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The calculation of the deformations of various bodies under a variety of loadsis one of our primary concerns.
001-01 calculation estimation, evaluation, computing
001-02 calculate estimate, evaluate, compute

001-03 calculator computer

001-04 calculus geometry( ), algebra( )
001-05 deformation distortion

001-06 deform distort

001-07 deformable

001-08 displacement movement

001-09 displace move, shift

001-10 displaceable

001-11 various of diverse kinds, versatile

001-12 avariety of diverse

001-13 under loads subjected to loads, subject to loads
001-14 body

001-15 primary principal, essential, basic

001-16 primarily

001-17 primal

001-18 primacy

001-19 concern affair, business, lookout

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

remaining portion of the body.

002-01 technique skill

002-02 technology engineering

002-03 introduce insert, interject, interpolate, interpose
002-04 cutting plane

002-05 origina first, fresh and unusual, inventive
002-06 origin source, root, inception

002-07 originate bring into being, create

002-08 internal force stress resultant

002-09 externa force load and reaction force

002-10 with(in) respect to with(in) regard to,about, asto, in relation to
002-11 remain continue in the same state

002-12 portion part

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

003-01 convenient

003-02 conveience

003-03 convenience store

003-04 analyze examine

003-05 analysis pl. analyses

003-06 analytic analytical

003-07 structure

003-08 structura element structural component, structural member
003-09 element component, constituent, factor, ingredient
003-10 consider deem, regard, account, reckon

003-11 separately
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005

006

003-12
003-13
003-14

separate divide, part
create bring to being, produce, giveriseto
free body diagram

The intensity of normal force per unit areais termed the normal stress and is expressed in units force per unit area.
004-01 intensity strength

004-02 intense intense pleasure (emotional)
004-03 intensive intensiive training ( not emotional)
004-04 intension

004-05 intensify strengthen

004-06 normal force

004-07 normal perpendicular, being at right angles
004-08 unit area

004-09 betermed be called, be designated

004-10 normal stress

004-11 beexpressedin

004-12 express state, communicate

004-13 expression representing in words

004-14 exprssive eloguent, meaningful, significant
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.
005-01 beappliedto act on

005-02 apply put to, adapt

005-03 application put to, adapt

005-04 applicable puttng something to a special use
005-05 applicant

005-06 appliance tool, instrument, implement
005-07 be such that bein such away that, so that
005-08 such of thiskind, of a quality indicated
005-09 intension

005-10 tensile stress

005-11 tense make tense, become stretched
005-12 tension stretching, extension

005-13 tensile

005-14 besetupin

005-15 set up cause

005-16 in compression

005-17 compressive stress

005-18 compress press together

005-19 compression

005-20 compressive

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

006-01
006-02
006-03

elongation
elongate
unit length

make longer, lengthen
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008

006-04 width

006-05 depth
006-06 lemgthen elongate, make longer
006-07 widthwise
006-08 lengthwith longitudinal (ly)
006-09 normal strain
006-10 divide A by B A B
006-11 division

multiply A with B
006-13 multiplication
006-14 gage length gauge length
The relation between stress and strain is linear for comparatively small values of strain.
007-01 relation between A and E A B relationship, relation with, relation among
007-02 linear <-> nonlinear
007-03 comparatively
007-04 compare A with B A B contrast A with B
007-05 compare A toB A B likenAtoB
007-06 compared with in comparison with
007-07 comparison
007-08 comparative relative, <->absolute
007-09 comparable similar

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

008-01 behavior

008-02 behave

008-03 material

008-04 berestricted to

008-05 restrict keep within limits, limit, confine
008-06 restriction

008-07 linear region

008-08 region areg, district, locality, part, zone
008-09 regional loca

008-10 stress-strain curve

The ordinate of the point on the stress-strain curve at which there is an increase in strain with no increase in stress
isknown astheyield point of the material.

009-01 ordinate

009-02 abscisa

009-03 increasein rise, growth, <->decrease, drop, fal, decline
009-04 vyield paoint

009-05 yield

009-06 yield produce

009-07 yield to givein to, surrender to, submit to
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Determine the total elongation of a straight bar of length L, cross-sectional area A, and modulus of elasticity E if a
tensile load P acts on the ends of the bar.

010-01 determine decide

010-02 determined

010-03 be determined to di make up one's mind to do
010-04 determination resolve, decision, conclusion

010-05 straight
010-06 cross sectional area
010-07 modulus of easticity

E A, L P
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The free body diagram of a structure or component consists of a drawing of the structure or component together

with vectors representing the effects of all forces and couples acting directly onit.

011-01 structural componet
011-02 couple

011-03 consist of

011-04 consistent
011-05 consistency
011-06 draw

011-07 together with
011-08 vector

011-08 represent

011-10 representation
011-11  representative

011-12 effect

011-13act on
011-14direct

moment
be made up of, be composed of

agreement, compatibility
draft, sketch

<->scalar

illustrate, stand for, describe
description

delegate, deputy

outcome, consequence,effectiveness,
efficiency

straight, straightforward, <->indirect

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

012- because of

by reason of, on account of

012- because since, as, for

012- nature essential characteristics and qualities
012- natural

012- roller

012- vertical horizontal

012- reaction force reaction

012- support

012- support uphold, aid, sustain, maintain

012- single sole, unigue, solitary, individual, separate

The force transmitted to a structural member joined to a supporting body by africtionless pin (or hinge) capable

of transmitting only aforceis often designated by its horizontal and vertical components.

013-01 transmit

013-02 transmission
013-03 structural member
013-04 member
013-05joinAtoB
013-06 joint

013-07 joint

013-0¢ body

013-0¢ frictionless
013-1Cpin

013-11 hinge

013-12 capable of
013-13 capability
013-14 capacity
013-15 be designated by
013-1¢ component

convey, pass on, send asignal,

join=put together, connect
connection
formed by cooperation

entire material structure and substance

having capacity for, qualified for
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If astructural member isjoined to a support 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.

014-01 in such a manner that in such away that

014-02 manner away of doing something
014-03 both A and B A B

014-04trandation motion, translated version
014-05 trandate transport, transfer, convert
014-06€ rotation revolution

014-07 rotate turn, cause rotation
014-08 prevent

014-09 prevent A from doing A

014-10 be indicated with

014-11  indicate demonstrate, point out, signify

014-12 moment

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

015-01in the case of as regards
015-02in case that if, it it happens that
015-03 in case of

015-04 in any case

015-05 justin case asaprecaution

015-0€ general common, generic, universal, <->particular
015-07 general

015-08 generaly in general

015-09 two-dimensiona
015-10 dimension

015-11 coplanar lying or occuring in the same plane
015-12 independent <->dependent

015-13 dependent conditional, contingent, relative, subject
015-14 depend on be dependent on, <->be independent from

015-1f equilibrium equation
015-16 equation

015-17 equate make equal or equivalent

015-18 be available to do

015-19 available accessible, obtainable

015-2C determine decide, settle, rule, conclude, resolve
015-21 determination decision, conclusion

015-22 determinant

015-23 determinate precisely limited or defined

015-24 unknown ( <->known, given

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




016-01 parallel

016-0zin adirection

016-03 direction

016-04 direct regulate, conduct, aim
016-05 force equation

016-06 moment equation

General three dimensional force system involves six independent equilibrium eguations.

017-01involve , include, implicate, affect
017-02  involvement with
017-03 involution

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.

018-01in order to for the purpose of ~ing
018-02 be subjected to ( be subject to, receive
018-03 be applied on ( act on

018-04 subject matter, topic, theme

018-05 subject
018-06 subject

018-07 subjective personal, <->objective

018-08 distributed load

018-09  distribute divide, dispense, dole, dedl, ration
018-10 distribution distribute

018-11betodo should, must

018-12 be replaced with

018-13 replace supersede, supplant

018-14 replacement replace

018-15 resultant resultant force

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

019-01 area

019-02 load diagram

019-03 centroid center of mass
019-04 act through

The centroid of atriangleislocated at one-third of the base from the high side of the triangle.

020-01triangle
020-02 quadrilateral




020-03 (regular) square
020-04 rectangle
020-05 trapezoid
020-06 parallelogram
020-07 pentagon
020-08 be located at
020-09 locate

020-10 location

020-11 one-third
020-12 base

020-13side




021 |A bar subject to forces or couplesthat lie in a plane containing the longitudinal axis of the bar is called a beam.

021-0.lie lay, lain

021-02 lie

021-0: contain enclose, comprise, include, hold, accommodate
021-04  container

021-0 longitudinal lengthwise, <->transverse, crosswise

021-06  transverse transvese

021-0" axis pl. axes

021-0¢ beam

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

022 is called a cantilever beam.
~~“ besupported at
Ki‘_ support carry, hold, uphold
Ve
s support
Ve
na supporter
nes supportive hel pful
Vi
e end
022- in such amanner that
022- manner
022- such that ~
022- cantilever beam cantilever

The end supports of a simple beam are capable of exerting only forces upon the beam and are not capable of

023 exerting any moment, and at least one of the supports must be capable of undergoing horizontal movement.
" end support
023-0: simple beam simply supported beam
023- simple <->complex, complicated
023-0¢ extert aforce upon ~
023- exert put force (strength), exercise, employ
023-0¢ at |east not lessthan, <- at most, not more than
023- at most
023-0¢ must
023- undergo experience
023-1( horizontal <->vertical

023- movement

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

024 .
overhanging beam.
024-0: simply supported beam simple beam
024-0: end
024-0: extend beyond
024-0: be termed be referred to as, be said to be

024-0! overhanging beam



025

026

027

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).

025- reaction reaction force

025-0: by use of using

025- dtatic <-.dynamic

025-0¢ equilibrium

025- bhesaidtobe bereferred to as, be called
025-06 refertoA asB A B calAB

025- dtatically determinate
025-0¢ statically indeterminate

025- statically
025-10  static
025- statics dynamics

Loads applied to a beam can be classified into concentrated loads, uniformy distributed loads, uniformly varying
loads and couples.

026-0: may

026-02  might

026-0: be classified into

026-04  classify categorize, group

026-05 classification categorization, grouping

026-06  class group, category, division, section

026-0'" concentrated load

026-0¢ concentrated intensive

026-0¢ concentrate (on) focus on, pay attention to, keep one's mind on

026-1( concentration

026-1. uniformy distributed load
026-1: uniformly varying load
026-13  uniform

026-14  uniformly

026-15 vary

026-16  varying

The agebraic 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.

027- algebraic sum

027- algebra

027- sum

027- sum ~ up

027- section Cross section
027- bending moment

027- bend

027- bent

027- moment couple

027- momentum




027- moment of aforce about A A

028 | The algebraic sum of all the vertical forcesto one side of a section is called the shearing force.

028-0: vertical <->horizontal
028-02  normal

028-03  perpendicular

028-04  pardlel

028-0! side

028-0¢ 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.

029-0.tend to do have atendency to do
029-02  tendency

029-0: so that

029-0: concave <->convex

029-0! upward <->downwaord
029-0¢ concave upward convex downward
029-07  concave downward convex upward
029-08  convex upward concave downward
029-09  convex downward concave upward
029-1( positive <-> negative

A force that tends to shear the left portion of the beam upward with respect to the right portion is said to produce a

030 positive shearing force.
030-0: with respect to in respect to, in relation to, asto
030-02  withregardto inregard to
030-03  respect esteen, <->contempt
030-04  respect <->ingnore, disregard, pay no attention to
030-05  respect esteen, look up to, <->look down on,despise

030-06  respectful
030-07  respective
030-08  respectable
030-0¢ portion

030-10  port
030-11  portable
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32

33

In order to determine the shearing force and the bending moment at al sections along the beam two equations are
usual  written to specify the shearing force and the bending moment as functions of a coordinate system aong the
beam axis with the origin at one end of the beam.

31-01in order to do so asto do, for the purpose of doing
31-02 in order that so that

31-03  for the purpose of

31-04  out of order <->in order

31-05 in~ order

31-06  order arrange, command

31-07  order A toB A B

31-08  order Atodo A

31-0¢ specify say in detall

31-10  specification

31-11 specific definite, detailed, certain perticular, ->generd
31-12  gpecifics details

31-1z asafunction of

31-14  function duty, office, role

31-15  function work, run

31-16  functional practical

31-17 coordinate system
31-1¢ with the origin at

31-19  origin source, root
31-20  origina

31-21  intheorigina

31-22  origina

31-23 originate

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

grafically
grafical

distribution of A along B
distribute divide, dispense, deliver, spread
distributive pertaining to distribution
distributor

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

derive A fromB) arrive at by reasoning, deduce, infer
derive from obtain or receive from aresource
derivation
derivative
derivative something derived
intensity the measure of effectiveness of aforce or power
intense extreme in strength
intensify make intense, become intense
intensive pertaining to intensity, relating to intensity

cut out




dx

34 .
moment diagram.

Constant shear, corresponding to a uniformly distributed load, is accompanied by a constant slope of the bending

constant
constant
corresponding to
correspond
correspondent
correspondent
correspondence
correspondence school
be accompanied by
accompany
accompani ment
companion
distributed load

unchanging, invariable
athing that is unchanging or invarable

be in agreement, be similar, communicate by letter

corresponding

similarity, analogy, letters written or received

be or go with as a companion, conduct, escort

35 |A concentrated force produce an abrupt change in shear as well asin the slope of the bending moment diagram.

produce
producer
product
production
productive
productivity
abrupt
abruptly
abruptness
changein
change
change off
change hands
change one's mind
change one'stune
A aswell asB
aswell

yield, bear, bring forth as a product

one that produces or supervises

something produced

act or process of producing

producing or capable of producing

the quality of being productive
unexpectedly sudden, steeply inclined, steep

alter with another person

pass from one owner to another
reverse an opinion or decision
alter one's approach or attitude
not only A but also B

in addition, also

36

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.

while
while

as long as, during the time that
at the same time that, although

2




The load intenstity is equal to the rate of change of the shearing force with respect to the coordinate. The slope of the

37 shearing force diagram decline for the positive load intensity.

rate of change
decline descend, refuse politely, reject, be unwilling to
decline
declination
be on the decline
be on the increase

be on therise

incline bias, dispose, <->disincline
beinclined to do , be having a preference to do
inclination tendency, trend, drift,

The change in bending moment between two sections is equal to the area of shearing force diagram. In the case of

38 positive area, the bending moment increases.

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

39 is accompanied by increasing bending moment.

At a point where the seharing force is zero, the dope of the bending moment diagram is zero and the moment have a

40 . ..
maximum or minimum value.

maximum
minimum
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043

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

convenient appropriate, close by
convenience amenity, comfort, facility
imagine conceive, image

compose congtitute, form, create, produce
be composed of

infinite eternal, endless, <->finite

thin lean, slender, sparse, <->thick
longitudinal pertaining to length

longitude <->|atitude

fiber aslender, elongated structure
assume put on, suppose, take for granted
be assumed to do

assumption

independently

independent free from the influence, <->dependent

be independent of

<->be dependent of

A simple beam subject to a downward load deflects downward and each fiber in the lower (upper) part of the

logitudinal axis

beam undergoes extension (compression) which sets up tensile (compressive) stresses acting on the fibers
in the direction of the longitudinal axis of the beam.

subject to

deflect

deflection avertical displacement of a point on abeam

deform alter the shape

deformation an alteration of shape

displace change the place

displacement change in the place

undergo be subjected to, experience, suffer

set up cause, create, establish, raise

extend stretch

extension

tensile pertaining to tension

compress shorten by pressing

compression

compressive pertaining to compression

tensile stress

compressive stress

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.
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045

aways

exist

existent
existence
neutral surface
neutral
neutrality
neutralize
neutralization
surface
contain
container
thus

at every time, for al time, at any event
have being, be, consist, subsist, live

neutral axis

the state of being neutral

make neutral

the act of making nuetral

the outer or the topmost boundary
have within, enclose, include, hold

in this manner, so, therefore, consequently

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

intersection

intersection of A with B A B

intersect cut across or through, overlap each other
perpendicular to normal to, vertical, <->parallel to, horizontal
neutral axis neutral surface

be called be termed, be designated, be referred to as
Cross section cross sectional area

longitudinal axis

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.

derivation
derive

derivative

expression
express
expressive
equation

normal stress

it isassumed that
assume
assumption
plane section
plane

normal to

prior to

prior

remain
remainder

deduce or infer, obtain from a source

first derevative of afunction with respect to a
variable

the act of expressing, something that expresses
make known, communicate, depict, symbolize
pertaing to expression, full of expression

stress acting normal to a cross section, <-
>sheraing stress

put on, suppose, take for granted

aflat surface

perpendicular to, <->parallel to
before

advance, past

continue without change, persist
something that is left over
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Further, it is assumed that the beam is initially straight and of uniform cross section ,that the modulus of
elasticity in tension and compression are equal and that no fiber of the beam is stressed beyond the elastic

limit.

further furthermore, in addition, to a greater extent
comparative of "far"

initial beginning, first, early

initially

initiate cause to begin, introduce a person to a new field

initiation the act of initiating

initiative the power to begin, the first step

straight having no bends or waves

straight angle 180 an angle of 180 degree

straighten make or become straight

straightforward direct, frank, honest

straight line

uniform unvarying, without fluctuation or variation

modulus of elasticity

modulus

dlasticity the propgrty of returning to an initial form after
deformation

plasticity

dastic capable qf returning to an initial form after
deformation

. capablre of undergoing continuous deformation

plastic A .
without rupture or relaxation

elastic limit

proportional limit

yield stress

yield strength

yielding

yield

beyond

For any beam having a longitudinal plane of symmetry and subject to a bending moment M at a certain cross
section, the normal stress acting on a longitudinal fiber at a distance 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.

symmetry

symmetric

plane of symmetry

certain

for certain

distance

distant

at adistance A from B B
be given by

<->asymmetry
exhibiting symmetry

not specified, definite, sure to happen
surely, without doubt

apart in space or time
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050

denote

moment of inertia
inertia

inert

reveal, indicate, mark, refer to specifically

unable to move or act, inactive

M

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

vary
vary from A to B A
variance

variant

variation

variable

outer

ouermost

make change

the act of varying
exhibiting variation, differing
the degree to which something varies

located on the outside, external, farther from the
middle or center
outmost

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

the cross section.

pass through
centroid

The ratio Z=1/y is called the section modulus and used to determine the maximum stresses by using the

equation of M/Z.

ratio
rate

rating
be called
section modulus

calculate the value of, place in a particular rank
or grade, class, estimate

classification, estimation

be termed, be referred to as

Z=1/y M/Z
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The first moment of an element of area about any axis in the plane of the area is given by the
product of the area and the perpendicular distance between the element and the axis.

first moment of area
afundamental constituent of a

element . .
composite entity

in aplane of

product of A and B A B

multiply A with B A B

divide A by B A B

perpendicular distance

The first moment of a finite area about any axis in the plane of the area is given by the summation
of the first moments about that same axis of all the elements of area contained in the finite area.

summation addition

sum the amount obtained as a result of
sum add

contain have within, enclose, include, hold
container

finite limited, <->infinite

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

think about carefully, take into

consider
account, regard as
consideration careful thought
considerable large in amount, important
considerate thoughtful
concentrate focus, gather together in one body
concentration
leave remain in a spesified state

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

determine decide, define

determination the act of making a decision
determinate precisely defined
indeterminate not precisely determined
statically determinate structure, beam, truss

statically indeterminate
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In a symmetrical figure such as a circle or square, the centroid coincides with the geometric center
of the figure.

symmetrical symmetric, exhibiting symmetry

. awritten symbol, the outline of a
figure . . .

thing, diagram, design
figure calculate, conclude, interpret
figure out solve, comprehend
figure on depend on, take into consideration
such as for example, of the stated kind or
circle
circular pertaining to acircle, shaped like a
circulate move in acircle, move about
circulation
square rectangle having four equal sides
rectangle parallelogram with aright angle
rectangular hav! ng the shape of arectangle,
having right angles

trapezoid quadrilateral having two parallel
parallelogram quadrilateral with opposite sides
diamond
coincide with occur at the same time, concur, agree
coincident acompanying, simultaneous
coincidence
geometric geometrical
geometry

geometric center

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

the second power of a number or

square 2 quantity
cube 3 the third power of a number or
cube

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

second moment of area
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The units of moment of inertia are the fourth power of a length.

unit
fourth power 4

The moment of inertia of an area about any axis is 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.

The moment of inertia of a rectangle 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.

base the bottom part

one-twelves 12 1

width the distance from side to side
wide

height the distance from the base to the
high

depth

deep

in depth with thoroughness




