579.  The shaft is made from a solid steel section AB and a
tubular portion made of steel and having a brass core. If it is
fixed to a rigid support at A, and a torque of 7= 50 N-m is
applied to it at C, determine the angle of twist that occurs at C
and compute the maximum shear and maximum shear strain
in the brass and steel. G, = 80 GPa, G, = 40 GPa.

Wmm ¢ [=0Nm

359
Equilibrium : g\ Tor Tee

T=5N'm
T+ T,-50=0 [1]

Both the steel tube and brass core undergo the same angle of
twist @eyp

L T, (1)(10°) T,(1)(10%)
‘PCIB == =

JG  Z(10°)40)10°)  %[20° ~10°1(80)(10°%)
T, = 0.033337, 12)

Solving Egs. [1] and [2] yields :

T,=48387N-m; T, =1613N-m
_ Le1310)M10Y) | 50(10°)1.5)10°)

b= E_T_’;
°T 276 T Ea0h@0a0) | E@0H@E0I0)

= 0.006 297 rad = 0.36°

T, 50(10°)(20)
Tdmaxap = —2— = —————= =398 MP.
(Todmax AB ] %(204) a
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7-51. The box beam is constructed from four boards
that are fastened together using nails spaced along the
beam every 2 cm. If aforce P = 10kN is applied to the
beam, determine the shear force resisted by each nail at
A and B.

V.= 10KkN | 10kN

J—

As shown on FBD, V,, = 10kN

g 3YA _ 0512)(1) + A4O)] + 656)(1D) _ 510 o
SA 12(1) + 2(6)(2) + 6(1) '

| = % (12)(13) + 12(1)(3.10 — 0.5)2 + 2[ % (1)(6% + (1)(6)(4 — 3.10)]
+ % (6)(13) + 6(1)(6.5 — 3.10)> = 197.7 cm*

Qs = ¥A' = (3.10 — 0.5)(12)(1) = 312 cm®
Qu= YA’ = (65 — 3.10)(6)(1) = 20.4cm®

V=P=10kN

_1VQs,_ 110312

]=789.07 N/cm
201 2" 1977

3

» :%(g)zg[lo(zm)

]1=515.95 N/cm
2" 1977

Shear force in nail:

Fg = ggs = 789.07(2) = 1578.14 N

Fa = 0as = 519.95(2) = 1039.9 N




856  The l-mm-diameter rod is subjected to the loads
shown. Determine the state of stress at point A, and show
the results on a differential element located at this point.

V,+100=0; V,=-100N
N,-75=0; N,=75N
V,-80=0; V,=80N
M,+808)=0; M,=-640 N-mm
T, +80(3)=0; T,=-240 N-mm

M, +100(8) - 75(3)=0; M, =-575 N-mm

T 1
— (1) = — 7 mm?
4() 4

%(0.54) = 0.031257 mm*

= %‘S)l(n)(o.sq =0.08333 mm?®
T

2

=1,= %r‘ = 2 (0.5% = 0.0156257 mm*

n

Normal stress : 0= + =L 4
1

z

My . Mz
I}’

0, =6.61 MPa
B B0 42661 MPa (D)

Oy =
in 001567
(T = 1.39 MPa

Shear stress :
Vo Tc

T= — + —
It J

100(0.08333) + 240(0.5)
0.01567z(1) 0.0312x
=1.39 MPa

(Tda =

(Ta=0




8-57 The 1-mm-diameter rod is subjected to the loads
shown. Determine the state of stress at point B, and show
the results on a differential element located at this point.

V,+100=0; V,=-100N
N.-75=0;

V,-80=0; V,=8 N

M, +80(8)=0; M,=-640N-mm
T.+80(3)=0; 7T,=-240N-mm

M, +1000(8) - 75(3)=0; M, =-575 N-mm

4 T
—(1%) = — mm?
(1% 7

4
Fi3
>y (0.5% = 0.031257 mm*

405) 1

3z 2

(@)= (%)(12) = 0.08333 mm’®

_z

L=k=Tr= %(0.5‘) = 0.0156257 mm*

Normal stress :

03 = 576 MPa

{%y)s = 1.36 MPa \
Y

57505 _ _5.76 MPa = 5.76 MPa (O Ans
0.015625m

, _80(0.0833)
0.0156257(1)

= 1.36 MPa Ans

Ans







= 6.75cm?

= 633.33 N/cm? = 6.3333 MPa

= 59.259 N/cm® = 0.59 MPa

A(6.333,059)  C(3.167

R=CA=(6.333—3.167)? + 0.59% =3.22

+ Tmax
in-plane

oy = 3.167 + 3.22 = 6.387 MPa 6.333 MPa

0.59 MPa
o, = 3.167 — 3.22 = —0.053 MPa l




