CVG2140 — Solutions to Assienment No. 7 (Shear & Torsion)

Problem 1. The wood beam shown in Fig. 1 has an allowable shear stress of 70w = 7 MPa.
Determine the maximum shear force V that can be applied to the cross section.
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Problem 2. Determine the absolute maximum shear stress in the T-beam shown in Fig. 2, as well
as the maximum shear stress in the cross section that passes through point C.

10 kN /m 150 mm
." Y Y Y VY m\h\ F—.' L
AR — : C B 15()_fnm 30 mm
27.5 kN 3m 1.5m ! 1.5m— J;—% <30 mm Fio 2
17.5 kN g

The shear force diagram, as shown below, indicates that Vi,,x = 27.50 kN at support A.
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The neutral axis passes through the centroid of the cross section as shown in the figure:
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The absolute maximum shear stress occurs at the neutral axis where Q is maximum, i.e.,

s =V _ 27.5x10° x(120x30x60)

- n =7.33 MPa
b 27x10°%30

The shear force at C is determined from the following FBD:

F(5)(15) kN

B,J-ﬁﬁm

S5x1.5

DF,=0; V,+17.5- 0 = V.=-1375kN

The maximum shear stress at section C is therefore given by:

o V0, _1375x10°x(120x30x60)

< - =3.67 MPa
Ib 27x10° %30
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Problem 3. The 60-mm-diameter solid shaft in Fig. 3 is subjected to the distributed and
concentrated torsional loadings shown. Determine the absolute maximum and minimum shear
stresses on the outer surface of the shaft and specify their locations, measured from the fixed end
A.

Fig. 3
By applying equilibrium:

ZT =1200—-(2000%x1.5)+T,=0 = T,=1800N-m

The torque diagram of the shaft is given by:
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The minimum shear stress occurs when the internal torque is zero in segment AB. By setting
Tap=0,

0= (2000x—1200) N-m = x=0.6m
Therefore, 7y, = 0 at a distance from A of 1.5 m—-0.6 m=0.9 m.
The maximum shear stress occurs at A where the torque is the greatest, i.e.,

3
r -z, _T,r _1800x10 4><30 — 47 4 MPa
J Zx30
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Problem 4. The A-36 steel assembly in Fig. 4 consists of a tube having an outer radius of 1 in
and a wall thickness of 0.125 in. Using a rigid plate at B, it is connected to the solid 1-in-
diameter shaft AB. Determine the rotation of the tube’s end C if a torque of 200 Ib-in is applied
to the tube at this end. The end A of the shaft is fixed. G = 11x10° psi.

B

200 1b'in

200 1b-in
Fig. 4

@ = Lk _ ZOOX;O =0.001852 rad
GJ 11><106><5><0.54
O = Tg}L = —200x4 =-0.0001119 rad

11><106><§><(14—O.8754)

O =@y — 0, =0.001852+0.0001119 =0.001964 rad = 0.113°
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