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Increase your understanding of Materials Science Concepts by using simple multiple-choice

questions that build on each other. Enhance your time-efficiency by reading these on your

smartphone or tablet during those down moments between classes or errands. Make this a

game by using the study sets to quiz yourself or a friend and reward yourself as you improve

your knowledge.This book uses multiple-choice questions and answers to help students to test

and improve their understanding of relevant topics in Materials Science. The book is oriented

towards students who are taking an introductory Materials Science course. Higher-level

students who want to refresh or enhance their understanding of the core concepts can also

benefit.More than 430 multiple-choice questions and answers are presented in this book. They

deal with the following topics in Materials Science:Mechanical propertiesStrength of single-

phase alloysTensile testingEnvironmental effects & failureThe authors are award-winning

teachers and research scientists with 20+ years of experience teaching and mentoring

undergrad and grad students at the college and university levels. Their desire is to help college

students to enhance their understanding of Materials Science.
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FailureSet 1Set 2Set 3Set 4AfterwordFeedback to AuthorsIntroductionIncrease your

understanding of Materials Science Concepts by using questions that build on each other.

Enhance your time-efficiency by reading these on your smartphone or tablet during those down

moments between classes or errands. Make this a game by using the study sets to quiz

yourself or a friend and reward yourself as you improve your knowledge.This book uses

questions and answers to help students to test and improve their understanding of relevant

topics in Materials Science. The book is oriented towards students who are taking an

introductory Materials Science course. Higher-level students who want to refresh or enhance

their understanding of the core concepts can also benefit.More than 430 multiple-choice

questions and answers are presented in this book. They deal with the following topics in

Materials Science:· Mechanical properties· Strength of single-phase alloys· Tensile

testing· Environmental effects & failure***The authors are award-winning teachers and

research scientists with 20+ years of experience teaching and mentoring undergrad and grad

students at the college and university levels. Their desire is to help college students to enhance

their understanding of Materials Science.Section 0 (Reading)IntroductionSection 0 of this book

presents brief summaries of key concepts in the areas listed below.Section 1 of this book

presents multiple-choice-questions in these areas.· Mechanical properties· Strength of

single-phase alloys· Tensile testing· Environmental effects & failureThe answers to the

questions (from section 1) are presented in Section 2 of this book.Ch 1 – Mechanical

Properties I======================================READING: Key

ConceptsChapter 1 - Set 1How does the stress-strain curve for a completely brittle material

differ from the stress-strain curve of a material with a slight amount of ductility? The stress-

strain curve of the material with slight ductility shows some plastic deformation while that of the



brittle material does not. What are the ways structural members fail? Sudden brittle fracture;

fatigue; delayed fracture. Strength of materials deals with internal forces, deformation, external

loads. How do we determine the stress distribution in a material? By measuring the strain

distribution. In evaluating the strength of materials, we assume the body that is being analyzed

is continuous, homogeneous, isotropic.A homogeneous body has properties that are identical

at all points. A body is isotropic if its properties do not vary with direction. Hooke's law states

that stress is directly proportional to strain. What are the dimensions of strain?

Dimensionless.What are two factors that can cause the stress in a rod (that is under tension) to

not be completely uniform across its cross-sectional area? Anisotropy between differently

oriented grains; the presence of more than one phase. The results of a tension test are plotted

on a stress-strain diagram. A completely brittle material will fracture at the elastic limit. Why is

ductility important for engineering applications of a given material? Because it allows the

material to redistribute localized stresses.What are three ways in which a structural member

can fail? Excessive elastic deformation, excessive plastic deformation, fracture. Yielding

happens when the elastic limit of the metal has been exceeded. What are the three ways in

which metals can fail by fracture? Sudden brittle fracture, fatigue, delayed fracture. Under what

situations can a metal transition from ductile to brittle fracture? Presence of low

temperature.Fatigue failure occurs in a metal subjected to alternating or fluctuating stresses.

Why is fatigue failure particularly important for structural members in mechanical applications?

Because it occurs for average stresses that are well below the tensile strength of the metal.

What are two types of delayed fracture? Stress-rupture at elevated temperature; hydrogen

embrittlement fracture at room temperature. What is the factor of safety? Yield strength/working

stress.Stress is defined as force per unit area. What are two examples of surface forces?

Hydrostatic pressure; contact force from one object to another. What are two examples of body

forces? Gravitational force and magnetic

force.======================================READING: Key ConceptsChapter 1 -

Set 2In which one of the two, sodium chloride and polystyrene, are the interactions (bonding

and nonbonding) between the atoms weaker? Polystyrene.Based on bond-strength, which one

of the two, sodium chloride and polystyrene, is easier to stretch? Polystyrene. Name three

kinds of bonds in materials. In covalent bonding, electrons are shared between two atoms. In

ionic bonding, electrons are transferred between two

atoms.======================================READING: Key ConceptsChapter 1 -

Set 3You create a surface step in a crystal by (a) moving an edge dislocation step-by-step from

one side of the crystal to the other, or (b) shifting the entire top of the crystal laterally in one

step. Which process requires less total energy? They both require the same total energy. You

create a surface step in a crystal by (a) moving an edge dislocation step-by-step from one side

of the crystal to the other, or (b) shifting the entire top of the crystal laterally in one step. Which

process requires less energy per step? Moving the edge dislocation. What defect is

responsible for slip, the mechanism by which most metals deform plastically? Dislocation. What

mechanical phenomena are dislocations associated with in a crystal? Strain hardening, creep,

fatigue, yield point, brittle fracture.What are the two types of dislocations. What is the burgers

vector? The amount of displacement caused by the dislocation. What is a positive edge

dislocation? An edge dislocation where the extra plane of atoms is above the slip plane. What

is a negative edge dislocation? An edge dislocation where the extra plane of atoms is below

the slip plane.A pure edge dislocation can glide in a direction perpendicular to its length. A

pure edge dislocation can move in a direction perpendicular to its glide plane by a process

called climb. What is a mixed dislocation? A dislocation that is partly edge and partly screw.



What phenomenon is required for a dislocation to be able to climb vertically? Diffusion of

atoms or vacancies.What is another name for a screw dislocation? Burgers dislocation. What is

another name for a burgers vector? Slip vector. What kind of dislocation has its dislocation line

parallel to its burgers vector? Screw dislocation. What kind of dislocation has its dislocation line

perpendicular to its burgers vector? Edge dislocation.What kind of dislocation has its

dislocation line at 45 degrees to its burgers vector? Mixed dislocation. Which kind of dislocation

has a preferred slip plane? Edge dislocation. Which kind of dislocation does not have a

preferred slip plane? Screw dislocation. Which of the following three types of dislocations has

the least restricted motion (i) mixed, (ii) edge, (iii) screw dislocation.Plastic deformation

commonly happens in metals, by relative motion portions of a crystal along slip planes. During

slip, atoms in a crystal move by steps that are an integral number of atomic spacings of the

crystal. When an edge dislocation has caused local deformation of a crystal, this results in a

slip line on the surface of the crystal. The slip plane is usually the crystal plane with the

greatest areal atomic density.The slip direction is usually the closest-packed direction within

the slip plane. The slip system is the slip plane together with the slip direction. In hcp metals,

the highest atomic density plane is the basal (0001), and the close-packed directions are

diagonal <11-20>. In fcc metals, the highest atomic density planes are the {111}, and the close-

packed directions are <110>.How many slip systems does the fcc lattice have? 12 (four sets of

octahedral {111}; three <110>). In bcc metals, which planes have the highest atomic density?

{100} planes. Why do bcc metals usually require higher shear stresses (than fcc metals) for

deformation to occur? Because bcc planes are not as close-packed as fcc planes. How many

slip systems do bcc metals have? 48.On what crystallographic planes do bcc metals slip?

{100}, {200}, {400}. In what crystallographic direction do bcc metals slip? [111]. What kind of

bonding is predominant in nacl? Ionic. What kind of bonding is predominant in a ceramic like

mgo? Covalent.In a ceramic like mgo, why is the resistance to slip high in the [100] direction?

Because ions of like charge approach each other closely if slip occurs in this direction. What is

the relationship between the theoretical shear strength (t) of a perfect crystal, and the shear

modulus (g) of the material it is made of. 1415. What is the range of values for the shear

modulus of metals? 1E6-1E7 psi. What is the range of predicted values for the theoretical

shear stress of a perfect metal crystal? 1E5-1E6 psi.What is the range of actually

experimentally-measured values of the shear stress of typical metal crystals? 1E2-1E4 psi.

What is it that causes the actual shear strength of metals to be so much lower than the

predicted theoretical shear strengths of perfect crystals? The presence of dislocations in the

crystal. What is the peierls-nabarro force? It is the force needed to move a dislocation through

the crystal lattice. What is the peierls stress? The shear stress needed to move a dislocation

through the lattice in a given direction.What is the critical resolved shear stress? The stress at

which slip begins on a given slip plane and in the slip direction. What factors does the critical

resolved shear stress depend on? Composition; temperature. What mode of failure is typical if

the tension axis is normal to the slip plane of a given crystal? The crystal will fail by fracture.

What can you do to increase the critical resolved shear stress of a given metal? Add impurities;

add alloying elements.What happens to the critical resolved shear stress of a metal when you

reduce the number of dislocations in the metal? The resolved shear stress decreases. What is

the schmid factor? The ratio of resolved shear stress to the axial

stress.======================================READING: Key ConceptsChapter 1 -

Set 4Which is stronger; a crystal with impurities or without impurities? A crystal with impurities.

Is it harder to move a dislocation in a crystal with impurities, or in a crystal without impurities?

Harder in the crystal with impurities.What is solid-solution strengthening? Strengthening of a



metal by adding an alloying element. When two edge dislocations approach each other, is it

harder or easier for them to keep moving closer together? Harder if they are of the same sign;

easier if they are of opposite signs. Which is stronger; aluminum with no copper precipitates, a

few copper precipitates or aluminum with many copper precipitates? Aluminum with many

copper precipitates. Why is aluminum with many copper precipitates stronger than aluminum

with a few copper precipitates? The precipitates slow down the motion of dislocations.Which is

stronger, coarse pearlite or fine pearlite? Fine pearlite. Why is fine pearlite stronger than

coarse pearlite? Because the phase boundaries in the pearlite slow down the motion of

dislocations. Why do the individual grains of a polycrystalline sample not deform the same way

single isolated crystals do? The strength of a metal is inversely related to the dislocation

mobility in that metal.The crystal structure determines several factors that then determine the

base strength of a metal. What are those factors? How does the stacking-fault energy (in a

close-packed structure) influence the strain-hardening rate? The stacking-fault energy

determines the extent of dislocation dissociation which influences ease of cross-slip and hence

the strain-hardening rate. What determines the initial dislocation density of a metal? Purity of

the metal. What are the things that can be done to a metal to increase its strength? Reduce

grain size; add solute atoms; add particles; induce strengthening phase transformations.Why

are grain-boundaries preferred sites for diffusion, phase transformations and precipitation?

Because of their high energy.*a. What is it that separates subgrains inside a grain? Low-angle

boundaries. What happens in strain-aging? The strength of a metal increases and its ductility

decreases when it is heated at a temperature after cold-working.What causes the

reappearance of the yield-point (in the stress-strain curve) after strain-ageing of a steel?

Diffusion of carbon and nitrogen to dislocations during the aging process. What are the two

types of solid-solutions? Substitutional and interstitial solid solutions. What are the elements

that commonly form interstitial solid solutions? If the sizes of two atoms are different by less

than 15% they tend to form solid-solutions.Metals that are far apart in the electromotive series

tend to form intermetallic compounds. In a solid-solution (with a & b atoms), if a atoms group

themselves around a atoms, this is called clustering; but if a atoms group themselves around b

atoms, this is called short-range order. In metal alloys with long-range order, each type of atom

(a or b) occupies special sites in the lattice. What are the types of two-phase microstructures?

Aggregated structure and dispersed structure.In a two-phase alloy (that contains a ductile

phase and a hard brittle phase), the best strength and ductility is obtained when the brittle

phase is present as a fine dispersion within the ductile matrix. What do second phases do to

increase strength? They. Block slip. Dispersion hardening is caused by a fine dispersion of a

insolublesecond phase in a metal. How is precipitation hardening different from dispersion

hardening? In precipitate hardening, the second phase is soluble at high temperature but has

low solubility at low temperature. In dispersion hardening, the second phase has low solubility

in the matrix at high temperature as well as at low temperature.Which type of hardening

(precipitation, or dispersion) has many more available metal/second-phase combinations

available? Dispersion hardening has many more such metal/second-phase combinations that

are available for technological applications. Which kind of second-phase particle results in

higher yield stress, (i) particles that are coherent with the matrix, or (ii) particles that are

incoherent with the matrix? Particles that are coherent with the matrix. A stress-strain curve

has a low slope. This means that the rate of strain hardening is low and indicative of easy glide

of dislocations. When a precipitate-hardened alloy is overaged, the particles are noncoherent

and coarse. At this stage, the yield strength is relatively low and the rate of strain hardening is

high.What causes high strain hardening in a precipitate hardened alloy? In fiber strengthening



the high-modulus fibers carry almost all of the load. For fibers that are used for fiber

strengthening of a composite material, the tensile strength of the fibers is nearly equivalent to

their fracture strength. How does point-defect strengthening of a metal work? When excess

vacancies are quenched into a metal, they migrate to dislocations and pin them in a manner

similar to solute atoms.What is the mechanism of martensitic strengthening of a steel?

Martensite provides barriers to slip in the form of fine twin structure or high dislocation density,

and binding of carbon atoms to dislocations. What causes the strengthening in ausformed

steel? High dislocation density, precipitate hardening. What is the cause of strain hardening?

An annealed metal contains 1E6-1E8 dislocations per square cm. In contrast, a highly

plastically deformed metal contains about 1E12 dislocations per square cm. During cold-

working, most of the energy used to deform a metal is lost as heat. Roughly 10% of the energy

(used to cold-work the metal) results in an increase in the internal energy of the metal. Most of

the increase in internal energy of a cold-worked metal is due to generation and interaction of

dislocations during the process of cold-working. The strength of a cold-worked solid-solution

alloy is usually greater than that of a cold-worked pure metal.A plastically-deformed metal

(deformed by a few %) commonly contains 50,000 km of dislocation line in each cubic

centimeter of metal.======================================READING: Key

ConceptsChapter 1 - Set 5The viscosityof a glass at the working point is low enough to work

the glass. What are two applications of ceramics? Nose cones for space vehicles; high

temperature gas turbines. What are the three significant components of a stress-strain curve

for a ceramic? Elastic modulus; yield strength; fracture stress.Elastic modulus is the ratio of

stress to strain during the initial extension of the material under a stress. 05% of plastic

deformation. The proportional limit is the highest stress for which the stress-strain curve is

linear. A creep curve captures deformation as a function of time.What are the three types of

creep commonly observed in a creep curve? Transient, steady-state, accelerated creep. In the

stress-strain curve, there are two major regimes, with two different average slopes. What are

these two regimes in their order of appearance? Elastic deformation, plastic deformation. On a

technical creep curve, which creep regime shows the lowest slope? Secondary creep. On a

technical creep curve, which creep regime shows a high slope that gradually decreases with

increasing time? Primary creep.On a technical creep curve, which creep regime shows an

intermediate slope that gradually increases with increasing time? Tertiary creep. How is plastic

deformation commonly measured? Increase the load at a constant rate and observe the

deformation. What does increasing the load do to the creep curve? Increasing the load results

in an increasing elongation for a given time. What does increasing the temperature do to the

creep curve? Increasing the temperature results in an increasing elongation for a given time.In

viscous deformation of a simple liquid, the deformation rate is directly proportional to the shear

stress. On a microscopic scale, what are the two ways in which a crystal can deform when a

shear stress is applied to it? Slip and twinning. What are the marks we see on the surface of a

mgo crystal after it has been deformed? Deformation bands. What method can we use to

determine the presence of glide dislocation loops in a lithium fluoride crystal? Use etch

pits.When a lif crystal is plastically deformed, glide bands arise from dislocation half-

loops.======================================READING: Key ConceptsChapter 1 -

Set 6What are the three steps associated with a cleavage fracture? Plastic deformation

causing dislocation pile-ups; crack initiation; crack propagation. Is a material more susceptible

to fatigue at higher or lower mean stress levels? Higher. The initiation of microcracks (that

influence fracture) can be influenced by second phase particles.Ductile fracture starts with the

formation of voids commonly at second-phase particles. Most brittle fractures occur in a trans-



granular manner. Optical examination of the fracture surface is called. Transgranular cleavage

surfaces have cleavage steps and a river pattern of branching cracks.Transgranular fractures

show indications of absorption of energy by local deformation. Intergranular fracture-surfaces

are smooth with an absence of cleavage steps. The energy absorbed in an intergranular

fraction is much lower than that of transgranular fracture. What are the benefits of using a

scanning electron microscope for fractography over an optical microscope.What happens to

the ductility when we increase the percentage of a second phase in a metal. The tensile

ductility decreases. What kind of second-phase particles result in a lower tensile ductility of a

metal? Spheroidial carbides, or plate sulphides? Plate

sulphides.======================================READING: Key ConceptsChapter

1 - Set 7A fatigue failure is a failure that occurs under conditions of dynamic loading. A material

is more susceptible to fatigue at higher mean stress levels.Is there always only one operative

mechanism during creep? No. Why is fatigue failure so dangerous. Because it occurs without

any obvious warning. Fatigue failures show brittle fracture surfaces with no gross deformation.

The fatigue fracture surface is usually normal to the direction of the principal tensile stress.A

fatigue failure shows a smooth surface-region due to rubbing of the surfaces as the crack

propagates, and a rough surface-region due to ductile failure when the cross-section has

become too low to bear the load. The progress of a fatigue fracture can often be seen by a

series of rings or "beach marks" progressing inward from the point of initiation of the fracture.

What three factors are necessary for fatigue failure to occur? A high enough maximum value of

tensile stress; a high enough variation in the applied stress; a high enough number of cycles of

applied stress. What are some factors that can increase the likelihood of fatigue failure? Stress

concentration, presence of corrosion, higher temperature, grain structure, higher residual

tensile stress, higher total combined tensile stress.How is fatigue data often presented? As a

plot of stress on the y-axis against number of cycles to failure. What is the fatigue limit or

endurance limit? The limiting stress below which the material can endure an infinite number of

cycles without failure. How is the fatigue characterized for metals that don't have a true fatigue

limit? By providing the fatigue strength at 1E8 cycles. What is the method that is commonly

used to express statistical fatigue data? A 2d image representing a 3D surface that shows the

relationship between stress, cycles to failure and probability of failure.What are two statistical

methods used to make an estimate of the fatigue limit for a material? Probit analysis and

staircase method. Conventional fatigue typically occurs after 10,000 cycles of stress. Low-cycle

fatigue failure can occur under conditions of high stress and low cycles to failure. It is very

important to keep low-cycle fatigue in mind when designing for the following applications,

nuclear pressure vessels and steam turbines.What kinds of repeated stresses are likely to

cause low-cycle fatigue? Thermal stresses. Low-cycle fatigue test results are commonly

presented as a plot of plastic strain-range as a function of number of cycles. During low-cycle

fatigue testing, annealed materials typically undergo cyclic strain hardening. During low-cycle

fatigue testing, initially cold-worked materials typically undergo cyclic strain

softening.======================================READING: Key ConceptsChapter

1 - Set 8For an aligned continuous fiber composite, which is higher, the transverse modulus or

the longitudinal modulus? Longitudinal. In general, which has a higher modulus; a continuous

fiber or discontinuous fiber composite? Continuous. What are the two components of a

composite? Reinforcement; matrix. The purpose of a reinforcement in a composite is to add

strength or stiffness to the matrix.The purpose of a matrix in a composite is to act as the glue

that holds the reinforcement together. List four types of composites. Where are fiber-reinforced

polymer composites used? Aerospace applications. What is the purpose of adding carbon-



black particles to rubber? To improve stiffness and durability.Cermets are composites of

ceramics and metals. The main applications of cermets are in cutting tools such as drill bits for

oil wells. Thermoset polymers are used as matrix materials for continuous fiber composites for

aerospace, automotive, marine and household applications.Thermoplastic polymers are used

as matrix materials for discontinuous fiber composites. Metals are used as matrix materials for

high-temperature composites. Ceramics are used as matrix materials for high-temperature and

corrosive environment composites. The advantages of glass as a composite fiber material

include.The advantages of polyethylene as a composite fiber material include. The advantages

of silicon carbide and alumina as composite fiber materials include. What are the three kinds of

continuous-fiber configurations in a fiber-reinforced composite? Uniaxial, angle-ply, cross-ply

continuous configurations. What are the three kinds of discontinuous-fiber configurations in a

fiber-reinforced composite? Random in-plane discontinuous configurations.Ch 2 – Single-

phase alloys – Strength======================================READING: Key

ConceptsChapter 2 - Set 1Plastic deformation of metals occurs by motion of dislocations. On a

microscopic scale, metals are strengthened by atomic-level barriers that impede motion of

dislocations. Stress-strain curves of metals can be modified by strain hardening, solid-solution

strengthening and grain-size reduction. There are 3 mechanisms of annealing for cold-worked

metals.There are differences in processing conditions for cold-working versus hot-working of

metals. Cold-working results in different properties of metals compared to hot-working.

Methods that are used to shape metal parts include rolling, extrusion, drawing, forging, and

deep drawing. Cold working of a metal results in strain hardening of the metal.Deformation

processing reduces the cross-sectional area of the metal. Aluminum rods are formed by a

process of drawing. Steel slabs are formed by a process of rolling. Metal wire coils are formed

by a process of drawing.An auto-engine connecting rod is formed by a process of forging. Cold-

working increases the dislocation density, yield strength and tensile strength. Dislocation

density is defined as the total dislocation length per unit volume. An as-received metal has a

typical dislocation density of 1E8 cm/cm^3.A heavily deformed metal has a typical dislocation

density of 1E13 cm/cm^3. Annealing a cold-worked metal lowers the dislocation density to

about 1E8 cm/cm^3. As the amount of cold-working of a metal is increased, the yield-strength

of the metal increases. As the amount of cold-working of a metal is increased, the tensile-

strength of the metal increases.As the amount of cold-working of a metal is increased, the

ductility of the metal decreases. In solid-solution hardening, impurity atoms distort the

interstitial lattice and generate substitutional strains. In solid-solution hardening, local lattice

strains caused by impurity atoms act as barriers to dislocation motion. Solid-solution alloying of

cu with ni increases the tensile strength of the cu.Solid-solution alloying of cu with ni decreases

the ductility of the cu. Solid-solution alloying of cu with ni decreases the % elongation of the cu.

Solid-solution alloying of cu with ni decreases the % reduction in cross-sectional area of the cu.

Adding cu to ni increases the strength of ni because the cu atoms create local lattice-strains in

the ni which provide barriers to dislocation motion.Grain-size reduction increases the strength

of a metal. Grain-boundaries are barriers to dislocation

motion.======================================READING: Key ConceptsChapter 2 -

Set 2Grain-boundaries increase the strength of a metal by reducing dislocation motion. Smaller

grains result in more grain-boundaries in the metal.When grains are smaller, the distance that

dislocations travel before they encounter a barrier to motion becomes smaller. During slip,

dislocations can pile up at a grain-boundary. The hall-petch equation relates the yield-strength

of a metal to its grain size. The hall-petch equation shows that the yield-strength of a metal is

inversely proportional to square-root of the grain-size.The three mechanisms that increase the



strength of a single-phase metal are strain hardening, solid-solution hardening and grain-size

reduction. When a cold-worked metal is annealed, its yield-strength decreases. When a cold-

worked metal is annealed, its tensile-strength decreases. When a cold-worked metal is

annealed, its % elongation increases.When a cold-worked metal is annealed, its ductility

increases. The three stages of annealing are recovery, recrystallization, and grain-growth.

During the recovery phase of annealing, the dislocation density is reduced by annihilation of

dislocations. An edge dislocation has an extra plane of atoms compared to the pristine crystal

lattice.During annealing, atoms diffuse to the regions of tension at the edge of the edge

dislocation. When a positive and a negative dislocation annihilate, they form a perfect atomic

plane. During the recrystallization phase of annealing, new grains form from deformed cold-

worked metal. The new grains that form during recrystallization are small with significantly

reduced dislocation density.The small grains that initially form during recrystallization continue

to grow and consume cold-worked metal during the annealing process. Grain growth is faster

at higher (compared to at lower) temperatures of annealing. During grain growth, a longer

anneal time would typically result in a larger grain size. During the grain-growth phase of

recrystallization the average grain-size increases with time.During recrystallization, large grains

become larger as they consume smaller grains. Hot working is done at temperatures that are

greater than half the melting temperature of the metal. Hot working of a metal lowers its yield-

strength. Hot working of a metal lowers its tensile-strength.In hot rolling, when an equiaxed-

grained metal piece is in the process of going through the rollers, its equiaxed grains become

elongated grains due to plastic deformation. The final metal product of the hot-rolling process

has newly formed equiaxed grains that have recrystallized from the roller-induced deformed

grains, due to the high rolling temperature. The temperature for complete recrystallization in

one hour, of a hot-worked metal is half the melting temperature. 6 times that of the melting

temperature.======================================READING: Key

ConceptsChapter 2 - Set 3As the % cold-working of a metal increases, its temperature of

recrystallization decreases. As the alloy content of a metal increases, its temperature of

recrystallization decreases. Hot working uses deformation at temperatures that are above the

recrystallization temperature. Cold working uses deformation at temperatures that are below

the recrystallization temperature.The melting point of lead is 327 degrees c. The melting point

of aluminum is 660 degrees c. The melting point of iron is 1538 degrees c. During the

recrystallization phase of annealing of a metal, the tensile strength decreases with increasing

duration of anneal.Shape and property control of metals involves strengthening methods,

shaping methods and softening of the metal. Metals are strengthened by creating barriers to

motion of dislocations. Metals can be shaped into end-products by rolling, extrusion drawing,

forging and deep drawing.======================================READING: Key

ConceptsChapter 2 - Set 4Plastic deformation of metals occurs by motion of dislocations.On a

microscopic scale, metals are strengthened by atomic-level barriers that impede motion of

dislocations. Stress-strain curves of metals can be modified by strain hardening, solid-solution

strengthening and grain-size reduction. There are 3 mechanisms of annealing for cold-worked

metals. There are differences in processing conditions for cold-working versus hot-working of

metals.Cold-working results in different properties of metals compared to hot-working. Methods

that are used to shape metal parts include rolling, extrusion, drawing, forging, and deep

drawing. Cold working of a metal results in strain hardening of the metal. Deformation

processing reduces the cross-sectional area of the metal.Aluminum rods are formed by a

process of drawing. Steel slabs are formed by a process of rolling. Metal wire coils are formed

by a process of drawing. An auto-engine connecting rod is formed by a process of forging.Cold-



working increases the dislocation density, yield strength and tensile strength. Dislocation

density is defined as the total dislocation length per unit volume. An as-received metal has a

typical dislocation density of 1E8 cm/cm^3. A heavily deformed metal has a typical dislocation

density of 1E13 cm/cm^3.Annealing a cold-worked metal lowers the dislocation density to

about 1E8 cm/cm^3. As the amount of cold-working of a metal is increased, the yield-strength

of the metal increases. As the amount of cold-working of a metal is increased, the tensile-

strength of the metal increases. As the amount of cold-working of a metal is increased, the

ductility of the metal decreases.In solid-solution hardening, impurity atoms distort the interstitial

lattice and generate substitutional strains. In solid-solution hardening, local lattice strains

caused by impurity atoms act as barriers to dislocation motion. Solid-solution alloying of cu with

ni increases the tensile strength of the cu. Solid-solution alloying of cu with ni decreases the

ductility of the cu.Solid-solution alloying of cu with ni decreases the % elongation of the cu.

Solid-solution alloying of cu with ni decreases the % reduction in cross-sectional area of the cu.

Adding cu to ni increases the strength of ni because the cu atoms create local lattice-strains in

the ni which provide barriers to dislocation motion. Grain-size reduction increases the strength

of a metal.Grain-boundaries are barriers to dislocation motion. Grain-boundaries increase the

strength of a metal by reducing dislocation motion. Smaller grains result in more grain-

boundaries in the metal. When grains are smaller, the distance that dislocations travel before

they encounter a barrier to motion becomes smaller.During slip, dislocations can pile up at a

grain-boundary. The hall-petch equation relates the yield-strength of a metal to its grain size.

The hall-petch equation shows that the yield-strength of a metal is inversely proportional to

square-root of the grain-size. The three mechanisms that increase the strength of a single-

phase metal are strain hardening, solid-solution hardening and grain-size reduction.When a

cold-worked metal is annealed, its yield-strength decreases. When a cold-worked metal is

annealed, its tensile-strength decreases. When a cold-worked metal is annealed, its %

elongation increases. When a cold-worked metal is annealed, its ductility increases.The three

stages of annealing are recovery, recrystallization, and grain-growth. During the recovery

phase of annealing, the dislocation density is reduced by annihilation of dislocations. An edge

dislocation has an extra plane of atoms compared to the pristine crystal lattice. During

annealing, atoms diffuse to the regions of tension at the edge of the edge dislocation.When a

positive and a negative dislocation annihilate, they form a perfect atomic plane. During the

recrystallization phase of annealing, new grains form from deformed cold-worked metal. The

new grains that form during recrystallization are small with significantly reduced dislocation

density. The small grains that initially form during recrystallization continue to grow and

consume cold-worked metal during the annealing process.Grain growth is faster at higher

(compared to at lower) temperatures of annealing. During grain growth, a longer anneal time

would typically result in a larger grain size. During the grain-growth phase of recrystallization

the average grain-size increases with time. During recrystallization, large grains become larger

as they consume smaller grains.Hot working is done at temperatures that are greater than half

the melting temperature of the metal. Hot working of a metal lowers its yield-strength. Hot

working of a metal lowers its tensile-strength. In hot rolling, when an equiaxed-grained metal

piece is in the process of going through the rollers, its equiaxed grains become elongated

grains due to plastic deformation.The final metal product of the hot-rolling process has newly

formed equiaxed grains that have recrystallized from the roller-induced deformed grains, due to

the high rolling temperature. The temperature for complete recrystallization in one hour, of a

hot-worked metal is half the melting temperature. 6 times that of the melting temperature. As

the % cold-working of a metal increases, its temperature of recrystallization decreases.As the



alloy content of a metal increases, its temperature of recrystallization decreases. Hot working

uses deformation at temperatures that are above the recrystallization temperature. Cold

working uses deformation at temperatures that are below the recrystallization temperature. The

melting point of lead is 327 degrees c.The melting point of aluminum is 660 degrees c. The

melting point of iron is 1538 degrees c. During the recrystallization phase of annealing of a

metal, the tensile strength decreases with increasing duration of anneal. Shape and property

control of metals involves strengthening methods, shaping methods and softening of the

metal.Metals are strengthened by creating barriers to motion of dislocations. Metals can be

shaped into end-products by rolling, extrusion drawing, forging and deep drawing.Ch 3 –

Mechanical Properties II – Tensile

tests======================================READING: Key ConceptsChapter 3 -

Set 1It is important to use standardized materials and mechanical properties in the

engineering design process. There are 6 major properties of metals that we can measure from

a stress-strain curve.2% yield strength, tensile strength, breaking strength, %elongation

ductility, %reduction in area ductility and toughness. Each of the major mechanical properties

of metals can be linked to specific atomic and macroscopic mechanisms that act on the metal.

The elastic modulus, e, is a measure of (or impacts or affects) the elastic deformation of a

material when a stress is applied to it. The elastic deformation of a material is linear, elastic

and reversible and represents stretching of atomic bonds.Plastic deformation of a metal

typically occurs by lattice shear by dislocation motion. The kind of dislocation motion that

occurs during plastic deformation of a metal is also called dislocation glide. In a metal that is

subjected to a stress, plastic deformation occurs by dislocation motion in a specific direction on

a specific plane. 2% yield strength, a maximum tensile strength, and a breaking strength.The

amount of plastic deformation of a metal can be expressed as a ductility that is quantified by

the % stress and the % reduction of area. The toughness of a metal is quantified by the energy

absorbed during the deformation of the metal. The mechanical properties of metals, polymers

and ceramics are different from each other. During a tensile test, a load cell is used to measure

the force that is applied on the sample.During a tensile test, an extensometer is used to

measure the elongation of the sample in response to the tensile stress that is applied to the

sample. A chef's choice martensite knife is made of steel with 1% carbon, 4% molybdenum

and 14% chromium. Zirconium knives have 10x the wear-resistance of steel knives. A chef's

choice martensite knife has a yield strength of 1200 mpa.Uhmwpe material for shoulder-

replacement ball joints has a relatively low young's modulus of 1 gpa compared martensite

steel knives which have a young's modulus of 210 gpa. Polyethylene fiber body armor has a

relatively high tensile strength of 3550 mpa. Polyethylene fiber body armor has a relatively high

young's modulus of 264 gpa. The upper suspension cables that hold up or suspend the

brooklyn bridge (from above) are in a stress-state of tension.The upper suspension cables that

hold up or suspend the brooklyn bridge (from above) are made of 1080 steel. The support

beams that support the shropshire ironbridge (from beneath) in england are in a stress-state of

compression. The support beams that support the shropshire ironbridge (from beneath) in

england are made of cast iron. The tensile stress on a cable is defined as the tension force

divided by the cross-sectional area of the cable.The compressive stress on a beam is defined

as the compressive force divided by the cross-sectional area of the beam. The mechanical

properties of a metal are measured by a tensile testing machine. The output of a tensile test of

a given metal, is the force versus elongation curve. The tensile test can measure elastic

deformation and plastic

deformation.======================================READING: Key



ConceptsChapter 3 - Set 2The slope of the linear portion of the stress-strain curve gives us a

measure of the stiffness of the material. The slope of the linear portion of the stress-strain

curve gives us the Young's Modulus of the material. The extent of the plastic deformation of a

material (when exposed to a tensile stress) gives us information about the ductility and the

strength of the material. The ductility of a material can be measured by the amount of plastic

strain for a given stress.The ductility of a material can be measured by the plastic % elongation

for a given stress. The % elongation of the material can be measured from the stress-strain

curve. The ductility of a material can be measured by the amount of plastic strain at a given %

reduction in cross-sectional area of the sample. The strength of a material can be categorized

by the stress at which plastic deformation begins.2% offset is commonly used to determine the

stress at which plastic deformation begins. The strength of a material can be categorized by

the maximum stress that the material can sustain. The strength of a material can be

categorized by the stress at fracture of the material. To convert a force-elongation plot

(obtained via a tensile stress), to a stress-strain curve, we divide the force by the cross-

sectional area of the sample, and divide the elongation by the initial length of the

sample.During the later stages of a tensile test, necking results in geometric instability of the

sample. Hooke's law states that the elongation x is related to the applied force by the following

expression f = k*x, where k is the spring constant of the material. The modulus of elasticity of a

material is given by e = stress /strain. During the initial stages of elastic deformation of a

material, the relationship between stress and strain is a linear relationship.Elastic means linear

and reversible. When a small load is applied to a material, the atomic bonds stretch. When a

small load is applied to a material, and then removed, the atomic bonds return to their initial

configurations. The young's modulus of ceramics is greater than that of metals.The young's

modulus of ceramics is much greater than that of polymers. The young's modulus of metals is

much greater than that of polymers. Diamond is stiffer than glass. Diamond has a greater

young's modulus compared to glass.Aluminum has a lower young's modulus compared to

diamond. Polyethylene has a lower young's modulus compared steel. The yield strength is the

stress at which noticeable plastic deformation has occurred. At higher stresses, plastic

deformation occurs when bonds stretch and planes shear by dislocation motion.The young's

modulus of diamond is about 1000 gpa. The young's modulus of steel is about 100

gpa.======================================READING: Key ConceptsChapter 3 -

Set 3The young's modulus of polymer epoxy is about 1 gpa. The yield strength of steel is about

1500 mpa.The yield strength of pure tin (a soft metal) is about 10 mpa. The yield strength of

ceramics is hard to measure because, in tension, fracture usually occurs before yield. The yield

strength of polymer nylon is about 60 mpa. The yield strength of composites/fibers is hard to

measure because, in tension, fracture usually occurs before yield.The three-point bend test is

used to measure the room-temperature flexural-strength of a ceramic. The tensile strength is

the maximum stress on an engineering stress-strain curve. The tensile strength of steel is

greater compared to that of graphite. A dislocation causes permanent plastic deformation by

moving along a slip plane.The ripple-in-rug model can be used to understand dislocation

motion. The stress needed for plastic deformation increases when dislocations intersect and

lock up. Ductility is the amount of plastic deformation a material can withstand before breaking.

Tensile-test toughness is the energy needed to break a unit volume of material.In a tensile-test,

a very stiff material has a high slope in the linear portion of the stress-strain curve. The tensile-

test toughness of polymers are low compared to that of metals. The modulus of elasticity of a

material can be determined using a tensile test. The hardness of a material is measured by the

resistance to permanently indenting the surface of the material.Environmental operational



failure can occur by fatigue, high-temperature creep, low-temperature creep, or stress-

corrosion cracking.======================================READING: Key

ConceptsChapter 3 - Set 4It is important to use standardized materials and mechanical

properties in the engineering design process. There are 6 major properties of metals that we

can measure from a stress-strain curve. 2% yield strength, tensile strength, breaking strength,

%elongation ductility, %reduction in area ductility and toughness.Each of the major mechanical

properties of metals can be linked to specific atomic and macroscopic mechanisms that act on

the metal. The elastic modulus, e, is a measure of (or impacts or affects) the elastic

deformation of a material when a stress is applied to it. The elastic deformation of a material is

linear, elastic and reversible and represents stretching of atomic bonds. Plastic deformation of

a metal typically occurs by lattice shear by dislocation motion.The kind of dislocation motion

that occurs during plastic deformation of a metal is also called dislocation glide. In a metal that

is subjected to a stress, plastic deformation occurs by dislocation motion in a specific direction

on a specific plane. 2% yield strength, a maximum tensile strength, and a breaking strength.

The amount of plastic deformation of a metal can be expressed as a ductility that is quantified

by the % stress and the % reduction of area.The toughness of a metal is quantified by the

energy absorbed during the deformation of the metal. The mechanical properties of metals,

polymers and ceramics are different from each other. During a tensile test, a load cell is used

to measure the force that is applied on the sample. During a tensile test, an extensometer is

used to measure the elongation of the sample in response to the tensile stress that is applied

to the sample.A chef's choice martensite knife is made of steel with 1% carbon, 4%

molybdenum and 14% chromium. Zirconium knives have 10x the wear-resistance of steel

knives. A chef's choice martensite knife has a yield strength of 1200 mpa. Uhmwpe material for

shoulder-replacement ball joints has a relatively low young's modulus of 1 gpa compared

martensite steel knives which have a young's modulus of 210 gpa.Polyethylene fiber body

armor has a relatively high tensile strength of 3550 mpa. Polyethylene fiber body armor has a

relatively high young's modulus of 264 gpa. The upper suspension cables that hold up or

suspend the brooklyn bridge (from above) are in a stress-state of tension. The upper

suspension cables that hold up or suspend the brooklyn bridge (from above) are made of 1080

steel.The support beams that support the shropshire ironbridge (from beneath) in england are

in a stress-state of compression. The support beams that support the shropshire ironbridge

(from beneath) in england are made of cast iron. The tensile stress on a cable is defined as the

tension force divided by the cross-sectional area of the cable. The compressive stress on a

beam is defined as the compressive force divided by the cross-sectional area of the beam.The

mechanical properties of a metal are measured by a tensile testing machine. The output of a

tensile test of a given metal, is the force versus elongation curve. The tensile test can measure

elastic deformation and plastic deformation. The slope of the linear portion of the stress-strain

curve gives us a measure of the stiffness of the material.The slope of the linear portion of the

stress-strain curve gives us the Young's Modulus of the material. The extent of the plastic

deformation of a material (when exposed to a tensile stress) gives us information about the

ductility and the strength of the material. The ductility of a material can be measured by the

amount of plastic strain for a given stress. The ductility of a material can be measured by the

plastic % elongation for a given stress.The % elongation of the material can be measured from

the stress-strain curve. The ductility of a material can be measured by the amount of plastic

strain at a given % reduction in cross-sectional area of the sample. The strength of a material

can be categorized by the stress at which plastic deformation begins. 2% offset is commonly

used to determine the stress at which plastic deformation begins.The strength of a material



can be categorized by the maximum stress that the material can sustain. The strength of a

material can be categorized by the stress at fracture of the material. To convert a force-

elongation plot (obtained via a tensile stress), to a stress-strain curve, we divide the force by

the cross-sectional area of the sample, and divide the elongation by the initial length of the

sample. During the later stages of a tensile test, necking results in geometric instability of the

sample.Hooke's law states that the elongation x is related to the applied force by the following

expression f = k*x, where k is the spring constant of the material. The modulus of elasticity of a

material is given by e = stress /strain. During the initial stages of elastic deformation of a

material, the relationship between stress and strain is a linear relationship. Elastic means linear

and reversible.When a small load is applied to a material, the atomic bonds stretch. When a

small load is applied to a material, and then removed, the atomic bonds return to their initial

configurations. The young's modulus of ceramics is greater than that of metals. The young's

modulus of ceramics is much greater than that of polymers.The young's modulus of metals is

much greater than that of polymers. Diamond is stiffer than glass. Diamond has a greater

young's modulus compared to glass. Aluminum has a lower young's modulus compared to

diamond.Polyethylene has a lower young's modulus compared steel. The yield strength is the

stress at which noticeable plastic deformation has occurred. At higher stresses, plastic

deformation occurs when bonds stretch and planes shear by dislocation motion. The young's

modulus of diamond is about 1000 gpa.The young's modulus of steel is about 100 gpa. The

young's modulus of polymer epoxy is about 1 gpa. The yield strength of steel is about 1500

mpa. The yield strength of pure tin (a soft metal) is about 10 mpa.The yield strength of

ceramics is hard to measure because, in tension, fracture usually occurs before yield. The yield

strength of polymer nylon is about 60 mpa. The yield strength of composites/fibers is hard to

measure because, in tension, fracture usually occurs before yield. The three-point bend test is

used to measure the room-temperature flexural-strength of a ceramic.The tensile strength is

the maximum stress on an engineering stress-strain curve. The tensile strength of steel is

greater compared to that of graphite. A dislocation causes permanent plastic deformation by

moving along a slip plane. The ripple-in-rug model can be used to understand dislocation

motion.The stress needed for plastic deformation increases when dislocations intersect and

lock up. Ductility is the amount of plastic deformation a material can withstand before breaking.

Tensile-test toughness is the energy needed to break a unit volume of material. In a tensile-

test, a very stiff material has a high slope in the linear portion of the stress-strain curve.The

tensile-test toughness of polymers are low compared to that of metals. The modulus of

elasticity of a material can be determined using a tensile test. The hardness of a material is

measured by the resistance to permanently indenting the surface of the material.

Environmental operational failure can occur by fatigue, high-temperature creep, low-

temperature creep, or stress-corrosion cracking.Ch 4 – Mech. Props. III – Environment &

Failure======================================READING: Key ConceptsChapter 4 -

Set 1Materials can fail below their yield strength due to factors such as flaws, design,

environment, operating conditions, and specimen history. Flaws can act as stress risers (or

concentrators) that cause increased stress at a crack tip. The nil-ductility temperature causes

ductile to brittle transition failure at low temperature. Fatigue failure arises due to cyclic loading

at medium to high cycles.Creep failure occurs due to long times at high temperatures due to

slow elongation. Stress-corrosion cracking failure can arise due to liquid cracking agents. The

failure type can be correlated with macroscopic and microscopic fracture appearance. We can

prevent metal failures with lifetime prediction, good design, materials testing, materials

selection and inspection in service.If a metal pipe fails with ductile failure, we would typically



see the metal pipe in one piece (or pieces), with large amounts of deformation, and much

plastic deformation. If a metal pipe fails with brittle failure, we would see typically see the metal

pipe in many piece/pieces, with small amounts of deformation, and very little extent of plastic

deformation. Ductile fracture is usually desirable compared to brittle fracture of a metal part.

Ductile fracture typically gives us warning before the fracture.Brittle fracture typically gives us

no warning before the fracture. In a very ductile fracture, there is a large amount of %

elongation of the material. in a moderately ductile fracture, there is a moderate amount of %

elongation of the material. In a brittle fracture, there is a very small amount of % elongation of

the material.In a very ductile fracture, there is a large amount of % reduction in cross-sectional

area of the material. In a moderately ductile fracture, there is a moderate amount of %

reduction in cross-sectional area of the material. In a brittle fracture, there is a very small

amount of % reduction in cross-sectional area of the material. The microscopic mechanisms of

ductile fracture include necking, void nucleation, void growth and linkage, shearing at the

surface and fracture.Particles are commonly void nucleation sites during ductile fracture of a

metal. A brittle fracture is characterized by a flat or faceted fracture surface. A brittle fracture is

characterized by comparatively little plastic deformation and low ductility. Chevron marks on the

fracture surface are indicative of brittle fracture.In brittle fracture, the origin of the crack can be

indicated by fan shaped ridges coming from the location of the origin of the crack. In an

intergranular fracture, the fracture surface travels along grain-boundaries. In an transgranular

fracture, the fracture surface cuts across grain-boundaries. Flaws in a metal are stress

concentrators.A griffith crack results in stress concentration at its tip. A griffith crack amplifies

the applied stress (sigma-zero) by a factor kt at the crack tip. Kt is called the stress-

concentration factor.======================================READING: Key

ConceptsChapter 4 - Set 2In a griffith crack, the stress concentration factor kt = 2*SQRT(a/

rho), where a is the crack length, and rho is the radius of curvature of the tip of the crack. For a

given applied stress, a longer crack in a metal results in a higher stress at the crack-tip.For a

given applied stress, a sharper crack-tipi in a metal results in a higher stress at the crack-tip.

An engineering design principle that is used to minimize fracture, is to avoid sharp corners. A

designed part has a wider region with width w connected to a narrower section with a width h.

A part has a fillet radius-of-curvature of r where the wider part is connected to the narrower

part. When the radius-of-curvature r is decreased, the likelihood of fracture increases. A

designed part has a wider region with width w connected to a narrower section with a width h.

When w/h increases, the region of safety-from-failure (to the left of the kt curve) on the stress-

concentration factor vs fillet radius plot increases.
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Adams, “Better textbook experience. I recently completed the online course taught by Dr. Alford

and Dr. Theodore using these textbooks. The textbooks have a nice layout where topics are

broken down into sections among the series. The reading is very straight-forward and does a

good job at explaining the material and concepts. Each section has plenty of practice questions

to study along with answers and detailed explanations so that you can correct yourself. It is

very helpful having an electronic textbook because you can search (CTRL-F) for specific

phrases, so that you can find information on specific topics quickly and easily. Furthermore,

you can access these books on the cloud from any device, anywhere. In general, I preferred

using these textbooks over a typical physical textbook.”

Abbey, “Very cool style book!. Materials Science Books by Dr. David Theodore and Dr. Terry L

Alford are very good books. The style of question and answer is very helpful and unique. This

style helps me better understand the topics in Material Science. I wish there are more books

like these in other Engineering subjects like Mechanical Behavior of Materials, and Properties

of Materials. Another benefit is that you can access these Kindle books on a Smartphone,

iPhone, PC, laptop, Kindle reader, or other electronic devices. I would recommend this book to

all students.”

Ashley Alfa Female, “Easy to navigate. The books were great at reinforcing the concepts. I was

able to watch the lesson, read about the topic and then practice with questions. If I didn't know

something, I could mark it and go back to it. I also was able to make great flash cards. Overall,

very easy to navigate and understand.”

Aaron Cook PE and Student, “My Favorite of the Series. I have taken a couple of courses

recently from Dr. Alford and Dr. Theodore. Both courses utilized E-Books like this one. I have

really enjoyed the organization of the classes and the E-Books themselves. The books are

organized with Reading Material, Questions, Questions with Answers and Explanations. The

structure works well and creates an efficient learning environment. Light easy reading, followed

by quizzing with immediate answers and explanation when required. My favorite feature was

the Flash Card function which allowed the creation of classic flash cards for studying and exam

preparation. This book was my favorite of the Series.”

The book has a rating of  5 out of 3.7. 7 people have provided feedback.
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