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Today:

Definition of stress/strain

Hooke'slaw

Stress/straingradients

Beambending equations

Second moment ofinertia

Example:

Bendingprofileforacantilever

-angle, moment, shear, distributed load

Strategies for solving for beam deflections given boundary conditions
Beamcombos/flexures

Stress

o = Force/Area

Materialsexperience stresseswhen acted on by external forces

(+) stressis tensile, (-) stressis compressive.

If not acted on by an external force, amaterial under tensile stress will contract.
w3 materialunder compressive stress will expand.

Units: Pa (Pascal) ~ [N/m?]

Strain L
€ =(Change inlength) / (length) (/_b P
g=AL/L

. =z
(+) strainisan expansion z L
(-) strainisa contraction

Units: Unitless~ [parts permillion, ppm]
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This{s the more general form of the familiar

F=kx

planation:

\-Am%)r moleculesinasolid arrange themselvesin the lowest energy confi
==>They have an equilibriumspacing that they want to maintain.
Materialscontract or expand (change theirstrain) toeliminatestresses fromnot beingin the lowest
energy configuration.

==>The springforceiselectromagneticin nature.



Stress/Strain gradients
A gradientisjust a spadial derivative

df
—==Vf-1

a="r

In3-D:

Vi(x,y,z) ——ff+—£j?+—f‘

In 1-D: the gradientisa scalar (number) describing how a quantity changes with respecttodistance.
If the quantity changeslinearly, the gradientisaconstant.

==> Stress/strain gradient meansthe stress/strain is afunction of position inthe material.

Example:
Stressgradientina filmbefore release ==>straingradient after release.
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Strain gradientl = dg;[% (in1-D)
r=doy/dz /E
Units: [m™]

The stress gradientcreatesaninternal bendingmoment...

M= f —n/2% (2)zW dz, whichisrelatedto the second derivative of deflection through— — —E

Where |l isthe second moment of inertia (property of a cross section)... More on this below...



Beam bending

< L
_—_—

. L
,x f820: o

Notational definitions: . }(“
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w(x)*(y, z, etc. are also used)isthe deflection. N R ; -
0 (¢ isusedtoo)isthe slopeof the beam th x
Mis the bendingmoment V,[}\ "' Wf’
V (Qisalsoused)isthe shear stress = \/
g is the distributed load | 4 } &

p (r) is the radius of curvature
*don't confuse width wwith deflection w....
Second moment of inertia ‘F/r\
= _f)*sz , where yis the perpendiculardistance betweenthe neutral axisandthe area.

1 y
= = W h3, for a rectangular beam crosssection.

lisa meajure of a cross section'sresistance tobending. Thisis why H-shaped beams (called "1 "beams) are used in
buildings.p they have ahigh2nd momentofinertia. VJ

L h*
Simple beam bendingtheory _
Assumesthat deflections are small,angles are small, beams are verythin. W -
For an exacttreatmentof beambending, use Timoshenko beambending theory.
==>The mathis more difficult. Al
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Simple facts:

If a constantdistributedload q(x) isapplied to a beam, the solutionisfourth order.
==> need four boundary conditions

If a constantshearforce (e.g.due to a pointload)isapplied toa beam(q(x)=0), the solutionisthird order.
==>three boundary conditions are required.

If only a constant bendingmomentisapplied (e.g. from astraingradient), the solution issecond order.



Example:
Bendingof a cantilever beam due toapointload.
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Cantileverstiffness: N
ke=1/4Ewh?/L3 ( ] L 0 L
Ewh3 b') L T s — ) - .-—:
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Fixed guided beam stiff ness (elements of folded flexures) - - )
FG beam= Two Lb/2 cantileversin series... F - k * = k %



Beam combos
Foldedflexure:
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