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$F,=0 +1 Ry+Rp-T7200=0 Al
IMy=0 ~(3 My~ Rg(12)-7200(6) =0 (b]

Because there are three support reactions (Ry, Rg, and M) but only two in-
dependent equilibrium equations, the degree of static indeterminacy is one.

Compatibility A third equation containing the support reactions is obtained by an-
alyzing the deformation of the beam. We start with the expression for the bending
moment, obtainable from the free-body diagram in Fig. (c):

Miss—Mp+ Rir= 6{101(()”3 it

Substituting M into the differential equation for the elastic curve and integrating
twice, we get

EI" = =M, + Ryx - 300x* b ft

2
ER' = ~Max+ Re%— 100x + Gy Io-fi*

X x3 ‘ ;
Ely=-M, ik Ry T B+ Cx+ G 1b - f°

Since there are three support reactions, we also have three support constraints, Ap-
plying these constraints to the elastic curve, shown by the dashed line in Fig. (b), we
gel

1. ¢'|,_; = 0 (no rotation at 4) Ci=0
2.ty =0(nodeflectionat 4) Gy =0
3. t/,.; =0 (no deflection at B)

(12" o (12’

~My——+ Ra== = 25(12 %)=

The solution of Egs. (a)-(c) is

My=108001b-ft R;=45001b  Rg=2700lb Answer
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M, =60kN.m S0

) Dividing by the flexural rigidity EI the values obtained for M, we

B draw the (M/EI) diagram (Fig 9.46) and mmpute the areas mr:\evpnnd—

80 kN - m ing respectively to the segments AD and DB, assigning a positive sign to
the area located above the x axs, and a negative sign to the area located
below that axis. Using the first moment-area theorem, we write

gy =03 — 8, =areafromAtoB = A, + 4,
= —{12m)6 X 107 m™") + {18 m)(9 X 107 m™)
==-36X107° +81x107°
= +45 % 107 rad

and, since 8, = 0,

B = +4.5 X 10 rad

Using now the second moment-area theorem, we write that the
tangential deviation t5;, is equal to the first moment about a vertical axis
through B of the total area between A and B. Expressing the moment of
each partial area as the product of that area and of the distance from its
centroid to the axis through B, we have

+9x 107w tan = Ay(2.6 m) + Ax(0.6 m)
= (=36 X 107%)(26 m) + (8.1 X 107%)(0.6 m)
= =036 mm + 4.86 mm = =450 mm

Since the reference tangent at A is horizontal, the deflection at B is equal
to tg;4 and we have

yg = tgy = —=4.50 mm

The deflected beam has been sketched in Fig, 9.47.

DY dom AY-AF ago Jluoss



WWW.20FILE.ORG
35 ) i S sl amiita N
(VS 2l 5y o5 Canygl yaads g gl o5 4 250 e) Je © Jdiag g9l 154 %§

=
VY igpupdl —— dgd {aid) igejl e Oiupl s Wl Sass
OF 308 (uign & (w30 W/ (Juarni 4l

= 15588 X 10" % m*

F = 15588 X 107" n = 11695 mm

The value of the normal stress is

P 200 kN :
N N L 14.62 MPa
A (0.11695 m)”
Since this value is larger than the allowable stress, the dimension obtained
is not acceptable, and we must select the cross section on the basis of its
resistance to tmnpr‘essi{m. We write
P 200 kN

A= i T 16.67 X 107" m"~

a = 16.67 X 107% m? g = 129.1 mm

A 130 X 130-mm cross section is am_-ep’rah]r.—?.
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