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The shear stress at the contact surface between two planks is given by:

Tye(T,Yy) = M

I b(y)

Y,
2b
h
4 2h
b
| >
Effective h
contact area
per bolt

/@

The effective area covered by each bolt has a length equal to the spacing between bolts. The
total shearing force between the two planks must be resisted by the bolts.

Resistive shear force per bolt = 7,, x Effective contact area
€ shear lorce per D : L1

=— T_w- x (Pb) (b is taken as it is smaller out of the two width)

We need to find the shear stress at the interface of the two planks. Therefore, Q(y = h) will
onlv have a contribution from the shaded region.
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Q(y = h) = Moment of shaded area from NA ~
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x centroid of that area from NA
Shear at
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V (3bh?) (jzi)
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Solution 3: We are required to find both vertical and horizontal deflection of the beam at



point A. We are given the corresponding force P at A to obtain the corresponding vertical
deflection. However, there is no corresponding force for the horizontal displacement. Hence,
we apply a dummy horizontal force F (= 0).

@ T,

Next, we find the sectional forces and moments at an arbitrary cross-section. We take two

cross-sections, one at an angle  from A (see subfigure (a)) and another at a distance x (see
subfigure (b)).

The procedure is as follows:

— First find out the internal shear force, axial force, bending moment, and twisting moment.
— Write down energy

— take derivative concerning the corresponding force to find the corresponding displacement.
In this problem, we neglect the energy due to shearing and stretching and only focus on
energy due to bending. So we will only use the sectional bending moment for calculating
the energy. :

Bending moment at any section on the curved semi-circle:

S M, =0
= —My— Pr(1—cosf)+ Frsinf =0
= My=—Pr(l—-cosf)+ Frsin6

Bending moment at any section on the straight portion:

S M, =0
= AIL 5 ]\[9 |9:7r +‘/9 |9:7T =0
= M,=-2Pr—Fx

df + i
B = /ﬁr /2EldT
/ —Pr (1 —cosf) + Frsin ) s / 2Pr—Fr)
i 2E1

€T



To obtain vertical deflection, 9, at point A, we take partial derivative of the energy w.r.t
to the corresponding force P:
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To obtain horizontal deflection, &y, at point A, we take the partial derivative of the energy
w.r.t to the corresponding dummy force F
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Equating 9, to dp,, we get
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Dividing by 72 and putting — = p, we get
r

3
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Upon solving the above, we get

4£4/16 +4(37/2 + 2
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Solution 4: Let the end reaction tbrques be T, and Ty, respectively, at left and right fixed
ends as shown in the figure below.
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