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Quadro contributi PLV per iperstatica X=HA

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b 0 Fb-Fx 0 0 0 0
0+0 0

BA b 0 -Fx 0 0 0 0

CD b 0 0 0 0 0 0
0+0 0

DC b 0 0 0 0 0 0

EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0

FE b 0 2Fx 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GH b 0 1/2qx2 0 0 0 0
0+0 0

HG b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0

HD b 0 1/2Fb 0 0 0 0
0+0 0

DH b 0 -1/2Fb 0 0 0 0

DB b 0 1/2Fb-Fx+1/2qx2 0 0 0 0
0+0 0

BD b 0 -1/2qx2 0 0 0 0

IE b b -Fb+3Fx -Fb/EJ -Fb2+3Fbx -Fb2/EJ b2

(1/2-1)Fb3/EJ Xb3/EJ
EI b -b -2Fb+3Fx Fb/EJ 2Fb2-3Fbx -Fb2/EJ b2

EC b b-x 4Fb-4Fx 0 4Fb2-8Fbx+4Fx2 0 b2-2bx+x2

(4/3+0)Fb3/EJ 1/3Xb3/EJ
CE b -x -4Fx 0 4Fx2 0 x2

IA b -b+x 2Fb-Fx 0 -2Fb2+3Fbx-Fx2 0 b2-2bx+x2

(-5/6+0)Fb3/EJ 1/3Xb3/EJ
AI b x -Fb-Fx 0 -Fbx-Fx2 0 x2

totali 0 5/3Xb3/EJ

iperstatica X=HA 0
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Sviluppi di calcolo iperstatica
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LXX
IE = ∫

o

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

b
 b2 1/EJ 

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

LXX
EI = ∫

o

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

b
 b2 1/EJ 

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

LXX
EC = ∫

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
CE = ∫

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
IA = ∫

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
AI = ∫

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
IE = ∫

o

b(-1 +3 x/b ) Fb2 1/EJ dx +  ∫
o

b(-1 ) θ  dx = [- x +3/2 x2/b ]
o

b
 Fb2 1/EJ  + [- x ]

o

b
 θ  

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

LXo
EI = ∫

o

b(2 -3 x/b ) Fb2 1/EJ dx +  ∫
o

b(1 ) θ  dx = [2 x -3/2 x2/b ]
o

b
 Fb2 1/EJ  + [ x ]

o

b
 θ  

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

LXo
EC = ∫

o

b(4 -8 x/b +4 x2/b2 ) Fb2 1/EJ dx = [4 x -4 x2/b +4/3 x3/b2 ]
o

b
 Fb2 1/EJ 

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

LXo
CE = ∫

o

b(4 x2/b2 ) Fb2 1/EJ dx = [4/3 x3/b2 ]
o

b
 Fb2 1/EJ 

        = (4/3 b ) Fb2 1/EJ  = 4/3  Fb3/EJ

LXo
IA = ∫

o

b(-2 +3 x/b - x2/b2 ) Fb2 1/EJ dx = [-2 x +3/2 x2/b -1/3 x3/b2 ]
o

b
 Fb2 1/EJ 

        = (-2 b +3/2 b -1/3 b ) Fb2 1/EJ  = -5/6  Fb3/EJ

LXo
AI = ∫

o

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

b
 Fb2 1/EJ 

        = (-1/2 b -1/3 b ) Fb2 1/EJ  = -5/6  Fb3/EJ
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A =  1152. mm2

Ju =  348030. mm4

Jv =  122688. mm4

yg =  20.63 mm
Ty =  2560. N
Mx = -2073600. Nmm
xm =    36. mm
ym =    54. mm
um =    12. mm
vm =  33.38 mm
σm = -Mv/Ju =  198.9 N/mm2

xc =    24. mm
yc =    43. mm
vc =  22.38 mm
σc = -Mv/Ju =  133.3 N/mm2

τc =  3.596 N/mm2

σo = √σ2+3τ2 =  133.5 N/mm2

S* =  5867. mm3mm 0 12 18 30 36 48x
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Quadro contributi PLV per iperstatica X=HA

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b 0 1/2Fb-1/2Fx 0 0 0 0
0+0 0

BA b 0 -1/2Fx 0 0 0 0

CD b 0 1/2Fb-Fx+1/2qx2 0 0 0 0
0+0 0

DC b 0 -1/2qx2 0 0 0 0

EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0

FE b 0 2Fx 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GH b 0 1/2Fx 0 0 0 0
0+0 0

HG b 0 -1/2Fb+1/2Fx 0 0 0 0

HD b 0 1/2Fb 0 0 0 0
0+0 0

DH b 0 -1/2Fb 0 0 0 0

DB b 0 1/2Fb-Fx+1/2qx2 0 0 0 0
0+0 0

BD b 0 -1/2qx2 0 0 0 0

IE b b 3Fx -Fb/EJ 3Fbx -Fb2/EJ b2

(3/2-1)Fb3/EJ Xb3/EJ
EI b -b -3Fb+3Fx Fb/EJ 3Fb2-3Fbx -Fb2/EJ b2

EC b b-x 5Fb-9/2Fx 0 5Fb2-19/2Fbx+9/2Fx2 0 b2-2bx+x2

(7/4+0)Fb3/EJ 1/3Xb3/EJ
CE b -x -1/2Fb-9/2Fx 0 1/2Fbx+9/2Fx2 0 x2

IA b -b+x Fb-1/2Fx 0 -Fb2+3/2Fbx-1/2Fx2 0 b2-2bx+x2

(-5/12+0)Fb3/EJ 1/3Xb3/EJ
AI b x -1/2Fb-1/2Fx 0 -1/2Fbx-1/2Fx2 0 x2

totali 11/6Fb3/EJ 5/3Xb3/EJ

iperstatica X=HA -11/10F
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Sviluppi di calcolo iperstatica
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LXX
IE = ∫

o

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

b
 b2 1/EJ 

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

LXX
EI = ∫

o

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

b
 b2 1/EJ 

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

LXX
EC = ∫

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
CE = ∫

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
IA = ∫

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
AI = ∫

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
IE = ∫

o

b(3 x/b ) Fb2 1/EJ dx +  ∫
o

b(-1 ) θ  dx = [3/2 x2/b ]
o

b
 Fb2 1/EJ  + [- x ]

o

b
 θ  

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

LXo
EI = ∫

o

b(3 -3 x/b ) Fb2 1/EJ dx +  ∫
o

b(1 ) θ  dx = [3 x -3/2 x2/b ]
o

b
 Fb2 1/EJ  + [ x ]

o

b
 θ  

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

LXo
EC = ∫

o

b(5 -19/2 x/b +9/2 x2/b2 ) Fb2 1/EJ dx = [5 x -19/4 x2/b +3/2 x3/b2 ]
o

b
 Fb2 1/EJ 

        = (5 b -19/4 b +3/2 b ) Fb2 1/EJ  = 7/4  Fb3/EJ

LXo
CE = ∫

o

b(1/2 x/b +9/2 x2/b2 ) Fb2 1/EJ dx = [1/4 x2/b +3/2 x3/b2 ]
o

b
 Fb2 1/EJ 

        = (1/4 b +3/2 b ) Fb2 1/EJ  = 7/4  Fb3/EJ

LXo
IA = ∫

o

b(-1 +3/2 x/b -1/2 x2/b2 ) Fb2 1/EJ dx = [- x +3/4 x2/b -1/6 x3/b2 ]
o

b
 Fb2 1/EJ 

        = (- b +3/4 b -1/6 b ) Fb2 1/EJ  = -5/12  Fb3/EJ

LXo
AI = ∫

o

b(-1/2 x/b -1/2 x2/b2 ) Fb2 1/EJ dx = [-1/4 x2/b -1/6 x3/b2 ]
o

b
 Fb2 1/EJ 

        = (-1/4 b -1/6 b ) Fb2 1/EJ  = -5/12  Fb3/EJ
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A =  1200. mm2

Ju =  368598. mm4

Jv =  131904. mm4
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Ty =  2560. N
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xc =    24. mm
yc =    12. mm
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τc =  3.653 N/mm2

σo = √σ2+3τ2 =   136. N/mm2
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Quadro contributi PLV per iperstatica X=HC

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0

BA b 0 1/2Fx 0 0 0 0

CD b 0 0 0 0 0 0
0+0 0

DC b 0 0 0 0 0 0

EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0

FE b 0 2Fx 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GH b 0 Fb-3/2Fx+1/2qx2 0 0 0 0
0+0 0

HG b 0 -1/2Fx-1/2qx2 0 0 0 0

HD b 0 0 0 0 0 0
0+0 0

DH b 0 0 0 0 0 0

DB b 0 0 0 0 0 0
0+0 0

BD b 0 0 0 0 0 0

IE b -b -4Fb+2Fx -Fb/EJ 4Fb2-2Fbx Fb2/EJ b2

(3+1)Fb3/EJ Xb3/EJ
EI b b 2Fb+2Fx Fb/EJ 2Fb2+2Fbx Fb2/EJ b2

EC b -b+x 0 0 0 0 b2-2bx+x2

0+0 1/3Xb3/EJ
CE b x 0 0 0 0 x2

IA b b-x 4Fb-5Fx+1/2qx2 0 4Fb2-9Fbx+11/2Fx2-1/2qx3 0 b2-2bx+x2

(29/24+0)Fb3/EJ 1/3Xb3/EJ
AI b -x 1/2Fb-4Fx-1/2qx2 0 -1/2Fbx+4Fx2+1/2qx3 0 x2

totali 125/24Fb3/EJ 5/3Xb3/EJ

iperstatica X=HC -25/8F

ESΣ07.xxxx.044PROCEDIMENTO E RISULTATI 236422

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

Sviluppi di calcolo iperstatica
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LXX
IE = ∫

o

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

b
 b2 1/EJ 

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

LXX
EI = ∫

o

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

b
 b2 1/EJ 

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

LXX
EC = ∫

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
CE = ∫

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
IA = ∫

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
AI = ∫

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
IE = ∫

o

b(4 -2 x/b ) Fb2 1/EJ dx +  ∫
o

b(1 ) θ  dx = [4 x - x2/b ]
o

b
 Fb2 1/EJ  + [ x ]

o

b
 θ  

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

LXo
EI = ∫

o

b(2 +2 x/b ) Fb2 1/EJ dx +  ∫
o

b(-1 ) θ  dx = [2 x + x2/b ]
o

b
 Fb2 1/EJ  + [- x ]

o

b
 θ  

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

LXo
IA = ∫

o

b(4 -9 x/b +11/2 x2/b2 -1/2 x3/b3 ) Fb2 1/EJ dx = [4 x -9/2 x2/b +11/6 x3/b2 -1/8 x4/b3 ]
o

b
 Fb2 1/EJ 

        = (4 b -9/2 b +11/6 b -1/8 b ) Fb2 1/EJ  = 29/24  Fb3/EJ

LXo
AI = ∫

o

b(-1/2 x/b +4 x2/b2 +1/2 x3/b3 ) Fb2 1/EJ dx = [-1/4 x2/b +4/3 x3/b2 +1/8 x4/b3 ]
o

b
 Fb2 1/EJ 

        = (-1/4 b +4/3 b +1/8 b ) Fb2 1/EJ  = 29/24  Fb3/EJ
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A =   918. mm2

Ju =  319684. mm4

Jv =  80946. mm4

yg =  20.95 mm
Ty =  2920. N
Mx = -2248400. Nmm
xm =    30. mm
ym =    55. mm
um =     9. mm
vm =  34.05 mm
σm = -Mv/Ju =  239.5 N/mm2

xc =    21. mm
yc =    41. mm
vc =  20.05 mm
σc = -Mv/Ju =   141. N/mm2

τc =    10. N/mm2

σo = √σ2+3τ2 =  142.1 N/mm2

S* =  6570. mm3mm 0 12 18 24 30 42x
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Quadro contributi PLV per iperstatica X=HC

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0

BA b 0 1/2Fx 0 0 0 0

CD b 0 0 0 0 0 0
0+0 0

DC b 0 0 0 0 0 0

EF b 0 -5/2Fb+3Fx-1/2qx2 0 0 0 0
0+0 0

FE b 0 2Fx+1/2qx2 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GH b 0 Fb-1/2Fx 0 0 0 0
0+0 0

HG b 0 -1/2Fb-1/2Fx 0 0 0 0

HD b 0 1/2Fb 0 0 0 0
0+0 0

DH b 0 -1/2Fb 0 0 0 0

DB b 0 1/2Fb-Fx+1/2qx2 0 0 0 0
0+0 0

BD b 0 -1/2qx2 0 0 0 0

IE b -b -13/2Fb+4Fx -Fb/EJ 13/2Fb2-4Fbx Fb2/EJ b2

(9/2+1)Fb3/EJ Xb3/EJ
EI b b 5/2Fb+4Fx Fb/EJ 5/2Fb2+4Fbx Fb2/EJ b2

EC b -b+x 0 0 0 0 b2-2bx+x2

0+0 1/3Xb3/EJ
CE b x 0 0 0 0 x2

IA b b-x 13/2Fb-7Fx 0 13/2Fb2-27/2Fbx+7Fx2 0 b2-2bx+x2

(25/12+0)Fb3/EJ 1/3Xb3/EJ
AI b -x 1/2Fb-7Fx 0 -1/2Fbx+7Fx2 0 x2

totali 91/12Fb3/EJ 5/3Xb3/EJ

iperstatica X=HC -91/20F
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Sviluppi di calcolo iperstatica
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LXX
IE = ∫

o

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

b
 b2 1/EJ 

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

LXX
EI = ∫

o

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

b
 b2 1/EJ 

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

LXX
EC = ∫

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
CE = ∫

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
IA = ∫

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
AI = ∫

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
IE = ∫

o

b(13/2 -4 x/b ) Fb2 1/EJ dx +  ∫
o

b(1 ) θ  dx = [13/2 x -2 x2/b ]
o

b
 Fb2 1/EJ  + [ x ]

o

b
 θ  

        = (13/2 b -2 b ) Fb2 1/EJ  + ( b ) θ   = 11/2  Fb3/EJ

LXo
EI = ∫

o

b(5/2 +4 x/b ) Fb2 1/EJ dx +  ∫
o

b(-1 ) θ  dx = [5/2 x +2 x2/b ]
o

b
 Fb2 1/EJ  + [- x ]

o

b
 θ  

        = (5/2 b +2 b ) Fb2 1/EJ  + (- b ) θ   = 11/2  Fb3/EJ

LXo
IA = ∫

o

b(13/2 -27/2 x/b +7 x2/b2 ) Fb2 1/EJ dx = [13/2 x -27/4 x2/b +7/3 x3/b2 ]
o

b
 Fb2 1/EJ 

        = (13/2 b -27/4 b +7/3 b ) Fb2 1/EJ  = 25/12  Fb3/EJ

LXo
AI = ∫

o

b(-1/2 x/b +7 x2/b2 ) Fb2 1/EJ dx = [-1/4 x2/b +7/3 x3/b2 ]
o

b
 Fb2 1/EJ 

        = (-1/4 b +7/3 b ) Fb2 1/EJ  = 25/12  Fb3/EJ
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A =   840. mm2

Ju =  261182. mm4

Jv =  78120. mm4

yg =  18.55 mm
Ty =  3120. N
Mx = -1534000. Nmm
xm =    30. mm
ym =    54. mm
um =     9. mm
vm =  35.45 mm
σm = -Mv/Ju =  208.2 N/mm2

xc =    21. mm
yc =    45. mm
vc =  26.45 mm
σc = -Mv/Ju =  155.3 N/mm2

τc =  8.671 N/mm2

σo = √σ2+3τ2 =  156.1 N/mm2

S* =  4355. mm3mm 0 12 18 24 30 42x
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Quadro contributi PLV per iperstatica X=HC

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0

BA b 0 1/2Fx 0 0 0 0

CD b 0 0 0 0 0 0
0+0 0

DC b 0 0 0 0 0 0

EF b 0 -5/2Fb+3Fx-1/2qx2 0 0 0 0
0+0 0

FE b 0 2Fx+1/2qx2 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GH b 0 Fb-3/2Fx+1/2qx2 0 0 0 0
0+0 0

HG b 0 -1/2Fx-1/2qx2 0 0 0 0

HD b 0 0 0 0 0 0
0+0 0

DH b 0 0 0 0 0 0

DB b 0 0 0 0 0 0
0+0 0

BD b 0 0 0 0 0 0

IE b -b -11/2Fb+3Fx -Fb/EJ 11/2Fb2-3Fbx Fb2/EJ b2

(4+1)Fb3/EJ Xb3/EJ
EI b b 5/2Fb+3Fx Fb/EJ 5/2Fb2+3Fbx Fb2/EJ b2

EC b -b+x 0 0 0 0 b2-2bx+x2

0+0 1/3Xb3/EJ
CE b x 0 0 0 0 x2

IA b b-x 11/2Fb-6Fx 0 11/2Fb2-23/2Fbx+6Fx2 0 b2-2bx+x2

(7/4+0)Fb3/EJ 1/3Xb3/EJ
AI b -x 1/2Fb-6Fx 0 -1/2Fbx+6Fx2 0 x2

totali 27/4Fb3/EJ 5/3Xb3/EJ

iperstatica X=HC -81/20F

ESΣ07.xxxx.067PROCEDIMENTO E RISULTATI 280947
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Sviluppi di calcolo iperstatica
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LXX
IE = ∫

o

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

b
 b2 1/EJ 

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

LXX
EI = ∫

o

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

b
 b2 1/EJ 

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

LXX
EC = ∫

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
CE = ∫

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
IA = ∫

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
AI = ∫

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
IE = ∫

o

b(11/2 -3 x/b ) Fb2 1/EJ dx +  ∫
o

b(1 ) θ  dx = [11/2 x -3/2 x2/b ]
o

b
 Fb2 1/EJ  + [ x ]

o

b
 θ  

        = (11/2 b -3/2 b ) Fb2 1/EJ  + ( b ) θ   = 5  Fb3/EJ

LXo
EI = ∫

o

b(5/2 +3 x/b ) Fb2 1/EJ dx +  ∫
o

b(-1 ) θ  dx = [5/2 x +3/2 x2/b ]
o

b
 Fb2 1/EJ  + [- x ]

o

b
 θ  

        = (5/2 b +3/2 b ) Fb2 1/EJ  + (- b ) θ   = 5  Fb3/EJ

LXo
IA = ∫

o

b(11/2 -23/2 x/b +6 x2/b2 ) Fb2 1/EJ dx = [11/2 x -23/4 x2/b +2 x3/b2 ]
o

b
 Fb2 1/EJ 

        = (11/2 b -23/4 b +2 b ) Fb2 1/EJ  = 7/4  Fb3/EJ

LXo
AI = ∫

o

b(-1/2 x/b +6 x2/b2 ) Fb2 1/EJ dx = [-1/4 x2/b +2 x3/b2 ]
o

b
 Fb2 1/EJ 

        = (-1/4 b +2 b ) Fb2 1/EJ  = 7/4  Fb3/EJ

ESΣ07.xxxx.067PROCEDIMENTO E RISULTATI 280947
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A =   924. mm2

Ju =  296396. mm4

Jv =  68112. mm4

yg =  30.16 mm
Ty =  2880. N
Mx = -2160000. Nmm
xm =    12. mm
um =   -12. mm
vm = -30.16 mm
σm = -Mv/Ju = -219.8 N/mm2

xc =    24. mm
yc =    10. mm
vc = -20.16 mm
σc = -Mv/Ju = -146.9 N/mm2

τc =  4.029 N/mm2

σo = √σ2+3τ2 =  147.1 N/mm2

S* =  4975. mm3mm 0 12 18 30 36 48x
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Quadro contributi PLV per iperstatica X=HC

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b 0 -1/2Fx+1/2qx2 0 0 0 0
0+0 0

BA b 0 1/2Fx-1/2qx2 0 0 0 0

CD b 0 0 0 0 0 0
0+0 0

DC b 0 0 0 0 0 0

EF b 0 -2Fb+2Fx 0 0 0 0
0+0 0

FE b 0 2Fx 0 0 0 0

FG b 0 1/2qx2 0 0 0 0
0+0 0

GF b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0

GH b 0 1/2Fb-1/2Fx 0 0 0 0
0+0 0

HG b 0 -1/2Fx 0 0 0 0

HD b 0 0 0 0 0 0
0+0 0

DH b 0 0 0 0 0 0

DB b 0 0 0 0 0 0
0+0 0

BD b 0 0 0 0 0 0

IE b -b -5Fb+2Fx -Fb/EJ 5Fb2-2Fbx Fb2/EJ b2

(4+1)Fb3/EJ Xb3/EJ
EI b b 3Fb+2Fx Fb/EJ 3Fb2+2Fbx Fb2/EJ b2

EC b -b+x 0 0 0 0 b2-2bx+x2

0+0 1/3Xb3/EJ
CE b x 0 0 0 0 x2

IA b b-x 5Fb-5Fx 0 5Fb2-10Fbx+5Fx2 0 b2-2bx+x2

(5/3+0)Fb3/EJ 1/3Xb3/EJ
AI b -x -5Fx 0 5Fx2 0 x2

totali 20/3Fb3/EJ 5/3Xb3/EJ

iperstatica X=HC -4F
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Sviluppi di calcolo iperstatica
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LXX
IE = ∫

o

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

b
 b2 1/EJ 

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

LXX
EI = ∫

o

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

b
 b2 1/EJ 

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

LXX
EC = ∫

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
CE = ∫

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
IA = ∫

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
AI = ∫

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
IE = ∫

o

b(5 -2 x/b ) Fb2 1/EJ dx +  ∫
o

b(1 ) θ  dx = [5 x - x2/b ]
o

b
 Fb2 1/EJ  + [ x ]

o

b
 θ  

        = (5 b - b ) Fb2 1/EJ  + ( b ) θ   = 5  Fb3/EJ

LXo
EI = ∫

o

b(3 +2 x/b ) Fb2 1/EJ dx +  ∫
o

b(-1 ) θ  dx = [3 x + x2/b ]
o

b
 Fb2 1/EJ  + [- x ]

o

b
 θ  

        = (3 b + b ) Fb2 1/EJ  + (- b ) θ   = 5  Fb3/EJ

LXo
IA = ∫

o

b(5 -10 x/b +5 x2/b2 ) Fb2 1/EJ dx = [5 x -5 x2/b +5/3 x3/b2 ]
o

b
 Fb2 1/EJ 

        = (5 b -5 b +5/3 b ) Fb2 1/EJ  = 5/3  Fb3/EJ

LXo
AI = ∫

o

b(5 x2/b2 ) Fb2 1/EJ dx = [5/3 x3/b2 ]
o

b
 Fb2 1/EJ 

        = (5/3 b ) Fb2 1/EJ  = 5/3  Fb3/EJ
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A =  1116. mm2

Ju =  344933. mm4

Jv =  113616. mm4

yg =  33.08 mm
Ty =  3860. N
Mx = -2084400. Nmm
xm =    12. mm
um =   -12. mm
vm = -33.08 mm
σm = -Mv/Ju = -199.9 N/mm2

xc =    24. mm
yc =    11. mm
vc = -22.08 mm
σc = -Mv/Ju = -133.4 N/mm2

τc =  5.415 N/mm2

σo = √σ2+3τ2 =  133.8 N/mm2

S* =  5806. mm3mm 0 12 18 30 36 48x
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Quadro contributi PLV per iperstatica X=WEI

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b 0 1/2Fb-1/2Fx 0 0 0 0
0+0 0

BA b 0 -1/2Fx 0 0 0 0

CD b 0 0 0 0 0 0
0+0 0

DC b 0 0 0 0 0 0

EF b 0 -5/2Fb+3Fx-1/2qx2 0 0 0 0
0+0 0

FE b 0 2Fx+1/2qx2 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GH b 0 1/2Fx 0 0 0 0
0+0 0

HG b 0 -1/2Fb+1/2Fx 0 0 0 0

HD b 0 1/2Fb 0 0 0 0
0+0 0

DH b 0 -1/2Fb 0 0 0 0

DB b 0 1/2Fb-Fx+1/2qx2 0 0 0 0
0+0 0

BD b 0 -1/2qx2 0 0 0 0

IE b 1 -4Fb+4Fx -Fb/EJ -4Fb+4Fx -Fb/EJ 1
(-2-1)Fb2/EJ Xb/EJ

EI b -1 4Fx Fb/EJ -4Fx -Fb/EJ 1

EC b 1-x/b 5/2Fb-7/2Fx 0 5/2Fb-6Fx+7/2Fx2/b 0 1-2x/b+x2/b2

(2/3+0)Fb2/EJ 1/3Xb/EJ
CE b -x/b Fb-7/2Fx 0 -Fx+7/2Fx2/b 0 x2/b2

IA b -1+x/b 4Fb-7/2Fx 0 -4Fb+15/2Fx-7/2Fx2/b 0 1-2x/b+x2/b2

(-17/12+0)Fb2/EJ 1/3Xb/EJ
AI b x/b -1/2Fb-7/2Fx 0 -1/2Fx-7/2Fx2/b 0 x2/b2

totali -15/4Fb2/EJ 5/3Xb/EJ

iperstatica X=WEI 9/4Fb
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Sviluppi di calcolo iperstatica
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LXX
IE = ∫

o

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

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
EI = ∫

o

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

b
  1/EJ 

        = ( b )  1/EJ  =   b/EJ

LXX
EC = ∫

o

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

b
  1/EJ 

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

LXX
CE = ∫

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
IA = ∫

o

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

b
  1/EJ 

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

LXX
AI = ∫

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
IE = ∫

o

b(-4 +4 x/b ) Fb 1/EJ dx +  ∫
o

b(-1 ) θ  dx = [-4 x +2 x2/b ]
o

b
 Fb 1/EJ  + [- x ]

o

b
 θ  

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

LXo
EI = ∫

o

b(-4 x/b ) Fb 1/EJ dx +  ∫
o

b(1 ) θ  dx = [-2 x2/b ]
o

b
 Fb 1/EJ  + [ x ]

o

b
 θ  

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

LXo
EC = ∫

o

b(5/2 -6 x/b +7/2 x2/b2 ) Fb 1/EJ dx = [5/2 x -3 x2/b +7/6 x3/b2 ]
o

b
 Fb 1/EJ 

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

LXo
CE = ∫

o

b(- x/b +7/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +7/6 x3/b2 ]
o

b
 Fb 1/EJ 

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

LXo
IA = ∫

o

b(-4 +15/2 x/b -7/2 x2/b2 ) Fb 1/EJ dx = [-4 x +15/4 x2/b -7/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-4 b +15/4 b -7/6 b ) Fb 1/EJ  = -17/12  Fb2/EJ

LXo
AI = ∫

o

b(-1/2 x/b -7/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b -7/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b -7/6 b ) Fb 1/EJ  = -17/12  Fb2/EJ
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A =  1020. mm2

Ju =  360241. mm4

Jv =  74448. mm4

yg =  29.65 mm
Ty =  3540. N
Mx = -2419000. Nmm
xm =    12. mm
um =   -12. mm
vm = -29.65 mm
σm = -Mv/Ju = -199.1 N/mm2

xc =    24. mm
yc =    48. mm
vc =  18.35 mm
σc = -Mv/Ju =  123.2 N/mm2

τc =  5.456 N/mm2

σo = √σ2+3τ2 =  123.6 N/mm2

S* =  6662. mm3mm 0 12 18 30 36 48x
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