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Ductile materials Brittle materials

Steel KAl Jis S8l g ) gl o 1- Cast iron 2- Concrete

Ductility: Brittleness:

The ability of the material to be Sle 308 e lelaaisaladl dnald &

drawn under tensile load without | 14 deformation JS&ll (pe 2 el ekl

fracture sl
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ORDINARY STRESS-STRAIN DIAGRAM
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i) First Zone (Elasticity 4sall)

Elasticity
Any changes in shape and dimensions is removed upon the removal of

load
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a) From (0) loads to Proportional limit(P.L.) (1)
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b) From (1) to Elastic limit (E.L)
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i1) Second Zone
a) From the (E.L) to the upper yield point (UYP), the material is partly
elastic and partly plastic.
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b) From (UYP) to lower yield point (2), there is further increase in
extension without any increase in load.
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¢) From yield point (2) to maximum load point (3), the ductile stage.
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Plasticity
Y yield 4a e 4l & Permanent deformation iall 8 dails Allaiul hgas o
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lil) The Third Zone
From the point of maximum load (3) to point of fracture (4), the
specimen necks down to final rupture.

Types of failure:

The two fundamental types of tensile fracture are; sliding or shear and
separation
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Brittle materials (Cast iron) | Ductile materials (mild steel )
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The resistance of the material to
sliding is greater, the material will
fail by separation

The resistance to separation is
greater, it will fail by shear




Elongation equation (Unwin’s equation):
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Elongation at gage length Necking elongation
(Plastic deformation)
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Lo=5.65 A, Brittle material

L.= 11.3VA, Ductile material




Strength

The external load required to overcome bonds between atoms
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1- Stress at proportional limit

The stress at the last point of proportionality line between c,e

Pp.

Ao
2- Ultimate tensile strength

Op.l =

Pmax

Ao

3- Yield stress

Py

Oy — A
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4- Fracture stress

5- Working stress




6- Proof stress
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It is the stress which produced under a load of non-proportional
elongation equal to certain specified percentage (0.1 — 0.5%) of the

original gage length -

ALp = (01 — 05)% X Lo

7- Stiffness
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Modulus of elasticity (stiffness)|E =
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1- Initial tangent modulus
E1=tan 01

2- Secant modulus
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E2> =tan 02

3- Tangent modulus
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8- Resilience

P-AL i~ 4 proportional line

R =% Ppi X ALp.

Y5 Pp.1 X ALp.
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Modulus of resilience | (M.R) =

9- Toughness
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Ductile materials Brittle materials

Modulus of toughness

_ 23 Pmax X AL max
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10- Ductility

AL
% Elongation = ( Lf] %0
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%oReduction in area = [ A
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11- True stress and strain

At Max. Point or before | After Max. point or at any point

P.
True stress ot =on(en + 1) Gt = TI
|
ot

True strain gt=1In(en+1)
€t

True stress - strain curve

n: Strain hardening exponent

k: Strength coefficient

Prove that ot=on(en+ 1)

T

Assume constant volume AL, = ALi
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Ai=
_ Pi

Ot —

Ot — Gn(Sn + 1)

12- Poisson ratio

_ADi/Do
M= AL/L,




