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Quadro contributi PLV per iperstatica X=VH

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

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

BA b 0 Fb-Fx 0 0 0 0

BC √2b 0 -Fb+√2/2Fx 0 0 0 0 0 0

BD b 0 0 0 0 0 0
0+0 0

DB b 0 0 0 0 0 0

DC b 0 -2Fx 0 0 0 0
0+0 0

CD b 0 2Fb-2Fx 0 0 0 0

CE b 0 -Fb+Fx 0 0 0 0
0+0 0

EC b 0 Fx 0 0 0 0

FG b 1/2x -5/2Fx+1/2qx2 -Fb/EJ -5/4Fx2+1/4qx3 -1/2Fxb/EJ 1/4x2

(-17/48-1/4)Fb3/EJ 1/12Xb3/EJ
GF b -1/2b+1/2x 2Fb-3/2Fx-1/2qx2 Fb/EJ -Fb2+7/4Fbx-1/2Fx2-1/4qx3 -1/2Fb2/EJ+1/2Fxb/EJ 1/4b2-1/2bx+1/4x2

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

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

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

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

GA b -1/2b+1/2x -1/2Fb+1/2Fx 0 1/4Fb2-1/2Fbx+1/4Fx2 0 1/4b2-1/2bx+1/4x2

(1/12+0)Fb3/EJ 1/12Xb3/EJ
AG b 1/2x 1/2Fx 0 1/4Fx2 0 1/4x2

totali -15/16Fb3/EJ 1/2Xb3/EJ

iperstatica X=VH 15/8F
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Sviluppi di calcolo iperstatica
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LXX
FG = ∫

o

b(1/4 x2/b2 ) b2 1/EJ dx = [1/12 x3/b2 ]
o

b
 b2 1/EJ 

        = (1/12 b ) b2 1/EJ  = 1/12  b3/EJ

LXX
GF = ∫

o

b(1/4 -1/2 x/b +1/4 x2/b2 ) b2 1/EJ dx = [1/4 x -1/4 x2/b +1/12 x3/b2 ]
o

b
 b2 1/EJ 

        = (1/4 b -1/4 b +1/12 b ) b2 1/EJ  = 1/12  b3/EJ

LXX
GD = ∫

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
DG = ∫

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
GA = ∫

o

b(1/4 -1/2 x/b +1/4 x2/b2 ) b2 1/EJ dx = [1/4 x -1/4 x2/b +1/12 x3/b2 ]
o

b
 b2 1/EJ 

        = (1/4 b -1/4 b +1/12 b ) b2 1/EJ  = 1/12  b3/EJ

LXX
AG = ∫

o

b(1/4 x2/b2 ) b2 1/EJ dx = [1/12 x3/b2 ]
o

b
 b2 1/EJ 

        = (1/12 b ) b2 1/EJ  = 1/12  b3/EJ

LXo
FG = ∫

o

b(-5/4 x2/b2 +1/4 x3/b3 ) Fb2 1/EJ dx +  ∫
o

b(-1/2 x/b ) θ  dx

        = [-5/12 x3/b2 +1/16 x4/b3 ]
o

b
 Fb2 1/EJ  + [-1/4 x2/b ]

o

b
 θ  

        = (-5/12 b +1/16 b ) Fb2 1/EJ  + (-1/4 b ) θ   = -29/48  Fb3/EJ

LXo
GF = ∫

o

b(-1 +7/4 x/b -1/2 x2/b2 -1/4 x3/b3 ) Fb2 1/EJ dx +  ∫
o

b(1/2 -1/2 x/b ) θ  dx

        = [- x +7/8 x2/b -1/6 x3/b2 -1/16 x4/b3 ]
o

b
 Fb2 1/EJ  + [1/2 x -1/4 x2/b ]

o

b
 θ  

        = (- b +7/8 b -1/6 b -1/16 b ) Fb2 1/EJ  + (1/2 b -1/4 b ) θ   = -29/48  Fb3/EJ

LXo
GD = ∫

o

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

b
 Fb2 1/EJ 

        = (-1/2 b -1/4 b +1/3 b ) Fb2 1/EJ  = -5/12  Fb3/EJ

LXo
DG = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
GA = ∫

o

b(1/4 -1/2 x/b +1/4 x2/b2 ) Fb2 1/EJ dx = [1/4 x -1/4 x2/b +1/12 x3/b2 ]
o

b
 Fb2 1/EJ 

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

LXo
AG = ∫

o

b(1/4 x2/b2 ) Fb2 1/EJ dx = [1/12 x3/b2 ]
o

b
 Fb2 1/EJ 

        = (1/12 b ) Fb2 1/EJ  = 1/12  Fb3/EJ
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A =  1152. mm2

Ju =  348030. mm4

Jv =  122688. mm4

yg =  20.63 mm
Ty = -2740. N
Mx = -2082400. Nmm
xm =    36. mm
ym =    54. mm
um =    12. mm
vm =  33.38 mm
σm = -Mv/Ju =  199.7 N/mm2

xc =    24. mm
yc =    43. mm
vc =  22.38 mm
σc = -Mv/Ju =  133.9 N/mm2

τc =  3.849 N/mm2

σo = √σ2+3τ2 =   134. N/mm2

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

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

AB b 0 -2Fx 0 0 0 0
0+0 0

BA b 0 2Fb-2Fx 0 0 0 0

BC √2b 0 -2Fb+√2Fx 0 0 0 0 0 0

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

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

DC b 0 -5/2Fx 0 0 0 0
0+0 0

CD b 0 5/2Fb-5/2Fx 0 0 0 0

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

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

FG b 1/2x -3/2Fx -Fb/EJ -3/4Fx2 -1/2Fxb/EJ 1/4x2

(-1/4-1/4)Fb3/EJ 1/12Xb3/EJ
GF b -1/2b+1/2x 3/2Fb-3/2Fx Fb/EJ -3/4Fb2+3/2Fbx-3/4Fx2 -1/2Fb2/EJ+1/2Fxb/EJ 1/4b2-1/2bx+1/4x2

GD b b-x -1/2Fx 0 -1/2Fbx+1/2Fx2 0 b2-2bx+x2

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

DH b 0 -Fb+Fx 0 0 0 0
0+0 0

HD b 0 Fx 0 0 0 0

GA b -1/2b+1/2x -1/2Fb+1/2Fx 0 1/4Fb2-1/2Fbx+1/4Fx2 0 1/4b2-1/2bx+1/4x2

(1/12+0)Fb3/EJ 1/12Xb3/EJ
AG b 1/2x 1/2Fx 0 1/4Fx2 0 1/4x2

totali -1/2Fb3/EJ 1/2Xb3/EJ

iperstatica X=VH F
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Sviluppi di calcolo iperstatica
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LXX
FG = ∫

o

b(1/4 x2/b2 ) b2 1/EJ dx = [1/12 x3/b2 ]
o

b
 b2 1/EJ 

        = (1/12 b ) b2 1/EJ  = 1/12  b3/EJ

LXX
GF = ∫

o

b(1/4 -1/2 x/b +1/4 x2/b2 ) b2 1/EJ dx = [1/4 x -1/4 x2/b +1/12 x3/b2 ]
o

b
 b2 1/EJ 

        = (1/4 b -1/4 b +1/12 b ) b2 1/EJ  = 1/12  b3/EJ

LXX
GD = ∫

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
DG = ∫

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
GA = ∫

o

b(1/4 -1/2 x/b +1/4 x2/b2 ) b2 1/EJ dx = [1/4 x -1/4 x2/b +1/12 x3/b2 ]
o

b
 b2 1/EJ 

        = (1/4 b -1/4 b +1/12 b ) b2 1/EJ  = 1/12  b3/EJ

LXX
AG = ∫

o

b(1/4 x2/b2 ) b2 1/EJ dx = [1/12 x3/b2 ]
o

b
 b2 1/EJ 

        = (1/12 b ) b2 1/EJ  = 1/12  b3/EJ

LXo
FG = ∫

o

b(-3/4 x2/b2 ) Fb2 1/EJ dx +  ∫
o

b(-1/2 x/b ) θ  dx = [-1/4 x3/b2 ]
o

b
 Fb2 1/EJ  + [-1/4 x2/b ]

o

b
 θ  

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

LXo
GF = ∫

o

b(-3/4 +3/2 x/b -3/4 x2/b2 ) Fb2 1/EJ dx +  ∫
o

b(1/2 -1/2 x/b ) θ  dx

        = [-3/4 x +3/4 x2/b -1/4 x3/b2 ]
o

b
 Fb2 1/EJ  + [1/2 x -1/4 x2/b ]

o

b
 θ  

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

LXo
GD = ∫

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  = -1/12  Fb3/EJ

LXo
DG = ∫

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  = -1/12  Fb3/EJ

LXo
GA = ∫

o

b(1/4 -1/2 x/b +1/4 x2/b2 ) Fb2 1/EJ dx = [1/4 x -1/4 x2/b +1/12 x3/b2 ]
o

b
 Fb2 1/EJ 

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

LXo
AG = ∫

o

b(1/4 x2/b2 ) Fb2 1/EJ dx = [1/12 x3/b2 ]
o

b
 Fb2 1/EJ 

        = (1/12 b ) Fb2 1/EJ  = 1/12  Fb3/EJ
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A =   912. mm2

Ju =  289000. mm4

Jv =  67104. mm4

yg =  22.51 mm
Ty = -2450. N
Mx = -2082500. Nmm
xm =    36. mm
ym =    53. mm
um =    12. mm
vm =  30.49 mm
σm = -Mv/Ju =  219.7 N/mm2

xc =    24. mm
yc =    43. mm
vc =  20.49 mm
σc = -Mv/Ju =  147.6 N/mm2

τc =  3.347 N/mm2

σo = √σ2+3τ2 =  147.7 N/mm2

S* =  4738. mm3mm 0 12 18 30 36 48x
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Quadro contributi PLV per iperstatica X=VH

→ 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 Fb-3/2Fx+1/2qx2 0 0 0 0

BC √2b 0 -Fb+√2/2Fx 0 0 0 0 0 0

BD b 0 0 0 0 0 0
0+0 0

DB b 0 0 0 0 0 0

DC b 0 -2Fx 0 0 0 0
0+0 0

CD b 0 2Fb-2Fx 0 0 0 0

CE b 0 -Fb+Fx 0 0 0 0
0+0 0

EC b 0 Fx 0 0 0 0

FG b 1/2x -3/2Fx -Fb/EJ -3/4Fx2 -1/2Fxb/EJ 1/4x2

(-1/4-1/4)Fb3/EJ 1/12Xb3/EJ
GF b -1/2b+1/2x 3/2Fb-3/2Fx Fb/EJ -3/4Fb2+3/2Fbx-3/4Fx2 -1/2Fb2/EJ+1/2Fxb/EJ 1/4b2-1/2bx+1/4x2

GD b b-x -Fb+1/2Fx-1/2qx2 0 -Fb2+3/2Fbx-Fx2+1/2qx3 0 b2-2bx+x2

(-11/24+0)Fb3/EJ 1/3Xb3/EJ
DG b -x Fb-1/2Fx+1/2qx2 0 -Fbx+1/2Fx2-1/2qx3 0 x2

DH b 0 -Fb+Fx 0 0 0 0
0+0 0

HD b 0 Fx 0 0 0 0

GA b -1/2b+1/2x 1/2Fb-1/2Fx 0 -1/4Fb2+1/2Fbx-1/4Fx2 0 1/4b2-1/2bx+1/4x2

(-1/12+0)Fb3/EJ 1/12Xb3/EJ
AG b 1/2x -1/2Fx 0 -1/4Fx2 0 1/4x2

totali -25/24Fb3/EJ 1/2Xb3/EJ

iperstatica X=VH 25/12F
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Sviluppi di calcolo iperstatica
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LXX
FG = ∫

o

b(1/4 x2/b2 ) b2 1/EJ dx = [1/12 x3/b2 ]
o

b
 b2 1/EJ 

        = (1/12 b ) b2 1/EJ  = 1/12  b3/EJ

LXX
GF = ∫

o

b(1/4 -1/2 x/b +1/4 x2/b2 ) b2 1/EJ dx = [1/4 x -1/4 x2/b +1/12 x3/b2 ]
o

b
 b2 1/EJ 

        = (1/4 b -1/4 b +1/12 b ) b2 1/EJ  = 1/12  b3/EJ

LXX
GD = ∫

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
DG = ∫

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
GA = ∫

o

b(1/4 -1/2 x/b +1/4 x2/b2 ) b2 1/EJ dx = [1/4 x -1/4 x2/b +1/12 x3/b2 ]
o

b
 b2 1/EJ 

        = (1/4 b -1/4 b +1/12 b ) b2 1/EJ  = 1/12  b3/EJ

LXX
AG = ∫

o

b(1/4 x2/b2 ) b2 1/EJ dx = [1/12 x3/b2 ]
o

b
 b2 1/EJ 

        = (1/12 b ) b2 1/EJ  = 1/12  b3/EJ

LXo
FG = ∫

o

b(-3/4 x2/b2 ) Fb2 1/EJ dx +  ∫
o

b(-1/2 x/b ) θ  dx = [-1/4 x3/b2 ]
o

b
 Fb2 1/EJ  + [-1/4 x2/b ]

o

b
 θ  

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

LXo
GF = ∫

o

b(-3/4 +3/2 x/b -3/4 x2/b2 ) Fb2 1/EJ dx +  ∫
o

b(1/2 -1/2 x/b ) θ  dx

        = [-3/4 x +3/4 x2/b -1/4 x3/b2 ]
o

b
 Fb2 1/EJ  + [1/2 x -1/4 x2/b ]

o

b
 θ  

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

LXo
GD = ∫

o

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

b
 Fb2 1/EJ 

        = (- b +3/4 b -1/3 b +1/8 b ) Fb2 1/EJ  = -11/24  Fb3/EJ

LXo
DG = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
GA = ∫

o

b(-1/4 +1/2 x/b -1/4 x2/b2 ) Fb2 1/EJ dx = [-1/4 x +1/4 x2/b -1/12 x3/b2 ]
o

b
 Fb2 1/EJ 

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

LXo
AG = ∫

o

b(-1/4 x2/b2 ) Fb2 1/EJ dx = [-1/12 x3/b2 ]
o

b
 Fb2 1/EJ 

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

Ju =  368598. mm4

Jv =  131904. mm4

yg =  34.22 mm
Ty = -2720. N
Mx = -2257600. Nmm
xm =    12. mm
um =   -12. mm
vm = -34.22 mm
σm = -Mv/Ju = -209.6 N/mm2

xc =    24. mm
yc =    12. mm
vc = -22.22 mm
σc = -Mv/Ju = -136.1 N/mm2

τc =  3.881 N/mm2

σo = √σ2+3τ2 =  136.3 N/mm2

S* =  6312. mm3mm 0 12 18 30 36 48x
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25

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 -Fx 0 0 0 0
0+0 0

BA b 0 Fb-Fx 0 0 0 0

BC √2b 0 -Fb+√2/2Fx 0 0 0 0 0 0

BD b 0 0 0 0 0 0
0+0 0

DB b 0 0 0 0 0 0

DC b 0 -3/2Fx-1/2qx2 0 0 0 0
0+0 0

CD b 0 2Fb-5/2Fx+1/2qx2 0 0 0 0

CE b 0 -Fb+Fx 0 0 0 0
0+0 0

EC b 0 Fx 0 0 0 0

FG b x -3Fx+1/2qx2 -Fb/EJ -3Fx2+1/2qx3 -Fxb/EJ x2

(-7/8-1/2)Fb3/EJ 1/3Xb3/EJ
GF b -b+x 5/2Fb-2Fx-1/2qx2 Fb/EJ -5/2Fb2+9/2Fbx-3/2Fx2-1/2qx3 -Fb2/EJ+Fxb/EJ b2-2bx+x2

GD b 2b-2x -5/2Fb+3/2Fx 0 -5Fb2+8Fbx-3Fx2 0 4b2-8bx+4x2

(-2+0)Fb3/EJ 4/3Xb3/EJ
DG b -2x Fb+3/2Fx 0 -2Fbx-3Fx2 0 4x2

DH b 0 -Fb+Fx 0 0 0 0
0+0 0

HD b 0 Fx 0 0 0 0

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

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

totali -89/24Fb3/EJ 2Xb3/EJ

iperstatica X=HA 89/48F

ESΣ06.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
FG = ∫

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
GF = ∫

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
GD = ∫

o

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

b
 b2 1/EJ 

        = (4 b -4 b +4/3 b ) b2 1/EJ  = 4/3  b3/EJ

LXX
DG = ∫

o

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

b
 b2 1/EJ 

        = (4/3 b ) b2 1/EJ  = 4/3  b3/EJ

LXX
GA = ∫

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
AG = ∫

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
FG = ∫

o

b(-3 x2/b2 +1/2 x3/b3 ) Fb2 1/EJ dx +  ∫
o

b(- x/b ) θ  dx

        = [- x3/b2 +1/8 x4/b3 ]
o

b
 Fb2 1/EJ  + [-1/2 x2/b ]

o

b
 θ  

        = (- b +1/8 b ) Fb2 1/EJ  + (-1/2 b ) θ   = -11/8  Fb3/EJ

LXo
GF = ∫

o

b(-5/2 +9/2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb2 1/EJ dx +  ∫
o

b(1 - x/b ) θ  dx

        = [-5/2 x +9/4 x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb2 1/EJ  + [ x -1/2 x2/b ]

o

b
 θ  

        = (-5/2 b +9/4 b -1/2 b -1/8 b ) Fb2 1/EJ  + ( b -1/2 b ) θ   = -11/8  Fb3/EJ

LXo
GD = ∫

o

b(-5 +8 x/b -3 x2/b2 ) Fb2 1/EJ dx = [-5 x +4 x2/b - x3/b2 ]
o

b
 Fb2 1/EJ 

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

LXo
DG = ∫

o

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

b
 Fb2 1/EJ 

        = (- b - b ) Fb2 1/EJ  = -2  Fb3/EJ

LXo
GA = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
AG = ∫

o

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

b
 Fb2 1/EJ 

        = (-1/3 b ) Fb2 1/EJ  = -1/3  Fb3/EJ
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A =   918. mm2

Ju =  319684. mm4

Jv =  80946. mm4

yg =  20.95 mm
Ty = -3900. N
Mx = -2246400. Nmm
xm =    30. mm
ym =    55. mm
um =     9. mm
vm =  34.05 mm
σm = -Mv/Ju =  239.3 N/mm2

xc =    21. mm
yc =    41. mm
vc =  20.05 mm
σc = -Mv/Ju =  140.9 N/mm2

τc =  13.36 N/mm2

σo = √σ2+3τ2 =  142.8 N/mm2

S* =  6570. mm3mm 0 12 18 24 30 42x
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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 -1/2Fx-1/2qx2 0 0 0 0
0+0 0

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

BC √2b 0 -Fb+√2/2Fx 0 0 0 0 0 0

BD b 0 0 0 0 0 0
0+0 0

DB b 0 0 0 0 0 0

DC b 0 -2Fx 0 0 0 0
0+0 0

CD b 0 2Fb-2Fx 0 0 0 0

CE b 0 -Fb+Fx 0 0 0 0
0+0 0

EC b 0 Fx 0 0 0 0

FG b x Fb-3Fx -Fb/EJ Fbx-3Fx2 -Fxb/EJ x2

(-1/2-1/2)Fb3/EJ 1/3Xb3/EJ
GF b -b+x 2Fb-3Fx Fb/EJ -2Fb2+5Fbx-3Fx2 -Fb2/EJ+Fxb/EJ b2-2bx+x2

GD b 2b-2x -7/2Fb+5/2Fx 0 -7Fb2+12Fbx-5Fx2 0 4b2-8bx+4x2

(-8/3+0)Fb3/EJ 4/3Xb3/EJ
DG b -2x Fb+5/2Fx 0 -2Fbx-5Fx2 0 4x2

DH b 0 -Fb+Fx 0 0 0 0
0+0 0

HD b 0 Fx 0 0 0 0

GA b -b+x 3/2Fb-2Fx+1/2qx2 0 -3/2Fb2+7/2Fbx-5/2Fx2+1/2qx3 0 b2-2bx+x2

(-11/24+0)Fb3/EJ 1/3Xb3/EJ
AG b x -Fx-1/2qx2 0 -Fx2-1/2qx3 0 x2

totali -33/8Fb3/EJ 2Xb3/EJ

iperstatica X=HA 33/16F
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Sviluppi di calcolo iperstatica
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LXX
FG = ∫

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
GF = ∫

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
GD = ∫

o

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

b
 b2 1/EJ 

        = (4 b -4 b +4/3 b ) b2 1/EJ  = 4/3  b3/EJ

LXX
DG = ∫

o

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

b
 b2 1/EJ 

        = (4/3 b ) b2 1/EJ  = 4/3  b3/EJ

LXX
GA = ∫

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
AG = ∫

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
FG = ∫

o

b( x/b -3 x2/b2 ) Fb2 1/EJ dx +  ∫
o

b(- x/b ) θ  dx

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

b
 Fb2 1/EJ  + [-1/2 x2/b ]

o

b
 θ  

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

LXo
GF = ∫

o

b(-2 +5 x/b -3 x2/b2 ) Fb2 1/EJ dx +  ∫
o

b(1 - x/b ) θ  dx

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

b
 Fb2 1/EJ  + [ x -1/2 x2/b ]

o

b
 θ  

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

LXo
GD = ∫

o

b(-7 +12 x/b -5 x2/b2 ) Fb2 1/EJ dx = [-7 x +6 x2/b -5/3 x3/b2 ]
o

b
 Fb2 1/EJ 

        = (-7 b +6 b -5/3 b ) Fb2 1/EJ  = -8/3  Fb3/EJ

LXo
DG = ∫

o

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

b
 Fb2 1/EJ 

        = (- b -5/3 b ) Fb2 1/EJ  = -8/3  Fb3/EJ

LXo
GA = ∫

o

b(-3/2 +7/2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb2 1/EJ dx

        = [-3/2 x +7/4 x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb2 1/EJ 

        = (-3/2 b +7/4 b -5/6 b +1/8 b ) Fb2 1/EJ  = -11/24  Fb3/EJ

LXo
AG = ∫

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  = -11/24  Fb3/EJ
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A =   720. mm2

Ju =  272496. mm4

Jv =  49680. mm4

yg =  31.02 mm
Ty = -3060. N
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xc =    21. mm
yc =    13. mm
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σc = -Mv/Ju = -133.6 N/mm2

τc =  10.32 N/mm2

σo = √σ2+3τ2 =  134.8 N/mm2

S* =  5517. mm3mm 0 12 18 24 30 42x
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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 -Fx 0 0 0 0
0+0 0

BA b 0 Fb-Fx 0 0 0 0

BC √2b 0 -Fb+√2/2Fx 0 0 0 0 0 0

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

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

DC b 0 -2Fx 0 0 0 0
0+0 0

CD b 0 2Fb-2Fx 0 0 0 0

CE b 0 -Fb+Fx 0 0 0 0
0+0 0

EC b 0 Fx 0 0 0 0

FG b x Fb-4Fx -Fb/EJ Fbx-4Fx2 -Fxb/EJ x2

(-5/6-1/2)Fb3/EJ 1/3Xb3/EJ
GF b -b+x 3Fb-4Fx Fb/EJ -3Fb2+7Fbx-4Fx2 -Fb2/EJ+Fxb/EJ b2-2bx+x2

GD b 2b-2x -4Fb+3Fx 0 -8Fb2+14Fbx-6Fx2 0 4b2-8bx+4x2

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

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

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

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

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

totali -14/3Fb3/EJ 2Xb3/EJ

iperstatica X=HA 7/3F

ESΣ06.xxxx.080PROCEDIMENTO E RISULTATI 238991
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Sviluppi di calcolo iperstatica
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LXX
FG = ∫

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
GF = ∫

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
GD = ∫

o

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

b
 b2 1/EJ 

        = (4 b -4 b +4/3 b ) b2 1/EJ  = 4/3  b3/EJ

LXX
DG = ∫

o

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

b
 b2 1/EJ 

        = (4/3 b ) b2 1/EJ  = 4/3  b3/EJ

LXX
GA = ∫

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
AG = ∫

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
FG = ∫

o

b( x/b -4 x2/b2 ) Fb2 1/EJ dx +  ∫
o

b(- x/b ) θ  dx

        = [1/2 x2/b -4/3 x3/b2 ]
o

b
 Fb2 1/EJ  + [-1/2 x2/b ]

o

b
 θ  

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

LXo
GF = ∫

o

b(-3 +7 x/b -4 x2/b2 ) Fb2 1/EJ dx +  ∫
o

b(1 - x/b ) θ  dx

        = [-3 x +7/2 x2/b -4/3 x3/b2 ]
o

b
 Fb2 1/EJ  + [ x -1/2 x2/b ]

o

b
 θ  

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

LXo
GD = ∫

o

b(-8 +14 x/b -6 x2/b2 ) Fb2 1/EJ dx = [-8 x +7 x2/b -2 x3/b2 ]
o

b
 Fb2 1/EJ 

        = (-8 b +7 b -2 b ) Fb2 1/EJ  = -3  Fb3/EJ

LXo
DG = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
GA = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
AG = ∫

o

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

b
 Fb2 1/EJ 

        = (-1/3 b ) Fb2 1/EJ  = -1/3  Fb3/EJ
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A =   606. mm2

Ju =  215454. mm4

Jv =  40698. mm4

yg =  20.92 mm
Ty = -2680. N
Mx = -1340000. Nmm
xm =    30. mm
ym =    53. mm
um =     9. mm
vm =  32.08 mm
σm = -Mv/Ju =  199.5 N/mm2

xc =    21. mm
yc =    45. mm
vc =  24.08 mm
σc = -Mv/Ju =  149.8 N/mm2

τc =  7.136 N/mm2

σo = √σ2+3τ2 =  150.3 N/mm2

S* =  3442. mm3mm 0 12 18 24 30 42x
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Quadro contributi PLV per iperstatica X=VH

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

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

BA b 0 Fb-2Fx 0 0 0 0

BC √2b 0 -Fb+√2/2Fx 0 0 0 0 0 0

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

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

DC b 0 -2Fx 0 0 0 0
0+0 0

CD b 0 2Fb-2Fx 0 0 0 0

CE b 0 -Fb+Fx 0 0 0 0
0+0 0

EC b 0 Fx 0 0 0 0

FG b 1/2x -2Fx -Fb/EJ -Fx2 -1/2Fxb/EJ 1/4x2

(-1/3-1/4)Fb3/EJ 1/12Xb3/EJ
GF b -1/2b+1/2x 2Fb-2Fx Fb/EJ -Fb2+2Fbx-Fx2 -1/2Fb2/EJ+1/2Fxb/EJ 1/4b2-1/2bx+1/4x2

GD b b-x -Fb 0 -Fb2+Fbx 0 b2-2bx+x2

(-1/2+0)Fb3/EJ 1/3Xb3/EJ
DG b -x Fb 0 -Fbx 0 x2

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

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

GA b -1/2b+1/2x -Fb+Fx 0 1/2Fb2-Fbx+1/2Fx2 0 1/4b2-1/2bx+1/4x2

(1/6+0)Fb3/EJ 1/12Xb3/EJ
AG b 1/2x Fx 0 1/2Fx2 0 1/4x2

totali -11/12Fb3/EJ 1/2Xb3/EJ

iperstatica X=VH 11/6F
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Sviluppi di calcolo iperstatica
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LXX
FG = ∫

o

b(1/4 x2/b2 ) b2 1/EJ dx = [1/12 x3/b2 ]
o

b
 b2 1/EJ 

        = (1/12 b ) b2 1/EJ  = 1/12  b3/EJ

LXX
GF = ∫

o

b(1/4 -1/2 x/b +1/4 x2/b2 ) b2 1/EJ dx = [1/4 x -1/4 x2/b +1/12 x3/b2 ]
o

b
 b2 1/EJ 

        = (1/4 b -1/4 b +1/12 b ) b2 1/EJ  = 1/12  b3/EJ

LXX
GD = ∫

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
DG = ∫

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
GA = ∫

o

b(1/4 -1/2 x/b +1/4 x2/b2 ) b2 1/EJ dx = [1/4 x -1/4 x2/b +1/12 x3/b2 ]
o

b
 b2 1/EJ 

        = (1/4 b -1/4 b +1/12 b ) b2 1/EJ  = 1/12  b3/EJ

LXX
AG = ∫

o

b(1/4 x2/b2 ) b2 1/EJ dx = [1/12 x3/b2 ]
o

b
 b2 1/EJ 

        = (1/12 b ) b2 1/EJ  = 1/12  b3/EJ

LXo
FG = ∫

o

b(- x2/b2 ) Fb2 1/EJ dx +  ∫
o

b(-1/2 x/b ) θ  dx = [-1/3 x3/b2 ]
o

b
 Fb2 1/EJ  + [-1/4 x2/b ]

o

b
 θ  

        = (-1/3 b ) Fb2 1/EJ  + (-1/4 b ) θ   = -7/12  Fb3/EJ

LXo
GF = ∫

o

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

b(1/2 -1/2 x/b ) θ  dx

        = [- x + x2/b -1/3 x3/b2 ]
o

b
 Fb2 1/EJ  + [1/2 x -1/4 x2/b ]

o

b
 θ  

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

LXo
GD = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
DG = ∫

o

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

b
 Fb2 1/EJ 

        = (-1/2 b ) Fb2 1/EJ  = -1/2  Fb3/EJ

LXo
GA = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
AG = ∫

o

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

b
 Fb2 1/EJ 

        = (1/6 b ) Fb2 1/EJ  = 1/6  Fb3/EJ
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A =   900. mm2

Ju =  280787. mm4

Jv =  66096. mm4

yg =  22.17 mm
Ty = -3220. N
Mx = -2093000. Nmm
xm =    36. mm
ym =    53. mm
um =    12. mm
vm =  30.83 mm
σm = -Mv/Ju =  229.8 N/mm2

xc =    24. mm
yc =    42. mm
vc =  19.83 mm
σc = -Mv/Ju =  147.8 N/mm2

τc =  4.518 N/mm2

σo = √σ2+3τ2 =   148. N/mm2

S* =  4728. mm3mm 0 12 18 30 36 48x
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Quadro contributi PLV per iperstatica X=VH

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

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

BA b 0 Fb-2Fx 0 0 0 0

BC √2b 0 -Fb+√2/2Fx 0 0 0 0 0 0

BD b 0 0 0 0 0 0
0+0 0

DB b 0 0 0 0 0 0

DC b 0 -3/2Fx-1/2qx2 0 0 0 0
0+0 0

CD b 0 2Fb-5/2Fx+1/2qx2 0 0 0 0

CE b 0 -Fb+Fx 0 0 0 0
0+0 0

EC b 0 Fx 0 0 0 0

FG b 1/2x -2Fx -Fb/EJ -Fx2 -1/2Fxb/EJ 1/4x2

(-1/3-1/4)Fb3/EJ 1/12Xb3/EJ
GF b -1/2b+1/2x 2Fb-2Fx Fb/EJ -Fb2+2Fbx-Fx2 -1/2Fb2/EJ+1/2Fxb/EJ 1/4b2-1/2bx+1/4x2

GD b b-x -2Fb+1/2Fx 0 -2Fb2+5/2Fbx-1/2Fx2 0 b2-2bx+x2

(-11/12+0)Fb3/EJ 1/3Xb3/EJ
DG b -x 3/2Fb+1/2Fx 0 -3/2Fbx-1/2Fx2 0 x2

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

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

GA b -1/2b+1/2x 0 0 0 0 1/4b2-1/2bx+1/4x2

0+0 1/12Xb3/EJ
AG b 1/2x 0 0 0 0 1/4x2

totali -3/2Fb3/EJ 1/2Xb3/EJ

iperstatica X=VH 3F

ESΣ06.xxxx.135PROCEDIMENTO E RISULTATI 241574
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Sviluppi di calcolo iperstatica
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LXX
FG = ∫

o

b(1/4 x2/b2 ) b2 1/EJ dx = [1/12 x3/b2 ]
o

b
 b2 1/EJ 

        = (1/12 b ) b2 1/EJ  = 1/12  b3/EJ

LXX
GF = ∫

o

b(1/4 -1/2 x/b +1/4 x2/b2 ) b2 1/EJ dx = [1/4 x -1/4 x2/b +1/12 x3/b2 ]
o

b
 b2 1/EJ 

        = (1/4 b -1/4 b +1/12 b ) b2 1/EJ  = 1/12  b3/EJ

LXX
GD = ∫

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
DG = ∫

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
GA = ∫

o

b(1/4 -1/2 x/b +1/4 x2/b2 ) b2 1/EJ dx = [1/4 x -1/4 x2/b +1/12 x3/b2 ]
o

b
 b2 1/EJ 

        = (1/4 b -1/4 b +1/12 b ) b2 1/EJ  = 1/12  b3/EJ

LXX
AG = ∫

o

b(1/4 x2/b2 ) b2 1/EJ dx = [1/12 x3/b2 ]
o

b
 b2 1/EJ 

        = (1/12 b ) b2 1/EJ  = 1/12  b3/EJ

LXo
FG = ∫

o

b(- x2/b2 ) Fb2 1/EJ dx +  ∫
o

b(-1/2 x/b ) θ  dx = [-1/3 x3/b2 ]
o

b
 Fb2 1/EJ  + [-1/4 x2/b ]

o

b
 θ  

        = (-1/3 b ) Fb2 1/EJ  + (-1/4 b ) θ   = -7/12  Fb3/EJ

LXo
GF = ∫

o

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

b(1/2 -1/2 x/b ) θ  dx

        = [- x + x2/b -1/3 x3/b2 ]
o

b
 Fb2 1/EJ  + [1/2 x -1/4 x2/b ]

o

b
 θ  

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

LXo
GD = ∫

o

b(-2 +5/2 x/b -1/2 x2/b2 ) Fb2 1/EJ dx = [-2 x +5/4 x2/b -1/6 x3/b2 ]
o

b
 Fb2 1/EJ 

        = (-2 b +5/4 b -1/6 b ) Fb2 1/EJ  = -11/12  Fb3/EJ

LXo
DG = ∫

o

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

b
 Fb2 1/EJ 

        = (-3/4 b -1/6 b ) Fb2 1/EJ  = -11/12  Fb3/EJ
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A =  1020. mm2

Ju =  360241. mm4

Jv =  74448. mm4

yg =  29.65 mm
Ty = -3875. N
Mx = -2418000. Nmm
xm =    12. mm
um =   -12. mm
vm = -29.65 mm
σm = -Mv/Ju =  -199. N/mm2

xc =    24. mm
yc =    48. mm
vc =  18.35 mm
σc = -Mv/Ju =  123.1 N/mm2

τc =  5.972 N/mm2

σo = √σ2+3τ2 =  123.6 N/mm2

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