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Engineering materials

classification

D metals
↳ ferrous metals

. steels
a cast iron
steel : ductile
cast iron: brittle

↳ nonferrous metals

2) Non metals
↳ plastics
↳

• selection of materials
. impact strength , tensile strength, hardness



Metals

Ferrous metals
• cheap

1) Steel Cfe Ee C)

low -C steel : 0.15 - o -25.1.
medium-c steel o - s - o -G -f : high weldability
high-C steel : 0.65 - I-5.1 . : poor weldability
adding c strengthens it

more malleable
,
ductile

2) cast iron
2-hy. carbon

cis Grey cast iron : fractured surface looks greyish
°

flakey structure Cgraphite flakes)
° weak,brittle
° good damping , resistance to wear
• good for compressive load ; used as base for heavy
machines

cis white east iron : White (because of cementite)

Malleable cart iron: malleable after heat treatment.

Modular cast iron : ductile after heat treatment
flakes→ nodules

e Fe -c alloy 72% C
• lower melting point
• can be casted easily



Non- Ferrous Metals

• Al
,
Lu
,
Pb
,
Ni , 2n , Ah , Ag , Sn

• corrosion resistance, conductivity , heat conduction etc
• lower strength Cal) : alloys to strengthen

Nonmetals

. polymers : temperature restriction

plastics
• no corrosion

1) Thermosetting plastics
• cannot be remoulded X
a• cross - linking #

•

eg : bakelite , epoxies

2) thermoplastic
• no cross - linking
• can be remoulded

• eg: Pvc , polyethene



ceramics

• metal oxides
• insulating materials

1- Glasses

composites continuous

f medium
← strength Cdispersion phase)

• matrix t reinforcement
• not homogeneous / single- phase .

. set of new properties
• NAL : aircraft using composite instead of metals
. not detected by metal detectors
• wood : natural composite
D Particulate composite

• cement : stone t cement matrix Csand e water)

2) Fibre reinforced composite
• Rcc: reinforced cement concrete csteel rods t concrete)
a carbon fibre reinforced composite
• ceramic fibre reinforced

3) Laminar composite lighter weight
- metal

• layer by layer - polymer
• furniture - metal -

- polymer



book Mechanics of Materials

stress q strain Beery Johnston

ductile materials
←true stress1strain^

-
-
- II A: proportional limit

B : elastic limit

i.a:÷i÷÷÷÷÷÷¥÷÷÷÷÷s:p:÷÷s÷÷÷:r

maintaining yielding point
{→ deformation

region
ASIM screw

d circular or
American dogbone flat
standard

shape ) ( ""Y"§m cross - section
for Testing cstd)materials

screw

← only tensile
• Test on universal test machine tensile test machine
{

any stress

a standard specimen
-
- -

11111k:::i.
- p- s



Engineering stress

F- g
AT ← original area

length also initial .
True stress a strain

o
-

- load = load
-
-

instantaneous Ainst
cross -sectional aka

E = (instantaneous)

Engineering materials mainly used . in elastic region

Aluminium

E
"

YET!yield pointEair
H

0.24. E £-1

brittle q
Method: proof- stress method co -2.1. offset m4aterioBmeduetile



\

Design considerations

1) FOS - factor of safety
←
capacity

Fos -- ultimates
. Cabuays > 1)

allowable stress

hrdesigned to be allowed
selection of appropriate Fos

Las Variations that may occur in the properties of
the member under consideration

(b) No- of loading cycles during its life

Type of loading that has been applied to the
component

⑨ Type of failure that may occur

(e) Uncertainty due to method of analysis

CA Deterioration may occur in the future because of

poor maintenance or because of unpreventable
natural causes .

(g) The importance of a given member to the integrity
of the whole structure

.



Standards Used to Design Fos

1. Steels
American Institute of Steel construction

, specification
for structural steel gradings

2- Concretes
American concrete institute

, building code req. for
structural concrete

3. Timbre
American Forest and Paper Association

4. Highway Bridge
American Association of Highway

O : 2 gauge marks are placed exactly 250mm apart on
a 12mm diameter aluminium rod . knowing that with
an axial load of 6000N acting on the rod

,
the distance

between the gauge marks is 250.18mm
.
Determine the

modulus of elasticity of aluminium used in the rod .

8L = 0.18mm L-- 250mm

D= 12mm
P = 6000 N

E = 4 PL = (4) (6000)
- -

nd' 8L techno-372
× LIGI

E- 73.68 Gpa



Brittle Materials

x
no yielding

tuttimate =

q breakpoint⇐
• No necking credaction in cross-section area)
• Reaches ultimate stress and then breaks

concrete FE curve

a concrete: sand + cement -1 stone composite
° ceramic material

n

p

E--I o tensile
E loadF

coiner:ssai¥#
v



• Compressive load : welds gaps in brittle materials and
takes more load than tensile

• Tensile : breaks

• In brittle materials
,
on tension side

,
first linear

elastic range is observed and then rupture .

• In compression, linear elastic region is significantly larger
and rupture does not occur as stress reaches its max.

value .

• tnstead , stress decreases in magnitude and strain keeps
increasing until fracture

• E is same in T andC.

Fatigueloadingorrepeatedloadings
-n curve

→
Al

:

ending;; -↳
no . of cycles →



• when loading is within elastic limit , material returns
to its initial condition after the load is removed

.

• we can say loading can be repeated many times
provided the stress remains within elastic limit.

• when loadings are repeated 1000 - lot times
, rupture

or failure occurs at a stress much lower than
the static breaking strength .

• This phenomenon
-

is known as fatigue .

• Fatigue failure is a brittle failure for ductile
materials

S-n curve

Graph drawn between maximum stress and no . of cycles

required to cause failure

Endurance limit
stress for which failure does not occur even for an
indefinitely large no - of cycles .

For non-ferrous metals like he and cu , stress at failure
continues to decrease as the number of loading cycles
is decreased .

For such metals
,
we can define endurance limit as stress

corresponding to failure after a specified no . of loading
cycles ,

such as n 500 million cycles



Types of Fracture

1) Ductile fracture
• necking, cupq cone
• normal loading conditions Clow rate) for ductile

¥
2) Brittle fracture

a flat broken surface

¥
Numerical

sign convention : eve : T
,
-ve:c

or = F-
A

E -
- off
] Eq

composite bars)

A: 2 solid cylindrical rods AB and Be are welded

together at B and headed as shown . Determine the

magnitude of force P for which tensile stress in rod AB
is twice the mag. of comp. Dress in BC

.



- analysis
-

50mm 75mm from free

p I kN end
⇒¥1.A T 120 kN

n

at B I e

(midsections) c-750mm-
←1000mm→

Apps -- thx = 62517=1963.5

ABC -- 17×242 = 56425-17--1406.25--4417 - 9

TAB = I =

PAAB62517
ofc

= 240-1 = 640-134
ABC 5625T

off - 2 TBC

62ft =2×4C2#p)/ 5625171

5625 P = (1920 - 8 P )625
9p = 1920 - sp
iz p -- 1920

p = 112.94 kN



On. 80M long wire of 5mm diameter is made of steel with

E-- 200 Gpa and ultimate tensile stress of 400 MPa
.
If

a factor of safety 3-2 is desired
,
determine

'

Cas largest allowable tension
⑥ corresponding elongation of the wire Cor)

A --12¥ = 245 n mm
"
= 19-635×10

- b
m
'

E --IL = off

E={-
'
- tag

or= PL
-

AE

factorof Fos -- ultimately
safety allowable stress

=

IT
3-2=400×1062

oh -2Pa ray
A

Tall = 125 Gpa

Pu = of A Pau = ray × A

= 7853 .gg
Pall = 2459.37

F- 50mm Ju -- 160mm
an



O: A control rod made of yellow brass must not stretch
more than 3mm when the tension in the wire is 4kW .

Knowing that E -= 105 Gpa and the Max . allowable normal
stress is 180 Mpa

,

determine
,

Ca) smallest diameter
6) corresponding Max L .

P -- QkN

raw
-

- Iso MPa Oau --Pad
A

D= 3mm
E = 1056Pa A = 2-22×10-5mL

d2 = = 2.83×10-5M

E = oat D= 5.32×10
-3M

Say
= 5.32mm

Say = 1.714×10-3

E- z Eau ⇒ L = d '
- 3mg

Eau 1.1714×10-3

f- to75M



Q : An 18M long steel wire of 5mm diameter is to be used
in the manufacture of a pre-stressed concrete beam .

It is observed that the wire stretches 45mm when a

tensile force P is being applied . knowing that E
-

- 2009Pa
,

determine the magnitude of the force P and thecorrespondingstress in the wire .

b- 18M P =?

d-- 5mm E -- 200hPa
F- 45mm 0=2

T = E E = 200×109 x 45×-10-3
18

F- 5×108 Pa = 500 MPa

o--z -Ea
P -- nd't
I

= 9-82 kN

Q: A polystyrene rod of G-300mm and D= 12mm
is subjected to a SUN tensile load

. Knowing thatE -- 3. IGPa , determine
⑨ elongation of rod
6) normal stress -in the rod

P -- 3kN L-- 0.3 m D= 12mm E-- 31 GPa

E--
E

-
- If ⇒ d -- fated
8=2. 57mm

F-tf = 26.53Mpa



Q : A nylon thread is subjected to 8.5N tension force.

knowing that E- 3.3 Gpa and that the length of the
thread increases by 1. lot , determine

Ca) diameter
⑥ stress

p -- 8.5 N
E-- 3.36Pa

d- = I . I

L

E- Ffl ⇒ A = 1¥ = 2-342×10-9

1¥ = 2.34×10-9

d = 5.46×10-5M
= 54.6µm

O: A 60M long steel wire is subjected to 6 kN tensile
loads. E -- 200 GPa and length of rod increases by 48mm ,
determine smallest diameter that may be selected for
the wire and Cbl corresponding normal stress

.

↳60M P -- b kN CT) E -- 200 Gpa 81=48mm D= ? o = ?

E -- .PL ⇒ A =

Itg
-

- 3.75×10-5M
Adl

ca) nd2 -- A ⇒ D= TEA = 6.91 mm
4-



(b) 0--1 = 6000
A z.to-s

= 160 Mpa

Q : Two solid cylindrical rods AB and Bc are welded together
at B . Knowing that Max average normal stress is 175 MPa in
rod AB and 150hPa in rod Be

,
determine smallest allowable

values of de and da .

|
-

A
Ride

300M¥ fed, Fsc -- 3%1,01×4I
- B

q f 406N 150×106 = 3×104×4
250mm→/ /← d

,

tidal

I
g-goyen

di -- 3×104×2 ⇒ da -- 15.95mm
17×150×106

Rod_AB

TAB = 70×10-3×4 = 175×106
tied ,
'

di -- 7×104×4
¥751106

d,
= 22.57mm



Q : Targ = 3.80 MPa , P = 1200N
,
d
,
= 28mm

,
d, = ? Cat c)

A T F- 1200N

c§f¥d. --25mm " n4%-di)
B W3.8×106=4×12001P



statically-tndeterminantprob.ie#
When available static equilibrium equations are not
sufficient to find reaction force or internal forces acting
are called as statically indeterminant problems.


