ME 314 - Engineering Design : Mechanical Components
Lecture 6

Example: Analyze the shear stress developed in the beam under the loading shown.

Reactions at support and shear & moment diagrams
are as shown. To see how shear develops, consider ¢ ¢
two cross-sections at A & B. We have

Va= Vg =4 Kips

Ma = 8 kip-ft

Mz = 16 kip-ft

Note that segment AB is in equilibrium, and that
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cp= 2(0-663) = /.33 kpsi
Resultant forces on the cross-sections
are shown below:
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Position of the cut determines the amount of shear stress. Top & bottom surfaces are
under zero shear stresses while the neutral surface is under the maximum shear stress.
In Mechanics of Materials, it was shown that

VQ cross saclts a=0

T=
It

Where

Q = First moment of area above
the cut in the cross-section

At sechion A or B :

: . 3 .
Tonux = (4 kip) (168 7”) = &5 ps.
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Maximum shear stress for various sections

Rectangular sections:
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Hollow round: o
lbrayy = —

I-Beam: v
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C-clamps & crane hooks are examples of curved beams. To analyze curved
beams, we make all the assumptions we made for straight beams except for the
last assumption (i.e., # 7).

o |¢-
C.A:

Curved Beams

S

For curved beams the neutral axis (N.A.) is not coincident with the centroidal axis (C.A.).
It shifts towards the center of curvature by an amount designated by e.

We can show that

For simple cross-sections r, could be obtained by integration. Expressions for many
common sections are given in the book:

R.J. Roark & W.C. Young, Formulas for Stress and Strain. 6th ed. McGraw-Hill, NY 1989.

As an example, consider a rectangular cross-section:
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Requiring equilibrium and employing the concepts of strain, and stress-strain relations,

we can show that

byparbolic Stns
Ll o P firae

Hence, the distribution of stress is not linear.

Example: Steel links having rectangular cross-section are available with different central
angle B. Here take 8 = 90°. Knowing that the allowable tensile stress is 12 ksi, find the

largest load P that may be applied.
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4.10 Deflection in Beams

A beam often requires a larger cross-section to limit deflection than it does to limit stress.
Hence, many steel beams are made of low-cost alloys because these have the same
modulus of elasticity (thus, the same resistance to elastic deflection) as stronger, high-
cost steels. If the beam is sized to prevent stresses that exceed material's yield point then
no permanent set (if the material is ductile) or fracture (if the material is brittle) should
occur. However, elastic deflections at stresses well below yield stress may still cause
serious problems in a machine. For example, they can cause interferences between
moving parts or misalignments that destroy the required, accuracy of the device.

The bending deflection of a beam is calculated by integrating the beam equation

z "
M - dy (4.1% The “Elastyc Curve
ET  dy* ) Y ‘/‘-"-‘/(2)_!!
twice to obtain T dx
=3’0P
o- 3Y ond  Y=Y(x) X

Equation (4.17) is valid only when the deflections are small.

If the beam is used as a spring then deflections may be large and (4.17) may not apply.
Spring design is covered in Chapter 14 of text.

The beam deflection due to transverse shear load is also assumed to be negligible in

deriving (4. 17). This makes (4.17) valid only for long beams for which length/depth = L/d
> about 10.

Note that
v_y g X s
El - gx3 EL Ax“

The loading function q = q(x) is typically known and can be integrated four times to
obtain y = y(x). Other methods are also used, e.g., superposition method, energy
methods (Castigliano’s theorem), numerical methods and FEM.
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Example: Finding deflections using singularity functions

For the beam loaded and supported as shown in the figure, determine the deflection of the
right end.

w
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The wﬂ&‘& Of /H”M.‘MJ C,, C)_, C3/ an Cl' are /ound ;,“'
Ao bounday Comditiong :
V(o)=RA ) M(O).-.--NA , 6lo)=0 , Y(O)=O

we Ahave
V() =Ry = =My (o) + Rp(t) —w(0)+C = ¢, =0

M) =—Mp = -H, (1) +Ra (0-0)- (o) +01C, =D C,=0
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Remark: As mentioned earlier, when the reactions at supports are included in q(x) as
above the constants C1 and C: will be zero.
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Singularity functions can also be employed to analyze Statically Indeterminate Beams (see
Example 4-7, page 171).



