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Problema 1 (2,0 pontos)

(a) 0,5 ponto

L kL3
P = kx?dx =—
fo R nfx) = kx?

[P — [

]

(b) 0,5 ponto
dN k3
—+kx?2=0 = N(x) = - ta

dx

kx3
N(0)=0$C1=0$ N(X)=—T
()_N(x)_ kx3
T =TT T T3

Maxima tensdo axial em valor absoluto:

max{lo ()|} = lo(L)] = ==

(c) 1,0 ponto

du N(x) kx3 o) fex* N
- = —_ — = = —
dx  EA 364 Y 1264 2
4
u(0) =c, e u(l) = _12EA+CZ
M = (L) — u(0) = —
=W T = T2k
Problema 2 (1,5 pontos).
(a) 0,5 ponto
No plano xz:
O_m=0xx+azz_0

O3 =05 =-T

Tmax = 2



(b) 0,5 ponto

No plano xz:

o, =0

o3=0;=0

0, — 03

Tmax — 2 =T
(b) 0,5 ponto
No plano xy:
Om = M = 65,0 MPa

2

O T\ 2
R=\/(M) + 02, = 53,2 MPa

2

0y =0, + R =118 MPa
o = 0, — R =11,8 MPa
0, = 0; =118 MPa
0, = 0,, = 60,0 MPa
03 = o = 11,8 MPa

0, — O-
Trmax = 12 ® = 53,2 MPa

Problema 3 (3,0 pontos)

Tenséao produzida pelo esforgo normal:

N  5.00x10%
A 491x10°*

Oxx =
Tensao produzida pela torgao:

Ox6 (T’) =r-

J

A maxima tensdo devido a torgéo ocorre em r = D /2

DT 2.50x1072

=102 MPa

0,9(D/2) =37— >

onde a tensdo é dada em MPa e o torque em N - m.

axx



Empregando as férmulas para o estado plano de tenséo:

_ Oxx + 099

O = > = 51.0 MPa

—_ 2
R= J(—axx > 200) + o2y = /(51.0)2 + (0.3267)2

0; = 0pm + R =51.0+/(51.0)2 + (0.326T)2 > 0

0y = 0y — R = 51.0 —/(51.0)2 + (0.326T)2 < 0

Logo, ordenando-se as tensdes principais:

0, = 0; = 51.0 + /(51.0)2 + (0.326T)2

0, = 0 = 0 MPa

03 = 05, = 51.0 — /(51.0)2 + (0.326T)?

e portanto:

g, — O-
Tmax = ! > ® = \/(510)2 + (0.326T)?

Para o célculo do maximo torque admissivel deve-se considerar que 7, <t

Logo:

J(51.0)2 + (0.326T)2 < 70.0 MPa =|T < 147N-m

Problema 4 (3,5 pontos)

y

(i) Equilibrio:
—l
7
N, < «—j— > N
1 Y o )
T, 4 T2
B
A B
Ny Tlh\‘\\‘\\\\\\1T1 Ny N, TZB c T, N,

pyi

— — — — ¢

Ny=N,=N
T,—T,=T

(i) Deslocamentos e rotagdes

NL,

Ug — Uy = y + a;LAT = C;N + QAT
1411
NL,

Uc—Up = Yl + a,L,AT = C,N + Q,AT
2412
Nl T

br-ba=gr =%
Rl T

bc —¢p = o), K,

onde Ki = Gl'_]i/Li’ Ci = Li/EiAi e ‘Q‘i = aiLi (l = 1,2)

<<

B T— m—]




(i) Compatibilidade geométrica e condi¢cdes de contorno

uA=uC=O

Pa=¢c=0

Portanto:
Q,+Q,
Uy, =u,=0= CN+QUAT = —C,N — Q,AT = N =———"-"TAT
T, T, K, K,

Pa=¢pc=0> —=—-——=T,=——TeT,=———T
K, =G.J,/L; = 1.70x10* N - m
K, = G,J,/L, = 1.53x10* N-m
C, =L,/E;A; =3.82%x107° m/N
C, =L,/E,A, = 2.04x107° m/N
Q; = a;L; =3.90x107°% m/°C
Q, = a,L, = 2.60x107° m/°C
N = —38.8kN
T, =421N-m
T, =—379N-m
Tubo: Barra:
Oyy = N;/A; = —98.9 MPa Oyx = Ny/A, = —=79.1 MPa

DTy D, T,
maX{lC'xg(T)l} = |ax0(D1/2)| =|—=-| =989 MPa max{laxg(r)l} = |ax0(D2/2)| = |_7]_ = 124 MPa
1 2
O,, T O. O,, + O
0, = ’”‘T"" = —49.5 MPa 0, = ’”‘T"" = —39.6 MPa
Oy — O\ 2 Oy — Ogg\ 2
R= J(MT%) + 02, = 111 MPa R= J(’“‘T‘”’) + 075 = 130 MPa

0; =0, +R =61.1MPa
oy = 0,, — R =—-160 MPa
0, = o0; = 61.1 MPa
0, =0, =0
03 = o = —160 MPa

g, — O-
Trmax = 12 > =111 MPa

0; = 0, + R =90.2 MPa
oy = 0, — R =-169 MPa
0, = 0o, =90.2 MPa

0, =0, =0

03 = o = —169 MPa

g, — O-
Tax = — > ® = 130 MPa




