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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 -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 -1/2Fb-1/2qx2 0 -1/2Fb2+1/2Fbx-1/2Fx2+1/2qx3 0 b2-2bx+x2

(-7/24+0)Fb3/EJ 1/3Xb3/EJ
DG b -x Fb-Fx+1/2qx2 0 -Fbx+Fx2-1/2qx3 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 -1/2Fx+1/2qx2 0 1/4Fbx-1/2Fx2+1/4qx3 0 1/4b2-1/2bx+1/4x2

(1/48+0)Fb3/EJ 1/12Xb3/EJ
AG b 1/2x 1/2Fx-1/2qx2 0 1/4Fx2-1/4qx3 0 1/4x2

totali -37/48Fb3/EJ 1/2Xb3/EJ

iperstatica X=VH 37/24F
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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 +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  = -7/24  Fb3/EJ

LXo
DG = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
GA = ∫

o

b(1/4 x/b -1/2 x2/b2 +1/4 x3/b3 ) Fb2 1/EJ dx = [1/8 x2/b -1/6 x3/b2 +1/16 x4/b3 ]
o

b
 Fb2 1/EJ 

        = (1/8 b -1/6 b +1/16 b ) Fb2 1/EJ  = 1/48  Fb3/EJ

LXo
AG = ∫

o

b(1/4 x2/b2 -1/4 x3/b3 ) Fb2 1/EJ dx = [1/12 x3/b2 -1/16 x4/b3 ]
o

b
 Fb2 1/EJ 

        = (1/12 b -1/16 b ) Fb2 1/EJ  = 1/48  Fb3/EJ
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A =   612. mm2

Ju =  225968. mm4

Jv =  40716. mm4

yg =  32.65 mm
Ty = -2580. N
Mx = -1444800. Nmm
xm =    12. mm
um =    -9. mm
vm = -32.65 mm
σm = -Mv/Ju = -208.7 N/mm2

xc =    21. mm
yc =     8. mm
vc = -24.65 mm
σc = -Mv/Ju = -157.6 N/mm2

τc =  6.679 N/mm2

σo = √σ2+3τ2 =   158. N/mm2

S* =  3510. mm3mm 0 12 18 24 30 42x
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Quadro contributi PLV per iperstatica X=VF

→ 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 -7/2Fx+1/2qx2 -Fb/EJ 7/4Fx2-1/4qx3 1/2Fxb/EJ 1/4x2

(25/48+1/4)Fb3/EJ 1/12Xb3/EJ
GF b 1/2b-1/2x 3Fb-5/2Fx-1/2qx2 Fb/EJ 3/2Fb2-11/4Fbx+Fx2+1/4qx3 1/2Fb2/EJ-1/2Fxb/EJ 1/4b2-1/2bx+1/4x2

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

(13/12+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 31/16Fb3/EJ 1/2Xb3/EJ

iperstatica X=VF -31/8F
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Sviluppi di calcolo iperstatica



ESΣ6.xxxx.015PROCEDIMENTO E RISULTATI 982314

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.02.24

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

b(1/2 x/b ) θ  dx

        = [7/12 x3/b2 -1/16 x4/b3 ]
o

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

o

b
 θ  

        = (7/12 b -1/16 b ) Fb2 1/EJ  + (1/4 b ) θ   = 37/48  Fb3/EJ

LXo
GF = ∫

o

b(3/2 -11/4 x/b + x2/b2 +1/4 x3/b3 ) Fb2 1/EJ dx +  ∫
o

b(-1/2 +1/2 x/b ) θ  dx

        = [3/2 x -11/8 x2/b +1/3 x3/b2 +1/16 x4/b3 ]
o

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

o

b
 θ  

        = (3/2 b -11/8 b +1/3 b +1/16 b ) Fb2 1/EJ  + (-1/2 b +1/4 b ) θ   = 37/48  Fb3/EJ

LXo
GD = ∫

o

b(5/2 -7/2 x/b + x2/b2 ) Fb2 1/EJ dx = [5/2 x -7/4 x2/b +1/3 x3/b2 ]
o

b
 Fb2 1/EJ 

        = (5/2 b -7/4 b +1/3 b ) Fb2 1/EJ  = 13/12  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  = 13/12  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=HF

→ 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 0 -Fb/EJ 0 Fxb/EJ x2

(0+1/2)Fb3/EJ 1/3Xb3/EJ
GF b b-x 0 Fb/EJ 0 Fb2/EJ-Fxb/EJ b2-2bx+x2

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

(-4/3+0)Fb3/EJ 4/3Xb3/EJ
DG b 2x Fb-7/2Fx 0 2Fbx-7Fx2 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+Fx+1/2qx2 0 -3/2Fb2+5/2Fbx-1/2Fx2-1/2qx3 0 b2-2bx+x2

(-13/24+0)Fb3/EJ 1/3Xb3/EJ
AG b -x 2Fx-1/2qx2 0 -2Fx2+1/2qx3 0 x2

totali -11/8Fb3/EJ 2Xb3/EJ

iperstatica X=HF 11/16F

ESΣ6.xxxx.035PROCEDIMENTO E RISULTATI 985260
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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 ) θ  dx = [1/2 x2/b ]
o

b
 θ  

        = (1/2 b ) θ   = 1/2  Fb3/EJ

LXo
GF =  ∫

o

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

b
 θ  

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

LXo
GD = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
DG = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
GA = ∫

o

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

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

b
 Fb2 1/EJ 

        = (-3/2 b +5/4 b -1/6 b -1/8 b ) Fb2 1/EJ  = -13/24  Fb3/EJ

LXo
AG = ∫

o

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

b
 Fb2 1/EJ 

        = (-2/3 b +1/8 b ) Fb2 1/EJ  = -13/24  Fb3/EJ
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A =   984. mm2

Ju =  337339. mm4

Jv =  77472. mm4

yg =  31.85 mm
Ty = -2700. N
Mx = -2106000. Nmm
xm =    12. mm
um =   -12. mm
vm = -31.85 mm
σm = -Mv/Ju = -198.9 N/mm2

xc =    24. mm
yc =    11. mm
vc = -20.85 mm
σc = -Mv/Ju = -130.2 N/mm2

τc =  3.706 N/mm2

σo = √σ2+3τ2 =  130.3 N/mm2

S* =  5556. 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 -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 -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 -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

ESΣ6.xxxx.046PROCEDIMENTO E RISULTATI 980874
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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 =  1032. mm2

Ju =  363732. mm4

Jv =  75456. mm4

yg =  25.55 mm
Ty = -3900. N
Mx = -2589600. Nmm
xm =    36. mm
ym =    55. mm
um =    12. mm
vm =  29.45 mm
σm = -Mv/Ju =  209.7 N/mm2

xc =    24. mm
yc =     7. mm
vc = -18.55 mm
σc = -Mv/Ju =  -132. N/mm2

τc =  6.006 N/mm2

σo = √σ2+3τ2 =  132.5 N/mm2

S* =  6722. mm3mm 0 12 18 30 36 48x

0

6

42

55

y

7
σc,τc

σm

u

v



ESΣ6.xxxx.051REAZIONI 981822

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.02.24

2F

2F

2F

2F
2Fb

A B

2F
2Fb

2F

B

C

2F

B

D

5/2F 5/2F
5/2Fb

D C

2F

5/2F
3/2Fb

F

5/2F

C

E

15/16F

29/8F
Fb

15/16F

29/8F
1/16Fb

F

G

F

13/8F
5/8Fb

F

13/8F
Fb

G D

F

9/8F
Fb

F

9/8F

D

H

1/16F

2F
9/16Fb

17/16F

2F

G

A

ESΣ6.xxxx.051AZIONI INTERNE 981822

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.02.24

-2

-√2-2

0

-5
/2

-5
/2

29
/8

-1

-9
/8

2
2

 F

-2

√20

-5/2 2
1

-1
5/

16

-13/8

1

1/
16

17
/1

6

 F

0
-2

-2

0

0
0

0
-5/2

-3
/2

01
1/

16

5/8
-1

-1
0

-9
/1

6
0

 Fb



E
S

Σ6
.x

xx
x.

05
1

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
81

82
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

01
.0

2.
24

A
B

C
D

E
FG

H

W

F

W

F
X

q

q S
ch

em
a 

di
 c

al
co

lo
 ip

er
st

at
ic

o

0
-2

-2

0

0 0 0
-5

/2

-3/2
0

11

5/
2

-1

-1
0

-3/2
0

M
o 

fle
ss

io
ne

 d
a 

ca
ric

hi
 a

ss
eg

na
ti

0
0

0

0

0 0 0
0

0 0

0
-1-2

0

0 0

10

M
x 

fle
ss

io
ne

 d
a 

ip
er

st
at

ic
a 

X
=

1

E
S

Σ6
.x

xx
x.

05
1

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
81

82
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

01
.0

2.
24



ESΣ6.xxxx.051PROCEDIMENTO E RISULTATI 981822

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.02.24

Quadro contributi PLV per iperstatica X=HF

→ 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 0 0 0 0 0
0+0 0

DB b 0 0 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 -x Fb -Fb/EJ -Fbx Fxb/EJ x2

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

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

(-4/3+0)Fb3/EJ 4/3Xb3/EJ
DG b 2x Fb-7/2Fx 0 2Fbx-7Fx2 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+Fx+1/2qx2 0 -3/2Fb2+5/2Fbx-1/2Fx2-1/2qx3 0 b2-2bx+x2

(-13/24+0)Fb3/EJ 1/3Xb3/EJ
AG b -x 2Fx-1/2qx2 0 -2Fx2+1/2qx3 0 x2

totali -15/8Fb3/EJ 2Xb3/EJ

iperstatica X=HF 15/16F

ESΣ6.xxxx.051PROCEDIMENTO E RISULTATI 981822
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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 ) Fb2 1/EJ dx +  ∫
o

b( x/b ) θ  dx = [-1/2 x2/b ]
o

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

o

b
 θ  

        = (-1/2 b ) Fb2 1/EJ  + (1/2 b ) θ   = 0

LXo
GF = ∫

o

b(-1 + x/b ) Fb2 1/EJ dx +  ∫
o

b(-1 + x/b ) θ  dx

        = [- x +1/2 x2/b ]
o

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

o

b
 θ  

        = (- b +1/2 b ) Fb2 1/EJ  + (- b +1/2 b ) θ   = 0

LXo
GD = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
DG = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
GA = ∫

o

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

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

b
 Fb2 1/EJ 

        = (-3/2 b +5/4 b -1/6 b -1/8 b ) Fb2 1/EJ  = -13/24  Fb3/EJ

LXo
AG = ∫

o

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

b
 Fb2 1/EJ 

        = (-2/3 b +1/8 b ) Fb2 1/EJ  = -13/24  Fb3/EJ

ESΣ6.xxxx.051PROCEDIMENTO E RISULTATI 981822

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.02.24

A =   972. mm2

Ju =  321252. mm4

Jv =  77328. mm4

yg =  31.31 mm
Ty = -3825. N
Mx = -2142000. Nmm
xm =    12. mm
um =   -12. mm
vm = -31.31 mm
σm = -Mv/Ju = -208.8 N/mm2

xc =    24. mm
yc =    10. mm
vc = -21.31 mm
σc = -Mv/Ju = -142.1 N/mm2

τc =  5.156 N/mm2

σo = √σ2+3τ2 =  142.4 N/mm2

S* =  5196. mm3mm 0 12 18 30 36 48x
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.02.24

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 -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+1/2qx2 -Fb/EJ Fbx-3Fx2+1/2qx3 -Fxb/EJ x2

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

GD b 2b-2x -5/2Fb+2Fx-1/2qx2 0 -5Fb2+9Fbx-5Fx2+qx3 0 4b2-8bx+4x2

(-23/12+0)Fb3/EJ 4/3Xb3/EJ
DG b -2x Fb+Fx+1/2qx2 0 -2Fbx-2Fx2-qx3 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 -25/8Fb3/EJ 2Xb3/EJ

iperstatica X=HA 25/16F

ESΣ6.xxxx.067PROCEDIMENTO E RISULTATI 981482

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.02.24

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 +1/2 x3/b3 ) Fb2 1/EJ dx +  ∫
o

b(- x/b ) θ  dx

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

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

o

b
 θ  

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

LXo
GF = ∫

o

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

b(1 - x/b ) θ  dx

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

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

o

b
 θ  

        = (-3/2 b +7/4 b -1/2 b -1/8 b ) Fb2 1/EJ  + ( b -1/2 b ) θ   = -7/8  Fb3/EJ

LXo
GD = ∫

o

b(-5 +9 x/b -5 x2/b2 + x3/b3 ) Fb2 1/EJ dx = [-5 x +9/2 x2/b -5/3 x3/b2 +1/4 x4/b3 ]
o

b
 Fb2 1/EJ 

        = (-5 b +9/2 b -5/3 b +1/4 b ) Fb2 1/EJ  = -23/12  Fb3/EJ

LXo
DG = ∫

o

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

b
 Fb2 1/EJ 

        = (- b -2/3 b -1/4 b ) Fb2 1/EJ  = -23/12  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

ESΣ6.xxxx.067PROCEDIMENTO E RISULTATI 981482

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.02.24

A =   924. mm2

Ju =  296396. mm4

Jv =  68112. mm4

yg =  30.16 mm
Ty = -2540. N
Mx = -2159000. Nmm
xm =    12. mm
um =   -12. mm
vm = -30.16 mm
σm = -Mv/Ju = -219.7 N/mm2

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

τc =  3.553 N/mm2

σo = √σ2+3τ2 =   147. N/mm2

S* =  4975. mm3mm 0 12 18 30 36 48x
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.02.24

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 -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+1/2qx2 -Fb/EJ -Fx2+1/4qx3 -1/2Fxb/EJ 1/4x2

(-13/48-1/4)Fb3/EJ 1/12Xb3/EJ
GF b -1/2b+1/2x 3/2Fb-Fx-1/2qx2 Fb/EJ -3/4Fb2+5/4Fbx-1/4Fx2-1/4qx3 -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 -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+1/2qx2 0 1/4Fb2-1/4Fbx-1/4Fx2+1/4qx3 0 1/4b2-1/2bx+1/4x2

(5/48+0)Fb3/EJ 1/12Xb3/EJ
AG b 1/2x Fx-1/2qx2 0 1/2Fx2-1/4qx3 0 1/4x2

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

iperstatica X=VH 11/6F

ESΣ6.xxxx.111PROCEDIMENTO E RISULTATI 983213

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.02.24

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 +1/4 x3/b3 ) Fb2 1/EJ dx +  ∫
o

b(-1/2 x/b ) θ  dx

        = [-1/3 x3/b2 +1/16 x4/b3 ]
o

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

o

b
 θ  

        = (-1/3 b +1/16 b ) Fb2 1/EJ  + (-1/4 b ) θ   = -25/48  Fb3/EJ

LXo
GF = ∫

o

b(-3/4 +5/4 x/b -1/4 x2/b2 -1/4 x3/b3 ) Fb2 1/EJ dx +  ∫
o

b(1/2 -1/2 x/b ) θ  dx

        = [-3/4 x +5/8 x2/b -1/12 x3/b2 -1/16 x4/b3 ]
o

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

o

b
 θ  

        = (-3/4 b +5/8 b -1/12 b -1/16 b ) Fb2 1/EJ  + (1/2 b -1/4 b ) θ   = -25/48  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(1/4 -1/4 x/b -1/4 x2/b2 +1/4 x3/b3 ) Fb2 1/EJ dx

        = [1/4 x -1/8 x2/b -1/12 x3/b2 +1/16 x4/b3 ]
o

b
 Fb2 1/EJ 

        = (1/4 b -1/8 b -1/12 b +1/16 b ) Fb2 1/EJ  = 5/48  Fb3/EJ

LXo
AG = ∫

o

b(1/2 x2/b2 -1/4 x3/b3 ) Fb2 1/EJ dx = [1/6 x3/b2 -1/16 x4/b3 ]
o

b
 Fb2 1/EJ 

        = (1/6 b -1/16 b ) Fb2 1/EJ  = 5/48  Fb3/EJ
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A =  1140. mm2

Ju =  338607. mm4

Jv =  121680. mm4

yg =  20.33 mm
Ty = -3760. N
Mx = -2105600. Nmm
xm =    36. mm
ym =    54. mm
um =    12. mm
vm =  33.67 mm
σm = -Mv/Ju =  209.4 N/mm2

xc =    24. mm
yc =    42. mm
vc =  21.67 mm
σc = -Mv/Ju =  134.7 N/mm2

τc =  5.417 N/mm2

σo = √σ2+3τ2 =  135.1 N/mm2

S* =  5854. 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 -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 -4Fx -Fb/EJ -4Fx2 -Fxb/EJ x2

(-4/3-1/2)Fb3/EJ 1/3Xb3/EJ
GF b -b+x 4Fb-4Fx Fb/EJ -4Fb2+8Fbx-4Fx2 -Fb2/EJ+Fxb/EJ b2-2bx+x2

GD b 2b-2x -5Fb+3Fx 0 -10Fb2+16Fbx-6Fx2 0 4b2-8bx+4x2

(-4+0)Fb3/EJ 4/3Xb3/EJ
DG b -2x 2Fb+3Fx 0 -4Fbx-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 -37/6Fb3/EJ 2Xb3/EJ

iperstatica X=HA 37/12F

ESΣ6.xxxx.153PROCEDIMENTO E RISULTATI 980904

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.02.24

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(-4 x2/b2 ) Fb2 1/EJ dx +  ∫
o

b(- x/b ) θ  dx = [-4/3 x3/b2 ]
o

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

o

b
 θ  

        = (-4/3 b ) Fb2 1/EJ  + (-1/2 b ) θ   = -11/6  Fb3/EJ

LXo
GF = ∫

o

b(-4 +8 x/b -4 x2/b2 ) Fb2 1/EJ dx +  ∫
o

b(1 - x/b ) θ  dx

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

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

o

b
 θ  

        = (-4 b +4 b -4/3 b ) Fb2 1/EJ  + ( b -1/2 b ) θ   = -11/6  Fb3/EJ

LXo
GD = ∫

o

b(-10 +16 x/b -6 x2/b2 ) Fb2 1/EJ dx = [-10 x +8 x2/b -2 x3/b2 ]
o

b
 Fb2 1/EJ 

        = (-10 b +8 b -2 b ) Fb2 1/EJ  = -4  Fb3/EJ

LXo
DG = ∫

o

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

b
 Fb2 1/EJ 

        = (-2 b -2 b ) Fb2 1/EJ  = -4  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 =  1188. mm2

Ju =  384370. mm4

Jv =  119664. mm4

yg =  22.38 mm
Ty = -4220. N
Mx = -2785200. Nmm
xm =    36. mm
ym =    54. mm
um =    12. mm
vm =  31.62 mm
σm = -Mv/Ju =  229.1 N/mm2

xc =    24. mm
yc =    41. mm
vc =  18.62 mm
σc = -Mv/Ju =  134.9 N/mm2

τc =  6.961 N/mm2

σo = √σ2+3τ2 =  135.5 N/mm2

S* =  7608. mm3mm 0 12 18 30 36 48x
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Quadro contributi PLV per iperstatica X=HF

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

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

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

BC √2b 0 -2Fb+√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 -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 -x 0 -Fb/EJ 0 Fxb/EJ x2

(0+1/2)Fb3/EJ 1/3Xb3/EJ
GF b b-x 0 Fb/EJ 0 Fb2/EJ-Fxb/EJ b2-2bx+x2

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

0+0 4/3Xb3/EJ
DG b 2x 2Fb-3Fx 0 4Fbx-6Fx2 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 1/6Fb3/EJ 2Xb3/EJ

iperstatica X=HF -1/12F

ESΣ6.xxxx.174PROCEDIMENTO E RISULTATI 956425

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.02.24

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 ) θ  dx = [1/2 x2/b ]
o

b
 θ  

        = (1/2 b ) θ   = 1/2  Fb3/EJ

LXo
GF =  ∫

o

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

b
 θ  

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

LXo
GD = ∫

o

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

b
 Fb2 1/EJ 

        = (-2 b +4 b -2 b ) Fb2 1/EJ  = 0

LXo
DG = ∫

o

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

b
 Fb2 1/EJ 

        = (2 b -2 b ) Fb2 1/EJ  = 0

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

ESΣ6.xxxx.174PROCEDIMENTO E RISULTATI 956425
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A =   948. mm2

Ju =  309947. mm4

Jv =  64080. mm4

yg =  24.87 mm
Ty = -3775. N
Mx = -2642500. Nmm
xm =    36. mm
ym =    53. mm
um =    12. mm
vm =  28.13 mm
σm = -Mv/Ju =  239.9 N/mm2

xc =    24. mm
yc =     6. mm
vc = -18.87 mm
σc = -Mv/Ju = -160.9 N/mm2

τc =  5.684 N/mm2

σo = √σ2+3τ2 =  161.2 N/mm2

S* =  5601. 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 -3Fx 0 0 0 0
0+0 0

BA b 0 3Fb-3Fx 0 0 0 0

BC √2b 0 -2Fb+√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 -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 x -4Fx -Fb/EJ -4Fx2 -Fxb/EJ x2

(-4/3-1/2)Fb3/EJ 1/3Xb3/EJ
GF b -b+x 4Fb-4Fx Fb/EJ -4Fb2+8Fbx-4Fx2 -Fb2/EJ+Fxb/EJ b2-2bx+x2

GD b 2b-2x -6Fb+9/2Fx 0 -12Fb2+21Fbx-9Fx2 0 4b2-8bx+4x2

(-9/2+0)Fb3/EJ 4/3Xb3/EJ
DG b -2x 3/2Fb+9/2Fx 0 -3Fbx-9Fx2 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 2Fb-2Fx 0 -2Fb2+4Fbx-2Fx2 0 b2-2bx+x2

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

totali -7Fb3/EJ 2Xb3/EJ

iperstatica X=HA 7/2F

ESΣ6.xxxx.193PROCEDIMENTO E RISULTATI 957662

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 01.02.24

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(-4 x2/b2 ) Fb2 1/EJ dx +  ∫
o

b(- x/b ) θ  dx = [-4/3 x3/b2 ]
o

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

o

b
 θ  

        = (-4/3 b ) Fb2 1/EJ  + (-1/2 b ) θ   = -11/6  Fb3/EJ

LXo
GF = ∫

o

b(-4 +8 x/b -4 x2/b2 ) Fb2 1/EJ dx +  ∫
o

b(1 - x/b ) θ  dx

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

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

o

b
 θ  

        = (-4 b +4 b -4/3 b ) Fb2 1/EJ  + ( b -1/2 b ) θ   = -11/6  Fb3/EJ

LXo
GD = ∫

o

b(-12 +21 x/b -9 x2/b2 ) Fb2 1/EJ dx = [-12 x +21/2 x2/b -3 x3/b2 ]
o

b
 Fb2 1/EJ 

        = (-12 b +21/2 b -3 b ) Fb2 1/EJ  = -9/2  Fb3/EJ

LXo
DG = ∫

o

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

b
 Fb2 1/EJ 

        = (-3/2 b -3 b ) Fb2 1/EJ  = -9/2  Fb3/EJ

LXo
GA = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
AG = ∫

o

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

b
 Fb2 1/EJ 

        = (-2/3 b ) Fb2 1/EJ  = -2/3  Fb3/EJ
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A =   636. mm2

Ju =  223904. mm4

Jv =  46404. mm4

yg =    34. mm
N = -1500. N
Ty = -2250. N
Mx = -1485000. Nmm
xm =    12. mm
um =    -9. mm
vm =   -34. mm
σm = N/A-Mv/Ju = -227.9 N/mm2

xc =    21. mm
yc =    10. mm
vc =   -24. mm
σc = N/A-Mv/Ju = -161.5 N/mm2

τc =   6.08 N/mm2

σo = √σ2+3τ2 =  161.9 N/mm2

S* =  3630. mm3mm 0 12 18 24 30 42x
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Quadro contributi PLV per iperstatica X=HFG

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

AB b 0 -3Fx 0 0 0 0
0+0 0

BA b 0 3Fb-3Fx 0 0 0 0

BC √2b 0 -2Fb+√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 -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 -x 1/2qx2 -Fb/EJ -1/2qx3 Fxb/EJ x2

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

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

(-4/3+0)Fb3/EJ 4/3Xb3/EJ
DG b 2x Fb-7/2Fx 0 2Fbx-7Fx2 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 -2Fb+2Fx 0 -2Fb2+4Fbx-2Fx2 0 b2-2bx+x2

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

totali -13/8Fb3/EJ 2Xb3/EJ

iperstatica X=HFG 13/16F

ESΣ6.xxxx.198PROCEDIMENTO E RISULTATI 981030
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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(-1/2 x3/b3 ) Fb2 1/EJ dx +  ∫
o

b( x/b ) θ  dx = [-1/8 x4/b3 ]
o

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

o

b
 θ  

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

LXo
GF = ∫

o

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

b(-1 + x/b ) θ  dx

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

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

o

b
 θ  

        = (-1/2 b +3/4 b -1/2 b +1/8 b ) Fb2 1/EJ  + (- b +1/2 b ) θ   = 3/8  Fb3/EJ

LXo
GD = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
DG = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
GA = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
AG = ∫

o

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

b
 Fb2 1/EJ 

        = (-2/3 b ) Fb2 1/EJ  = -2/3  Fb3/EJ
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A =   924. mm2

Ju =  294950. mm4

Jv =  86148. mm4

yg =  34.31 mm
N = -1420. N
Ty = -2130. N
Mx = -1938300. Nmm
xm =    12. mm
um =    -9. mm
vm = -34.31 mm
σm = N/A-Mv/Ju =  -227. N/mm2

xc =    21. mm
yc =    12. mm
vc = -22.31 mm
σc = N/A-Mv/Ju = -148.2 N/mm2

τc =  7.031 N/mm2

σo = √σ2+3τ2 =  148.7 N/mm2

S* =  5842. mm3mm 0 12 18 24 30 42x
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