ]
o

b
 Fb 1/EJ  + [- x ]

o

b
 θ  

        = (-5/2 b +5/4 b ) Fb 1/EJ  + (- b ) θ   = -9/4  Fb2/EJ

LXo
FE = ∫

o

b(-5/2 x/b ) Fb 1/EJ dx +  ∫
o

b(1 ) θ  dx = [-5/4 x2/b ]
o

b
 Fb 1/EJ  + [ x ]

o

b
 θ  

        = (-5/4 b ) Fb 1/EJ  + ( b ) θ   = -9/4  Fb2/EJ
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A =  1068. mm2

Ju =  262174. mm4

Jv =  116496. mm4

yg =  18.21 mm
N = -3466. N
Ty = -1733. N
Mx =  1550000. Nmm
xm =    30. mm
ym =    53. mm
um =     6. mm
vm =  34.79 mm
σm = N/A-Mv/Ju = -208.9 N/mm2

xc =    24. mm
yc =    38. mm
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σc = N/A-Mv/Ju = -120.3 N/mm2

τc =  2.706 N/mm2

σo = √σ2+3τ2 =  120.3 N/mm2

S* =  4913. mm3mm 0 18 30 48x
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LXX
DE = ∫

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
ED = ∫

o

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

b
  1/EJ 

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

LXX
EF = ∫

o

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

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
FE = ∫

o

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

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
FC = ∫

o

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

b
  1/EJ 

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

LXX
CF = ∫

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
DE = ∫

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

LXo
ED = ∫

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
EF = ∫

o

b(1/2 -1/2 x2/b2 ) Fb 1/EJ dx +  ∫
o

b(1 ) θ  dx = [1/2 x -1/6 x3/b2 ]
o

b
 Fb 1/EJ  + [ x ]

o

b
 θ  

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

LXo
FE = ∫

o

b( x/b -1/2 x2/b2 ) Fb 1/EJ dx +  ∫
o

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

b
 Fb 1/EJ  + [- x ]

o

b
 θ  

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

LXo
FC = ∫

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
CF = ∫

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 =   828. mm2

Ju =  244195. mm4

Jv =  34128. mm4

yg =  32.37 mm
N = -2209. N
Ty = -1105. N
Mx =  1827800. Nmm
xm =    12. mm
um =    -6. mm
vm = -32.37 mm
σm = N/A-Mv/Ju =  239.6 N/mm2

xc =    18. mm
yc =    14. mm
vc = -18.37 mm
σc = N/A-Mv/Ju =  134.8 N/mm2

τc =  1.607 N/mm2

σo = √σ2+3τ2 =  134.9 N/mm2

S* =  4262. mm3mm 0 12 24 36x
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LXX
DE = ∫

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
ED = ∫

o

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

b
  1/EJ 

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

LXX
EF = ∫

o

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

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
FE = ∫

o

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

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
FC = ∫

o

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

b
  1/EJ 

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

LXX
CF = ∫

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
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

b(-1/2 +1/2 x/b +1/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx

        = [-1/2 x +1/4 x2/b +1/6 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/4 b +1/6 b -1/8 b ) Fb 1/EJ  = -5/24  Fb2/EJ

LXo
EF = ∫

o

b(-1/2 +1/2 x/b ) Fb 1/EJ dx +  ∫
o

b(-1 ) θ  dx = [-1/2 x +1/4 x2/b ]
o

b
 Fb 1/EJ  + [- x ]

o

b
 θ  

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

LXo
FE = ∫

o

b(-1/2 x/b ) Fb 1/EJ dx +  ∫
o

b(1 ) θ  dx = [-1/4 x2/b ]
o

b
 Fb 1/EJ  + [ x ]

o

b
 θ  

        = (-1/4 b ) Fb 1/EJ  + ( b ) θ   = -5/4  Fb2/EJ
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A =   768. mm2

Ju =  208192. mm4

Jv =  43776. mm4

yg =   30.5 mm
Ty = -7160. N
Mx = -1432000. Nmm
xm =    18. mm
um =    -6. mm
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σm = -Mv/Ju = -209.8 N/mm2

xc =    24. mm
yc =    13. mm
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σc = -Mv/Ju = -120.4 N/mm2

τc =  10.73 N/mm2

σo = √σ2+3τ2 =  121.8 N/mm2

S* =  3744. mm3mm 0 18 30 48x
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LXX
DE = ∫

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
ED = ∫

o

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

b
  1/EJ 

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

LXX
EF = ∫

o

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

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
FE = ∫

o

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

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
FC = ∫

o

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

b
  1/EJ 

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

LXX
CF = ∫

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
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

b(-1/2 +1/2 x/b +1/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx

        = [-1/2 x +1/4 x2/b +1/6 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/4 b +1/6 b -1/8 b ) Fb 1/EJ  = -5/24  Fb2/EJ

LXo
EF = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb 1/EJ dx +  ∫
o

b(-1 ) θ  dx = [-1/2 x +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + [- x ]

o

b
 θ  

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

LXo
FE = ∫

o

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

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

b
 Fb 1/EJ  + [ x ]

o

b
 θ  

        = (-1/2 b +1/6 b ) Fb 1/EJ  + ( b ) θ   = -4/3  Fb2/EJ
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A =   672. mm2

Ju =  167384. mm4

Jv =  32256. mm4

yg =   38.5 mm
N = -2021. N
Ty = -1011. N
Mx =  881400. Nmm
xm =    12. mm
um =    -3. mm
vm =  -38.5 mm
σm = N/A-Mv/Ju =  199.7 N/mm2

xc =    15. mm
yc =    16. mm
vc =  -22.5 mm
σc = N/A-Mv/Ju =  115.5 N/mm2

τc =  2.947 N/mm2

σo = √σ2+3τ2 =  115.6 N/mm2

S* =  2928. mm3mm 0 12 18 30x
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LXX
DE = ∫

o

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

b
 b2 1/EJ 

        = (1/3 b ) b2 1/EJ  = 1/3  b3/EJ

LXX
ED = ∫

o

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

b
 b2 1/EJ 

        = ( b - b +1/3 b ) b2 1/EJ  = 1/3  b3/EJ

LXX
EF = ∫

o

b(1 ) b2 1/EJ dx = [ x ]
o

b
 b2 1/EJ 

        = ( b ) b2 1/EJ  =   b3/EJ

LXX
FE = ∫

o

b(1 ) b2 1/EJ dx = [ x ]
o

b
 b2 1/EJ 

        = ( b ) b2 1/EJ  =   b3/EJ

LXX
FC = ∫

o

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

b
 b2 1/EJ 

        = ( b - b +1/3 b ) b2 1/EJ  = 1/3  b3/EJ

LXX
CF = ∫

o

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

b
 b2 1/EJ 

        = (1/3 b ) b2 1/EJ  = 1/3  b3/EJ

LXo
EF = ∫

o

b(1/2 x/b ) Fb2 1/EJ dx +  ∫
o

b(-1 ) θ  dx = [1/4 x2/b ]
o

b
 Fb2 1/EJ  + [- x ]

o

b
 θ  

        = (1/4 b ) Fb2 1/EJ  + (- b ) θ   = -3/4  Fb3/EJ

LXo
FE = ∫

o

b(1/2 -1/2 x/b ) Fb2 1/EJ dx +  ∫
o

b(1 ) θ  dx = [1/2 x -1/4 x2/b ]
o

b
 Fb2 1/EJ  + [ x ]

o

b
 θ  

        = (1/2 b -1/4 b ) Fb2 1/EJ  + ( b ) θ   = -3/4  Fb3/EJ

LXo
FC = ∫

o

b(1/2 -1/2 x/b -1/2 x2/b2 +1/2 x3/b3 ) Fb2 1/EJ dx

        = [1/2 x -1/4 x2/b -1/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb2 1/EJ 

        = (1/2 b -1/4 b -1/6 b +1/8 b ) Fb2 1/EJ  = 5/24  Fb3/EJ

LXo
CF = ∫

o

b( x2/b2 -1/2 x3/b3 ) Fb2 1/EJ dx = [1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb2 1/EJ 

        = (1/3 b -1/8 b ) Fb2 1/EJ  = 5/24  Fb3/EJ
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A =   792. mm2

Ju =  165782. mm4

Jv =  81000. mm4

yg =  39.11 mm
Ty = -4140. N
Mx = -931500. Nmm
xm =    18. mm
um =    -3. mm
vm = -39.11 mm
σm = -Mv/Ju = -219.8 N/mm2

xc =    21. mm
yc =    17. mm
vc = -22.11 mm
σc = -Mv/Ju = -124.3 N/mm2

τc =    13. N/mm2

σo = √σ2+3τ2 =  126.3 N/mm2

S* =  3123. mm3mm 0 18 24 42x
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LXX
DE = ∫

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
ED = ∫

o

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

b
  1/EJ 

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

LXX
EF = ∫

o

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

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
FE = ∫

o

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

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
FC = ∫

o

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

b
  1/EJ 

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

LXX
CF = ∫

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
DE = ∫

o

b(-5/2 x2/b2 ) Fb 1/EJ dx = [-5/6 x3/b2 ]
o

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

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

LXo
EF = ∫

o

b(-5/2 +2 x/b +1/2 x2/b2 ) Fb 1/EJ dx +  ∫
o

b(-1 ) θ  dx

        = [-5/2 x + x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + [- x ]

o

b
 θ  

        = (-5/2 b + b +1/6 b ) Fb 1/EJ  + (- b ) θ   = -7/3  Fb2/EJ

LXo
FE = ∫

o

b(-3 x/b +1/2 x2/b2 ) Fb 1/EJ dx +  ∫
o

b(1 ) θ  dx = [-3/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + [ x ]

o

b
 θ  

        = (-3/2 b +1/6 b ) Fb 1/EJ  + ( b ) θ   = -7/3  Fb2/EJ
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σc = N/A-Mv/Ju =  140.4 N/mm2

τc =  2.305 N/mm2
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LXX
DE = ∫

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
ED = ∫

o

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

b
  1/EJ 

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

LXX
EF = ∫

o

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

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
FE = ∫

o

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

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
FC = ∫

o

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

b
  1/EJ 

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

LXX
CF = ∫

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
DE = ∫

o

b(-5/2 x2/b2 ) Fb 1/EJ dx = [-5/6 x3/b2 ]
o

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

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

LXo
EF = ∫

o

b(-5/2 +2 x/b +1/2 x2/b2 ) Fb 1/EJ dx +  ∫
o

b(-1 ) θ  dx

        = [-5/2 x + x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + [- x ]

o

b
 θ  

        = (-5/2 b + b +1/6 b ) Fb 1/EJ  + (- b ) θ   = -7/3  Fb2/EJ

LXo
FE = ∫

o

b(-3 x/b +1/2 x2/b2 ) Fb 1/EJ dx +  ∫
o

b(1 ) θ  dx = [-3/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + [ x ]

o

b
 θ  

        = (-3/2 b +1/6 b ) Fb 1/EJ  + ( b ) θ   = -7/3  Fb2/EJ
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σc = N/A-Mv/Ju = -140.6 N/mm2

τc =  2.391 N/mm2

σo = √σ2+3τ2 =  140.6 N/mm2

S* =  2811. mm3mm 0 12 18 30x

0

11

55

y

39
σc,τc

σm

u

v

ESΣ09.xxxx.124

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 08.01.25



E
S

Σ0
9.

xx
xx

.1
40

P
LV

 -
 D

S
V

 P
E

R
 C

A
S

A

@
 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

08
.0

1.
25

y,
v,

V
,q

x,
u,

H
,p

2bb ϕ,
W

b

A
B

C

D

E
F

W

q

q

W
B
 =

 -
W

 =
 -

F
b

q A
B
 =

 -
q 

=
 -

F
/b

p F
C
 =

 -
q 

=
 -

F
/b

ε A
B
 =

 -
3α

T
 =

 -
3b

2 F
/E

J
θ E

F
 =

 -
θ 

=
 -

αT
/b

 =
 -

bF
/E

J
E

J A
B
 =

 E
J

E
J B

C
 =

 E
J

E
J A

C
 =

 E
J

E
J D

B
 =

 E
J

E
J D

E
 =

 E
J

E
J C

D
 =

 E
J

E
J E

F
 =

 E
J

E
J F

C
 =

 E
J

R
ea

zi
on

i i
pe

rs
ta

tic
he

 in
 s

ol
uz

io
ne

:  
X

=
W

F
E

C
ar

ic
hi

 e
 d

ef
or

m
az

io
ni

 d
at

e 
ha

nn
o 

ve
rs

o 
ef

fic
ac

e 
in

 d
is

eg
no

.
C

al
co

la
re

 r
ea

zi
on

i v
in

co
la

ri 
de

lla
 s

tr
ut

tu
ra

 e
 d

el
le

 a
st

e.
T

ra
cc

ia
re

 i 
di

ag
ra

m
m

i q
uo

ta
ti 

de
lle

 a
zi

on
i i

nt
er

ne
 n

el
le

 a
st

e.
J Y

Z
 -

 x
Y

Z
 -

 θ
Y

Z
  r

ife
rim

en
to

 lo
ca

le
 a

st
a 

Y
Z

 c
on

 o
rig

in
e 

in
 Y

.
La

 tr
av

e 
A

B
 h

a 
la

 s
ez

io
ne

 r
ip

or
ta

ta
 e

 d
im

en
si

on
i i

n 
m

m
, c

on
:

b 
=

 3
70

 m
m

,  
F

 =
 4

06
0 

N
C

al
co

la
re

 s
ul

la
 s

ez
io

ne
 B

 la
 m

as
si

m
a 

te
ns

io
ne

 n
or

m
al

e 
σ m

.
C

al
co

la
re

 in
 *

 le
 te

ns
io

ni
 σ

c,
τ c

 e
 la

 te
ns

io
ne

 d
i v

on
 M

is
es

.
Le

m
bo

 in
fe

rio
re

 s
ez

io
ne

 s
u 

tr
at

te
gg

io
 tr

av
e,

 a
 d

es
tr

a 
da

 A
 a

 B
E

lo
ng

az
io

ne
 te

rm
ic

a 
sp

ec
ifi

ca
 ε

 a
ss

eg
na

ta
 s

u 
as

ta
 A

B
.

C
ur

va
tu

ra
 θ

 a
st

a 
E

F
 p

os
iti

va
 s

e 
co

nv
es

sa
 a

 d
es

tr
a 

co
n 

in
iz

io
 E

.
m

m

0

12

18

30

x

01152 y

37
σ c

,τ
c

E
S

Σ0
9.

xx
xx

.1
40

R
E

A
Z

IO
N

I 9
98

77
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

08
.0

1.
25

F
1/

2F
b

A
B

1/2F

1/
2F

b

1/2F

B

C

AC

3/2F

D B

13
/4

0F

3/
2F13

/4
0F

3/
2F13

/4
0F

b

DE

13
/4

0F
C

D

13
/4

0F 1/
2F

13
/4

0F
b

13
/4

0F

1/
2F33

/4
0F

b

E
F

13
/4

0F

1/
2F33

/4
0F

b

53
/4

0F

1/
2F

F C



E
S

Σ0
9.

xx
xx

.1
40

A
Z

IO
N

I I
N

T
E

R
N

E
 9

98
77

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

08
.0

1.
25

0
0

-√5/5

0

3/2
3/2

13
/4

0

-1
3/

40

-1/2 -1/2

 F

0
-1

-√5/10

0

0
13/40

01/
2

-13/40 -53/40

 F

0
-1

/2

1/2

0

00

0 0
013/40

0
0

13
/4

0
33

/4
0

33/40 0

 F
b

E
S

Σ0
9.

xx
xx

.1
40

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
98

77
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

08
.0

1.
25

A
B

C

D

E
F

W

X
X

q

q

S
ch

em
a 

di
 c

al
co

lo
 ip

er
st

at
ic

o

0
-1

/2

1/2

0

00

0 0
0

-1/2

0
0-1
/2

0 0 0

M
o 

fle
ss

io
ne

 d
a 

ca
ric

hi
 a

ss
eg

na
ti

0
00

0

00

0 0
01

0
01

1 1 0

M
x 

fle
ss

io
ne

 d
a 

ip
er

st
at

ic
a 

X
=

1



ESΣ09.xxxx.140PROCEDIMENTO E RISULTATI 998772

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 08.01.25

Q
ua

dr
o 

co
nt

rib
ut

i P
LV

 p
er

 ip
er

st
at

ic
a 

X
=

W
F

E

→
M

x(
x)

M
o(

x)
θ

M
xM

o
M

xθ
M

xM
x

∫M
x(

M
o/

E
J+

θ)
dx

∫X
M

xM
x/

E
Jd

x

A
B

 b
0

-1
/2

qx
2

0
0

0
0

0+
0

0
B

A
 b

0
1/

2F
b-

F
x+

1/
2q

x2
0

0
0

0

B
C

 √
5b

0
1/

2F
b-

√5
/1

0F
x

0
0

0
0

0
0

A
C

 2
b

0
0

0
0

0
0

0+
0

0
C

A
 2

b
0

0
0

0
0

0

D
B

 2
b

0
0

0
0

0
0

0+
0

0
B

D
 2

b
0

0
0

0
0

0

D
E

 b
x/

b
-1

/2
F

x
0

-1
/2

F
x2 /b

0
x2 /b

2

(-
1/

6+
0)

F
b2 /E

J
1/

3X
b/

E
J

E
D

 b
-1

+
x/

b
1/

2F
b-

1/
2F

x
0

-1
/2

F
b+

F
x-

1/
2F

x2 /b
0

1-
2x

/b
+

x2 /b
2

C
D

 b
0

0
0

0
0

0
0+

0
0

D
C

 b
0

0
0

0
0

0

E
F

 b
1

-1
/2

F
b+

1/
2F

x
-F

b/
E

J
-1

/2
F

b+
1/

2F
x

-F
b/

E
J

1
(-

1/
4-

1)
F

b2 /E
J

X
b/

E
J

F
E

 b
-1

1/
2F

x
F

b/
E

J
-1

/2
F

x
-F

b/
E

J
1

F
C

 b
1-

x/
b

1/
2F

x-
1/

2q
x2

0
1/

2F
x-

F
x2 /b

+
1/

2q
x3 /b

0
1-

2x
/b

+
x2 /b

2

(1
/2

4+
0)

F
b2 /E

J
1/

3X
b/

E
J

C
F

 b
-x

/b
-1

/2
F

x+
1/

2q
x2

0
1/

2F
x2 /b

-1
/2

qx
3 /b

0
x2 /b

2

to
ta

li
-1

1/
8F

b2 /E
J

5/
3X

b/
E

J

ip
er

st
at

ic
a 

X
=

W
F

E
33

/4
0F

b

Sviluppi di calcolo iperstatica

ESΣ09.xxxx.140PROCEDIMENTO E RISULTATI 998772

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 08.01.25

LXX
DE = ∫

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
ED = ∫

o

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

b
  1/EJ 

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

LXX
EF = ∫

o

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

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
FE = ∫

o

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

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
FC = ∫

o

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

b
  1/EJ 

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

LXX
CF = ∫

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
DE = ∫

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

LXo
ED = ∫

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
EF = ∫

o

b(-1/2 +1/2 x/b ) Fb 1/EJ dx +  ∫
o

b(-1 ) θ  dx = [-1/2 x +1/4 x2/b ]
o

b
 Fb 1/EJ  + [- x ]

o

b
 θ  

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

LXo
FE = ∫

o

b(-1/2 x/b ) Fb 1/EJ dx +  ∫
o

b(1 ) θ  dx = [-1/4 x2/b ]
o

b
 Fb 1/EJ  + [ x ]

o

b
 θ  

        = (-1/4 b ) Fb 1/EJ  + ( b ) θ   = -5/4  Fb2/EJ

LXo
FC = ∫

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
CF = ∫

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 =   576. mm2

Ju =  133062. mm4

Jv =  25488. mm4

yg =   16.6 mm
Ty = -4060. N
Mx = -751100. Nmm
xm =    18. mm
ym =    52. mm
um =     3. mm
vm =   35.4 mm
σm = -Mv/Ju =  199.8 N/mm2

xc =    15. mm
yc =    37. mm
vc =   20.4 mm
σc = -Mv/Ju =  115.1 N/mm2

τc =  12.77 N/mm2

σo = √σ2+3τ2 =  117.2 N/mm2

S* =  2511. mm3mm 0 12 18 30x
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LXX
DE = ∫

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
ED = ∫

o

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

b
  1/EJ 

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

LXX
EF = ∫

o

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

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
FE = ∫

o

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

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
FC = ∫

o

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

b
  1/EJ 

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

LXX
CF = ∫

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
DE = ∫

o

b(-5/2 x2/b2 ) Fb 1/EJ dx = [-5/6 x3/b2 ]
o

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

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

LXo
EF = ∫

o

b(-5/2 +5/2 x/b ) Fb 1/EJ dx +  ∫
o

b(-1 ) θ  dx = [-5/2 x +5/4 x2/b ]
o

b
 Fb 1/EJ  + [- x ]

o

b
 θ  

        = (-5/2 b +5/4 b ) Fb 1/EJ  + (- b ) θ   = -9/4  Fb2/EJ

LXo
FE = ∫

o

b(-5/2 x/b ) Fb 1/EJ dx +  ∫
o

b(1 ) θ  dx = [-5/4 x2/b ]
o

b
 Fb 1/EJ  + [ x ]

o

b
 θ  

        = (-5/4 b ) Fb 1/EJ  + ( b ) θ   = -9/4  Fb2/EJ
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A =   888. mm2

Ju =  267344. mm4

Jv =  41760. mm4

yg =  33.72 mm
N =  8280. N
Ty = -8280. N
Mx = -1738800. Nmm
xm =    12. mm
um =    -6. mm
vm = -33.72 mm
σm = N/A-Mv/Ju =  -210. N/mm2

xc =    18. mm
yc =    14. mm
vc = -19.72 mm
σc = N/A-Mv/Ju = -118.9 N/mm2

τc =  11.58 N/mm2

σo = √σ2+3τ2 =  120.6 N/mm2

S* =  4488. mm3mm 0 12 24 36x
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LXX
DE = ∫

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
ED = ∫

o

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

b
  1/EJ 

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

LXX
EF = ∫

o

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

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
FE = ∫

o

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

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
FC = ∫

o

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

b
  1/EJ 

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

LXX
CF = ∫

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
DE = ∫

o

b(-5/2 x2/b2 ) Fb 1/EJ dx = [-5/6 x3/b2 ]
o

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

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

LXo
EF = ∫

o

b(-5/2 +5/2 x/b ) Fb 1/EJ dx +  ∫
o

b(-1 ) θ  dx = [-5/2 x +5/4 x2/b ]
o

b
 Fb 1/EJ  + [- x ]

o

b
 θ  

        = (-5/2 b +5/4 b ) Fb 1/EJ  + (- b ) θ   = -9/4  Fb2/EJ

LXo
FE = ∫

o

b(-5/2 x/b ) Fb 1/EJ dx +  ∫
o

b(1 ) θ  dx = [-5/4 x2/b ]
o

b
 Fb 1/EJ  + [ x ]

o

b
 θ  

        = (-5/4 b ) Fb 1/EJ  + ( b ) θ   = -9/4  Fb2/EJ
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A =  1104. mm2

Ju =  263311. mm4

Jv =  125568. mm4

yg =  18.02 mm
N = -11739. N
Ty = -1677. N
Mx =  1500000. Nmm
xm =    30. mm
ym =    53. mm
um =     6. mm
vm =  34.98 mm
σm = N/A-Mv/Ju = -209.9 N/mm2

xc =    24. mm
yc =    38. mm
vc =  19.98 mm
σc = N/A-Mv/Ju = -124.4 N/mm2

τc =  2.625 N/mm2

σo = √σ2+3τ2 =  124.5 N/mm2

S* =  4946. mm3mm 0 18 30 48x
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LXX
DE = ∫

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
ED = ∫

o

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

b
  1/EJ 

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

LXX
EF = ∫

o

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

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
FE = ∫

o

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

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
FC = ∫

o

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

b
  1/EJ 

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

LXX
CF = ∫

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
EF = ∫

o

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

b(-1 ) θ  dx

        = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + [- x ]

o

b
 θ  

        = (-1/4 b +1/6 b ) Fb 1/EJ  + (- b ) θ   = -13/12  Fb2/EJ

LXo
FE = ∫

o

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

b(1 ) θ  dx

        = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + [ x ]

o

b
 θ  

        = (-1/4 b +1/6 b ) Fb 1/EJ  + ( b ) θ   = -13/12  Fb2/EJ
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A =   948. mm2

Ju =  262515. mm4

Jv =  52848. mm4

yg =  34.03 mm
N = -3605. N
Ty = -1802. N
Mx =  1571700. Nmm
xm =    12. mm
um =    -6. mm
vm = -34.03 mm
σm = N/A-Mv/Ju =  199.9 N/mm2

xc =    18. mm
yc =    14. mm
vc = -20.03 mm
σc = N/A-Mv/Ju =  116.1 N/mm2

τc =  2.598 N/mm2

σo = √σ2+3τ2 =  116.2 N/mm2

S* =  4541. mm3mm 0 12 24 36x
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LXX
DE = ∫

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
ED = ∫

o

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

b
  1/EJ 

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

LXX
EF = ∫

o

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

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
FE = ∫

o

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

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
FC = ∫

o

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

b
  1/EJ 

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

LXX
CF = ∫

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
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

b(-1/2 +1/2 x/b +1/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx

        = [-1/2 x +1/4 x2/b +1/6 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/4 b +1/6 b -1/8 b ) Fb 1/EJ  = -5/24  Fb2/EJ

LXo
EF = ∫

o

b(-1/2 +1/2 x/b ) Fb 1/EJ dx +  ∫
o

b(-1 ) θ  dx = [-1/2 x +1/4 x2/b ]
o

b
 Fb 1/EJ  + [- x ]

o

b
 θ  

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

LXo
FE = ∫

o

b(-1/2 x/b ) Fb 1/EJ dx +  ∫
o

b(1 ) θ  dx = [-1/4 x2/b ]
o

b
 Fb 1/EJ  + [ x ]

o

b
 θ  

        = (-1/4 b ) Fb 1/EJ  + ( b ) θ   = -5/4  Fb2/EJ
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A =   732. mm2

Ju =  195951. mm4

Jv =  34704. mm4

yg =  29.61 mm
N = -3166. N
Ty = -1583. N
Mx =  1416000. Nmm
xm =    18. mm
um =    -6. mm
vm = -29.61 mm
σm = N/A-Mv/Ju =  209.7 N/mm2

xc =    24. mm
yc =    47. mm
vc =  17.39 mm
σc = N/A-Mv/Ju =  -130. N/mm2

τc =  2.322 N/mm2

σo = √σ2+3τ2 =   130. N/mm2

S* =  3449. mm3mm 0 18 30 48x
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