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Quadro contributi PLV per iperstatica X=VI

→ Mx(x) Mo(x) MxMo MxMx ∫MxMo/EJdx ∫XMxMx/EJdx

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

BA b 0 1/2qx2 0 0

BC b 0 0 0 0
0 0

CB b 0 0 0 0

CD √2b 0 0 0 0 0 0

DE b 0 0 0 0
0 0

ED b 0 0 0 0

EF 2b 0 0 0 0
0 0

FE 2b 0 0 0 0

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

-1/12Fb3/EJ 1/3Xb3/EJ
AG b x 1/2Fb-Fx 1/2Fbx-Fx2 x2

FH b 0 -1/2qx2 0 0
0 0

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

HI b b-x -Fb -Fb2+Fbx b2-2bx+x2

-1/2Fb3/EJ 1/3Xb3/EJ
IH b -x Fb -Fbx x2

HG b -b 1/2Fb -1/2Fb2 b2

-1/2Fb3/EJ Xb3/EJ
GH b b -1/2Fb -1/2Fb2 b2

HG elongazione asta  N1HGεHGLHG -Fb3/EJ

A molla nodo -V1A(VoA+XV1A)/kA 1/4Xb3/EJ-1/2Fb3/EJ

totali -31/12Fb3/EJ 23/12Xb3/EJ

iperstatica X=VI 31/23F

Sviluppi di calcolo iperstatica
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LXX
GA = ∫

o

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

b
 b2 1/EJ 

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

LXX
AG = ∫

o

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

b
 b2 1/EJ 

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

LXX
HI = ∫

o

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

b
 b2 1/EJ 

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

LXX
IH = ∫

o

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

b
 b2 1/EJ 

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

LXX
HG = ∫

o

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

b
 b2 1/EJ 

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

LXX
GH = ∫

o

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

b
 b2 1/EJ 

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

LXo
GA = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
AG = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
HI = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
IH = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
HG = ∫

o

b(-1/2 ) Fb2 1/EJ dx - 1   (-1)  (-1)  Fb3/EJ = [-1/2 x ]
o

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

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

LXo
GH = ∫

o

b(-1/2 ) Fb2 1/EJ dx - 1   (-1)  (-1)  Fb3/EJ = [-1/2 x ]
o

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

        = (-1/2 b ) Fb2 1/EJ  - 1   (-1)  (-1)  Fb3/EJ = -3/2  Fb3/EJ
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A =  106.8 mm2

Ju =  32824. mm4

Jv =  2333. mm4

Jt =  83.98 mm4

yo = -12.09 mm
yg =  16.75 mm
Ty =   930. N
Mx = -283650. Nmm
xm =    12. mm
ym =    42. mm
vm =  25.25 mm
σm = -Mv/Ju =  218.2 N/mm2

yc =     2. mm
uc =   -12. mm
vc = -14.75 mm
σc = -Mv/Ju =  218.2 N/mm2

τc = TS*/tJu =  15.45 N/mm2

τg = TS*/tJu =  15.45 N/mm2

tc =   930. mm
σo = √σ2+3τ2 =  219.8 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8

A

B

C

D

E F

mm 0 6 12 18 24x

0

42

y

σc,τc

σm

u
v
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Quadro contributi PLV per iperstatica X=VI

→ Mx(x) Mo(x) MxMo MxMx ∫MxMo/EJdx ∫XMxMx/EJdx

AB b 0 -Fb+Fx 0 0
0 0

BA b 0 Fx 0 0

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

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

CD √2b 0 1/2Fb-√2/8Fx 0 0 0 0

DE b 0 1/4Fb-1/4Fx 0 0
0 0

ED b 0 -1/4Fx 0 0

EF 2b 0 0 0 0
0 0

FE 2b 0 0 0 0

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

-1/6Fb3/EJ 1/3Xb3/EJ
AG b x Fb-2Fx Fbx-2Fx2 x2

FH b 0 -3/4Fx 0 0
0 0

HF b 0 3/4Fb-3/4Fx 0 0

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

-5/8Fb3/EJ 1/3Xb3/EJ
IH b -x Fb+1/2qx2 -Fbx-1/2qx3 x2

HG b -b 3/4Fb+1/4Fx -3/4Fb2-1/4Fbx b2

-7/8Fb3/EJ Xb3/EJ
GH b b -Fb+1/4Fx -Fb2+1/4Fbx b2

HG elongazione asta  N1HGεHGLHG -Fb3/EJ

A molla nodo -V1A(VoA+XV1A)/kA 1/4Xb3/EJ-3/4Fb3/EJ

totali -41/12Fb3/EJ 23/12Xb3/EJ

iperstatica X=VI 41/23F
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Sviluppi di calcolo iperstatica
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LXX
GA = ∫

o

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

b
 b2 1/EJ 

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

LXX
AG = ∫

o

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

b
 b2 1/EJ 

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

LXX
HI = ∫

o

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

b
 b2 1/EJ 

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

LXX
IH = ∫

o

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

b
 b2 1/EJ 

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

LXX
HG = ∫

o

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

b
 b2 1/EJ 

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

LXX
GH = ∫

o

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

b
 b2 1/EJ 

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

LXo
GA = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
AG = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
HI = ∫

o

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

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

b
 Fb2 1/EJ 

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

LXo
IH = ∫

o

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

b
 Fb2 1/EJ 

        = (-1/2 b -1/8 b ) Fb2 1/EJ  = -5/8  Fb3/EJ

LXo
HG = ∫

o

b(-3/4 -1/4 x/b ) Fb2 1/EJ dx - 1   (-1)  (-1)  Fb3/EJ

        = [-3/4 x -1/8 x2/b ]
o

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

        = (-3/4 b -1/8 b ) Fb2 1/EJ  - 1   (-1)  (-1)  Fb3/EJ = -15/8  Fb3/EJ

LXo
GH = ∫

o

b(-1 +1/4 x/b ) Fb2 1/EJ dx - 1   (-1)  (-1)  Fb3/EJ

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

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

        = (- b +1/8 b ) Fb2 1/EJ  - 1   (-1)  (-1)  Fb3/EJ = -15/8  Fb3/EJ
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A =  112.8 mm2

Ju =  44158. mm4

Jv =  2333. mm4

Jt =  85.98 mm4

yo =  14.07 mm
yg =   28.6 mm
N =  -125. N
Ty =   500. N
Mx = -305000. Nmm
xm =    12. mm
vm =  -28.6 mm
σm = N/A-Mv/Ju = -198.6 N/mm2

yc =     3. mm
uc =   -12. mm
vc =  -25.6 mm
σc = N/A-Mv/Ju = -198.6 N/mm2

τc = TS*/tJu =  6.994 N/mm2

τg = TS*/tJu =  6.994 N/mm2

tc =   500. mm
σo = √σ2+3τ2 =   199. N/mm2
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Quadro contributi PLV per iperstatica X=VI

→ Mx(x) Mo(x) MxMo MxMx ∫MxMo/EJdx ∫XMxMx/EJdx

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

BA b 0 Fx+1/2qx2 0 0

BC b 0 Fx 0 0
0 0

CB b 0 -Fb+Fx 0 0

CD √2b 0 Fb-√2/2Fx 0 0 0 0

DE b 0 0 0 0
0 0

ED b 0 0 0 0

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

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

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

1/12Fb3/EJ 1/3Xb3/EJ
AG b x 3/2Fb-2Fx 3/2Fbx-2Fx2 x2

FH b 0 -1/2Fx 0 0
0 0

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

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

0 1/3Xb3/EJ
IH b -x 0 0 x2

HG b -b 1/2Fb -1/2Fb2 b2

-1/2Fb3/EJ Xb3/EJ
GH b b -1/2Fb -1/2Fb2 b2

HG elongazione asta  N1HGεHGLHG -Fb3/EJ

A molla nodo -V1A(VoA+XV1A)/kA 1/4Xb3/EJ-Fb3/EJ

totali -29/12Fb3/EJ 23/12Xb3/EJ

iperstatica X=VI 29/23F

Sviluppi di calcolo iperstatica

ESΣ05.xxxx.027PROCEDIMENTO E RISULTATI 238395

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

LXX
GA = ∫

o

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

b
 b2 1/EJ 

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

LXX
AG = ∫

o

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

b
 b2 1/EJ 

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

LXX
HI = ∫

o

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

b
 b2 1/EJ 

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

LXX
IH = ∫

o

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

b
 b2 1/EJ 

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

LXX
HG = ∫

o

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

b
 b2 1/EJ 

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

LXX
GH = ∫

o

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

b
 b2 1/EJ 

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

LXo
GA = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
AG = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
HG = ∫

o

b(-1/2 ) Fb2 1/EJ dx - 1   (-1)  (-1)  Fb3/EJ = [-1/2 x ]
o

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

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

LXo
GH = ∫

o

b(-1/2 ) Fb2 1/EJ dx - 1   (-1)  (-1)  Fb3/EJ = [-1/2 x ]
o

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

        = (-1/2 b ) Fb2 1/EJ  - 1   (-1)  (-1)  Fb3/EJ = -3/2  Fb3/EJ
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A =  182.6 mm2

Ju =  96241. mm4

Jv =  18662. mm4

Jt =  157.6 mm4

yo =  14.34 mm
yg =  32.77 mm
Ty =  1120. N
Mx = -638400. Nmm
xm =    12. mm
um =   -12. mm
vm = -32.77 mm
σm = -Mv/Ju = -217.4 N/mm2

xc =    24. mm
vc = -32.77 mm
σc = -Mv/Ju = -217.4 N/mm2

τc = TS*/tJu =  16.47 N/mm2

τg = TS*/tJu =  16.47 N/mm2

tc =   560. mm
σo = √σ2+3τ2 =  219.2 N/mm2

t=1.8 t=1.8t=
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t=1.8 t=1.8
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Quadro contributi PLV per iperstatica X=VA

→ Mx(x) Mo(x) MxMo MxMx ∫MxMo/EJdx ∫XMxMx/EJdx

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

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

BC b 0 1/2Fx 0 0
0 0

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

CD √2b 0 1/2Fb-√2/4Fx 0 0 0 0

DE b 0 0 0 0
0 0

ED b 0 0 0 0

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

FE 2b 0 -1/2Fx 0 0

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

-Fb3/EJ 1/3Xb3/EJ
AG b -x Fb+3/2Fx -Fbx-3/2Fx2 x2

FH b 0 -1/2qx2 0 0
0 0

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

HI b -b+x 2Fb-2Fx -2Fb2+4Fbx-2Fx2 b2-2bx+x2

-2/3Fb3/EJ 1/3Xb3/EJ
IH b x -2Fx -2Fx2 x2

HG b b -5/2Fb -5/2Fb2 b2

-5/2Fb3/EJ Xb3/EJ
GH b -b 5/2Fb -5/2Fb2 b2

HG elongazione asta  N1HGεHGLHG Fb3/EJ

A molla nodo -V1A(VoA+XV1A)/kA 1/4Xb3/EJ

totali -19/6Fb3/EJ 23/12Xb3/EJ

iperstatica X=VA 38/23F

Sviluppi di calcolo iperstatica

ESΣ05.xxxx.036PROCEDIMENTO E RISULTATI 309819

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

LXX
GA = ∫

o

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

b
 b2 1/EJ 

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

LXX
AG = ∫

o

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

b
 b2 1/EJ 

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

LXX
HI = ∫

o

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

b
 b2 1/EJ 

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

LXX
IH = ∫

o

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

b
 b2 1/EJ 

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

LXX
HG = ∫

o

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

b
 b2 1/EJ 

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

LXX
GH = ∫

o

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

b
 b2 1/EJ 

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

LXo
GA = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
AG = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
HI = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
IH = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
HG = ∫

o

b(-5/2 ) Fb2 1/EJ dx + 1   (-1)  (-1)  Fb3/EJ = [-5/2 x ]
o

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

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

LXo
GH = ∫

o

b(-5/2 ) Fb2 1/EJ dx + 1   (-1)  (-1)  Fb3/EJ = [-5/2 x ]
o

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

        = (-5/2 b ) Fb2 1/EJ  + 1   (-1)  (-1)  Fb3/EJ = -3/2  Fb3/EJ
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A =  164.6 mm2

Ju =  39791. mm4

Jv =  18662. mm4

Jt =  151.6 mm4

yo =  9.018 mm
yg =  22.09 mm
Ty =  1170. N
Mx = -374400. Nmm
xm =    12. mm
um =   -12. mm
vm = -22.09 mm
σm = -Mv/Ju = -207.9 N/mm2

xc =    24. mm
vc = -22.09 mm
σc = -Mv/Ju = -207.9 N/mm2

τc = TS*/tJu =  28.06 N/mm2

τg = TS*/tJu =  28.06 N/mm2

tc =   780. mm
σo = √σ2+3τ2 =  213.5 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25

Quadro contributi PLV per iperstatica X=VI

→ Mx(x) Mo(x) MxMo MxMx ∫MxMo/EJdx ∫XMxMx/EJdx

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

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

BC b 0 1/2Fx 0 0
0 0

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

CD √2b 0 1/2Fb-√2/4Fx 0 0 0 0

DE b 0 0 0 0
0 0

ED b 0 0 0 0

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

FE 2b 0 -1/2Fx 0 0

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

1/3Fb3/EJ 1/3Xb3/EJ
AG b x Fb-1/2Fx Fbx-1/2Fx2 x2

FH b 0 -1/2qx2 0 0
0 0

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

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

0 1/3Xb3/EJ
IH b -x 0 0 x2

HG b -b -1/2Fb 1/2Fb2 b2

1/2Fb3/EJ Xb3/EJ
GH b b 1/2Fb 1/2Fb2 b2

HG elongazione asta  N1HGεHGLHG -Fb3/EJ

A molla nodo -V1A(VoA+XV1A)/kA 1/4Xb3/EJ-1/2Fb3/EJ

totali -2/3Fb3/EJ 23/12Xb3/EJ

iperstatica X=VI 8/23F

Sviluppi di calcolo iperstatica

ESΣ05.xxxx.044PROCEDIMENTO E RISULTATI 236422

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

LXX
GA = ∫

o

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

b
 b2 1/EJ 

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

LXX
AG = ∫

o

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

b
 b2 1/EJ 

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

LXX
HI = ∫

o

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

b
 b2 1/EJ 

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

LXX
IH = ∫

o

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

b
 b2 1/EJ 

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

LXX
HG = ∫

o

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

b
 b2 1/EJ 

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

LXX
GH = ∫

o

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

b
 b2 1/EJ 

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

LXo
GA = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
AG = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
HG = ∫

o

b(1/2 ) Fb2 1/EJ dx - 1   (-1)  (-1)  Fb3/EJ = [1/2 x ]
o

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

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

LXo
GH = ∫

o

b(1/2 ) Fb2 1/EJ dx - 1   (-1)  (-1)  Fb3/EJ = [1/2 x ]
o

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

        = (1/2 b ) Fb2 1/EJ  - 1   (-1)  (-1)  Fb3/EJ = -1/2  Fb3/EJ
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A =   99.8 mm2

Ju =  21986. mm4

Jv =  2333. mm4

Jt =  81.65 mm4

yo =  9.824 mm
yg =  21.29 mm
Ty =   885. N
Mx = -247800. Nmm
xm =    12. mm
vm = -21.29 mm
σm = -Mv/Ju = -239.9 N/mm2

yc =     3. mm
uc =   -12. mm
vc = -18.29 mm
σc = -Mv/Ju = -239.9 N/mm2

τc = TS*/tJu =  18.51 N/mm2

τg = TS*/tJu =  18.51 N/mm2

tc =   590. mm
σo = √σ2+3τ2 =  242.1 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25

Quadro contributi PLV per iperstatica X=VI

→ Mx(x) Mo(x) MxMo MxMx ∫MxMo/EJdx ∫XMxMx/EJdx

AB b 0 -Fb+Fx 0 0
0 0

BA b 0 Fx 0 0

BC b 0 Fx 0 0
0 0

CB b 0 -Fb+Fx 0 0

CD √2b 0 2Fb-3√2/4Fx 0 0 0 0

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

ED b 0 -1/2Fx 0 0

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

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

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

-1/6Fb3/EJ 1/3Xb3/EJ
AG b x Fb-2Fx Fbx-2Fx2 x2

FH b 0 0 0 0
0 0

HF b 0 0 0 0

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

0 1/3Xb3/EJ
IH b -x 0 0 x2

HG b -b 3/2Fx-1/2qx2 -3/2Fbx+1/2Fx2 b2

-7/12Fb3/EJ Xb3/EJ
GH b b -Fb+1/2Fx+1/2qx2 -Fb2+1/2Fbx+1/2Fx2 b2

HG elongazione asta  N1HGεHGLHG -Fb3/EJ

A molla nodo -V1A(VoA+XV1A)/kA 1/4Xb3/EJ-3/4Fb3/EJ

totali -5/2Fb3/EJ 23/12Xb3/EJ

iperstatica X=VI 30/23F

Sviluppi di calcolo iperstatica

ESΣ05.xxxx.055PROCEDIMENTO E RISULTATI 237351

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

LXX
GA = ∫

o

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

b
 b2 1/EJ 

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

LXX
AG = ∫

o

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

b
 b2 1/EJ 

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

LXX
HI = ∫

o

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

b
 b2 1/EJ 

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

LXX
IH = ∫

o

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

b
 b2 1/EJ 

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

LXX
HG = ∫

o

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

b
 b2 1/EJ 

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

LXX
GH = ∫

o

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

b
 b2 1/EJ 

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

LXo
GA = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
AG = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
HG = ∫

o

b(-3/2 x/b +1/2 x2/b2 ) Fb2 1/EJ dx - 1   (-1)  (-1)  Fb3/EJ

        = [-3/4 x2/b +1/6 x3/b2 ]
o

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

        = (-3/4 b +1/6 b ) Fb2 1/EJ  - 1   (-1)  (-1)  Fb3/EJ = -19/12  Fb3/EJ

LXo
GH = ∫

o

b(-1 +1/2 x/b +1/2 x2/b2 ) Fb2 1/EJ dx - 1   (-1)  (-1)  Fb3/EJ

        = [- x +1/4 x2/b +1/6 x3/b2 ]
o

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

        = (- b +1/4 b +1/6 b ) Fb2 1/EJ  - 1   (-1)  (-1)  Fb3/EJ = -19/12  Fb3/EJ
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A =  107.8 mm2

Ju =  34579. mm4

Jv =  2333. mm4

Jt =  84.32 mm4

yo = -12.41 mm
yg =  17.19 mm
N = -84.85 N
Ty = -254.6 N
Mx =  264000. Nmm
xm =    12. mm
ym =    43. mm
vm =  25.81 mm
σm = N/A-Mv/Ju = -197.8 N/mm2

yc =     2. mm
uc =   -12. mm
vc = -15.19 mm
σc = N/A-Mv/Ju = -197.8 N/mm2

τc = TS*/tJu =  4.104 N/mm2

τg = TS*/tJu =  4.104 N/mm2

tc =   240. mm
σo = √σ2+3τ2 =   198. N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8

A

B

C

D

E F

mm 0 6 12 18 24x

0

43

y

σc,τc

σm

u

v
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ESΣ05.xxxx.065PROCEDIMENTO E RISULTATI 238072

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

Quadro contributi PLV per iperstatica X=VI

→ Mx(x) Mo(x) MxMo MxMx ∫MxMo/EJdx ∫XMxMx/EJdx

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

BA b 0 1/2qx2 0 0

BC b 0 0 0 0
0 0

CB b 0 0 0 0

CD √2b 0 0 0 0 0 0

DE b 0 0 0 0
0 0

ED b 0 0 0 0

EF 2b 0 0 0 0
0 0

FE 2b 0 0 0 0

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

-1/12Fb3/EJ 1/3Xb3/EJ
AG b x 1/2Fb-Fx 1/2Fbx-Fx2 x2

FH b 0 Fb-Fx 0 0
0 0

HF b 0 -Fx 0 0

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

0 1/3Xb3/EJ
IH b -x 0 0 x2

HG b -b Fx-1/2qx2 -Fbx+1/2Fx2 b2

-1/3Fb3/EJ Xb3/EJ
GH b b -1/2Fb+1/2qx2 -1/2Fb2+1/2Fx2 b2

HG elongazione asta  N1HGεHGLHG -Fb3/EJ

A molla nodo -V1A(VoA+XV1A)/kA 1/4Xb3/EJ-1/2Fb3/EJ

totali -23/12Fb3/EJ 23/12Xb3/EJ

iperstatica X=VI F

Sviluppi di calcolo iperstatica

ESΣ05.xxxx.065PROCEDIMENTO E RISULTATI 238072

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

LXX
GA = ∫

o

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

b
 b2 1/EJ 

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

LXX
AG = ∫

o

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

b
 b2 1/EJ 

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

LXX
HI = ∫

o

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

b
 b2 1/EJ 

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

LXX
IH = ∫

o

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

b
 b2 1/EJ 

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

LXX
HG = ∫

o

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

b
 b2 1/EJ 

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

LXX
GH = ∫

o

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

b
 b2 1/EJ 

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

LXo
GA = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
AG = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
HG = ∫

o

b(- x/b +1/2 x2/b2 ) Fb2 1/EJ dx - 1   (-1)  (-1)  Fb3/EJ

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

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

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

LXo
GH = ∫

o

b(-1/2 +1/2 x2/b2 ) Fb2 1/EJ dx - 1   (-1)  (-1)  Fb3/EJ

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

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

        = (-1/2 b +1/6 b ) Fb2 1/EJ  - 1   (-1)  (-1)  Fb3/EJ = -4/3  Fb3/EJ
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A =  119.8 mm2

Ju =  59924. mm4

Jv =  2333. mm4

Jt =  88.32 mm4

yo =  16.43 mm
yg =  32.46 mm
Ty =  -520. N
Mx =  364000. Nmm
xm =    12. mm
vm = -32.46 mm
σm = -Mv/Ju =  197.2 N/mm2

yc =     3. mm
uc =   -12. mm
vc = -29.46 mm
σc = -Mv/Ju =  197.2 N/mm2

τc = TS*/tJu =  6.084 N/mm2

τg = TS*/tJu =  6.084 N/mm2

tc =   520. mm
σo = √σ2+3τ2 =  197.4 N/mm2

t=1.8 t=1.8
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ESΣ05.xxxx.080PROCEDIMENTO E RISULTATI 238991

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

Quadro contributi PLV per iperstatica X=VI

→ Mx(x) Mo(x) MxMo MxMx ∫MxMo/EJdx ∫XMxMx/EJdx

AB b 0 0 0 0
0 0

BA b 0 0 0 0

BC b 0 0 0 0
0 0

CB b 0 0 0 0

CD √2b 0 -√2/4Fx 0 0 0 0

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

ED b 0 -1/2Fx 0 0

EF 2b 0 0 0 0
0 0

FE 2b 0 0 0 0

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

-1/3Fb3/EJ 1/3Xb3/EJ
AG b x -Fx -Fx2 x2

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

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

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

0 1/3Xb3/EJ
IH b -x 0 0 x2

HG b -b 3/2Fx-1/2qx2 -3/2Fbx+1/2Fx2 b2

-7/12Fb3/EJ Xb3/EJ
GH b b -Fb+1/2Fx+1/2qx2 -Fb2+1/2Fbx+1/2Fx2 b2

HG elongazione asta  N1HGεHGLHG -Fb3/EJ

A molla nodo -V1A(VoA+XV1A)/kA 1/4Xb3/EJ-1/4Fb3/EJ

totali -13/6Fb3/EJ 23/12Xb3/EJ

iperstatica X=VI 26/23F

Sviluppi di calcolo iperstatica

ESΣ05.xxxx.080PROCEDIMENTO E RISULTATI 238991

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

LXX
GA = ∫

o

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

b
 b2 1/EJ 

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

LXX
AG = ∫

o

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

b
 b2 1/EJ 

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

LXX
HI = ∫

o

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

b
 b2 1/EJ 

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

LXX
IH = ∫

o

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

b
 b2 1/EJ 

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

LXX
HG = ∫

o

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

b
 b2 1/EJ 

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

LXX
GH = ∫

o

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

b
 b2 1/EJ 

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

LXo
GA = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
AG = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
HG = ∫

o

b(-3/2 x/b +1/2 x2/b2 ) Fb2 1/EJ dx - 1   (-1)  (-1)  Fb3/EJ

        = [-3/4 x2/b +1/6 x3/b2 ]
o

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

        = (-3/4 b +1/6 b ) Fb2 1/EJ  - 1   (-1)  (-1)  Fb3/EJ = -19/12  Fb3/EJ

LXo
GH = ∫

o

b(-1 +1/2 x/b +1/2 x2/b2 ) Fb2 1/EJ dx - 1   (-1)  (-1)  Fb3/EJ

        = [- x +1/4 x2/b +1/6 x3/b2 ]
o

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

        = (- b +1/4 b +1/6 b ) Fb2 1/EJ  - 1   (-1)  (-1)  Fb3/EJ = -19/12  Fb3/EJ
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A =   148. mm2

Ju =  47272. mm4

Jv =  9072. mm4

Jt =   130. mm4

yo =  7.938 mm
yg =  22.92 mm
Ty = -1210. N
Mx =  411400. Nmm
xm =     6. mm
um =   -12. mm
vm = -22.92 mm
σm = -Mv/Ju =  199.5 N/mm2

xc =    18. mm
vc = -22.92 mm
σc = -Mv/Ju =  199.5 N/mm2

τc = TS*/tJu =  25.34 N/mm2

τg = TS*/tJu =  25.34 N/mm2

tc =  2420. mm
σo = √σ2+3τ2 =  204.2 N/mm2

t=1.8 t=1.8t=
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t=1.8 t=1.8
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ESΣ05.xxxx.096PROCEDIMENTO E RISULTATI 955615

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

Quadro contributi PLV per iperstatica X=VI

→ Mx(x) Mo(x) MxMo MxMx ∫MxMo/EJdx ∫XMxMx/EJdx

AB b 0 0 0 0
0 0

BA b 0 0 0 0

BC b 0 Fb 0 0
0 0

CB b 0 -Fb 0 0

CD √2b 0 Fb-√2/4Fx 0 0 0 0

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

ED b 0 -1/2Fx 0 0

EF 2b 0 0 0 0
0 0

FE 2b 0 0 0 0

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

-1/3Fb3/EJ 1/3Xb3/EJ
AG b x -Fx -Fx2 x2

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

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

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

0 1/3Xb3/EJ
IH b -x 0 0 x2

HG b -b 3/2Fx-1/2qx2 -3/2Fbx+1/2Fx2 b2

-7/12Fb3/EJ Xb3/EJ
GH b b -Fb+1/2Fx+1/2qx2 -Fb2+1/2Fbx+1/2Fx2 b2

HG elongazione asta  N1HGεHGLHG -Fb3/EJ

A molla nodo -V1A(VoA+XV1A)/kA 1/4Xb3/EJ-1/4Fb3/EJ

totali -13/6Fb3/EJ 23/12Xb3/EJ

iperstatica X=VI 26/23F

Sviluppi di calcolo iperstatica

ESΣ05.xxxx.096PROCEDIMENTO E RISULTATI 955615

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

LXX
GA = ∫

o

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

b
 b2 1/EJ 

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

LXX
AG = ∫

o

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

b
 b2 1/EJ 

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

LXX
HI = ∫

o

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

b
 b2 1/EJ 

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

LXX
IH = ∫

o

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

b
 b2 1/EJ 

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

LXX
HG = ∫

o

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

b
 b2 1/EJ 

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

LXX
GH = ∫

o

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

b
 b2 1/EJ 

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

LXo
GA = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
AG = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
HG = ∫

o

b(-3/2 x/b +1/2 x2/b2 ) Fb2 1/EJ dx - 1   (-1)  (-1)  Fb3/EJ

        = [-3/4 x2/b +1/6 x3/b2 ]
o

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

        = (-3/4 b +1/6 b ) Fb2 1/EJ  - 1   (-1)  (-1)  Fb3/EJ = -19/12  Fb3/EJ

LXo
GH = ∫

o

b(-1 +1/2 x/b +1/2 x2/b2 ) Fb2 1/EJ dx - 1   (-1)  (-1)  Fb3/EJ

        = [- x +1/4 x2/b +1/6 x3/b2 ]
o

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

        = (- b +1/4 b +1/6 b ) Fb2 1/EJ  - 1   (-1)  (-1)  Fb3/EJ = -19/12  Fb3/EJ



ESΣ05.xxxx.096PROCEDIMENTO E RISULTATI 955615

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

A =   160. mm2

Ju =  82754. mm4

Jv =  9072. mm4

Jt =   134. mm4

yo =  -10.6 mm
yg =  22.49 mm
N =   297. N
Ty =  -297. N
Mx =  588000. Nmm
xm =     6. mm
ym =    52. mm
um =   -12. mm
vm =  29.51 mm
σm = N/A-Mv/Ju = -207.8 N/mm2

xc =    18. mm
yc =    52. mm
vc =  29.51 mm
σc = N/A-Mv/Ju = -207.8 N/mm2

τc = TS*/tJu =  4.575 N/mm2

τg = TS*/tJu =  4.575 N/mm2

tc =   840. mm
σo = √σ2+3τ2 =   208. N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A
B

C

D
E F

mm 0 6 18 30 36x

0

52

y

σc,τc
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u
v
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Quadro contributi PLV per iperstatica X=VA

→ Mx(x) Mo(x) MxMo MxMx ∫MxMo/EJdx ∫XMxMx/EJdx

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

BA b 0 1/2qx2 0 0

BC b 0 Fb 0 0
0 0

CB b 0 -Fb 0 0

CD √2b 0 Fb-√2/4Fx 0 0 0 0

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

ED b 0 -1/2Fx 0 0

EF 2b 0 0 0 0
0 0

FE 2b 0 0 0 0

GA b b-x -3/2Fb+Fx -3/2Fb2+5/2Fbx-Fx2 b2-2bx+x2

-7/12Fb3/EJ 1/3Xb3/EJ
AG b -x 1/2Fb+Fx -1/2Fbx-Fx2 x2

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

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

HI b -b+x 2Fb-2Fx -2Fb2+4Fbx-2Fx2 b2-2bx+x2

-2/3Fb3/EJ 1/3Xb3/EJ
IH b x -2Fx -2Fx2 x2

HG b b -2Fb+1/2Fx -2Fb2+1/2Fbx b2

-7/4Fb3/EJ Xb3/EJ
GH b -b 3/2Fb+1/2Fx -3/2Fb2-1/2Fbx b2

HG elongazione asta  N1HGεHGLHG Fb3/EJ

A molla nodo -V1A(VoA+XV1A)/kA 1/4Xb3/EJ

totali -2Fb3/EJ 23/12Xb3/EJ

iperstatica X=VA 24/23F

Sviluppi di calcolo iperstatica
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LXX
GA = ∫

o

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

b
 b2 1/EJ 

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

LXX
AG = ∫

o

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

b
 b2 1/EJ 

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

LXX
HI = ∫

o

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

b
 b2 1/EJ 

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

LXX
IH = ∫

o

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

b
 b2 1/EJ 

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

LXX
HG = ∫

o

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

b
 b2 1/EJ 

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

LXX
GH = ∫

o

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

b
 b2 1/EJ 

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

LXo
GA = ∫

o

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

b
 Fb2 1/EJ 

        = (-3/2 b +5/4 b -1/3 b ) Fb2 1/EJ  = -7/12  Fb3/EJ

LXo
AG = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
HI = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
IH = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
HG = ∫

o

b(-2 +1/2 x/b ) Fb2 1/EJ dx + 1   (-1)  (-1)  Fb3/EJ

        = [-2 x +1/4 x2/b ]
o

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

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

LXo
GH = ∫

o

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

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

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

        = (-3/2 b -1/4 b ) Fb2 1/EJ  + 1   (-1)  (-1)  Fb3/EJ = -3/4  Fb3/EJ
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A =   164. mm2

Ju =  97076. mm4

Jv =  9072. mm4

Jt =  135.3 mm4

yo =  11.51 mm
yg =  31.69 mm
N =  -800. N
Ty =  1600. N
Mx = -688000. Nmm
xm =     6. mm
um =   -12. mm
vm = -31.69 mm
σm = N/A-Mv/Ju = -229.5 N/mm2

xc =    18. mm
vc = -31.69 mm
σc = N/A-Mv/Ju = -229.5 N/mm2

τc = TS*/tJu =  22.56 N/mm2

τg = TS*/tJu =  22.56 N/mm2

tc =  1600. mm
σo = √σ2+3τ2 =  232.8 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25

Quadro contributi PLV per iperstatica X=VA

→ Mx(x) Mo(x) MxMo MxMx ∫MxMo/EJdx ∫XMxMx/EJdx

AB b 0 0 0 0
0 0

BA b 0 0 0 0

BC b 0 Fb 0 0
0 0

CB b 0 -Fb 0 0

CD √2b 0 Fb-√2/4Fx 0 0 0 0

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

ED b 0 -1/2Fx 0 0

EF 2b 0 0 0 0
0 0

FE 2b 0 0 0 0

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

-1/8Fb3/EJ 1/3Xb3/EJ
AG b -x 1/2qx2 -1/2qx3 x2

FH b 0 3/2Fx 0 0
0 0

HF b 0 -3/2Fb+3/2Fx 0 0

HI b -b+x 5/2Fb-2Fx-1/2qx2 -5/2Fb2+9/2Fbx-3/2Fx2-1/2qx3 b2-2bx+x2

-7/8Fb3/EJ 1/3Xb3/EJ
IH b x -3Fx+1/2qx2 -3Fx2+1/2qx3 x2

HG b b -Fb+1/2Fx -Fb2+1/2Fbx b2

-3/4Fb3/EJ Xb3/EJ
GH b -b 1/2Fb+1/2Fx -1/2Fb2-1/2Fbx b2

HG elongazione asta  N1HGεHGLHG Fb3/EJ

A molla nodo -V1A(VoA+XV1A)/kA 1/4Xb3/EJ

totali -3/4Fb3/EJ 23/12Xb3/EJ

iperstatica X=VA 9/23F

ESΣ05.xxxx.100PROCEDIMENTO E RISULTATI 982088

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

Sviluppi di calcolo iperstatica



ESΣ05.xxxx.100PROCEDIMENTO E RISULTATI 982088

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

LXX
GA = ∫

o

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

b
 b2 1/EJ 

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

LXX
AG = ∫

o

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

b
 b2 1/EJ 

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

LXX
HI = ∫

o

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

b
 b2 1/EJ 

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

LXX
IH = ∫

o

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

b
 b2 1/EJ 

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

LXX
HG = ∫

o

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

b
 b2 1/EJ 

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

LXX
GH = ∫

o

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

b
 b2 1/EJ 

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

LXo
GA = ∫

o

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

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

b
 Fb2 1/EJ 

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

LXo
AG = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
HI = ∫

o

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

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

b
 Fb2 1/EJ 

        = (-5/2 b +9/4 b -1/2 b -1/8 b ) Fb2 1/EJ  = -7/8  Fb3/EJ

LXo
IH = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
HG = ∫

o

b(-1 +1/2 x/b ) Fb2 1/EJ dx + 1   (-1)  (-1)  Fb3/EJ

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

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

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

LXo
GH = ∫

o

b(-1/2 -1/2 x/b ) Fb2 1/EJ dx + 1   (-1)  (-1)  Fb3/EJ

        = [-1/2 x -1/4 x2/b ]
o

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

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

ESΣ05.xxxx.100PROCEDIMENTO E RISULTATI 982088

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

A =  114.8 mm2

Ju =  48377. mm4

Jv =  2333. mm4

Jt =  86.65 mm4

yo = -14.74 mm
yg =   20.3 mm
Ty =   750. N
Mx =  322500. Nmm
xm =    12. mm
ym =    50. mm
vm =   29.7 mm
σm = -Mv/Ju =  -198. N/mm2

yc =     2. mm
uc =   -12. mm
vc =  -18.3 mm
σc = -Mv/Ju =  -198. N/mm2

τc = TS*/tJu =  9.947 N/mm2

τg = TS*/tJu =  9.947 N/mm2

tc =   500. mm
σo = √σ2+3τ2 =  198.8 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8
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E F
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@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25

Quadro contributi PLV per iperstatica X=VA

→ Mx(x) Mo(x) MxMo MxMx ∫MxMo/EJdx ∫XMxMx/EJdx

AB b 0 0 0 0
0 0

BA b 0 0 0 0

BC b 0 0 0 0
0 0

CB b 0 0 0 0

CD √2b 0 0 0 0 0 0

DE b 0 0 0 0
0 0

ED b 0 0 0 0

EF 2b 0 0 0 0
0 0

FE 2b 0 0 0 0

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

0 1/3Xb3/EJ
AG b -x 0 0 x2

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

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

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

0 1/3Xb3/EJ
IH b x 0 0 x2

HG b b -3/2Fb+2Fx-1/2qx2 -3/2Fb2+2Fbx-1/2Fx2 b2

-2/3Fb3/EJ Xb3/EJ
GH b -b Fx+1/2qx2 -Fbx-1/2Fx2 b2

HG elongazione asta  N1HGεHGLHG Fb3/EJ

A molla nodo -V1A(VoA+XV1A)/kA 1/4Xb3/EJ

totali 1/3Fb3/EJ 23/12Xb3/EJ

iperstatica X=VA -4/23F

Sviluppi di calcolo iperstatica

ESΣ05.xxxx.123PROCEDIMENTO E RISULTATI 237187

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

LXX
GA = ∫

o

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

b
 b2 1/EJ 

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

LXX
AG = ∫

o

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

b
 b2 1/EJ 

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

LXX
HI = ∫

o

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

b
 b2 1/EJ 

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

LXX
IH = ∫

o

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

b
 b2 1/EJ 

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

LXX
HG = ∫

o

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

b
 b2 1/EJ 

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

LXX
GH = ∫

o

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

b
 b2 1/EJ 

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

LXo
HG = ∫

o

b(-3/2 +2 x/b -1/2 x2/b2 ) Fb2 1/EJ dx + 1   (-1)  (-1)  Fb3/EJ

        = [-3/2 x + x2/b -1/6 x3/b2 ]
o

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

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

LXo
GH = ∫

o

b(- x/b -1/2 x2/b2 ) Fb2 1/EJ dx + 1   (-1)  (-1)  Fb3/EJ

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

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

        = (-1/2 b -1/6 b ) Fb2 1/EJ  + 1   (-1)  (-1)  Fb3/EJ = 1/3  Fb3/EJ
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A =   181. mm2

Ju =  102600. mm4

Jv =  16674. mm4

Jt =  154.4 mm4

yo =  14.64 mm
yg =  33.52 mm
Ty = -1380. N
Mx = -701500. Nmm
xm =    11. mm
um =   -12. mm
vm = -33.52 mm
σm = -Mv/Ju = -229.2 N/mm2

xc =    23. mm
vc = -33.52 mm
σc = -Mv/Ju = -229.2 N/mm2

τc = TS*/tJu =  19.47 N/mm2

τg = TS*/tJu =  19.47 N/mm2

tc =   460. mm
σo = √σ2+3τ2 =  231.6 N/mm2

t=1.8 t=1.8t=
1

t=1.8 t=1.8

A
B

C

D
E F

mm 0 11 23 35 46x

0

55

y

σc,τcσm

u

v
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Quadro contributi PLV per iperstatica X=VA

→ Mx(x) Mo(x) MxMo MxMx ∫MxMo/EJdx ∫XMxMx/EJdx

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

BA b 0 1/2qx2 0 0

BC b 0 0 0 0
0 0

CB b 0 0 0 0

CD √2b 0 0 0 0 0 0

DE b 0 0 0 0
0 0

ED b 0 0 0 0

EF 2b 0 0 0 0
0 0

FE 2b 0 0 0 0

GA b b-x -3/2Fb+Fx -3/2Fb2+5/2Fbx-Fx2 b2-2bx+x2

-7/12Fb3/EJ 1/3Xb3/EJ
AG b -x 1/2Fb+Fx -1/2Fbx-Fx2 x2

FH b 0 -3Fx 0 0
0 0

HF b 0 3Fb-3Fx 0 0

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

-1/3Fb3/EJ 1/3Xb3/EJ
IH b x -Fx -Fx2 x2

HG b b -3Fb+2Fx-1/2qx2 -3Fb2+2Fbx-1/2Fx2 b2

-13/6Fb3/EJ Xb3/EJ
GH b -b 3/2Fb+Fx+1/2qx2 -3/2Fb2-Fbx-1/2Fx2 b2

HG elongazione asta  N1HGεHGLHG Fb3/EJ

A molla nodo -V1A(VoA+XV1A)/kA 1/4Xb3/EJ

totali -25/12Fb3/EJ 23/12Xb3/EJ

iperstatica X=VA 25/23F

Sviluppi di calcolo iperstatica
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LXX
GA = ∫

o

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

b
 b2 1/EJ 

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

LXX
AG = ∫

o

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

b
 b2 1/EJ 

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

LXX
HI = ∫

o

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

b
 b2 1/EJ 

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

LXX
IH = ∫

o

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

b
 b2 1/EJ 

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

LXX
HG = ∫

o

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

b
 b2 1/EJ 

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

LXX
GH = ∫

o

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

b
 b2 1/EJ 

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

LXo
GA = ∫

o

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

b
 Fb2 1/EJ 

        = (-3/2 b +5/4 b -1/3 b ) Fb2 1/EJ  = -7/12  Fb3/EJ

LXo
AG = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
HI = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
IH = ∫

o

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

b
 Fb2 1/EJ 

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

LXo
HG = ∫

o

b(-3 +2 x/b -1/2 x2/b2 ) Fb2 1/EJ dx + 1   (-1)  (-1)  Fb3/EJ

        = [-3 x + x2/b -1/6 x3/b2 ]
o

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

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

LXo
GH = ∫

o

b(-3/2 - x/b -1/2 x2/b2 ) Fb2 1/EJ dx + 1   (-1)  (-1)  Fb3/EJ

        = [-3/2 x -1/2 x2/b -1/6 x3/b2 ]
o

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

        = (-3/2 b -1/2 b -1/6 b ) Fb2 1/EJ  + 1   (-1)  (-1)  Fb3/EJ = -7/6  Fb3/EJ
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A =  110.2 mm2

Ju =  44775. mm4

Jv =  1856. mm4

Jt =  82.43 mm4

yo =  13.66 mm
yg =   28.5 mm
Ty =  -480. N
Mx = -302400. Nmm
xm =    11. mm
vm =  -28.5 mm
σm = -Mv/Ju = -192.5 N/mm2

yc =     3. mm
uc =   -11. mm
vc =  -25.5 mm
σc = -Mv/Ju = -192.5 N/mm2

τc = TS*/tJu =    6.6 N/mm2

τg = TS*/tJu =    6.6 N/mm2

tc =   160. mm
σo = √σ2+3τ2 =  192.8 N/mm2

t=1.8 t=1.8

t=
1

t=1.8 t=1.8

A
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E F

mm 0 5 11 17 22x

0

49

y
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