DEPARTMENT OF CIVIL ENGINEERING, IIT BOMBAY
CE 221 Solid Mechanics

Tutorial Sheet =6 Instructor :A. Laskar/ N. K. Chandiramani

1. The sections of the beam shown in Fig. 1 are 4. A trapezoidal beam section has depth

subjected to a positive bending moment of d, the top width b and bottom width
20 kN.m. Determine (i) the neutral axis and as ab. Determine the value of o if
the moment of inertia of the cross-section, the ratio of maximum stress at top to
(i) the stresses in extreme fibers, (iii) the bottom is 1.5.

resultant compressive force above neutral
axis, (iv) the resultant tensile force below
neutral axis, and (v) the lever arm of the
couple.

5. A steel beam in the shape of T has
been strengthened by securing
bolting to it the two oak timbers
shown in Fig. 4. The modules of

150 mm elasticity is 12.5 GPa for the wood

—omm L and 200 GPa for the steel. Draw the

bending stress diagram of the beam

20 m
50 mm —\@ 125 mm due to positive bending moment 50

20 mm KNm.
— 80 mm 6. A rectangular beam (b = 60 mm, d =
125mm 120 mm) is made of a plastic for
Fig. 1 - which the modules of elasticity in
tension is one-half of its value in

2. A solid steel beam (Fig. 2) was loaded in
laboratory in pure bending about a horizontal
neutral axis. Strain measurements showed
that the top fibers contracted 0.0003 m/m
longitudinally, the bottom fibers elongated 7. A rectangular beam (b = 100 mm, d =

compression. Determine the
maximum tensile and compressive
stress due to moment of 5 kN.m.

0.0006 m/m longitudinally. Determine the 180 mm) is made of an alloy for
total normal force which acted on the shaded which the stress-strain relationship,
area indicated in the figure. E = 200 GPa. in both tension and compression

may be represented by the relation
¢ = ko3. Determine the maximum
stress due to moment of 60 kN.m.

3. A portion of the square bar is removed by
milling as shown in Fig. 3. Determine the
ratio  h/hg for which the section has the

maximum moment carrying capacity about
its horizontal neutral axis. —200mm

| | “#20mm

VTR Q 300 mm

Fig. 2 Fig. 3 Fig. 4



A concrete beam of width b = 250 mm and effective depth d = 400 mm
is reinforced with three steel bars providing a total cross-sectional areca
A, = 1000 mm? (Fig. 5.14a). Dimensions are given in millimeters. Note
that it is usual for an approximate allowance a = 50 mm to be used to
protect the steel from corrosion and fire. Let n = EJ/E, = 10. Calculate
the maximum stresses in the materials produced by a negative bending
moment of M = 60 kKN -m.

Remark : As per our convention, use Y and Z axis are in opposite direction than what is
shown in the Figure below, and therefore, assume positive bending moment

bi= 250

e

N

d = 400
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a =50
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. A concentrated load P acts on a cantilever as shown in Fig. P5.6. The beam
is constructed of a 2024-T4 aluminum alloy having a yield strength

e 2900 MPa, L =15m, t=20mm, ¢ = 60 mm, and b = 80 mm.
Based on a factor of safety n = 1.2 against initiation of yielding, calculate
the magnitude of P for (a) a = 0° and (b) o = 15°. Neglect the effect of
shear in bending and assume that beam twisting 1s prevented.
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Remark : As per our convention, use Y and Z axis are in opposite direction than what is
shown in the Figure below, and therefore, assume positive bending moment

Answer: for 0° P=3.6 kN

For 15° P=3.36 kN
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