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Mechanical Properties of Materials

Mechanical properties of materials define their behavior under applied forces, including how they
deform, resist stress, and fail. These properties are critical in engineering, manufacturing, and
materials selection, ensuring that components perform safely and efficiently under different
conditions.
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Understanding these properties helps engineers choose the right materials for different
applications, ensuring durability, safety, and efficiency in structures, machinery, and consumer
products.
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o Key Mechanical Properties: &Sw8a) ailase! P.aﬁ
1. Strength — The ability of a material to withstand an applied force without failure.
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Tensile Strength: Resistance to pulling forces. ol (898 daglie tidl doglie
Compressive Strength: Resistance to squeezing forces Lzl 598 doglin :lasyall doglie
Shear Strength: Resistance to forces causing sliding between layers.
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2. Hardness — Resistance to deformation, scratching, or indentation. Measured using tests like
Brinell, Rockwell, and Vickers.
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(Vickers).
3. Ductility — The ability to undergo plastic deformation before breaking, usually measured as
elongation percentage.
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4. Brittleness — The tendency to break or fracture without significant deformation. Brittle
materials, like glass, fail suddenly.
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5. Toughness — The ability to absorb energy and resist fracture. It combines strength and ductility.
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6. Elasticity — The ability of a material to return to its original shape after deformation when the
applied force is removed. Governed by Young’s Modulus (Elastic Modulus).
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7. Plasticity — The ability to permanently deform without breaking.
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8. Creep — Slow, time-dependent deformation under constant stress, common in materials exposed
to high temperatures.
Adle > Ol Lo yaell Slgall 3 Bla g (el slg] 86 o cill ygye B3lel) 5 Jadl 098l : Loyl
9. Fatigue — The weakening or failure of a material due to repeated or cyclic loading, even when
stress levels are below the ultimate tensile strength.
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10. Resilience — The ability to absorb energy when deformed elastically and release it upon
unloading.
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» Stress and Strain
o Material stress:
is the force applied per unit area of a material, which results in a change in its shape or size.
It is expressed mathematically as: Stress = Force/Area
o Unit: Stress is measured in Newton per square meter (N/m?) or Pascal (Pa) in the
International System of Units (SI).
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o Material strain:
is the measure of deformation a material undergoes due to an applied stress. It is defined
as the ratio of change in length to the original length of the material.
Mathematically, it is expressed as:  Strain = Change in Length / Original Length

o Unit: Strain is a dimensionless quantity since it is a ratio of lengths.
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» Stress-Strain Behavior J\a2Ylg s &k
Stress-strain behavior describes how a material deforms under applied forces. It is typically
analyzed using a stress-strain curve, which provides insight into the mechanical properties of a
material.
Mgzl (aoie pluseinl Bole dldos oy gde 835001 (59l Lgunyad i Bolell 0943 &S JadiVlg Sg2V &l ghu sy
B3kl LSl (alasdl e 5,15 30 ls claisHly
1. Elastic Deformation (Hooke's Law) (<32 9518) Gyl 094l

Elastic deformation occurs when a material returns to its original shape after the applied stress is

removed.
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It follows Hooke’s Law, which states: Q=E.¢
e e Gy cdep 0ilE Ak
where:

Q = Stress (force per unit area) (d>luw su>9 JS 85l) slg=)!
E = Elastic modulus (Young’s modulus) (&g Jelae) &gyl Jalas
€ = Strain (change in length/original length) (Juedl Jskll / Jgall (3 asdll) Jlaasl

» Characteristics: ya5basl)

- Linear relationship between stress and strain JlasYlg slg=Y! o dudas d83e
- No permanent deformation @S> ogad uzg Y
- Material behaves like a spring 31 Jio a5 85WJI

Example: Metals in the initial loading phase, rubber within small deformations
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2. Plastic Deformation and Yield Strength gsas3 dagling iUl 0443l
Plastic deformation occurs when a material is permanently deformed after surpassing its yield
strength (y).
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The yield strength is the stress at which the material transitions from elastic to plastic behavior.
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Beyond this point, deformation is no longer reversible, and atomic bonds begin to slip.
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» Characteristics:

- No longer follows Hooke’s Law 32 0438 axo 3
- Permanent shape change JSad! § @ls s
- Occurs in ductile materials like metals (e.g., aluminum, steel)
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Example: A bent paperclip remains bent because it has undergone plastic deformation.
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3. Fracture, Toughness, and Ductility 433015 &t ¢ S|
- Fracture_)
Fracture is the breaking of a material when stress exceeds its ultimate strength.
Sysaill lghaglie jolaxiy lgzY 8alall (225 odis uSJl iy
Can be ductile (with noticeable plastic deformation) or brittle (without significant deformation).
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Brittle materials (e.g., glass, ceramics) fail suddenly, while ductile materials (e.g., steel, aluminum)

show warning signs like necking.

Jie doppdas lodle 5gla3 (posiadIly 3Ygall i) Ll slgall OF cn> (3 blond ST (Shuslpedly Zlamll Jio) Lingdl Slgall
S U8 (Necking) Guwad!

- Toughness 4ta)|
Toughness is the ability of a material to absorb energy before fracturing.
S O Jd Bl pobaiel e B3ldl 8)43 (p &l
Measured as the area under the stress-strain curve.
Jailg slgaYl (aovine s doludB Lgwld oy
High toughness materials resist crack propagation (e.g., metals like titanium).
(ot lleww Jo) Bgadl Lads! pglis dulall Biliedl 13 3lgell
- Ductility €954
Ductility refers to a material’s ability to undergo significant plastic deformation before fracture.
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Expressed as percent elongation or percent reduction in area.
ALl (2136 & 9T Dgiall Dlaiw)l deudS lgis paaill @y
Ductile materials can stretch or bend without breaking (e.g., copper wires, mild steel).
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» Mechanical Testing: Tensile, Compression, and Hardness Tests 8354a)\g cJaiall (did) jlis
Mechanical testing is performed to evaluate a material’s mechanical properties, such as strength,
ductility, and hardness. The most common tests include tensile testing, compression testing, and

hardness testing.
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1. Tensile Testing (Pulling Test) <! gl 421yl
Measures how a material reacts to a pulling force. 4goe din 89a) Bolo)l dylowinsl &aS unis
Determines properties like yield strength, ultimate tensile strength (UTS), elongation, and Young’s
modulus.
82 Jalasg clazadl ¢ (UTS)S gradll Ll Laglia cfounsl slg] ddy
» Procedure: )WY di,b
1. A specimen is clamped at both ends and pulled at a controlled rate.
Aud @Soxite Juaey Lgamang (dyhall o Dl oS oy
2. The force and elongation are recorded until fracture occurs.
S Ggd> s> Alarwdlg 8gall Juomud o
3. A stress-strain curve is plotted to analyze behavior. < bl Julail Juadi¥) 5 dga) Faie au oy
> Key Results:
Elastic region: Follows Hooke’s Law. g8 (938 a5 :45,0)) ddlaiall
Yield strength: Transition from elastic to plastic deformation.
Ol ogadll I Oypedl 0gadl (po WY dlads 1ggunasdl slg=]
Ultimate tensile strength (UTS): Maximum stress before necking.
(Necking).guail! Cagd 8 Baledl dhosns slg=] el : (UTS) Suall didl doglie
Fracture point: When the material breaks. dusll ,uwSiS badic @ Sl dlais
» Applications:
Used for metals, polymers, and composites in engineering and manufacturing.
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2. Compression Testing (Pushing Test) iz Lo
Opposite of tensile testing, where a material is compressed instead of pulled.
Lo 50 Yo Bolall Jass @y G il Hlasl uSe

Evaluates compressive strength, elastic modulus, and deformation behavior.
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» Procedure: s da,b

1. A sample is placed between two plates and compressed. e Jassally ricmie o duall o9 o
2. Force and displacement are measured. 4>iYlg 89l uld @i

3. The stress-strain curve is analyzed. Jasdls slg=2Yl gove Judos o

> Key Results:
Compressive strength: Maximum stress before failure. J&a)l Jud sslo) dhomis slgz] (a3l 1laisall doglie
Elastic modulus: Stiffness of the material in compression. Jaasall dic 8okl LMo (Su 1&gyl Jolao
Failure mode: Brittle materials may crack, while ductile materials may deform.
09405 B Al Sl gell Loty ¢ 34T U8 Aiug)l Slgoll 1 Ll dis,bo
» Applications:
Common in testing concrete, ceramics, and foams.
Olge g cihio] pundl cdiluny sl Loz Lg & Oliudail
3. Hardness Testing 8:3)a)) ylis|
Measures a material’s resistance to indentation, wear, and permanent deformation.
@I o5l ¢ ST ezlagdU Baloll daglie s
Different hardness scales exist depending on material and application:
:Gedaillg BoLa)l s 8Dl il (e dalises $lgil 2lia
1. A specific force is applied using an indenter. 85Mall s 8131 plusciuly dignns 898 Faaka iy
2. The depth or size of the indentation is measured. Tl o> ol Bas (el oy

3. Hardness is calculated based on material resistance. &l daglio e 2o 85Mall dod lus @i

» Applications:

Used in quality control for metals, plastics, and coatings.
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> Material Failure: Fracture Mechanics and Fatigue 3425 »aS)) \SiilSsa 12 gal) Jd
Material failure occurs when a material can no longer withstand applied loads and deforms or
breaks. Two key mechanisms of failure are fracture mechanics and fatigue.
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1. Fracture Mechanics »S) \S5Ssa
Fracture mechanics is the study of how cracks initiate and propagate in materials. It helps predict

failure and design materials that resist cracking.
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> Types of Fracture <) g) gl
o Brittle Fracture: (i) »sl)
- Occurs with little or no plastic deformation. ¢ e s & s sl Jalf ae Ciany
- Fast and catastrophic failure. S5 g
- Common in ceramics, glass, and high-strength metals
adall dle oolaslly izl clusliudl Jia dlgall (§ Sl
Example: Glass breaking suddenly. .aé zla 3l L)

o Ductile Fracture: Jsaal) yusl)
Involves plastic deformation before failure. Jaa)l Jud g 095 o G .
Slower and more predictable 5345 5iSTy Uai

Common in metals like steel and aluminum.  pgxed9lg 3992l Jie O5lasll § Slis

> Fracture Mechanics Concepts »S)) S5ilSus i anlia
Stress Intensity Factor (K): Describes the stress near a crack tip.
B B s AL Sl s (K): 3= 84 Jalas
Fracture Toughness (Kc): A material’s resistance to crack propagation.
Bgiadl Hlad daglae e 8okl §)ud (Kc): Sl doglio
Griffith s Theory: Crack growth occurs when the energy release rate exceeds a critical value.
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2. Fatigue Failure &) Jis
Fatigue is the progressive failure of materials under cyclic loading. Even if stresses are below the
material’s yield strength, repeated loading can cause failure.
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> Fatigue Stages &Y 338 Ja)
1. Crack Initiation: Small cracks form due to stress concentrations (e.g., at surface defects or sharp
corners).
(3311 Llg3)l o duobadl gunll Jo) Slgz Yl OIS o i Bgid Sl 1 a8 doly
2. Crack Propagation: Cracks grow incrementally with each loading cycle.
e 8393 S e omayls 3l oo 0l 2 324l 9ol
3. Final Fracture: The remaining material fails suddenly when the crack reaches a critical size.
B> e dl 34l duas beis 1arlae Hlagdl i 1 3lgdl sl
» Factors Affecting Fatigue ¢Y) e Sis5 S Jal s2ll
Stress Range: Higher stress amplitudes lead to faster fatigue failure.
Ered Jd ) 2lg= W &Il 0l (5255 1alg) Blas
Material Properties: Tougher materials have better fatigue resistance.
SlgaW Juadl doglaay Llie YN olgall pinis Bl jaslas-
Surface Finish: Rough surfaces have more stress concentrations, leading to earlier failure.
S Jad ] $350 Lew gzl S5 (e Al a3 bl s
Environment: Corrosion accelerates fatigue (corrosion fatigue).
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> Fatigue Life Prediction J¢Y) @aisilall jpeny il
S-N Curve (Wdhler Curve): Shows the number of cycles (N) a material can withstand at a given
stress level (S).
(S).cxme Slgz] (S gime s Bolall lghamns 0 oS @1 (N) gl sas sy © gy (gomie
Miner’s Rule: Estimates damage accumulation under variable loading.
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> Preventing Fracture and Fatigue 349 S pw Gyb

- Design Improvements: Avoid sharp corners and stress concentrations.
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- Material Selection: Use high-toughness or fatigue-resistant materials.
SlgaYly S &l doglie <13 slge plaseiel desbiall Sl gall s
- Surface Treatments: Polishing, shot peening, and coatings to reduce crack initiation.
Olaaadl sy Jokan) lalall dedilly caulid! Jio idawdl dodlae
- Regular Inspection: Detect cracks early using NDT (e.g., ultrasonic testing).
(&9l §5d Ol gall Wl Jie) daliall pe Sl gomdll plustinl 5Se Gsaidl oo aaSl 1)l paxall
- Load Management: Reduce cyclic loading through optimized design
JxeY! wdig) paasaill AU (e A9l JsI 86 Judas :JWaYI 8yl



