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UNIVERSITY OF SASKATCHEWAN
College of Engineering

G.E. 213.3 Mechanics of Materials

FINAL EXAMINATION December 19, 2003

The exam is closed book. Calculator allowed.
Unless otherwise indicated, all dimensions shown in Figures are in mm. Assume linearly elastic action,

unless otherwise indicated.
It is essential that you draw all necessary diagrams aspart of solutions, list any assumptions, and provide

equations that you use for full marks.
Marks

15 1. The bar AB is consideredto be absolutelyrigid and is horizontalbefore the load of 180 kN is
applied,as shown in Fig. 1 . The connectionat A is a pin, andAB is supportedby the steel rod EB
and the copperrod CD.The 1~ of CD is 1 ID,of EB is 1.5m. The cross-sectionalarea of CD is500 mm2,and of EB is 300 mm .Detenninethe stressin each of the verticalrodsand the deflection
at the load point of bar AB. Neglect the weightof AB. For copper,E=120GPa; for steel,E= 200
OPa.

15 2. Considertwo solidcircularshaftsconnectedby 60mmand 300mmpitchdiametergearsas in Fig. 2.
The shaftsare assumedto be supportedby bearingsin sucha mannerthat theyundergono bending.
Detennine (a) the angularrotationofD, the rightend of shaftCD, with respectto A, the left end of
the shaft AB, causedby the torqueof 250 N.m appliedat D, and (b) shear stressin shaft AB. The
shaftAB is steelforwhichG= 85GPaandthe shaftCDis brassforwhichG=35OPa.

E

~~:-~
"..,,- --I r ~ )...N.m
6Ommp.d. C --II-- Im I

C1.5 <"-,
.' ,'~'--

D
I --
I-- 1m -+6001mm 40°1 Bmm

160 kN

Fig.1 Fig. 2

8
6

3. For the loadingshownon the beamin Fig.3:

(a) Drawcompleteshearandmomentdiagrams.
(b) Calculatethe maximumtensileand compressivestressesfor the tee-crosssectionof the beam is

illustratedin Fig. 3. .

(c) Calculate the maximum horizontal shear stress in the vertical arm of the beam (below the neutral
axis) at the neutral axis.
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4. For the beamand the loadingshownin Fig. 4:

(a) Using the singularityfunctions,expressthe shear and bendingmomentas a functionof the
distancex from-thesupportA.

(b) Determinethe numericalvaluesof the shearandbendingmomentat pointD.

(c) Using the moment equationobtained in (a) above,determinethe equationof elastic curve.
Calculate deflection at point D (modulus of elasticity E = 200 GPA for the material of the
beam)

(d) Calculatethe average shear stress in the 15 mm diameter rivets that attach the two channel
sectionsto make the beamcrosssection,at the locationof maximumshear. Eachrow of rivets
is spaced at 100 mm along the beam length. Note that each horizontal leg -of the channel
sectionsis 20 mm thick. (Tbemomentof inertiaof the combinedsection(two channels)about
the neutral axis is 3.65 X 10-6m4).
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12 S. A single horizontalforceP =900N is appliedto the endD of lever ABD (Fig.5). The diameterof
the lever bar is 35 mm. Determine(a) the normal and shearing stresseson the element locatedat
point H and havingsidesparallelto x and y axes; (b) the principalstressesat pointH. Youmayuse
the equation:

eT . =eTz+eTy :t~
[( O'Z-O'Y)2 +1" 2]

maxormm 2 2 ~

4. 6.

12 6. A horizontalbar AB is supportedby a columnCD as shown with end conditionsin Fig. 6. The
columnis a steel bar (E =200 GPa) of SO~mm 8fIII8Iecross section. Calculate the allowable load
P if the factor of safety of 3 is requiredwith respect to bucklingof the column. [Bucklingload =
(rfEI)/(KLl] y

'-
o.sm I USm

D

25mI
I
I
I
I
I
I
I
I

!-~. i

Fixedend . -. . - ~x
/ Fi2.5 End ...;: *** The

Fix&:dcm

Fie:.6

GE213 December 2003 Exam 2 33


