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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx -Fb/EJ 0 0 0
0+0 0

CB b 0 2Fx Fb/EJ 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

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

DE b 1-x/b 1/2Fb-Fx 0 1/2Fb-3/2Fx+Fx2/b 0 1-2x/b+x2/b2

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

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

FE b 0 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

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -1/4Fb+3/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 -1/4Fx+1/2qx2 0 0 0 0

HE b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

EH b 0 -1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/8Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -3/10Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

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

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

        = (-1/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

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

DE b 1-x/b 1/2Fb-Fx 0 1/2Fb-3/2Fx+Fx2/b 0 1-2x/b+x2/b2

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

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

FE b 0 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

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -1/4Fb+3/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 -1/4Fx+1/2qx2 0 0 0 0

HE b 0 1/4Fb-1/4Fx -Fb/EJ 0 0 0
0+0 0

EH b 0 -1/4Fx Fb/EJ 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/8Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -3/10Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

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

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

        = (-1/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

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

DE b 1-x/b 1/2Fb-Fx 0 1/2Fb-3/2Fx+Fx2/b 0 1-2x/b+x2/b2

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

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

FE b 0 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

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 -Fb/EJ 0 0 0
0+0 0

GH b 0 0 Fb/EJ 0 0 0

HB b 0 -1/4Fb+3/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 -1/4Fx+1/2qx2 0 0 0 0

HE b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

EH b 0 -1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/8Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -3/10Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

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

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

        = (-1/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

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

DE b 1-x/b 1/2Fb-Fx 0 1/2Fb-3/2Fx+Fx2/b 0 1-2x/b+x2/b2

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

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

FE b 0 1/2qx2 0 0 0 0

FG b 0 0 -Fb/EJ 0 0 0
0+0 0

GF b 0 0 Fb/EJ 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -1/4Fb+3/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 -1/4Fx+1/2qx2 0 0 0 0

HE b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

EH b 0 -1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/8Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -3/10Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

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

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

        = (-1/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

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

DE b 1-x/b 1/2Fb-Fx 0 1/2Fb-3/2Fx+Fx2/b 0 1-2x/b+x2/b2

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

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

FE b 0 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

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -1/4Fb+3/4Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

BH b 0 -1/4Fx+1/2qx2 Fb/EJ 0 0 0

HE b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

EH b 0 -1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/8Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -3/10Fb
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Sviluppi di calcolo iperstatica



ESΣ3.xxxx.005PROCEDIMENTO E RISULTATI 935230

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

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

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

        = (-1/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

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

DE b 1-x/b 1/2Fb-Fx 0 1/2Fb-3/2Fx+Fx2/b 0 1-2x/b+x2/b2

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

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

FE b 0 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

GC b 0 0 -Fb/EJ 0 0 0
0+0 0

CG b 0 0 Fb/EJ 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -1/4Fb+3/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 -1/4Fx+1/2qx2 0 0 0 0

HE b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

EH b 0 -1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/8Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -3/10Fb

ESΣ3.xxxx.006PROCEDIMENTO E RISULTATI 982683

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

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

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

        = (-1/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

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

DE b 1-x/b 1/2Fb-Fx 0 1/2Fb-3/2Fx+Fx2/b 0 1-2x/b+x2/b2

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

EF b 0 -1/2Fb+Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

FE b 0 1/2qx2 Fb/EJ 0 0 0

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

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -1/4Fb+3/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 -1/4Fx+1/2qx2 0 0 0 0

HE b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

EH b 0 -1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/8Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -3/10Fb

ESΣ3.xxxx.007PROCEDIMENTO E RISULTATI 934663
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

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

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

        = (-1/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx -Fb/EJ 0 0 0
0+0 0

CB b 0 2Fx Fb/EJ 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

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

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+7/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 3/4Fx+1/2qx2 0 0 0 0

HE b 0 5/4Fb-5/4Fx 0 0 0 0
0+0 0

EH b 0 -5/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.008PROCEDIMENTO E RISULTATI 982951

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

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

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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ESΣ3.xxxx.009PROCEDIMENTO E RISULTATI 981069

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

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

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+7/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 3/4Fx+1/2qx2 0 0 0 0

HE b 0 5/4Fb-5/4Fx -Fb/EJ 0 0 0
0+0 0

EH b 0 -5/4Fx Fb/EJ 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.009PROCEDIMENTO E RISULTATI 981069

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

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

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

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

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 -Fb/EJ 0 0 0
0+0 0

GH b 0 0 Fb/EJ 0 0 0

HB b 0 -5/4Fb+7/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 3/4Fx+1/2qx2 0 0 0 0

HE b 0 5/4Fb-5/4Fx 0 0 0 0
0+0 0

EH b 0 -5/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

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

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 -Fb/EJ 0 0 0
0+0 0

GF b 0 0 Fb/EJ 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+7/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 3/4Fx+1/2qx2 0 0 0 0

HE b 0 5/4Fb-5/4Fx 0 0 0 0
0+0 0

EH b 0 -5/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.011PROCEDIMENTO E RISULTATI 981323
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Sviluppi di calcolo iperstatica



ESΣ3.xxxx.011PROCEDIMENTO E RISULTATI 981323

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

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

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx -Fb/EJ 1/2Fb-Fx+1/2Fx2/b -Fb/EJ+Fx/EJ 1-2x/b+x2/b2

(1/6-1/2)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx Fb/EJ 1/2Fx2/b -Fx/EJ x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

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

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+7/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 3/4Fx+1/2qx2 0 0 0 0

HE b 0 5/4Fb-5/4Fx 0 0 0 0
0+0 0

EH b 0 -5/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -5/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 1/14Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

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

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

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

b(-1 + x/b ) θ  dx

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

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

o

b
 θ  

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

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx +  ∫
o

b( x/b ) θ  dx = [1/6 x3/b2 ]
o

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

o

b
 θ  

        = (1/6 b ) Fb 1/EJ  + (1/2 b ) θ   = -1/3  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

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

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+7/4Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

BH b 0 3/4Fx+1/2qx2 Fb/EJ 0 0 0

HE b 0 5/4Fb-5/4Fx 0 0 0 0
0+0 0

EH b 0 -5/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

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

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

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

GF b 0 0 0 0 0 0

GC b 0 0 -Fb/EJ 0 0 0
0+0 0

CG b 0 0 Fb/EJ 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+7/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 3/4Fx+1/2qx2 0 0 0 0

HE b 0 5/4Fb-5/4Fx 0 0 0 0
0+0 0

EH b 0 -5/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

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

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 -Fb/EJ 0 0 0
0+0 0

FE b 0 0 Fb/EJ 0 0 0

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

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+7/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 3/4Fx+1/2qx2 0 0 0 0

HE b 0 5/4Fb-5/4Fx 0 0 0 0
0+0 0

EH b 0 -5/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.015PROCEDIMENTO E RISULTATI 982314
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

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

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx -Fb/EJ 0 0 0
0+0 0

CB b 0 2Fx Fb/EJ 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

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

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

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

BH b 0 1/2qx2 0 0 0 0

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

EH b 0 -1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.016PROCEDIMENTO E RISULTATI 908715

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ
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ESΣ3.xxxx.017PROCEDIMENTO E RISULTATI 957901

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

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

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

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

BH b 0 1/2qx2 0 0 0 0

HE b 0 1/2Fb-Fx+1/2qx2 -Fb/EJ 0 0 0
0+0 0

EH b 0 -1/2qx2 Fb/EJ 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.017PROCEDIMENTO E RISULTATI 957901

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

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

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 -Fb/EJ 0 0 0
0+0 0

GH b 0 0 Fb/EJ 0 0 0

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

BH b 0 1/2qx2 0 0 0 0

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

EH b 0 -1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.018PROCEDIMENTO E RISULTATI 981830

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

ESΣ3.xxxx.018
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ESΣ3.xxxx.019PROCEDIMENTO E RISULTATI 982874

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 -Fb/EJ 0 0 0
0+0 0

GF b 0 0 Fb/EJ 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

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

BH b 0 1/2qx2 0 0 0 0

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

EH b 0 -1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.019PROCEDIMENTO E RISULTATI 982874

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

ESΣ3.xxxx.019

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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ESΣ3.xxxx.020PROCEDIMENTO E RISULTATI 956624

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 -Fb/EJ 0 -Fb/EJ+Fx/EJ 1-2x/b+x2/b2

(0-1/2)Fb2/EJ 1/3Xb/EJ
ED b -x/b 0 Fb/EJ 0 -Fx/EJ x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

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

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

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

BH b 0 1/2qx2 0 0 0 0

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

EH b 0 -1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -5/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 1/14Fb

ESΣ3.xxxx.020PROCEDIMENTO E RISULTATI 956624

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
DE =  ∫

o

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

b
 θ  

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

LXo
ED =  ∫

o

b( x/b ) θ  dx = [1/2 x2/b ]
o

b
 θ  

        = (1/2 b ) θ   = -1/2  Fb2/EJ
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ESΣ3.xxxx.021PROCEDIMENTO E RISULTATI 910789

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

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

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -1/2Fb+Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

BH b 0 1/2qx2 Fb/EJ 0 0 0

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

EH b 0 -1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.021PROCEDIMENTO E RISULTATI 910789

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

ESΣ3.xxxx.021
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ESΣ3.xxxx.022PROCEDIMENTO E RISULTATI 960563

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

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

GF b 0 0 0 0 0 0

GC b 0 0 -Fb/EJ 0 0 0
0+0 0

CG b 0 0 Fb/EJ 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

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

BH b 0 1/2qx2 0 0 0 0

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

EH b 0 -1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.022PROCEDIMENTO E RISULTATI 960563

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

ESΣ3.xxxx.022
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ESΣ3.xxxx.023PROCEDIMENTO E RISULTATI 957348

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 -Fb/EJ 0 0 0
0+0 0

FE b 0 0 Fb/EJ 0 0 0

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

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

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

BH b 0 1/2qx2 0 0 0 0

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

EH b 0 -1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.023PROCEDIMENTO E RISULTATI 957348

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx -Fb/EJ 0 0 0
0+0 0

CB b 0 5/2Fx Fb/EJ 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

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

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

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

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

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

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

HB b 0 -1/4Fb+3/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 -1/4Fx+1/2qx2 0 0 0 0

HE b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

EH b 0 -1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -5/14Fb

ESΣ3.xxxx.024PROCEDIMENTO E RISULTATI 956563

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

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

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

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

ESΣ3.xxxx.024PROCEDIMENTO E RISULTATI 956563
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

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

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

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

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

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

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

HB b 0 -1/4Fb+3/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 -1/4Fx+1/2qx2 0 0 0 0

HE b 0 1/4Fb-1/4Fx -Fb/EJ 0 0 0
0+0 0

EH b 0 -1/4Fx Fb/EJ 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -5/14Fb

ESΣ3.xxxx.025PROCEDIMENTO E RISULTATI 982642
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

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

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

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

ESΣ3.xxxx.025PROCEDIMENTO E RISULTATI 982642
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ESΣ3.xxxx.026PROCEDIMENTO E RISULTATI 983610

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

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

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

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

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

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

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

HB b 0 -1/4Fb+3/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 -1/4Fx+1/2qx2 0 0 0 0

HE b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

EH b 0 -1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -5/14Fb

ESΣ3.xxxx.026PROCEDIMENTO E RISULTATI 983610

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

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

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

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

ESΣ3.xxxx.026PROCEDIMENTO E RISULTATI 983610

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

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

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 -Fb/EJ 0 0 0
0+0 0

GF b 0 0 Fb/EJ 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

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

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

HB b 0 -1/4Fb+3/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 -1/4Fx+1/2qx2 0 0 0 0

HE b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

EH b 0 -1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -5/14Fb

ESΣ3.xxxx.027PROCEDIMENTO E RISULTATI 956381

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

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

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

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

ESΣ3.xxxx.027PROCEDIMENTO E RISULTATI 956381

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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ESΣ3.xxxx.028PROCEDIMENTO E RISULTATI 983460

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

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

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

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

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

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

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

HB b 0 -1/4Fb+3/4Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

BH b 0 -1/4Fx+1/2qx2 Fb/EJ 0 0 0

HE b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

EH b 0 -1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -5/14Fb

ESΣ3.xxxx.028PROCEDIMENTO E RISULTATI 983460

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

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

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

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

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

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

GF b 0 0 0 0 0 0

GC b 0 0 -Fb/EJ 0 0 0
0+0 0

CG b 0 0 Fb/EJ 0 0 0

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

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

HB b 0 -1/4Fb+3/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 -1/4Fx+1/2qx2 0 0 0 0

HE b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

EH b 0 -1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -5/14Fb
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Sviluppi di calcolo iperstatica



ESΣ3.xxxx.029PROCEDIMENTO E RISULTATI 963024

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

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

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

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

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 -Fb/EJ 0 0 0
0+0 0

FE b 0 0 Fb/EJ 0 0 0

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

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

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

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

HB b 0 -1/4Fb+3/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 -1/4Fx+1/2qx2 0 0 0 0

HE b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

EH b 0 -1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -5/14Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

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

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx -Fb/EJ 0 0 0
0+0 0

CB b 0 2Fx Fb/EJ 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

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

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

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

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

BH b 0 1/2qx2 0 0 0 0

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

EH b 0 -1/2Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb
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Sviluppi di calcolo iperstatica



ESΣ3.xxxx.031PROCEDIMENTO E RISULTATI 955612

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

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

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

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

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

BH b 0 1/2qx2 0 0 0 0

HE b 0 1/2Fb-1/2Fx -Fb/EJ 0 0 0
0+0 0

EH b 0 -1/2Fx Fb/EJ 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.032PROCEDIMENTO E RISULTATI 981834
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

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

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

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 -Fb/EJ 0 0 0
0+0 0

GH b 0 0 Fb/EJ 0 0 0

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

BH b 0 1/2qx2 0 0 0 0

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

EH b 0 -1/2Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.033PROCEDIMENTO E RISULTATI 985914

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 1/2Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

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

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

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

BH b 0 1/2qx2 0 0 0 0

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

EH b 0 -1/2Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.034PROCEDIMENTO E RISULTATI 982204
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 -Fb/EJ 0 -Fb/EJ+Fx/EJ 1-2x/b+x2/b2

(0-1/2)Fb2/EJ 1/3Xb/EJ
ED b -x/b 0 Fb/EJ 0 -Fx/EJ x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

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

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

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

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

BH b 0 1/2qx2 0 0 0 0

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

EH b 0 -1/2Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -5/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 1/14Fb

ESΣ3.xxxx.035PROCEDIMENTO E RISULTATI 985260
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
DE =  ∫

o

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

b
 θ  

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

LXo
ED =  ∫

o

b( x/b ) θ  dx = [1/2 x2/b ]
o

b
 θ  

        = (1/2 b ) θ   = -1/2  Fb2/EJ

ESΣ3.xxxx.035
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

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

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

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -1/2Fb+Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

BH b 0 1/2qx2 Fb/EJ 0 0 0

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

EH b 0 -1/2Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.036PROCEDIMENTO E RISULTATI 932275
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

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

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

GC b 0 0 -Fb/EJ 0 0 0
0+0 0

CG b 0 0 Fb/EJ 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

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

BH b 0 1/2qx2 0 0 0 0

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

EH b 0 -1/2Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.037PROCEDIMENTO E RISULTATI 983995

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

ESΣ3.xxxx.037
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ESΣ3.xxxx.038PROCEDIMENTO E RISULTATI 995596

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 -Fb/EJ 0 0 0
0+0 0

FE b 0 0 Fb/EJ 0 0 0

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

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

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

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

BH b 0 1/2qx2 0 0 0 0

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

EH b 0 -1/2Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.038PROCEDIMENTO E RISULTATI 995596

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

ESΣ3.xxxx.038
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ESΣ3.xxxx.039PROCEDIMENTO E RISULTATI 982481

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx -Fb/EJ 0 0 0
0+0 0

CB b 0 2Fx Fb/EJ 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

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

DE b 1-x/b 1/2Fb-Fx 0 1/2Fb-3/2Fx+Fx2/b 0 1-2x/b+x2/b2

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

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

FE b 0 1/2qx2 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

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

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

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

BH b 0 -1/4Fx 0 0 0 0

HE b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

EH b 0 1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/8Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -3/10Fb

ESΣ3.xxxx.039PROCEDIMENTO E RISULTATI 982481
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

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

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

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

ESΣ3.xxxx.039PROCEDIMENTO E RISULTATI 982481
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

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

DE b 1-x/b 1/2Fb-Fx 0 1/2Fb-3/2Fx+Fx2/b 0 1-2x/b+x2/b2

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

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

FE b 0 1/2qx2 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

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

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

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

BH b 0 -1/4Fx 0 0 0 0

HE b 0 -1/4Fb+1/4Fx -Fb/EJ 0 0 0
0+0 0

EH b 0 1/4Fx Fb/EJ 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/8Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -3/10Fb

ESΣ3.xxxx.040PROCEDIMENTO E RISULTATI 980873
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

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

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

        = (-1/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

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

DE b 1-x/b 1/2Fb-Fx 0 1/2Fb-3/2Fx+Fx2/b 0 1-2x/b+x2/b2

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

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

FE b 0 1/2qx2 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

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

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

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 -Fb/EJ 0 0 0
0+0 0

GH b 0 0 Fb/EJ 0 0 0

HB b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

BH b 0 -1/4Fx 0 0 0 0

HE b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

EH b 0 1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/8Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -3/10Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

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

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

        = (-1/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

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

DE b 1-x/b 1/2Fb-Fx 0 1/2Fb-3/2Fx+Fx2/b 0 1-2x/b+x2/b2

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

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

FE b 0 1/2qx2 0 0 0 0

FG b 0 -1/2Fx -Fb/EJ 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx Fb/EJ 0 0 0

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

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

BH b 0 -1/4Fx 0 0 0 0

HE b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

EH b 0 1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/8Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -3/10Fb

ESΣ3.xxxx.042PROCEDIMENTO E RISULTATI 935192
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

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

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

        = (-1/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

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

DE b 1-x/b 1/2Fb-Fx 0 1/2Fb-3/2Fx+Fx2/b 0 1-2x/b+x2/b2

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

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

FE b 0 1/2qx2 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

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

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

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 1/4Fb-1/4Fx -Fb/EJ 0 0 0
0+0 0

BH b 0 -1/4Fx Fb/EJ 0 0 0

HE b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

EH b 0 1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/8Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -3/10Fb

ESΣ3.xxxx.043PROCEDIMENTO E RISULTATI 912343
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

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

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

        = (-1/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

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

DE b 1-x/b 1/2Fb-Fx 0 1/2Fb-3/2Fx+Fx2/b 0 1-2x/b+x2/b2

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

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

FE b 0 1/2qx2 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

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

GC b 0 -1/2Fb+Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

CG b 0 1/2qx2 Fb/EJ 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

BH b 0 -1/4Fx 0 0 0 0

HE b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

EH b 0 1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/8Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -3/10Fb

ESΣ3.xxxx.044PROCEDIMENTO E RISULTATI 250247
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

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

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

        = (-1/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

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

DE b 1-x/b 1/2Fb-Fx 0 1/2Fb-3/2Fx+Fx2/b 0 1-2x/b+x2/b2

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

EF b 0 -1/2Fb+Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

FE b 0 1/2qx2 Fb/EJ 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

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

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

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

BH b 0 -1/4Fx 0 0 0 0

HE b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

EH b 0 1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/8Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -3/10Fb

ESΣ3.xxxx.045PROCEDIMENTO E RISULTATI 957844
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

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

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

        = (-1/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx -Fb/EJ 0 0 0
0+0 0

CB b 0 2Fx Fb/EJ 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

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

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

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -3/4Fb+3/4Fx 0 0 0 0
0+0 0

BH b 0 3/4Fx 0 0 0 0

HE b 0 3/4Fb-3/4Fx 0 0 0 0
0+0 0

EH b 0 -3/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

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

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

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

ESΣ3.xxxx.046PROCEDIMENTO E RISULTATI 980874

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23



ESΣ3.xxxx.047REAZIONI 982377

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

3/4F

8/5F
1/10Fb

3/4F

13/5F
2Fb

A B

2F
2Fb

2F

B C

3/4F

8/5F
1/10Fb

5/4F

8/5F
2/5Fb

A

D

5/4F

2/5F
2/5Fb

5/4F

2/5F

D E

1/2F
E F

1/2F

F

1/2F

F
1/2Fb

F

G

F

F
1/2Fb

F

G

C

3/2F
H G

3/4F

23/5F
3/4Fb

3/4F

23/5F

H

B

3/4F

23/5F
3/4Fb

3/4F

23/5F

H

E

ESΣ3.xxxx.047AZIONI INTERNE 982377

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

3/4 3/4 0

-8
/5

-8
/5

5/4 1/2

-1
-1

-1

3/2

23
/5

23
/5

 F

-8/5 -13/5
2

-3
/4

5/
4 -2/5

0

-1
/2

1
0

0

3/
4

-3
/4

 F

1/10
-2 -2

0

-1
/1

0
2/

5

2/5 0 0 0

0
-1

/2
-1

/2
0

0 0

-3
/4

0
3/

4
0

 Fb



E
S

Σ3
.x

xx
x.

04
7

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
82

37
7

@
 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

14
.1

1.
23

A
B

C

D

E

F

G
H

F F

X

X

q

q

q

S
ch

em
a 

di
 c

al
co

lo
 ip

er
st

at
ic

o

0
-2

-2
0

01/2

1/
2

0
0

0

0
-1/2 -1/2

0

0
0

-3/4
0

3/40

M
o 

fle
ss

io
ne

 d
a 

ca
ric

hi
 a

ss
eg

na
ti

-1
0

0
0

11

1
0

0
0

0 0 0 0

0
0

0 0
00

M
x 

fle
ss

io
ne

 d
a 

ip
er

st
at

ic
a 

X
=

1

E
S

Σ3
.x

xx
x.

04
7

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
82

37
7

@
 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

14
.1

1.
23



ESΣ3.xxxx.047PROCEDIMENTO E RISULTATI 982377

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

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

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

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -3/4Fb+3/4Fx 0 0 0 0
0+0 0

BH b 0 3/4Fx 0 0 0 0

HE b 0 3/4Fb-3/4Fx -Fb/EJ 0 0 0
0+0 0

EH b 0 -3/4Fx Fb/EJ 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.047PROCEDIMENTO E RISULTATI 982377
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

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

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

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

ESΣ3.xxxx.047PROCEDIMENTO E RISULTATI 982377
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

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

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

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 -Fb/EJ 0 0 0
0+0 0

GH b 0 0 Fb/EJ 0 0 0

HB b 0 -3/4Fb+3/4Fx 0 0 0 0
0+0 0

BH b 0 3/4Fx 0 0 0 0

HE b 0 3/4Fb-3/4Fx 0 0 0 0
0+0 0

EH b 0 -3/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

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

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

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

ESΣ3.xxxx.048PROCEDIMENTO E RISULTATI 982443

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23



ESΣ3.xxxx.049REAZIONI 911212

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

3/4F

8/5F
1/10Fb

3/4F

13/5F
2Fb

A B

2F
2Fb

2F

B C

3/4F

8/5F
1/10Fb

5/4F

8/5F
2/5Fb

A

D

5/4F

2/5F
2/5Fb

5/4F

2/5F

D E

1/2F
E F

1/2F

F

1/2F

F
1/2Fb

F

G

F

F
1/2Fb

F

G

C

3/2F
H G

3/4F

23/5F
3/4Fb

3/4F

23/5F

H

B

3/4F

23/5F
3/4Fb

3/4F

23/5F

H

E

ESΣ3.xxxx.049AZIONI INTERNE 911212

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

3/4 3/4 0

-8
/5

-8
/5

5/4 1/2

-1
-1

-1

3/2

23
/5

23
/5

 F

-8/5 -13/5
2

-3
/4

5/
4 -2/5

0

-1
/2

1
0

0

3/
4

-3
/4

 F

1/10
-2 -2

0

-1
/1

0
2/

5

2/5 0 0 0

0
-1

/2
-1

/2
0

0 0

-3
/4

0
3/

4
0

 Fb



E
S

Σ3
.x

xx
x.

04
9

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
11

21
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

14
.1

1.
23

A
B

C

D

E

F

G
H

F F

X

X

q

q

q

S
ch

em
a 

di
 c

al
co

lo
 ip

er
st

at
ic

o

0
-2

-2
0

01/2

1/
2

0
0

0

0
-1/2 -1/2

0

0
0

-3/4
0

3/40

M
o 

fle
ss

io
ne

 d
a 

ca
ric

hi
 a

ss
eg

na
ti

-1
0

0
0

11

1
0

0
0

0 0 0 0

0
0

0 0
00

M
x 

fle
ss

io
ne

 d
a 

ip
er

st
at

ic
a 

X
=

1

E
S

Σ3
.x

xx
x.

04
9

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
11

21
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

14
.1

1.
23



ESΣ3.xxxx.049PROCEDIMENTO E RISULTATI 911212

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx -Fb/EJ 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx Fb/EJ 0 0 0

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

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -3/4Fb+3/4Fx 0 0 0 0
0+0 0

BH b 0 3/4Fx 0 0 0 0

HE b 0 3/4Fb-3/4Fx 0 0 0 0
0+0 0

EH b 0 -3/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

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

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx -Fb/EJ 1/2Fb-Fx+1/2Fx2/b -Fb/EJ+Fx/EJ 1-2x/b+x2/b2

(1/6-1/2)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx Fb/EJ 1/2Fx2/b -Fx/EJ x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

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

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

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -3/4Fb+3/4Fx 0 0 0 0
0+0 0

BH b 0 3/4Fx 0 0 0 0

HE b 0 3/4Fb-3/4Fx 0 0 0 0
0+0 0

EH b 0 -3/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -5/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 1/14Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

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

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

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

b(-1 + x/b ) θ  dx

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

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

o

b
 θ  

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

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx +  ∫
o

b( x/b ) θ  dx = [1/6 x3/b2 ]
o

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

o

b
 θ  

        = (1/6 b ) Fb 1/EJ  + (1/2 b ) θ   = -1/3  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

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

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

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -3/4Fb+3/4Fx -Fb/EJ 0 0 0
0+0 0

BH b 0 3/4Fx Fb/EJ 0 0 0

HE b 0 3/4Fb-3/4Fx 0 0 0 0
0+0 0

EH b 0 -3/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

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

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

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

GC b 0 -1/2Fb+Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

CG b 0 1/2qx2 Fb/EJ 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -3/4Fb+3/4Fx 0 0 0 0
0+0 0

BH b 0 3/4Fx 0 0 0 0

HE b 0 3/4Fb-3/4Fx 0 0 0 0
0+0 0

EH b 0 -3/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

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

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 -Fb/EJ 0 0 0
0+0 0

FE b 0 0 Fb/EJ 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

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

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

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -3/4Fb+3/4Fx 0 0 0 0
0+0 0

BH b 0 3/4Fx 0 0 0 0

HE b 0 3/4Fb-3/4Fx 0 0 0 0
0+0 0

EH b 0 -3/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.053PROCEDIMENTO E RISULTATI 910738

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

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

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

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

b
 Fb 1/EJ 

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

LXo
ED = ∫

o

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

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23



ESΣ3.xxxx.054REAZIONI 983252

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

8/5F
1/10Fb

13/5F
2Fb

A B

2F
2Fb

2F

B C

8/5F
1/10Fb

8/5F
1/10Fb

A

D

1/10F
1/10Fb

1/10F

D E

1/2F
E F

1/2F

F

1/2F

F
1/2Fb

F

G

F

F
1/2Fb

F

G

C

1/2F
H G

23
/5

F

H

B

1/2F

23/5F

1/2F

23/5F

H

E

ESΣ3.xxxx.054AZIONI INTERNE 983252

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

0 0 0

-8
/5

0 1/2

-1
-1

-1

1/2

23
/5

23
/5

23
/5

 F

-8/5 -13/5
2

0

1/10 0

-1
/2

1
0

0

0
-1

/2
1/

2

 F

1/10
-2 -2

0

-1
/1

0
-1

/1
0-1/10

0 0 0

0
-1

/2
-1

/2
0

0 0

0
0

0
0

 Fb



E
S

Σ3
.x

xx
x.

05
4

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
83

25
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

14
.1

1.
23

A
B

C

D

E

F

G
H

F F

X

X

q

q

q

0
-2

-2
0

00

0
0

0
0

0
-1/2 -1/2

0

0
0

0 0
00

M
o 

fle
ss

io
ne

 d
a 

ca
ric

hi
 a

ss
eg

na
ti

-1
0

0
0

11

1
0

0
0

0 0 0 0

0
0

0 0
00

M
x 

fle
ss

io
ne

 d
a 

ip
er

st
at

ic
a 

X
=

1

E
S

Σ3
.x

xx
x.

05
4

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
83

25
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

14
.1

1.
23
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx -Fb/EJ 0 0 0
0+0 0

CB b 0 2Fx Fb/EJ 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

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

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

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

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

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

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.054PROCEDIMENTO E RISULTATI 983252

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ
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ESΣ3.xxxx.055PROCEDIMENTO E RISULTATI 958147

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

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

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

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 -1/2Fx+1/2qx2 -Fb/EJ 0 0 0
0+0 0

EH b 0 1/2Fx-1/2qx2 Fb/EJ 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.055PROCEDIMENTO E RISULTATI 958147

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

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

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

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 -Fb/EJ 0 0 0
0+0 0

GH b 0 0 Fb/EJ 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

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

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

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.056PROCEDIMENTO E RISULTATI 984273

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx -Fb/EJ 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx Fb/EJ 0 0 0

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

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

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

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

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.057PROCEDIMENTO E RISULTATI 866338

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

ESΣ3.xxxx.057
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ESΣ3.xxxx.058PROCEDIMENTO E RISULTATI 981628

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 -Fb/EJ 0 -Fb/EJ+Fx/EJ 1-2x/b+x2/b2

(0-1/2)Fb2/EJ 1/3Xb/EJ
ED b -x/b 0 Fb/EJ 0 -Fx/EJ x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

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

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

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

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

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

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -5/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 1/14Fb

ESΣ3.xxxx.058PROCEDIMENTO E RISULTATI 981628

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

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

LXX
BA = ∫

o

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

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

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

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

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

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
DE =  ∫

o

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

b
 θ  

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

LXo
ED =  ∫

o

b( x/b ) θ  dx = [1/2 x2/b ]
o

b
 θ  

        = (1/2 b ) θ   = -1/2  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

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

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

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

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 0 -Fb/EJ 0 0 0
0+0 0

BH b 0 0 Fb/EJ 0 0 0

HE b 0 -1/2Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 1/2Fx-1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.059PROCEDIMENTO E RISULTATI 983918

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

CG b 0 1/2qx2 Fb/EJ 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 -1/2Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 1/2Fx-1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.060PROCEDIMENTO E RISULTATI 983546

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 -Fb/EJ 0 0 0
0+0 0

FE b 0 0 Fb/EJ 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 -1/2Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 1/2Fx-1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.061PROCEDIMENTO E RISULTATI 980953

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx -Fb/EJ 0 0 0
0+0 0

CB b 0 5/2Fx Fb/EJ 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

BH b 0 -1/4Fx 0 0 0 0

HE b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

EH b 0 1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -5/14Fb

ESΣ3.xxxx.062PROCEDIMENTO E RISULTATI 957798

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

ESΣ3.xxxx.062PROCEDIMENTO E RISULTATI 957798
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

BH b 0 -1/4Fx 0 0 0 0

HE b 0 -1/4Fb+1/4Fx -Fb/EJ 0 0 0
0+0 0

EH b 0 1/4Fx Fb/EJ 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -5/14Fb

ESΣ3.xxxx.063PROCEDIMENTO E RISULTATI 982197

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

ESΣ3.xxxx.063PROCEDIMENTO E RISULTATI 982197
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 1/2Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 Fb/EJ 0 0 0

HB b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

BH b 0 -1/4Fx 0 0 0 0

HE b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

EH b 0 1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -5/14Fb

ESΣ3.xxxx.064PROCEDIMENTO E RISULTATI 981261

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

ESΣ3.xxxx.064PROCEDIMENTO E RISULTATI 981261
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx -Fb/EJ 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx Fb/EJ 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

BH b 0 -1/4Fx 0 0 0 0

HE b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

EH b 0 1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -5/14Fb

ESΣ3.xxxx.065PROCEDIMENTO E RISULTATI 960065

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

ESΣ3.xxxx.065PROCEDIMENTO E RISULTATI 960065
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 1/4Fb-1/4Fx -Fb/EJ 0 0 0
0+0 0

BH b 0 -1/4Fx Fb/EJ 0 0 0

HE b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

EH b 0 1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -5/14Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

ESΣ3.xxxx.066PROCEDIMENTO E RISULTATI 982777
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

CG b 0 1/2qx2 Fb/EJ 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

BH b 0 -1/4Fx 0 0 0 0

HE b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

EH b 0 1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -5/14Fb

ESΣ3.xxxx.067PROCEDIMENTO E RISULTATI 981482
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

ESΣ3.xxxx.067PROCEDIMENTO E RISULTATI 981482
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 -Fb/EJ 0 0 0
0+0 0

FE b 0 0 Fb/EJ 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

BH b 0 -1/4Fx 0 0 0 0

HE b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

EH b 0 1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -5/14Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

ESΣ3.xxxx.068PROCEDIMENTO E RISULTATI 981212

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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ESΣ3.xxxx.069PROCEDIMENTO E RISULTATI 982841

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx -Fb/EJ 0 0 0
0+0 0

CB b 0 2Fx Fb/EJ 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 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

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 0 0 0 0 0
0+0 0

EH b 0 0 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.069PROCEDIMENTO E RISULTATI 982841

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

ESΣ3.xxxx.069
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ESΣ3.xxxx.070PROCEDIMENTO E RISULTATI 932120

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 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

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 0 -Fb/EJ 0 0 0
0+0 0

EH b 0 0 Fb/EJ 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.070PROCEDIMENTO E RISULTATI 932120

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

ESΣ3.xxxx.070
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ESΣ3.xxxx.071REAZIONI 934507

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

8/5F
1/10Fb

13/5F
2Fb

A B

2F
2Fb

2F

B C

8/5F
1/10Fb

8/5F
1/10Fb

A

D

1/10F
1/10Fb

1/10F

D E
E F

F

F

F
1/2Fb

F

G

F

F
1/2Fb

F

G

C

H G

23
/5

F

H

B

23
/5

F

H

E

ESΣ3.xxxx.071AZIONI INTERNE 934507

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

0 0 0

-8
/5

0 0

-1
-1

-1
-1

0

23
/5

23
/5

 F

-8/5 -13/5
2

0

1/10 0

0
-1

1
0

0

0
0

 F

1/10
-2 -2

0

-1
/1

0
-1

/1
0-1/10

0 0 0

0
-1

/2
-1

/2
0

0 0

0
0

0
0

 Fb



E
S

Σ3
.x

xx
x.

07
1

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
34

50
7

@
 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

14
.1

1.
23

A
B

C

D

E

F

G
H

F F

X

X

q

q q

0
-2

-2
0

00

0
0

0
0

0
-1/2 -1/2

0

0
0

0 0
00

M
o 

fle
ss

io
ne

 d
a 

ca
ric

hi
 a

ss
eg

na
ti

-1
0

0
0

11

1
0

0
0

0 0 0 0

0
0

0 0
00

M
x 

fle
ss

io
ne

 d
a 

ip
er

st
at

ic
a 

X
=

1

E
S

Σ3
.x

xx
x.

07
1

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
34

50
7

@
 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

14
.1

1.
23



ESΣ3.xxxx.071PROCEDIMENTO E RISULTATI 934507

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 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

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 -Fb/EJ 0 0 0
0+0 0

GH b 0 0 Fb/EJ 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 0 0 0 0 0
0+0 0

EH b 0 0 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.071PROCEDIMENTO E RISULTATI 934507

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica



ESΣ3.xxxx.071PROCEDIMENTO E RISULTATI 934507

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

ESΣ3.xxxx.071

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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ESΣ3.xxxx.072PROCEDIMENTO E RISULTATI 961001

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2qx2 -Fb/EJ 0 0 0
0+0 0

GF b 0 1/2Fb-Fx+1/2qx2 Fb/EJ 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 0 0 0 0 0
0+0 0

EH b 0 0 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.072PROCEDIMENTO E RISULTATI 961001

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

ESΣ3.xxxx.072
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ESΣ3.xxxx.073PROCEDIMENTO E RISULTATI 955424

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 -Fb/EJ 0 -Fb/EJ+Fx/EJ 1-2x/b+x2/b2

(0-1/2)Fb2/EJ 1/3Xb/EJ
ED b -x/b 0 Fb/EJ 0 -Fx/EJ x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 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

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 0 0 0 0 0
0+0 0

EH b 0 0 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -5/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 1/14Fb

ESΣ3.xxxx.073PROCEDIMENTO E RISULTATI 955424

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
DE =  ∫

o

b(-1 + x/b ) θ  dx = [- x +1/2 x2/b ]
o

b
 θ  

        = (- b +1/2 b ) θ   = -1/2  Fb2/EJ

LXo
ED =  ∫

o

b( x/b ) θ  dx = [1/2 x2/b ]
o

b
 θ  

        = (1/2 b ) θ   = -1/2  Fb2/EJ

ESΣ3.xxxx.073

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23



ESΣ3.xxxx.074REAZIONI 982219

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

8/5F
1/10Fb

13/5F
2Fb

A B

2F
2Fb

2F

B C

8/5F
1/10Fb

8/5F
1/10Fb

A

D

1/10F
1/10Fb

1/10F

D E
E F

F

F

F
1/2Fb

F

G

F

F
1/2Fb

F

G

C

H G

23
/5

F

H

B

23
/5

F

H

E

ESΣ3.xxxx.074AZIONI INTERNE 982219

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

0 0 0

-8
/5

0 0

-1
-1

-1
-1

0

23
/5

23
/5

 F

-8/5 -13/5
2

0

1/10 0

0
-1

1
0

0

0
0

 F

1/10
-2 -2

0

-1
/1

0
-1

/1
0-1/10

0 0 0

0
-1

/2
-1

/2
0

0 0

0
0

0
0

 Fb



E
S

Σ3
.x

xx
x.

07
4

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
82

21
9

@
 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

14
.1

1.
23

A
B

C

D

E

F

G
H

F F

X

X

q

q q

0
-2

-2
0

00

0
0

0
0

0
-1/2 -1/2

0

0
0

0 0
00

M
o 

fle
ss

io
ne

 d
a 

ca
ric

hi
 a

ss
eg

na
ti

-1
0

0
0

11

1
0

0
0

0 0 0 0

0
0

0 0
00

M
x 

fle
ss

io
ne

 d
a 

ip
er

st
at

ic
a 

X
=

1

E
S

Σ3
.x

xx
x.

07
4

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
82

21
9

@
 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

14
.1

1.
23



ESΣ3.xxxx.074PROCEDIMENTO E RISULTATI 982219

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 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

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 0 -Fb/EJ 0 0 0
0+0 0

BH b 0 0 Fb/EJ 0 0 0

HE b 0 0 0 0 0 0
0+0 0

EH b 0 0 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.074PROCEDIMENTO E RISULTATI 982219

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica



ESΣ3.xxxx.074PROCEDIMENTO E RISULTATI 982219

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

ESΣ3.xxxx.074

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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ESΣ3.xxxx.075PROCEDIMENTO E RISULTATI 956004

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 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

GC b 0 -1/2Fb+Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

CG b 0 1/2qx2 Fb/EJ 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 0 0 0 0 0
0+0 0

EH b 0 0 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.075PROCEDIMENTO E RISULTATI 956004

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

ESΣ3.xxxx.075

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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ESΣ3.xxxx.076PROCEDIMENTO E RISULTATI 983212

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 -Fb/EJ 0 0 0
0+0 0

FE b 0 0 Fb/EJ 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

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 0 0 0 0 0
0+0 0

EH b 0 0 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.076PROCEDIMENTO E RISULTATI 983212

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica



ESΣ3.xxxx.076PROCEDIMENTO E RISULTATI 983212

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

ESΣ3.xxxx.076

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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ESΣ3.xxxx.077PROCEDIMENTO E RISULTATI 984008

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx -Fb/EJ 0 0 0
0+0 0

CB b 0 2Fx Fb/EJ 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-Fx 0 1/2Fb-3/2Fx+Fx2/b 0 1-2x/b+x2/b2

(1/12+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-Fx 0 -1/2Fx+Fx2/b 0 x2/b2

EF b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

FE b 0 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

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -1/4Fb+3/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 -1/4Fx+1/2qx2 0 0 0 0

HE b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

EH b 0 -1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/8Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -3/10Fb

ESΣ3.xxxx.077PROCEDIMENTO E RISULTATI 984008

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -3/2 x/b + x2/b2 ) Fb 1/EJ dx = [1/2 x -3/4 x2/b +1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -3/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x/b + x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ

ESΣ3.xxxx.077PROCEDIMENTO E RISULTATI 984008

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-Fx 0 1/2Fb-3/2Fx+Fx2/b 0 1-2x/b+x2/b2

(1/12+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-Fx 0 -1/2Fx+Fx2/b 0 x2/b2

EF b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

FE b 0 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

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -1/4Fb+3/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 -1/4Fx+1/2qx2 0 0 0 0

HE b 0 1/4Fb-1/4Fx -Fb/EJ 0 0 0
0+0 0

EH b 0 -1/4Fx Fb/EJ 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/8Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -3/10Fb

ESΣ3.xxxx.078PROCEDIMENTO E RISULTATI 982251

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -3/2 x/b + x2/b2 ) Fb 1/EJ dx = [1/2 x -3/4 x2/b +1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -3/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x/b + x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ

ESΣ3.xxxx.078PROCEDIMENTO E RISULTATI 982251
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-Fx 0 1/2Fb-3/2Fx+Fx2/b 0 1-2x/b+x2/b2

(1/12+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-Fx 0 -1/2Fx+Fx2/b 0 x2/b2

EF b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

FE b 0 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

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 -Fb/EJ 0 0 0
0+0 0

GH b 0 0 Fb/EJ 0 0 0

HB b 0 -1/4Fb+3/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 -1/4Fx+1/2qx2 0 0 0 0

HE b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

EH b 0 -1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/8Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -3/10Fb

ESΣ3.xxxx.079PROCEDIMENTO E RISULTATI 960387

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -3/2 x/b + x2/b2 ) Fb 1/EJ dx = [1/2 x -3/4 x2/b +1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -3/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x/b + x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-Fx 0 1/2Fb-3/2Fx+Fx2/b 0 1-2x/b+x2/b2

(1/12+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-Fx 0 -1/2Fx+Fx2/b 0 x2/b2

EF b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

FE b 0 1/2qx2 0 0 0 0

FG b 0 0 -Fb/EJ 0 0 0
0+0 0

GF b 0 0 Fb/EJ 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -1/4Fb+3/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 -1/4Fx+1/2qx2 0 0 0 0

HE b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

EH b 0 -1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/8Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -3/10Fb

ESΣ3.xxxx.080PROCEDIMENTO E RISULTATI 984173
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -3/2 x/b + x2/b2 ) Fb 1/EJ dx = [1/2 x -3/4 x2/b +1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -3/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x/b + x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ

ESΣ3.xxxx.080PROCEDIMENTO E RISULTATI 984173
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-Fx 0 1/2Fb-3/2Fx+Fx2/b 0 1-2x/b+x2/b2

(1/12+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-Fx 0 -1/2Fx+Fx2/b 0 x2/b2

EF b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

FE b 0 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

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -1/4Fb+3/4Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

BH b 0 -1/4Fx+1/2qx2 Fb/EJ 0 0 0

HE b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

EH b 0 -1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/8Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -3/10Fb

ESΣ3.xxxx.081PROCEDIMENTO E RISULTATI 956389

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -3/2 x/b + x2/b2 ) Fb 1/EJ dx = [1/2 x -3/4 x2/b +1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -3/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x/b + x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ

ESΣ3.xxxx.081PROCEDIMENTO E RISULTATI 956389
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-Fx 0 1/2Fb-3/2Fx+Fx2/b 0 1-2x/b+x2/b2

(1/12+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-Fx 0 -1/2Fx+Fx2/b 0 x2/b2

EF b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

FE b 0 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

GC b 0 0 -Fb/EJ 0 0 0
0+0 0

CG b 0 0 Fb/EJ 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -1/4Fb+3/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 -1/4Fx+1/2qx2 0 0 0 0

HE b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

EH b 0 -1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/8Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -3/10Fb

ESΣ3.xxxx.082PROCEDIMENTO E RISULTATI 961279
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -3/2 x/b + x2/b2 ) Fb 1/EJ dx = [1/2 x -3/4 x2/b +1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -3/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x/b + x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ

ESΣ3.xxxx.082PROCEDIMENTO E RISULTATI 961279
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-Fx 0 1/2Fb-3/2Fx+Fx2/b 0 1-2x/b+x2/b2

(1/12+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-Fx 0 -1/2Fx+Fx2/b 0 x2/b2

EF b 0 -1/2Fb+Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

FE b 0 1/2qx2 Fb/EJ 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -1/4Fb+3/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 -1/4Fx+1/2qx2 0 0 0 0

HE b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

EH b 0 -1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/8Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -3/10Fb

ESΣ3.xxxx.083PROCEDIMENTO E RISULTATI 955051

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -3/2 x/b + x2/b2 ) Fb 1/EJ dx = [1/2 x -3/4 x2/b +1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -3/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x/b + x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ

ESΣ3.xxxx.083PROCEDIMENTO E RISULTATI 955051
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ESΣ3.xxxx.084REAZIONI 955930

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

1/4F

9/5F
3/10Fb

1/4F

14/5F
2Fb

A B

2F
2Fb

2F

B C

1/4F

9/5F
3/10Fb

1/4F

9/5F
1/5Fb

A

D

1/4F

7/10F
1/5Fb

1/4F

7/10F
1/2Fb

D E

1/2F

F
1/2Fb

1/2F

E F

1/2F

F

1/2F

F
1/2Fb

F

G

F

F
1/2Fb

F

G

C

1/2F
H G

1/4F

24/5F
1/4Fb

1/4F

24/5F

H

B

1/4F

24/5F
1/4Fb

1/4F

24/5F

H

E

ESΣ3.xxxx.084AZIONI INTERNE 955930

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

-1/4 -1/4
0

-9
/5

1/4 1/2 1/2

-1
-1

-1

-1/2

24
/5

24
/5

 F

-9/5 -14/5
2

1/
4

-7/10
1 0

-1
/2

1
0

0

-1
/4

1/
4

 F

3/10
-2 -2

0

-3
/1

0
1/

5

1/5
-1/2 -1/2

0

0
-1

/2
-1

/2
0

0 0

1/
4

0
-1

/4
0

 Fb



E
S

Σ3
.x

xx
x.

08
4

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
55

93
0

@
 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

14
.1

1.
23

A
B

C

D

E

F

G
H

F F

X

X

q

q

q

0
-2

-2
0

01/2

1/
2

-1
/2

-1
/2

0

0
-1/2 -1/2

0

0
0

1/4 0-1/4
0

M
o 

fle
ss

io
ne

 d
a 

ca
ric

hi
 a

ss
eg

na
ti

-1
0

0
0

11

1
0

0
0

0 0 0 0

0
0

0 0
00

M
x 

fle
ss

io
ne

 d
a 

ip
er

st
at

ic
a 

X
=

1

E
S

Σ3
.x

xx
x.

08
4

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
55

93
0

@
 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

14
.1

1.
23



ESΣ3.xxxx.084PROCEDIMENTO E RISULTATI 955930

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx -Fb/EJ 0 0 0
0+0 0

CB b 0 2Fx Fb/EJ 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-Fx 0 1/2Fb-3/2Fx+Fx2/b 0 1-2x/b+x2/b2

(1/12+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-Fx 0 -1/2Fx+Fx2/b 0 x2/b2

EF b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

FE b 0 1/2qx2 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

BH b 0 -1/4Fx 0 0 0 0

HE b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

EH b 0 1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/8Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -3/10Fb

ESΣ3.xxxx.084PROCEDIMENTO E RISULTATI 955930
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -3/2 x/b + x2/b2 ) Fb 1/EJ dx = [1/2 x -3/4 x2/b +1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -3/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x/b + x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-Fx 0 1/2Fb-3/2Fx+Fx2/b 0 1-2x/b+x2/b2

(1/12+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-Fx 0 -1/2Fx+Fx2/b 0 x2/b2

EF b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

FE b 0 1/2qx2 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

BH b 0 -1/4Fx 0 0 0 0

HE b 0 -1/4Fb+1/4Fx -Fb/EJ 0 0 0
0+0 0

EH b 0 1/4Fx Fb/EJ 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/8Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -3/10Fb

ESΣ3.xxxx.085PROCEDIMENTO E RISULTATI 908633

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -3/2 x/b + x2/b2 ) Fb 1/EJ dx = [1/2 x -3/4 x2/b +1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -3/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x/b + x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ

ESΣ3.xxxx.085PROCEDIMENTO E RISULTATI 908633
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-Fx 0 1/2Fb-3/2Fx+Fx2/b 0 1-2x/b+x2/b2

(1/12+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-Fx 0 -1/2Fx+Fx2/b 0 x2/b2

EF b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

FE b 0 1/2qx2 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 -Fb/EJ 0 0 0
0+0 0

GH b 0 0 Fb/EJ 0 0 0

HB b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

BH b 0 -1/4Fx 0 0 0 0

HE b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

EH b 0 1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/8Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -3/10Fb

ESΣ3.xxxx.086PROCEDIMENTO E RISULTATI 984502

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -3/2 x/b + x2/b2 ) Fb 1/EJ dx = [1/2 x -3/4 x2/b +1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -3/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x/b + x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ

ESΣ3.xxxx.086PROCEDIMENTO E RISULTATI 984502
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-Fx 0 1/2Fb-3/2Fx+Fx2/b 0 1-2x/b+x2/b2

(1/12+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-Fx 0 -1/2Fx+Fx2/b 0 x2/b2

EF b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

FE b 0 1/2qx2 0 0 0 0

FG b 0 -1/2Fx -Fb/EJ 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx Fb/EJ 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

BH b 0 -1/4Fx 0 0 0 0

HE b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

EH b 0 1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/8Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -3/10Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -3/2 x/b + x2/b2 ) Fb 1/EJ dx = [1/2 x -3/4 x2/b +1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -3/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x/b + x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-Fx 0 1/2Fb-3/2Fx+Fx2/b 0 1-2x/b+x2/b2

(1/12+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-Fx 0 -1/2Fx+Fx2/b 0 x2/b2

EF b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

FE b 0 1/2qx2 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 1/4Fb-1/4Fx -Fb/EJ 0 0 0
0+0 0

BH b 0 -1/4Fx Fb/EJ 0 0 0

HE b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

EH b 0 1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/8Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -3/10Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -3/2 x/b + x2/b2 ) Fb 1/EJ dx = [1/2 x -3/4 x2/b +1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -3/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x/b + x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-Fx 0 1/2Fb-3/2Fx+Fx2/b 0 1-2x/b+x2/b2

(1/12+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-Fx 0 -1/2Fx+Fx2/b 0 x2/b2

EF b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

FE b 0 1/2qx2 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

CG b 0 1/2qx2 Fb/EJ 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

BH b 0 -1/4Fx 0 0 0 0

HE b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

EH b 0 1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/8Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -3/10Fb

ESΣ3.xxxx.089PROCEDIMENTO E RISULTATI 983234

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -3/2 x/b + x2/b2 ) Fb 1/EJ dx = [1/2 x -3/4 x2/b +1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -3/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x/b + x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-Fx 0 1/2Fb-3/2Fx+Fx2/b 0 1-2x/b+x2/b2

(1/12+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-Fx 0 -1/2Fx+Fx2/b 0 x2/b2

EF b 0 -1/2Fb+Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

FE b 0 1/2qx2 Fb/EJ 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

BH b 0 -1/4Fx 0 0 0 0

HE b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

EH b 0 1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/8Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -3/10Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 -3/2 x/b + x2/b2 ) Fb 1/EJ dx = [1/2 x -3/4 x2/b +1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -3/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x/b + x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/3 b ) Fb 1/EJ  = 1/12  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx -Fb/EJ 0 0 0
0+0 0

CB b 0 5/2Fx Fb/EJ 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b -1/2Fx 0 -1/2Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(-1/12+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx2/b 0 x2/b2

EF b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

FE b 0 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

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 0 0 0 0 0
0+0 0

EH b 0 0 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

ESΣ3.xxxx.091
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ESΣ3.xxxx.092PROCEDIMENTO E RISULTATI 932725

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b -1/2Fx 0 -1/2Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(-1/12+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx2/b 0 x2/b2

EF b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

FE b 0 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

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 0 -Fb/EJ 0 0 0
0+0 0

EH b 0 0 Fb/EJ 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.092PROCEDIMENTO E RISULTATI 932725

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

ESΣ3.xxxx.092

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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ESΣ3.xxxx.093PROCEDIMENTO E RISULTATI 982885

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b -1/2Fx 0 -1/2Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(-1/12+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx2/b 0 x2/b2

EF b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

FE b 0 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

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 Fb/EJ 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 0 0 0 0 0
0+0 0

EH b 0 0 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.093PROCEDIMENTO E RISULTATI 982885

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

ESΣ3.xxxx.093
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ESΣ3.xxxx.094PROCEDIMENTO E RISULTATI 984659

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b -1/2Fx 0 -1/2Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(-1/12+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx2/b 0 x2/b2

EF b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

FE b 0 1/2qx2 0 0 0 0

FG b 0 0 -Fb/EJ 0 0 0
0+0 0

GF b 0 0 Fb/EJ 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 0 0 0 0 0
0+0 0

EH b 0 0 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.094PROCEDIMENTO E RISULTATI 984659

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

ESΣ3.xxxx.094
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b -1/2Fx -Fb/EJ -1/2Fx+1/2Fx2/b -Fb/EJ+Fx/EJ 1-2x/b+x2/b2

(-1/12-1/2)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-1/2Fx Fb/EJ -1/2Fx+1/2Fx2/b -Fx/EJ x2/b2

EF b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

FE b 0 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

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 0 0 0 0 0
0+0 0

EH b 0 0 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -5/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 1/14Fb

ESΣ3.xxxx.095PROCEDIMENTO E RISULTATI 981665

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx +  ∫
o

b(-1 + x/b ) θ  dx

        = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + [- x +1/2 x2/b ]

o

b
 θ  

        = (-1/4 b +1/6 b ) Fb 1/EJ  + (- b +1/2 b ) θ   = -7/12  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx +  ∫
o

b( x/b ) θ  dx

        = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + [1/2 x2/b ]

o

b
 θ  

        = (-1/4 b +1/6 b ) Fb 1/EJ  + (1/2 b ) θ   = -7/12  Fb2/EJ

ESΣ3.xxxx.095
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ESΣ3.xxxx.096PROCEDIMENTO E RISULTATI 981196

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b -1/2Fx 0 -1/2Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(-1/12+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx2/b 0 x2/b2

EF b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

FE b 0 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

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 0 -Fb/EJ 0 0 0
0+0 0

BH b 0 0 Fb/EJ 0 0 0

HE b 0 0 0 0 0 0
0+0 0

EH b 0 0 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.096PROCEDIMENTO E RISULTATI 981196

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

ESΣ3.xxxx.096
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b -1/2Fx 0 -1/2Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(-1/12+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx2/b 0 x2/b2

EF b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

FE b 0 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

GC b 0 0 -Fb/EJ 0 0 0
0+0 0

CG b 0 0 Fb/EJ 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 0 0 0 0 0
0+0 0

EH b 0 0 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.097PROCEDIMENTO E RISULTATI 957454

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

ESΣ3.xxxx.097
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ESΣ3.xxxx.098PROCEDIMENTO E RISULTATI 956121

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b -1/2Fx 0 -1/2Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(-1/12+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx2/b 0 x2/b2

EF b 0 -1/2Fb+Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

FE b 0 1/2qx2 Fb/EJ 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 0 0 0 0 0
0+0 0

EH b 0 0 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.098PROCEDIMENTO E RISULTATI 956121

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

ESΣ3.xxxx.098

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23



ESΣ3.xxxx.099REAZIONI 909806

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

3/4F

8/5F
1/10Fb

3/4F

13/5F
2Fb

A B

2F
2Fb

2F

B C

3/4F

8/5F
1/10Fb

5/4F

8/5F
2/5Fb

A

D

5/4F

2/5F
2/5Fb

5/4F

2/5F

D E

E F

F

F

G

F

G

C

3F
H G

7/4F

23/5F
5/4Fb

3/4F

23/5F

H

B

5/4F

23/5F
5/4Fb

5/4F

23/5F

H

E

ESΣ3.xxxx.099AZIONI INTERNE 909806

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

3/4 3/4 0

-8
/5

-8
/5

5/4 0

-1
-1

3

23
/5

23
/5

23
/5

 F

-8/5 -13/5
2

-3
/4

5/
4 -2/5

0

0
0

0

7/
4

3/
4

-5
/4

 F

1/10
-2 -2

0

-1
/1

0
2/

5

2/5 0 0 0

0
0

0
0

0 0

-5
/4

0
5/

4
0

 Fb



E
S

Σ3
.x

xx
x.

09
9

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
09

80
6

@
 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

14
.1

1.
23

A
B

C

D

E

F

G
H

F F

X

X

q

q

q

S
ch

em
a 

di
 c

al
co

lo
 ip

er
st

at
ic

o

0
-2

-2
0

01/2

1/
2

0
0

0

0 0 0 0

0
0

-5/4
0

5/40

M
o 

fle
ss

io
ne

 d
a 

ca
ric

hi
 a

ss
eg

na
ti

-1
0

0
0

11

1
0

0
0

0 0 0 0

0
0

0 0
00

M
x 

fle
ss

io
ne

 d
a 

ip
er

st
at

ic
a 

X
=

1

E
S

Σ3
.x

xx
x.

09
9

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
09

80
6

@
 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

14
.1

1.
23



ESΣ3.xxxx.099PROCEDIMENTO E RISULTATI 909806

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx -Fb/EJ 0 0 0
0+0 0

CB b 0 2Fx Fb/EJ 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+7/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 3/4Fx+1/2qx2 0 0 0 0

HE b 0 5/4Fb-5/4Fx 0 0 0 0
0+0 0

EH b 0 -5/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.099PROCEDIMENTO E RISULTATI 909806

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-3/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

ESΣ3.xxxx.099PROCEDIMENTO E RISULTATI 909806
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+7/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 3/4Fx+1/2qx2 0 0 0 0

HE b 0 5/4Fb-5/4Fx -Fb/EJ 0 0 0
0+0 0

EH b 0 -5/4Fx Fb/EJ 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.100PROCEDIMENTO E RISULTATI 961177

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-3/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

ESΣ3.xxxx.100PROCEDIMENTO E RISULTATI 961177
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ESΣ3.xxxx.101PROCEDIMENTO E RISULTATI 956427
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 -Fb/EJ 0 0 0
0+0 0

GH b 0 0 Fb/EJ 0 0 0

HB b 0 -5/4Fb+7/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 3/4Fx+1/2qx2 0 0 0 0

HE b 0 5/4Fb-5/4Fx 0 0 0 0
0+0 0

EH b 0 -5/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.101PROCEDIMENTO E RISULTATI 956427

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-3/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

ESΣ3.xxxx.101PROCEDIMENTO E RISULTATI 956427
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 -Fb/EJ 0 0 0
0+0 0

GF b 0 0 Fb/EJ 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+7/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 3/4Fx+1/2qx2 0 0 0 0

HE b 0 5/4Fb-5/4Fx 0 0 0 0
0+0 0

EH b 0 -5/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-3/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx -Fb/EJ 1/2Fb-Fx+1/2Fx2/b -Fb/EJ+Fx/EJ 1-2x/b+x2/b2

(1/6-1/2)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx Fb/EJ 1/2Fx2/b -Fx/EJ x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+7/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 3/4Fx+1/2qx2 0 0 0 0

HE b 0 5/4Fb-5/4Fx 0 0 0 0
0+0 0

EH b 0 -5/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -5/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 1/14Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-3/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx +  ∫
o

b(-1 + x/b ) θ  dx

        = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + [- x +1/2 x2/b ]

o

b
 θ  

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  + (- b +1/2 b ) θ   = -1/3  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx +  ∫
o

b( x/b ) θ  dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ  + [1/2 x2/b ]

o

b
 θ  

        = (1/6 b ) Fb 1/EJ  + (1/2 b ) θ   = -1/3  Fb2/EJ

ESΣ3.xxxx.103PROCEDIMENTO E RISULTATI 252216

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23



ESΣ3.xxxx.104REAZIONI 957970

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

3/4F

8/5F
1/10Fb

3/4F

13/5F
2Fb

A B

2F
2Fb

2F

B C

3/4F

8/5F
1/10Fb

5/4F

8/5F
2/5Fb

A

D

5/4F

2/5F
2/5Fb

5/4F

2/5F

D E

E F

F

F

G

F

G

C

3F
H G

7/4F

23/5F
5/4Fb

3/4F

23/5F

H

B

5/4F

23/5F
5/4Fb

5/4F

23/5F

H

E

ESΣ3.xxxx.104AZIONI INTERNE 957970

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

3/4 3/4 0

-8
/5

-8
/5

5/4 0

-1
-1

3

23
/5

23
/5

23
/5

 F

-8/5 -13/5
2

-3
/4

5/
4 -2/5

0

0
0

0

7/
4

3/
4

-5
/4

 F

1/10
-2 -2

0

-1
/1

0
2/

5

2/5 0 0 0

0
0

0
0

0 0

-5
/4

0
5/

4
0

 Fb



E
S

Σ3
.x

xx
x.

10
4

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
57

97
0

@
 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

14
.1

1.
23

A
B

C

D

E

F

G
H

F F

X

X

q

q

q

S
ch

em
a 

di
 c

al
co

lo
 ip

er
st

at
ic

o

0
-2

-2
0

01/2

1/
2

0
0

0

0 0 0 0

0
0

-5/4
0

5/40

M
o 

fle
ss

io
ne

 d
a 

ca
ric

hi
 a

ss
eg

na
ti

-1
0

0
0

11

1
0

0
0

0 0 0 0

0
0

0 0
00

M
x 

fle
ss

io
ne

 d
a 

ip
er

st
at

ic
a 

X
=

1

E
S

Σ3
.x

xx
x.

10
4

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
57

97
0

@
 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

14
.1

1.
23



ESΣ3.xxxx.104PROCEDIMENTO E RISULTATI 957970

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+7/4Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

BH b 0 3/4Fx+1/2qx2 Fb/EJ 0 0 0

HE b 0 5/4Fb-5/4Fx 0 0 0 0
0+0 0

EH b 0 -5/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.104PROCEDIMENTO E RISULTATI 957970

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-3/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

ESΣ3.xxxx.104PROCEDIMENTO E RISULTATI 957970

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23



ESΣ3.xxxx.105REAZIONI 982587

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

3/4F

8/5F
1/10Fb

3/4F

13/5F
2Fb

A B

2F
2Fb

2F

B C

3/4F

8/5F
1/10Fb

5/4F

8/5F
2/5Fb

A

D

5/4F

2/5F
2/5Fb

5/4F

2/5F

D E

E F

F

F

G

F

G

C

3F
H G

7/4F

23/5F
5/4Fb

3/4F

23/5F

H

B

5/4F

23/5F
5/4Fb

5/4F

23/5F

H

E

ESΣ3.xxxx.105AZIONI INTERNE 982587

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

3/4 3/4 0

-8
/5

-8
/5

5/4 0

-1
-1

3

23
/5

23
/5

23
/5

 F

-8/5 -13/5
2

-3
/4

5/
4 -2/5

0

0
0

0

7/
4

3/
4

-5
/4

 F

1/10
-2 -2

0

-1
/1

0
2/

5

2/5 0 0 0

0
0

0
0

0 0

-5
/4

0
5/

4
0

 Fb



E
S

Σ3
.x

xx
x.

10
5

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
82

58
7

@
 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

14
.1

1.
23

A
B

C

D

E

F

G
H

F F

X

X

q

q

q

S
ch

em
a 

di
 c

al
co

lo
 ip

er
st

at
ic

o

0
-2

-2
0

01/2

1/
2

0
0

0

0 0 0 0

0
0

-5/4
0

5/40

M
o 

fle
ss

io
ne

 d
a 

ca
ric

hi
 a

ss
eg

na
ti

-1
0

0
0

11

1
0

0
0

0 0 0 0

0
0

0 0
00

M
x 

fle
ss

io
ne

 d
a 

ip
er

st
at

ic
a 

X
=

1

E
S

Σ3
.x

xx
x.

10
5

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
82

58
7

@
 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

14
.1

1.
23



ESΣ3.xxxx.105PROCEDIMENTO E RISULTATI 982587

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 -Fb/EJ 0 0 0
0+0 0

CG b 0 0 Fb/EJ 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+7/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 3/4Fx+1/2qx2 0 0 0 0

HE b 0 5/4Fb-5/4Fx 0 0 0 0
0+0 0

EH b 0 -5/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.105PROCEDIMENTO E RISULTATI 982587

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-3/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

ESΣ3.xxxx.105PROCEDIMENTO E RISULTATI 982587
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ESΣ3.xxxx.106PROCEDIMENTO E RISULTATI 981315

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 -Fb/EJ 0 0 0
0+0 0

FE b 0 0 Fb/EJ 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+7/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 3/4Fx+1/2qx2 0 0 0 0

HE b 0 5/4Fb-5/4Fx 0 0 0 0
0+0 0

EH b 0 -5/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.106PROCEDIMENTO E RISULTATI 981315

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-3/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx -Fb/EJ 0 0 0
0+0 0

CB b 0 2Fx Fb/EJ 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -3/4Fb+3/4Fx 0 0 0 0
0+0 0

BH b 0 3/4Fx 0 0 0 0

HE b 0 3/4Fb-3/4Fx 0 0 0 0
0+0 0

EH b 0 -3/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.107PROCEDIMENTO E RISULTATI 984418

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-3/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

ESΣ3.xxxx.107PROCEDIMENTO E RISULTATI 984418
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -3/4Fb+3/4Fx 0 0 0 0
0+0 0

BH b 0 3/4Fx 0 0 0 0

HE b 0 3/4Fb-3/4Fx -Fb/EJ 0 0 0
0+0 0

EH b 0 -3/4Fx Fb/EJ 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.108PROCEDIMENTO E RISULTATI 981964

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-3/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

ESΣ3.xxxx.108PROCEDIMENTO E RISULTATI 981964
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 -Fb/EJ 0 0 0
0+0 0

GH b 0 0 Fb/EJ 0 0 0

HB b 0 -3/4Fb+3/4Fx 0 0 0 0
0+0 0

BH b 0 3/4Fx 0 0 0 0

HE b 0 3/4Fb-3/4Fx 0 0 0 0
0+0 0

EH b 0 -3/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-3/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx -Fb/EJ 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx Fb/EJ 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -3/4Fb+3/4Fx 0 0 0 0
0+0 0

BH b 0 3/4Fx 0 0 0 0

HE b 0 3/4Fb-3/4Fx 0 0 0 0
0+0 0

EH b 0 -3/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-3/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx -Fb/EJ 1/2Fb-Fx+1/2Fx2/b -Fb/EJ+Fx/EJ 1-2x/b+x2/b2

(1/6-1/2)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx Fb/EJ 1/2Fx2/b -Fx/EJ x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -3/4Fb+3/4Fx 0 0 0 0
0+0 0

BH b 0 3/4Fx 0 0 0 0

HE b 0 3/4Fb-3/4Fx 0 0 0 0
0+0 0

EH b 0 -3/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -5/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 1/14Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-3/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx +  ∫
o

b(-1 + x/b ) θ  dx

        = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + [- x +1/2 x2/b ]

o

b
 θ  

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  + (- b +1/2 b ) θ   = -1/3  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx +  ∫
o

b( x/b ) θ  dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ  + [1/2 x2/b ]

o

b
 θ  

        = (1/6 b ) Fb 1/EJ  + (1/2 b ) θ   = -1/3  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -3/4Fb+3/4Fx -Fb/EJ 0 0 0
0+0 0

BH b 0 3/4Fx Fb/EJ 0 0 0

HE b 0 3/4Fb-3/4Fx 0 0 0 0
0+0 0

EH b 0 -3/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-3/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

CG b 0 1/2qx2 Fb/EJ 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -3/4Fb+3/4Fx 0 0 0 0
0+0 0

BH b 0 3/4Fx 0 0 0 0

HE b 0 3/4Fb-3/4Fx 0 0 0 0
0+0 0

EH b 0 -3/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-3/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -3/4Fx+1/2qx2 0 -3/4Fx+1/2Fx2/b 0 1
(-1/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+5/4Fx-1/2qx2 0 1/2Fb-5/4Fx+1/2Fx2/b 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 -Fb/EJ 0 0 0
0+0 0

FE b 0 0 Fb/EJ 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -3/4Fb+3/4Fx 0 0 0 0
0+0 0

BH b 0 3/4Fx 0 0 0 0

HE b 0 3/4Fb-3/4Fx 0 0 0 0
0+0 0

EH b 0 -3/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-3/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = ( b -5/2 b +4/3 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx -Fb/EJ 0 0 0
0+0 0

CB b 0 2Fx Fb/EJ 0 0 0

AD 2b 1 -5/4Fx+1/2qx2 0 -5/4Fx+1/2Fx2/b 0 1
(-7/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 1/2Fb+3/4Fx-1/2qx2 0 -1/2Fb-3/4Fx+1/2Fx2/b 0 1

DE b 1-x/b -1/2Fb+1/2Fx 0 -1/2Fb+Fx-1/2Fx2/b 0 1-2x/b+x2/b2

(-1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fx 0 -1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+5/4Fx 0 0 0 0
0+0 0

BH b 0 5/4Fx 0 0 0 0

HE b 0 5/4Fb-7/4Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 -3/4Fx-1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 5/14Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-5/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DA = ∫

o

2b(-1/2 -3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x -3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (- b -3/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -5/4Fx+1/2qx2 0 -5/4Fx+1/2Fx2/b 0 1
(-7/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 1/2Fb+3/4Fx-1/2qx2 0 -1/2Fb-3/4Fx+1/2Fx2/b 0 1

DE b 1-x/b -1/2Fb+1/2Fx 0 -1/2Fb+Fx-1/2Fx2/b 0 1-2x/b+x2/b2

(-1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fx 0 -1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+5/4Fx 0 0 0 0
0+0 0

BH b 0 5/4Fx 0 0 0 0

HE b 0 5/4Fb-7/4Fx+1/2qx2 -Fb/EJ 0 0 0
0+0 0

EH b 0 -3/4Fx-1/2qx2 Fb/EJ 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 5/14Fb

ESΣ3.xxxx.116PROCEDIMENTO E RISULTATI 981297

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-5/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DA = ∫

o

2b(-1/2 -3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x -3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (- b -3/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -5/4Fx+1/2qx2 0 -5/4Fx+1/2Fx2/b 0 1
(-7/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 1/2Fb+3/4Fx-1/2qx2 0 -1/2Fb-3/4Fx+1/2Fx2/b 0 1

DE b 1-x/b -1/2Fb+1/2Fx 0 -1/2Fb+Fx-1/2Fx2/b 0 1-2x/b+x2/b2

(-1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fx 0 -1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 -Fb/EJ 0 0 0
0+0 0

GH b 0 0 Fb/EJ 0 0 0

HB b 0 -5/4Fb+5/4Fx 0 0 0 0
0+0 0

BH b 0 5/4Fx 0 0 0 0

HE b 0 5/4Fb-7/4Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 -3/4Fx-1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 5/14Fb

ESΣ3.xxxx.117PROCEDIMENTO E RISULTATI 957828
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-5/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DA = ∫

o

2b(-1/2 -3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x -3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (- b -3/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -5/4Fx+1/2qx2 0 -5/4Fx+1/2Fx2/b 0 1
(-7/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 1/2Fb+3/4Fx-1/2qx2 0 -1/2Fb-3/4Fx+1/2Fx2/b 0 1

DE b 1-x/b -1/2Fb+1/2Fx 0 -1/2Fb+Fx-1/2Fx2/b 0 1-2x/b+x2/b2

(-1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fx 0 -1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 -Fb/EJ 0 0 0
0+0 0

GF b 0 0 Fb/EJ 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+5/4Fx 0 0 0 0
0+0 0

BH b 0 5/4Fx 0 0 0 0

HE b 0 5/4Fb-7/4Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 -3/4Fx-1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 5/14Fb

ESΣ3.xxxx.118PROCEDIMENTO E RISULTATI 955615

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-5/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DA = ∫

o

2b(-1/2 -3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x -3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (- b -3/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -5/4Fx+1/2qx2 0 -5/4Fx+1/2Fx2/b 0 1
(-7/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 1/2Fb+3/4Fx-1/2qx2 0 -1/2Fb-3/4Fx+1/2Fx2/b 0 1

DE b 1-x/b -1/2Fb+1/2Fx 0 -1/2Fb+Fx-1/2Fx2/b 0 1-2x/b+x2/b2

(-1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fx 0 -1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+5/4Fx -Fb/EJ 0 0 0
0+0 0

BH b 0 5/4Fx Fb/EJ 0 0 0

HE b 0 5/4Fb-7/4Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 -3/4Fx-1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 5/14Fb

ESΣ3.xxxx.119PROCEDIMENTO E RISULTATI 980888

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-5/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DA = ∫

o

2b(-1/2 -3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x -3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (- b -3/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

ESΣ3.xxxx.119PROCEDIMENTO E RISULTATI 980888
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ESΣ3.xxxx.120PROCEDIMENTO E RISULTATI 984007

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -5/4Fx+1/2qx2 0 -5/4Fx+1/2Fx2/b 0 1
(-7/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 1/2Fb+3/4Fx-1/2qx2 0 -1/2Fb-3/4Fx+1/2Fx2/b 0 1

DE b 1-x/b -1/2Fb+1/2Fx 0 -1/2Fb+Fx-1/2Fx2/b 0 1-2x/b+x2/b2

(-1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fx 0 -1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 -Fb/EJ 0 0 0
0+0 0

CG b 0 0 Fb/EJ 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+5/4Fx 0 0 0 0
0+0 0

BH b 0 5/4Fx 0 0 0 0

HE b 0 5/4Fb-7/4Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 -3/4Fx-1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 5/14Fb

ESΣ3.xxxx.120PROCEDIMENTO E RISULTATI 984007
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-5/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DA = ∫

o

2b(-1/2 -3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x -3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (- b -3/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -5/4Fx+1/2qx2 0 -5/4Fx+1/2Fx2/b 0 1
(-7/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 1/2Fb+3/4Fx-1/2qx2 0 -1/2Fb-3/4Fx+1/2Fx2/b 0 1

DE b 1-x/b -1/2Fb+1/2Fx 0 -1/2Fb+Fx-1/2Fx2/b 0 1-2x/b+x2/b2

(-1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fx 0 -1/2Fx2/b 0 x2/b2

EF b 0 0 -Fb/EJ 0 0 0
0+0 0

FE b 0 0 Fb/EJ 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+5/4Fx 0 0 0 0
0+0 0

BH b 0 5/4Fx 0 0 0 0

HE b 0 5/4Fb-7/4Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 -3/4Fx-1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 5/14Fb

ESΣ3.xxxx.121PROCEDIMENTO E RISULTATI 981995
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-5/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DA = ∫

o

2b(-1/2 -3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x -3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (- b -3/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

ESΣ3.xxxx.121PROCEDIMENTO E RISULTATI 981995
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx -Fb/EJ 0 0 0
0+0 0

CB b 0 5/2Fx Fb/EJ 0 0 0

AD 2b 1 -Fx+1/2qx2 0 -Fx+1/2Fx2/b 0 1
(-2/3+0)Fb2/EJ 2Xb/EJ

DA 2b -1 Fx-1/2qx2 0 -Fx+1/2Fx2/b 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 -Fb+Fx 0 0 0 0
0+0 0

BH b 0 Fx 0 0 0 0

HE b 0 Fb-Fx 0 0 0 0
0+0 0

EH b 0 -Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 1/10Fb

ESΣ3.xxxx.122PROCEDIMENTO E RISULTATI 912079

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-2 b +4/3 b ) Fb 1/EJ  = -2/3  Fb2/EJ

LXo
DA = ∫

o

2b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-2 b +4/3 b ) Fb 1/EJ  = -2/3  Fb2/EJ
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ESΣ3.xxxx.123PROCEDIMENTO E RISULTATI 981678

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 -Fx+1/2qx2 0 -Fx+1/2Fx2/b 0 1
(-2/3+0)Fb2/EJ 2Xb/EJ

DA 2b -1 Fx-1/2qx2 0 -Fx+1/2Fx2/b 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 -Fb+Fx 0 0 0 0
0+0 0

BH b 0 Fx 0 0 0 0

HE b 0 Fb-Fx -Fb/EJ 0 0 0
0+0 0

EH b 0 -Fx Fb/EJ 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 1/10Fb

ESΣ3.xxxx.123PROCEDIMENTO E RISULTATI 981678

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica



ESΣ3.xxxx.123PROCEDIMENTO E RISULTATI 981678

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-2 b +4/3 b ) Fb 1/EJ  = -2/3  Fb2/EJ

LXo
DA = ∫

o

2b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-2 b +4/3 b ) Fb 1/EJ  = -2/3  Fb2/EJ

ESΣ3.xxxx.123

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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ESΣ3.xxxx.124PROCEDIMENTO E RISULTATI 984823

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 -Fx+1/2qx2 0 -Fx+1/2Fx2/b 0 1
(-2/3+0)Fb2/EJ 2Xb/EJ

DA 2b -1 Fx-1/2qx2 0 -Fx+1/2Fx2/b 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 Fb/EJ 0 0 0

HB b 0 -Fb+Fx 0 0 0 0
0+0 0

BH b 0 Fx 0 0 0 0

HE b 0 Fb-Fx 0 0 0 0
0+0 0

EH b 0 -Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 1/10Fb

ESΣ3.xxxx.124PROCEDIMENTO E RISULTATI 984823

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica



ESΣ3.xxxx.124PROCEDIMENTO E RISULTATI 984823

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-2 b +4/3 b ) Fb 1/EJ  = -2/3  Fb2/EJ

LXo
DA = ∫

o

2b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-2 b +4/3 b ) Fb 1/EJ  = -2/3  Fb2/EJ

ESΣ3.xxxx.124

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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ESΣ3.xxxx.125PROCEDIMENTO E RISULTATI 959828

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 -Fx+1/2qx2 0 -Fx+1/2Fx2/b 0 1
(-2/3+0)Fb2/EJ 2Xb/EJ

DA 2b -1 Fx-1/2qx2 0 -Fx+1/2Fx2/b 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 -Fb/EJ 0 0 0
0+0 0

GF b 0 0 Fb/EJ 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 -Fb+Fx 0 0 0 0
0+0 0

BH b 0 Fx 0 0 0 0

HE b 0 Fb-Fx 0 0 0 0
0+0 0

EH b 0 -Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 1/10Fb

ESΣ3.xxxx.125PROCEDIMENTO E RISULTATI 959828

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica



ESΣ3.xxxx.125PROCEDIMENTO E RISULTATI 959828

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-2 b +4/3 b ) Fb 1/EJ  = -2/3  Fb2/EJ

LXo
DA = ∫

o

2b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-2 b +4/3 b ) Fb 1/EJ  = -2/3  Fb2/EJ
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ESΣ3.xxxx.126PROCEDIMENTO E RISULTATI 981630

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 -Fb/EJ 2Fx-3/2Fx2/b-1/2qx3/b Fb/EJ-Fx/EJ 1-2x/b+x2/b2

(3/8+1/2)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 Fb/EJ 5/2Fx-3Fx2/b+1/2qx3/b Fx/EJ x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 -Fx+1/2qx2 0 -Fx+1/2Fx2/b 0 1
(-2/3+0)Fb2/EJ 2Xb/EJ

DA 2b -1 Fx-1/2qx2 0 -Fx+1/2Fx2/b 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 -Fb+Fx 0 0 0 0
0+0 0

BH b 0 Fx 0 0 0 0

HE b 0 Fb-Fx 0 0 0 0
0+0 0

EH b 0 -Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 5/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/14Fb

ESΣ3.xxxx.126PROCEDIMENTO E RISULTATI 981630

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx +  ∫
o

b(1 - x/b ) θ  dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + [ x -1/2 x2/b ]

o

b
 θ   + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + ( b -1/2 b ) θ   + 1  0  1/4  Fb2/EJ = 7/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx +  ∫
o

b(- x/b ) θ  dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + [-1/2 x2/b ]

o

b
 θ   + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + (-1/2 b ) θ   + 1  0  1/4  Fb2/EJ = 7/8  Fb2/EJ

LXo
AD = ∫

o

2b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-2 b +4/3 b ) Fb 1/EJ  = -2/3  Fb2/EJ

LXo
DA = ∫

o

2b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-2 b +4/3 b ) Fb 1/EJ  = -2/3  Fb2/EJ

ESΣ3.xxxx.126
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ESΣ3.xxxx.127PROCEDIMENTO E RISULTATI 983430

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 -Fx+1/2qx2 0 -Fx+1/2Fx2/b 0 1
(-2/3+0)Fb2/EJ 2Xb/EJ

DA 2b -1 Fx-1/2qx2 0 -Fx+1/2Fx2/b 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 -Fb+Fx -Fb/EJ 0 0 0
0+0 0

BH b 0 Fx Fb/EJ 0 0 0

HE b 0 Fb-Fx 0 0 0 0
0+0 0

EH b 0 -Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 1/10Fb

ESΣ3.xxxx.127PROCEDIMENTO E RISULTATI 983430

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-2 b +4/3 b ) Fb 1/EJ  = -2/3  Fb2/EJ

LXo
DA = ∫

o

2b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-2 b +4/3 b ) Fb 1/EJ  = -2/3  Fb2/EJ

ESΣ3.xxxx.127
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ESΣ3.xxxx.128PROCEDIMENTO E RISULTATI 935514

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 -Fx+1/2qx2 0 -Fx+1/2Fx2/b 0 1
(-2/3+0)Fb2/EJ 2Xb/EJ

DA 2b -1 Fx-1/2qx2 0 -Fx+1/2Fx2/b 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 -Fb/EJ 0 0 0
0+0 0

CG b 0 0 Fb/EJ 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 -Fb+Fx 0 0 0 0
0+0 0

BH b 0 Fx 0 0 0 0

HE b 0 Fb-Fx 0 0 0 0
0+0 0

EH b 0 -Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 1/10Fb

ESΣ3.xxxx.128PROCEDIMENTO E RISULTATI 935514

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-2 b +4/3 b ) Fb 1/EJ  = -2/3  Fb2/EJ

LXo
DA = ∫

o

2b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-2 b +4/3 b ) Fb 1/EJ  = -2/3  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 -Fx+1/2qx2 0 -Fx+1/2Fx2/b 0 1
(-2/3+0)Fb2/EJ 2Xb/EJ

DA 2b -1 Fx-1/2qx2 0 -Fx+1/2Fx2/b 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 -Fb/EJ 0 0 0
0+0 0

FE b 0 0 Fb/EJ 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 -Fb+Fx 0 0 0 0
0+0 0

BH b 0 Fx 0 0 0 0

HE b 0 Fb-Fx 0 0 0 0
0+0 0

EH b 0 -Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 1/10Fb

ESΣ3.xxxx.129PROCEDIMENTO E RISULTATI 245588

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-2 b +4/3 b ) Fb 1/EJ  = -2/3  Fb2/EJ

LXo
DA = ∫

o

2b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-2 b +4/3 b ) Fb 1/EJ  = -2/3  Fb2/EJ

ESΣ3.xxxx.129
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ESΣ3.xxxx.130PROCEDIMENTO E RISULTATI 958326

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 -Fx+1/2qx2 -Fb/EJ -Fx+1/2Fx2/b -Fb/EJ 1
(-2/3-2)Fb2/EJ 2Xb/EJ

DA 2b -1 Fx-1/2qx2 Fb/EJ -Fx+1/2Fx2/b -Fb/EJ 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 -Fb+Fx 0 0 0 0
0+0 0

BH b 0 Fx 0 0 0 0

HE b 0 Fb-Fx 0 0 0 0
0+0 0

EH b 0 -Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -55/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 11/14Fb

ESΣ3.xxxx.130PROCEDIMENTO E RISULTATI 958326

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx +  ∫
o

2b(-1 ) θ  dx

        = [-1/2 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ  + [- x ]

o

2b
 θ  

        = (-2 b +4/3 b ) Fb 1/EJ  + (-2 b ) θ   = -8/3  Fb2/EJ

LXo
DA = ∫

o

2b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx +  ∫
o

2b(1 ) θ  dx

        = [-1/2 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ  + [ x ]

o

2b
 θ  

        = (-2 b +4/3 b ) Fb 1/EJ  + (2 b ) θ   = -8/3  Fb2/EJ

ESΣ3.xxxx.130
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx -Fb/EJ 0 0 0
0+0 0

CB b 0 2Fx Fb/EJ 0 0 0

AD 2b 1 -5/4Fx+1/2qx2 0 -5/4Fx+1/2Fx2/b 0 1
(-7/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 1/2Fb+3/4Fx-1/2qx2 0 -1/2Fb-3/4Fx+1/2Fx2/b 0 1

DE b 1-x/b -1/2Fb+1/2Fx 0 -1/2Fb+Fx-1/2Fx2/b 0 1-2x/b+x2/b2

(-1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fx 0 -1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GF b 0 -1/2Fx+1/2qx2 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+5/4Fx 0 0 0 0
0+0 0

BH b 0 5/4Fx 0 0 0 0

HE b 0 5/4Fb-5/4Fx 0 0 0 0
0+0 0

EH b 0 -5/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 5/14Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-5/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DA = ∫

o

2b(-1/2 -3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x -3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (- b -3/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -5/4Fx+1/2qx2 0 -5/4Fx+1/2Fx2/b 0 1
(-7/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 1/2Fb+3/4Fx-1/2qx2 0 -1/2Fb-3/4Fx+1/2Fx2/b 0 1

DE b 1-x/b -1/2Fb+1/2Fx 0 -1/2Fb+Fx-1/2Fx2/b 0 1-2x/b+x2/b2

(-1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fx 0 -1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GF b 0 -1/2Fx+1/2qx2 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+5/4Fx 0 0 0 0
0+0 0

BH b 0 5/4Fx 0 0 0 0

HE b 0 5/4Fb-5/4Fx -Fb/EJ 0 0 0
0+0 0

EH b 0 -5/4Fx Fb/EJ 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 5/14Fb

ESΣ3.xxxx.132PROCEDIMENTO E RISULTATI 983517

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-5/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DA = ∫

o

2b(-1/2 -3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x -3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (- b -3/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -5/4Fx+1/2qx2 0 -5/4Fx+1/2Fx2/b 0 1
(-7/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 1/2Fb+3/4Fx-1/2qx2 0 -1/2Fb-3/4Fx+1/2Fx2/b 0 1

DE b 1-x/b -1/2Fb+1/2Fx 0 -1/2Fb+Fx-1/2Fx2/b 0 1-2x/b+x2/b2

(-1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fx 0 -1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GF b 0 -1/2Fx+1/2qx2 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 -Fb/EJ 0 0 0
0+0 0

GH b 0 0 Fb/EJ 0 0 0

HB b 0 -5/4Fb+5/4Fx 0 0 0 0
0+0 0

BH b 0 5/4Fx 0 0 0 0

HE b 0 5/4Fb-5/4Fx 0 0 0 0
0+0 0

EH b 0 -5/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 5/14Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-5/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DA = ∫

o

2b(-1/2 -3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x -3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (- b -3/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -5/4Fx+1/2qx2 0 -5/4Fx+1/2Fx2/b 0 1
(-7/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 1/2Fb+3/4Fx-1/2qx2 0 -1/2Fb-3/4Fx+1/2Fx2/b 0 1

DE b 1-x/b -1/2Fb+1/2Fx 0 -1/2Fb+Fx-1/2Fx2/b 0 1-2x/b+x2/b2

(-1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fx 0 -1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 1/2Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

GF b 0 -1/2Fx+1/2qx2 Fb/EJ 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+5/4Fx 0 0 0 0
0+0 0

BH b 0 5/4Fx 0 0 0 0

HE b 0 5/4Fb-5/4Fx 0 0 0 0
0+0 0

EH b 0 -5/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 5/14Fb

ESΣ3.xxxx.134PROCEDIMENTO E RISULTATI 958561
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-5/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DA = ∫

o

2b(-1/2 -3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x -3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (- b -3/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

ESΣ3.xxxx.134PROCEDIMENTO E RISULTATI 958561
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -5/4Fx+1/2qx2 0 -5/4Fx+1/2Fx2/b 0 1
(-7/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 1/2Fb+3/4Fx-1/2qx2 0 -1/2Fb-3/4Fx+1/2Fx2/b 0 1

DE b 1-x/b -1/2Fb+1/2Fx 0 -1/2Fb+Fx-1/2Fx2/b 0 1-2x/b+x2/b2

(-1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fx 0 -1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GF b 0 -1/2Fx+1/2qx2 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+5/4Fx -Fb/EJ 0 0 0
0+0 0

BH b 0 5/4Fx Fb/EJ 0 0 0

HE b 0 5/4Fb-5/4Fx 0 0 0 0
0+0 0

EH b 0 -5/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 5/14Fb

ESΣ3.xxxx.135PROCEDIMENTO E RISULTATI 956558
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-5/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DA = ∫

o

2b(-1/2 -3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x -3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (- b -3/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -5/4Fx+1/2qx2 0 -5/4Fx+1/2Fx2/b 0 1
(-7/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 1/2Fb+3/4Fx-1/2qx2 0 -1/2Fb-3/4Fx+1/2Fx2/b 0 1

DE b 1-x/b -1/2Fb+1/2Fx 0 -1/2Fb+Fx-1/2Fx2/b 0 1-2x/b+x2/b2

(-1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fx 0 -1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GF b 0 -1/2Fx+1/2qx2 0 0 0 0

GC b 0 0 -Fb/EJ 0 0 0
0+0 0

CG b 0 0 Fb/EJ 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+5/4Fx 0 0 0 0
0+0 0

BH b 0 5/4Fx 0 0 0 0

HE b 0 5/4Fb-5/4Fx 0 0 0 0
0+0 0

EH b 0 -5/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 5/14Fb

ESΣ3.xxxx.136PROCEDIMENTO E RISULTATI 983331
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-5/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DA = ∫

o

2b(-1/2 -3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x -3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (- b -3/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

ESΣ3.xxxx.136PROCEDIMENTO E RISULTATI 983331
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -5/4Fx+1/2qx2 0 -5/4Fx+1/2Fx2/b 0 1
(-7/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 1/2Fb+3/4Fx-1/2qx2 0 -1/2Fb-3/4Fx+1/2Fx2/b 0 1

DE b 1-x/b -1/2Fb+1/2Fx 0 -1/2Fb+Fx-1/2Fx2/b 0 1-2x/b+x2/b2

(-1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fx 0 -1/2Fx2/b 0 x2/b2

EF b 0 0 -Fb/EJ 0 0 0
0+0 0

FE b 0 0 Fb/EJ 0 0 0

FG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GF b 0 -1/2Fx+1/2qx2 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+5/4Fx 0 0 0 0
0+0 0

BH b 0 5/4Fx 0 0 0 0

HE b 0 5/4Fb-5/4Fx 0 0 0 0
0+0 0

EH b 0 -5/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 5/14Fb

ESΣ3.xxxx.137PROCEDIMENTO E RISULTATI 981468
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-5/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DA = ∫

o

2b(-1/2 -3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x -3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (- b -3/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

ESΣ3.xxxx.137PROCEDIMENTO E RISULTATI 981468
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ESΣ3.xxxx.138PROCEDIMENTO E RISULTATI 984367

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx -Fb/EJ 0 0 0
0+0 0

CB b 0 2Fx Fb/EJ 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 1/2qx2 0 0 0 0

HE b 0 1/2Fb-Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 -1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.138PROCEDIMENTO E RISULTATI 984367

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica



ESΣ3.xxxx.138PROCEDIMENTO E RISULTATI 984367

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

ESΣ3.xxxx.138

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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ESΣ3.xxxx.139PROCEDIMENTO E RISULTATI 986720

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 1/2qx2 0 0 0 0

HE b 0 1/2Fb-Fx+1/2qx2 -Fb/EJ 0 0 0
0+0 0

EH b 0 -1/2qx2 Fb/EJ 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.139PROCEDIMENTO E RISULTATI 986720

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica



ESΣ3.xxxx.139PROCEDIMENTO E RISULTATI 986720

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

ESΣ3.xxxx.139

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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ESΣ3.xxxx.140PROCEDIMENTO E RISULTATI 983679

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 -Fb/EJ 0 0 0
0+0 0

GH b 0 0 Fb/EJ 0 0 0

HB b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 1/2qx2 0 0 0 0

HE b 0 1/2Fb-Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 -1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.140PROCEDIMENTO E RISULTATI 983679

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica



ESΣ3.xxxx.140PROCEDIMENTO E RISULTATI 983679

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

ESΣ3.xxxx.140

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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ESΣ3.xxxx.141PROCEDIMENTO E RISULTATI 984182

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 -Fb/EJ 0 0 0
0+0 0

GF b 0 0 Fb/EJ 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 1/2qx2 0 0 0 0

HE b 0 1/2Fb-Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 -1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.141PROCEDIMENTO E RISULTATI 984182

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

ESΣ3.xxxx.141
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ESΣ3.xxxx.142PROCEDIMENTO E RISULTATI 957491

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 -Fb/EJ 0 -Fb/EJ+Fx/EJ 1-2x/b+x2/b2

(0-1/2)Fb2/EJ 1/3Xb/EJ
ED b -x/b 0 Fb/EJ 0 -Fx/EJ x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 1/2qx2 0 0 0 0

HE b 0 1/2Fb-Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 -1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -5/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 1/14Fb

ESΣ3.xxxx.142PROCEDIMENTO E RISULTATI 957491

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
DE =  ∫

o

b(-1 + x/b ) θ  dx = [- x +1/2 x2/b ]
o

b
 θ  

        = (- b +1/2 b ) θ   = -1/2  Fb2/EJ

LXo
ED =  ∫

o

b( x/b ) θ  dx = [1/2 x2/b ]
o

b
 θ  

        = (1/2 b ) θ   = -1/2  Fb2/EJ

ESΣ3.xxxx.142

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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ESΣ3.xxxx.143PROCEDIMENTO E RISULTATI 980975

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -1/2Fb+Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

BH b 0 1/2qx2 Fb/EJ 0 0 0

HE b 0 1/2Fb-Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 -1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.143PROCEDIMENTO E RISULTATI 980975

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 -Fb/EJ 0 0 0
0+0 0

CG b 0 0 Fb/EJ 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 1/2qx2 0 0 0 0

HE b 0 1/2Fb-Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 -1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.144PROCEDIMENTO E RISULTATI 955914

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ
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ESΣ3.xxxx.145PROCEDIMENTO E RISULTATI 985299

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 -Fb/EJ 0 0 0
0+0 0

FE b 0 0 Fb/EJ 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 1/2qx2 0 0 0 0

HE b 0 1/2Fb-Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 -1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.145PROCEDIMENTO E RISULTATI 985299

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

ESΣ3.xxxx.145
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ESΣ3.xxxx.146PROCEDIMENTO E RISULTATI 981240

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx -Fb/EJ 0 0 0
0+0 0

CB b 0 2Fx Fb/EJ 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 -1/2Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 1/2Fx-1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.146PROCEDIMENTO E RISULTATI 981240

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 -1/2Fx+1/2qx2 -Fb/EJ 0 0 0
0+0 0

EH b 0 1/2Fx-1/2qx2 Fb/EJ 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.147PROCEDIMENTO E RISULTATI 981709

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica



ESΣ3.xxxx.147PROCEDIMENTO E RISULTATI 981709

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 -Fb/EJ 0 0 0
0+0 0

GH b 0 0 Fb/EJ 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 -1/2Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 1/2Fx-1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.148PROCEDIMENTO E RISULTATI 984363

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx -Fb/EJ 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx Fb/EJ 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 -1/2Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 1/2Fx-1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.149PROCEDIMENTO E RISULTATI 959992

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 -Fb/EJ 0 -Fb/EJ+Fx/EJ 1-2x/b+x2/b2

(0-1/2)Fb2/EJ 1/3Xb/EJ
ED b -x/b 0 Fb/EJ 0 -Fx/EJ x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 -1/2Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 1/2Fx-1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -5/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 1/14Fb

ESΣ3.xxxx.150PROCEDIMENTO E RISULTATI 982553
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
DE =  ∫

o

b(-1 + x/b ) θ  dx = [- x +1/2 x2/b ]
o

b
 θ  

        = (- b +1/2 b ) θ   = -1/2  Fb2/EJ

LXo
ED =  ∫

o

b( x/b ) θ  dx = [1/2 x2/b ]
o

b
 θ  

        = (1/2 b ) θ   = -1/2  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 0 -Fb/EJ 0 0 0
0+0 0

BH b 0 0 Fb/EJ 0 0 0

HE b 0 -1/2Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 1/2Fx-1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.151PROCEDIMENTO E RISULTATI 991198

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ
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ESΣ3.xxxx.152PROCEDIMENTO E RISULTATI 982608
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

CG b 0 1/2qx2 Fb/EJ 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 -1/2Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 1/2Fx-1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.152PROCEDIMENTO E RISULTATI 982608

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 -Fb/EJ 0 0 0
0+0 0

FE b 0 0 Fb/EJ 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 -1/2Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 1/2Fx-1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ
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ESΣ3.xxxx.154PROCEDIMENTO E RISULTATI 891640
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx -Fb/EJ 0 0 0
0+0 0

CB b 0 2Fx Fb/EJ 0 0 0

AD 2b 1 -5/4Fx+1/2qx2 0 -5/4Fx+1/2Fx2/b 0 1
(-7/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 1/2Fb+3/4Fx-1/2qx2 0 -1/2Fb-3/4Fx+1/2Fx2/b 0 1

DE b 1-x/b -1/2Fb+1/2Fx 0 -1/2Fb+Fx-1/2Fx2/b 0 1-2x/b+x2/b2

(-1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fx 0 -1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+5/4Fx 0 0 0 0
0+0 0

BH b 0 5/4Fx 0 0 0 0

HE b 0 5/4Fb-7/4Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 -3/4Fx-1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 5/14Fb

ESΣ3.xxxx.154PROCEDIMENTO E RISULTATI 891640

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-5/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DA = ∫

o

2b(-1/2 -3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x -3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (- b -3/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -5/4Fx+1/2qx2 0 -5/4Fx+1/2Fx2/b 0 1
(-7/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 1/2Fb+3/4Fx-1/2qx2 0 -1/2Fb-3/4Fx+1/2Fx2/b 0 1

DE b 1-x/b -1/2Fb+1/2Fx 0 -1/2Fb+Fx-1/2Fx2/b 0 1-2x/b+x2/b2

(-1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fx 0 -1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+5/4Fx 0 0 0 0
0+0 0

BH b 0 5/4Fx 0 0 0 0

HE b 0 5/4Fb-7/4Fx+1/2qx2 -Fb/EJ 0 0 0
0+0 0

EH b 0 -3/4Fx-1/2qx2 Fb/EJ 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 5/14Fb

ESΣ3.xxxx.155PROCEDIMENTO E RISULTATI 982812
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-5/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DA = ∫

o

2b(-1/2 -3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x -3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (- b -3/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -5/4Fx+1/2qx2 0 -5/4Fx+1/2Fx2/b 0 1
(-7/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 1/2Fb+3/4Fx-1/2qx2 0 -1/2Fb-3/4Fx+1/2Fx2/b 0 1

DE b 1-x/b -1/2Fb+1/2Fx 0 -1/2Fb+Fx-1/2Fx2/b 0 1-2x/b+x2/b2

(-1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fx 0 -1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 -Fb/EJ 0 0 0
0+0 0

GH b 0 0 Fb/EJ 0 0 0

HB b 0 -5/4Fb+5/4Fx 0 0 0 0
0+0 0

BH b 0 5/4Fx 0 0 0 0

HE b 0 5/4Fb-7/4Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 -3/4Fx-1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 5/14Fb

ESΣ3.xxxx.156PROCEDIMENTO E RISULTATI 981753
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-5/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DA = ∫

o

2b(-1/2 -3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x -3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (- b -3/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

ESΣ3.xxxx.156PROCEDIMENTO E RISULTATI 981753

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23



ESΣ3.xxxx.157REAZIONI 982789

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

5/4F

8/7F
5/14Fb

5/4F

15/7F
2Fb

A B

2F
2Fb

2F

B C

5/4F

8/7F
5/14Fb

3/4F

8/7F
1/7Fb

A

D

3/4F

1/7F
1/7Fb

3/4F

1/7F

D E

E F

F

F

G

F

G

C

3F
H G

5/4F

29/7F
5/4Fb

5/4F

29/7F

H

B

7/4F

29/7F
5/4Fb

3/4F

29/7F

H

E

ESΣ3.xxxx.157AZIONI INTERNE 982789

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

5/4 5/4 0

-8
/7

-8
/7

3/4 0

-1
-1

3

29
/7

29
/7

29
/7

 F

-8/7 -15/7
2

-5
/4

3/
4

1/7 0

0
0

0

5/
4

-7
/4

-3
/4

 F

-5/14 -2 -2
05/

14
-1

/7

-1/7
0 0 0

0
0

0
0

0 0

-5
/4

0
5/

4
0

 Fb



E
S

Σ3
.x

xx
x.

15
7

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
82

78
9

@
 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

14
.1

1.
23

A
B

C

D

E

F

G
H

F F

X

X

q

q

q

S
ch

em
a 

di
 c

al
co

lo
 ip

er
st

at
ic

o

0
-2

-2
0

0
-1/2-1

/2
0

0
0

0 0 0 0

0
0

-5/4
0

5/40

M
o 

fle
ss

io
ne

 d
a 

ca
ric

hi
 a

ss
eg

na
ti

-1
0

0
0

11

1
0

0
0

0 0 0 0

0
0

0 0
00

M
x 

fle
ss

io
ne

 d
a 

ip
er

st
at

ic
a 

X
=

1

E
S

Σ3
.x

xx
x.

15
7

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
82

78
9

@
 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

14
.1

1.
23



ESΣ3.xxxx.157PROCEDIMENTO E RISULTATI 982789

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -5/4Fx+1/2qx2 0 -5/4Fx+1/2Fx2/b 0 1
(-7/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 1/2Fb+3/4Fx-1/2qx2 0 -1/2Fb-3/4Fx+1/2Fx2/b 0 1

DE b 1-x/b -1/2Fb+1/2Fx 0 -1/2Fb+Fx-1/2Fx2/b 0 1-2x/b+x2/b2

(-1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fx 0 -1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 -Fb/EJ 0 0 0
0+0 0

GF b 0 0 Fb/EJ 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+5/4Fx 0 0 0 0
0+0 0

BH b 0 5/4Fx 0 0 0 0

HE b 0 5/4Fb-7/4Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 -3/4Fx-1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 5/14Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-5/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DA = ∫

o

2b(-1/2 -3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x -3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (- b -3/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

ESΣ3.xxxx.157PROCEDIMENTO E RISULTATI 982789
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -5/4Fx+1/2qx2 0 -5/4Fx+1/2Fx2/b 0 1
(-7/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 1/2Fb+3/4Fx-1/2qx2 0 -1/2Fb-3/4Fx+1/2Fx2/b 0 1

DE b 1-x/b -1/2Fb+1/2Fx 0 -1/2Fb+Fx-1/2Fx2/b 0 1-2x/b+x2/b2

(-1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fx 0 -1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+5/4Fx -Fb/EJ 0 0 0
0+0 0

BH b 0 5/4Fx Fb/EJ 0 0 0

HE b 0 5/4Fb-7/4Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 -3/4Fx-1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 5/14Fb

ESΣ3.xxxx.158PROCEDIMENTO E RISULTATI 960817
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-5/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DA = ∫

o

2b(-1/2 -3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x -3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (- b -3/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

ESΣ3.xxxx.158PROCEDIMENTO E RISULTATI 960817
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -5/4Fx+1/2qx2 0 -5/4Fx+1/2Fx2/b 0 1
(-7/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 1/2Fb+3/4Fx-1/2qx2 0 -1/2Fb-3/4Fx+1/2Fx2/b 0 1

DE b 1-x/b -1/2Fb+1/2Fx 0 -1/2Fb+Fx-1/2Fx2/b 0 1-2x/b+x2/b2

(-1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fx 0 -1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 -Fb/EJ 0 0 0
0+0 0

CG b 0 0 Fb/EJ 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+5/4Fx 0 0 0 0
0+0 0

BH b 0 5/4Fx 0 0 0 0

HE b 0 5/4Fb-7/4Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 -3/4Fx-1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 5/14Fb

ESΣ3.xxxx.159PROCEDIMENTO E RISULTATI 983022
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-5/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DA = ∫

o

2b(-1/2 -3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x -3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (- b -3/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -5/4Fx+1/2qx2 0 -5/4Fx+1/2Fx2/b 0 1
(-7/6+0)Fb2/EJ 2Xb/EJ

DA 2b -1 1/2Fb+3/4Fx-1/2qx2 0 -1/2Fb-3/4Fx+1/2Fx2/b 0 1

DE b 1-x/b -1/2Fb+1/2Fx 0 -1/2Fb+Fx-1/2Fx2/b 0 1-2x/b+x2/b2

(-1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fx 0 -1/2Fx2/b 0 x2/b2

EF b 0 0 -Fb/EJ 0 0 0
0+0 0

FE b 0 0 Fb/EJ 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -5/4Fb+5/4Fx 0 0 0 0
0+0 0

BH b 0 5/4Fx 0 0 0 0

HE b 0 5/4Fb-7/4Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 -3/4Fx-1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 5/14Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-5/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-5/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-5/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DA = ∫

o

2b(-1/2 -3/4 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x -3/8 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (- b -3/2 b +4/3 b ) Fb 1/EJ  = -7/6  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx -Fb/EJ 0 0 0
0+0 0

CB b 0 5/2Fx Fb/EJ 0 0 0

AD 2b 1 -1/4Fx 0 -1/4Fx 0 1
(-1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 1/2Fb-1/4Fx 0 -1/2Fb+1/4Fx 0 1

DE b 1-x/b -1/2Fb+1/2Fx 0 -1/2Fb+Fx-1/2Fx2/b 0 1-2x/b+x2/b2

(-1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fx 0 -1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

BH b 0 1/4Fx 0 0 0 0

HE b 0 1/4Fb-3/4Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 1/4Fx-1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 1/10Fb

ESΣ3.xxxx.161PROCEDIMENTO E RISULTATI 226676
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(-1/4 x/b ) Fb 1/EJ dx = [-1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (-1/2 b ) Fb 1/EJ  = -1/2  Fb2/EJ

LXo
DA = ∫

o

2b(-1/2 +1/4 x/b ) Fb 1/EJ dx = [-1/2 x +1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (- b +1/2 b ) Fb 1/EJ  = -1/2  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

ESΣ3.xxxx.161PROCEDIMENTO E RISULTATI 226676

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23



ESΣ3.xxxx.162REAZIONI 959448

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

1/4F

19/10F
1/10Fb

1/4F

29/10F
5/2Fb

A B

5/2F
5/2Fb

5/2F

B C

1/4F

19/10F
1/10Fb

1/4F

19/10F
2/5Fb

A

D

1/4F

2/5F
2/5Fb

1/4F

2/5F

D E

E F

F

F

G

3/
2F

G

C

F

1/2F

F

1/2F

H G

1/4F

27/5F
1/4Fb

1/4F

27/5F

H

B

3/4F

59/10F
1/4Fb

1/4F

59/10F

H

E

ESΣ3.xxxx.162AZIONI INTERNE 959448

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

1/4 1/4 0

-1
9/

10

-1/4
0

-1
-3

/2

1 1

27
/5

59
/1

0
59

/1
0

 F

-19/10 -29/10
5/2

-1
/4

2/5 0

0
0

1/2
-1/2

1/
4

-3
/4

1/
4

 F

-1/10 -5/2 -5/2
01/

10
-2

/5

-2/5
0 0 0

0
0

0
0

0 0

-1
/4

0
1/

4
0

 Fb



E
S

Σ3
.x

xx
x.

16
2

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
59

44
8

@
 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

14
.1

1.
23

A
B

C

D

E

F

G
H

F F

X

X

q

q

q

S
ch

em
a 

di
 c

al
co

lo
 ip

er
st

at
ic

o

0
-5

/2
-5

/2
0

0
-1/2-1

/2
0

0
0

0 0 0 0

0
0

-1/4
0

1/40

M
o 

fle
ss

io
ne

 d
a 

ca
ric

hi
 a

ss
eg

na
ti

-1
0

0
0

11

1
0

0
0

0 0 0 0

0
0

0 0
00

M
x 

fle
ss

io
ne

 d
a 

ip
er

st
at

ic
a 

X
=

1

E
S

Σ3
.x

xx
x.

16
2

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
59

44
8

@
 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

14
.1

1.
23



ESΣ3.xxxx.162PROCEDIMENTO E RISULTATI 959448

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 -1/4Fx 0 -1/4Fx 0 1
(-1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 1/2Fb-1/4Fx 0 -1/2Fb+1/4Fx 0 1

DE b 1-x/b -1/2Fb+1/2Fx 0 -1/2Fb+Fx-1/2Fx2/b 0 1-2x/b+x2/b2

(-1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fx 0 -1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

BH b 0 1/4Fx 0 0 0 0

HE b 0 1/4Fb-3/4Fx+1/2qx2 -Fb/EJ 0 0 0
0+0 0

EH b 0 1/4Fx-1/2qx2 Fb/EJ 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 1/10Fb

ESΣ3.xxxx.162PROCEDIMENTO E RISULTATI 959448

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(-1/4 x/b ) Fb 1/EJ dx = [-1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (-1/2 b ) Fb 1/EJ  = -1/2  Fb2/EJ

LXo
DA = ∫

o

2b(-1/2 +1/4 x/b ) Fb 1/EJ dx = [-1/2 x +1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (- b +1/2 b ) Fb 1/EJ  = -1/2  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

ESΣ3.xxxx.162PROCEDIMENTO E RISULTATI 959448

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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ESΣ3.xxxx.163PROCEDIMENTO E RISULTATI 981529

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 -1/4Fx 0 -1/4Fx 0 1
(-1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 1/2Fb-1/4Fx 0 -1/2Fb+1/4Fx 0 1

DE b 1-x/b -1/2Fb+1/2Fx 0 -1/2Fb+Fx-1/2Fx2/b 0 1-2x/b+x2/b2

(-1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fx 0 -1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 Fb/EJ 0 0 0

HB b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

BH b 0 1/4Fx 0 0 0 0

HE b 0 1/4Fb-3/4Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 1/4Fx-1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 1/10Fb

ESΣ3.xxxx.163PROCEDIMENTO E RISULTATI 981529

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(-1/4 x/b ) Fb 1/EJ dx = [-1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (-1/2 b ) Fb 1/EJ  = -1/2  Fb2/EJ

LXo
DA = ∫

o

2b(-1/2 +1/4 x/b ) Fb 1/EJ dx = [-1/2 x +1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (- b +1/2 b ) Fb 1/EJ  = -1/2  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

ESΣ3.xxxx.163PROCEDIMENTO E RISULTATI 981529

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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ESΣ3.xxxx.164PROCEDIMENTO E RISULTATI 959735

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 -1/4Fx 0 -1/4Fx 0 1
(-1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 1/2Fb-1/4Fx 0 -1/2Fb+1/4Fx 0 1

DE b 1-x/b -1/2Fb+1/2Fx 0 -1/2Fb+Fx-1/2Fx2/b 0 1-2x/b+x2/b2

(-1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fx 0 -1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 -Fb/EJ 0 0 0
0+0 0

GF b 0 0 Fb/EJ 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

BH b 0 1/4Fx 0 0 0 0

HE b 0 1/4Fb-3/4Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 1/4Fx-1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 1/10Fb

ESΣ3.xxxx.164PROCEDIMENTO E RISULTATI 959735

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(-1/4 x/b ) Fb 1/EJ dx = [-1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (-1/2 b ) Fb 1/EJ  = -1/2  Fb2/EJ

LXo
DA = ∫

o

2b(-1/2 +1/4 x/b ) Fb 1/EJ dx = [-1/2 x +1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (- b +1/2 b ) Fb 1/EJ  = -1/2  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 -Fb/EJ 2Fx-3/2Fx2/b-1/2qx3/b Fb/EJ-Fx/EJ 1-2x/b+x2/b2

(3/8+1/2)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 Fb/EJ 5/2Fx-3Fx2/b+1/2qx3/b Fx/EJ x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 -1/4Fx 0 -1/4Fx 0 1
(-1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 1/2Fb-1/4Fx 0 -1/2Fb+1/4Fx 0 1

DE b 1-x/b -1/2Fb+1/2Fx 0 -1/2Fb+Fx-1/2Fx2/b 0 1-2x/b+x2/b2

(-1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fx 0 -1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

BH b 0 1/4Fx 0 0 0 0

HE b 0 1/4Fb-3/4Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 1/4Fx-1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 5/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/14Fb

ESΣ3.xxxx.165PROCEDIMENTO E RISULTATI 991200
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx +  ∫
o

b(1 - x/b ) θ  dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + [ x -1/2 x2/b ]

o

b
 θ   + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + ( b -1/2 b ) θ   + 1  0  1/4  Fb2/EJ = 7/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx +  ∫
o

b(- x/b ) θ  dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + [-1/2 x2/b ]

o

b
 θ   + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + (-1/2 b ) θ   + 1  0  1/4  Fb2/EJ = 7/8  Fb2/EJ

LXo
AD = ∫

o

2b(-1/4 x/b ) Fb 1/EJ dx = [-1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (-1/2 b ) Fb 1/EJ  = -1/2  Fb2/EJ

LXo
DA = ∫

o

2b(-1/2 +1/4 x/b ) Fb 1/EJ dx = [-1/2 x +1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (- b +1/2 b ) Fb 1/EJ  = -1/2  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

ESΣ3.xxxx.165PROCEDIMENTO E RISULTATI 991200
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 -1/4Fx 0 -1/4Fx 0 1
(-1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 1/2Fb-1/4Fx 0 -1/2Fb+1/4Fx 0 1

DE b 1-x/b -1/2Fb+1/2Fx 0 -1/2Fb+Fx-1/2Fx2/b 0 1-2x/b+x2/b2

(-1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fx 0 -1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 -1/4Fb+1/4Fx -Fb/EJ 0 0 0
0+0 0

BH b 0 1/4Fx Fb/EJ 0 0 0

HE b 0 1/4Fb-3/4Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 1/4Fx-1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 1/10Fb

ESΣ3.xxxx.166PROCEDIMENTO E RISULTATI 986207
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Sviluppi di calcolo iperstatica



ESΣ3.xxxx.166PROCEDIMENTO E RISULTATI 986207

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(-1/4 x/b ) Fb 1/EJ dx = [-1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (-1/2 b ) Fb 1/EJ  = -1/2  Fb2/EJ

LXo
DA = ∫

o

2b(-1/2 +1/4 x/b ) Fb 1/EJ dx = [-1/2 x +1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (- b +1/2 b ) Fb 1/EJ  = -1/2  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

ESΣ3.xxxx.166PROCEDIMENTO E RISULTATI 986207
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ESΣ3.xxxx.167REAZIONI 981112

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

1/4F

19/10F
1/10Fb

1/4F

29/10F
5/2Fb

A B

5/2F
5/2Fb

5/2F

B C

1/4F

19/10F
1/10Fb

1/4F

19/10F
2/5Fb

A

D

1/4F

2/5F
2/5Fb

1/4F

2/5F

D E

E F

F

F

G

3/
2F

G

C

F

1/2F

F

1/2F

H G

1/4F

27/5F
1/4Fb

1/4F

27/5F

H

B

3/4F

59/10F
1/4Fb

1/4F

59/10F

H

E

ESΣ3.xxxx.167AZIONI INTERNE 981112

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

1/4 1/4 0

-1
9/

10

-1/4
0

-1
-3

/2

1 1

27
/5

59
/1

0
59

/1
0

 F

-19/10 -29/10
5/2

-1
/4

2/5 0

0
0

1/2
-1/2

1/
4

-3
/4

1/
4

 F

-1/10 -5/2 -5/2
01/

10
-2

/5

-2/5
0 0 0

0
0

0
0

0 0

-1
/4

0
1/

4
0

 Fb



E
S

Σ3
.x

xx
x.

16
7

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
81

11
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

14
.1

1.
23

A
B

C

D

E

F

G
H

F F

X

X

q

q

q

S
ch

em
a 

di
 c

al
co

lo
 ip

er
st

at
ic

o

0
-5

/2
-5

/2
0

0
-1/2-1

/2
0

0
0

0 0 0 0

0
0

-1/4
0

1/40

M
o 

fle
ss

io
ne

 d
a 

ca
ric

hi
 a

ss
eg

na
ti

-1
0

0
0

11

1
0

0
0

0 0 0 0

0
0

0 0
00

M
x 

fle
ss

io
ne

 d
a 

ip
er

st
at

ic
a 

X
=

1

E
S

Σ3
.x

xx
x.

16
7

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
81

11
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

14
.1

1.
23



ESΣ3.xxxx.167PROCEDIMENTO E RISULTATI 981112

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 -1/4Fx 0 -1/4Fx 0 1
(-1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 1/2Fb-1/4Fx 0 -1/2Fb+1/4Fx 0 1

DE b 1-x/b -1/2Fb+1/2Fx 0 -1/2Fb+Fx-1/2Fx2/b 0 1-2x/b+x2/b2

(-1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fx 0 -1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 -Fb/EJ 0 0 0
0+0 0

CG b 0 0 Fb/EJ 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

BH b 0 1/4Fx 0 0 0 0

HE b 0 1/4Fb-3/4Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 1/4Fx-1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 1/10Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(-1/4 x/b ) Fb 1/EJ dx = [-1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (-1/2 b ) Fb 1/EJ  = -1/2  Fb2/EJ

LXo
DA = ∫

o

2b(-1/2 +1/4 x/b ) Fb 1/EJ dx = [-1/2 x +1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (- b +1/2 b ) Fb 1/EJ  = -1/2  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

ESΣ3.xxxx.167PROCEDIMENTO E RISULTATI 981112

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23



ESΣ3.xxxx.168REAZIONI 981975

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

1/4F

19/10F
1/10Fb

1/4F

29/10F
5/2Fb

A B

5/2F
5/2Fb

5/2F

B C

1/4F

19/10F
1/10Fb

1/4F

19/10F
2/5Fb

A

D

1/4F

2/5F
2/5Fb

1/4F

2/5F

D E

E F

F

F

G

3/
2F

G

C

F

1/2F

F

1/2F

H G

1/4F

27/5F
1/4Fb

1/4F

27/5F

H

B

3/4F

59/10F
1/4Fb

1/4F

59/10F

H

E

ESΣ3.xxxx.168AZIONI INTERNE 981975

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

1/4 1/4 0

-1
9/

10

-1/4
0

-1
-3

/2

1 1

27
/5

59
/1

0
59

/1
0

 F

-19/10 -29/10
5/2

-1
/4

2/5 0

0
0

1/2
-1/2

1/
4

-3
/4

1/
4

 F

-1/10 -5/2 -5/2
01/

10
-2

/5

-2/5
0 0 0

0
0

0
0

0 0

-1
/4

0
1/

4
0

 Fb



E
S

Σ3
.x

xx
x.

16
8

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
81

97
5

@
 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

14
.1

1.
23

A
B

C

D

E

F

G
H

F F

X

X

q

q

q

S
ch

em
a 

di
 c

al
co

lo
 ip

er
st

at
ic

o

0
-5

/2
-5

/2
0

0
-1/2-1

/2
0

0
0

0 0 0 0

0
0

-1/4
0

1/40

M
o 

fle
ss

io
ne

 d
a 

ca
ric

hi
 a

ss
eg

na
ti

-1
0

0
0

11

1
0

0
0

0 0 0 0

0
0

0 0
00

M
x 

fle
ss

io
ne

 d
a 

ip
er

st
at

ic
a 

X
=

1

E
S

Σ3
.x

xx
x.

16
8

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
81

97
5

@
 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

14
.1

1.
23



ESΣ3.xxxx.168PROCEDIMENTO E RISULTATI 981975
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 -1/4Fx 0 -1/4Fx 0 1
(-1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 1/2Fb-1/4Fx 0 -1/2Fb+1/4Fx 0 1

DE b 1-x/b -1/2Fb+1/2Fx 0 -1/2Fb+Fx-1/2Fx2/b 0 1-2x/b+x2/b2

(-1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fx 0 -1/2Fx2/b 0 x2/b2

EF b 0 0 -Fb/EJ 0 0 0
0+0 0

FE b 0 0 Fb/EJ 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

BH b 0 1/4Fx 0 0 0 0

HE b 0 1/4Fb-3/4Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 1/4Fx-1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 1/10Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(-1/4 x/b ) Fb 1/EJ dx = [-1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (-1/2 b ) Fb 1/EJ  = -1/2  Fb2/EJ

LXo
DA = ∫

o

2b(-1/2 +1/4 x/b ) Fb 1/EJ dx = [-1/2 x +1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (- b +1/2 b ) Fb 1/EJ  = -1/2  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 -1/4Fx -Fb/EJ -1/4Fx -Fb/EJ 1
(-1/2-2)Fb2/EJ 2Xb/EJ

DA 2b -1 1/2Fb-1/4Fx Fb/EJ -1/2Fb+1/4Fx -Fb/EJ 1

DE b 1-x/b -1/2Fb+1/2Fx 0 -1/2Fb+Fx-1/2Fx2/b 0 1-2x/b+x2/b2

(-1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fx 0 -1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

BH b 0 1/4Fx 0 0 0 0

HE b 0 1/4Fb-3/4Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 1/4Fx-1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -55/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 11/14Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(-1/4 x/b ) Fb 1/EJ dx +  ∫
o

2b(-1 ) θ  dx = [-1/8 x2/b ]
o

2b
 Fb 1/EJ  + [- x ]

o

2b
 θ  

        = (-1/2 b ) Fb 1/EJ  + (-2 b ) θ   = -5/2  Fb2/EJ

LXo
DA = ∫

o

2b(-1/2 +1/4 x/b ) Fb 1/EJ dx +  ∫
o

2b(1 ) θ  dx = [-1/2 x +1/8 x2/b ]
o

2b
 Fb 1/EJ  + [ x ]

o

2b
 θ  

        = (- b +1/2 b ) Fb 1/EJ  + (2 b ) θ   = -5/2  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 + x/b -1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x +1/2 x2/b -1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/2 b +1/2 b -1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x2/b2 ) Fb 1/EJ dx = [-1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/6 b ) Fb 1/EJ  = -1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx -Fb/EJ 0 0 0
0+0 0

CB b 0 2Fx Fb/EJ 0 0 0

AD 2b 1 -1/2Fx 0 -1/2Fx 0 1
(-1+0)Fb2/EJ 2Xb/EJ

DA 2b -1 Fb-1/2Fx 0 -Fb+1/2Fx 0 1

DE b 1-x/b -Fb+Fx 0 -Fb+2Fx-Fx2/b 0 1-2x/b+x2/b2

(-1/3+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b Fx 0 -Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GF b 0 -1/2Fx+1/2qx2 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0

BH b 0 1/2Fx 0 0 0 0

HE b 0 1/2Fb-Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 -1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 5/14Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-1/2 x/b ) Fb 1/EJ dx = [-1/4 x2/b ]
o

2b
 Fb 1/EJ 

        = (- b ) Fb 1/EJ  = -  Fb2/EJ

LXo
DA = ∫

o

2b(-1 +1/2 x/b ) Fb 1/EJ dx = [- x +1/4 x2/b ]
o

2b
 Fb 1/EJ 

        = (-2 b + b ) Fb 1/EJ  = -  Fb2/EJ

LXo
DE = ∫

o

b(-1 +2 x/b - x2/b2 ) Fb 1/EJ dx = [- x + x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (- b + b -1/3 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
ED = ∫

o

b(- x2/b2 ) Fb 1/EJ dx = [-1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/3 b ) Fb 1/EJ  = -1/3  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -1/2Fx 0 -1/2Fx 0 1
(-1+0)Fb2/EJ 2Xb/EJ

DA 2b -1 Fb-1/2Fx 0 -Fb+1/2Fx 0 1

DE b 1-x/b -Fb+Fx 0 -Fb+2Fx-Fx2/b 0 1-2x/b+x2/b2

(-1/3+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b Fx 0 -Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GF b 0 -1/2Fx+1/2qx2 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0

BH b 0 1/2Fx 0 0 0 0

HE b 0 1/2Fb-Fx+1/2qx2 -Fb/EJ 0 0 0
0+0 0

EH b 0 -1/2qx2 Fb/EJ 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 5/14Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-1/2 x/b ) Fb 1/EJ dx = [-1/4 x2/b ]
o

2b
 Fb 1/EJ 

        = (- b ) Fb 1/EJ  = -  Fb2/EJ

LXo
DA = ∫

o

2b(-1 +1/2 x/b ) Fb 1/EJ dx = [- x +1/4 x2/b ]
o

2b
 Fb 1/EJ 

        = (-2 b + b ) Fb 1/EJ  = -  Fb2/EJ

LXo
DE = ∫

o

b(-1 +2 x/b - x2/b2 ) Fb 1/EJ dx = [- x + x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (- b + b -1/3 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
ED = ∫

o

b(- x2/b2 ) Fb 1/EJ dx = [-1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/3 b ) Fb 1/EJ  = -1/3  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -1/2Fx 0 -1/2Fx 0 1
(-1+0)Fb2/EJ 2Xb/EJ

DA 2b -1 Fb-1/2Fx 0 -Fb+1/2Fx 0 1

DE b 1-x/b -Fb+Fx 0 -Fb+2Fx-Fx2/b 0 1-2x/b+x2/b2

(-1/3+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b Fx 0 -Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GF b 0 -1/2Fx+1/2qx2 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 -Fb/EJ 0 0 0
0+0 0

GH b 0 0 Fb/EJ 0 0 0

HB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0

BH b 0 1/2Fx 0 0 0 0

HE b 0 1/2Fb-Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 -1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 5/14Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-1/2 x/b ) Fb 1/EJ dx = [-1/4 x2/b ]
o

2b
 Fb 1/EJ 

        = (- b ) Fb 1/EJ  = -  Fb2/EJ

LXo
DA = ∫

o

2b(-1 +1/2 x/b ) Fb 1/EJ dx = [- x +1/4 x2/b ]
o

2b
 Fb 1/EJ 

        = (-2 b + b ) Fb 1/EJ  = -  Fb2/EJ

LXo
DE = ∫

o

b(-1 +2 x/b - x2/b2 ) Fb 1/EJ dx = [- x + x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (- b + b -1/3 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
ED = ∫

o

b(- x2/b2 ) Fb 1/EJ dx = [-1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/3 b ) Fb 1/EJ  = -1/3  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -1/2Fx 0 -1/2Fx 0 1
(-1+0)Fb2/EJ 2Xb/EJ

DA 2b -1 Fb-1/2Fx 0 -Fb+1/2Fx 0 1

DE b 1-x/b -Fb+Fx 0 -Fb+2Fx-Fx2/b 0 1-2x/b+x2/b2

(-1/3+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b Fx 0 -Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 1/2Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

GF b 0 -1/2Fx+1/2qx2 Fb/EJ 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0

BH b 0 1/2Fx 0 0 0 0

HE b 0 1/2Fb-Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 -1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 5/14Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-1/2 x/b ) Fb 1/EJ dx = [-1/4 x2/b ]
o

2b
 Fb 1/EJ 

        = (- b ) Fb 1/EJ  = -  Fb2/EJ

LXo
DA = ∫

o

2b(-1 +1/2 x/b ) Fb 1/EJ dx = [- x +1/4 x2/b ]
o

2b
 Fb 1/EJ 

        = (-2 b + b ) Fb 1/EJ  = -  Fb2/EJ

LXo
DE = ∫

o

b(-1 +2 x/b - x2/b2 ) Fb 1/EJ dx = [- x + x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (- b + b -1/3 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
ED = ∫

o

b(- x2/b2 ) Fb 1/EJ dx = [-1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/3 b ) Fb 1/EJ  = -1/3  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -1/2Fx 0 -1/2Fx 0 1
(-1+0)Fb2/EJ 2Xb/EJ

DA 2b -1 Fb-1/2Fx 0 -Fb+1/2Fx 0 1

DE b 1-x/b -Fb+Fx 0 -Fb+2Fx-Fx2/b 0 1-2x/b+x2/b2

(-1/3+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b Fx 0 -Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GF b 0 -1/2Fx+1/2qx2 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -1/2Fb+1/2Fx -Fb/EJ 0 0 0
0+0 0

BH b 0 1/2Fx Fb/EJ 0 0 0

HE b 0 1/2Fb-Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 -1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 5/14Fb

ESΣ3.xxxx.174PROCEDIMENTO E RISULTATI 956425
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-1/2 x/b ) Fb 1/EJ dx = [-1/4 x2/b ]
o

2b
 Fb 1/EJ 

        = (- b ) Fb 1/EJ  = -  Fb2/EJ

LXo
DA = ∫

o

2b(-1 +1/2 x/b ) Fb 1/EJ dx = [- x +1/4 x2/b ]
o

2b
 Fb 1/EJ 

        = (-2 b + b ) Fb 1/EJ  = -  Fb2/EJ

LXo
DE = ∫

o

b(-1 +2 x/b - x2/b2 ) Fb 1/EJ dx = [- x + x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (- b + b -1/3 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
ED = ∫

o

b(- x2/b2 ) Fb 1/EJ dx = [-1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/3 b ) Fb 1/EJ  = -1/3  Fb2/EJ
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -1/2Fx 0 -1/2Fx 0 1
(-1+0)Fb2/EJ 2Xb/EJ

DA 2b -1 Fb-1/2Fx 0 -Fb+1/2Fx 0 1

DE b 1-x/b -Fb+Fx 0 -Fb+2Fx-Fx2/b 0 1-2x/b+x2/b2

(-1/3+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b Fx 0 -Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GF b 0 -1/2Fx+1/2qx2 0 0 0 0

GC b 0 0 -Fb/EJ 0 0 0
0+0 0

CG b 0 0 Fb/EJ 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0

BH b 0 1/2Fx 0 0 0 0

HE b 0 1/2Fb-Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 -1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 5/14Fb

ESΣ3.xxxx.175PROCEDIMENTO E RISULTATI 984788

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-1/2 x/b ) Fb 1/EJ dx = [-1/4 x2/b ]
o

2b
 Fb 1/EJ 

        = (- b ) Fb 1/EJ  = -  Fb2/EJ

LXo
DA = ∫

o

2b(-1 +1/2 x/b ) Fb 1/EJ dx = [- x +1/4 x2/b ]
o

2b
 Fb 1/EJ 

        = (-2 b + b ) Fb 1/EJ  = -  Fb2/EJ

LXo
DE = ∫

o

b(-1 +2 x/b - x2/b2 ) Fb 1/EJ dx = [- x + x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (- b + b -1/3 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
ED = ∫

o

b(- x2/b2 ) Fb 1/EJ dx = [-1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/3 b ) Fb 1/EJ  = -1/3  Fb2/EJ

ESΣ3.xxxx.175PROCEDIMENTO E RISULTATI 984788

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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ESΣ3.xxxx.176PROCEDIMENTO E RISULTATI 981317
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -3/2Fx-1/2qx2 0 3/2Fx-Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(7/24+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 2Fb-5/2Fx+1/2qx2 0 2Fx-5/2Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -2Fb+2Fx 0 0 0 0
0+0 0

CB b 0 2Fx 0 0 0 0

AD 2b 1 -1/2Fx 0 -1/2Fx 0 1
(-1+0)Fb2/EJ 2Xb/EJ

DA 2b -1 Fb-1/2Fx 0 -Fb+1/2Fx 0 1

DE b 1-x/b -Fb+Fx 0 -Fb+2Fx-Fx2/b 0 1-2x/b+x2/b2

(-1/3+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b Fx 0 -Fx2/b 0 x2/b2

EF b 0 0 -Fb/EJ 0 0 0
0+0 0

FE b 0 0 Fb/EJ 0 0 0

FG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GF b 0 -1/2Fx+1/2qx2 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 0 0 0 0 0
0+0 0

GH b 0 0 0 0 0 0

HB b 0 -1/2Fb+1/2Fx 0 0 0 0
0+0 0

BH b 0 1/2Fx 0 0 0 0

HE b 0 1/2Fb-Fx+1/2qx2 0 0 0 0
0+0 0

EH b 0 -1/2qx2 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 5/14Fb

ESΣ3.xxxx.176PROCEDIMENTO E RISULTATI 981317
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(3/2 x/b - x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [3/4 x2/b -1/3 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (3/4 b -1/3 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
BA = ∫

o

b(2 x/b -5/2 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -5/6 x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -5/6 b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 7/24  Fb2/EJ

LXo
AD = ∫

o

2b(-1/2 x/b ) Fb 1/EJ dx = [-1/4 x2/b ]
o

2b
 Fb 1/EJ 

        = (- b ) Fb 1/EJ  = -  Fb2/EJ

LXo
DA = ∫

o

2b(-1 +1/2 x/b ) Fb 1/EJ dx = [- x +1/4 x2/b ]
o

2b
 Fb 1/EJ 

        = (-2 b + b ) Fb 1/EJ  = -  Fb2/EJ

LXo
DE = ∫

o

b(-1 +2 x/b - x2/b2 ) Fb 1/EJ dx = [- x + x2/b -1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (- b + b -1/3 b ) Fb 1/EJ  = -1/3  Fb2/EJ

LXo
ED = ∫

o

b(- x2/b2 ) Fb 1/EJ dx = [-1/3 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/3 b ) Fb 1/EJ  = -1/3  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx -Fb/EJ 0 0 0
0+0 0

CB b 0 5/2Fx Fb/EJ 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 -1/4Fb+3/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 -1/4Fx+1/2qx2 0 0 0 0

HE b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

EH b 0 -1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -5/14Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 -1/4Fb+3/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 -1/4Fx+1/2qx2 0 0 0 0

HE b 0 1/4Fb-1/4Fx -Fb/EJ 0 0 0
0+0 0

EH b 0 -1/4Fx Fb/EJ 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -5/14Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 Fb/EJ 0 0 0

HB b 0 -1/4Fb+3/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 -1/4Fx+1/2qx2 0 0 0 0

HE b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

EH b 0 -1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -5/14Fb

ESΣ3.xxxx.179PROCEDIMENTO E RISULTATI 934916
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 -Fb/EJ 0 0 0
0+0 0

GF b 0 0 Fb/EJ 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 -1/4Fb+3/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 -1/4Fx+1/2qx2 0 0 0 0

HE b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

EH b 0 -1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -5/14Fb

ESΣ3.xxxx.180PROCEDIMENTO E RISULTATI 982644

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

ESΣ3.xxxx.180PROCEDIMENTO E RISULTATI 982644
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 -1/4Fb+3/4Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

BH b 0 -1/4Fx+1/2qx2 Fb/EJ 0 0 0

HE b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

EH b 0 -1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -5/14Fb

ESΣ3.xxxx.181PROCEDIMENTO E RISULTATI 982473

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

ESΣ3.xxxx.181PROCEDIMENTO E RISULTATI 982473

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 -Fb/EJ 0 0 0
0+0 0

CG b 0 0 Fb/EJ 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 -1/4Fb+3/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 -1/4Fx+1/2qx2 0 0 0 0

HE b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

EH b 0 -1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -5/14Fb

ESΣ3.xxxx.182PROCEDIMENTO E RISULTATI 956625

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

ESΣ3.xxxx.182PROCEDIMENTO E RISULTATI 956625
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ESΣ3.xxxx.183PROCEDIMENTO E RISULTATI 984378

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 -Fb/EJ 0 0 0
0+0 0

FE b 0 0 Fb/EJ 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 -1/4Fb+3/4Fx-1/2qx2 0 0 0 0
0+0 0

BH b 0 -1/4Fx+1/2qx2 0 0 0 0

HE b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

EH b 0 -1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -5/14Fb

ESΣ3.xxxx.183PROCEDIMENTO E RISULTATI 984378
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

ESΣ3.xxxx.183PROCEDIMENTO E RISULTATI 984378
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx -Fb/EJ 0 0 0
0+0 0

CB b 0 5/2Fx Fb/EJ 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

BH b 0 -1/4Fx 0 0 0 0

HE b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

EH b 0 1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -5/14Fb

ESΣ3.xxxx.184PROCEDIMENTO E RISULTATI 872869

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

ESΣ3.xxxx.184PROCEDIMENTO E RISULTATI 872869
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

BH b 0 -1/4Fx 0 0 0 0

HE b 0 -1/4Fb+1/4Fx -Fb/EJ 0 0 0
0+0 0

EH b 0 1/4Fx Fb/EJ 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -5/14Fb

ESΣ3.xxxx.185PROCEDIMENTO E RISULTATI 966407

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

ESΣ3.xxxx.185PROCEDIMENTO E RISULTATI 966407
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 1/2Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 Fb/EJ 0 0 0

HB b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

BH b 0 -1/4Fx 0 0 0 0

HE b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

EH b 0 1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -5/14Fb

ESΣ3.xxxx.186PROCEDIMENTO E RISULTATI 987434

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

ESΣ3.xxxx.186PROCEDIMENTO E RISULTATI 987434

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx -Fb/EJ 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx Fb/EJ 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

BH b 0 -1/4Fx 0 0 0 0

HE b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

EH b 0 1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -5/14Fb

ESΣ3.xxxx.187PROCEDIMENTO E RISULTATI 984448

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

ESΣ3.xxxx.187PROCEDIMENTO E RISULTATI 984448

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 1/4Fb-1/4Fx -Fb/EJ 0 0 0
0+0 0

BH b 0 -1/4Fx Fb/EJ 0 0 0

HE b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

EH b 0 1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -5/14Fb

ESΣ3.xxxx.188PROCEDIMENTO E RISULTATI 935698
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

ESΣ3.xxxx.188PROCEDIMENTO E RISULTATI 935698
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

CG b 0 1/2qx2 Fb/EJ 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

BH b 0 -1/4Fx 0 0 0 0

HE b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

EH b 0 1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -5/14Fb

ESΣ3.xxxx.189PROCEDIMENTO E RISULTATI 934940
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

ESΣ3.xxxx.189PROCEDIMENTO E RISULTATI 934940
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ESΣ3.xxxx.190REAZIONI 983859

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

1/4F

33/14F
5/14Fb

1/4F

47/14F
5/2Fb

A B

5/2F
5/2Fb

5/2F

B C

1/4F

33/14F
5/14Fb

1/4F

33/14F
1/7Fb

A

D

1/4F

1/7F
1/7Fb

1/4F

1/7F

D E

1/2F
E F

1/2F

F

1/2F

F
1/2Fb

F

G

F

3/2F
1/2Fb

3/2F

G

C

1/2F

1/2F

1/2F

1/2F

H G

1/4F

41/7F
1/4Fb

1/4F

41/7F

H

B

1/4F

89/14F
1/4Fb

1/4F

89/14F

H

E

ESΣ3.xxxx.190AZIONI INTERNE 983859

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

-1/4 -1/4
0

-3
3/

14

1/4 1/2

-1
-3

/2
-3

/2

-1/2 -1/2

41
/7

89
/1

4

 F

-33/14 -47/14
5/2

1/
4

-1/7
0

-1
/2

1
0

1/2
-1/2

-1
/4

1/
4

 F

5/14
-5/2 -5/2

0

-5
/1

4
1/

7

1/7 0 0 0

0
-1

/2
-1

/2
0

0 0

1/
4

0
-1

/4
0

 Fb



E
S

Σ3
.x

xx
x.

19
0

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
83

85
9

@
 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

14
.1

1.
23

A
B

C

D

E

F

G
H

F F

X

X

q

q

q

S
ch

em
a 

di
 c

al
co

lo
 ip

er
st

at
ic

o

0
-5

/2
-5

/2
0

01/2

1/
2

0
0

0

0
-1/2 -1/2

0

0
0

1/4 0-1/4
0

M
o 

fle
ss

io
ne

 d
a 

ca
ric

hi
 a

ss
eg

na
ti

-1
0

0
0

11

1
0

0
0

0 0 0 0

0
0

0 0
00

M
x 

fle
ss

io
ne

 d
a 

ip
er

st
at

ic
a 

X
=

1

E
S

Σ3
.x

xx
x.

19
0

P
R

O
C

E
D

IM
E

N
T

O
 E

 R
IS

U
LT

A
T

I 9
83

85
9

@
 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

14
.1

1.
23



ESΣ3.xxxx.190PROCEDIMENTO E RISULTATI 983859
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 1/4Fx 0 1/4Fx 0 1
(1/2+0)Fb2/EJ 2Xb/EJ

DA 2b -1 -1/2Fb+1/4Fx 0 1/2Fb-1/4Fx 0 1

DE b 1-x/b 1/2Fb-1/2Fx 0 1/2Fb-Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(1/6+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b -1/2Fx 0 1/2Fx2/b 0 x2/b2

EF b 0 0 -Fb/EJ 0 0 0
0+0 0

FE b 0 0 Fb/EJ 0 0 0

FG b 0 -1/2Fx 0 0 0 0
0+0 0

GF b 0 1/2Fb-1/2Fx 0 0 0 0

GC b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

CG b 0 1/2qx2 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 1/4Fb-1/4Fx 0 0 0 0
0+0 0

BH b 0 -1/4Fx 0 0 0 0

HE b 0 -1/4Fb+1/4Fx 0 0 0 0
0+0 0

EH b 0 1/4Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 25/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -5/14Fb

ESΣ3.xxxx.190PROCEDIMENTO E RISULTATI 983859
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(1/4 x/b ) Fb 1/EJ dx = [1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = (1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DA = ∫

o

2b(1/2 -1/4 x/b ) Fb 1/EJ dx = [1/2 x -1/8 x2/b ]
o

2b
 Fb 1/EJ 

        = ( b -1/2 b ) Fb 1/EJ  = 1/2  Fb2/EJ

LXo
DE = ∫

o

b(1/2 - x/b +1/2 x2/b2 ) Fb 1/EJ dx = [1/2 x -1/2 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/2 b -1/2 b +1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ

LXo
ED = ∫

o

b(1/2 x2/b2 ) Fb 1/EJ dx = [1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (1/6 b ) Fb 1/EJ  = 1/6  Fb2/EJ
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ESΣ3.xxxx.191PROCEDIMENTO E RISULTATI 889564

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx -Fb/EJ 0 0 0
0+0 0

CB b 0 5/2Fx Fb/EJ 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b -1/2Fx 0 -1/2Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(-1/12+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx2/b 0 x2/b2

EF b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

FE b 0 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

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 0 0 0 0 0
0+0 0

EH b 0 0 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.191PROCEDIMENTO E RISULTATI 889564

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

ESΣ3.xxxx.191
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ESΣ3.xxxx.192PROCEDIMENTO E RISULTATI 981458

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b -1/2Fx 0 -1/2Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(-1/12+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx2/b 0 x2/b2

EF b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

FE b 0 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

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 0 -Fb/EJ 0 0 0
0+0 0

EH b 0 0 Fb/EJ 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.192PROCEDIMENTO E RISULTATI 981458

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

ESΣ3.xxxx.192
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ESΣ3.xxxx.193PROCEDIMENTO E RISULTATI 957662

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b -1/2Fx 0 -1/2Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(-1/12+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx2/b 0 x2/b2

EF b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

FE b 0 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

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 Fb/EJ 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 0 0 0 0 0
0+0 0

EH b 0 0 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.193PROCEDIMENTO E RISULTATI 957662

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b -1/2Fx 0 -1/2Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(-1/12+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx2/b 0 x2/b2

EF b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

FE b 0 1/2qx2 0 0 0 0

FG b 0 0 -Fb/EJ 0 0 0
0+0 0

GF b 0 0 Fb/EJ 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 0 0 0 0 0
0+0 0

EH b 0 0 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.194PROCEDIMENTO E RISULTATI 981816

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

ESΣ3.xxxx.194
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ESΣ3.xxxx.195PROCEDIMENTO E RISULTATI 982080

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b -1/2Fx -Fb/EJ -1/2Fx+1/2Fx2/b -Fb/EJ+Fx/EJ 1-2x/b+x2/b2

(-1/12-1/2)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-1/2Fx Fb/EJ -1/2Fx+1/2Fx2/b -Fx/EJ x2/b2

EF b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

FE b 0 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

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 0 0 0 0 0
0+0 0

EH b 0 0 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -5/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 1/14Fb

ESΣ3.xxxx.195PROCEDIMENTO E RISULTATI 982080

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx +  ∫
o

b(-1 + x/b ) θ  dx

        = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + [- x +1/2 x2/b ]

o

b
 θ  

        = (-1/4 b +1/6 b ) Fb 1/EJ  + (- b +1/2 b ) θ   = -7/12  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx +  ∫
o

b( x/b ) θ  dx

        = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ  + [1/2 x2/b ]

o

b
 θ  

        = (-1/4 b +1/6 b ) Fb 1/EJ  + (1/2 b ) θ   = -7/12  Fb2/EJ

ESΣ3.xxxx.195
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ESΣ3.xxxx.196PROCEDIMENTO E RISULTATI 981051

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b -1/2Fx 0 -1/2Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(-1/12+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx2/b 0 x2/b2

EF b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

FE b 0 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

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 0 -Fb/EJ 0 0 0
0+0 0

BH b 0 0 Fb/EJ 0 0 0

HE b 0 0 0 0 0 0
0+0 0

EH b 0 0 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.196PROCEDIMENTO E RISULTATI 981051

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica



ESΣ3.xxxx.196PROCEDIMENTO E RISULTATI 981051

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

ESΣ3.xxxx.196

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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ESΣ3.xxxx.197PROCEDIMENTO E RISULTATI 982319

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b -1/2Fx 0 -1/2Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(-1/12+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx2/b 0 x2/b2

EF b 0 -1/2Fb+Fx-1/2qx2 0 0 0 0
0+0 0

FE b 0 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

GC b 0 0 -Fb/EJ 0 0 0
0+0 0

CG b 0 0 Fb/EJ 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 0 0 0 0 0
0+0 0

EH b 0 0 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.197PROCEDIMENTO E RISULTATI 982319

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica



ESΣ3.xxxx.197PROCEDIMENTO E RISULTATI 982319

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

ESΣ3.xxxx.197

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23
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ESΣ3.xxxx.198PROCEDIMENTO E RISULTATI 981030

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx 0 0 0 0
0+0 0

CB b 0 5/2Fx 0 0 0 0

AD 2b 1 0 0 0 0 1
0+0 2Xb/EJ

DA 2b -1 0 0 0 0 1

DE b 1-x/b -1/2Fx 0 -1/2Fx+1/2Fx2/b 0 1-2x/b+x2/b2

(-1/12+0)Fb2/EJ 1/3Xb/EJ
ED b -x/b 1/2Fb-1/2Fx 0 -1/2Fx+1/2Fx2/b 0 x2/b2

EF b 0 -1/2Fb+Fx-1/2qx2 -Fb/EJ 0 0 0
0+0 0

FE b 0 1/2qx2 Fb/EJ 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 0 0 0 0 0
0+0 0

BH b 0 0 0 0 0 0

HE b 0 0 0 0 0 0
0+0 0

EH b 0 0 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali 7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB -1/10Fb

ESΣ3.xxxx.198PROCEDIMENTO E RISULTATI 981030

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

Sviluppi di calcolo iperstatica



ESΣ3.xxxx.198PROCEDIMENTO E RISULTATI 981030

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 14.11.23

LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
DE = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ

LXo
ED = ∫

o

b(-1/2 x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/4 x2/b +1/6 x3/b2 ]
o

b
 Fb 1/EJ 

        = (-1/4 b +1/6 b ) Fb 1/EJ  = -1/12  Fb2/EJ
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Quadro contributi PLV per iperstatica X=WAB

→ Mx(x) Mo(x) θ MxMo Mxθ MxMx ∫Mx(Mo/EJ+θ)dx ∫XMxMx/EJdx

AB b -1+x/b -2Fx-1/2qx2 0 2Fx-3/2Fx2/b-1/2qx3/b 0 1-2x/b+x2/b2

(3/8+0)Fb2/EJ 1/3Xb/EJ
BA b x/b 5/2Fb-3Fx+1/2qx2 0 5/2Fx-3Fx2/b+1/2qx3/b 0 x2/b2

BC b 0 -5/2Fb+5/2Fx -Fb/EJ 0 0 0
0+0 0

CB b 0 5/2Fx Fb/EJ 0 0 0

AD 2b 1 -Fx+1/2qx2 0 -Fx+1/2Fx2/b 0 1
(-2/3+0)Fb2/EJ 2Xb/EJ

DA 2b -1 Fx-1/2qx2 0 -Fx+1/2Fx2/b 0 1

DE b 1-x/b 0 0 0 0 1-2x/b+x2/b2

0+0 1/3Xb/EJ
ED b -x/b 0 0 0 0 x2/b2

EF b 0 0 0 0 0 0
0+0 0

FE b 0 0 0 0 0 0

FG b 0 0 0 0 0 0
0+0 0

GF b 0 0 0 0 0 0

GC b 0 0 0 0 0 0
0+0 0

CG b 0 0 0 0 0 0

HG b 0 1/2Fx-1/2qx2 0 0 0 0
0+0 0

GH b 0 -1/2Fx+1/2qx2 0 0 0 0

HB b 0 -Fb+Fx 0 0 0 0
0+0 0

BH b 0 Fx 0 0 0 0

HE b 0 Fb-Fx 0 0 0 0
0+0 0

EH b 0 -Fx 0 0 0 0

AB molla asta -W1AB(WoAB+XW1AB)/kAB 1/4Xb/EJ

totali -7/24Fb2/EJ 35/12Xb/EJ

iperstatica X=WAB 1/10Fb
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Sviluppi di calcolo iperstatica
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LXX
AB = ∫

o

b(1 -2 x/b + x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [ x - x2/b +1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = ( b - b +1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
BA = ∫

o

b( x2/b2 )  1/EJ dx + 1  1  1/4  b/EJ = [1/3 x3/b2 ]
o

b
  1/EJ  + 1  1  1/4  b/EJ

        = (1/3 b )  1/EJ  + 1  1  1/4  b/EJ = 7/12  b/EJ

LXX
AD = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DA = ∫

o

2b(1 )  1/EJ dx = [ x ]
o

2b
  1/EJ 

        = (2 b )  1/EJ  = 2  b/EJ

LXX
DE = ∫

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
ED = ∫

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
AB = ∫

o

b(2 x/b -3/2 x2/b2 -1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [ x2/b -1/2 x3/b2 -1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = ( b -1/2 b -1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
BA = ∫

o

b(5/2 x/b -3 x2/b2 +1/2 x3/b3 ) Fb 1/EJ dx + 1  0  1/4  Fb2/EJ

        = [5/4 x2/b - x3/b2 +1/8 x4/b3 ]
o

b
 Fb 1/EJ  + 1  0  1/4  Fb2/EJ

        = (5/4 b - b +1/8 b ) Fb 1/EJ  + 1  0  1/4  Fb2/EJ = 3/8  Fb2/EJ

LXo
AD = ∫

o

2b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-2 b +4/3 b ) Fb 1/EJ  = -2/3  Fb2/EJ

LXo
DA = ∫

o

2b(- x/b +1/2 x2/b2 ) Fb 1/EJ dx = [-1/2 x2/b +1/6 x3/b2 ]
o

2b
 Fb 1/EJ 

        = (-2 b +4/3 b ) Fb 1/EJ  = -2/3  Fb2/EJ
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