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Quadro contributi PLV per iperstatica X=VA

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

AB b -2x -5/2Fx+1/2qx2 0 5Fx2-qx3 0 4x2

(17/12+0)Fb3/EJ 4/3Xb3/EJ
BA b 2b-2x 2Fb-3/2Fx-1/2qx2 0 4Fb2-7Fbx+2Fx2+qx3 0 4b2-8bx+4x2

BC b -2b+x -2Fb 0 4Fb2-2Fbx 0 4b2-4bx+x2

(3+0)Fb3/EJ 7/3Xb3/EJ
CB b b+x 2Fb 0 2Fb2+2Fbx 0 b2+2bx+x2

CD b -b+x -2Fb+2Fx -Fb/EJ 2Fb2-4Fbx+2Fx2 Fb2/EJ-Fxb/EJ b2-2bx+x2

(2/3+1/2)Fb3/EJ 1/3Xb3/EJ
DC b x 2Fx Fb/EJ 2Fx2 Fxb/EJ x2

DE b 0 0 0 0 0 0
0+0 0

ED b 0 0 0 0 0 0

EF b 0 7/2Fb-7/2Fx 0 0 0 0
0+0 0

FE b 0 -7/2Fx 0 0 0 0

FC b 0 0 0 0 0 0
0+0 0

CF b 0 0 0 0 0 0

CG b 0 0 0 0 0 0
0+0 0

GC b 0 0 0 0 0 0

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

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

HI 2b 0 0 0 0 0 0
0+0 0

IH 2b 0 0 0 0 0 0

IE b 0 Fb+5/2Fx 0 0 0 0
0+0 0

EI b 0 -7/2Fb+5/2Fx 0 0 0 0

D cedimento nodo -H1DuD -2Fb3/EJ

totali 43/12Fb3/EJ 4Xb3/EJ

iperstatica X=VA -43/48F
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

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
BA = ∫

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
BC = ∫

o

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

b
 b2 1/EJ 

        = (4 b -2 b +1/3 b ) b2 1/EJ  = 7/3  b3/EJ

LXX
CB = ∫

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  = 7/3  b3/EJ

LXX
CD = ∫

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
DC = ∫

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
AB = ∫

o

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

b
 Fb2 1/EJ 

        = (5/3 b -1/4 b ) Fb2 1/EJ  = 17/12  Fb3/EJ

LXo
BA = ∫

o

b(4 -7 x/b +2 x2/b2 + x3/b3 ) Fb2 1/EJ dx = [4 x -7/2 x2/b +2/3 x3/b2 +1/4 x4/b3 ]
o

b
 Fb2 1/EJ 

        = (4 b -7/2 b +2/3 b +1/4 b ) Fb2 1/EJ  = 17/12  Fb3/EJ

LXo
BC = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
CB = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
CD = ∫

o

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

b(1 - x/b ) θ  dx

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

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

o

b
 θ  

        = (2 b -2 b +2/3 b ) Fb2 1/EJ  + ( b -1/2 b ) θ   = 7/6  Fb3/EJ

LXo
DC = ∫

o

b(2 x2/b2 ) Fb2 1/EJ dx +  ∫
o

b(- x/b ) θ  dx = [2/3 x3/b2 ]
o

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

o

b
 θ  

        = (2/3 b ) Fb2 1/EJ  + (-1/2 b ) θ   = 7/6  Fb3/EJ
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A =   462. mm2

Ju =  129608. mm4

Jv =  14346. mm4

yg =  19.18 mm
Ty = -1120. N
Mx =  784000. Nmm
xm =    18. mm
ym =    53. mm
um =     3. mm
vm =  33.82 mm
σm = -Mv/Ju = -204.6 N/mm2

xc =    15. mm
yc =    39. mm
vc =  19.82 mm
σc = -Mv/Ju = -119.9 N/mm2

τc =  3.245 N/mm2

σo = √σ2+3τ2 =  120.1 N/mm2

S* =  2253. mm3mm 0 12 18 30x
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Quadro contributi PLV per iperstatica X=VD

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

AB b 2x -11/2Fx -Fb/EJ -11Fx2 -2Fxb/EJ 4x2

(-11/3-1)Fb3/EJ 4/3Xb3/EJ
BA b -2b+2x 11/2Fb-11/2Fx Fb/EJ -11Fb2+22Fbx-11Fx2 -2Fb2/EJ+2Fxb/EJ 4b2-8bx+4x2

BC b 2b-x -11/2Fb+2Fx 0 -11Fb2+19/2Fbx-2Fx2 0 4b2-4bx+x2

(-83/12+0)Fb3/EJ 7/3Xb3/EJ
CB b -b-x 7/2Fb+2Fx 0 -7/2Fb2-11/2Fbx-2Fx2 0 b2+2bx+x2

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

(-7/6+0)Fb3/EJ 1/3Xb3/EJ
DC b -x 7/2Fx 0 -7/2Fx2 0 x2

DE b 0 0 0 0 0 0
0+0 0

ED b 0 0 0 0 0 0

EF b 0 13/4Fb-13/4Fx 0 0 0 0
0+0 0

FE b 0 -13/4Fx 0 0 0 0

FC b 0 0 0 0 0 0
0+0 0

CF b 0 0 0 0 0 0

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

GC b 0 5/2Fb-2Fx-1/2qx2 0 0 0 0

GH 2b 0 -3/2Fb+3/4Fx 0 0 0 0
0+0 0

HG 2b 0 3/4Fx 0 0 0 0

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

IH 2b 0 -2Fb+1/2qx2 0 0 0 0

IE b 0 3Fb+1/4Fx 0 0 0 0
0+0 0

EI b 0 -13/4Fb+1/4Fx 0 0 0 0

D cedimento nodo -H1DuD 2Fb3/EJ

totali -43/4Fb3/EJ 4Xb3/EJ

iperstatica X=VD 43/16F
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

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
BA = ∫

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
BC = ∫

o

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

b
 b2 1/EJ 

        = (4 b -2 b +1/3 b ) b2 1/EJ  = 7/3  b3/EJ

LXX
CB = ∫

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  = 7/3  b3/EJ

LXX
CD = ∫

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
DC = ∫

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
AB = ∫

o

b(-11 x2/b2 ) Fb2 1/EJ dx +  ∫
o

b(-2 x/b ) θ  dx = [-11/3 x3/b2 ]
o

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

o

b
 θ  

        = (-11/3 b ) Fb2 1/EJ  + (- b ) θ   = -14/3  Fb3/EJ

LXo
BA = ∫

o

b(-11 +22 x/b -11 x2/b2 ) Fb2 1/EJ dx +  ∫
o

b(2 -2 x/b ) θ  dx

        = [-11 x +11 x2/b -11/3 x3/b2 ]
o

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

o

b
 θ  

        = (-11 b +11 b -11/3 b ) Fb2 1/EJ  + (2 b - b ) θ   = -14/3  Fb3/EJ

LXo
BC = ∫

o

b(-11 +19/2 x/b -2 x2/b2 ) Fb2 1/EJ dx = [-11 x +19/4 x2/b -2/3 x3/b2 ]
o

b
 Fb2 1/EJ 

        = (-11 b +19/4 b -2/3 b ) Fb2 1/EJ  = -83/12  Fb3/EJ

LXo
CB = ∫

o

b(-7/2 -11/2 x/b -2 x2/b2 ) Fb2 1/EJ dx = [-7/2 x -11/4 x2/b -2/3 x3/b2 ]
o

b
 Fb2 1/EJ 

        = (-7/2 b -11/4 b -2/3 b ) Fb2 1/EJ  = -83/12  Fb3/EJ

LXo
CD = ∫

o

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

b
 Fb2 1/EJ 

        = (-7/2 b +7/2 b -7/6 b ) Fb2 1/EJ  = -7/6  Fb3/EJ

LXo
DC = ∫

o

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

b
 Fb2 1/EJ 

        = (-7/6 b ) Fb2 1/EJ  = -7/6  Fb3/EJ
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A =   762. mm2

Ju =  174852. mm4

Jv =  74862. mm4

yg =  15.31 mm
Ty = -1300. N
Mx =  871000. Nmm
xm =    24. mm
ym =    55. mm
um =     3. mm
vm =  39.69 mm
σm = -Mv/Ju = -197.7 N/mm2

xc =    21. mm
yc =    38. mm
vc =  22.69 mm
σc = -Mv/Ju =  -113. N/mm2

τc =  3.942 N/mm2

σo = √σ2+3τ2 =  113.2 N/mm2

S* =  3181. mm3mm 0 18 24 42x
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Quadro contributi PLV per iperstatica X=VA

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

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

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

BC b -2b+x -Fb 0 2Fb2-Fbx 0 4b2-4bx+x2

(3/2+0)Fb3/EJ 7/3Xb3/EJ
CB b b+x Fb 0 Fb2+Fbx 0 b2+2bx+x2

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

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

DE b 0 0 0 0 0 0
0+0 0

ED b 0 0 0 0 0 0

EF b 0 9/4Fb-11/4Fx+1/2qx2 0 0 0 0
0+0 0

FE b 0 -7/4Fx-1/2qx2 0 0 0 0

FC b 0 0 0 0 0 0
0+0 0

CF b 0 0 0 0 0 0

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

GC b 0 1/2Fb-1/2qx2 0 0 0 0

GH 2b 0 1/2Fb-1/4Fx 0 0 0 0
0+0 0

HG 2b 0 -1/4Fx 0 0 0 0

HI 2b 0 0 0 0 0 0
0+0 0

IH 2b 0 0 0 0 0 0

IE b 0 Fb+5/4Fx 0 0 0 0
0+0 0

EI b 0 -9/4Fb+5/4Fx 0 0 0 0

A cedimento nodo -H1AuA 2Fb3/EJ

totali 11/2Fb3/EJ 4Xb3/EJ

iperstatica X=VA -11/8F

CI01.xxxx.084PROCEDIMENTO E RISULTATI Nome:

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.05.25

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

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
BA = ∫

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
BC = ∫

o

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

b
 b2 1/EJ 

        = (4 b -2 b +1/3 b ) b2 1/EJ  = 7/3  b3/EJ

LXX
CB = ∫

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  = 7/3  b3/EJ

LXX
CD = ∫

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
DC = ∫

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
AB = ∫

o

b(2 x2/b2 ) Fb2 1/EJ dx +  ∫
o

b(2 x/b ) θ  dx = [2/3 x3/b2 ]
o

b
 Fb2 1/EJ  + [ x2/b ]

o

b
 θ  

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

LXo
BA = ∫

o

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

b(-2 +2 x/b ) θ  dx

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

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

o

b
 θ  

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

LXo
BC = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
CB = ∫

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  = 3/2  Fb3/EJ

LXo
CD = ∫

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
DC = ∫

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

CI01.xxxx.084PROCEDIMENTO E RISULTATI Nome:
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A =  1116. mm2

Ju =  278254. mm4

Jv =  125712. mm4

yg =   35.6 mm
Ty = -3630. N
Mx =  1871100. Nmm
xm =    18. mm
um =    -6. mm
vm =  -35.6 mm
σm = -Mv/Ju =  239.4 N/mm2

xc =    24. mm
yc =    15. mm
vc =  -20.6 mm
σc = -Mv/Ju =  138.5 N/mm2

τc =  5.498 N/mm2

σo = √σ2+3τ2 =  138.8 N/mm2

S* =  5057. mm3mm 0 18 30 48x
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Quadro contributi PLV per iperstatica X=VA

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

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

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

BC b -2b+x -2Fb 0 4Fb2-2Fbx 0 4b2-4bx+x2

(3+0)Fb3/EJ 7/3Xb3/EJ
CB b b+x 2Fb 0 2Fb2+2Fbx 0 b2+2bx+x2

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

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

DE b 0 0 0 0 0 0
0+0 0

ED b 0 0 0 0 0 0

EF b 0 9/4Fb-9/4Fx 0 0 0 0
0+0 0

FE b 0 -9/4Fx 0 0 0 0

FC b 0 1/2qx2 0 0 0 0
0+0 0

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

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

GC b 0 1/2Fb-1/2qx2 0 0 0 0

GH 2b 0 1/2Fb-1/4Fx 0 0 0 0
0+0 0

HG 2b 0 -1/4Fx 0 0 0 0

HI 2b 0 0 0 0 0 0
0+0 0

IH 2b 0 0 0 0 0 0

IE b 0 Fb+5/4Fx 0 0 0 0
0+0 0

EI b 0 -9/4Fb+5/4Fx 0 0 0 0

A cedimento nodo -H1AuA 2Fb3/EJ

totali 47/6Fb3/EJ 4Xb3/EJ

iperstatica X=VA -47/24F
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

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
BA = ∫

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
BC = ∫

o

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

b
 b2 1/EJ 

        = (4 b -2 b +1/3 b ) b2 1/EJ  = 7/3  b3/EJ

LXX
CB = ∫

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  = 7/3  b3/EJ

LXX
CD = ∫

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
DC = ∫

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
AB = ∫

o

b(4 x2/b2 ) Fb2 1/EJ dx +  ∫
o

b(2 x/b ) θ  dx = [4/3 x3/b2 ]
o

b
 Fb2 1/EJ  + [ x2/b ]

o

b
 θ  

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

LXo
BA = ∫

o

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

b(-2 +2 x/b ) θ  dx

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

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

o

b
 θ  

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

LXo
BC = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
CB = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
CD = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
DC = ∫

o

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

b
 Fb2 1/EJ 

        = (1/2 b ) Fb2 1/EJ  = 1/2  Fb3/EJ
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A =   606. mm2

Ju =  141406. mm4

Jv =  27738. mm4

yg =  36.24 mm
Ty = -1643. N
Mx =  854100. Nmm
xm =    12. mm
um =    -3. mm
vm = -36.24 mm
σm = -Mv/Ju =  218.9 N/mm2

xc =    15. mm
yc =    15. mm
vc = -21.24 mm
σc = -Mv/Ju =  128.3 N/mm2

τc =  5.008 N/mm2

σo = √σ2+3τ2 =  128.6 N/mm2

S* =  2587. mm3mm 0 12 18 30x
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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 -x 0 0 0 0 x2

0+0 1/3Xb3/EJ
BA b b-x 0 0 0 0 b2-2bx+x2

BC b -b+1/2x -3/4Fx 0 3/4Fbx-3/8Fx2 0 b2-bx+1/4x2

(1/4+0)Fb3/EJ 7/12Xb3/EJ
CB b 1/2b+1/2x 3/4Fb-3/4Fx 0 3/8Fb2-3/8Fx2 0 1/4b2+1/2bx+1/4x2

CD b -1/2b+1/2x -3/4Fb+3/4Fx -Fb/EJ 3/8Fb2-3/4Fbx+3/8Fx2 1/2Fb2/EJ-1/2Fxb/EJ 1/4b2-1/2bx+1/4x2

(1/8+1/4)Fb3/EJ 1/12Xb3/EJ
DC b 1/2x 3/4Fx Fb/EJ 3/8Fx2 1/2Fxb/EJ 1/4x2

DE b 0 0 0 0 0 0
0+0 0

ED b 0 0 0 0 0 0

EF b 0 7/2Fb-4Fx+1/2qx2 0 0 0 0
0+0 0

FE b 0 -3Fx-1/2qx2 0 0 0 0

FC b 0 0 0 0 0 0
0+0 0

CF b 0 0 0 0 0 0

CG b 0 -2Fx 0 0 0 0
0+0 0

GC b 0 2Fb-2Fx 0 0 0 0

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

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

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

IH 2b 0 -2Fb+1/2qx2 0 0 0 0

IE b 0 3Fb+1/2Fx 0 0 0 0
0+0 0

EI b 0 -7/2Fb+1/2Fx 0 0 0 0

D cedimento nodo -H1DuD -Fb3/EJ

totali -3/8Fb3/EJ Xb3/EJ

iperstatica X=HA 3/8F
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Sviluppi di calcolo iperstatica



CI01.xxxx.123PROCEDIMENTO E RISULTATI Nome:

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.05.25

LXX
AB = ∫

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
BA = ∫

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
BC = ∫

o

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

b
 b2 1/EJ 

        = ( b -1/2 b +1/12 b ) b2 1/EJ  = 7/12  b3/EJ

LXX
CB = ∫

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  = 7/12  b3/EJ

LXX
CD = ∫

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
DC = ∫

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
BC = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
CB = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
CD = ∫

o

b(3/8 -3/4 x/b +3/8 x2/b2 ) Fb2 1/EJ dx +  ∫
o

b(1/2 -1/2 x/b ) θ  dx

        = [3/8 x -3/8 x2/b +1/8 x3/b2 ]
o

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

o

b
 θ  

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

LXo
DC = ∫

o

b(3/8 x2/b2 ) Fb2 1/EJ dx +  ∫
o

b(-1/2 x/b ) θ  dx = [1/8 x3/b2 ]
o

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

o

b
 θ  

        = (1/8 b ) Fb2 1/EJ  + (-1/4 b ) θ   = 3/8  Fb3/EJ
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A =   840. mm2

Ju =  255143. mm4

Jv =  53280. mm4

yg =  22.14 mm
Ty = -3480. N
Mx =  1766100. Nmm
xm =    30. mm
ym =    55. mm
um =     6. mm
vm =  32.86 mm
σm = -Mv/Ju = -227.4 N/mm2

xc =    24. mm
yc =    41. mm
vc =  18.86 mm
σc = -Mv/Ju = -130.5 N/mm2

τc =  4.937 N/mm2

σo = √σ2+3τ2 =  130.8 N/mm2

S* =  4344. mm3mm 0 18 30 48x
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