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VFG = -F
VCB = -F
qAB = -q = -F/b
pGC = -q = -F/b
pHE = -q = -F/b
θHE = -θ = -αT/b = -bF/EJ
kAB = 4EJ/b
EJAB = EJ
EJBC = EJ
EJAD = EJ
EJDE = EJ
EJEF = EJ
EJFG = EJ
EJGC = EJ
EJHG = EJ
EJHB = EJ
EJHE = EJ

Reazioni iperstatiche in soluzione:  X=WAB

Carichi e deformazioni date hanno verso efficace in disegno.
Calcolare reazioni vincolari della struttura e delle aste.
Tracciare i diagrammi quotati delle azioni interne nelle aste.
JYZ - xYZ - θYZ  riferimento locale asta YZ con origine in Y.
La trave BC ha la sezione riportata e dimensioni in mm, con:
b = 730 mm,  F = 1630 N
Calcolare sulla sezione B la massima tensione normale σm.
Calcolare in * le tensioni σc,τc e la tensione di von Mises.
Lembo inferiore sezione su tratteggio trave, a destra da B a C
Curvatura θ asta HE positiva se convessa a destra con inizio H.
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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
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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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A =  1044. mm2

Ju =  354848. mm4

Jv =  83376. mm4

yg =  29.78 mm
Ty =  3260. N
Mx = -2379800. Nmm
xm =    12. mm
um =   -12. mm
vm = -29.78 mm
σm = -Mv/Ju = -199.7 N/mm2

xc =    24. mm
yc =    13. mm
vc = -16.78 mm
σc = -Mv/Ju = -112.5 N/mm2

τc =  5.401 N/mm2

σo = √σ2+3τ2 =  112.9 N/mm2

S* =  7055. mm3mm 0 12 18 30 36 48x
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VFG = -F
VCB = -F
qAB = -q = -F/b
pAD = -q = -F/b
pHB = -q = -F/b
θHE = -θ = -αT/b = -bF/EJ
kAB = 4EJ/b
EJAB = EJ
EJBC = EJ
EJAD = EJ
EJDE = EJ
EJEF = EJ
EJFG = EJ
EJGC = EJ
EJHG = EJ
EJHB = EJ
EJHE = EJ

Reazioni iperstatiche in soluzione:  X=WAD

Carichi e deformazioni date hanno verso efficace in disegno.
Calcolare reazioni vincolari della struttura e delle aste.
Tracciare i diagrammi quotati delle azioni interne nelle aste.
JYZ - xYZ - θYZ  riferimento locale asta YZ con origine in Y.
La trave BC ha la sezione riportata e dimensioni in mm, con:
b = 490 mm,  F = 2120 N
Calcolare sulla sezione B la massima tensione normale σm.
Calcolare in * le tensioni σc,τc e la tensione di von Mises.
Lembo inferiore sezione su tratteggio trave, a destra da B a C
Curvatura θ asta HE positiva se convessa a destra con inizio H.
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Quadro contributi PLV per iperstatica X=WAD

→ 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=WAD 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/E

        = ( 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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A =  1116. mm2

Ju =  344933. mm4

Jv =  113616. mm4

yg =  33.08 mm
Ty =  4240. N
Mx = -2077600. Nmm
xm =    12. mm
um =   -12. mm
vm = -33.08 mm
σm = -Mv/Ju = -199.3 N/mm2

xc =    24. mm
yc =    11. mm
vc = -22.08 mm
σc = -Mv/Ju =  -133. N/mm2

τc =  5.948 N/mm2

σo = √σ2+3τ2 =  133.4 N/mm2

S* =  5806. mm3mm 0 12 18 30 36 48x
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