
 

Select the bestmaterial for each of the requirements

as Max tensile load OUTS

PUTS
A 50
B 320
C zoo

b Max tensile load per pound on similar rods
OUTS

density

Arts density Tutsldensity
A 50 0.28 178.6
B 320 0.25 640
C 200 0.40 too

Max tensile load at 0.001

Tn X
Oy

s Ei
0.2 Elasticmodulus

On A 10 ooo
f B 30 ooo

C 40 ooo

s En0.1



id Max uniform elongation before necking
i

displacementuntil UTS

TrueDEcurve
Strainhardening UTS constitutive law Oi Klein nestramhardeningexponent

TGyi fracturestress
plasticdeformation oYv ooffset Necking

F PHAT
2 42yieldstrength

Engineering Tle curve V A l Aolo o AYA

s dV 0 DIAL
0.2 Ei

DAITAde oe
Engineering Tle s TrueOTE dlq data

pie Rao TT BA HaoAYA The
o One Cite

e o
o DE dld En f de Ei Incite

Stodge e istoosmall

ln o In
do ol en E

lo elasticstrain atruestrain
In Item

id Max uniform elongation before necking
i

displacementuntil UTS

at Pla s p F A a dP o atnecking

dp dotA OTDA o

DAA

dttgidvo dca.nl
d olla de

DAl 1Ade o dTYdq OT s constitutiveLaw Oi LIE In
dlq data

dye TT

k n Ein ya e
at necking whyi f EUTS

Ans dP o



beforenecking E brute

Ite _exp E
e e expect 1 Ans

strain hardening exponent e
A 0.26 0.2969
B 0.05 0.0513
C NA NA

nonecking
brittle

ie Max work to necking

Let's assume ductility dominates material's behavior

U UT JOE DE C JI KI

JoeKoide

n'I em Kini TIE
Eats n

TiteBA HaoAYA TE o One Cite
JI Outs lte

de dke En f de

i p is
Cuts exp Eats I exp n I Incite

i TT OUTS He Juts It exp n l 7 Huts JUTSexp n n
Nti Ans

UUTS
A fo OH O26 13.380.26 1

B 320 OOf Oof 16.02
0.05 1

C no necking brittle



HiMax Work to fracture

Let's assume ductilitydominatesmaterial's behavior

Utf IF Ef U UT JOE de s JT fs
Ntl

foeKenda
Ef InAoA

nk Ena kne Tnf

RA's Ao A woo X Eu Indie InAVA
Ao

i X RA't
Ao A AoX too
Aoll X A

Aya I X

Ef InAya In f Ix
Max Work to fracture f Uft

A 1100 ln to65 83.32
0.2611

B 350 Inf Ho's 54.17
0.05 11



TrueDEcurveT
strainhardening UTS

TGyi fracturestress
offset Necking

OF PHA
yieldstrength

Engineering Tle curve

o 7
s

0.2 Ei

0 Yield Necking Fracture

f Hao

DI
gT PIA

E In Ite

TT T JT Tate

ET E ET InAVA
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Plasticity

uniaxialstressstrain curve

lo Ao A
g PIA Tues l

j X V ay a fv r v
TE p

E
TrueStress strain

G l lo
lo

ai stramfardenins.us 9

XT
offset yieldstrength fracturestress

Of PFIAF

engineering stress strain c verysmallelastic region

0.02 e
stiffness elastic modulus Cun30 loot

resistance to plastic deformation Ao Afstrength yieldstress
UTS tensilestrength Pmaiyao

ductility i elongation total elongation strain atfailure

lf do too c can bedependentonA gaugelength reinforceitself
Sic fiber 1i reduction in area Ao Af g n

x too breakSiclsicfiber
resistance to fracture Ao sicfiber7 matrix

toughness area of stressstrain curve break
sicmatrix






































































































































True Stress Tnt BA s Engineering stress One Bao

True Strain dei Engineering strain Ei 0
0

En Se dei Stodge InGeo

Eij a El suis Wax

g
elastic E

Plastic
plasticdeformation

assume elasticstrains are negligible

plastic deformation occurs withoutchanging in volume
0 o D s

A I Aolo AYA Ite Ei EastEss E

V A l dV o Adl IDA O

dye DAA de

PIA PaoAya One Item

Eu fedHe Inbe In Item XxdncHX when X is small
1 is too small er Em

up to maximum load elasticstraina plasticstrain
necking

constitutive law fr plasticity

stress
a Compressionlengt

a qq.ir

true E Elp fDEP cignore Ene
tensioncompression

n strain hardening exponent

ensionceng Tie
Os ns t N o ol o 2

differentsizedsamples fracturedlengthsaredifferentbysizes
itdependson thegaugelength

strain ductility

Ei K TNN is Nsa mechanicaleng
























































































a
Tu Tu

MmeFu

µ
30 a Ii

Ei Ei

a
T polymerchains rearranged Tu

crystalline
polymers

or

crystalline
region rubber inelasticdeformation

Ei Ei

carbodies youdon'twant yielddropTu yielddrop

Hmm mildsteel
low C steel

Luder's carbon atoms verysmall
bound interstitialelement

iron E carbon

Eu

Ubind r

eddisteocation
artimnosphere

solidsolution hardening

ro



pre deform thesteel rolling

we strainaging
Tu

hmm mildSteel diffusion elev
elev

pre def vacancies
Substitutional
diffusion

a

µy

Egw
W T inter'd

dynamicstrain aging

Ei

Twin



Necking aplastic instability

Pmax

Tu t v
necking

erobe
s

uniform elongation

Ei

Whydoes necking occur

atomicpreferences I
foranyreasons A becomessmallerthanAo

Tn Pla workhardening
A as ALAO Qi Ji

a

geometricsoftening

sAo T Rao
uniform elongation natural competition

between strain hardening
geometricsoftening

T p

Necking condition is dP o

uniaxial tension Tn Pla
p AT

dP Ada DAN o

d DAA EmekEf Ille DAA

Ille de
o

d
dq

On atnecking considering relationship

Ei _n at necking
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Out Truestresse
On a

denfordIItioniseocaliang

Q _K EP n strain hardening coefficientog

eE

T PAo notrealistic oil BA One Item
itdoesn't reflect

Eu 0
0 currentsituation En DE In Incite

lo Ao A e

V n
v f v v
P

EneK E P o He DAA dog

Leo Aya l te



nJi KEIA
Bao

Til PIA

Neckinga dP o p TiA
dp 0 0 dAtAda

s d DAA deg den at necking
elongation
uniform
oleo fAo

diffuse necking

Necking criteria dayde Tn
Ans

considercriteria

e Ao A e Ao Af

a
aS v v

Thinsheet p

fo X

v v

necking criteria d q
On

da k nEY Ti kEun
de

constitutive law T kE
i g n atnecking Ans

Straininduced 8 x Martens n 0.2 low C mildsteel

TRIPtransformation induced M 0.02 highC alloysteel highstrength
plasticity n o.is austeniticstainlesssteel

Twp twinning inducedplasticity 18g five
HadfieldMnsteel 13mmsteel



Hardness c Strength
P P
v v

Brinell hardess P stress Ckgimma BHN
a surface area hardness Britnell 3xUTS
Ball ofindent

Meyer hardess P
projectedarea
ofindent

Vickers's hardness diamond pyramid indenter

cubic corner nanoindentation

Superfiacal hardness Rockwell hardness cone or ball

Material 2 ECGPa OycMPa OutsMPa

Mildsteel 0.3 210 300 420

Highstrength 0.3 210 2000 2200
alloysteel

Al 0.3 70 40

Al 4Cu 0.3 70 400

diamond tooo

wood 0.04 0.5

CeramicSisak 320 1630

bone 15 20 too



Yield Criteria for initial yielding

Tresca initial yielding starts when Max shearstress shear yieldstress
K

Ti X
J Imaxn

JI TFI LImax 2

On T TI g

Mises equivalent stress J yieldstrength in tension y

J t.bz Qi 02251 02203351 0330115 t 3 TE1025103T

i's fit raft cot 0 5 10 0,5

1542 Max y 2k Trescadifference

L3 k Mises

Uniaxial Tension On o o En o o

O O Ei o UE o
Ji X J XJ o o o o o Ei

O f y
Ji WEI En Eii

plasticity u 42



Ideal or theoreticalshearstrength
Xin

Tapplied
Ubind a

c
Xz

a d

in
L

X

Constant ro
v

T n k Sm2TLX
ro

forsmall X SM2TLXr 2TXp

T k2TLX
ro

Y 282 Xd E GJ n GX1d

CTXd k2TLX YanGroro 2Ted

i T Gro SM21 X
Ltd ro Ans

Imax q when SM2TX
no

d ro order

9Th 27Th Ghg Theoretical strengths

2 ordersof magnitude

defects in materials

7Th77 Kexp dislocations

johesive TETh


