PLV PER CASA ES>04.xxxx.007 REAZIONI 236761 ES>04.xxxx.007
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VF =-F u, = 0= 'b3F/EJ EJFG =EJ
Hp=-F B = EJ oy = B
Pua=-0= -F/b E‘]BC =EJ EJGI =BJ
pg=-9=-F/b EJp,=EJ EJg=EJ N
Pey = -0 =-F/b EJpe = EJ EJ:.=EJ 1o |1
0,4 = -0 = -0T/b = -bF/EJ EJgr = EJ EJ,, = EJ w
Reazioni iperstatiche in soluzione: X=V, B c
o - ' L B
Carichi e deformazioni date hanno verso efficace in disegno. 4 = T =
Calcolare reazioni vincolari della struttura e delle aste. 7/12Fb
o . . o AN /\B 7112F 7112F
Tracciare i diagrammi quotati delle azioni interne nelle aste. — Tor
Carichi di aste curve misurati in proiezione sugli assi x,y. 1/3Fb 1/12Fb
Jyz - Xy - By, riferimento locale asta YZ con origine in Y. SH2F SH2F

Curvatura 6 asta HA positiva se convessa a destra con inizio H.
Spostamento orizzontale assoluto u imposto al nodo H.
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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PROCEDIMENTO E RISULTATI 236761 ESZ04.xxxx.007 PROCEDIMENTO E RISULTATI 236761 ES>04.xxxx.007
Quadro contributi PLV per iperstatica X=V,
- M M, (%) 6 MM, M,0 MM,  [[M M /EI+6)dx | [XM,M /Eddx
ABb |-2b+x -3/2Fb+Fx 0 | 3Fb%-7/2Fbx+Fx’ 0 4b’-4bx+x? , ,
, , , , [(19/12+0)Fb/E3|  7/3Xb7/E
BA b b+x 1/2Fb+Fx 0 [1/2Fb"+3/2Fbx+Fx 0 b"+2bx+x
BCb | -b+x 0 0 0 0 b*-2bx+x° ,
) 0+0 1/3Xb°/EJ
CBb X 0 0 0 0 X
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
DE b 0 Fx 0 0 0 0
0+0 0
ED b 0 -Fb+Fx 0 0 0 0
EF b 0 Fb-Fx 0 0 0 0
0+0 0
FEb 0 -Fx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GF b 0 0 0 0 0 0
GHb 0 2Fx-1/29x° 0 0 0 0
) 0+0 0
HG b 0 5/2Fb-3Fx+1/2gx 0 0 0 0
Gl V2b 0 0 0 0 0 0 0 0
IBb 0 Fx-1/2qx° 0 0 0 0
) 0+0 0
Bl b 0 -1/2Fb+1/2gx 0 0 0 0
IE v2b 0 0 0 0 0 0 0 0
HADb -2X |-BI2Fb+3/2Fx-1/2qx’ |-Fb/EJ|  5Fbx-3Ex*+gx’ 2Fxb/EJ ax’ . ,
, , . ) , ,| (T1A+1)FD/EJ | 4/3Xb7/EJ
AH b 2b-2x| 3/2Fb+1/2Fx+1/2gx” | Fb/EJ 3Fb™-2Fbx-gx 2Fb"/EJ-2Fxb/EJ | 4b°-8bx+4x
H cedimento nodo -H,,u,, -2Fb*/EJ
totali 7/3Fb*/EJ 4Xb*/EJ
iperstatica X=V, -7112F
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25



PROCEDIMENTO E RISULTATI 236761 ES>04.xxxx.007 ES>04.xxxx.007

%= (4 -4 xtb+x2b? ) b? VED dx = [4 x -2 x¢b +1/3 xb* | b? 1/E
=(4b-2b+1/3b) b* 1/EJ = 7/3 bYEJ

L= (1 42 b +xb% ) b VEI dx = [ x + X¥b +1/3 x1b* | b? 1/E
=(b+b+1/3b)b> VEJ =7/3 bYEJ

L% = [2(1 -2 x/b + x2b? ) b* VEI dx = [ x - X% +1/3 X102 ]| b 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ

L% = [2(<b? ) b? 1EI dx = [1/3 X702 ] b 1/ES
=(1/3b) b* 1/EJ = 1/3 bYEJ

L% = [7(a X% ) b2 V3 dx = [4/3 10? ] b7 1/E3
=(4/3b) b® 1/EJ = 4/3 bYE

L% = ["(4 -8 xtb +4 X107 ) b7 1EI dx = [4 x -4 X2Ib +4/3 X°1b? ] b? 1/E3
=(4b-4b+4/3b) b* 1/EJ = 4/3 bYEJ

L = ['(3 72 xtb + x2Ib* ) Fb? 1/E3 dx = [3 x 714 x2Ib +1/3 X*/b? || Fb? 1/E3
=(3b-7/4b+1/3 b ) Fb* 1/EJ = 19/12 Fb¥/EJ

1 = ['(1/2 +872 x/b + X216 ) Fb? UED dx = [1/2 x +314 x¢1b +1/3 xb* | Fb? 1/E
=(1/2b+3/4 b +1/3b ) Fb® 1/EJ = 19/12 Fb/EJ

1 = [(5 x1b -3 X262 + xi* ) Fb? EI dx + (2 x/b ) 6 dix
= [512 %0 - X2 +1/4 x6° ], Fo? 1/E3 + [ b ] 0
=(s5/2b-b+1/4b) Fo’ 1/EJ +(b) 0 =11/4 FbY/EJ

L= [2(3-2xb - 16* ) Fo? UEI dx + (-2 +2x1b ) © dx
=[3x-xb-1ax°]. Fo? 1E +[-2x+ b ]
=(3b-b-1/4b) Fo® 1/EJ + (-2b+b )6 =11/4 FbY/E]

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



PLV PER CASA ES>04.xxxx.015 REAZIONI 995596 ES>04.xxxx.015

VAR l q
‘ QU F Le
T 5/4F “5/4F
E 3/2Fb
JF 2F E
b G
—
9/4F
F
C— —F
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4
T 7 H D |+ *
| F
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9/4Fb
b = o o\ o,
H
E
A7 siF
3/2Fb
2F
[
4 — H | D
% |4
A B c 15/8F F 1/4F
4 9/4Fb 4 1/4Fb
11/16F F 2F
\[\ v v
¢'W/ b b XU,H,p
V.=-F u, = -3=-b’F/EJ Edpe = EJ p
Hp = -F EJ,; =EJ Edg, =EJ 2'::L/4Fb
Pua =-0=-F/b EJgc =EJ EJe=EJ < =
P =-q=-F/b EJep =EJ Eg =EJ i
Oer = -0 = -F/b Edpe = EJ EJe=EJ wier |l oF
6 = -6 =-aT/b = -bF/EJ EJer=EJ EJ,,=EJ 7i8Fb M 1/2Fb
Reazioni iperstatiche in soluzione: X=V, <A' s B c e
Carichi e deformazioni date hanno verso efficace in disegno. AR /s
Calcolare reazioni vincolari della struttura e delle aste. 7/8F I8E
Tracciare i diagrammi quotati delle azioni interne nelle aste. 117,/fg,? S’ff,ﬁ*gF B\ c
Carichi di aste curve misurati in proiezione sugli assi x,y. 7/8F “CeE
Jy, - Xyz - 8y, riferimento locale asta YZ con origine in Y. et 5,164

Curvatura 6 asta FG positiva se convessa a destra con inizio F.

Spostamento orizzontale assoluto u imposto al nodo H.
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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PROCEDIMENTO E RISULTATI 995596 ES>04.xxxx.015 PROCEDIMENTO E RISULTATI 995596 ES>04.xxxx.015

Quadro contributi PLV per iperstatica X=V,

- M M, (%) 6 MM, MB| MM, [JM(M/EI+B)dx | [XM M, /Eddx
ABb [-2b+x -3/2Fb+Fx 0 3Fb*-7/2Fbx+FxX’ 0 | 4b*4bx+x* , .
, , , , |(19712+0)Fb/EI | 7/3Xb°/E
BADb b+x 1/2Fb+Fx 0 1/2Fb"+3/2Fbx+Fx 0 | b™+2bx+x
BCb |-b+x 0 0 0 0 | b%2bx+x° ,
, 0+0 1/3Xb*/EJ
CBb X 0 0 0 0 X
CDb 0 1/4Fx 0 0 0 0
0+0 0
DCb 0 -1/4Fb+1/4Fx 0 0 0 0
DE b 0 1/4Fb+5/4Fx 0 0 0 0
0+0 0
ED b 0 -3/2Fb+5/4Fx 0 0 0 0
EFb 0 | 3/2Fb-2Fx+1/2gx° | O 0 0 0
, 0+0 0
FEb 0 -Fx-1/2gx 0 0 0 0
FGb 0 0 -Fb/EJ 0 0 0
0+0 0
GFb 0 0 Fb/EJ 0 0 0
GHb 0 -9/4Fx 0 0 0 0
0+0 0
HG b 0 9/4Fb-9/4Fx 0 0 0 0
Glv2b | © 0 0 0 0 0 0 0
IBb 0 Fx-1/2qx° 0 0 0 0
, 0+0 0
Blb 0 -1/2Fb+1/2gx 0 0 0 0
IEvV2b | © 0 0 0 0 0 0 0
HADb -2X |-9/4Fb+5/4Fx-1/2qx°| 0 9/2Fbx-5/2Fx’+gx’ | 0 e , ,
, , s s , ,| (B/3+Q)FbY/E] | 4/3Xb’/E
AHb |2b-2x|3/2Fb+1/4Fx+1/2gx°| O |3Fb*5/2Fbx+1/2Fx*-qx>| O |4b>8bx+4x
H cedimento nodo -H,,u,, -2Fb*/EJ
totali 5/4Fb%/EJ AXbYE]
iperstatica X=V, -5/16F

Sviluppi di calcolo iperstatica

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



PROCEDIMENTO E RISULTATI 995596 ES>04.xxxx.015 ES>04.xxxx.015

%= (4 -4 xtb+x2b? ) b? VED dx = [4 x -2 x¢b +1/3 xb* | b? 1/E
=(4b-2b+1/3b) b* 1/EJ = 7/3 bYEJ

L= (1 42 b +xb% ) b VEI dx = [ x + X¥b +1/3 x1b* | b? 1/E
=(b+b+1/3b)b> VEJ =7/3 bYEJ

L% = [2(1 -2 x/b + x2b? ) b* VEI dx = [ x - X% +1/3 X102 ]| b 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ

L% = [2(<b? ) b? 1EI dx = [1/3 X702 ] b 1/ES
=(1/3b) b* 1/EJ = 1/3 bYEJ

L% = [7(a X% ) b2 V3 dx = [4/3 10? ] b7 1/E3
=(4/3b) b® 1/EJ = 4/3 bYE

L% = ["(4 -8 xtb +4 X107 ) b7 1EI dx = [4 x -4 X2Ib +4/3 X°1b? ] b? 1/E3
=(4b-4b+4/3b) b* 1/EJ = 4/3 bYEJ

L = ['(3 72 xtb + x2Ib* ) Fb? 1/E3 dx = [3 x 714 x2Ib +1/3 X*/b? || Fb? 1/E3
=(3b-7/4b+1/3 b ) Fb* 1/EJ = 19/12 Fb¥/EJ

1 = ['(1/2 +872 x/b + X216 ) Fb? UED dx = [1/2 x +314 x¢1b +1/3 xb* | Fb? 1/E
=(1/2b+3/4 b +1/3b ) Fb® 1/EJ = 19/12 Fb/EJ

1 = [*(912 xtb 52 x2b* + 1™ ) Fb? VEJ dx = [9/4 X¥/b -5/6 x°/b° +1/4 x'/6° ]| Fb? 1/E3
=(9/4b-5/6 b+1/4b ) Fb® 1/EJ =5/3 Fb/EJ

1%, = [2(3 -5/2 xtb +1/2 X216 - Xb° ) Fb 1/ED dx = [3 x -5/4 xCb +1/6 x°Ib? -1/4 x'1b° | Fb? 1/E3

=(3b-5/4b+1/6 b-1/4b ) Fb’ 1/EJ =5/3 Fb*/EJ

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



PLV PER CASA ES>04.xxxx.027 REAZIONI 238395 ES>04.xxxx.027

VAR
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F
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b = o = o\ o,
H
E \
A7 siaF
Fb
F
[
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% |4
A B c 15/8F F 1/4F
4 9/4Fb ™ viarb
11/16F F F
\[\ v v
¢'W/ b b XU,H,p
V.=-F u, = -3=-b’F/EJ Edpe = EJ p
Hp=-F EJ,s = EJ EJg, =EJ r F1/4Fb
Ppa =-0q=-F/b EJgc =EJ EJg =EJ S
P =-q=-F/b EJep =EJ g =EJ i
Pep = -G = -Fib Edpe = EJ EJe=EJ wier |l F
Bpe = -6 =-aT/b = -bF/EJ EJer=EJ EJ,,=EJ 7i8Fb M 1/2Fb
Reazioni iperstatiche in soluzione: X=V <A' s B c 3
Carichi e deformazioni date hanno verso efficace in disegno. AR /s
Calcolare reazioni vincolari della struttura e delle aste. 7/8F I8E
Tracciare i diagrammi quotati delle azioni interne nelle aste. 117,/fg,? S’ff,ﬁ*gF B\ c
Carichi di aste curve misurati in proiezione sugli assi x,y. 7/8F “CeE
Jy; - Xyz - 8, riferimento locale asta YZ con origine in Y. et 5,164

Curvatura 6 asta DE positiva se convessa a destra con inizio D.

Spostamento orizzontale assoluto u imposto al nodo H.
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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PROCEDIMENTO E RISULTATI 238395 ES>04.xxxx.027 PROCEDIMENTO E RISULTATI 238395 ES>04.xxxx.027

Quadro contributi PLV per iperstatica X=V,

- M M, (%) 6 MM, MB| MM, [JM(M/EI+B)dx | [XM M, /Eddx
ABb [-2b+x -3/2Fb+Fx 0 3Fb*-7/2Fbx+FxX’ 0 | 4b*4bx+x* , .
, , , , |(19/12+0)Fb/Ed|  7/3Xb7/E]
BADb b+x 1/2Fb+Fx 0 1/2Fb"+3/2Fbx+Fx 0 | b™+2bx+x
BCb |-b+x 0 0 0 0 | b%2bx+x° ,
, 0+0 1/3Xb*/EJ
CBb X 0 0 0 0 X
CDb 0 -3/4Fx+1/2gx° 0 0 0 0
, 0+0 0
DCb 0 | 1/4Fb+1/4Fx-1/2gx°| © 0 0 0
DE b 0 -1/AFb+5/4Fx  |-Fb/EJ 0 0 0
0+0 0
EDb 0 -Fb+5/4Fx Fb/EJ 0 0 0
EFb 0 Fb-Fx 0 0 0 0
0+0 0
FEb 0 -Fx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb 0 -9/4Fx 0 0 0 0
0+0 0
HG b 0 9/4Fb-9/4Fx 0 0 0 0
GIv2b | © 0 0 0 0 0 0 0
IBb 0 Fx-1/2qx° 0 0 0 0
, 0+0 0
Blb 0 -1/2Fb+1/2gx 0 0 0 0
IEvV2b | © 0 0 0 0 0 0 0
HADb -2X |-9/4Fb+5/4Fx-1/2qx°| 0 9/2Fbx-5/2Fx’+gx’ | 0 e , ,
, , s s , ,| (5/3+0)FbY/EJ | 4/3Xb7/E]
AHb |2b-2x|3/2Fb+1/4Fx+1/2gx°| O |3Fb*5/2Fbx+1/2Fx*-qx>| O |4b>8bx+4x
H cedimento nodo -H,,u,, -2Fb*/EJ
totali 5/4Fb%/EJ AXbYE]
iperstatica X=V, -5/16F

Sviluppi di calcolo iperstatica

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



PROCEDIMENTO E RISULTATI 238395 ES>04.xxxx.027 ES>04.xxxx.027

%= (4 -4 xtb+x2b? ) b? VED dx = [4 x -2 x¢b +1/3 xb* | b? 1/E
=(4b-2b+1/3b) b* 1/EJ = 7/3 bYEJ

L= (1 42 b +xb% ) b VEI dx = [ x + X¥b +1/3 x1b* | b? 1/E
=(b+b+1/3b)b> VEJ =7/3 bYEJ

L% = [2(1 -2 x/b + x2b? ) b* VEI dx = [ x - X% +1/3 X102 ]| b 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ

L% = [2(<b? ) b? 1EI dx = [1/3 X702 ] b 1/ES
=(1/3b) b* 1/EJ = 1/3 bYEJ

L% = [7(a X% ) b2 V3 dx = [4/3 10? ] b7 1/E3
=(4/3b) b® 1/EJ = 4/3 bYE

L% = ["(4 -8 xtb +4 X107 ) b7 1EI dx = [4 x -4 X2Ib +4/3 X°1b? ] b? 1/E3
=(4b-4b+4/3b) b* 1/EJ = 4/3 bYEJ

L = ['(3 72 xtb + x2Ib* ) Fb? 1/E3 dx = [3 x 714 x2Ib +1/3 X*/b? || Fb? 1/E3
=(3b-7/4b+1/3 b ) Fb* 1/EJ = 19/12 Fb¥/EJ

1 = ['(1/2 +872 x/b + X216 ) Fb? UED dx = [1/2 x +314 x¢1b +1/3 xb* | Fb? 1/E
=(1/2b+3/4 b +1/3b ) Fb® 1/EJ = 19/12 Fb/EJ

1 = [*(912 xtb 52 x2b* + 1™ ) Fb? VEJ dx = [9/4 X¥/b -5/6 x°/b° +1/4 x'/6° ]| Fb? 1/E3
=(9/4b-5/6 b+1/4b ) Fb® 1/EJ =5/3 Fb/EJ

1%, = [2(3 -5/2 xtb +1/2 X216 - Xb° ) Fb 1/ED dx = [3 x -5/4 xCb +1/6 x°Ib? -1/4 x'1b° | Fb? 1/E3

=(3b-5/4b+1/6 b-1/4b ) Fb’ 1/EJ =5/3 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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PROCEDIMENTO E RISULTATI 309819 ES>04.xxxx.036 PROCEDIMENTO E RISULTATI 309819 ES>04.xxxx.036

Quadro contributi PLV per iperstatica X=V,

- M M, (%) ) MM, MB| MM, |JM(M/EI+B)dx | [XM,M /EJdx
ABb |-2b+x| -5/2Fb+2Fx 0 | 5Fb*13/2Fbx+2Fx’ | 0O | 4b*4bx+x* , ,
, , , , |(29/12+0)Fb/EI|  7/3Xb7/E]
BADb b+x 1/2Fb+2Fx 0 1/2Fb"+5/2Fbx+2Fx"| 0 | b™+2bx+x
BCb |-b+x 0 0 0 0 | b*2bx+x° ,
, 0+0 1/3Xb*/EJ
CBb X 0 0 0 0 X
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
DE b 0 Fx 0 0 0 0
0+0 0
ED b 0 -Fb+Fx 0 0 0 0
EFb 0 Fb-Fx 0 0 0 0
0+0 0
FEb 0 -Fx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb 0 -3Fx 0 0 0 0
0+0 0
HG b 0 3Fb-3Fx 0 0 0 0
GIv2b | © 0 -Fb/EJ 0 0 0 0 0
IBb 0 Fx-1/2qx° 0 0 0 0
, 0+0 0
Blb 0 | -1/2Fb+1/2gx% | 0 0 0 0
IEvV2b | 0 |-V2/2Fx+1/29x*| O 0 0 0 0 0
HADb -2x |-3Fb+Fx-1/2qx°| 0 6FbX-2FX +qx° 0 ax° , ,
, , . , ,| (B1/12+0)FbY/EI|  4/3Xb7/E]
AHb |2b-2x| 5/2Fb+1/2qx 0 | 5Fb*5Fbx+Fx*-qx’ | 0 |4b>-8bx+4x
H cedimento nodo -H,,u,, -2Fb%/EJ
totali 3Fb*/EJ 4Xb*EJ
iperstatica X=V, -3/4F

Sviluppi di calcolo iperstatica

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



PROCEDIMENTO E RISULTATI 309819 ES>04.xxxx.036 ES>04.xxxx.036

%= (4 -4 xtb+x2b? ) b? VED dx = [4 x -2 x¢b +1/3 xb* | b? 1/E
=(4b-2b+1/3b) b* 1/EJ = 7/3 bYEJ

L= (1 42 b +xb% ) b VEI dx = [ x + X¥b +1/3 x1b* | b? 1/E
=(b+b+1/3b)b> VEJ =7/3 bYEJ

L% = [2(1 -2 x/b + x2b? ) b* VEI dx = [ x - X% +1/3 X102 ]| b 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ

L% = [2(<b? ) b? 1EI dx = [1/3 X702 ] b 1/ES
=(1/3b) b* 1/EJ = 1/3 bYEJ

L% = [7(a X% ) b2 V3 dx = [4/3 10? ] b7 1/E3
=(4/3b) b® 1/EJ = 4/3 bYE

L% = ["(4 -8 xtb +4 X107 ) b7 1EI dx = [4 x -4 X2Ib +4/3 X°1b? ] b? 1/E3
=(4b-4b+4/3b) b* 1/EJ = 4/3 bYEJ

1 = ['(5 -13/2 b +2 X2/ ) Fb? 1/E dx = [5 x -13/4 xb +2/3 x/b* | Fb? 1/E3
=(5b-13/4 b +2/3 b ) Fb* 1/EJ = 29/12 Fh*/EJ

10 = ['(1/2 +572 x1b +2 x2b* ) Fb? 1/EJ dx = [1/2 x +5/4 X2Ib +2/3 X°/b? ] Fb? 1/E]
=(1/2b+5/4 b +2/3b ) Fb® 1/EJ =29/12 Fb*/EJ

1 = [7(6 x1b -2 X216 + xIb* ) Fb? 1/EJ dx = [ b -2/3 xX¥Ib? +1/4 x'1b* ] Fb? 1/E
=(3b-2/3b+1/4b ) Fb® 1/EJ =31/12 Fb’/EJ

1= [2(5 -5 xtb + x2b* - x3Ib* ) Fb? UEJ dx = [5 x -5/2 51 +1/3 /% -1/4 x1b* | Fb? 1/E3

=(5b-5/2b+1/3b-1/4b ) Fb’ 1/EJ = 31/12 Fb%/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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PROCEDIMENTO E RISULTATI 236422 ES>04.xxxx.044 PROCEDIMENTO E RISULTATI 236422 ES>04.xxxx.044

Quadro contributi PLV per iperstatica X=V,

- M M, (%) ) MM, MB| MM, |JM(M/EI+B)dx | [XM,M /EJdx
ABb |-2b+x| -5/2Fb+2Fx 0 | 5Fb*13/2Fbx+2Fx’ | 0O | 4b*4bx+x* , ,
, , , , |(29/12+0)Fb/EI|  7/3Xb7/E]
BADb b+x 1/2Fb+2Fx 0 1/2Fb"+5/2Fbx+2Fx"| 0 | b™+2bx+x
BCb |-b+x 0 0 0 0 | b*2bx+x° ,
, 0+0 1/3Xb*/EJ
CBb X 0 0 0 0 X
CDb 0 0 -Fb/EJ 0 0 0
0+0 0
DCb 0 0 Fb/EJ 0 0 0
DE b 0 Fx 0 0 0 0
0+0 0
ED b 0 -Fb+Fx 0 0 0 0
EFb 0 Fb-Fx 0 0 0 0
0+0 0
FEb 0 -Fx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb 0 -3Fx 0 0 0 0
0+0 0
HG b 0 3Fb-3Fx 0 0 0 0
Glv2b | © 0 0 0 0 0 0 0
IBb 0 Fx-1/2qx° 0 0 0 0
, 0+0 0
Blb 0 | -1/2Fb+1/2gx% | 0 0 0 0
IEvV2b | 0 |-V2/2Fx+1/29x*| O 0 0 0 0 0
HADb -2x |-3Fb+Fx-1/2qx°| 0 6FbX-2FX +qx° 0 ax° , ,
, , . , ,| (B1/12+0)FbY/EI|  4/3Xb7/E]
AHb |2b-2x| 5/2Fb+1/2qx 0 | 5Fb*5Fbx+Fx*-qx’ | 0 |4b>-8bx+4x
H cedimento nodo -H,,u,, -2Fb%/EJ
totali 3Fb*/EJ 4Xb*EJ
iperstatica X=V, -3/4F

Sviluppi di calcolo iperstatica

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



PROCEDIMENTO E RISULTATI 236422 ES>04.xxxx.044 ES>04.xxxx.044

%= (4 -4 xtb+x2b? ) b? VED dx = [4 x -2 x¢b +1/3 xb* | b? 1/E
=(4b-2b+1/3b) b* 1/EJ = 7/3 bYEJ

L= (1 42 b +xb% ) b VEI dx = [ x + X¥b +1/3 x1b* | b? 1/E
=(b+b+1/3b)b> VEJ =7/3 bYEJ

L% = [2(1 -2 x/b + x2b? ) b* VEI dx = [ x - X% +1/3 X102 ]| b 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ

L% = [2(<b? ) b? 1EI dx = [1/3 X702 ] b 1/ES
=(1/3b) b* 1/EJ = 1/3 bYEJ

L% = [7(a X% ) b2 V3 dx = [4/3 10? ] b7 1/E3
=(4/3b) b® 1/EJ = 4/3 bYE

L% = ["(4 -8 xtb +4 X107 ) b7 1EI dx = [4 x -4 X2Ib +4/3 X°1b? ] b? 1/E3
=(4b-4b+4/3b) b* 1/EJ = 4/3 bYEJ

1 = ['(5 -13/2 b +2 X2/ ) Fb? 1/E dx = [5 x -13/4 xb +2/3 x/b* | Fb? 1/E3
=(5b-13/4 b +2/3 b ) Fb* 1/EJ = 29/12 Fh*/EJ

10 = ['(1/2 +572 x1b +2 x2b* ) Fb? 1/EJ dx = [1/2 x +5/4 X2Ib +2/3 X°/b? ] Fb? 1/E]
=(1/2b+5/4 b +2/3b ) Fb® 1/EJ =29/12 Fb*/EJ

1 = [7(6 x1b -2 X216 + xIb* ) Fb? 1/EJ dx = [ b -2/3 xX¥Ib? +1/4 x'1b* ] Fb? 1/E
=(3b-2/3b+1/4b ) Fb® 1/EJ =31/12 Fb’/EJ

1= [2(5 -5 xtb + x2b* - x3Ib* ) Fb? UEJ dx = [5 x -5/2 51 +1/3 /% -1/4 x1b* | Fb? 1/E3

=(5b-5/2b+1/3b-1/4b ) Fb’ 1/EJ = 31/12 Fb%/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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PROCEDIMENTO E RISULTATI 238485 ES>04.xxxx.053 PROCEDIMENTO E RISULTATI 238485 ES>04.xxxx.053

Quadro contributi PLV per iperstatica X=V,

- M M, (X) 6 MM, MBl MM, [[MM/EI+8)dx | [XM,M /EJdx
ABb |-2b+x|  -1/2Fb+Fx 0 Fb*-5/2Fbx+Fx* | 0 | 4b*-4bx+x* 5 ,
, , , , | (U12+0)FbY/ET | 7/3Xb%/E]
BADb b+x -1/2Fb+Fx 0 -1/2Fb"+1/2Fbx+Fx"| 0 | b"+2bx+x
BCb |-b+x Fb-Fx 0 -Fb*+2Fbx-FX° | 0 | b’-2bx+x? , ,
, , (-1/3+0)Fb*EJ | 1/3Xb*/EJ
CBb X -Fx 0 -Fx 0 X
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
DE b 0 Fx 0 0 0 0
0+0 0
ED b 0 -Fb+Fx 0 0 0 0
EFb 0 Fb-Fx 0 0 0 0
0+0 0
FEb 0 -Fx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb 0 -3Fx -Fb/EJ 0 0 0
0+0 0
HG b 0 3Fb-3Fx Fb/EJ 0 0 0
Glv2b | © V2/2Fx-1/2gx° 0 0 0 0 0 0
IBb 0 Fx-1/20%° 0 0 0 0
, 0+0 0
Blb 0 -1/2Fb+1/2gx 0 0 0 0
IEvV2b | © 0 0 0 0 0 0 0
HADb -2x | -3Fb+3Fx-1/2gx° | 0O 6Fbx-6Fx’+gx° | 0 ax’ , ,
, , s , ,| (B/A+0)FB’/EJ | 4/3Xb/E]
AHb |2b-2x|1/2Fb+2Fx+1/2gx°| 0 | Fb*+3Fbx-3Fx*-gx’ | 0 |4b’-8bx+4x
H cedimento nodo -H,,u,, -2Fb*/EJ
totali -Fb%EJ AXbYE]
iperstatica X=V, 1/4F

Sviluppi di calcolo iperstatica

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



PROCEDIMENTO E RISULTATI 238485 ES>04.xxxx.053 ES>04.xxxx.053

%= (4 -4 xtb+x2b? ) b? VED dx = [4 x -2 x¢b +1/3 xb* | b? 1/E
=(4b-2b+1/3b) b* 1/EJ = 7/3 bYEJ

L= (1 42 b +xb% ) b VEI dx = [ x + X¥b +1/3 x1b* | b? 1/E
=(b+b+1/3b)b> VEJ =7/3 bYEJ

L% = [2(1 -2 x/b + x2b? ) b* VEI dx = [ x - X% +1/3 X102 ]| b 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ

L% = [2(<b? ) b? 1EI dx = [1/3 X702 ] b 1/ES
=(1/3b) b* 1/EJ = 1/3 bYEJ

L% = [7(a X% ) b2 V3 dx = [4/3 10? ] b7 1/E3
=(4/3b) b® 1/EJ = 4/3 bYE

L% = ["(4 -8 xtb +4 X107 ) b7 1EI dx = [4 x -4 X2Ib +4/3 X°1b? ] b? 1/E3
=(4b-4b+4/3b) b* 1/EJ = 4/3 bYEJ

1 = ['(1 512 xtb + x2b* ) Fb? 1/E3 dx = [ x -5/4 X¥Ib +1/3 x°/b? ] Fb? 1/E
=(b-5/4b+1/3b) Fb® 1/EJ = 1/12 Fb’/EJ

1 = [ (-172 +172 x1b + P16 ) Fb? UED dx = [-1/2 x +1/4 b +1/3 x1b* | Fb? 1/E
=(-12b +1/4 b +1/3b ) Fb> 1/EJ = 1/12 Fb*/EJ

18 = [(-1 +2 x/b - x2Ib? ) Fb2 1/ED dx = [- x+ X2 -1/3 xb? | Fb? 1/E
=(-b+b-1/3b) Fb® 1/EJ =-1/3 FbYEJ

1% = [2(- xib? ) Fb? VE dx = [-1/3 0% | Fb? 1/E
=(-1/3b) Fb® 1EJ =-1/3 Fb%EJ

1% = [2(6 /b -6 X%1b? + x°Ib* ) Fb? 1EI dx = [3 51 -2 xb° +1/4 x'1b° | Fb? 1/E3
=(3b-2b+1/4b) Fb* 1/E] =5/4 Fb’/EJ

L = [(1 +3 x1b -3 X¥1% - 1™ ) Fb? UED dx = [ x +3/2 X¥Jb - /% -1/4 x'6° ]| Fo? 1/E3
=(b+32b-b-1/4b) Fb® 1/EJ =5/4 Fb*/EJ

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



PLV PER CASA ES>04.xxxx.065 REAZIONI 238072 ES>04.xxxx.065

VAR q l
LL
L E F L
G —F
5/4F 5/4F
F J 3/2Fb
3/2F 32F| ¢
G F
— —
5/4F 5/4F
1/2F IIZF[
b
—
9l4F
1/2F
G
4
T 7 H D |+ *
| F
— I
1/2F
9/4Fb
b o o o er4r
H
[
4 — H | D
% |4
A B c 15/8F F 1/4F
4 9/4Fb 4 1/4Fb
11/16F F 3/2F
k\ v v
¢,W/ b b X,u,H,p
V.=-F u, = -3=-b°F/EJ Edee = EJ
Hp =-F EJays = EJ EJg, = EJ
Pua=-0=-F/b EJgc = EJ EJg =EJ
pg=-9=-F/b EJp, =EJ EJg=EJ
Qe = -0 = -F/b Elp = E Ele =EJ wier |l [3/2:
6 = -8 =-aT/b = -bF/EJ EJe=EJ EJ . =EJ 7/8Fb 1/2Fb
ST L . EF HA [\ 7/8F ¥ 1/4F
Reazioni iperstatiche in soluzione: X=V A 5 o
Carichi e deformazioni date hanno verso efficace in disegno. AN /B
Calcolare reazioni vincolari della struttura e delle aste. 7/8F I8F
Tracciare i diagrammi quotati delle azioni interne nelle aste. 17/8ED s B8\ c
Carichi di aste curve misurati in proiezione sugli assi x,y. 7/8F <
J,, - Xy - 8, riferimento locale asta YZ con origine in Y. 5 atFD 5/164

Curvatura 6 asta EF positiva se convessa a destra con inizio E.
Spostamento orizzontale assoluto u imposto al nodo H.
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25



STAANA ) €T'€0°LZ'SI9A ‘OUB(IN 1P 021UJBYI|0d ‘ISSOY IUB|aABRZ O}|opY © STAANA €T'€0°LZ'SIA ‘OUB(IN Ip 021UJB)I|0d ‘ISSOY IUB|SABRZ OJ|opY ©

T=X eonelsiad ep auoissaly I ﬂ H w a4 ﬂ H w
\\\\\\\\\\ L S z-
oéégg ¢ I T
0 9T/S S
mREREEE o = X
, 5 T
|
|
|
|
|
|
S ?,o
<) o ol = (=) =
o o N .
0 N 0 2
|
|
|
|
|
w |
N |
o o Q o |
S P 2/e oo _ __ o\ N
0 00 0
neuBasse IyaLed ep auoissal °W ﬂ H w E| HHH E H N
\\\\\\\\\ 415
| Oo N\._”T, 0 ,_ﬂ 9T/S-
a 72 T TP TTTTTTTTTTT @H\HH :%
H ° 3 ,
| H © —
| H —
| v | =
| m <Y —
| N — (|
| =
” ) i - = =
- [{]  e— ary
= o = f - % [, s
< |
S <X |2 p \
7/ 7 N\
| \
| >
/ o / © @ > N [
W 7 = o) 2 N N, N \ N
/ | kel
Ny | = oy
N 4 W ~ yvv,
/e 00 /e 2IT- /S~ /S
o)

G90™XXXX"'70XS3 ¢/08€¢ ILV1TNSIY 3 OLNINIdID0dd G900 XXXX"'70XS3 ¢/08EC ANYALNI INOIZV



PROCEDIMENTO E RISULTATI 238072 ES>04.xxxx.065 PROCEDIMENTO E RISULTATI 238072 ES>04.xxxx.065

Quadro contributi PLV per iperstatica X=V,

S IMx M_(X) G MM MOl MM M (M_/EJ+B)dx | [XM M. /EJdx
X o X o X X X X o X X
ABb [-2b+x|  -1/2Fb+1/2Fx 0 Fb*-3/2Fbx+1/2Fx° | 0 | 4b*4bx+x° . .
, , , | (6/12+0)Fb/EY | 7/3Xb/E
BADb b+x 1/2Fx 0 1/2Fbx+1/2Fx 0 | b™+2bx+x
BCb |-b+x 1/2Fb-1/2Fx 0 -1/2Fb*+Fbx-1/2Fx* | 0 | b*2bx+x° , .
, , (-1/6+0)Fb%/EJ | 1/3XbYEJ
CBb X -1/2Fx 0 -1/2Fx 0 X
CDb 0 1/4Fx 0 0 0 0
0+0 0
DCb 0 -1/4Fb+1/4Fx 0 0 0 0
DE b 0 1/4Fb+5/4Fx 0 0 0 0
0+0 0
ED b 0 -3/2Fb+5/4Fx 0 0 0 0
EFb 0 3/2Fb-3/2Fx  |-Fb/EJ 0 0 0
0+0 0
FEb 0 -3/2Fx Fb/EJ 0 0 0
FGb 0 -1/2Fx+1/2gx° 0 0 0 0
, 0+0 0
GFb 0 1/2Fx-1/2gx 0 0 0 0
GHb 0 -9/4Fx 0 0 0 0
0+0 0
HG b 0 9/4Fb-9/4Fx 0 0 0 0
Glv2b | © 0 0 0 0 0 0 0
IBb 0 Fx-1/2qx° 0 0 0 0
, 0+0 0
Blb 0 -1/2Fb+1/2gx 0 0 0 0
IEvV2b | © 0 0 0 0 0 0 0
HADb -2X |-9/4Fb+9/4Fx-1/2qx°| 0 9/2Fbx-9/2Fx°+gx> | O e , .
, , ., , ,| (L+O)FbYEY | 4/3Xb’/E
AH b 2b-2x | 1/2Fb+5/4Fx+1/2qgx 0 |Fb™+3/2Fbx-3/2Fx"-gx”| 0 |4b"-8bx+4x
H cedimento nodo -H,,u,, -2Fb%/EJ
totali -3/4Fb*/EJ 4Xb*/EJ
iperstatica X=V, 3/16F

Sviluppi di calcolo iperstatica

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



PROCEDIMENTO E RISULTATI 238072 ES>04.xxxx.065 ES>04.xxxx.065

%= (4 -4 xtb+x2b? ) b? VED dx = [4 x -2 x¢b +1/3 xb* | b? 1/E
=(4b-2b+1/3b) b* 1/EJ = 7/3 bYEJ

L= (1 42 b +xb% ) b VEI dx = [ x + X¥b +1/3 x1b* | b? 1/E
=(b+b+1/3b)b> VEJ =7/3 bYEJ

L% = [2(1 -2 x/b + x2b? ) b* VEI dx = [ x - X% +1/3 X102 ]| b 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ

L% = [2(<b? ) b? 1EI dx = [1/3 X702 ] b 1/ES
=(1/3b) b* 1/EJ = 1/3 bYEJ

L% = [7(a X% ) b2 V3 dx = [4/3 10? ] b7 1/E3
=(4/3b) b® 1/EJ = 4/3 bYE

L% = ["(4 -8 xtb +4 X107 ) b7 1EI dx = [4 x -4 X2Ib +4/3 X°1b? ] b? 1/E3
=(4b-4b+4/3b) b* 1/EJ = 4/3 bYEJ

1 = ['(1 312 xtb +1/2 x%1b? ) Fb® VED dx = [ x -3/4 xb +1/6 x/b? | Fb? 1/E3
=(b-3/4b+1/6b) Fb* 1/E] =5/12 Fb’/EJ

1 = [ (172 xtb +1/2 5%10? ) Fb? UED dx = [1/4 X1 +1/6 17 | Fb? 1/E]
=(1/4b+1/6 b) Fb® 1/EJ =5/12 Fb¥/EJ

18 = [(-1/2 + b -1/2 x81b* ) Fb? 1/EJ dx = [-1/2 x +1/2 x2Ib -1/6 x1b? | Fb? 1/E
=(-12b+1/2b-1/6 b ) Fb® 1/EJ =-1/6 Fb’/EJ

1% = [2(-/2 16 ) Fb? 1/E3 dx = [-1/6 xb? ] Fb? 1/E3
=(-1/6 b ) Fb* 1/EJ =-1/6 Fb*/EJ

1% = [(9/2 x/b 012 x21b® + X¥16° ) Fb? 1/EJ dx = [9/4 x2/b -3/2 x°/b? +1/4 x'1b° | Fb? 1/E
=(94b-32b+1/4b) Fb’ /EJ = Fb’EJ

1 = [7(1 +872 x1b -312 X216% - X°16° ) Fb? UE dx = [ x +3/4 x%1b -1/2 x1b* -1/4 x'1b* ] Fb? 1/E3
=(b+3/4b-1/2b-1/4b) Fb* 1/E] = Fb’/EJ

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



PLV PER CASA

ES>04.xxxx.067

y.v.V.q l

>
w

“T ‘

|

oW

V,=-F
Hp = -F

Pua =-0=-F/b
Peu =-0=-F/b
P =-0=-F/b

u, =-8=-b°F/EJ
Edys = EJ
Edge = EJ
EJep = EJ
EJpe = EJ

6,5 =-6=-aT/b = -bF/EJ EJ =EJ

Reazioni iperstatiche in soluzione: X=V

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.
Carichi di aste curve misurati in proiezione sugli assi x,y.

Jyz - Xy - 6y, riferimento locale asta YZ con origine in Y.

Curvatura 6 asta AB positiva se convessa a destra con inizio A.

Spostamento orizzontale assoluto u imposto al nodo H.
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

EJpe = EJ
Edgy = EJ
EJ = EJ
Elg = EJ
EJe = EJ
EJy, = EJ

12.12.25

REAZIONI 280947 ES>04.xxxx.067
F [ E
——>
F F
Fb
F Flog
G
PR
2F
F
G — —F
F
G
N
|
F
5/2Fb
3F <E )
H Fb
F
4
I
H | D
A E—
< 35/12F F
5/2Fb
7124F F
4
A
F
F
D
h
7124F
1/12Fb 1/2Fb
< 23/12F% | L,_
A B c
AN /\B
23/12F 23/12F
1/12Fb 5/24Fb
7124F 7/24F B\ C
—
23/12F 23/12F
17/24Fb
17/24F 17/24F
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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PROCEDIMENTO E RISULTATI 280947 ESZ04.xxxx.067 PROCEDIMENTO E RISULTATI 280947 ESZ04.xxxx.067
Quadro contributi PLV per iperstatica X=V,
- M M, (%) 6 MM, M,0 MM, | M M/EJ+6)dx | [XM,M /EJdx
ABb |-2b+x -3/2Fb+Fx -Fb/EJ| 3Fb’-7/2Fbx+Fx’ | 2FbEJ-FXb/EJ| 4b%-4bx+xX* , ,
) ) ) ) ) (19/12+3/2)Fb°/EJ| 7/3Xb"/EJ
BADb b+x 1/2Fb+Fx Fb/EJ | 1/2Fb*+3/2Fbx+Fx"| Fb/EJ+Fxb/EJ | b +2bx+Xx
BCb | -b+x 0 0 0 0 b*-2bx+x° ,
) 0+0 1/3Xb"/EJ
CBb X 0 0 0 0 X
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
DE b 0 Fx 0 0 0 0
0+0 0
ED b 0 -Fb+Fx 0 0 0 0
EF b 0 Fb-Fx 0 0 0 0
0+0 0
FEb 0 -Fx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GF b 0 0 0 0 0 0
GHb 0 2Fx-1/29x° 0 0 0 0
) 0+0 0
HG b 0 5/2Fb-3Fx+1/2gx 0 0 0 0
Gl V2b 0 0 0 0 0 0 0 0
IBb 0 Fx-1/2qx° 0 0 0 0
) 0+0 0
Bl b 0 -1/2Fb+1/2gx 0 0 0 0
IE v2b 0 0 0 0 0 0 0 0
HADb -2X |-BI2Fb+3/2Fx-1/2qx°| 0 5Fbx-3FX°+gx’ 0 ax° , ,
, , , , ,| (714+0)Fb’/E] 4/3Xb°/EJ
AH b 2b-2x | 3/2Fb+1/2Fx+1/2gx 0 3Fb™-2Fbx-gx 0 4b"-8bx+4x
H cedimento nodo -H,,u,, -2Fb*/EJ
totali 17/6Fb%/EJ 4Xb°/EJ
iperstatica X=V, -17/24F
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25




PROCEDIMENTO E RISULTATI 280947 ES>04.xxxx.067 ES>04.xxxx.067

b
%= (4 -4 xtb+x2b? ) b? VED dx = [4 x -2 x¢b +1/3 xb* | b? 1/E
=(4b-2b+1/3b) b* 1/EJ = 7/3 bYEJ
b
L= (1 42 b +xb% ) b VEI dx = [ x + X¥b +1/3 x1b* | b? 1/E
=(b+b+1/3b)b> VEJ =7/3 bYEJ
XX 2,2 .2 2 3,270 ,2
L% = [2(1 -2 x/b + x2b? ) b* VEI dx = [ x - X% +1/3 X102 ]| b 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ
b
L% = [2(<b? ) b? 1EI dx = [1/3 X702 ] b 1/ES
=(1/3b) b* 1/EJ = 1/3 bYEJ
b
L% = [7(a X% ) b2 V3 dx = [4/3 10? ] b7 1/E3
=(4/3b) b® 1/EJ = 4/3 bYE
XX _ 2,2\ ,2 _ 2 3,27°,2
Lt = (4 -8 x/b +4x°b* ) b* LEI dx = [4 x -4 X'Ib +4/3 1" | | b* 1/E
=(4b-4b+4/3b) b* 1/EJ = 4/3 bYEJ
L= [2(3-7/2 x/b + xb* ) Fb? UEI dx + [(2-x/b ) @ dx
2 3,270 .2 2, 1°
=[3x-7/4 %0 +13°0° ] Fb® UEJ + [2x-12X°b] 6
=(3b-7/4b+1/3b ) Fo®> /EJ + (2b-1/2b ) 6 =37/12 FbY/EJ
1 = ['(1/2 872 xtb + X¥16? ) Fb? UEI dx + [(-1-x/b ) 6 dx
2 3,270 1.2 2, 1°
= [12 x +3/4 x%b +113 x°10° ] Fb® 1EY +[-x-1/2x%b] 6
=(12b+3/4b+13b) Fb’ VEJ +(-b-1/2b) 8 =37/12 FbY/EJ
b
1= [2(5 b -3 X212 + xIb* ) Fb? 1EI dx = [5/2 X¥1b - 12 +1/4 x'1b° | Fb? 1/E
=(5/2b-b+1/4b) Fb® 1/EJ = 7/4 Fb/EJ
b
L= [2(3 2 x/b - 16 ) Fb? 1/E3 dx = [3 x - b -1/ x'b° | Fb? 1/ES
=(3b-b-1/4b) Fb* 1/EJ = 7/4 Fb’/EJ

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



PLV PER CASA ES>04.xxxx.084 REAZIONI 236427 ES>04.xxxx.084

y,v,\V,q l q
+ G G 5/4F
F
E
5/4F
b 7 4 3/2Fb
2F
F [ E
= <
5/4F 5/4F
3/2Fb l
F 2F
%
T H | D |+
G
/4F
° 2F
1/4Fb
< 5/4F
b o D
. H 1 | D
T 2F 1/4F
A R c V7 4 7/4FDb 4 1/4Fb
1/8F 2F
7/4Fb
k\ < 39/4F
1 1 : H
¢'W/ b b XU,H,p
V.=-F u, = -3=-b’F/EJ Edpe = EJ
Hp =-F EJ,, = EJ EJg, = EJ
Pua = -9 =-F/b EJgc = EJ EJg =EJ
Pgy =-0=-F/b EJp, =EJ EJg=EJ
Qee = -9 = -F/b E‘]DE =EJ E‘]IE =EJ 1/8F 2F
0,, = -0 = -aT/b = -bF/EJ EJg =EJ EJ,,=EJ N Larb VaF
Reazioni iperstatiche in soluzione: X=V, A B c
Carichi e deformazioni date hanno verso efficace in disegno. B % C
Calcolare reazioni vincolari della struttura e delle aste. 1/';Fb F
Tracciare i diagrammi quotati delle azioni interne nelle aste. AR /B 1/8F 1/8F
Carichi di aste curve misurati in proiezione sugli assi x,y. F F
Jyz - Xy - 6y, riferimento locale asta YZ con origine in Y. 1,%’,‘:% Ule,gp

Curvatura 6 asta HA positiva se convessa a destra con inizio H.
Spostamento orizzontale assoluto u imposto al nodo H.
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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PROCEDIMENTO E RISULTATI 236427 ESZ04.xxxx.084 PROCEDIMENTO E RISULTATI 236427 ES>04.xxxx.084
Quadro contributi PLV per iperstatica X=V,
- M M, (%) 6 MM, M, 0 MM, [[M M /EI+8)dx | [XM,M /EJdx
ABb |-2b+x 0 0 0 0 4b-4bx+x? .
) ) 0+0 7I13Xb"/EJ
BA b b+x 0 0 0 0 b"+2bx+x
BCb | -b+x 0 0 0 0 b*-2bx+x .
) 0+0 1/3Xb"/EJ
CBb X 0 0 0 0 X
CDb 0 1/4Fx 0 0 0 0
0+0 0
DCb 0 -1/4Fb+1/4Fx 0 0 0 0
DE b 0 1/4Fb+5/4Fx 0 0 0 0
0+0 0
ED b 0 -3/2Fb+5/4Fx 0 0 0 0
EFb 0 | 3/2Fb-2Fx+1/2gx° | O 0 0 0
) 0+0 0
FEb 0 -Fx-1/2gx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GF b 0 0 0 0 0 0
GHb 0 -5/4Fx-1/2gx" 0 0 0 0
) 0+0 0
HG b 0 | 7/4Fb-9/4Fx+1/2gx 0 0 0 0
Gl v2b 0 0 0 0 0 0 0 0
IBb 0 0 0 0 0 0
0+0 0
Bl b 0 0 0 0 0 0
IE v2b 0 0 0 0 0 0 0 0
HADb 22X |-TIAFb+9/4Fx-1/2qx’ |-Fb/EJ| 7/2Fbx-9/2Fx*+qx°> 2Fxb/EJ e , ,
. s s ) , ,| (U2+1)FD/EJ | 4/3Xb*/EJ
AH b 2b-2x 5/4Fx+1/2gx Fb/EJ | 5/2Fbx-3/2Fx"-gx” | 2Fb“/EJ-2Fxb/EJ | 4b"-8bx+4x
H cedimento nodo -H,,u,, -2Fb*/EJ
totali -1/2Fb*/EJ 4Xb°IEJ
iperstatica X=V, 1/8F
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25




PROCEDIMENTO E RISULTATI 236427 ES>04.xxxx.084 ES>04.xxxx.084

%= (4 -4 xtb+x2b? ) b? VED dx = [4 x -2 x¢b +1/3 xb* | b? 1/E
=(4b-2b+1/3b) b* 1/EJ = 7/3 bYEJ

L= (1 42 b +xb% ) b VEI dx = [ x + X¥b +1/3 x1b* | b? 1/E
=(b+b+1/3b)b> VEJ =7/3 bYEJ

L% = [2(1 -2 x/b + x2b? ) b* VEI dx = [ x - X% +1/3 X102 ]| b 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ

L% = [2(<b? ) b? 1EI dx = [1/3 X702 ] b 1/ES
=(1/3b) b* 1/EJ = 1/3 bYEJ

L% = [7(a X% ) b2 V3 dx = [4/3 10? ] b7 1/E3
=(4/3b) b® 1/EJ = 4/3 bYE

L% = ["(4 -8 xtb +4 X107 ) b7 1EI dx = [4 x -4 X2Ib +4/3 X°1b? ] b? 1/E3
=(4b-4b+4/3b) b* 1/EJ = 4/3 bYEJ

1 = [2(772 x1b 012 x21b% + X¥16° ) Fo? 1UEI dx + [ (2 xb ) © dix
= [714 %10 312 xib* +1/4 x16° | Fo? 183 + [ b ]
=(7/4b-312b+1/4b ) Fo* 1/EJ +(b) 6 =32 FbY/EJ

L = [*(5/2 xtb -3/2 x2b? - b° ) Fbo? 1/EI dx + ['(-2+2 xb ) © dx
= [514 xib -1/2 10?174 x'16° ], Fo? 1E3 + [-2x + b ] 6
=(5/4b-1/2b-1/4b ) Fb® VEJ + (-2b+b) 6 =3/2 FbYEJ

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



PLV PER CASA ES>04.xxxx.091 REAZIONI 210287 ES>04.xxxx.091

y,v,\V,q l
LL
G E C=—— ——F
1 G 5/4F
F
E
5/4F
b < < Fb
F
F [ E
= <
5/4F 5/4F
A 1
F F
%
T H | D |+
% G
-
5/4F E
1/4Fb
5/4F
b o o D
. | D
T 1/4F
A B cV "t 1iarp
F
7/4Fb
k\ < 39/4F
: : : H
¢'W/ b b XU,H,p
V.=-F u, =-8=-b°F/EJ Edee = EJ
Hp=-F EJyg = EJ EJg, = BJ
Pua =-9=-F/b EJgc = EJ EJg = EJ
Pgy =-0=-F/b EJ, =EJ EJg=EJ
Pcp = -0 =-F/b EJpe = EJ EJ.=EJ F
6 = -6 =-aT/b = -bF/EJ EJ- = EJ EJ,,=EJ 34
Reazioni iperstatiche in soluzione: X=H. B c
Carichi e deformazioni date hanno verso efficace in disegno. B % C
Calcolare reazioni vincolari della struttura e delle aste. o 12F
Tracciare i diagrammi quotati delle azioni interne nelle aste. AR /B 3/8F 3/8F
Carichi di aste curve misurati in proiezione sugli assi x,y. 1/2F 1/2F
Jyz - Xy - 6y, riferimento locale asta YZ con origine in Y. 3,35';/,‘:% 3’8§,§F

Curvatura 6 asta Gl positiva se convessa a destra con inizio G.
Spostamento orizzontale assoluto u imposto al nodo H.
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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PROCEDIMENTO E RISULTATI 210287 ES>04.xxxx.091 PROCEDIMENTO E RISULTATI 210287 ES>04.xxxx.091

Quadro contributi PLV per iperstatica X=H

- M, (X) M, (X) ] MM, M,0 MM, JM (M /EJ+B)dx | [XM, M, /EJdx
AB b -b+1/2x -1/2Fb+1/4Fx 0 1/2Fb’*-1/2Fbx+1/8FX> 0 bZ-bx+1/4x° , ,
, , , | (7124+0)Fb*/EY | 7/112Xb°/E
BADb 1/2b+1/2x 1/4Fb+1/4Fx 0 1/8Fb"+1/4Fbx+1/8Fx 0 |1/4b"+1/2bx+1/4x
BCb |-1/2b+1/2x|  -1/4Fb+1/4Fx 0 1/8Fb*-1/4Fbx+1/8FX? 0 | 1/4b*1/2bx+1/4%° , ,
, , (1/24+0)Fb*/EJ | 1/12Xb*/EJ
CBb 1/2x 1/4Fx 0 1/8Fx 0 1/4x
CDb 0 -3/4Fx+1/2gx° 0 0 0 0
, 0+0 0
DCb 0 1/AFb+1/4Fx-1/20x° | 0 0 0 0
DE b 0 -1/4Fb+5/4Fx 0 0 0 0
0+0 0
EDb 0 -Fb+5/4Fx 0 0 0 0
EFb 0 Fb-Fx 0 0 0 0
0+0 0
FEb 0 -Fx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb 0 -5/4Fx-1/2gx° 0 0 0 0
, 0+0 0
HG b 0 7/14Fb-9/4Fx+1/2gx° | 0 0 0 0
Gl V2b 0 0 -Fb/EJ 0 0 0 0 0
IBb 0 0 0 0 0 0
0+0 0
Blb 0 0 0 0 0 0
IE V2b 0 0 0 0 0 0 0 0
HADb X -TIAFb+7/4Fx-1/2gx°| 0 7/14Fbx-7/4Fx*+1/2gx° 0 X2 , ,
, , , , , , (5/12+0)Fb*/EJ | 1/3XbYEJ
AH b b-x 1/2Fb+3/4Fx+1/2gx 0 [1/2Fb"+1/4Fbx-1/4Fx"-1/2gx”| O b"-2bx+x
H cedimento nodo -H,,u,, -Fb/EJ
totali -1/4Fb*/EJ Xb¥/EJ
iperstatica X=H 1/4F

Sviluppi di calcolo iperstatica

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



PROCEDIMENTO E RISULTATI 210287 ES>04.xxxx.091

%= (1 - xb +1/4 0% ) b? VEJ dx = [ x-1/2 x8b +1/12 x1b* | b7 1/ES
=(b-12b+1/12b ) b* 1/EJ = 7/12 bYEJ

L= (174 +1/2 xib +1/4 x2Ib* ) b* VED dx = [1/4 x +1/4 xb +1/12 x1b* | b7 1/E]
=(1/4b+1/4b+1/12b ) b® 1/EJ = 7/12 b/EJ

L% = [2(1/a 112 xtb +1/4 x2b* ) b* VEI dx = [1/4 x -1/4 X¥1b +1/12 5167 ] b2 1/E
=(14b-1/4b+1/12b ) b* 1/EJ = 1/12 bEJ

L% = [2(wa X6 ) b2 183 dx = [1/12 X762 ] b 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

L% = [°(50? ) o7 1/E3 dx = [ 113 x0* | b7 1/ES
=(13b) b* VEI = 13 bY/EJ

%= (1 -2 xtb + xb* ) b VEI dx = [ x - X +1/3 x°/b? ] b? 1/E3
=(b-b+1/3b) b* 1/EJ = 1/3 bYEJ

1 = [*(1/2 -1/2 xJb +1/8 X216 ) Fb? 1/EJ dx = [1/2 x -1/4 xb +1/24 X | Fb* 1/E
=(1/2b-1/4 b +1/24 b ) Fb® 1/EJ = 7/24 Fb%/EJ

1 = [ (1/8 +1/4 x/b +1/8 x2Ib* ) Fb 1/EJ dx = [1/8 x +1/8 x2/b +1/24 xb* | Fb? 1/E
=(1/8b+1/8 b +1/24 b ) Fb® 1/EJ = 7/24 Fb*/EJ

18 = ["(1/8 -1/4 xib +1/8 X2/ ) Fb? 1/E dx = [1/8 x -1/8 x2/b +1/24 xib* | Fb? 1/E
=(1/8b-1/8b+1/24b ) Fb* 1/EJ = 1/24 Fb’/EJ

1% = [*(1/8 X%/ ) Fb? 1/EJ dx = [1/24 6% ]| Fb? 1/E
=(1/24b) Fb® 1/EJ = 1/24 FbEJ

1 = [2(714 xtb 714 X216% +112 x1b* ) Fb? VEI dx = [7/8 X¥1b 7112 1% +1/8 x'1b° | Fb? 1/E3
=(7/8b-7/12 b +1/8 b ) Fb® 1/EJ =5/12 Fh%/EJ

1 = [(12 +1/4 x1b 174 X216 -1/2 x1b° ) Fb? 1/ dx
= [1/2 x +1/8 X¥1b -1/12 x1b* -1/8 x'1b* ] Fb? 1/E
=(1/2b+1/8b-1/12 b -1/8 b ) Fb® 1/EJ =5/12 Fb/EJ

ES>04.xxxx.091

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

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

12.12.25



PLV PER CASA ES>04.xxxx.096 REAZIONI 955615 ES>04.xxxx.096

y,v,\V,q l
LL
E G 5 < F
+ G G 5/4F
F
E
5/4F
b 7 4 Fb
F
F [ E
= <
5/4F 5/4F
F F
V.
T H | D |+
% G
-
5/4F E
1/4Fb
5/4F
b o o D
. | D
T 1/4F
A B c V7 "t 1/aFb
F
7/4Fb
k\ < 39/4F
1 : : H
¢'W/ b b XU,H,p
V.=-F u, =-8=-b’F/EJ Edpe = EJ
Hp =-F EJag = EJ EJg, = EJ
Pua=-0= -F/b EJBC =EJ E‘]GI =EJ
Pey = -q = -Flb EJep = EJ BElg=FEJ
Pep = -0 =-Fib EJoe =EJ Bl =EJ "
85 = -0 =-aT/b = -bF/EJ EJ. =EJ EJ,,,=EJ aaF
Reazioni iperstatiche in soluzione: X=H. B c
Carichi e deformazioni date hanno verso efficace in disegno. B % C
Calcolare reazioni vincolari della struttura e delle aste. 3/}3’,35 1zF
Tracciare i diagrammi quotati delle azioni interne nelle aste. AR /B 3/8F 3/8F
Carichi di aste curve misurati in proiezione sugli assi x,y. 1/2F 1/2F
Jyz - Xy - 6y, riferimento locale asta YZ con origine in Y. 3,3g{éFb 3’8§ZF

Curvatura 6 asta IB positiva se convessa a destra con inizio I.
Spostamento orizzontale assoluto u imposto al nodo H.
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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PROCEDIMENTO E RISULTATI 955615 ES>04.xxxx.096 PROCEDIMENTO E RISULTATI 955615 ES>04.xxxx.096

Quadro contributi PLV per iperstatica X=H

- M, (X) M, (X) ] MM, M,0 MM, JM (M /EJ+B)dx | [XM, M, /EJdx
AB b -b+1/2x -1/2Fb+1/4Fx 0 1/2Fb’*-1/2Fbx+1/8FX> 0 bZ-bx+1/4x° , ,
, , , | (7124+0)Fb*/EY | 7/112Xb°/E
BADb 1/2b+1/2x 1/4Fb+1/4Fx 0 1/8Fb"+1/4Fbx+1/8Fx 0 |1/4b"+1/2bx+1/4x
BCb |-1/2b+1/2x|  -1/4Fb+1/4Fx 0 1/8Fb*-1/4Fbx+1/8FX? 0 | 1/4b*1/2bx+1/4%° , ,
, , (1/24+0)Fb*/EJ | 1/12Xb*/EJ
CBb 1/2x 1/4Fx 0 1/8Fx 0 1/4x
CDb 0 -3/4Fx+1/2gx° 0 0 0 0
, 0+0 0
DCb 0 1/AFb+1/4Fx-1/20x° | 0 0 0 0
DE b 0 -1/4Fb+5/4Fx 0 0 0 0
0+0 0
EDb 0 -Fb+5/4Fx 0 0 0 0
EFb 0 Fb-Fx 0 0 0 0
0+0 0
FEb 0 -Fx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb 0 -5/4Fx-1/2gx° 0 0 0 0
, 0+0 0
HG b 0 7/14Fb-9/4Fx+1/2gx° | 0 0 0 0
Gl V2b 0 0 0 0 0 0 0 0
IBb 0 0 -Fb/EJ 0 0 0
0+0 0
Blb 0 0 Fb/EJ 0 0 0
IE V2b 0 0 0 0 0 0 0 0
HADb X -TIAFb+7/4Fx-1/2gx°| 0 7/14Fbx-7/4Fx*+1/2gx° 0 X2 , ,
, , , , , , (5/12+0)Fb*/EJ | 1/3XbYEJ
AH b b-x 1/2Fb+3/4Fx+1/2gx 0 [1/2Fb"+1/4Fbx-1/4Fx"-1/2gx”| O b"-2bx+x
H cedimento nodo -H,,u,, -Fb/EJ
totali -1/4Fb*/EJ Xb¥/EJ
iperstatica X=H 1/4F

Sviluppi di calcolo iperstatica

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



PROCEDIMENTO E RISULTATI 955615 ES>04.xxxx.096

%= (1 - xb +1/4 0% ) b? VEJ dx = [ x-1/2 x8b +1/12 x1b* | b7 1/ES
=(b-12b+1/12b ) b* 1/EJ = 7/12 bYEJ

L= (174 +1/2 xib +1/4 x2Ib* ) b* VED dx = [1/4 x +1/4 xb +1/12 x1b* | b7 1/E]
=(1/4b+1/4b+1/12b ) b® 1/EJ = 7/12 b/EJ

L% = [2(1/a 112 xtb +1/4 x2b* ) b* VEI dx = [1/4 x -1/4 X¥1b +1/12 5167 ] b2 1/E
=(14b-1/4b+1/12b ) b* 1/EJ = 1/12 bEJ

L% = [2(wa X6 ) b2 183 dx = [1/12 X762 ] b 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

L% = [°(50? ) o7 1/E3 dx = [ 113 x0* | b7 1/ES
=(13b) b* VEI = 13 bY/EJ

%= (1 -2 xtb + xb* ) b VEI dx = [ x - X +1/3 x°/b? ] b? 1/E3
=(b-b+1/3b) b* 1/EJ = 1/3 bYEJ

1 = [*(1/2 -1/2 xJb +1/8 X216 ) Fb? 1/EJ dx = [1/2 x -1/4 xb +1/24 X | Fb* 1/E
=(1/2b-1/4 b +1/24 b ) Fb® 1/EJ = 7/24 Fb%/EJ

1 = [ (1/8 +1/4 x/b +1/8 x2Ib* ) Fb 1/EJ dx = [1/8 x +1/8 x2/b +1/24 xb* | Fb? 1/E
=(1/8b+1/8 b +1/24 b ) Fb® 1/EJ = 7/24 Fb*/EJ

18 = ["(1/8 -1/4 xib +1/8 X2/ ) Fb? 1/E dx = [1/8 x -1/8 x2/b +1/24 xib* | Fb? 1/E
=(1/8b-1/8b+1/24b ) Fb* 1/EJ = 1/24 Fb’/EJ

1% = [*(1/8 X%/ ) Fb? 1/EJ dx = [1/24 6% ]| Fb? 1/E
=(1/24b) Fb® 1/EJ = 1/24 FbEJ

1 = [2(714 xtb 714 X216% +112 x1b* ) Fb? VEI dx = [7/8 X¥1b 7112 1% +1/8 x'1b° | Fb? 1/E3
=(7/8b-7/12 b +1/8 b ) Fb® 1/EJ =5/12 Fh%/EJ

1 = [(12 +1/4 x1b 174 X216 -1/2 x1b° ) Fb? 1/ dx
= [1/2 x +1/8 X¥1b -1/12 x1b* -1/8 x'1b* ] Fb? 1/E
=(1/2b+1/8b-1/12 b -1/8 b ) Fb® 1/EJ =5/12 Fb/EJ

ES>04.xxxx.096

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

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

12.12.25



PLV PER CASA

ES>04.xxxx.100

REAZIONI 982088

ES>04.xxxx.100

A
yv.Viq lu F [ E
E F F
+ G Fb
F F FlE
b o G
-
F
G —— —F
G
%
T H | D |+
I |
b o 3/2Fb
< 2F
H E
A7F
Fb
F
| ML . H 0
B c R
85/48F
o < 3/2Fb J
k\ 83/96F
¢,W/ b X,U,H,p
V.=-F u, =-8=-b’F/EJ EJee = EJ .
Hp = -F EJps = EJ Edgy = EJ I
Pua=-q=-Flb Edg. = EJ EJg, = EJ —
Pow = -0 = -F/b Ede, = EJ EJ, = EJ °
Oag = -0 =-F/b EJpe = EJ EJ.=EJ
eAB =-0=-aT/b =-bF/EJ E‘]EF =EJ E‘]HA =EJ 83/96F
Co . . o 11/48Fb
Reazioni iperstatiche in soluzione: X=V_ < 37/48F L
Carichi e deformazioni date hanno verso efficace in disegno. A B ¢
Calcolare reazioni vincolari della struttura e delle aste. AN _ \B
Tracciare i diagrammi quotati delle azioni interne nelle aste. 37/48F 37/48F \{
T k . e ) ) 11/48Fb 13/96Fb
Carichi di aste curve misurati in proiezione sugli assi x,y. 83/96F 13/96F B\ c
Jyz - Xyz - 6y riferimento locale asta YZ con origine in Y. 37/48F 37/48F
. - 13/96Fb
Curvatura 6 asta AB positiva se convessa a destra con inizio A. .\ilg/gﬁF 13/96F
Spostamento orizzontale assoluto u imposto al nodo H.
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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PROCEDIMENTO E RISULTATI 982088

ES>04.xxxx.100

Quadro contributi PLV per iperstatica X=V

PROCEDIMENTO E RISULTATI 982088

ES>04.xxxx.100

IRV M, (%) ) MM, M,0 MM, | MM /EJ+B)dx |[XM M, /EJdx
AB b 2b-x | -5/2Fb+2Fx-1/2gx° | -Fb/EJ |-5Fb*+13/2Fbx-3Fx*+1/20x’| -2Fb*/EJ+FxXb/EJ | 4b*-4bx+x° , ,
) ) ) 5 ) ) ) (-21/8-3/2)Fb°/EJ| 7/3Xb’/EJ
BA b -b-x Fb+Fx+1/2gx Fb/EJ | -Fb"-2Fbx-3/2Fx"-1/2qgx -Fb*/EJ-Fxb/EJ | b +2bx+x
BCb b-x -Fb+Fx 0 -Fb?+2Fbx-Fx° 0 b-2bx+x? , ,
, , (-1/3+0)Fb*/EJ | 1/3Xb’/EJ
CBb -X Fx 0 -Fx 0 X
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
DE b 0 Fx 0 0 0 0
0+0 0
ED b 0 -Fb+Fx 0 0 0 0
EF b 0 Fb-Fx 0 0 0 0
0+0 0
FEb 0 -Fx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GF b 0 0 0 0 0 0
GHb 0 -Fx-1/2gx° 0 0 0 0
) 0+0 0
HG b 0 3/2Fb-2Fx+1/2gx 0 0 0 0
Gl V2b 0 0 0 0 0 0 0 0
IBb 0 0 0 0 0 0
0+0 0
Bl b 0 0 0 0 0 0
IE v2b 0 0 0 0 0 0 0 0
HADb 2x  |-3/2Fb-1/2Fx-1/2qx°| 0 -3Fbx-Fx%-gx° 0 ax° , ,
, , . , | (-25/12+0)Fb’/EJ|  4/3Xb7/EJ
AH b -2b+2x| 5/2Fb-3/2Fx+1/2gx 0 -5Fb“+8Fbx-4Fx"+gx 0 4b"-8bx+4x
H cedimento nodo -H,,u,, 2Fb’/EJ
totali -109/24Fb*EJ |  4Xb’/EJ
iperstatica X=V 109/96F
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13

12.12.25



PROCEDIMENTO E RISULTATI 982088 ES>04.xxxx.100 PROCEDIMENTO E RISULTATI 982088 ES>04.xxxx.100

%= (4 -4 xtb+x2b? ) b? VED dx = [4 x -2 x¢b +1/3 xb* | b? 1/E
=(4b-2b+1/3b) b* 1/EJ = 7/3 bYEJ

L= (1 42 b +xb% ) b VEI dx = [ x + X¥b +1/3 x1b* | b? 1/E
=(b+b+1/3b)b> VEJ =7/3 bYEJ

L% = [2(1 -2 x/b + x2b? ) b* VEI dx = [ x - X% +1/3 X102 ]| b 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ

L% = [2(<b? ) b? 1EI dx = [1/3 X702 ] b 1/ES
=(1/3b) b* 1/EJ = 1/3 bYEJ

L% = [7(a X% ) b2 V3 dx = [4/3 10? ] b7 1/E3
=(4/3b) b® 1/EJ = 4/3 bYE

L% = ["(4 -8 xtb +4 X107 ) b7 1EI dx = [4 x -4 X2Ib +4/3 X°1b? ] b? 1/E3
=(4b-4b+4/3b) b* 1/EJ = 4/3 bYEJ

1 = [(-5 +13/2 x1b -3 X6 +1/2 xib° ) Fb? VEI dx + [ (-2 +xb ) © dx
= [-5 x +13/4 X1 - X2 +1/8 x1b° | Fb? VEI + [-2x+1/2X%b ], 0
=(-5b+13/4b-b+1/8b ) Fb’ 1/EJ + (-2b +1/2b ) 6 =-33/8 Fh*/EJ

1 = [ (-1 -2 xtb 312 x2b? -1/2 x1b° ) Fb? 1/ET dx + [(1+xb ) © dx
= [-x - xb 12 0% -1/8 x'16° ], Fo? 1ED + [ x+1/2 X% ] @
=(-b-b-12b-1/8b ) Fo* 1/EJ + (b+1/2b) 6 =-33/8 Fb*/EJ

120 = [2(-1 +2 xib - x2b? ) Fb® 1/E dx = [ x + x2Ib -1/3 /0% || Fb? 1/E
=(-b+b-1/3b) Fb’ 1/EJ =-1/3 FbEJ

1 = [2(- xb? ) Fb® 1E dx = [-1/3 1% ]| Fb? 1/E
=(-1/3b) Fb®> 1/EJ =-1/3 Fb*/EJ

1 = [(-3 xtb - X% - 1™ ) Fb? 1/ED dx = [-8/2 X¥1b -1/3 x°/b2 -1/4 x1b° | Fb? 1/E
=(-32b-1/3b-1/4b ) Fb* 1/EJ =-25/12 Fb*/EJ

L= [7(-5 +8 x/b -4 %1% + xb° ) Fb? 1/EJ dx = [-5 x +4 X¥/b -4/3 x°/b? +1/4 x'16° ] Fb? 1/E3
=(-5b+4b-4/3b+1/4b ) Fb® 1/EJ =-25/12 Fb*/EJ

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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PROCEDIMENTO E RISULTATI 239191

ES>04.xxxx.120

Quadro contributi PLV per iperstatica X=H

PROCEDIMENTO E RISULTATI 239191

ES>04.xxxx.120

- M, (X) M, (%) 6 MM, M,0 MM, M (M/EI+8)dx | [XM M, /EJdx
AB b -b+1/2x -2Fb+3/2Fx 0 2Fb°-5/2Fbx+3/4Fx’ | 0 b%-bx+1/4x° , ,
, , , ,| (+OFBYEI | 7/12Xb°/E
BADb 1/2b+1/2x 1/2Fb+3/2Fx 0 1/4Fb"+Fbx+3/4Fx 0 |1/4b"+1/2bx+1/4x
BCb |-1/2b+1/2x| -1/2Fb+1/2Fx 0 1/AFD*1/2Fbx+1/4FX% | O | 1/4b°-1/2bx+1/4x° , ,
, , (1/12+0)Fb%EJ | 1/12Xb*EJ
CBb 1/2x 1/2Fx 0 1/4Fx 0 1/4x
CDb 0 0 0 0 0 0
0+0 0
DCb 0 0 0 0 0 0
DE b 0 Fx 0 0 0 0
0+0 0
ED b 0 -Fb+Fx 0 0 0 0
EFb 0 Fb-Fx 0 0 0 0
0+0 0
FEb 0 -Fx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb 0 -2Fx-1/2gx° 0 0 0 0
, 0+0 0
HG b 0 5/2Fb-3Fx+1/2gx?| 0 0 0 0
Glv2b 0 V2/2Fx-1/2gx° 0 0 0 0 0 0
IBb 0 0 -Fb/EJ 0 0 0
0+0 0
Blb 0 0 Fb/EJ 0 0 0
IE V2b 0 0 0 0 0 0 0 0
HADb X 5/2Fb+Fx-1/2qx*| 0 5/2Fbx-FEx*+1/2gx° 0 X2 , ,
, , , . , , (25/24+0)Fb¥EJ| 1/3Xb*/EJ
AHb b-x 2Fb+1/2qx 0 |2Fb*2Fbx+1/2Fx*-1/2gx°| 0 b%-2bx+X
H cedimento nodo -H,,u,, -Fb/EJ
totali 9/8Fb*/EJ Xb%/EJ
iperstatica X=H. -9/8F

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

12.12.25

Sviluppi di calcolo iperstatica

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

12.12.25



PROCEDIMENTO E RISULTATI 239191 ES>04.xxxx.120

%= (1 - xb +1/4 0% ) b? VEJ dx = [ x-1/2 x8b +1/12 x1b* | b7 1/ES
=(b-12b+1/12b ) b* 1/EJ = 7/12 bYEJ

L= (174 +1/2 xib +1/4 x2Ib* ) b* VED dx = [1/4 x +1/4 xb +1/12 x1b* | b7 1/E]
=(1/4b+1/4b+1/12b ) b® 1/EJ = 7/12 b/EJ

L% = [2(1/a 112 xtb +1/4 x2b* ) b* VEI dx = [1/4 x -1/4 X¥1b +1/12 5167 ] b2 1/E
=(14b-1/4b+1/12b ) b* 1/EJ = 1/12 bEJ

L% = [2(wa X6 ) b2 183 dx = [1/12 X762 ] b 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

L% = [°(50? ) o7 1/E3 dx = [ 113 x0* | b7 1/ES
=(13b) b* VEI = 13 bY/EJ

%= (1 -2 xtb + xb* ) b VEI dx = [ x - X +1/3 x°/b? ] b? 1/E3
=(b-b+1/3b) b* 1/EJ = 1/3 bYEJ

1 = ['(2 -5/2 xtb +3/4 X*Ib? ) Fb? VEJ dx = [2 x -5/4 X1 +1/4 xIb? ] Fb? 1/E
=(2b-5/4b+1/4b ) Fb’ 1/E] = FbY/EJ

1 = ['(1/4 + xib +3/4 P16 ) Fb® UED dx = [1/4 x +1/2 x8b +1/4 xb* | Fb2 1/E
=(U4b+12b+1/4b ) Fb® 1/EJ = Fb%EJ

18 = ["(14 -172 xib +1/4 X216 ) Fo? 1/E3 dx = [1/4 x -1/4 x2Ib +1/12 xib* | Fb? 1/E
=(14b-1/4b+1/12b ) Fb* 1/EJ = 1/12 FbY/EJ

1% = [2(1/a X6 ) Fo? 13 dx = [1/12 6% ]| Fb? 1/E
=(1/12b) Fb® 1/EJ = 1/12 FbEJ

1% = [2(5/2 x/b - xC1b? +1/2 X°16° ) Fbo? 1/E3 dx = [5/4 x2/b -1/3 x°/b? +1/8 x'b° | Fb? 1/E3
=(5/4b-1/3b +1/8 b ) Fb* 1/EJ = 25/24 Fh%/EJ

L = [(2 -2 xib +1/2 X¥1b% -1/2 xb° ) Fb? 1/EJ dx = [2 x - X¥1b +1/6 xIb? -1/8 X' ] Fio? 1/E3
=(2b-b+1/6b-1/8 b ) Fb® 1/EJ = 25/24 Fb%EJ

ES>04.xxxx.120

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

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

12.12.25



gcerct

€T°€0°LZ'SIaN ‘OUB|IN Ip 021UIBY|O ‘ISSOY IUB[dARZ O}0pY ©

491/T
48/6
——— p 4
2 g9 49T/ST d4971/ST
a49T/T a48/.
¥\ dsi6 -48/6
a\/ NV
2 19 v
K >
v
a
R
4
E|
A
-
a |
-
4
ad
VAl
\ 3 H
ED V
a4z/s
4
PR,
4
4—= t——>
El4
E—
)
E E| 4
ad
4 4
« 3
3/ 4

ECTXXXX'70ZS3

/8T.LEC INOIZV3IY

STAANA £T°€0°2Z'SIaA 'OUBIA I 01UDBN0d ‘ISSOY IUB[oARZ OJ0pY @
'H opou [e olsodwi N 0INjOSSe 3[elu0Zzzlo ojuawelsods
"D OIZIul U0J el1Sap B BSSaAUOI as ©>_u_wOQ dD eise g einijeAIn)
" A Ul 3UIBlI0 U0 ZA ISk 8|ed0| ojuawall “Ag - #x - ?Ap
‘IfeuoBollo Isse pe udjl 01INgUISIP 0d1ed Ip huauodwo)
"aAel] B[|9p 9SSk pe 11 LIojeA uod 0dued Ip lwwelbelg
"A'x 1sse 1|Bns auoizalold ul eINSiW SAIND dlSe Ip 1ydue)
"3]Sk 9||au auJaul luoIZe 3||ap Irelonb lwwelbelp | arelooel |
"91Se 9||9p @ BINJINJIS B||9p 1IL|OJUIA IUOIZE3I d1e|0d[e)d
‘oubasIp ul 89eJl8 0SIBA OUURY B1Ep IUOIZBWIOBP 3 IYdued
OH=x :auoiznjos ui ayonersiadi luoizeay
r3="r3 £3/49- = q/1p-=9-= "9
r3=""r3 a/4-=b-="b
r3=""r3 r3 =773 g/4- =b-="°d
r3="r3 r3=%ra a/4- = b-="°d
r3=r3 r3="%r3 q/4-=b-=""d
r3=""r3 r3 =%r3 4-=%H
r3="r3 (3/4,0-=0-="n 4-=7A
d‘H‘n‘x | | q | \>>.e
N
w o] g v

b'ANA

ECTXXXXY0ZXSH

VSVYO d3d A'ld



STAANA ) €T'€0°LZ'SI9A ‘OUB(IN 1P 021UJBYI|0d ‘ISSOY IUB|aABRZ O}|opY ©

neubasse 1yodued ep auoissaly °\ ﬂ H w

¢/1- 2/T-

0 S T T T LT

o o

NI

N T
e
o
o
°Q

2/S-

als-

T=x eonelsiadi ep auoissal ﬂ H w

¢/1- 2/T- T-

|
:

i

PN
9

STAANA €T'€0°LZ'SIA ‘OUB(IN Ip 021UJB)I|0d ‘ISSOY IUB|SABRZ OJ|opY ©

gl [Ea

. out- OO
9T/ST

©
<
o<}

8/LT

8/6-

SIRED
/.-
9T/T :
, ° I
| |
| |
| |
| |
| |
| |
, ]
I ked
o N
Q0 B
|
|
|
7 |
|
|
|
Q |
1 00
1 -

8/6-

TICT
T/ST

(LTI

i

0 9T/ST

v

ECTXXXX'70ZSH

/8T.LEC ILV1TNSIY 3 OLNINIAID0dd

ECTXXXXY0ZXSH

/8T.EC ANHALNI INOIZV



PROCEDIMENTO E RISULTATI 237187

ES>04.xxxx.123

Quadro contributi PLV per iperstatica X=H

PROCEDIMENTO E RISULTATI 237187

ES>04.xxxx.123

- M, (X) M, (%) 6 MM, M,0 MM, M (M/EI+8)dx | [XM M, /EJdx
AB b -b+1/2x -2Fb+3/2Fx 0 2Fb°-5/2Fbx+3/4Fx’ | 0 b%-bx+1/4x° , ,
, , , ,| (+OFBYEI | 7/12Xb°/E
BADb 1/2b+1/2x 1/2Fb+3/2Fx 0 1/4Fb"+Fbx+3/4Fx 0 |1/4b"+1/2bx+1/4x
BCb |-1/2b+1/2x| -1/2Fb+1/2Fx 0 1/AFD*1/2Fbx+1/4FX% | O | 1/4b°-1/2bx+1/4x° , ,
, , (1/12+0)Fb%EJ | 1/12Xb*EJ
CBb 1/2x 1/2Fx 0 1/4Fx 0 1/4x
CDb 0 0 -Fb/EJ 0 0 0
0+0 0
DCb 0 0 Fb/EJ 0 0 0
DE b 0 Fx 0 0 0 0
0+0 0
ED b 0 -Fb+Fx 0 0 0 0
EFb 0 Fb-Fx 0 0 0 0
0+0 0
FEb 0 -Fx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb 0 -2Fx-1/2gx° 0 0 0 0
, 0+0 0
HG b 0 5/2Fb-3Fx+1/2gx?| 0 0 0 0
Glv2b 0 V2/2Fx-1/2gx° 0 0 0 0 0 0
IBb 0 0 0 0 0 0
0+0 0
Blb 0 0 0 0 0 0
IE V2b 0 0 0 0 0 0 0 0
HADb X 5/2Fb+Fx-1/2qx*| 0 5/2Fbx-FEx*+1/2gx° 0 X2 , ,
, , , . , , (25/24+0)Fb¥EJ| 1/3Xb*/EJ
AHb b-x 2Fb+1/2qx 0 |2Fb*2Fbx+1/2Fx*-1/2gx°| 0 b%-2bx+X
H cedimento nodo -H,,u,, -Fb/EJ
totali 9/8Fb*/EJ Xb%/EJ
iperstatica X=H. -9/8F

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

12.12.25

Sviluppi di calcolo iperstatica

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

12.12.25



PROCEDIMENTO E RISULTATI 237187 ES>04.xxxx.123

%= (1 - xb +1/4 0% ) b? VEJ dx = [ x-1/2 x8b +1/12 x1b* | b7 1/ES
=(b-12b+1/12b ) b* 1/EJ = 7/12 bYEJ

L= (174 +1/2 xib +1/4 x2Ib* ) b* VED dx = [1/4 x +1/4 xb +1/12 x1b* | b7 1/E]
=(1/4b+1/4b+1/12b ) b® 1/EJ = 7/12 b/EJ

L% = [2(1/a 112 xtb +1/4 x2b* ) b* VEI dx = [1/4 x -1/4 X¥1b +1/12 5167 ] b2 1/E
=(14b-1/4b+1/12b ) b* 1/EJ = 1/12 bEJ

L% = [2(wa X6 ) b2 183 dx = [1/12 X762 ] b 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

L% = [°(50? ) o7 1/E3 dx = [ 113 x0* | b7 1/ES
=(13b) b* VEI = 13 bY/EJ

%= (1 -2 xtb + xb* ) b VEI dx = [ x - X +1/3 x°/b? ] b? 1/E3
=(b-b+1/3b) b* 1/EJ = 1/3 bYEJ

1 = ['(2 -5/2 xtb +3/4 X*Ib? ) Fb? VEJ dx = [2 x -5/4 X1 +1/4 xIb? ] Fb? 1/E
=(2b-5/4b+1/4b ) Fb’ 1/E] = FbY/EJ

1 = ['(1/4 + xib +3/4 P16 ) Fb® UED dx = [1/4 x +1/2 x8b +1/4 xb* | Fb2 1/E
=(U4b+12b+1/4b ) Fb® 1/EJ = Fb%EJ

18 = ["(14 -172 xib +1/4 X216 ) Fo? 1/E3 dx = [1/4 x -1/4 x2Ib +1/12 xib* | Fb? 1/E
=(14b-1/4b+1/12b ) Fb* 1/EJ = 1/12 FbY/EJ

1% = [2(1/a X6 ) Fo? 13 dx = [1/12 6% ]| Fb? 1/E
=(1/12b) Fb® 1/EJ = 1/12 FbEJ

1% = [2(5/2 x/b - xC1b? +1/2 X°16° ) Fbo? 1/E3 dx = [5/4 x2/b -1/3 x°/b? +1/8 x'b° | Fb? 1/E3
=(5/4b-1/3b +1/8 b ) Fb* 1/EJ = 25/24 Fh%/EJ

L = [(2 -2 xib +1/2 X¥1b% -1/2 xb° ) Fb? 1/EJ dx = [2 x - X¥1b +1/6 xIb? -1/8 X' ] Fio? 1/E3
=(2b-b+1/6b-1/8 b ) Fb® 1/EJ = 25/24 Fb%EJ

ES>04.xxxx.123

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

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

12.12.25



PLV PER CASA ES>04.xxxx.128

y.v.V.q q l

“T ‘ ‘

.
o
o

oW

V.=-F u, = -3=-b’F/EJ Edpe = EJ
Hp =-F EJ,, = EJ EJg, = EJ
Pua=-0=-F/b EJgc = EJ EJg =EJ
Pgy =-0=-F/b EJp, =EJ EJg=EJ
Qe =-q=-F/b EJoe = EJ EJ:.=EJ
8,c = -0 = -aT/b = -bF/EJ EJe = EJ EJ,,=EJ
Reazioni iperstatiche in soluzione: X=V

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.

Carichi di aste curve misurati in proiezione sugli assi x,y.

Jyz - Xy - By, riferimento locale asta YZ con origine in Y.

Curvatura 6 asta DE positiva se convessa a destra con inizio D.

Spostamento orizzontale assoluto u imposto al nodo H.

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

12.12.25

REAZIONI 211653

ES>04.xxxx.128
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— —
5/4F 5/4F
1/2F 1/2F

—
5/4F
1/2F

1/2F
7/4Fb
9/4F

EA

&

H |
VEE:

7/AFb
3/8F

—
5/4F
3/2F

5/AF
3/2Fb
3/2F

5/4F
3/2Fb
3/2F

3/2F
1/4Fb
5/4F

o)

ANS

1/4F
1/4Fb
3/2F

3/2F

1/4F
«—

B
AN [ B B_%

1/2F 1/2F 1/2F

3/4Fb 3/8Fb 3/8Fb
3/8F 3/8F 3/8F

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13
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PROCEDIMENTO E RISULTATI 211653 ES>04.xxxx.128 PROCEDIMENTO E RISULTATI 211653 ES>04.xxxx.128

Quadro contributi PLV per iperstatica X=V,

S IMx M_(X) ) M M MO MM M (M /EJ+8)dx | [XM.M /EJdx
X o X o X X X X o XX
ABb [-2b+x Fb-1/2Fx 0 -2Fb*+2Fbx-1/2FX 0 | 4b*-4bx+x? , .
, , , , | (-7/6+0)FbYEY | 7I3Xb/E
BADb b+x -1/2Fb-1/2Fx 0 -1/2Fb°-Fbx-1/2Fx 0 | b ™+2bx+x
BCb |-b+x 1/2Fb-1/2Fx 0 -1/2Fb*+Fbx-1/2Fx 0 | b*2bx+x* , ,
, , (-1/6+0)Fb%EJ | 1/3XbYEJ
CBb X -1/2Fx 0 -1/2Fx 0 X
CDb 0 1/4Fx 0 0 0 0
0+0 0
DCb 0 -1/4Fb+1/4Fx 0 0 0 0
DEb 0 1/AFb+5/4Fx -Fb/EJ 0 0 0
0+0 0
EDb 0 -3/2Fb+5/4Fx Fb/EJ 0 0 0
EFb 0 3/2Fb-3/2Fx 0 0 0 0
0+0 0
FEb 0 -3/2Fx 0 0 0 0
FGb 0 -1/2Fx+1/2gx° 0 0 0 0
, 0+0 0
GFb 0 1/2Fx-1/20x 0 0 0 0
GHb 0 -5/4Fx-1/2gx° 0 0 0 0
, 0+0 0
HG b 0 | 7/4Fb-9/4Fx+1/2gx 0 0 0 0
Glv2b | © 0 0 0 0 0 0 0
IBb 0 0 0 0 0 0
0+0 0
Blb 0 0 0 0 0 0
IEvV2b | © 0 0 0 0 0 0 0
HADb -2X |-TIAFb+13/4Fx-1/2gx°>| 0 7/2Fbx-13/2Fx*+gx° 0 ax° , ,
, , s , ,| (-1/6+0)FbY/EJ | 4/3Xb’/E
AH b 2b-2x| -Fb+9/4Fx+1/2gx 0 |-2Fb™+13/2Fbx-7/2Fx™-qx~| O |4b™-8bx+4x
H cedimento nodo -H,,u,, -2Fb*/EJ
totali -7/2Fb*/EJ 4Xb*/EJ
iperstatica X=V, 7/8F

Sviluppi di calcolo iperstatica

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



PROCEDIMENTO E RISULTATI 211653 ES>04.xxxx.128 ES>04.xxxx.128

%= (4 -4 xtb+x2b? ) b? VED dx = [4 x -2 x¢b +1/3 xb* | b? 1/E
=(4b-2b+1/3b) b* 1/EJ = 7/3 bYEJ

L= (1 42 b +xb% ) b VEI dx = [ x + X¥b +1/3 x1b* | b? 1/E
=(b+b+1/3b)b> VEJ =7/3 bYEJ

L% = [2(1 -2 x/b + x2b? ) b* VEI dx = [ x - X% +1/3 X102 ]| b 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ

L% = [2(<b? ) b? 1EI dx = [1/3 X702 ] b 1/ES
=(1/3b) b* 1/EJ = 1/3 bYEJ

L% = [7(a X% ) b2 V3 dx = [4/3 10? ] b7 1/E3
=(4/3b) b® 1/EJ = 4/3 bYE

L% = ["(4 -8 xtb +4 X107 ) b7 1EI dx = [4 x -4 X2Ib +4/3 X°1b? ] b? 1/E3
=(4b-4b+4/3b) b* 1/EJ = 4/3 bYEJ

1 = ['(-2 +2 xtb -1/2 x1b? ) Fo? 1/E3 dx = [-2 x + X2 -1/6 x°/b? ] Fb? 1/E
=(-2b+b-1/6 b ) Fb* 1/EJ =-7/6 Fb’/EJ

1 = [ (-1/2 - xib 172 X¥1? ) Fb? UED dx = [-1/2 x -1/2 x21b -1/6 xib? | Fb? 1/E
=(-12b-1/2b-1/6 b ) Fb* 1/EJ =-7/6 Fb/EJ

18 = [(-1/2 + b -1/2 x1b* ) Fb? 1/EJ dx = [-1/2 x +1/2 x2Ib -1/6 x1b* | Fb? 1/E
=(-12b+1/2b-1/6 b ) Fb® /EJ =-1/6 Fb’/EJ

1% = [2(-/2 16 ) Fbo? 13 dx = [-1/6 xib? ] Fb? 1/E3
=(-1/6 b ) Fb> 1/EJ =-1/6 Fb%/EJ

1 = [2(772 x1b 1312 5C1? + x16° ) Fb? VEJ dx = [7/4 X¥1b 1316 x°/b? +1/4 x'b° | Fb® 1/E
=(7/4b-13/6 b +1/4 b ) Fb* 1/EJ =-1/6 Fb’/EJ

1 = [7(-2 +13/2 xtb 712 x21b* - xb° ) Fb? 1/EJ dx = [-2 x +13/4 %2/ -7/6 xIb® -1/4 x'1b° ] Fb? 1/E3
=(-2b+13/4b-7/6 b-1/4b ) Fb®> 1/EJ =-1/6 Fb*EJ

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



PLV PER CASA ES>04.xxxx.132 REAZIONI 238699 ES>04.xxxx.132

VAR q G . . 7 e
LL
L : = = T
G 3/2Fb
12F 12F 312F 312F
F
G G E E
-
5/4F 5/4F
< 3/2Fb
b = Jl/ZF 3l2F
%
= | |-
12F 312F
714Fb 1/4Fb
9/4F < 5/4F
H [ D
b o
A B c 7
H | D
N oz o e
) t t } 3/8F 3/2F
oW b . X,u,H,p v
V.=-F u, =-8=-b’F/EJ Edpe = EJ
Hy =-F EJ,s =EJ EJgy =EJ
Pua=-9=-Fib EJgc =EJ EJg = EJ
Pen =-q = -F/b Edep =EJ EJp=EJ
Org = -0 =-F/b EJpe = EJ EJ.=EJ .
65y =-6=-aT/b = -bF/EJ EJer = EJ EJy, = EJ 3/2F
Reazioni iperstatiche in soluzione: X=V. 1/4F
Carichi e deformazioni date hanno verso efficace in disegno. B ¢

Calcolare reazioni vincolari della struttura e delle aste.
Tracciare i diagrammi quotati delle azioni interne nelle aste.
Carichi di aste curve misurati in proiezione sugli assi x,y.

o o AN [ B B_" c
Jyz - Xyz - 6y rlfenmentolllocale asta YZ con origine in Y.. - ToF ok oF oF
Curvatura 6 asta GH positiva se convessa a destra con inizio G. 3/4Fb 3/8Fb 3/8Fb
A . 3/8F 3/8F 3/8F 3/8F
Spostamento orizzontale assoluto u imposto al nodo H.

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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PROCEDIMENTO E RISULTATI 238699 ES>04.xxxx.132 PROCEDIMENTO E RISULTATI 238699 ES>04.xxxx.132

Quadro contributi PLV per iperstatica X=V

IRV M, (%) ) MM, MBl MM, [[MMJ/EI+8)dx | [XM,M /EJdx
AB b 2b-x -3Fb+3/2Fx 0 -BFb’+6Fbx-3/2Fx° 0 | 4b*-4bx+x? , .
, , , , | (712+0)FbYES | 7I3Xb°/E
BADb -b-x 3/2Fb+3/2Fx 0 -3/2Fb”-3Fbx-3/2Fx 0 | b™+2bx+x
BChb b-x -3/2Fb+3/2Fx 0 -3/2Fb*+3Fbx-3/2FX* | 0 | b*-2bx+x? , ,
, , (-1/2+0)Fb%EJ | 1/3XbYEJ
CBb -X 3/2Fx 0 -3/2FX 0 X
CDb 0 1/4Fx 0 0 0 0
0+0 0
DCb 0 -1/4Fb+1/4Fx 0 0 0 0
DE b 0 1/4Fb+5/4Fx 0 0 0 0
0+0 0
ED b 0 -3/2Fb+5/4Fx 0 0 0 0
EFb 0 3/2Fb-3/2Fx 0 0 0 0
0+0 0
FEb 0 -3/2Fx 0 0 0 0
FGb 0 -1/2Fx+1/2gx° 0 0 0 0
, 0+0 0
GFb 0 1/2Fx-1/20x 0 0 0 0
GHb 0 -5/4Fx-1/2qx°  |-Fb/EJ 0 0 0
, 0+0 0
HG b 0 |7/4Fb-9/4Fx+1/2qx* | Fb/EJ 0 0 0
Glv2b | © 0 0 0 0 0 0 0
IBb 0 0 0 0 0 0
0+0 0
Blb 0 0 0 0 0 0
IE V2b 0 0 0 0 0 0 0 0
HADb 2X |-TI4Fb-3/4Fx-1/2qx°| 0 -7/2Fbx-3/2Fx*-qx> 0 ax° , ,
, , . , ,| (-5/2+0)Fb/EJ | 4/3Xb’/E]
AHb |-2b+2x| 3Fb-7/4Fx+1/2gx 0 |-6Fb*+19/2Fbx-9/2Fx*+gx’| 0 |4b’-8bx+4x
H cedimento nodo -H,,u,, 2Fb%/EJ
totali -9/2Fb*/EJ 4Xb*/EJ
iperstatica X=V 9/8F

Sviluppi di calcolo iperstatica

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



PROCEDIMENTO E RISULTATI 238699

ES>04.xxxx.132

b
%= (4 -4 xtb+x2b? ) b? VED dx = [4 x -2 x¢b +1/3 xb* | b? 1/E

=(4b-2b+1/3b) b* 1/EJ = 7/3 bYEJ

L= (1 42 b +xb% ) b VEI dx = [ x + X¥b +1/3 x1b* | b? 1/E

=(b+b+1/3b)b> VEJ =7/3 bYEJ

b
L% = [2(1 -2 x/b + x2b? ) b* VEI dx = [ x - X% +1/3 X102 ]| b 1/E

=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ

L% = [2(<b? ) b? 1EI dx = [1/3 X702 ] b 1/ES
=(1/3b) b* 1/EJ = 1/3 bYEJ

L% = [7(a X% ) b2 V3 dx = [4/3 10? ] b7 1/E3
=(43b) b* LEI =4/3 bY/E

L% = ["(4 -8 xtb +4 X107 ) b7 1EI dx = [4 x -4 X2Ib +4/3 X°1b? ] b? 1/E3

=(4b-4b+4/3b) b* 1/EJ = 4/3 bYEJ

b
10 = [(-6 +6 xtb -3/2 x/b? ) Fb? 1/E3 dx = [-6 x +3 xb -1/2 b | Fb 1/E

=(-6b+3b-1/2b ) Fb® 1/EJ =-7/2 Fb’/EJ

b
L% = [°(-3/2 -3 x/b -3/2 ¥/ ) Fb? 1/E dx = [-3/2 x -3/2 /b -1/2 X*1b” ] Fb? 1/E
o [e]

=(-312b-3/2b-1/2b ) Fb* 1/EJ =-7/2 Fb/E

b
L% = [*(-3/2 +3 x/b -3/2 X/ ) Fb? 1/EJ dx = [-3/2 x +3/2 xb -1/2 /b | Fb? 1/E
o o

=(-312b+3/2b-1/2b ) Fb* 1/EJ = -1/2 Fb*/EJ
1% = [2(-3/2 X216 ) Fb? 1/E3 dx = [-1/2 xib? ] Fb? 1/E3
=(-1/2b) Fb® 1VEJ =-1/2 Fb%EJ

b
L9 = [2(-712 xib -3/2 b7 - X6 ) Fb® U/EJ dx = [-7/4 xb -1/2 5/ -1/4 x*16° | Fb? 1/E
o] o

=(-7/4b-1/2b-1/4b ) Fb> 1/EJ =-5/2 Fb%EJ

1 = [7(-6 +19/2 x1b -9/2 x1b® + X°Jb° ) Fb? UEJ dx
= [-6 x +19/4 x1b -312 X1 +1/4 X'1b° ] Fb? 1/E
=(-6b+19/4b-3/2b +1/4b ) Fb® 1/EJ =-5/2 Fb*/EJ

ES>04.xxxx.132

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

12.12.25

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

12.12.25



PLV PER CASA ES>04.xxxx.139 REAZIONI 241207 ES>04.xxxx.139

VAR l q
F
5/4F 5/4F
F 3/2Fb
JF 2F E
b G
—
9/4F
F
C— —F
G 5/4F
4
T 7 H D |+ *
| F
— I
F
9/4Fb
b o o < I\ 9/4F
H
E
A7 siF
3/2Fb
2F
[
4 — H | D
% |4
A B c 15/8F F 1/4F
4 9/4Fb 4 1/4Fb
11/16F F 2F
\[\ v v
¢,W/ b b X,u,H,p
V.=-F u, = -3=-b’F/EJ Edpe = EJ \
Hp = -F EJ,e = EJ Edg, = EJ 2 akb
Pus = -q = -Fb El,. = EJ EJg, = EJ NARLE
O =-0=-F/b EJep =EJ Bl = EJ i
P = -q = -F/b EJpe = EJ EJe=EJ e e IZF
6pe = -6 =-aT/b = -bF/EJ EJer=EJ EJ,,=EJ 7/8Fb 1/2Fb
S . . . EF hA [\ 7/8F ¥ 1/4F
Reazioni iperstatiche in soluzione: X=Hg A 5 c
Carichi e deformazioni date hanno verso efficace in disegno. A% /B
Calcolare reazioni vincolari della struttura e delle aste. 7/8F I8E
Tracciare i diagrammi quotati delle azioni interne nelle aste. 17/8ED S B\ c
Carichi di aste curve misurati in proiezione sugli assi x,y. 7/8F “CeE
J,, - Xy - 8, riferimento locale asta YZ con origine in Y. 5 atFD 5/164

Curvatura 6 asta DE positiva se convessa a destra con inizio D.

Spostamento orizzontale assoluto u imposto al nodo H.
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25 @ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25
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PROCEDIMENTO E RISULTATI 241207

ES>04.xxxx.139

Quadro contributi PLV per iperstatica X=H

PROCEDIMENTO E RISULTATI 241207

ES>04.xxxx.139

- M, (X) M, (X) ] MM, M,0 MM, M, (M/EI+8)dx | [XM M, /EJdx
AB b -b+1/2x -2Fb+5/4Fx 0 2Fb*-9/4Fbx+5/8Fx* 0 b%-bx+1/4x , ,
, , , ,| (18/12+0)Fb/EY | 7/12Xb°/E
BA b 1/2b+1/2x 3/4Fb+5/4Fx 0 3/8Fb"+Fbx+5/8Fx 0 |1/4b"+1/2bx+1/4x
BCb |-1/2b+1/2x|  -1/4Fb+1/4Fx 0 1/8Fb°-1/4Fbx+1/8Fx’ | 0 |1/4b°-1/2bx+1/4x , ,
, , (1/24+0)Fb*/EJ | 1/12Xb*/EJ
CBb 1/2x 1/4Fx 0 1/8Fx 0 1/4x
CDb 0 1/4Fx 0 0 0 0
0+0 0
DC b 0 -1/4Fb+1/4Fx 0 0 0 0
DE b 0 1/4Fb+5/4Fx  |-Fb/EJ 0 0 0
0+0 0
EDb 0 -3/2Fb+5/4Fx | FO/EJ 0 0 0
EFb 0 3/2Fb-2Fx+1/2gx° | 0 0 0 0
, 0+0 0
FEb 0 -Fx-1/2gx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb 0 -9/4Fx 0 0 0 0
0+0 0
HG b 0 9/4Fb-9/4Fx 0 0 0 0
Gl V2b 0 0 0 0 0 0 0 0
IBb 0 Fx-1/2gx° 0 0 0 0
, 0+0 0
Blb 0 -1/2Fb+1/2gx 0 0 0 0
IE v2b 0 0 0 0 0 0 0 0
HADb X -9/4Fb+3/4Fx-1/2gx°| 0 9/4Fbx-3/4Fx°+1/2qx° | 0 X2 , ,
, , , . , , (1+0)Fb*/EJ 1/3Xb%/EJ
AH b b-x 2Fb-1/4Fx+1/2gx 0 |2Fb®-9/4Fbx+3/4Fx*-1/2gx°| 0 b2-2bx+x
H cedimento nodo -H,,u,, -Fb/EJ
totali 9/8Fb%/EJ Xb¥EJ
iperstatica X=H -9/8F
Sviluppi di calcolo iperstatica
@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.27.03.13 12.12.25

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

12.12.25



PROCEDIMENTO E RISULTATI 241207 ES>04.xxxx.139

%= (1 - xb +1/4 0% ) b? VEJ dx = [ x-1/2 x8b +1/12 x1b* | b7 1/ES
=(b-12b+1/12b ) b* 1/EJ = 7/12 bYEJ

L= (174 +1/2 xib +1/4 x2Ib* ) b* VED dx = [1/4 x +1/4 xb +1/12 x1b* | b7 1/E]
=(1/4b+1/4b+1/12b ) b® 1/EJ = 7/12 b/EJ

L% = [2(1/a 112 xtb +1/4 x2b* ) b* VEI dx = [1/4 x -1/4 X¥1b +1/12 5167 ] b2 1/E
=(14b-1/4b+1/12b ) b* 1/EJ = 1/12 bEJ

L% = [2(wa X6 ) b2 183 dx = [1/12 X762 ] b 1/ES
=(1/12b) b* 1/EJ = 1/12 bYEJ

L% = [°(50? ) o7 1/E3 dx = [ 113 x0* | b7 1/ES
=(13b) b* VEI = 13 bY/EJ

%= (1 -2 xtb + xb* ) b VEI dx = [ x - X +1/3 x°/b? ] b? 1/E3
=(b-b+1/3b) b* 1/EJ = 1/3 bYEJ

1 = ['(2 -9/ xtb +5/8 xX*Ib? ) Fb® 1EJ dx = [2 x -0/8 X%/ +5/24 x*/b? || Fb? 1/E3
=(2b-9/8 b +5/24 b ) Fb® 1/EJ = 13/12 Fb*/EJ

19 = ['(3/8 + xib +5/8 X%/b? ) Fb? 1EJ dx = [3/8 x +1/2 b +5124 X°/b? | Fb? 1/E3
=(3/8b+1/2 b +5/24 b ) Fb® 1/EJ = 13/12 Fb/EJ

1 = ["(1/8 -1/4 xib +1/8 X2/ ) Fb? 1/E dx = [1/8 x -1/8 x2/b +1/24 xib* | Fb? 1/E
=(1/8b-1/8b+1/24b ) Fb* 1/EJ = 1/24 Fb’/EJ

1% = [*(1/8 X%/ ) Fb? 1/EJ dx = [1/24 b2 ]| Fb? 1/E
=(1/24b) Fb® 1/EJ = 1/24 FbEJ

1% = [ (974 x/b -3/4 x2b® +1/2 x°Ib* ) Fb? 1/EI dx = [9/8 X¥/b -1/4 xIb? +1/8 X' ]| Fb? 1/EJ
=(9/8b-1/4b+1/8 b ) Fb’ 1/EJ = Fb’/EJ

L = [7(2 -914 xib +3/4 X¥1% -1/2 xb° ) Fb? 1/EJ dx = [2 x -9/8 x8/b +1/4 X2 -1/8 x'1b° | Fb? 1/E
=(2b-9/8b+1/4b-1/8b ) Fb’ 1/EJ = FbYEJ

ES>04.xxxx.139
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PLV PER CASA

ES>04.xxxx.158

y,v,\V,q l
R
1 G
F
b
%
T H | D |+
b o o
1 A - _
“T
oW’ b X,U,H,p
V.=-F u, =-8=-b’F/EJ Edpe = EJ
HD =-F E‘JAB =EJ EJGH =EJ
Pua=-0=-F/b EJgc = EJ EJg =EJ
Oer =-q =-F/b EJop, =EJ EJs=EJ
Pcp = -0 =-F/b EJpe = EJ EJ.=EJ
8, =-8=-aT/b = -bF/EJ EJ =EJ EJ,,,=EJ
Reazioni iperstatiche in soluzione: X=V,
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.
Carichi di aste curve misurati in proiezione sugli assi x,y.
Jyz - Xy - 6y, riferimento locale asta YZ con origine in Y.
Curvatura 6 asta |E positiva se convessa a destra con inizio |.
Spostamento orizzontale assoluto u imposto al nodo H.
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REAZIONI 237078
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C

G
-
312F
C—— —F
3/2F
G
|
3/2Fb
< 3/2F
b E
< 3/2F
3/2Fb
2F
H
b/ 29/24F
3/2Fb
19/48F
IzF
3/2F
l 3I2F
D
19/48F
19/24Fb
<, 5/24F
A B
AN [ B
5/24F 5/24F CHA
19/24Fb 19/48Fb 5/24F
19/48F 19/48F 19/48FEb
19/48F
F [ E
—_— <
3/2F 3/2F
3/2Fb
F 2F
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PROCEDIMENTO E RISULTATI 237078 ES>04.xxxx.158 PROCEDIMENTO E RISULTATI 237078 ES>04.xxxx.158

Quadro contributi PLV per iperstatica X=V,

- M M, (%) ] MM, M8 MM, |JM(M/EI+B)dx | [XM M, /Eddx
ABb |-2b+x 0 0 0 0 | 4b*4bx+x? .
, , 0+0 7/13Xb*EJ
BADb b+x 0 0 0 0 | b™+2bx+x
BCb |-b+x 0 0 0 0 | b*2bx+x* ,
, 0+0 1/3Xb%/EJ
CBb X 0 0 0 0 X
CDb 0 -1/2Fx+1/2gx° 0 0 0 0
, 0+0 0
DCb 0 1/2Fx-1/20x 0 0 0 0
DE b 0 3/2Fx 0 0 0 0
0+0 0
ED b 0 -3/2Fb+3/2Fx 0 0 0 0
EFb 0 | 3/2Fb-2Fx+1/2gx°| O 0 0 0
, 0+0 0
FEb 0 -Fx-1/2gx 0 0 0 0
FGb 0 0 0 0 0 0
0+0 0
GFb 0 0 0 0 0 0
GHb 0 -3/2Fx 0 0 0 0
0+0 0
HG b 0 3/2Fb-3/2Fx 0 0 0 0
Glv2b | © 0 0 0 0 0 0 0
IBb 0 0 0 0 0 0
0+0 0
Blb 0 0 0 0 0 0
IEvV2b | © 0 -Fb/EJ 0 0 0 0 0
HADb 22X |-312Fb+2Fx-1/29x°| 0 |3Fbx-4Fx’+qx’| O ax° , ,
, . , ,| (B/12+0)Fb’/E] | 4/3Xb’/E
AH b 2b-2x Fx+1/2gx 0 2Fbx-Fx"-gx™ | 0 [4b™-8bx+4x
H cedimento nodo -H,,u,, -2Fb*/EJ
totali -19/12Fb*/EJ AXbYE]
iperstatica X=V, 19/48F

Sviluppi di calcolo iperstatica
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%= (4 -4 xtb+x2b? ) b? VED dx = [4 x -2 x¢b +1/3 xb* | b? 1/E
=(4b-2b+1/3b) b* 1/EJ = 7/3 bYEJ

L= (1 42 b +xb% ) b VEI dx = [ x + X¥b +1/3 x1b* | b? 1/E
=(b+b+1/3b)b> VEJ =7/3 bYEJ

L% = [2(1 -2 x/b + x2b? ) b* VEI dx = [ x - X% +1/3 X102 ]| b 1/E
=(b-b+1/3b) b* 1/EJ = 1/3 b%EJ

L% = [2(<b? ) b? 1EI dx = [1/3 X702 ] b 1/ES
=(1/3b) b* 1/EJ = 1/3 bYEJ

L% = [7(a X% ) b2 V3 dx = [4/3 10? ] b7 1/E3
=(4/3b) b® 1/EJ = 4/3 bYE

L% = ["(4 -8 xtb +4 X107 ) b7 1EI dx = [4 x -4 X2Ib +4/3 X°1b? ] b? 1/E3
=(4b-4b+4/3b) b* 1/EJ = 4/3 bYEJ

1 = [7(3 xtb -4 X216 + x1b* ) Fb? 1/ED dx = [3/2 X% -4/3 X*1b? +1/4 x'1b° ] Fb? 1/E3
=(3/2b-4/13b +1/4 b ) Fb* 1/EJ =5/12 Fh%EJ

L = [(2 xtb - Xo10% - 1™ ) Fb? VED dx = [ x8b -1/3 5% -1/ x'16° ]| Fio? 1/E3
=(b-1/3b-1/4b ) Fb® 1/EJ =5/12 Fb/EJ
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