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EXAMPLE
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Ve =0
Qi+ 942
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T YBAa= Qec {gpp,o. (@) + ¢Ba(X1) = Qac (xa) + Yec (X2)
B = Pco Pz (D +Pep (X2) = @ (q2) + Qoo (%2)
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Yc=0
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Xz
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pd
when M=o +ere is
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Through +hese  duograms
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CNES +hox au beam system s chadned is +thax Ci, G and Gy ore Uned

b or east 2 beoss . 1<
/o
2° Theo rem of Kinemodicak chauin / ’
CNES that ov system s chauned 8 thax Ciy, Cik, ij:. q.xe uned :‘*
b or eosSt 3 peams 7
F L I !
J/F k& CAa. | 1 \?{7,
ik ®, |cz .
p tre z'/ ‘.\.\\\ I
e uNeeown / " |
0 y: N l i A
I 7 ' L 'He 4 / ﬁ_\.“ f
,431 23 Zi He 29
s ’ 2

We can appued the prinupie Vifpial wWore
In 4 e C rotoion is 2eo, n (12 +he two rowoaonsC ight ond (ete) are the same.

LV,QXT =90
b ot victuod forces

- F—_q;& + Hc - %_\.PQ/=O

Yy Q(—Fe+ %uc,-e):ol — He = %-..F

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 15 di 334



© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 17 di 334

ExaMele H D
7 n

n
A & b degree ot ndeterminared

Associased oSS sauckore

gt /§7 q=3&3=9

=32 +4 =%
e =2

g‘,_ b cwice hypossaxic

Vae ov Glctous rouer to @x Hr\e,c,d\'\\'qufqhon, nthis case we need tWwo rouefs.
b 2e4n =5 number of onknowns and equokions

X4, X2,X3  +three swokic onenowons
¢, ® two wnemakicol Vsknowns —  asbitrary, not in the equanans

emovng o fodker e soucoore 1s oo mechanism, os duifferent one fof eoch rouer

For +he 4° equuonum For +he 2° eqoiuionum They howe o ba
equathan equakion balanced , both of then
(x4, X2, X3) G, Xz, xa) “
2 equiutnum equaktons
$a=0 (o
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~
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/
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= we can consider ony kol senetore
4__&%_, fixed rotooon ond, Wonzon ok
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A D \ % =35=45
L‘L # ' T = 44
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! \
\
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s 7 \oads
EquiUbnom equakion
X4 + (M-2x2)29 - X419 =0

¢ (-2x4-4x2 +MHY=0 V¢
X4 + 2%2 = M

Gongroeny o.nq«ﬂ.ox equaLtons

yoa = dec Q—L-) Yo = P

et = Per Ye'a' = Po'c  (Useess becowlse of symmesy)
0=0
Conm dening Symmerry M onwnowns became from four , two.

- X4 2L +Q = Xale _ XzbL

3ET 3eL 6EL Node &
_ xal 4 Xt _ ~2x2)L +2¢
GEL 3E€T 3€T Liﬂ_ﬂ_
. ﬁ 24 L
X4 +2x2 =M [
L, 0
Three eopotions w three vnkNowens Z5H T
24 L
X4= 4 M
34 Node <
Xz = 45 M
24 2 M A9 P — 19 o 2 M
— —_— — = L — =
\{’ = 3 mL 24 L 24 L 134 L 34 L
& Eex
M
e §"4t
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LUSAS 12 [40 | 4%

Approximade solwtions for oUlfficut problems
Finod  element me;thoo’

The sauctore & semplibied wEodwang ou number of nodes (Anite number), Uowed with
unes (@nite aomber)

fom inanice conb gumabon Co Anite one

+he Souctore is a. MESH

The vNNoCLNS ose +he nodal duspuocements, neefpolating +Hhem e con comevre Hhe
displocement U AYwhere and so the stode of soess.

e pass from pof ol dulferential equaxions o ordinal cuféentiol equaticn (eesier to
sowe)

° vertool axis : ofkhogonok to the worwung plane ()
* oepth, width
e contlver

© Asy i1s+he changing of amau, depencung on the croess section  and shear de-(o«*mqblu.‘u.{
(Timoshenice boam theory, i€ we Negléct i+ we ose Bemooll theorny)

Q
i

Nowier's formulas
Toumu)SK.L{'s formoulcs

A
(]

=> dF A can be mpocted 0 Losas

° New poins

A (0,0,0)

8 (4,0,0)
¢ Salect aM +he pontS and cucke on Ynew une
= Admipptes

b fowow the sequence

4) Mesh: Une pecowse W's a 2D problem
Thin beam bocouse we negleck sheor de fomation
Nomber of divisions increases the precision of the solution
2) Geomekny : cross Sechon propertes (une)
3) Materos @ sotropic  (Stee)
4) So EPores
5) Loo.dxn%
* Select +he beom and assign authe +hings consoucked betore
. fl'%ht clae
- vauwies of cusplocement

- dio.-%roms
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Rchisicus rouer to fAxed +he stroctre (1) and calculore +he alosde rovokion

@4 =0
YA = Qec

Xal 4 Xal _
3EX GEL

X2 b __X:l_
BET

X4 - X2 = ql_

UES

= i3
\P E{ah

L fesoling system,

xa= 8+9\2 qu* » gwgo qL?
T 28

Node & Nec
X
S 0522 qL
~——qL
lNAB

-9 g\i_p_.t..\a

e ql-
/ r\\ 0,424 qlL \;2, \l
2 % o,260qL* 4 </ %

N

10,484 qlL

Saopes positl on Ci?* -
method 2 gL =0,¥0% qL .
2

7
) AR
e
Homene.

X
o260ql*

o,%40 ql*

=) -qL + 12 Nec + Z o823l =0
2 2

(- 0823 +{Z2) qL % o894 qL

Nec
) o = 0,623 ql- :[g.ql_ + gz_ Nag

Neg = (H— O, Z)qL ~ g 260 qL
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The concowi®y of defumarxion doesn'e depend on the moment diosiom anymore, (we
have o euauware +he otor watoe!)

\ X3y (SN exend ‘ore
X termicon X elasac i X terom e ed &
+ the node
8 oAT doesn't
v o mowe!
Termo euastve b T~ extended &bre
h NSl con grant P e n the cpposice
ZoAT A e duirechang
I *+ W
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F.
Ve® = _=_ . L k4= EAM
Ele . L
VeON) = - XL - Z_ . L kz = EA2
EA4 EA2 L
-F— L— - _X.L. — X :0
2€A2 EAA4 2K2
,_E_ - X _ X -0
22 K4 2k2

(2kz + K4)X = KAF

X= _ K4 _F . Nea
KA+ 22 ‘
84 = New = X _ F — companson, we find S2 and kror
< K4 K4 i+ 22
82 = _E_
kot

KTor = KA+ K2

Nep= E-Ne@ - _kKa . F
2 KA+ vz

@ Me4hod of cduspla.ce ment

Vp= Va =V =8

| —_—

e

Nep+ Nca + Npr - F=0
Nee = vz § = Nbr
Nac = o &
2k28+wkaS =F

T Nee /L Nea TNDR'

5= _ F

a4+ D2
Neca = «48 = Ki = F

k4 +2k2

* What hagens ie o howe N-leors?
Tha T Tx

ZELEd /.Tvé TE & ng

I n=9 uUnknown forces age 2
A- 0=3 = N-4 = s__"' =2
2, 2. 2

|:)M€rt—bb OF FORCES =>uNwnowns
METHOO OF DISPLACEMENT => onrknNownN 1S ciwoalys one

n
-Z_, Ni=F NL = w!§ ' Is+he same for every bar
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N(D) = Nt N(o) = - NL
TOL=Ty Tl)=-T¢
M (L) = My M(o) = — Mi
Mo 4EI - EEl o
L e
Te ~6EI A2EL o
LZ. L.Z
Ne o £a
= O L
Mz 2ET -6EL 0o
L L*
Ty 6EI  _42El ¢
| L 2
NJ' / o o) —EA
/ L

vecor o€ feauckions [Q] = st@ness matix [k]: yector of nodlal displacement (s1

o "»E rﬁ ) rpﬁlﬁ rE

Pl
J
wi 2
—_ —_— ¥
{ve vy
El '
61_7- O Po
_A2gl o Ui
L3
-EA we
© L
eel o Cr
LZ
A2E1 o Uy
[ /
o €A Wy |/
L \ /

© The first colomn s obtauined by seding L #0
L = 0oL -_-\_PJ-: V7= Wy =0
N=k8

gy . - M
dz* El
a3y - -T
dz2 el
ar - —L(J(é)
dz

d4"_,2)' = _q_ =0
dz* El

R 23+ ce 2 ezt g
V') = 3c12%+ 2c2z +c3

’U"”(Z.).: 6c1 &+ QCZ‘
v"ER) = 6ca
(o) =0
') = - LPL
oL =0
vV =0
C2=-2cal
-z - Pl =0

Cz = 2. 9L

[

(o) =0
¢ (o) = L
v (L) =0
¢ L =o
c4 =©
ca=-yi

c1 B3+ catZ+caL =0
Acal?+ 2c2 L+CB =0
2cal®*+ cz2L=0

TR G PRI GhT
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N{ = EA w
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Nr = - EA wi
L

Ti = ML= Ty=Mr =0
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@ 7 ®
Ni '

Ny F N
Kﬂ ) E ML&’ %J/TL

\ LA

I")E_.”'i S THEOREM:
. (b)
o i (o) . I..(b) = ML( LFR-(O')
o (b) = “P e,
e = M

K 2= Kdiz

(oh

a {Q} = [k] {S} 3 {F} \gﬂ;:ru‘::»{ 1he equralent nodok €orces
R A A
4 7
If §=0 so {a}= - {F}
« {F} for clistn boted (oo
LIy LY, 3

) - 2 P
R DR
e o 1
LPA =0

XL, Xab Q.L.. Eqe)
3E\ 3=t 24€l\

X4 = QI_Z
A2

-4 i x |
1) o —

S
1y #1

/J'I' TL77

AN

)= fat= Gl {st - {Ff
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B E\ ¥ '\f‘,DC

A 7 .77’D

Ro bokionat equilibriom of node B

- - el s = £ =
25 fo- 4Ll fa - BL g - gE w0

Yo = - \PB_' =
ey i M
' "
ys = - QL2
\ 15E|
B4q Ma= 2EL g6 = - 2 qL> (e canose toble
15 & 15 or matnx o &nd +)
= = - |__2‘
: Mg= 4El 95 %q
<
AL,%QL
. p2 Mg= 4E! 98 + 28] wc =- 4 ql?*
% 4.)% 2L ? 28 ? 45 9
‘ ' Mc=.251upc+_45_'tpc,=ic,l_2
e c oL 2.8 i5
+
B e R
qL* De foxmations
16 B |
F = 8L ge
177

Finok resolt. To 4his case duisplacement
iS More Similou to reclity
(convincent) becowsSe we

i ﬂ'—qL.z s
15 / 4 Wwowe houd ooy ore
‘ rl 5 eqoakion t© soWe

[
Ol
I
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P 25]40] 4%
/
y o
777 7

=) Solwe the structxe with @ code

* pasS o ov WoCoL  (Rference  sYstem o ov cyxobovtomz_
{t.rra,!. reference sSyskEem

[Ke_] {b@} jFe} = ‘{Qéf‘_
sn«alo element
stiff npess  nodet ool
motrix of dusplacement .o
e beom vector

° W& consider +his beam

th»g) V¥ = 07 cos & + wy send
—_
¢\17¢: wWi¥ = - Uy ==en® + wT s
g K $3¥ = @7

Pa* 1 o o T
g | = O cs® send || Uy

Wyt -son8 cos® wr

g‘);,* 4 o) o (e} o o o
UL ¥ [ sen8 o) o o i
¥ | = o -send (@ o S o 0L
\PJ'* o) o o A o o] VA)
Uy* S 0 o O cosd send [ \vU7
wy*¥ o) o o O -send o wy

[5¢] =[T1 {ge}

6x6 (rooion matnx)
* progerses of [N]

N7 =N
[NITCNI = (1]

[k&T[N] {sed- [NT{rel = [N]{ge}
E;] [Ké] [N]{Se} {r’e} = {Qe}
[-:‘je] {se}- frel= {@e!

STIFFNNESS MATRIX 1n +he globol reference system.
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x4= Zm
M
X2= — 4+ m
4 :,-f-f‘
m 2F
< A =] Al
il i 45 m = £
' 22 L 3
2 e %\'ﬁ
ﬂ_‘ .r_;tj% :;\J)S':i-
y8= -2 mb 4 £ 4 mb = mL
i-6 ET “H4 3 € ME|
Yes -m(a) _ xa(@) = - 20k 4 % mL = -4 aL . £ mb
3€ei GE| 3 El -3 El 233 g H el
@MeMod of dusplocement
K 7
7 ;
A 6 c
S=3
¢8; we; Pc  (unknowns)
3x3 3x4 3xA
Le1{s}= {F}
% : 0
* Y8 #0O e WB+O ° Pc#0
EA B 4E! @c
efP—fa o= EEPTRRRY
o 2208 & PN 23
TR 2L L ZEl e

T 48 Y8 — 21 Y8 - EL pc =O
P 5 5 =L-%

- EA we - EA wWe +F=0
U 21

—El 96 - 261 Yo -M=0O
=L ¢e — 220 ¢

This system is actuvouy RIs}= {F}

foe +\e =0 we = 2 gL
-2We-wWB ¥ 2FL =0 3 eA
EA C. = -_5_ mL
= ¥ M El
Y8 ~29c — mL =0
€l

= ML
e HE)
Companson cuith method of focce Gome (esous)

Ma= 261 ¢& = 2m
[ M
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© Proprieta riservata dell'autore -

[ {8} = {e]+{re}

I¢ {Felto
1IN OUr CASE :
)] (
Feqd = Fes ™+ Fed
{Fe} (Feqz Feqz = Feg @ + Fes(tt‘)
F8q3 Feq3 = Feqm)
EXERCISE
A ‘F [R——
Z 7 /
" Fe
“hé {}(ELJE)O %121)
5=80=4 l /
v-g= 5 =5 |

CNKNO WNS :(kfe,m4 we, Po)

3
i
zL
P UL we Yyr vy W —
l % ZE'_\(DC. {
beam 4 ] © © © 4 2 3 S
boom 2 | 4 O © 4ElL Yc
bean 2 | A 2 3 0 © ©o oL
4el e Je
%_ ____"__LP‘.L \ f /4 N/ l _z
/ 2 (3 s ¢ A% f
=g FL
4.
e

Node &
- 4€l wa - 26! o _ 4! - 28| Yo — EL. =0
2 n ¥ L*PB L¥P a

Node <
— | B — =\ =Q
R

n{)c.: 4 Fl?
2 =t
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MIXED MODE n imposed clisploscement

ex 4
Yo vposed dispuowcement

A B

(—\
’
/&

D

‘3

(l

° Assodate brossstrocture
o

ﬂ)fé f)x4 ‘r X2

o

£ictiiovs roUler to sy
+hox the sboun s fixed

3 urknowns so 3 equatbions
LV

@ QAR = ‘Po
@ {\PBA = t{>ec
2e) 6E|
@) 2L _ xal -p=2x2l
3Cl 6El 2C!
(® equiibnom eqoasions:
X'Q.Lf = )(4\‘) =0

2640 (4%

ooy - %
lfj l IPL e

‘;—J:z 1 Sotu
yooels,
N clu@Zao'e

Doy~ - 4c23 ato-basso ¥
o -

X4 = Xz = f‘ EL Po — it means thox the moment s coONStat i AB

-

P< -5 ¢
2 El o
2 El o gl 2
% G2 ELYe
4
_’&()4()— ’1_ //:r‘r?
4%' f;i ) «— 71X
M/El go /L) Tlergo/?)
-

shear force =0

N/(Etgol)

L=

Dw

l
(N
L
®
\\x\

/%;n
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-

4) EX ' mixed me+hod 2144 (4%
%:}ﬁ : }*‘4‘\—( ;
\._ X4 e x‘

—4T

LD

/L
Farzia
—
L 2ALAT
A

Substitote eve nteinat node With o inge (= asotioded s strocd @)
%=.9
=8
To mowe the svystem fxed we pot ovLickhoous roUer
The effect of wriokion of empeiotre ase :
[]

—AT

I£ e choose to pUt 4he roUer n C 4he edwcton beoowse of +the temperatoe wil be
h the opposite past and the angle ww be AAT becowse the booun (AB) is 2L long.

=> v doamthe angle l{JJ Unved to 1he SUSPLASEMENt i +he ofginot auss

stnae toce
C
o
29
\‘? | :’t}ijﬂ

Theee onencuns x4, X2 and ¥
paa = Qac the covple X4,x2 which acts on BC (4 mowes
§cB = Peo ronu{ no200 taly) o
PVW (princiPle of uirtoad (Wofks) N couples - angles

- x4 (20) 4q = 2@, X2 G -

3L 3l GETL
-xal) | x2(21) = X2l ;. 2xAT 29

GET 3
X4 +2X2 =0

dimen ©on
X4 =~ AZ qQATET [FL]
2 L

X2 = -6 oATET
23 L

g = -A8 oATET
23 L

wWe howe to compute +he shear and +he axiod foites (=5 aul +ha paccs Simply soppot ted )
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wWe can try to pot o fevibous roler => the motion now 1S Just one (one angle ¢ )

1 we chaige 4he positicn of the rouer the moton dhanges oo (one angle e)
two cﬂx(}l\)lﬁ-j\t equannoNs
awo equilenium equaticns

PVW (incupendent ~ one relouced o @, +he otber one o &)

Yoc= YPob

Yor = *§DA
PV w4 (\P
PVW,(8)

wWe want o preueMt the rtadon bot o aow +he dusp Loce™ent €or the second
gheme (= we puc A stider) v another posy ble modon

©. %

J

$ 3

¥

|

',

|

TIFT?

=) 4he anol detiection corve, using @ of @) has to be the same.
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M= _giv"@) momentc
T=-l D" (@) shear

= WneOl elowstc modled On SOl acts o pressote P

= -
downwaords is positiue
[_E:_l (verocal dusplwcement [11)
Medhanical property of soit (SPIL ELASTIC MoDbuws ) (e10-?] .

Botow the custiboted load we hawe pressure of scil.
o*” - g+ Qeon
el

dz*
~

L_] phasa wnscane it oo be acceted

TT T 1T cusenbotion as tve (eossible)

=01 s
QsoiL = p‘b = - kb U =<K

equivaLlent spring sténess (not o direct } [F]D_-z]
propel oy of the scil = -k - gecmeenced aadth)
a4y = 9- Ky
dz4 ' El
gt L K - g2 gevening equasion ok beam
dz4 = El on elostc fomdaton
Pt =
4€El
d4’0' +4p4 = ng)
dz4 =]
p - [u4]
NOTES
1) T€ q(@) is polynomiok of degree wess than 3, +he solweion is:
U = i_

L-)pou,( nomiod OF dmf'@e less thon 3 =dnoe wery \nbere.sbin%

Lt ‘ _ 9 vV and q are dubterent only
K _\f_‘-L‘;l;wl:_—l i ;;l\‘ for o mothplicosive faceor
| l lq L’-i—ho.q are octvally +he soune

s - <<
AT (44\
P
A

~tf e pressure of soil (s equal o q
11 1 5 iolso.,_ qsoiv=-kU =q

2) Tn reolity we howen's ovdustnbboted Load,bot concenvored loads wiuch  come
from pruodss
lF4 lF lF3
.. -
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~Elv"™ (@@= T(ot) = - E
2

T" ()= _E
2E|
2¢* 2c3 = E
2El .
cs3 = F - FE _.p = _E . p.[2E)
gel g8 el ), g€\ Q/
Ca= C4 = £ 6
2K

* v@) = EB e P (cospz +seng),
2k N
A’(&?..-

argoment of exporentiak , cos and sen

Bz = e “** sonpz
Cpz = e Plespe- sonpr)
Dpe= e P* cos pa

dApe
dz

dbp
dz

dCpz
dz

2'5352

g Cge

* 9@ = ~v'@) - 8L Bgz
K

= 2

w

F

46

* ME) = -El U"()= ce= Cpz
*T@)=- E D
() £ pz

=)> soltdons

D vE
F=3T
4 ¢
.-u—’-zfl_:_é- Aﬁz-
+ 2K
e Tp
.8 DN |
¢ =*ER" Bpz
- K
/48
<>
P e

we howe the sowbon onyy for 2>0 (4he fonckion
oloesp'c exst for <o, we cbtoun it for simmety?)

@ foc the aght sicle
@ foc e let+ side (we consder (21, so brly the dustonce)
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A
[
[
v

Notes frexible
4) ¢ +he beamis complouine ond for +he scil is sEte, +hefe (s onwy parameter which
fUles the problem => B is lasge (high v bot smout M nakol)
The quakity ot +he probtem chepencls onyy en @
The sollutotions dhUmp Quickly , moving  for away &om +he Uooud.m«.}
points (4hey cue Low and saik pressaa s hugh)
from € and E
s @ bad Behowiocor because. pressore is concen traued |, +he beam doesa 't
cpread the oad alongis engih
2) T¢ +re beaun is st and ot He Scil iscompuant , B 1S Smout
s all the eom s scuuted ond so deoes the sowl beneaththe beom
> 2L pressue 1S mere Qs buted , s low
L sollcitaticns (M and T) are wery Iruq}n
8) Tf dhe beam (s nfnieely s p—=0
- mowes oS o agud body
> SOIL PrESSLMe i CONSTONG
L the beomn is opside (wad is Gom down o VP ond pitars ove the
axpparEs) ~ very soldtaxed (Mond T aue ery high)

Ay

1= - f-%ew=2E
C D =

T ¥ ] 1% 1 Moment is moximum

Mc = qlo2zL” = c,04 FL = 0,2 Nm
2

F=0,5N

L=40m

Mp= q(o05L* - 0,3L = —005 F& = - ©,6Nm
2.

HOME wokK

wWe phove to festare (rom 4he Inanice beom usth oo covple wthe Mmidcle
- (ght koundeny conctuons
- Bedl's thecrem
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25 m £ m M
42 + L ¥ /2L
44 o
42
| -+
.J A9 mnm I L ! -
Am i L) m m £
42 P 2L ¥ L T L

Conventaonsg focr Signs

13-; FANTILLA
° fwstnode

TD_) ouR’S

ITnaidence nmadnx

423 4586 stat
4 O Oo4 23
2 (4 23456
3 \g4 56000

= 9y
< f _ ) Mechod of forces: 3
! ! 2) Mixed method : B
! ol 2) Dispuorcement @ 3
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AS|M 4%
TVe
o
S~
l—>
Ly
—
._-)
. %,
TVve
“— Ra
T va
v-gq=4

by oxiodl Scokiucd nadeter minode Cose
BQu iU brium ouound POt A

L - L2 =0
Vo L %q

Vp= 3 gL
Ha = 3ql
3 qL
$z9
]
ITI‘*‘-
¢ 3qL
Vaz=-2Vo = 2. 2 qL= ZqL
pg=te 3 2q
. _ 2 aL
Vc:-%w_ 29

BEAM ON EAASTIC FOUNOATION
'i-;»(-‘orca oc momaAnt acking onthe end. ok the beoum

oskecked Hhe ad goM o _p
L‘)‘:"z’zfjcgiebzcos ge + caefPt=ngz tcae ) cospE + 4@ SROBE
4 wden_{ condd fans
Ma = -El v'(o) =©
TA el v"V() = +F
Mg = —gl V'(L) =0
Te=-E{ ") =0
=) s0 e con Snd caTCq

nan

— M) .
e Tf L>2=21/p (LONG BEA e

> the decoy ot Lorce 15 %O {‘mﬁz-\hak e ond moment ofe NeoMeC

g Sy = C4 | =S D) co so +he Rirsk post 'S Oseess

L £ we pue z= L e,ue;\'-\-hmq (0@, MU, T) o

na chi Eions .
Zb»fAbo:\—Qék\{'chﬁn(o) =0 Mg =0 mmmazdwuq
Ta = —Elvo"“Cod=F Te =0 S sS
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BEAM WITH RECTILINEAR AXIS

L

4
EQUILBRIOM EQUATIONS
d o o T q o)
dz
o d o N |l e |=] o
d=
-4 o i M m O
dz
X
[s]” {a}+ {F} = {o}
33 3% 4 3x4 Ax4
|- ]
\’ﬁ’ \
KINEMATICAL EQUATIONS
X d o 4 v
dz
&g = o d 0 w
dz
X Q Lo] _Ci
dz \P

(- G5}k

Q) Foce system boranced +hey meon +thot +hese
b) Displo.cement gy. congfoent j equokionzaure sohsdied

PVL:%- . )
| trel tnboe s Claad {asd] oy = L f{oe} {qetos

sTreATION
DEMON =L

j (qq, Ub + Pa Wb + mov b YdE + [Iov'u‘b +Nowp + Mo»ka]e— -

Ll
F(L) - F(o) = j %‘. dz
< &

L [qa, Ub +pu, Whb + Mu.apb + yJ_(To:u;, + No..\.ulcﬂ— Mo..q)loﬂ de =

&
d A

.—.J'u[- Qe + )q)"b *(‘bu+ﬁmg)mkb+(Mr_dm‘)L‘)b+‘ﬁ_% +Na—%&§b+

+ MC‘*d—‘EE:‘ i
e -k e SR 5

[\

1

J-o (TaAb + Na gb + Ma.Xb)dez = So‘_ {Qq}r {QL} dz
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CORVILi NEAR REAM
with cocuivneor oxis
We consiIder WNHnxesSIeL piece of curuwneas beoum (Wh =ds becowse H’s
o corurUinens oloscissay)

two sections auren't porcuiet
rxde = ds

Equiubriom equation

O
Do
# | \
T / | \\
r\ﬂ»’ : \ /NFdN

5) (N+dN)Ycos @8 - Noos d€ +(‘r+d1‘)9%d§ + Tseng® + pds =0
2 2 2.

We consider inGnitesi mok of 45t older, not-the othess
cos d8 = A4 - i(ge?y’- LY
= L2— 2

second order wmhnitesm

sen g8 ~ g¢
2 2

dN+Tgl_2§ + Pds =o

+l) (T+9T)osd8 = Toosdd — (N+IN)sen d8 - Nsend® + qds =
2 2. 2. 2

dT - Nd® 4+ qds =0

ar .N_+q=0
as >

%) (M+dM) - M -Tds — Tds 4y mds =0
2 2

dM _ T +mn =0

ds

e con sk them v v amaun x ormn

'd = o T o
ds e 1
4 d o N +f ¢ =1 o
x ds
-4 o d ™M ™M o
ds

[s1% fa}+ {1~ (o]
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ResoUtant
Nk o v
Nk
N =
T e | - A K
l )Mm
e o Moment
Sheor Axior Fof
2F) g e

= %FL
ep= | Me| = aFL = 48 L= 234 L
‘Nn NEf= g
2
= | Mo 3pL . & = (B M A¥3L
ec-\t\\c— T2 3 F

; ouse in s woyy W =2
[ ihe pressore Une. becos e in
‘e boder Wwawing oo beam Fou.oc:u\ & ' )
isM =T =0 onﬂjme atructofe s ooded oNUY by axiok kot

g ' igon
i w0 dt's oo positve condd
i+ giues the higher saess PO

=) move Gow o BecaM to ARCH

: . t
dnore e sgn of 1he oulL folces soomc dwo.xovctex\ét\cs c:\anqe , bw
" 2R OXIOL ()

i$Une ol pressxe  +he s ckone has only oo PO e o

T Ra ’l& ! &Jf ke
1EAdE o . y

7 \ S
v -.\‘-\\_ F 1\ /‘L F
o

o

‘s O & bwng
: " o @ con feach the conguaon O
ve howe o TopPE (noe fixed Shope)u : caned o8 o Had
Iﬂ;ﬁ@d iy o, W Eofee.  so 4he archs con be d&a\c.tn_ ..Q:\ "‘:‘} . EreiS
- 2 e o Hhem o find 4he corece afch shape (@S in =0
ropes , then we '

& [ Moo meunt
ok the hon Eonsad component ot the reockion s of P
T'nQ. Q(g.‘:»i-'_mw
B el UF
I pol Son

™ . " Q)
S

T FRL

AN
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16| 44 |4

PLATCL AND SHELLS
> o beam (5 o Soud nwhich one dumension s wonger ‘o dhe other two,

€>h,b

(s
2 oy 4D MODEL : au quan bides
ey \‘ﬂ‘ = ___H,,b_, dgpcndonu.(ona.u_’)o. »
B L O teghare on  x and ( (smmallest dum,
§ ';J S Ik and cbtain £(2))
__/ ‘u}a

> for oL plote |, +hickpess 1S smaller than the other €O, wWe cbtoun v Mmonng an oseos
alcng 2 cureckion for v emaut hewght .

h: plone thiceness
2 =0 isthe middle plane
= thl2z bodom ond vppr sulfoce of the Plaxe

The model wons when a,b>>h

2D MODEL: cun quantties depend on xy . We nwegrote on & (stnastest) and cbtaxn
96‘,\-‘) Phee

STATIC CHARACTERISTIC

by 1 coboam e fefer them o the cenge of gpanity of the secton

L the noegeod | 6o the pLode, (s along o une looqpno.L to the gleos of {he plote

s
l» beamY represended by o Une, plane by midcdie plone

s vm:ix' TN
%7'} Px \
Py I

q

> Extemod fores ¢ forees ol ontt areou
Px and Py baong o the middle plane, q (s oo gonat.
My = aroond Y
My : around X

ToAniesmol etement ot o plane
L Face

*—1 M
e
= — X
h'1 [_ ."__- (f M*\{
; l Nxy &
z T Ty e
Ctonsider (orces cctng on oy seqment( Y and nowee them o the center o¢ qrm’c.( we
ensider ancther iMBniesmat. asgou | the positie dutect oS are auohg +he axs

Resodrant of the syseem

L-) awong +the Whole sequvent 2REAM
+hil2 T
Nx = 5_‘_‘_!" Ox dz Nx = L o dA
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Equilibnom eqoation Manbgf_!mu | J

Traslaon 1 _ &= _ 5 .
oA iy Nx + DX dx

Alcng x ’/j f;r‘——" X D=

= /Nuq+£r).ugdx

an P Nxy d4)dx +Pxdxdy =0 =
( ax\dy +(—9——*4- ) | . dﬁq-7Nq Nxd + © !(b dy Qx
L{

Ao Ay
(9&1_ dy)dx + (Q_NLLL dx)d\-{ + Pydxdy =0 Benaling regime
9
. o Ty
Alo o TxT 4
(8D ax)ay + (Zudq)dx + qaxay=o
Ox Qy A ) ¥
l J_./i‘rx ¥ QT dx
i ‘l_ ' 9x
Rotaxion ~ Tx dxdy Ty 4~_%_Tﬂdq
Amnd'i C,
(Q—Mx dx\dy +(QE4_’“.1 dq)du— My dxdy =0 PR _
0= %4 G(;/ ; = = *——J—Q';Mx%
Acound — X [-/‘,’ e J i
g dy\dx Mxy dx \dy + my dxdy =+ Iz s : Mx
(B + (ot O+ my dxay —‘—[t PR
- Ty dydx =0 e =
i ____%f*z Mxy + Qe dx
‘aNx 4 Q.Nm_ +Px=o0 *ﬁg_&m ay. =
= , . H* + My dx
Q&L ¢ 9___\{_ + Py=0 l.!if’Mm.‘.;__ra__ﬁ_d\1 Ox
L{
+ _%_LL + q=°
- Tx + _‘B.(SL!._ Q__q_ X =0
x
- Ty + M9y .B.IM{ 4 My=0
4 Ax
S equazions (fows) and Botknocwns (colomng)
DN o B8 o o o o ©o
Qx Y !- |
o ® B o o o o o P \ o\
Oy Ox Py ()
o o o B B o o o q - (o)
Ox By N Mx O
o o o -4 o A o N My e
Dx Q)q
o o o o -4 o hb 4
o4 O
* o
[8] {Q} * {‘:] = {o} W remodly becowse i coesn't clepend on boundeny
5x§ ‘x4 Sxq 5 x4 onol vons  bor d's ou dharockensyc o¢ +he moder

|_) 1+'s three tmes stoue (Ndetefmintuted (i beoms +ihe problem (s deremmode)
cquidbliom eqoaxions asfen't encodgh  (we need wunemanc ond wsuwha eQUOSKTONS)

1) The membrone problem is oncoopted with \oencunaone (cwe o Kinemane ond

costbve equakians too)
Ly coratre Leods ko ov coopled problem.
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¢
{%z 2.3-6
= o20a) + 3(e) + 2(0) = F
’U‘—%:(, = 4.

S todicotly ngetefrm noded
Associoded Gvss Stroctore

{ = 323.2=9
s 2)+2®@) 4+ 2D+ 2(D) = 8

%—’U"—@:;{
nnechon Sm (u\O)
P =0 ep D
jcflc_;.\ = \H.Jf.'u CA (:)7(4.
PV ) D “Pxa
(xe2L _ w - E@Y -0
| ael 2 46 €}
J-xa.aL g o, 22U F - Xab
| el 2 AL El 2E]
+ XA = S T FP.L =0
£l =3+ 3 =
9 d/ L El 2 X EL FL -0
g ‘/‘L;,L i K L_ =), {__} '—é = 2 — =
R = 2 4G4 EI L 3 o 4
sl K 5 FLZ ol {E.L}—; —x4- AELY | 5 FL -4 =0
E| 3 s 9 E 32E) L L\? l 9 3
X4 . Xz 2. +4AFL=0 4 x4 — EL + S5 FL=0
8 El R 32 suf g
(Xz = 3. 4 r_ 4+ 3.4 EL - 3FL + 3 E
| 2 4 2 2 L f b 4 L At
1
BX;L:WZ"_i_'__!L{)+§.§FL = -4 ElLY + 5 FL
b A 3Z L 4 93 4 L 42
A ELY + 5 FL —_iFL—ELz:_M{) +2FL +4FL =0
12 L. 26 16 5 L 3 2
A 2N El p = (— 5] 3 _ 2 _ AN\FL
( 42. ] ) C ¢ 56 36 = )
M Bl = A FL o, g = 164 . 24 F*Z . 464 ELZ
L 4 144 A4 El 66 El
X4 = — At FL
B!
Xz = _J¥ FL
44
= A6 EZ
ke 66
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- ————————

§
g
S
%
et —XY ¥
Vie :
i 3
:
= = 5
i e
i )
]

T (4
d 3 \\ -g
—— =il
: ! rl’ -

Fiec. 212. - Milano, S. Ambro-
gio: particolare di una campata.

ARCHITETTURA RonANicA
X, XL ecoto
ARcO A TUTTO SESTO

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 71 di 334



© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 73 di 334

22 44 | A%

Beom +theoqy: cross section femcuns plane

Plexos +heorny : we dod't hour o cross cecbon, we ony consoler o,gequ\eﬂt othogonas
®0 Hhe middle plane whidh remouns o. segment olter d€formotion.

- et of pluate odter de formatkion

-~ Wwadng plate has a deformed shape

Posibion of § bewmes &'

The segment (Vototes, thanslodes |, bt t remauns oo segment

° Thee wanstalions |, even in the odhoge nod curection of the Xz plane
® Two rotations | @en o roation around x (ot ONly aroond Y = Px)

Each pont (A) has a cusplacement and becomes A'

Displacement goid 9%
alx,q, 2) = A (9 + Pxl,y) & I @ is Stmok _ - )
Tey,2) = Valyy) + Pylxy) 2 wer beok displace = j_,r' = —g/%
w(xe,y 2) = Wa (x,4) ment g equotk b = f\ -
The conenboson of  con ke neqglected. for att points f Y
Ex = QU = QAQ;’B_‘EL.& = Exg +XxZ T we ok £ pecowse they
% Bx O are teloted o micldle
Ey = v - g y 9% 2 = Eya + Xy-2Z2 T puone and are +he
Py By Oy dnarcucrensocs o€
€z= 0w -0 {We isnot a fonchion of 2} Mmembrane problem
Q¢ 1
i
4()(L':_,M + Q- = [GAQ IS M_._(Gfx 4 {amya = 8)('-{64— Xxﬂ-&
oy 9% Y Px Oy Qx
’&(a = .ﬂi 4 Qar = %{ + Q—]&Cﬁ = ¥%x (=pot adependent onz )
0z Ox Bx
« Z = QJI m =) + S = é?
4 i 2y Py —9—“%&%‘1 Y

=> AU the quonti ties depend on X,y (deformarion charectensties ) NOT on z

Exa L o o o o
o
&ye o 9 o © o
Oy ME, membrane quantites
Ex4a ke KA o) O o] Ve (duspuocements o
9y o We | +he micde ptone)

¥x o o 2 4 o Px

= Ox \PL‘
Xy 8 o 4

9y
X x O o B o
Ox

Xy / o o) o r,;gJ
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Two ot hiee are ndipendent (batance, wnemahc ond PYLW ) from two systems
we cown cotoun +he +thoed ene.

PROBLEM OF THE ARCH

N

4 \

// \
'Ilfi/]'\LI]ci-goa
N -

A Qei;i‘l_'ﬁ_l-_zzo

2
Re =8 gL
3 q
He= Re caseo® = 568_ ql
Ve = @p s 0° = Q \E = L
= z 2%
SOLVTIONS
qL CONSOANE cOM PreSaIon e
8 t+he throse

Bl Yl 3Ll G oL @ == | BqL

=9l = ALY e . v Rl

A g 5 G
1< k3

Throst : spintoy

=M

=4

&ﬂm;“gﬁ. € - BL = 4 8BL
Ne g V3qL 4 = =t

A

/ka

Line of pressxe s ov powaboloy and (s onl compressed (best Skotion)
bangent o gastiost fesvtkans

EX 2
qu

gy

A &)

TaL T
Mc=qL%~ g:_l__,,:"l_,=%qt_7'
® ®@ ®

i +E% . ] &4t
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Consya oave eqoations

AL — o
— =
h ) ‘T_
(_M"_ PR I — : \
— D\
| 1 :x
Iy N M=z
A T
Sz =N
A
oz = Mx
T |

Txy = | Tx h%z —y*
bh? (4 )
CxImax  when y=o
Uy, mox = 3 Ty
2 bh

’yn‘: ﬁ I_LL
5 aGbh

In pote sitoadon Tylb ok the beom secton is equot Ty (= force eor
onice tenghh)

‘,._.--'/_ —_ % i///]
l‘n‘ﬁﬂ& étxa
L g |7 In

T.qi

Txz = ﬂ(ﬁ —z’-)
h \4

Tye = gg(.*f: -2%)
W \4

Mox vawes

Txz = 3 TIx

Tye =

’Kx =
Gh
_— N opeer and
kl 3 = © % bodom sorfoce ( Pz=o
ore free ooded

W is smaut retased to +he other climensions 50 92 18 =0 evenwhere
Ex = Ix . VIy - v Iz
= E =
Et{: Oy . vgdx - gz
€ E (=

Kxq = Txd
G
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Nx 42D wved o o o ©o o o  Ex6
h* h*

Ny 242D 20 © © © O o o Eyo
h% hz

Kby o) o épfi-w) o o ©o © o E xya

V\Z
T o o o Shd-wo o O o ¥ x
f h%
Ty o O o o) = o © o Xy
hZ.

Mx o o (o) o o D b o X %

My o O o o) o wwdD D © Xy

Mxy Lo} O e} e} o QO 4-v O. Xxy

2

Terms ovt ot Aiagonor ase Unwed to Poisson effect (0#0)

{a] = (W] {a?

8x 4 Bx2 8xd

constitiv e Marnx
Mombrone staric and kunemahe chasraciensoe axre Jncoupled Loith sheos ond
bgndma charackensacs (=) euen for consth Lo equations)

=> Membrane and bencung probdlemsare computely uncowpled,

°© Px and Py cowse Nx, Ny, Nxy _lq
w\d so 87() Eq Oﬂd ex\{ /_/ /— < PX
Ly L and U (cUspl. of miadie plote) A
° q, Mx, My cowse Tx, Ty, Mx, My, Py
Myx so  x ¥y, Xx, Xy, Xxy
L) W, Lle L?\1
_Bamu
"Jj jal + {F? {CJ} 3eq. Sonwnowns M 2 wdeterminare —> STATIC
B5x 1 AxA Ax4
%_GL = [H] {Cﬂ CONSTITOTIVE EQ
6% 4 xS Hxd
fal = Lol {n} KINEMATIC eQ.

SXA S5%x3  2yy

(101 [] {ad + {F] = {o}

3Ix6  OxS H3 3x4 3x1 3x4

Cud
33

System ot cufferendal equanons, bot solwed becosse 2eg. and 3 onknowns
W, ¢x 9q)
BoOONDERY CONDITIONS

A

c - Hy
ST T

OnAP>
Tx = Tx or w=0

(BN

Y

al Ed
M
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BENDING PROBLEM 23|M 4%
Tx Q /% P17y o o) o
Ty 9 o
Mx -4 O (a/’ax o] @’(()q +(ij ___<0\
My My o)
My o -4 ©  Qlgy  9ox

= equikbriom equattons (STATIC)
L we don'e consider membrane problem ox aul

¥x Qd/ax 4 o)

Xy 99y o i we
xx | =| © U © \Px
XY O o @lam LH
’Xx\.{ o] 9y q 9/9x

° ongruenc eguotnan CKiINE MATIC)
Mx = DXx + 0 D’XL[
My= DAy + v DAx
Mxy = 1‘511 D ’x‘,i)(
¢ consttoove eqootions
Neglect sheas defrmabiut is more coreck as much oS Lkle is thiknessot the plate
Ax =0

Px = — ow.

tangent o the point (- cepresents w(x))
NO.c‘)Jecxinq cheor deformabiut{ meons thax agier deformation , ou SegMent L o the
Mmiddle plane femouns cosegment L o +he deformed micdie plane.
L wWe a sTronger Wpotesis +han segvent which remains au seqgment

ASSOMEe Mx ond my =0

Tx = Mx | GMyy
ox g"{ SCOFIC
Ty = My + OMuy equohons
Dy Dx
Hx , @79 , q=0
9% oY
Mx 42 Qzng + DMy 4+ q =9 €D
> Ox 9y Q>
Kinematic equoxiong
Kx= - Q5w
Ox2
Yy = - Q5w
042
,X)(\{ = -—2__9_?3&
Qxy

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 81 di 334



© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 83 di 334

- wnqe Csinpuy sopporbed pPLone) A cund ook l/umg/e

|P &l
| x
r* I
: Y !
:";(—:.‘_______._TF‘J_L:
W =0 W= 1 W =0
Mx =0 — ¥=0 — 4 0%w[3x2 + vﬁzwf’&‘uﬁ =0 Q*>w - o
=0 Pw|sq =0 Px?*
Py BAT
Ly roonion amord x s adlowed not Y L’oﬂ:oq;or\o.kbo ‘he si1ze
& (weo s | -
My=0 — H=o— 3§ 2%w|y*+v*w(Ix*=0 Pw -o
Yx =0 Qw[Fx=0 oYz
=> Two conduitons for eoch size
™ free borders
T =o
Mx =0
Myy =O
e ¥=0 [wJ
=dy (foxce €oroniee Lengkh)
Twiseng momenb (3 eqou.meﬂb systems) /\\s .
L Jlr‘ TJ
[ ”ll NT
May l l [Pl
My +Mxy_ dx
Qx

/\\x

\1

~ ( ; T - mj//(lr | 7/
U ‘/ OMxy dy
IMxydx faq
Bx
\fxdx{ = Txdy + _‘a_l‘i&{dq =Tx + OMxy =\x
o4 9y
Vydx = Tydx +_’024A_dx => Vy = Tq+QMxH
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Simply supported rectangular plate subjected to a uniform load q

ABLE G, NuMmimica, FACTORs # anp g, pon Benming MouenTa o BiMrLy
SurPoRTED RECTANGULAR PLaTms UNDER UNIPORM PRRSEURE ¢
y=03,b2a

M, = gqat,y = 0 M, = Blgat,y =0

L=
0.5a

T =
0.4a

z -
0.3a

i

!

| x - T = T = z - z = X - z =

| 0.1c | 0.2¢ | 0.3a¢ | O4e | 0.52 | O.1a | 0.2a
0 [0.0200[0.0343(0 0424/0.0466(0.0479{0.0168.0.0303 .0400!0.045110.0479
1 0.0234/0.0389|0 0486/0 0541 (0. 0554(0. 0172/0. 031110 (41210 0476 0.0493
2 [0.0256'0.0432(0.0645\0.0007(0.0627|0. 0174/0.0315(0.0417]0.0480 0.050t
3

4

0.0277/0.0472{0.0599]0, 0671 06940, 0175(0.0316]0.0419|0.0482{0,0603
0.0207]0 .0609{0 . 0649{0 . 0730{0. 075610 01750, 0315{0 . 041 ().048110.0502

_o7aslo . 0812[0.0173(0.0312{0 041

[=]

1.5 [|0.03140.0544)0.0605 (0478/0.0408
1.6 [0.0330[0.0572(0.0736/0. 083110, 0862 0.017 10 03 0.041110.0472|0.0492
1.7 0.0344{0,050010.0773[0 . 0374|004 018910, 0306{0 . 0405(0 . 04060, 0480
1.8
1.9

_0357(0.0623[0. 0806'0 .09 13|0. 0048(0,0167,0.0301}0 135 .0459/0.0479

0308/0 . 0644/0. 08350, 00480 09850 . 01050 0297(0.0303/0 0451000471
2.0 0.03780.06&30.0%10.097 0. 1017]0.0162{0 . 0202)(). 0387 0. 044410 0464
2.5 0413(0.07290,0052(0. 1085(0, 1129(0.01562|0.0272{0.0359((0. 041 0.0430
3.0 p431l0.07630. 1000]0. 11420 1189{0 0145!0.0258(0.0340(0. 0380]0. 0408
4.0 n445l0_0791[0. 1038(0. 11850 . 1235;0 0138(0.0240,0. 03220, 03 0.0384
o F.mmiu.loaon;u‘ms{) .12 0.12500.0[35{!Inlﬂlﬂ,lﬁlﬁlﬂ.&‘iﬂ(ﬁﬂ.mﬁ
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[? Square plate simply suppol ted
Lastra quadrata (b/a = 1)

L symmemcat
am
e
{ =2 POt pol
Tx = 033840 o~ dd e caons
i S rcctate of
. R =0.065 0 o e
¥=03 45" s0 os
$ O § we tensder
#‘P the cduagenok
In +he middie i
M (s moax.
And becanse
b the aymme
1S5S & ol ,‘n
Vel oot and
hon zonto
AL Chons,
i = = -2- d
' 4 ¢ e ‘:DJOGEB‘{OJ' {coOcen aodte,
Fia, 68 recoction onthe colher)

N.B.: le tabelle ed i grafici precedenti sono presi da Theory of Plates and Shells di Timoshenko.

Nella sua notazione il segno di M,y € opposto a quello da noi adottato (assume My, = —Myy). I tagli
sono indicati con Qx e Qy anziché Ty e Ty.
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29|44 4%
SQUARE PLATE SIMPU{ SOPPORTED
Vtwr= g_

<

clooble sinusordal
oo

q’-CioS@ﬂlg‘&S@JEﬂ

L’S\noso(dak. lcod sowe con Gnd ou sowtion eos'aU{
W= csen ITx sen IY

ou b
C = - QL
T[4 L 4 )
Q'Z bz
w = 9e son X senTY
4 (= 9] b
mep (A +
a?. b?.

In generol we hawe cuteent kind of Lads  (ex. oniform cuisenboted Loads)
Uniformiy dulsenboted oad
b we ovse the Fomer's sene for swusowal fonckions S0 woe. consider oL constant

wad asthe som of Soveral s\nusoickok Lonctione.

IF bloo >0 Hwe ploke seems w0 e oy beam

! | o€ ow re,c&-omﬂow oSS Seckion
? = 5 £ 2 ot
T 239 e K
: ‘ /& al 7/&7
‘ i
i ST h
| A 1 “~—— i | e
ou C\gﬁ £
Wmox = & 4 a Q—’\Dz) - 5 g o4 AZ.
x4 26 E hs
. ._r’L = '[.. =
/_, ,.L > ok 7 We con consicer a,
’/"/’/,’ //?—9 D puode oS ou SeUeral
) — ) e [ "7X/ WY‘

Becavse of Pocson's eftece Hhe plate 1z SOERr %o Lor stesses i+ behowes as +he
beam , for detlection Hhem (s cu comechie foctor (4=02)
For ou 5qocmed plate (= wne\denn% as o onton o beams)

t)./

’

! JT LT
AT

. ®©
1

q%qaz:_qgﬁ {_‘?E | e

We overesomade the bencling moment o€ 2637, so +he plake s much saffer +han
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SECOND  DERWATY  (motecols)

@@
C—-4 [EXN

(W
If the fonctonis of two vanab'es ot one, the problem choanges.

'-E(lel\)

Y1 o’ e o=
Xu - s -~
el
£ x
(ﬂ = Rxiays) - 2 8(xidg) + 2 (xi-1 Yg)
g’(tz X‘:‘)((, AZ
4=y7
L= C 44
@ @ + A 22 A ;
D xi* q,-'-;:fi\gﬁ aixed (x changes )
4
7 e
=x¢ (&xed) y chon
l Pys* :;:lt‘r . ¥es

=2 The somm Of ol +he coebhicientsS (s alwolyS 2RO

Vte = v*(v2#)
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ITERATIVE METHOD

-X
X =ze
1 Vé
: e ™=y and
nersechion .y ik con
> with the quickly (ud)
\1 E une =X
= _&-‘,x
Staue with Ahe firse valsxe Xo
Xo =QO
X4 = e X =4

xa = 4 ()

T /
e e_de (Q‘—-Xz)

- XU
Xitda = €

Some Bves i+ ConURMRS €0 +e Soltion SoMesies NoT , & can e oed tosclwe non uneow
equohons and Lneas sistem oo
b e generaliy v Tacobi method of Gawss- Seidet medod o sole Uneor sistems

W= £ Cwd)
Sl ONKNOWNS SO e con LAl oun ExceL Gl bo Ao Hhe derat method
and Gnd O. soltion of +he ok onwnowns  (From ~wa o Wao)
EXcot — RO(mOLeL — moivodl — ) terodave erhod (choosa preasion and n‘aro(- teratiesteps )
FO 0nbl  +he sohion with the exact preusion We wont (waden opoons)

Different soppOres : champed beawm

rp L LSS s Qw20
ax
S - (>
rd - - L] VL—'; X
- v
i s 8 ¥
’ 7
7 TIIT
B y
v

- e, v =0 & Ome>
2 2

WA= WAS

—

o5 before bot wWh with posibve signs:
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o)

e
—y”

L4 and L2 oue
He principol
ncimol secaons

e =Ry cosu ( MELSNIER’S THECGREM )
‘22 = CP

b socond codios of conotore
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Eloment of 4be sorfoce (infni tesimol)

Ns
Ng N / To
\V

\ZQ‘ Ne s
/ Nsg 'er
Ns
Nsg s equol o =zero becaEe of SYymmetn, akso T =0 £or +he saume reason (ewery
nOO syqymmetnoak qoo.ﬁtiu_‘ 5 =0) =D Hse =0

N
Ne

lad=| 7=
Ms
Me

Pe — no oads olong Posaukels

F-]

(3

Equiubnom equations Oboot +he snen o

®e)

LA'S consider an osth of arcomeerence ooded with notak forees
Y 9¢

DN s
) P
Pa dd ‘L//r\

AW +he quantties depend oy oN'S and they ochways hose o respect +he
symmetry —Lhnou%h He menduan durection .
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(Ms+ dM3) Gc+de) g8 - Msc d® +~ Mg sena dsdS - Ts rd€ ds + msr d9ds =O

- M@seny dsdf - Ts cd9ds + ms cdd ds =0

(_ci + M)MS -~ =end Mg - Ts + Ms=Q (3)
c
9  seny _ senu © o Ns
ds (¢ r‘ Ne
_d_ s&mx. o o Ts
Ms
o d | son -senx  [\Me
ds a C

[a1* {a} + {Fl = {o]

IS 3xA4 Ixnd.

gecowse of (w) +he membrodn, ond bendinci. Sowbions afe covpled .

vncouvpled v s ou plade , o paftcowsr sheld of rewolotion’)

]

DIS PLACEMENT VECTOR

AL Qx.on% s
ar owong 8 —» dusplocemenc
f( I’L} . w adeong N of +re midde poune
s arcund +¢€ '
o qmd\d -3
6—\/

5 compocent

Becaume of axiak symmetny V= Yo =0

{n} =(:§>

Green's theorem

j‘A %;?_ dxdy = (ﬁe $ay

L{

gl s >

SER £=<8~h (prodwck 0F Twie eunchions)

= bl thd = _Qh_dxd = hd
| -2 4= 3 & odi- § gray

PRINCIPAL OF VIRTUAL LOORK.
o [xteinok rces

TP shett
becomes flect (R4 and Rz ore © lhox terms are zero and the problem s
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Ns 2D /% v'2D)p? o o o €s

Ne V42D W 42D [n* o o o &e

Ts = o o S(-v)D e} o ¥s
h* D

Ms o} o c ‘0D Xs

Mg o © o VD D xe

2D SO cess of the shell

Ja]- v { al

S xS 5x4

=> Twice stotic indeteminare bot osmc; vinemMauhe ond corsti b e eq- we
con fnd ov sowlion

- The 2 motnx tor () osen't +he trousposal one of the other with anie
terms Wwith opposit signs.

(o] *1L2] {q} + {F} = {o}
2% S 5x56 Sx3 2x4 254
e s
3Ix3
<+ Three equasaons in thee onencwns

A) Diftorerce between koo and fope. :
° beam :ending sbness #0
° (o@e : bencling stfress =o o nequgible with respect o oxvoh saness
L’ We can gass from lseam 1o fofe Hﬁrooqh h—0 (bgndlnc&sh@mqoesbo Tero
€oster than Cxiol so@ness wWhidh emaing @xen 0 He fopR)
I- j"jgh‘,; bencling stifness is o T

Axiok sofeness s oc o A (h?)

5) Difference betuween memorane ond sholk Cmending
* vembrane has oo bgndinq skhenes =0 (6=o3 1 exitzmpsa,
D= _Eh> Qxiat sofness s reloted wdh D, bt _
42(4-0%) we con considel atheone memirane wWith ony D=0

° shell thicker has ov Benduing satiness £0
~
=% If h->0 shel becomes a membrane
[ ]

MEMEBRANE s=oWwton IS impoftohHt Deocousse

1) TUs oumost equak +o shell sowtong  if constrains ose of tmembrone bype

2) Tt holds also for shells with non memborane  onsweans Soicienty &or
fLom +he ccnswows .

Shel uovth bend.c:nca sadness
X Dome

Membrane tyge constams - Eackons are ‘membrane’
o (Ns) =) soluhon 1S egook o sheds

T o1

Consoaun (RochonNs e axse sheold and moment
8o +he sowton is cufferent : stnusoldol Wi th
exgonentiak decease. so ouwol from constouns
K:f A —> dhe sowton (S as @ membanel(not neosr +hem)
A

t &
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PANTHEON
SEZIONE LONGITUDINALE

(A EFTRIY
[CECCEEERDT

Tempia pano (ieronda meta | sccolo a C) poi tempio ciistiano dal VIl secolu d C. — Agrippa lo fece costruiie da Valerio Ostien-
se. Diogene Atiencse lo decoro Edificio ottastile di aidine corinzio. La grandiosa s'rutturs circolare & ricostruzione del tempo di Adriano :
o pronao 1ettilineo fu cetamente agiunto in un secondo tempo alla costuzione rotenda 1 diametto della cupola a cassenoni quadiati. con

pertura circolare in alto, misura m. 43 50 come 'alterza interna del tempio

Le colonus del prénio di crdine cotinzio, scno alte m 1250
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o , senw - s Ns Ps o F[42 A%
3= c G . _
- 4 -4 Ng 3 o
R4 Rz
Es a A AL
=| 93 R4
e sena A W
r Ra
& 4 - A Ns
= 1= Eh
o -2 A Ne
En Eh
,}
fQI\t:’;: men daoun isa.stn&‘cihe une (s becomes x)

i(..kl.&i\df‘i(.ﬂ.b 2= aalel
L Onder constant inter Nnow Pressore

Ri= oo '
[
|
|
I
|
|
\_i_/

A=0

& e
i' = 29_&050( =R
5 L, +he pogoudel 'sou princapal
“N normat seckion (N beliongs

to S plane, onwy for
cundihcatr membrane)

STATIC EQUAT IONS

g o Nx Px o
dX + =
o Ne

-4 o
N q
Ex dJd o AL
= g%
Ee o ud w

4) dNx 4 Px =0
ax

We assome Px=0 ~N practcde assompbion

Nx = cosr
2) -.nNe
) 32+

N = qR

=> The poblem is svaxic deremmnate (2 eq- n 2 onwknowns)

3) Eo= w
defamation

dwe bo
1 Tt'’s Ure o pipe

with aninternal
lessone q

'
AD =W
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| P
'Sphen-:o.tmembnn&‘ onder (ncemot Pessore

J
&
: Disploccament
R’ W\%S IS AL,
along Z s
S W
q )

Recasse of Symmetny 4=0 and for+he same reoson Ns=Ne =N

Qd: Qg_—.R.
b cadios ©f menduions and pasaueis is +he same asthe sphere

“de.qgnﬁm:
= LR‘: - _&.\,q:O
N= 9K

2

ds=d9 = .N- = ﬂ&.
2h

= g8

constaNt eueny where
sovaker s h l/uo}ner is ©

defo(mouaon
doe w q
/‘\ 1/
\/ \
Eo= W = A= . N= A= 4gR
R Eh 2h

Sghencod shel (s satker +hon cauwndncol one

® According o Von Muses fof au ploN€ sdess cose

deq = N Sa% s dg_z - Q42
o4=02 = QR n our cose (sphere)
2h

S = < G adm
-
Qo = 2h Jdadm
=

L) citicol pressore which leaos o cengis

e Fof oo clundihcol cose :

e = QR
h

Sx =
iy

{t

dq= & [4es-4 = 5 48

qer 243 _2_ dadm  this vawe is lugher, +he
2 ] o B

Al o SFnn Nt

il
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XAz A¥
DoME SUBJECTED TO SELF WEIGHT
d'% + sgr&_ - set Ns Ps
c = = *
—_
- 4 -4 Ne 9
R = J

B: weight pr onit yolre (Niwn2)
Ah. woeight per onit sxXface (N o)

{Ps= ¥ cosot
= - Xh senw

i’r_ 2eq in 2 LNKNCWN
Fusc equakion s compucoxed becowse W's dulferendial
So posol equilbiam in wlfocod duifection for au pose ©f the dlome

y Q) NS is o €ofce for unit Lenght SO wR need
| o mokkiply for +he teno{nt of posrael

| =R cosx

N
(Y g Q) = Bh AG)
(B4 Ns
¥

Ns cost 2TT¢ + Q@) =0

Ns = PR CIC)) = = #Ah (-4‘%') ZTTRZ
277R. cos?ul 2T R cos?o
Ns = — AXh&
14 Seno

To compute N we O +he secand equoton
Ns , Ne =
etk =1

Neg = QR ~-Ns = - ZhRsena + _XhR - ARhR A - senot~ Sen’a
AR
A

4+ Send 4+Sena

[

i

] e
|’,,‘53!.')
% R, J AR

Quantbtes o fonchions of & — Ne = £60) ond Nz =260

d=90° we ame akthe Pl , =0° we afe ok +he equasor 1n both sides

Menclioh is suwoys comprssed Ns<O . Ang the posallel thou ceftaun pant Yhe

forer Ng becomes Positive ™V problems for soruckufes  whach dlen't resisk o
tonsile swessos
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Ex = Nx _ o _Ng

Eh Eh
£ = No - ~o Nx
Eh €h

Hx:D (’X)L-i— /0’?(@\
Mo = D (Xe +~ %Xx )

L CONSITUTIVE EUATONS

--..ﬂ - cooSWdR o0 N

- {sostoXic pressue |, ditected

aong 4he normol

\ ! - Px s the sai¢ uoeaqht ot
L] neql gible it espect o

- /‘ /\ ; — the intemoL  pression

P s truy zero on the op of 4he tank
&8 = ~ Tf Nx =0 =cosT is Zero alenywhere
R

Ax = d.JAC_._ $x =)
dx

L =heos detor mcx_b[Li.'t\{ \S "\@.q‘uq.kbt.e as nAhe beam

y)(-:o
x = — dae
P ax
Ax = g¥ - __dflr
dx dx?
xg = O

Trom equiu boom equations we howe:
- Mg. + g2Hx +9 =0

d z
mx =0
Tx = dMK
dx

From conStootiwe eq.
Mx = - D d*w

dx?
€9 = N&8 - w.
Eh R

o = Eh:&

(1) ond (2 n (3) 4_
- €hw - Ddow q=0
R* ax% 4
D déwe 4 Eh. w = q)
d x4
=) e same of the beam in dasSace founala tion
Bl dtar , w0 = Qi)
dx4
TRANSFORMATION
ct —D
 (stfness of 4he sprng equitalent o +the qround) —» £l solness of clundnicot
rnembrane soo(lo.,nm%‘)

S0 wecon stody Hhe mendian as o. beom on elasae founclobon where 4he
stttness is gven by the pasoldel osoond it
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CiUnantak tank. under hqdrcsbom'c, presi
e

ol A

ok wmqhb
ol the uqmd

T Hhaivness ot

+he ploxe
ox(s ok revolooon

we waNt o oboaun stotic chanacke nsuc

Loods ose hydrostatic pressores
L Mecylo.c;t self welght of adundre

QG = Xx
’V(‘V +4&4’W= g(}(!
D

W cMgploscement in foudlius guve clon
D : bordling suoiffres ot he plare
D=_Eh®

42.(4-20%)
WV gEh W o= Ax
@D D
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13]42 4%

,_, Differendad con homogenecss @qoation  Not similar ©o elosae fodndodion where
we aee intereswed 0 concenwared oads and so +he equation is Moo genecus

4° sowtion  (past’cotasr solodon)
wW =0
W= RRZT x

Eh

22 splotion

b podtcolos soloton + hnmoqeneous soWwkion & beam on esuc fovnduiokion)

Tx = QO

=
¥
0

they are o€ o 2" and 2™ denwokies (=0 ) becavse Yx =COST.

~N
Ne =&h 4 o =0 Px i5 ony +he MEMBRANE SoLuTioN (M=T=0),bot +he
& reoL sowbion (S cifferent : eonsticuns aren’'t membrane ones
| o3\t is prodweed oy the sowtion, they ouen't respected .

{"WA#‘-O
YA £O

A
wa I

2° soWton (vawid for any D)

| fmee

| Bot oo claunped edge buiding soppoces
leod to disp lacements =0

z & —~R7 ~pE
WO = jﬂl_z X + Caeﬁ sl ot cze«€> senpz+ (3 e &toosg%i- a4 gsens'é

Eh
L’ we need 4 bonden| condibors 0 compote 1, C2,Cs, Cq
M) =0 w'"() =0
TG)=0 W™ (o) =0
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Ta provides o fotce  which owoid ogening of he tane doe to weinol

p@&mc&.
LY S
— | =
4 wr

Beam on alostic foundakion

b exporental decoy atong L SO X becomes L-x

- glL-x> - eL-xd

WCx\:_{&g_zx,,_TA-_i_ e Bl cee PUL-%) = MaA 4 _ e
Ehn 2pg® 2pg2
Leas g(L=) - senp@—)]

We con compus Y ,Mx, Tx by denwdron

M@ = v Mx
Ne = _%, W0
DisPLACEMENT
meMicrane. golotion
j Fou cucoy from soppotxs
W — +he belvowiocur is the
No \ me mbrane ohe, neos
SoppoltS isdifferent

\ ) L oulferent soltion

MOMENT
[ exeonentdak decowy
h ot sinvsoldl
Mxor | fonadon
() Me = "L)M)&c
q
D
SHEAR,
§
]
b
} '
&J
y d
L. D

=) sheos ond moment wwith opPear ReoW ZEPOMLS desappeor quitriy auvauwy

from soppores +hemsolwes . And (H's equivalent ©o soi| 4hak +he cdundre

Lonq,
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Egquidbtom ot rotaxion:

M+ M) (r+30)dE - Mc - d® — M8 dFdr- Terd8dr + mrrd&dr =0
~ 4° order denvadies gavere eoch othefs

— 2° order denuadies valwes ofe the only which femaun , divided by ¢dode

dMe . Mc _ M8 _ T¢ 4mc=0 (2D
dr r r

() ond (2) cue +the STATIC EQUATIONS
we need o And wnemokic Squation

Me ;(‘q ( )

alwoys =0

) 4 o o
el -

-4 a 44 -4
Jgr * B

_trangpose | of the winemaic  maknix . with Qnice verms with opposite signs

8+
de
¢ {s _ ,
( ¢ 0ol — o] _d_ (W)
xe a¢ Pr
> 4
=

{ Mc=D (xe +0 %)
M@= D (Xe +uvXc)

° Ne=9Q
P = — dw
4 de (_*)
d9c
=
e Nlg = &

I
Clamped cirelos plote ond@” uvnifor alistriboted (ood q

— — owisof ol aon

r—" posicue 9

@ g‘_ﬂ‘ + e 4 9=0
i d_((‘T(‘) =-q
dr

c

dcTr)= -gr
dr
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dw . - ¥r We KNOW Yr 5O Ntegroking 1S ExpresSIN
ar we cah Compote W
w (r=R) = O
w= - 9 EfLZ' - _.r_?_ +C4->
“6D> 2 4
For boonden{ conduisuon wWld=0 we compote U

w= _ (R¥ -2¢2r%Zsc4) = 9 (rZ*- c2)*
640 64D
Wmox = _9,8.3

AN

He= 9 [(R*- 2r2) +o(R*2) ]
4G

Mo = q [(R*-c®) + ~ (R*-3c2)]
A6

Mc(o) = d40 qe"
16
Mg (@) = Mr(o)
L mthe middte +hey howe the soume valwe

Mc(RY = -QRZ
]
ME(R) = - ~ 9B”
]

The MOx eoRicNe@ youe is inthe mudd e, the mox olbsoWwwe (s negaiue one
ond 1's reoched on the borders where here ase soppoiksS

Nowier equation o find stresses
oc= Mcz

h*/12

——

There iwn't b becawse M 18 for onic Ue,(»o{u\

Se wvun O max ose achieved when z= thl|z and ther whoes o
Jr min/mox =  EMc

hl
I-, s adhieved auso  when =R

S mo|max = 3 qR?
‘ ¥ n
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W= = MrZ + C3
2(4+0)Dd

wW(R) =0

AW = M (R,z'—(z}
2(4+0)D

Soperposition of effecks  with M= qR*(3
L simpuy sopeorted circutar plove onde oniform voad q

fmon LN

W e

Wmax = _MR% when M= gR* | ithe Wmox forthe domped case
2(4+f)b
= qR°. 4 gR* - qrRY [8+v]
46(14+0)D 64D &4 D(H+v)

Te's abovt 4 bmes +he vowwe for the cuameed cose (de,pencunc} on +he valie o
0 2Q,R) which is +the sutfer one.

3

2(¢4+v)0

\?mo.x =

Mc(o)= Mg (o) = 440 gR?* 4 gqR? = 2340 gR*
B T 26

416

Mc@R) =0

Mg(R) = - ©gR® , qR* - (4-m) qR*>
g g 3

E@nddoc} Mornen b d).o.r.mm

—

349 qrR*
16qR
Pre ssonized ciundfcod vessel with cos :

1) Flax foced cops
2) Emisphencar cops

X G H's Uke @
‘1 ‘ aundvre with
Z ‘ (=% q,O,S
wside

— No lwdrostatic, consant eveny where

- Wi+h bondlng B fFness

- We femove ou constoun oo achigueos WnNcun prembrane cose then e
ntrodloce sheor and moment t© balance ond mouc congroen &
Wwith the nictowL syscem
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From eq. 2
M=0
From eq. (4)
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Rotations for simply supported beams

Notes: Beams are /-long, the cross section height is /4 and the inertia moment is 7. Material has Young modulus E and coefficient
of thermal expansion a. Positive values in expressions (right) corresponds to the arrow directions in drawings (left) and
vice-versa.
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Notes to formulary
“Reactions for double-clamped beams”

The formulary provides the reactions for a double-clamped beam under common load conditions.

The formulary is useful when facing a structure with the method of displacement. With the method
of displacement, one need to know the forces acting on the frame nodes: these forces are equal in
modulus and opposite in directions to reactions given in the formulary.

The first six cases are related to support settlements (i.e. imposed displacements): the corresponding
reactions coincide with the columns of the beam stiffness matrix. Last row is about thermal effects.
The remaining cases are common loads: at the left there are general cases; at the right specific cases
frequently met in engineering practice.

For what concerns the signs, positive values in the reaction expressions (right) correspond to the
direction of the arrows (left) and vice-versa.

For what concerns last case (“butterfly” thermal deformation), note that only if the center of mass

lies at half the cross section height % (as, e.g., in sections with two axes of symmetry), the
temperature variation does not yield axial reactions.

Note to formulary
“Rotations for simply supported beams”

The formulary provides the rotations for simply supported beams under common load conditions.
The formulary is useful when facing a structure with the so-called mixed method.

To provide static determinacy, we set a hinge at left edge. However, since there are no axial loads,
hinge and roller are equivalent (and thus they can be exchanged).

At the left there are general cases; at the right, specific cases frequently met in engineering practice.

For what concerns the signs, positive values in the rotation expressions (right) correspond to the
direction of the arrows (left) and vice-versa.

For what concerns last case (“butterfly” thermal deformation), note that only if the center of mass

lies at half the cross section height / (as, e.g., in sections with two axes of symmetry), the
temperature variation does not yield axial dilation/contraction.
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Scienza delle costruzioni
Il metodo misto

[Equazioni di congruenza angolare]

Scienza delle costruzioni
Il metodo misto

[Equazioni di congruenza angolare]

X, X,
A% xz/' B }X; C A Xz B X C
a7 Ay A,
m-X,-X, m-X-X;
e =W Y
D |pneBafl Y Y
SEL 3El
Prof. Pletro Cornetti Prof, Pietro Cornettl
Politecnico di Torino Polltecnico dI Torino
Scienza delle costruzioni Scienza delle costruzioni
Il metodo misto It metodo misto
[Equazioni di congruenza angolareJ Equazioni di Sistema lineare
congruenza nelle tre incognite
angolare iperstatiche Xy, X, X,

Py=0
Yo = Pye
Wyn = Yo

Prof, Pietro Cornetti
Polltecnico dI Torino

3EL

Prof. Pietro Cornett!
Politecnico dl Torino

Scienza delle costruzioni

Il metodo misto 3
Equazioni di Sistema lineare
congruenza nelle tre incognite
angolare kiperstatiche Xy, Xgr X,
C
J':l == E:j Ifl
A=+ 1 ?m
o
Ay =+—=1n
T

Prof, Pietro Cornett!
Politecnico dl Torino

Scienza delle costruzioni
Il metodo misto

4 m 8 m

17 17

A B
12 ml L2y,
o7 7
4 % 8
Ry 1 1] —
17 B 17m @

B
A 12m
5T (@O
Prof. Pietro Cornetti
Polltecnico dl Torino
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Scienza delle costruziofii Scienza delle costruzioni
Il metodo misto it metodo misto
[Iperstaticité assiale]
I N 2| R
- -e c
A B c A L .
Ha _I. 6 m Hy ) Zm
177 4m [ 17 1
275 4 2} el
;J’\::_'(LE’J:_‘:‘_” jlﬂ,,=+;l—i-l—
\7T) 17T | 17 (n)
a: = “ 21 m
H —:(.LE.J-_"-L',’ M=o 2 &
Ps\ay ) a4z | A
Prof. Pletro Cornetti Prof. Pietro Cornetti
Polltecnico di Torino Politecnico di Torino
Scienza delle costruzioni Scienza delle costruzioni
Il metodo misto 1l metodo misto

[Curva delle pressioni] [Configurazione deformata J

2m D C
17 | —
6 m
17 1 21 m
34 |
Prof. Pletro Cornetti Prof. Pietro Cornetti
Politecnico dl Torino Polltecnico dlI Torino
Scienza delle costruzioni Scienza delle costruzioni
1l metodo misto Il metodo misto

Osservazioni

= Per i telai a nodi fissi il metodo
misto & un caso particolare del
metodo delle forze

{Telai a nodi mobili

= Le scrittura delle equazioni di
congruenza é molto rapida se
sono note le rotazioni elementari

(tabelle)
Prof, Pietro Cornetti Prof. Pletro Cornetti
Politecnico di Torino Politecnlco dl Torlno
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[Reticolare associata]

Xy X La reticolare
associata,
labile, & pero
X, | in equilibrioli

"v

Il modq piu rapido
per imporre
I'equilibrio consiste
nell’applicare il PLV

Prof. Pietro Cornetti
Politecnico di Torino

Scienza delle costruzioni
Il metodo misto

[Applicazione del PLV ]

[ Sistema di forze (a) reale (r) ]

(f) costituito dal cinematismo della
reticolare associata

Nell’equazione
I Iavoro virtuale = di equilibrio
interno é nullo compaiono solo
1

Prof. Pletro Cornetti
Politecnico dl Torino

[S|stema di spostamenti (b) fittizio J

le X; ed i carichi

Scienza delle costruzioni
Il metodo misto

Hyp = K20 +
FF2gpl=0

Prof. Pietro Cornetti
Politecnico dl Torino

Scienza delle costruzioni
Il metodo misto

(> (R, - 2%, + 2FN)p =0

L'equazione & valida per Vo
(o & virtuale)

Ay =23, + 2F1=0

[ Equazione di equilibrio ]

Prof. Pietro Cornettl
Politecnico di Torino

Scienza delle costruzioni
Il metodo misto

Equazioni di

o Ty | St
—_ -
X, X,
D
Wun = Pyc
A Yoy = Weu

Prof. Pietro Cornettl |
Polltecnico dl Torino

Scienza delle costruzioni
Il metodo misto

Contributo della deformabilita
delle travi (letto sulla reticolare
a nodi bloccati)

Contributo dello spostamento
rigido della reticolare associata
(letto sul cinematismo)

Prof. Pietro Cornettl
Politecnico di Terino
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Scienza delle costruzioni
It metodo misto

10 B

AV
23

Prof, Pietro Cornetti
Polltecnico dl Torino

Scienza delle costruzioni

Il metodo misto
10 18
33 Fl ﬁFI
B Cc

] 1y
0, [7_4[ 2q

14
=F
23
Prof, Pietro Cornetti
Politecnico di Torino

Q)

Scienza delle costruzioni
Il metodo misto

18 13 . 18
18 c
=—Fl _>
23
o
D 18
23 M

Prof. Pietro Cornetti
Politecnico dl Torino

Scienza delle costruzioni
Il metodo misto

[ Diagramma di momento]

Prof, Pletro Cornettl
Politecnico dl Torino

Scienza delle costruzioni
Il metodo misto

[ Diagramma di taglio ]

.18
ENEIES
&

©

)

Prof, Pietro Cornetti
Politecnico di Torino

Scienza delle costruzioni
(I metodo misto

[Equilibrio alla traslazione del nodo B]

Prof. Pletro Cornettl
Politecnico di Torlno
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1. Tracciare in scala i diagrammi di M, Ne T.
2. Tracciare la curva delle pressioni.
3. Tracciare la deformata elastica.
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1. Tracciare in scala i diagrammi di M, Ne T,
2. Tracciare la curva delle pressioni.

3. Tracciare la deformata elastica.
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