Structural Mechanics Week-1 External Work and Strain Energy
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201

Most energy methods are based on the conservation of
energy principle.

202

The work done by all the external forces acting on a
structure is transformed into internal work or strain energy
which is developed when the structure deforms.

203

Asaforceisgradualy applied to a bar, and its magnitude
builds linearly from zero to some value, the work done by
the forceis equal to the average force magnitude times the
displacement.

204

The work of amoment is defined by the product of the
magnitude of the moment and the angle through which it
rotates.

205

Asin the case of force, if the moment is applied gradually
to a structure having linear elastic response from zero to
some value, the work is equal to the average moment
magnitude times the angle.

206

Asforces are gradually applied to a beam, and its bending
mement increases from zero to some value, theinterna
work done by the bending moment is equal to the average
magnitude of the bending moment times the rotation angle.
Thisinternal work is called strain energy caused by the
bending moment.

207

To obtain the strain energy, we must first determine the
bending moment as a function of position in the beam and
then apply the rule mentioned above.

208

It should be noted that only one load may by applied to the
structure, in case that we wants to determine the magnitude
of adisplacement by using the external work and
corresponding internal work.

209

If more than one load was applied, there would be an
unknown displacement under each load, and yet it is
possible to write only one work equation for the beam.

210

Only the displacement under the force can be obtained,
since the external work depends upon both the force and its
corresponding displacement.

under the force)

(displacement




Structural Mechanics Week-2 Virtual Work and Unit-load Method
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211

The principle of virtual work was developed by John
Bernoulli in 1717 and is sometimes referred to as the unit-
load method.

1717 Bernoulli

212

Unit-load method provides a general means of obtaining the|
displacement and slope at a specific point on a structure.

213

It is necessary that external forces and internal forces be
related by the equations of equilibrium.

214

External and internal displacements must be related by the
compatibility of the displacements.

215

A displacement can be determined by first placing on the
structure avirtual load such that this force actsin the same
direction as the displacement.

216

Thework that external virtual force acting on a structure
doesimaginally with respect to the corresponding real
displacement isequal to the work done by virtual internal
forces with respect to the corresponding real deformations.

217

In the case of truss structures, internal virtual works can be
determined by summing the vritual member forces caused
by the external virtual force timesthe real elongations of
each member.

218

In case that displacement or slopes of beams or frames are
to be determined, virtual bending moments caused by the
external virtual force and real rotation angles are to be used
to determine the magnitude of internal virtual work.

219

In most cases, neither shearing force nor axial forceis not
considered as internal virtual forces, since amount of each
deformation is rather small compared with bending
deformation.

220

The virtual unit load can be assigned any arbitrary unit,
since internal virtual forces will have the same units, and as
aresult the units will cancel from both sides of the
equation.




Structural Mechanics

Week-3 Bending Moment and Shearing Force
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221

In order to determine the shearing force and the
bending moment at all sections along the beam and
for this purpose two equations are usual  written to
specify the shearing force and the bending moment &
functions of a coordinate system along the beam axig
with the origin at one end of the beam.

192}

222

Shearing force and bending moment diagrams
represent grafically the distribution of shearing force
and bending moment along the length of the beam.

223

In order to derive relationships between load
intensity, shearing force and bending moment at any
point in abeam, we cut out the element of length dx
from the beam and draw a free body diagram of it.

dx

224

Constant shear, corresponding to a uniformy
distributed load, is accompanied by a constant slope
of the bending moment diagram.

225

A concentrated force produce an abrupt change in
shear aswell asin the slope of the bending moment
diagram.

226

The change in shear between two sectionsis equal to
the area of load diagram. The shearing force

increases for the negative area of loaddiagram, while
it decreases for the positive area.

227

The load intenstity is equal to the rate of change of
the shearing force with respect to the coordinate. Thg
slope of the shearing force diagram decline for the
positive load intensity.

228

The change in bending moment between two section
isequal to the area of shearing force diagram. In the
case of positive area, the bending moment increases.

)

229

The shearing force is equal to the rate of change of
the bending moment with respect to the coordinate.
Positive shear is accompanied by increasing bending
moment.

230

At a point where the seharing force is zero, the slope
of the bending moment diagram is zero and the
moment may have a maximum or minimum value.




Structural Mechanics Week-4 Deflection and Slope of Beams

2002/6/6

English

Japanese

231

To compute a displacement A of a beam at a point, a
virtual unit load acting in the direction of A is placed
on the beam at the point, and the virtual bending
moment m is determined.

232

Provided the real loads cause linear elastic material
response, a longitudinal element dx deforms or
rotatesby 6  M/EI)dx. Here M is the bending
moment at X caused by the real loads.

M/EI)dx

dx

233

The external virtual work done by the unit load is 1
A, and the internal virtual work done by the bending
moment mism d0 m M/EI)dx.

m d8 m M/EDdx

234

Summing the effects on all the elements dx along the
beam requires an integration.

dx

235

In a similar manner, if the tangent rotation or slope
angle 6 at a point on the beam's elastic curve is to be
determined, a unit couple moment is applied at the
point, and the corresponding bending moment has to
be determined.

236

Separate coordinates will have to be chosen within
regions that have no discontinuity of loading.

237

The x selected for determining the real bending
moment in a particular region must be the same x as
that selected for determining the virtual bending
moment.

238

When the structure is subjected to a relatively simple
loading, and yet the solution for a displacement
requires several integrations, a tabular method may be
used to perform these integrations.

239

To do so the bending moment diagrams for each
member are drawn first for both the real and virtual
loadings.

240

By matching these diagrams for m and M with those
given in the table, the integral can be determined
from the appropriate formula.




Structural Mechanics

Week-5 Internal Froces and displacements of Frames
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241

A frameisformed by arranging moment-resisting
members in the desired configuration and providing
moment-resisting connections between some or all of
the members which are often referred to asrigid
connections.

242

Since loads can be applied at any point on the
structures, each member is subjected to possible axial
force, bending moment and shearing force.

243

Provided all loadings and reactions are resolved into
components acting parallel or perpendicular to the
member's axis, the shearing force and bending momen
produced on any cross section in any member can be
determined by drawing corresponding free-body
diagram.

244

In calculating shearing force and bending moment

produced in aframe, "downward" direction for each
member of the frame should be chosen wisely, in orde]
to apply some rules distinguished for beams.

245

At rigid connection where two members are
connencted with each other with some angle, the
bending moment should be continuous provided any
concentrated moment is not applied there.

246

At rigid connection where two members are
connencted with each other with some angle, the
shearing force is not continuous in general.

247

If two members are pin-connected, no bending is
produced at the connection because pin has no
capability to resist bending.

248

If two members are pin-connected with the same
longitudinal axis, no change in shearing force
undergoes at the connection because no external force
isapplied there.

249

It should be noted that the calculations of frames's
support reactions are independent of the members
cross-sectional areaif the frameis statically
determinate.

250

For typical proportioned frames, a good approximatiof
of the deflection can usually be obtained by
considering only the flexural contribution.




Structural Mechanics Week-6 Deisplacement of Trusses

date
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251

We can use the method of virtual work to determine
the displacement of a truss joint when the truss is
subjected to an external loading, temperure change, or
fabrication errors.

252

To compute a displacement A of a truss at a joint a
virtual unit load acting in the direction of A is placed
at the joint, and the virtual member forces n in each
truss members are determined.

253

Provided the real loads cause linear elastic material

response, each member is deformed NL/AE. Here N
is the member forces in each truss members caused by
the real loads.

NL/AE

254

The external virtual work done by the unit load is 1 A,
and the internal virtual work done by all the member
forcenis X NL/AE.

> NL/AE

255

It is important to retain the algebraic sign for each of
the corresponding n and N forces when substituting
these terms into the equation £ NL/AE.

2 NL/AE
n N

n

256

In case we are to determine the displacement of a
selected truss joint due to a temperature change, real
member strain N/AE must be replaced with aAT,
which gives us the equation X aAT.

AT

N/AE oAT
DI

257

a is the coefficient of thermal expansion of member
and AT is the change in the temperature of member.

o

AT

258

Occasionally, errors in fabricating the lengthes of the
members of a truss may occur.

259

In some cases truss members must be made slightly
longer or shorter in order to give the truss a camber to
prevent it from deforming downward exceeding the
horizontal level of the lower chord.

260

If a truss member is shorter or longer than intended,
the displacement of a truss joint from its expected
position can be determined by the equation A X 9.
Here dis the difference in length of the member from
its intended size as caused by fabrication error.




Structural Mechanics Week-7 Qualitative Influence Line
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261

The influence line for afunction of reaction, shear, or
bending moment is to the same scale as the deflected
shape of the beam when the beam is acted upon by
the function.

262

In order to draw the deflected shape properly, the
capacity of the beam to resist the applied function
must be removed so the beam can deflect when the
function is applied.

263

If the shape of the influence line for a vertical
reaction is to be determined, the pin support is first
replaced by aroller guide which allow the end to
move only in the vertical direction.

264

When the negative force is applied at the roller guide,
the beam deflects to the general shape of the
influence line.

265

If the shape of the influence line for the shearing
forceisto be determined, the connection at the
section may be symbolized by aroller guide device
which can resist a bending moment and axial force
but no shear .

266

Applying a negative shearing force to the beam at the
connection, we find the influence line shape for the
shear.

267

If the shape of the influence line for the bending

moment isto be determined, the connection at the
section may be symbolized by a pin which can resist a
shear and axial force but no bending moment .

268

Applying a negative moment to the beam at the
connection, we find the influence line shape for the
bending moment.

269

The proof of the Muller-Breslau's principle can be
established using the principle of virtual work.

270

If arigid body isin equilibrium and given an
imaginary or virtual displacement, the work done by
al the forces and moments acting on it must be equal
to zero.




