Structural Mechanics (1

Week-1 Tension and Compression

date

No.

English

Japanese

001

The calculation of the deformations of various bodies
under avariety of loadsis one of our primary
concerns.

002

By the technique of introducing a cutting plane, the
originally internal forces become external with
respect to the remaining portion of the body.

003

It is convenient to analyze structures or structural
elements by considering each part separately and
creating afree-body diagram for each part.

004

The intensity of normal force per unit areais termed
the normal stress and is expressed in units force per
unit area.

005

If forces applied to the ends of a bar are such that the
bar isin tension, then tensile stresses are set up in the
bar.

006

The elongation per unit length, which is termed the
normal strain, may be found by dividing the total
elongation by the gage length.

007

The relation between stress and strain is linear for
comparatively small values of strain.

008

The behavior of materials under load as discussed in
this text book is restricted to the linear region of the
stress-strain curve.

009

The ordinate of the point on the stress-strain curve at
which thereis an increase in strain with no increase
in stressis known as the yield point of the material.

010

Determine the total elongation of a  straight bar of
length L, cross-sectional area A, and modulus of
elasticity E if atensile load P acts on the ends of the
bar.




Structural Mechanics (1

Week-2 Determination of Reactions

date

No.

English

Japanese

011

The free body diagram of a structure or component
consists of adrawing of the structure or component
together with vectors representing the effects of all

forces and couples acting directl oniit.

012

Because of the nature of aroller, thereisonly asingle
vertical reaction force acting at the point of support.

013

The force transmitted to a structural member joined to
asupporting body by africtionless pin (or hinge)
capable of transmitting only aforceis often
designated by its horizontal and vertical components.

014

If astructural member isjoined to asupport in such a
manner that both transalation and rotation are
prevented, the effect of the support isindicated with
horrzontal and vertical force components together
with a moment.

015

In the case of general two-dimensional coplanar force
system, three independent equilibrium equations are
available to determine unknown reagction forces.

016

If al forces act in the parallel direction, there are two
independent equilibrium equations: one force
equation and one moment equation or two moment
equations.

017

General three dimensional force system involves six
independent equilibrium equations.

018

In order to determine reaction forces acting on a
structural component subjected to a distributed load
the load are to be replaced with its resultant.

019

The resultant replacing a distributed load is the area
of the load diagram and is to act through the centroid
of the load diagram.

020

The centroid of atriangleislocated at one-third of the
base from the high side of the triangle.
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Week-3 Bending Moment and Shearing Force(1)

date

No.

English

Japanese

021

A bar subject to forces or couplesthat lie in aplane
containing the longitudinal axis of the bar iscaled a
beam.

022

If abeam is supported at only one end and in such a
manner that the axis of the beam cannot rotate at that
point, it is called a cantilever beam.

023

The end supports of a simple beam are capable of
exerting only forces upon the beam and are not
capable of exerting any moment, and at least one of
the supports must be capable of undergoing
horizontal movement.

024

A beam simplly supported at two points and having
one or both ends extending beyond these supportsis
termed an overhanging beam.

025

Beams in which the reactions of the supports can
(can not) be determined by use of the equations of
static equilibrium are said to be statically determinate
(indeterminate).

026

L oads applied to abeam may consist of concentrated
loads, uniformy distributed loads, uniformly varying
loads and couples.

027

The algebraic sum of the moments of the external
forces to one side of a section about an axis through
the section is called the bending moment.

028

The algebraic sum of all the vertical forcesto one
side of asection is called the shearing force.

029

A force that tends to bend the beam so that it is
concave upward is said to produce a positive bending
moment.

030

A force that tends to shear the left portion of the
beam upward with respect to the right portion is said
to produce a positive shearing force.
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Week-4 Bending Moment and Shearing Force(2)

date

No.

English

Japanese

031

In order to determine the shearing force and the
bending moment at all sections along the beam , two
equationsareusual  written to specify the shearing
force and the bending moment as functions of a
coordinate system along the beam axis with the origin
at one end of the beam.

032

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

033

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 afree body diagram of it.

dx

034

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

035

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

036

The change in shear between two sectionsis equal to
the area of load diagram. The shearing force increases
for the negative area of load diagram, while it
decreases for the positive area.

037

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

038

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

039

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.

040

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.
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Week-5 Stresses in beams (Bending Stress)

date

No.

English

Japanese

041

It is convenient to imagine a beam to be composed of
an infinite number of thin longitudinal fibers which arg
assumed to act independently of every other fiber.

14

042

A simple beam subject to a downward load deflects
downward and each fiber in the lower (upper) part of
the beam undergoes extension (compression) which
sets up tensile (compressive) stresses acting on the
fibersin the direction of the longitudinal axis of the
beam.

043

There always exists the neutral surface in the beam
containing fibers which do not undergo any extension
or compression, and thus are not subject to any tensile
Or compressive stress.

The intersection of the neutral surface with any cross
section of the beam perpendicular to its longitudinal
axisis called the neutral axis.

045

In the derivation of the expression for normal stresses,
it is assumed that a plane section normal to its
longitudinal axis prior to loading remains plane after
deformation.

046

Further, it is assumed that the beam isinitially straight
and of uniform cross section ,that the modulus of
elasticity in tension and compression are equal and thg
no fiber of the beam is stressed beyond the elastic
limit.

F

047

For any beam having alongitudinal plane of symmetry
and subject to a bending moment M at a certain cross
section, the normal stress acting on alongitudinal fibes
at adistance y from the neutral axis of the beam is
given by My/I, where | denotes the moment of inertia
of the cross sectional area about the neutral axis.

My/1

048

Normal stessesvary from zero at the neutral axis of
the beam to the maximum at the outer fibers.

049

When the beam acts elastically, the neutral axis passes
through the centroid of the cross section, which meang
that the moment of inertia shown in the above equation
is one about an axis through the centroid of the cross
section.

050

Theratio Z=l/y is caled the section modulus and used
to determine the maximum stresses by using the
equation of M/Z.

Z=1/y

M/Z
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Week-6 Section Properties

date

No.

English

Japanese

051

The first moment of an element of area about any axis
in the plane of the areais given by the product of the
area and the perpendicular distance between the
element and the axis.

052

The first moment of afinite area about any axisin the
plane of the areais given by the summation of the
first moments about that same axis of al the elements
of area contained in the finite area.

053

The centroid of an areais the point at which the area
might be considered to be concentrated and still leave
unchanged the first moment of area about any axis.

054

The perpendicular distance between the centroid of
an areaand any axisis determined by the first
moment of area about the axis divided by the cross
sectional area.

055

In asymmetrical figure such asacircle or square, the
centroid coincides with the geometric center of the
figure.

056

The moment of inertia of an element of area about
any axisin the plane of the areais given by the
product of the area and the square of the
perpendicular distance between the element and the
axis.

057

The moment of inertia of afinite area about any axis
in the plane of the areais given by the summation of
the second moments about that same axis of all the
elements of area contained in the finite area.

058

The units of moment of inertia are the fourth power
of alength.

059

The moment of inertia of an area about any axisis
equal to the moment of inertia about a parallel axis
through the centroid of the area plus the product of
the area and the square of the prependicular distance
between the two axes.

060

The moment of inertia of arectangle about an axis
through the centroid and parallel to the base is one-
twelvth of the product of the width and the cube of
the height.
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Week-7 Stresses in beams ( Shearing stress)

date

No.

English

Japanese

061

It is convenient to imagine a cantilever beam , which
has a fixed left end and is subject to a downward load
at the right end, is composed of an infinite number of
thin transverse fibers which are assumed to act
independently of every other fiber.

062

When the cantilever beam deflects downward, each
fiber of the beam would dlip against |eft or right fiber.

063

Asin the case of bending stress, let'simagine the
beam to be composed of an infinite number of thin
lomgitudinal fibers which are assumed to act
independently of every other fiber.

064

When the beam deflects downward, each fiber of the
beam would slip against upper and lower fibers.

065

The actual beam, however, is not divided into any
fibers, and then shearing stresses must act
horizontally as well as vertically on the surfaces of
small rectangular element of the beam.

066

The magnitudes of the vertical shearing stresses at
any cross section are such that these stresses have the
shearing force as a resultant.

067

Let us consider an element of length dx cut from a
beam and isolate the upper portion of the element
including the upper surface to write an equation of
horizontal equilibrium.

dx

068

The magnitudes of the horizontal shearing stresses
are such that theses stresses valance with bending
stresses acting in the longitudinal direction.

069

The change in bending moment between two sections
isequal to the area of shearing force diagram between
these sections..

N

070

For any beam having alongitudinal plane of
symmetry and subject to a shearing forceV at a
certain cross section, the shearing stress acting
horizontally and vertically at a distance yO from the
neutral axis of the beam is given by VQ/Ib, where b
denotes the width at the position where the desired
shear acts and Q denotes the first moment of the
portion of the cross section that is above the level at
which the shear acts.

Vo/1
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Week-8 Influence Lines

date

No.

English

Japanese

071

Influence lines have important application for the
design of structures that resist large live or moving
loads.

072

If astructureis subjected to alive or moving load, the
variation of the shear and bending moment in the
member is best described using the influence line.

073

An influence line represents the variation of either the
reaction, shearing force, bending moment, or
deflction at a specific point in amember asa
concentrated unit load moves over the member.

074

Influence lines represent the effect of amoving load
only at a specific point on a member, whereas
shearing force or bending moment diagrams represent
the effect of fixed loads at all point along the axis of
the member.

075

All statically determinate beams will have influence
linesthat consist of straight line segments.

076

An influence line can be constructed by placing the
unit load at a variable position x on the member and
then computing the value of the reaction, shearing
force or bending moment at the point as a function of
X.

o077

Since beams or girders often form the main |oad-
carrying elements of afloor system or bridge deck, it
isimportant to be able to construct the influence lines
for the reactions, shering force, or bendining moment
at any specific point in a beam.

078

Once an influence line for afunction ( reaction, shear,
or bending moment ) has been constructed, it will
then be possible to position the live loads on the beam
which will produce the maximum value of the
function.

079

For any concentrated load F acting on the beam at any
position x, the value of the function can be found by
multiplying the ordinate of the influence line at the
position x by the magnitude of F.

080

In general, the value of afunction caused by a
uniformy distributed load is simply the area under the
influence line for the function multiplied by the
intensity of the uniform load.
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Week-9 Qualitative Influence Lines

date

No.

English

Japanese

081

The influence line for a function 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.

082

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.

083

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

084

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

085

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 .

086

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

087

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 4
shear and axial force but no bending moment .

088

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

089

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

090

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.




Structural Mechanics (1 Week-10 Direct Shear and Torsion

date

No. English Japanese

The shearing force, divided by the area over which it
091 |acts, is called the shear stress or shearing stress and
denoted by T .

Let us consider abar cut by a plane perpendicular to
itslongitudinal axis. A normal stressis the stress
acting perpendicular to this plane, while a shear stress
is one acting aong the plane.

092

It is necessary to make some assumption regarding
the manner of distribution of shear stresses and for
lack of any more precise knowledge it will be
assumed to be uniform.

093

There will be adistortion of the originally right
angles of any element in abeam, and after this
distortion due to the shearing stresses the element is
assumued to be a parallelogram.

094

The change of angle at the corner of an originally
rectangular element is defined as the shear strain
which is expressed in radian and denoted by y .The
ratio of the shear stress to the shear strain is called the
modulus of elasticity in shear or the modulus of
rigidity.

095

Consider abar rigidly clamped at one end and
tiwisted at the other end by atorque T=Fd applied in
aplane perpendicul ar to the axis of the bar. Such a
bar isin tension.

096 T=Fd

The polar moment of inertia for asolid shaftisa J
mathematical property of the geometry of the cross
section which appearsin the study of the stresses set
up in acircular shaft subject to torsion.

097

For either a sorid or ahollow circular shaft subject to
098 |atwisting moment T the torsional shear at a distance
p from the center of the shaftisgivenby Tp / .

If a line is marked on the surface of unloaded bar,
then after the twisting moment T has been applied
099 ([this line moves. The angle y between the final and %
original positions of the is defined as the
shearing strain at the surface of the bar.

If ashaft of length L is subjected to a constant

twisting moment T along its length, then the angle 6
through which one end of the bar will twist relative to TL/GJ
the other is TL/GJ.

100




